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Soil nitrogen and enzymes involved in nitrogen metabolism under different

vegetation in Ziwuling mountain in the Loess Plateau, China
XING Xiaoyi', HUANG Yimei'"* ,HUANG Haibo', AN Shaoshan®,LIU Dong'

1 Key Laboratory of Plant Nutrition and the Agri-environment in Northwest China, Ministry of Agriculture, College of Resource and Environmental Science,
Northwest Agriculture and Forestry University, Yanglin 712100, China

2 Institute of Soil and Water Conservation, Northwest Agriculture and Forestry University , Yanglin 712100 , China

Abstract; The Loess Plateau is an important site for many ecological restoration studies in China. Different vegetation types
change the soil environment to different extents, influencing the biogeochemical cycles of materials, such as nitrogen.
Recently, a growing amount of attention has been paid to the relationship between vegetation and nitrogen forms in natural
ecological systems to provide a theoretical basis for ecological restoration in these areas. Determining the relationship
between soil enzymes and soil nitrogen forms under different vegetation types can provide useful information for vegetation
restoration in the Loess Plateau. To investigate the transformation of soil nitrogen and its relationships with enzymes involved
in nitrogen metabolism under different vegetation in the Loess Plateau, we collected 0—10 c¢m and 10—20 cm soil profiles
under four typical vegetation types ( Bothriochloa ischaemun (L. ) Keng, Populus davidiana Dode, Quercus liaotungensis
and Pinus tabulaeformis Carr) , and from abandoned land, one of the main land use types, in the Ziwuling region. Bare

fallow land, where little vegetation grows, was chosen as the control. Ziwuling (107°30'—109°40" E, 33°50'—36°50'
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N), is situated at 1300—1700 m above the sea, in the transitional zone between forest steppe and semiarid grasslands. The
climate is mild and humid. Soil basic physicochemical properties, different nitrogen form contents, urease activity, protease
activity and nitric acid reductase activity were measured. The results indicated that all forms of nitrogen were greater under
forest vegetation compared with control, especially, under Q. liaotungensis and P. tabulaeformis; while organic N was
markedly increased under B. ischaemun, reaching 2. 18 g/kg in the topsoil and 1.52 g/kg in the subsoil. Ammonium N
was the dominant inorganic N in the study area. Ammonium N content correlated with microbial biomass N, while organic N
content correlated with nitrous N, mineralizable N and microbial biomass N. Vegetation type and soil layer did not influence
urease activity, protease activity and nitric acid reductase activity Urease activity correlated with ammonium N (r=0.66)
and organic N (r=0.69) , and significantly correlated with microbial biomass N (r=0.75). Protease activity did not affect
any form of nitrogen content. Nitric acid reductase activity correlated with ammonium N. Urease activity was highest under
Q. liaotungensis, and it was higher in topsoil than in subsoil. By contrast, protease activity and nitric acid reductase
activity did not show any significant differences among vegetation types or soil layers. These findings suggest that forest
vegetation increases soil nitrogen content. Thus, this role of forest vegetation should be considered during ecological
restoration projects in the Loess Plateau region. In addition, enzymes play an important role in the nitrogen transformation
process. Further research is still required to explore the processes of vegetation change and nitrogen transformation and the

relationship between enzymes and nitrogen forms.

Key Words: vegetation community; soil nitrogen; enzyme activity involved nitrogen metabolisms; Ziwuling
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1 #MREAZE
1.1 EPAhHsbe iR 4
1.1.1  WF5E XS

TR MBS BT HON I AL T LS R p i, TR I AR IX 2 B 4 & i B AR AR R — B R SR A
BEIX, S o R P Ay BB A AR SR AR AR L AP IA B AR AR A 107°30'—109°40" E 33°50'—36°50"
N, Hutpg AU, A P4 AR}, 4R 1300—1700 m, AT ES 2% 400 m, % X AL T FRAK S 5 A f 1 R
JEL B U DX, A R AR I, HLAt /N30 I B G Ay 2 T A, R B SR A 2 T A
PSR 7. 4—8.5 C W IR R -27.7 °C , i fie s A 36. 7 C L AR /K i 500—620 mm, 4
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SFEIAARRIE 63% —68% it L3 LA R P A 10 3
1.1.2 R HeR A S B O

