55 43 B 16 1) as = e i Vol.43,No.16

2023 48 A ACTA ECOLOGICA SINICA Aug.,2023

DOI: 10.5846/stxb202206131685

WROR, Rt , E R, SO DOHE T PIIS 6 5REA 8 7 b U IR B RS bR - S R R U Ak B - S T 1 R . AR 2N 2541, 2023 ,43
(16) :6528-6538.

Chen T, Cheng R M, Wang L. J, Xiao W F, Shen Y F, Sun P F, Zhang M, Zeng L. X.Effects of nitrogen addition on the mineralization and enzymatic
activities within soil aggregates in Pinus massoniana plantation.Acta Ecologica Sinica,2023,43(16) :6528-6538.

ARMMOGERMAIRTEARGCRY L T ERE
4% B 22 i)

R RmAE S EWMALE XA, T M gk W %k
1 E AR B 2E A5 B SRR A B 5 A SR IS I ARl AR = A AR A PR T S0, bt 100091
2 m sl K2 B O B PR R AHT G B s 210037

BE. THAERESREAREEMWIFEAIC, LI=00ZE X D B (Pinus massoniana ) N T HFFEXT 5 W R M H &
A3 A HESESR T P e U 0 A e S R LA BRI ) A8 A A BRI, SR T 2 b IX FE R R T A e I i i 5 R
THASSRMS L K 4 MR (N, ;0 kg N hm™? a' ;N :30 kg N hm > a™' ;N :60 kg N hm™ a™' ;N,,:90 kg N
hm™ a™) K HHHERAE S >2000 pm (KEATERIAR) (250—2000 pm (/NATER(A) Fl<250 pm (fATRR) 3 4150 1 R (A, 0L
WA RIRETACERIE , 45 5RR0 . (1) SR HRAR L, Ny, A N AP 55 T DL (SOM) 7 &, {H 112 SOM FI &% (TN) & &7
Ngo FFFUA BT B s R INFEAR T H e300 (aP) i, 7/ N RAK P R B3 . BRI R IR 19 POD 1 NAG LIS, H
A3 FIEFITETERIAE Ny N b B2 T o, (2) H 0P340 AL B R B A o5 T - 07 e el T 3R 5 R AT A /N L 3¢
P A AL R AE R INAL PS35I, P SR A v i A B SRR T At A LA 5 - S U A% AR R AE N AR B R A
(3) HEFR S ITHA S =5 BRI (AP) N-ZBE-B-D-AIH B (NAG) (i3 /LY (POD) SR JFUG (NR) FlIK
it (UE) Ao 3P 22 M OG B MR AR (b2 2 I F 2R AR I 45 5 RDA 48T 7R, UE 5 + 3005 S (b ol S8 77 4 B 3 I AH G,
NAG 1 POD J2 55 ¥ U Ak T 38 43 S 771 38 TE A G b 3 FRORE DG 1 DG ety . 255 1 0Tk, TSR 2 0 s A 2 22
TURRH , AT R 3 b R #E R ZEE ] NAG 1 POD S22 + 8 A A i E 2 A WmE . oAb, B2 1A
BRI, 5 D A BRI, X HESR A = A

SR AU 0 Ak A WG 5 AT SR A s R G

Effects of nitrogen addition on the mineralization and enzymatic activities within
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Abstract; Soil nitrogen (N) pools are important sources and sinks of N for ecosystems. A Pinus massoniana plantation in
the Three Gorges reservoir area was used as the research object. We analyzed the patterns of responses of soil nutrients and
enzyme activities to the addition of N from the perspective of soil aggregates and the corresponding changes in the