PR I TR0 1 R AR il 5 A S IR L0 sl B AT SR A S5 A0 A T AR R b (FT 4k R BG) |, #8 T M
(Abandoned land) ({5716 AL) #1155 4b 4 Fh B RUAF 97 8 9% , 53 90 8 1 3 B2 ( Bothriochloa ischaemun (L. )
Keng) (faifk A BIK) . 11147 ( Populus dividiana Dode) ( i1t~ PDD) | iL ZR B ( Quercus liaotungensis) ( fij £k 4
QL) A (P tabulaeformis Carr) (T4LR PTC) . BREEHE W EG B 1993 4F%, A EHFER 25 R mawi i +

Mo, FEBCEE EAF LR 1 PR,

x1 RESEHERER
Table 1 Living habits of the six vegetations

FE BT Vegetation types

H 1% I Living habits

P (AL) LR NS TR R S 0 R PR T R R A $E AR I 10a, o B AR AR K IHBCR TR R
Abandoned land PR

RERHL(BG) i BE E R AR 4328 GB/T 21010—2007 , #it 5 M 36 20 + 5T, AR TOAE #3209 -l BR B o
Bare ground A ARk, HAEZ A =70% 1Y 1 H

F 3 55 3 ( BIK) HER R T AR A R AR Y, HAT A MR K . W R AE B HAG 500 A A 453 R P, 7K K
Bothriochloa ischaemun (L) Keng 73, A1 800 E RN LR A0 BEVA 15 28 1 [ Be AR TR T — B BB HO MO AP R 11

1L# (PDD) LAz A RIRL  JE TR AR AR 5 B2 7T 3k 25m fe o, AR B, 25—30a TG ALK AR M 5 T JE P
Populus dividiana Dode W T TR T AR R R, PR

ILARBR(QL) LR, ZAEATE AR, 5 10—20m, J& BR300 3 i el i bt oy ) DR 3 T R 22
Quercus liaotungensis — JETRIBMRIX R 5104 AR R K 12

WA (PTC) TS TRA, B BAMEA R BRAR Y, 8 A3, A > HE AR N P K F 6 AU 718 R IX

P tabulaeformis Carr

ERAFRARIETY

1.1.3 AR

B IR SR AT 2008 4 8 H TERE—ME B VR AR A ARYERY 3 4> 10 mx10 m 5, BT
LA S EBEE 5 AN, FH - 563% 0—10 cm Fll 10—20 cm 202 R HHERE S B R L RER G, BB 547 ]
SEBGE N AR ] WA iR A R - s, — R T, — 53 -10 CHRURIRFE .
1.2 43 b 5 e ik

AR P B TR - AN AR 5 3 ML ZEUR B AS A 5 i 2 U I A 245 0% 2 Bt L EG 2 £
B MBS AR S RS A A E RN S 2R HFTEE £ AR 1 mol/L KC1 R 42, 3 8 4 B X
W52 s AL BRI SR R 95 2 A B sh e G 2 5 33k 4 R 05 B 2% K, S0, HEH-2f1 =
Foaykt™ . IR TG R DR R W A b ikt 2R P R FH OGS B B =Rk R A R R 2, 4-
DNP 317,
1.3 FdEAHETT

BE 7 R - Microsoft Excel 2003 F1 SAS 8. 0 3K 4, ¥ 47 J7 22 43 B FAH SC % 20 #r, 2 8 R A
Duncan ¥
2 GRS
2.1 RIS T e AR H PR FURRAE