mineralization of N. These factors were analyzed to provide a reference to predict the dynamics of soil N in the region against
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the background of a continuous increase in the deposition of atmospheric N. Four levels of the accumulation of N from its
addition were established. The amounts added included N: 0 kg N5 Ny : 30 ke N hm™a™"; N : 60 kg N hm™ a™"; and
Ny : 90 kg N hm™ a™". The soil was divided into three component aggregates of >2000 wm ( large macroaggregates) , 250—
2000 pm ( small macroaggregates) and <250 pwm ( microaggregates) by particle size to observe the characteristics of
nitrogen mineralization by the aggregates. The results showed the following: (1) Compared with the control, the N, and N,
treatments increased the levels of soil organic matter ( SOM ), but the soil SOM and levels of total N began to decrease
under the addition of Ny,. This addition decreased the levels of available phosphorus (P) in the soil, which was most
significant in the small macroaggregates. The activities of all three enzymes were increased under N addition treatment except
POD in small macroaggregates as well as AP and NAG in microaggregates. (2) The overall average net nitrification rate in
the soil was higher than the average net ammonification rate of the soil. The net ammonification rate in large and small
macroaggregates was significantly lower after the addition of N, and the net nitrification rate of the macroaggregates was
lower than that of the other two sizes of aggregates. The rate of conversion of net N in the soil was highest under the N,
treatment. (3) Soil nutrient and inorganic levels of N significantly correlated with the activities of soil acid phosphatase, N-
acetyl-B-D-glucosidase (NAG), peroxidase (POD), nitrate reductase, and urease (UE), and the changes in enzyme
activities were the result of a combination of multiple factors. A redundancy analysis showed that there was a significant
positive correlation between UE and net soil ammonification. NAG and POD were the key soil enzymes that significantly
positively and negatively correlated with the net conversion of N, respectively. In summary, nitrification is the primary
contributor to the net transformation of N in the soil. Microaggregates play a major role in the mineralization of soil N, and
NAG and POD are the primary biological enzymes that alter the transformation of net soil N. In addition, the addition of N

causes the loss of soil N and limitation of P and significantly affects the cycling of soil nutrients.
Key Words: nitrogen deposition; mineralization; biological enzymes; aggregates; correlation analysis
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Table 1 The effects of N additions on aggregates physical and chemical properties

Ab B b TEE pH HHLB R A AR
Treatment Size/ wm (pH + H,0) SOM/ ( g/kg) TN/ (g/kg) aP/(mg/kg) aK/ (mg/kg)
N, >2000 5.69+0.30a 25.91+3.01cd 0.92+0.22de 10.40+1.92b 98.83+6.99a
250—2000 36.37+3.11ab 1.35+0.14abc 15.18+1.89a 102.30+3.92a
<250 43.28+1.97a 1.77+0.21a 5.63+1.53cde 96.71%4.58a
Mt 36.27+0.98a 1.49+0.17ab 12.24+1.73ab 100.83+8.81a
Ny >2000 5.71+0.26a 21.90+3.63d 1.09+0.29cde 5.62+1.19¢de 101.00+5.68a
250—2000 42.30+6.22a 1.49+0.36abc 4.3420.56de 99.03+5.02a
<250 42.2146.17a 1.66+0.36ab 9.36+1.34h 102.27+3.33a
Mk 39.14+3.06a 1.46£0.33bc 5.66+0.60cd 100.00+85.40a
Neo >2000 5.52+0.27a 22.20+4.56d 0.77+0.26e 3.49+0.66e 102.07+6.91a
250—2000 38.29+4.98ah 1.36+0.31abed 7.09+0.82¢ 100.30+6.85a
<250 45.47+5.95a 1.70+0.23a 4.92+0.78cde 102.37+4.70a
M 37.22+3.31a 1.53+0.24a 6.11x0.44¢ 100.94+6.20a
Noo >2000 5.76+0.19a 20.33+7.48d 0.81+0.27¢ 6.54+1.27cd 97.30+4.90a
250—2000 31.07+2.08bc 1.16+0.16¢cde 4.85+0.61cde 93.76+4.62a
<250 32.83+5.40bc 1.18+0.38bcde 4.96+0.80cde 98.41+3.53a
Mt 30.24+3.45hc 1.12+0.22de 5.09+0.73de 95.40+6.80a

N : 4 B3R, AT 0 kg N hm™ a™" s Nyg : ZUR ML 30 kg N hm™ a™' s Ngo : BRI 60 kg N hm™ a™" s Ny : ZLIRMTHE N 90 kg N
hm™2a', ; SOM ; +3EHHLIT, Soil organic matter; TN, . FIE2 A, Soil total nitrogen ; aP ; . g S , Available phosphorus ; aK ; L SR | Available
potassium; A[Al/NG FREFIRLE 0.05 KK 245 BFE
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2.2 FASI LA R AR R 5 R
N SIS A R R AR (NH-N) FISAZ(NOS-N) S 2 FioR, & (LS50 1 A B AR 1
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Table 2 Inorganic N levels of aggregates before and after the culture experiment

e e BT RA B R A BT AS B A

Treatment Size /pm Biefore culture i\fter culture Biefure culture Jéfter culture
NHZ-N/(mg/kg) NHZ-N/(mg/kg) ) NO3-N/(mg/kg) NO3-N/(mg/kg)

Ny >2000 7.40+0.38e 14.79+1.49¢d 0.71+0.07e 9.21+0.55¢
250—2000 9.77+2.45de 10.65+1.00def 3.38+0.33cde 29.88+2.73d
<250 14.09£1.90bcd 10.39+0.74def 15.14£0.51b 29.21+4.63d

N3y >2000 17.48+1.07b 9.88+1.52¢f 18.87+0.61ab 39.73+10.18d
250—2000 11.21+1.22¢de 13.94+1.61cde 1.48+0.21de 60.51+5.36¢
<250 13.99+2.35bed 11.29+1.41def 7.02+0.42¢ 83.35+5.74b

Neo >2000 15.71+2.14be 11.54+1.13def 18.45+2.14ab 81.27+12.84b

250—2000 18.35£1.27b 17.23£3.56¢ 16.45+3.01b 82.64+11.56b

<250 15.46+1.96bc 13.13£3.9cde 1.97£0.37de 70.57+8.29bc

Ngo >2000 15.47+3.29b¢ 7.29+£2.27f 5.72+0.37cd 57.55£16.69¢
250—2000 17.73+£3.15b 24.06+3.67h 19.34+5.10ab 61.12+7.74¢
<250 23.19+4.35a 41.86+3.23a 22.84+4.04a 104.74+8.49a

WA 1R, P i AR AR T L A A E R RIS A BRI AR/ AT R
PREF R AR (P<0.05) , AR Z A RAE Ny P bR fe i, 2 R0AE AT SR A L 0 i AL 3R BITE Ny,
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Fig.1 Effect of N additions on N mineralization rates of aggregates
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Fig.3 Correlation between physical and chemical properties on aggregates and N mineralization rates.
SOM ; A HLIF , Soil organic matter; TN ; +3E 4%, Soil total nitrogen;aP ; +3EH AL Hs , Available phosphorus;aK ; 1 EH LA, Available potassium;
NH;-N,;, : Mineralization amount of ammonia nitrogen, NH-N "ttt ; NH; -N ;. : Mineralization amount of nitrate nitrogen, NH;-N " fbt; r*{H/5
FREE® * " FRIRTE 0.05 KrK-F EASCHE B2 v SRR » = " FIRTE 0.01 K /K-F EAHSCYE R 25 & 4 A A, 3B AL B il i
5 Fh LIRS MR AR EE R, 13 SOM TN 5 AP il NAG Z[BI i IEAH R IX B 88K P, 13 UE 35415 138 NO3-N DL K aP &5
UE .POD Z[AIfFFEIEAR X (P<0.05) ; 13 aK 5 POD FA7ESAHIE(P<0.05) , 5 NR AA7EIEAH G (P<0.01)