AR N LR FEAR BRAL P R L2 2, AR5 IX ek 39 52 55 0 M, 348 pH {E7E 0—10 em + )2 M2
T fe i, HE R I 7E 10—20 em +2, Mgk AR b AR, HIET)Z pH EHE T L2, LARET &
SR HL SR AE A 2 R 3 i TR, AR R R (AT RN, 4 PR TE L B HLTAR
F i TRREE D o A b P e T AR R SRR b R T 3 TR,
3 C/N FB N AR Ay, T AR Bl B I AT S R B B R, (SR R R e o
2.2 R[FEMERERETE T TS EREIE

AFREGHEE T IS A ESAMTMSRENDT 2T ENE 3, SRS EAE0—10 em +
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BN 2. 72—7. 74 mg/kg, H & &l 2K IR . $E5E 1 > 10 A% > 10 AR BR > A > BREE > 1 F R b,
10—20 em + 2SR SN 1.96—5. 83 mg/kg, &b &5, 7 THREE L, 30 RARAN, HiA 3
FREHE T HIE PSR & B S I TS, R K, FRAEREmoN, LIRS R & aE LA L2
BESTTFZ,

®2 HEEAREAER

Table 2 Soil basic physicochemical characteristics under different vegetation types

Mg e + 5 pH HLF %/ (s/em) IR/ (g/ke) +HEC/N
Vegetation Soil pH Electrical conductivity Organic matter Soil C/N
types 0—10 c¢m 10—20 c¢m 0—10 c¢m 10—20 c¢m 0—10 c¢m 10—20 ¢m 0—10 em 10—20 c¢m
gL 8.56 £0.00bc  8.67=0.00a 127+0c 122+0c 26.5+0.3d 23.6x1.0c¢ 25.2%1.3a 31.8+21a
i 8.64+0.03a 8.62+0.01bc 132+4c 137 +4ab 34.8+0. 1c 26.2+0. 6bc 16.7+0.3¢ 16.0+0.7cd
H¥ERH  8.52+0.03c¢ 8.63+0.03abc 149+0b 130+2bc 54.3+2.1b 36.8+0. lab 14.4+1.0d 14.0+0. 1d
7 8.58+0.00b 8.60+0.00¢ 153+0b 132+0ab 55.2+0.1b 40.3+1.0a 15.7+0. led 19.3+0.9¢
IIAME 8.57+0.00b 8.65 +0.01lab 165+2a 140+3a 53.7+0.5b 42.5+0.3a 16.4+0.2c¢ 18.7+0.3¢
HHE/S 8.59+0.01b 8.62+0.02bc 156+1b 135+3ab 61.6x1.3a 44.7+4.7a 19.2+0.7b 24.4+4.5b

TE [l —Fh MR TR R S AR TEA FHBAETS T 2R AR (F < Fj )

ISR S EAE 0—10 em 1)Z 4 0.81—24. 5 mg/kg, SHEFEHIA FL , 10 AHR 438 v A0 Bl A5 R0 A 4
R K, 2 906% , HR Al (A% | R 808 53 50108 722% . 280% 1 189% |, T 48 5 # Wi /b T 66%
10—20 em 2 EASEM G RN 2. 10—13. 8 mg/kg, F 8 R/ IMKUK Ry A >TL AR AR > 11 Bt > 1L A% > B 6%
M >PETEHE . 3 R AM b2 RIS A S & R E S T TR, A R AR N TR s s T H2E,

0—10 cm 2RSS HLFHS LA > BT ST RAR ST SHEEH, [ F R RS
RIS RN 19. 06 15, AN SHREE I 22 AR B3 ) 10—20 em 2 PR A& 5o 2R b >
P& ST AR AR>S LA ST S PREE b, 55 48 HAH LL 11 2 b A 7 b ST A5 2 S S 1, 1 i3 331
1 631% 195% , LA AN 2 TSR FEER B,