I TE 3 pH 2RI, Ny BT N AT 3 TN & it B0, 202 T N,O HEOM NO; ks %5
RAE A M R A R LA U A 3, IR B 8 1 RPN, A HRIESS RS & S 28+
SERRAE Yyt AN R A B DR R PR R () TN R SOM. 35 178 Ny A A BT R e, s
ALFER Y L4 aP A7 3 YRR, X S AT ABFFE LS SR — 20 DO TR AR S T LR B IR, HL1)
(R =Ry | P vl s T
B FRINA] , R P SR AT/ IN P SR AR S AL BT v e A R IR T R B B A, R 2
X SRR 7 A R, 2 B AR U A A A 14 A 0 R e, T AR AU T 2 AR RO 5 LR vh T B o B
FEMHEAT , 39005 BR AT i ST AE T R IE ) , I SR R 0 A T 0 sl e i D AR R e A 7
Bigr i Bl — M E eSS P Se LA NHG-N AR S0 Se A AU, 23 THAERR 0 NHI-ND | SCse g R i
N, IR B R AR A BRI 2 ST B A e A TR, R T SRR RS,
Bl BS540 I ) ] ) P AR S 380 T IR PR ) D 2 5 W 6 ] 1 R0 i A R K PT LA T ) e o S Al
AR RN 2R R R MR 2 TERA B b i A FA U AL TE Ny AP ik Bk 2 th T
FAt P RLARA LU, S AT SR A rp B 5 A ] B GRAE  ) PH F) 35 P Aol r) i i A LS 1 B D i 2 2 A AN
H%J/\%L@Jﬁiﬂ’ﬁﬁﬁﬁﬁﬂﬁﬂ?ﬁﬁﬁ%?ﬁwﬁlﬂﬁ” AL R TSR AR A AR 1 e U e o it i ]
SEATR AL R LR B A e s AR

http ; //www.ecologica.cn



16 1 PR &5 A IO 1 R A A MR o S P 3R AR A B - ST TR F) 52 i 6535

o 2=0.001 | 2= i 2=0.069 =0.125% I
=600 * 600 1 2=0001 g 600 o 600 L o r*=0.125% 600 % 0036 600 2_0005 @

%‘x 8L o &4 o igg g :o: ° igg T %000 40l o o08,° igg' % o 48019 4o go

L L - L
B= 360k 030’:4 300 o 2o 0052 300 *ogs 03y > 300 4{”\, 00r 32 382
H g %P o (99 g00,° CE S A % KXY @ °
. 240 | 00 1 !
§ 240 O 0890 ® 500l 09‘ %@y 200 [, 0090: ° % o 90 200 | goso e ° 240 o@aﬁb )
IRV ) R ool v+ v qoob— . 120k . . . o0l 120,

" 100r 29016 1007 %ﬂ:o‘oos 100 o _goor 1907 P=0018, 1007 o =003 100 g7 300"
g@igg 80 ° 09 80-°o 9 75 | ogoo 75 L Oooo 75_%% 80 | o o
EI‘QBT 60 o % o 0 o @ o 50l Po9g® 0.8 @ 2 50l ¥, o0 0r o o
Bow gl g_a—y 407_3—5—‘—'# 3‘/3/ 9 40l 49
%Eg 20t % 3 21 S WE 25 @e®® %0 55t o0 5| 20} S

z oloo & ole 8° 0| o%b® ol @ 9% o ol 9Bee 0l9 0 9%,

= 300 =002 361 2=0.001 361 =003 30 2=0005 07 ,2—goagx [ 2=008s*
g » 321 o %o 32f o 9 3210 % 321e% o 321 o o° 320 o &L
= 00 | o? ) 7Qo 0 o | @@, - ] 9 L C 4 ° | Q

§§ 281 238s o 2570 o ° 28 o\’,;%s\,o 281%9  “@oc® 23 @ge 5 28 %

e 24 3 24} 3°% 241 @ 2_4»%% 241 §° 241 o Py

R e o ° ) °

g 20 °o°°0°'° 2.0—o°:°g° 20} “{:o 201 eq go°o 201 9" g9 201 : oo P
Ay h " ) ) A . L N L L . " . L L " P I L L L

2 600 600 04 600 ) 0 600} @ 630

g ~ I I ° I e = I 72 =0.091 = &S
§§ T, 550 L 77=0-101% 550 | r*=0.143*% 550 | 2=0044 560 | r=0038 5501 560 0.0

[~
Egusor o °:0 0o 00 § 28 o 500 298 49019 ¢ ;g %  500¢ 9,°°0o 490 %3, &o0
&o = 450 -M 450-M 450-)&% o | PS40 B0 R ad

27 40} Bgood® ® 400l 3RS 400 [go¥Fe oo ¥ o a0l obBo g, V[ o %P
%% £11) NN |1} | P 1.1 ) AE— 1. 1) ) SNSRI 1. 1)} E - ——— 0L
ggé 1800 1 2o joses 18001 2—g19gr 1800 a_qopg 1800F gy 1800F o 1800 .

- g 1050 0o 1600 g 16001 og 16201 o ° sl °° P=0.033 g0
£ S0 . _ o _ o 1440l o o 1500} o

2701350 | & 1400 o 1400 o o T

22 ° ) 8 % 12601 0 ° %o 1200 ° f“o
<55 Z1200f,°° 12001° 9 ° 1200} 9% ad ® 90 &\a\n\ 1200 @
QR ° @ 00 0 227 a0 a0 logo | 9 ¥ PO % o oP
8% lggg [FPoo 1000 “HYRP 1000 (@0 O} o ®® o 90| o002 2P0
; g 10 20 30 40 50 0408121620 6 12 18 24 30 0 6 12 18 2430 36 9 121518 90 96 102 108

z SOM/(g/kg) TN/(g/kg) NH4*-N/(mg/kg) NO;™-N/(g/kg) aP/(mg/kg) aK/(mg/kg)

4 TEEEAMRSTIEEEEXY

Fig.4 Correlation between physical and chemical properties on aggregates enzymes activities

3.2 BRSO AN R

JIk M (UE ) 2 3 B K i i 2 — 7 RIS EUR PR P AR W S 2R  LUTERT R 2O B UTRE T LA4R
13 UE (36 HE S S R, ZUR N S H4E UE W6 PR 2 80 W35 AR O, 2t AU IR 1 3%
TEHLA M BRI, 4K 117 3B UE 1950 R SRS T > AT SR R b UE Y& AR X 5, BEAh R A2
AT RE SR IN A R R A 1 AT IR & ARG, A7 AE TEHL AR R BRI XU 27, SR 1A J5 (NR)
SEMEAL SRS PR PO 55— B B i A O, J2 A 25 2R 0 v U8 o 8 o — A T S 1 08 3 AT BRG R ) N,
N AL BT NR G TEH N AL BE2E 5 AN 25 02 A 475 1 FE AT DA AR ) 11t 38 A 0 25 b 17 % 1 8 2 it
WORI R, U855 1 IR A R v (4 RO AR B 2 5 N BT 30 TR M e i, SO iR b B 38 S Ak
RN AN E T AR TR R AR Z AN TR AR T R 2 T B TN 7E Noo AE N #HAD 3 4> b B
AR ERIREZE L, B R AT TN SR8, RN A S UE 51, 5 - PR L, Rl
AR SRS AR 2 3 T —E R AR N-CBE-B-D-HI A 17 (NAG) TR PEAE RS IR G PERR AL, %
AR R 1S AT R 88 2K i R AR R A, 8 TSR W0 K A R SR B TR R, S5 S A
P 1 ORISR SR AR B TR PE IR I ( AP ) B3 P, Ud ] 98 Tt 05 )81 R R — ) B AR 22 0~ SN - BRI i
& LIS I A3, S SRR TR AR R, 5 0 FRT IS X e A 75 SRS PR bk e K e I ) 5% X S
(i 17 11 AR 2 g R T2

ALY (POD ) 2 AL IS — A BB A BRIl , S TR AR BUER 5 7 e Ak 3 W0 25 0 ik D

http : //www.ecologica.cn



6536 JAE = 43 4

TN 28 2 f A ALY, B R ) S b e o i LA 1Y)
AU RSN B TR SRR IN A R A 1.0
[ POD {4k, 32 i T U A6 15 A R 43 i
A Y BT (A0 BB B AR B ) B A o
i POD fh 1 TR A1 R AR v POD 0 35 4 385 NR
TR RS 2 Tk A ] 3 A S S A
3.3 AW HEEETE M S A R OC R