RI3 TREHHFETLELNRZSE

Table 3 Soil inorganic N contents under different vegetation types

it eia s fili &% Nitrate N/ (mg/kg) B Z5% Ammonium N/ (mg/kg) A A Nitrous N/ (mg/kg)
Vegetation types 0—10 cm 10—20 cm 0—10 cm 10—20 c¢m 0—10 c¢m 10—20 cm
W I 4.62+0. 19¢ 3.4520.02b 2.43+0.07d 2.8620.57d 0.16%0.05¢ 0.22+0. 03¢
e 7.74£0.23a 5.830. 16a 0.81=1.29d 2.100. 15d 0.69=0. 20bc 0.65=0. 06b
SRS 2.72+0.23d 2.05+0.29¢ 7.02+1.06¢ 8.54+0. 54b 3.05+0.58a 1.61+0.17a
it 6.03+0.55h 1.96%0.23¢ 9.240.20c¢ 5.95+0. 18¢ 1.29+0. 12b 0.48+0. 1be
TR AR 5.41+0.29hc 3.42+0.08b 24.5+1.39a 9.71£0.31b 0.500. 03he 0.510. 06hc
RUIEN 5.070.20bc 2.150. 06¢ 20.0=1.22b 13.80.01a 0.1820.02¢ 0.320.02¢

TR — 3w AR RN SRR A R R N 22 R A B (F < Foo5)

0—10 em )2 AL A B R AE 6. 53—30. 4 mg/kg Z[H], TR AMH
FhFRAIEIN G2 . 10—20 em )2 HIHERL

f A L

PN

P ==}

RPN

K, HHIR 2 #REE M i/, B 3
Fl R 6.53—16. 3 mg/kg, HIHAN>ILARAR> [ F F L > 8 57

o> 1 >EREE L, SRRER MU LU, 25 R T A 0 1 4 4 U AL R BRI AL . RS8R 1
IAEMA I TR Z 8125 57 3 L il A ORI B 25 R AR 76. 19 —99. 3% , TSIV ird 285 S0 75 A AR
I i M A RR S 3t b, At A e A S AR S FE 5 T 509 , Ul W e i RA T AR 5 T - JCHL Y
A EENEER
2.3 AFEAEHAER LA HLR Y R A R A RHIE

AFREREE T T APLR R E YR AR SRR 4, 0—10 em HJZ A HLET 2
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7 0.61—2.18 g/kg, HHLIR ), TRAMKZ g LI . 10—20 em +J2AZAELIEEIN 0. 43—1.52 g/kg, [F]
FER RIS TR AR 18 S > BR B b, LS8R 3% . BRIETRoh i A LA S B0 BE R R %
T T2

0—10 em HJZT LA M AN 8. 51—23.7 mg/kg, B> KBRS SIE T > 1A > FE b, 5 R b
AL, B ATHEIE ST 3N 179% 105% 98% 19% F127% , 10—20 em +EH LA &R 5.47—21.2 mg/
kg , AN [R5 X504 T4 g, L HP A0 AR BRI R B K, 3K 288 % |, I AA (B A 38, AN 3 . I AL AR AR 2
YRR T L2 A IEN R FEREE T T2,

0—10 em T2 MAM A S RIEE K 15.1—100 mg/kg, 1L RMR & i, LR 565% , ARSI
M FE e b 5 (0 38 8 43 50 R 441% . 368% L 363% Al 315% , 10—20 cm + JZ A= Wy A W & HEE LA
19. 9—65. 6 mg/ ke, HILARMRSTIMAASTE T HI> 11147 > Fo o > #8283