s 6 Frsh 4 PR InALEE TR £ R
Y5+ A LR RDA S0 FIAE 34T, UE X NH,*“Nmin
A AR AL R - RS R A POD
FEARESAN , 13X 5 DA M S0 25 S — 307 L xR UE
T UE KM IRE 1 L TUE Y ki s ik ey 70
RIFAL R (R B 24 ) H A T B ILA Mk 10 RDAI (42.2%) 1o
Iﬁlﬁa‘ﬁﬁﬁé’aﬁ‘ﬁ R HLA) %ﬂﬁlﬁﬁ%ﬁ G425 © S L RDA SR
ﬁm/}j‘( @//I\Hﬁﬁ ) ’ Wj%ﬁ%ﬁé H@T@%?ﬁ%ﬂ%é@%@f% Fig.5 Redundancy analysis of aggregates enzyme activities and N
R EFEYET RN BEAGERFIEIE  ineralization rates
TR 2R Z— , UE WGP 46 i ok I mT R PR R B 82 RDA J047 . 504 097 , Redundancy analysis; UE ; -+ SR, Urease;
= ,Nﬁ?ﬁﬁﬂﬁ%%ﬂﬁﬁ E@ﬁﬁiﬁ@&lﬁlﬁﬁﬁiﬁ, POD . i E AL Y , Peroxidase ; NR ; i iR i JELfiff , Nitrate reductase;
BEAESEFA b U TS sl e o A7 MRHERRED, Acid phosphatases NAG: N-C. t--d-SUIE i 3 B
TR LRk ) i Bk P57 NAG g B Drluosminise
bR T R AT AR B TG, 3 5 B A R T
G R T, DR TR LA CHLR R L 2, POD A6 1E S CHL A = 2
EHGARSE, POD B ARRE S H LAY S5 S A N BB 2645 2R+ ERUE WA HLA R 551, 271

NO3™-Nmin

Nmin

RDA2 (2.2%)

—_—
NAG [ e— \

1.00
UE| UE o011 -024 0023 -0.088 025 025 030
0.80
POD POD -0.61 -044 -0.50 026 -0.62 -0.50 0.60
NR ‘ NR 00051 0.15 -0.16 026 020 - 040
- 0.20
AP AP 044 020 020 0.3 =
L LS
oK
NAG %% NAG -0061 045 040 B
- -0.20
NH4™-Nuin NHi N 0.15 042 L 040
NO3™-Nuin ‘ e NOy N 0.96 -0.60
-0.80
Nunin * * Nunin
-1.00
<2 o) o~ ) O £ £ g
=) ) Z < =z £ g g
- Z +ZI ‘Z. z
= )
z z

Blo tTERWUERSLEEEEEXEST

Fig.6 Correlation analysis between aggregates N mineralization rates and enzyme activities

http ; //www.ecologica.cn



16 1 PR &5 A IO 1 R A A MR o S P 3R AR A B - ST TR F) 52 i 6537

FERR AR ALK LA 70 A o S A AT T B A B A AL 28R, 4 el 38 2R e v g
AACTEERLE , nl e M R 4R i T AL S P P AR SR A5 | 17 B — P SR ST

4 #Hig

(1) 13 SOM Il TN g 7 = AAL B R B WAk, RASINHE I 1 14 aP BRAAY XU , 72/ R A 3k
BECh B . A, BASINBEAR T /NA AR POD LRI R i AP R NAG BTE P,

(2) HIRAER P BRESH R A LA R B ZHLH] . L3 00 fh 32 2 5Tmk 2 g i A S s 19
FUFARRTE N A H T e

(3) ZHAHT SOM HI TN BHE I A] BEF 2L A aP BRI, 17 aK BRI FRARIX AR KU . AN, A
M) - SRR L , T S B8 S R0 A AU RIS I RS, 5 B0/ N AT SR A mb 35t X 20 A A5 BIL DD 14 20 i 2
BRo AT 250 RS VELR & R T H AL, Hoh UE NAG 5 b s e A /e A 2 18] 7
SIETE 35 IEAHSG, POD 55 il Ak R U AL 03 22 IR A7 0 3 AR G

S % 3L HR ( References)

[ 1] Tian Q X, Wang X G, Wang D Y, Wang M, Liao C, Yang X L, Liu F. Decoupled linkage between soil carbon and nitrogen mineralization among
soil depths in a subtropical mixed forest. Soil Biology and Biochemistry, 2017, 109 135-144.

[ 2] Kong Y H, Watanabe M, Nagano H, Watanabe K, Yashima M, Inubushi K. Effects of land-use type and nitrogen addition on nitrous oxide and
carbon dioxide production potentials in Japanese Andosols. Soil Science and Plant Nutrition, 2013, 59(5) : 790-799.