FRSRAEI T R B, B S RS A A B 3E IEARSE (r=0.72) , AL LR E YR B A5, A
KRB 5 R 0.67 F10.69

x4 FREEHETIRENERSE

Table 4 Soil organic N contents under different vegetation types

MR A HLA Organic N/ (g/kg) W fLA Mineralizable N/ ( mg/kg) T i A Nmic/ (mg/kg)
Vegetation types 0—10 c¢m 10—20 cm 0—10 cm 10—20 cm 0—10 c¢m 10—20 cm
MREEHb 0.610.03e 0.43+0.00f 8.51x0.53¢ 5.47+1.25¢ 15.1%5.9¢ 13.79.2b
PR 1.210.02d 0.95+0. 00¢ 15.201.39b 7.88+2.80b 69.8+13.1b 27.1x8.5h
EESS!) 2.18+0.06a 1.52£0.0la  23.70x1.41a 18.70+1.39a 62.6=11.9h 17.2+13.7b
it 2.0420.01ab 1.20+0.01c 10.80+8.43bc  18.70x1.17a 70. 68. 0b 19.9+2.8h
TARKR 1.88:0. 00be 1.31£0.02b  17.40%1.08ab  21.20+1.22a 100.0+11.9a 65.6x11.4a
AL 1.840.00¢ 1.06£0.04d  16.80+3.62b 6.20+5. 15¢ 81.5+5.5h 64.2+7.4a

e[ —3 AR TR R SRR A R R T 22 AR B (F < Foo5)

2.4 N[V RE B R A T A 1 SR 2 T AR S R 1 1) 5 )
2.4.1  UR[RVRE BV X R IS 1 P 5 i 90
KB 2 AT 3, B TR PR 2R o %0 F ?;gg?m .
AR FUK R e R R IR —, DFIE X WL i {
WRBEEPE AN 1 iR, 0—10 em 1 )2, BRHEETS MY
U A3 25 > 1136 B > VR FE bl > A > L > 4 “r
SR AR L, Y0R8 328% (175% (107% ,92%
M153% , 10—20 cm 12, FIFEFH AN L R AR 1R
o | 1L A% 5 4 HAE L, 35 R 5 51 R 819% L665% |
654% 585% M 181% , WREELE 0—10 em 1205 PE R
FHT 10—20 cm,
2.4.2 NIRRT R AR AT A2 1) 5 e
HAMS S LR E A LS ALY BG AL BLK _ PDD
WAL SRR i+ AR A B 5y, WK 2 FoR, Hibk Vegetation types
0—10 em )25 Y& AR G TG 1 0 25 v T A A H1 REEREE T RS
WA AE B T RAR TMAA SRR M AH L, BT 5 Fig. 1 Urease activities under different vegetation types
SR8 221% 220% 99% F152% , 10—20 cm +  #R—tE$, MAFERFRESERERANEEHETLERRE
2, R AR B S RS BRE H>TT FF < Foo)
IRBR> LA > TR, P8 T 0 | 13 5 M 5 R R A L o3

50 - b

8 P
Urease activity/ (mgNH ,*-N-(100&@hJ*)
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HIHEITT 160% A1 101% i 3 Bl Fw AR Z 6] 22 A A 2 0 -
% BRI R O TR R R T 50 100n
2, LR AR, i 06 |
2.4.3 N[ RE RIAFE 7 X AR IR 30 D Tl 13 A4 )52 i ?g; 05 |
RS TN R LT B F RO, (e g7
PERIS: b SR R B e TR B2
RPREE (E L RIS . AP 3 7R ,0—10 em 1230 B2 5]
TRHE T - R S I P i TR S Rk H T
5 P REZ IR E RS, 1020 em L2 bR £ [ <
TR PRSI BT TR, B T o |
22 1], MRS A AT 1S L MU R ] b
2.5 IR EIE A RSB M 2 18] A A PR S BT 86 AL BLK PPD oL PTC
7 s Fis IR AEE S A A HUA S G, MG Hik vegetation types
RECGYEF0.66 F0.69, SHENRBBEMX, H 2 KRS T E S
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Table 5 The correlative coefficients between soil enzyme activities and soil nitrogen under different vegetation types

AHOC AL ESA BSA WAHSA LA LA MAEREA
Correlative coefficients Nitrate N Ammonium N Nitrous N Organic N Mineralizable N Nmic
JIX BTGP Urease activity 0.26 0.66" 0.34 0.69* 0.48 0.75**
B PE Protease activity 0.45 -0.52 0.13 -0.18 -0.05 -0.21
MR IA SR G 4 NRase activity 0.18 0.60" -0.18 0.25 0.24 0.47

#* P<0.05, * * P<0.01
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