(3] Ewmbdh, B, BRI, A, FER, R/ ZBRRIN R B SRR LR E MR R R AR B . AR5, 2017, 37(24)
8361-8373.

(4] TREBL, Wik, Pk S EUTROHEAT I8 L0 b 2R A A . U S PR BERESE, 2012, 17(5) : 628-638.

(5] xUmezs, MBS WIJCHLARE S5A UK LA PR AR, o ARl , 2002, 10(1) ; 54-56.

[ 6] Wang CH, Zhu F, Zhao X, Dong K H. The effects of N and P additions on microbial N transformations and biomass on saline-alkaline grassland of
Loess Plateau of Northern China. Geoderma, 2014, 213, 419-425.

(7] &7, sk, MERE, Bk, EHR, B4, PhBREL ZREESIN R A L e R b 3% K B30 J1 & R B . R 240,
2018, 38(2): 615-623.

[ 8] BRWEI:, XIB, LEE, R, 2. ARG BRLL VKRS L AR A LE LR, RV RN:, 2018, 51(17) ; 3325-3334.

[ 9] Cai AD, XuH, Shao X F, Zhu P, Zhang W J, Xu M G, Murphy D V. Carbon and nitrogen mineralization in relation to soil particle-size fractions
after 32 years of chemical and manure application in a continuous maize cropping system. PLoS One, 2016, 11(3) . e0152521.

[10]  Z=Ze, X, poMe, 2R, MOTHE, s2ifite, e, JER. RWIMEAL X KA Lok A 1L 5 PR IR RS E MR S2 . 3, 2019, 51
(3): 451-457.

(1] BES, BSLRI, BRECER, 2RI, RIRMOY HHER 0 Ok Y ST PEROBTSE. HHESE4H, 2003, 40(2) : 280-285.

[12] BB, T&H, TH, Ak 50N EBRS I 2R A2, N AR, 2018, 29(4) : 1266-1272.

[13] Wang S H, Mori T, Mo J] M, Zhang W. The responses of carbon- and nitrogen-acquiring enzymes to nitrogen and phosphorus additions in two
plantations in Southern China. Journal of Forestry Research, 2020, 31(4) . 1319-1324.

(14] B, IR0, PC, BRUR, BSCET, 230H, 28U, XI5, GRS K L € 0 i L SR P AR 2 R A AR . T 5
XHF5E, 2020, 37(2) : 382-389.

[15] LiY, Wang C M, Gao SJ, Wang P, Qiu J C, Shang S S. Impacts of simulated nitrogen deposition on soil enzyme activity in a northern temperate
forest ecosystem depend on the form and level of added nitrogen. European Journal of Soil Biology, 2021, 103 103287.

[16] )M, TIR, WA, B, BT 2010 4P KR DUBAAE S0 AT, h EFREERNY, 2014, 34(5) : 1089-1097.

(17]  EwH, R, H3Ck, M, JHE &, Bk, BRI, SRESIT =0 e X T FEAA -4 S MR TR A AR L ST A 490 21 0y RN 1 F) 52
MHAEAS R, 2022, 33(1) : 42-50.

[18] Elliott E T. Aggregate structure and carbon, nitrogen, and phosphorus in native and cultivated soils. Soil Science Society of America Journal , 1986,
50(3) : 627-633.

[19] Bach E M, Hofmockel K S. Soil aggregate isolation method affects measures of intra-aggregate extracellular enzyme activity. Soil Biology and

Biochemistry, 2014, 69. 54-62.

http ; //www.ecologica.cn



6538 JAE = 43 4

[20]
[21]

[22]

[23]
[24]

[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]
[39]

[40]

R, R, XS, RS, S0t LM TR R PE 5 A2 P BOR R A A I 5. BREERL: | 2020, 41(4) : 1960-1967.
Marty C, Houle D, Gagnon C, Courchesne F. The relationships of soil total nitrogen concentrations, pools and C: N ratios with climate, vegetation
types and nitrate deposition in temperate and boreal forests of eastern Canada. CATENA, 2017, 152. 163-172.

Ve, JEA, K—, FOF. RAOAVRER SRR LR T D R AR I AE MIBEACR IR A8 R 5 A0R 24, 2016, 22(1) :
225-235.

XUk, NG, ez, 4. AU LR R A A TAk 130 MLas Ly m. A28, 2017, 36(8) : 2085-2093.

Ma H L, Tecimen H B, Lin W, Gao R, Yin Y F, Peng Y Z. Role of soluble and exchangeable nitrogen pools in N cycling and the impact of
nitrogen added in forest soil. Environmental Science and Pollution Research, 2020, 27(5) : 5398-5407.

Cao R R, Chen L C, Hou X C, Lii X T, Li H M. Nitrogen addition reduced carbon mineralization of aggregates in forest soils but enhanced in
paddy soils in South China. Ecological Processes, 2021, 10(1) : 45.

XUEE, NG, ez, EiE4. UM L5 mE A AR LA MLa L. AR #2435, 2017, 36(8) : 2085-2093.
Bimiiller C, Kreyling O, Kalbl A, von Liitzow M, Kogel-Knabner I. Carbon and nitrogen mineralization in hierarchically structured aggregates of
different size. Soil and Tillage Research, 2016, 160 23-33.

FuY F, Zhang Z W, Yang X Y, Wang C Q, Lan T, Tang X Y, Chen G D, Zeng J, Yuan S. Nitrate reductase is a key enzyme responsible for
nitrogen-regulated auxin accumulation in Arabidopsis roots. Biochemical and Biophysical Research Communications, 2020, 532(4) : 633-639.
Kou L, Guo D L, Yang H, Gao W L, Li S G. Growth, morphological traits and mycorrhizal colonization of fine roots respond differently to nitrogen
addition in a slash pine plantation in subtropical China. Plant and Soil, 2015, 391(1) : 207-218.

Lagomarsino A, Grego S, Kandeler E. Soil organic carbon distribution drives microbial activity and functional diversity in particle and aggregate-size
fractions. Pedobiologia, 2012, 55(2) . 101-110.

Kieloaho A J, Pihlatie M, Dominguez Carrasco M, Kanerva S, Parshintsev J, Riekkola M L, Pumpanen J, Heinonsalo J. Stimulation of soil
organic nitrogen pool; the effect of plant and soil organic matter degrading enzymes. Soil Biology and Biochemistry, 2016, 96 97-106.

Garbuz S A, Yaroslavtseva N V, Kholodov V A. Enzymatic activity inside and outside of water-stable aggregates in soils under different land use.
Eurasian Soil Science, 2016, 49(3) . 367-375.

T B, ek, BN, LRI, XIFR. B R X IR A RS T AR MO GG M IR E. A3, 2012, 32(5) :
1403-1411.

LR, ik, KPS, JEINE, RS, WA v R R AR AR AR L O A e R AR A S AR SR, 2020, 40(8)
2680-2690.

Ikbel Z, Chaabane A, Wided O S, Foued H, Brahim H, Samira S. Nitrogen and organic matter mineralization in the Tunisian cork oak forest: a
laboratory study. Open Journal of Forestry, 2015, 5(3) ; 287-295.

L%, WA, SRR P UIEHE H 5 o3 o U S HE RS JOR B A 50 B R0 i A5 e 2. b PRI AL 224 4, 2020, 39(4) -
908-922.

Krol D J, Forrestal P J, Wall D, Lanigan G J, Sanz-Gomez J, Richards K G. Nitrogen fertilisers with urease inhibitors reduce nitrous oxide and
ammonia losses, while retaining yield in temperate grassland. The Science of the Total Environment, 2020, 725. 138329.

SREHT, TR VRBLE TR SREIF TR AL UK AR R AR T IR IS I AR AR SRR, 2022, 41(10) : 1916-1922.

FRIEM, BRE, BRTEE, XNE, MRS, BRI, G, IRUREE, NS, K. )] PE N LR R AR AR B e SR P T U VA P A
ARRR RN N SRR, 2021, 27(3) : 608-616.

XU, VEAH, BT, RIS AR LA L SR MR B2, 25224, 2015, 35(14) : 4613-4624.

http ; //www.ecologica.cn



