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Effects of vegetation types on soil microbial biomass C, N, P on the Loess

Hilly Area
ZHAO Tong',YAN Hao',JIANG Yueli' ,HUANG Yimei" ", AN Shaoshan'~

1 Key Laboratory of Plant Nutrition and the Agri-environment in Northwest China, Ministry of Agriculture , College of Resource and Environment Science,
Northwest A&F University, Yangling, Shaanxi 712100, China
2 State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateaw, Institute of Soil and Water Conservation, Northwest Agriculture and Forestry

University, Yangling, 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 soil microbial
biomass carbon, nitrogen and phosphorus. Determining the relationship between soil physicochemical properties and soil
microbial biomass under different vegetation types can provide useful information for vegetation restoration in the Loess
Plateau. Soil profiles under four typical vegetation types ( natural grassland, artificial shrub land, artificial timber forest and
crop land) were collected in the Yanhe River catchment in a hilly area of the Loess Plateau. The Yanhe River catchment
(36°23'—37°17' N, 108°45'—110°28' E) is situated in the north of the Shaanxi Province. It belongs to the continental
monsoon climate. The basic soil physicochemical properties and microbial biomass carbon (MBC) , nitrogen (MBN) , and
phosphorus (MBP) were measured. The results indicated that the MBC of natural grassland, artificial shrub land, artificial
timber forest and crop land ranged from 315.15—400.89, 246.56—321.25, 267.76—347.05 and 118.96—245.14 mg/kg,
respectively and the MBN ranged from 35.87—47.63, 27.63—42.89, 24.66—36.20 and 15. 64—22.56 mg/kg,
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respectively and the MBP ranged from 14.14—22.96, 12.89—19.75, 11.54—14.40 and 7.23—11.59 mg/kg, respectively.
Natural grassland showed the highest soil microbial biomass, followed by artificial timber forest, artificial shrub land and
crop land, indicating that returning crop land to forests or grassland had a significant promoting impact on the soil microbial
biomass. Under the different types of vegetation, the MBC/MBN ranged from 7.49 to 10.87, and the MBC/MBP ranged
from 16.27 to 24.11. The ratio of MBC/soil organic C was 2.70%—4.85% , the ratio of MBN/total N was 2.56%—4.45%
and the ratio of MBP/total P was 2.08%—5.34%. The MBC/MBN and MBC/MBP of natural grassland, artificial timber
forests and crop land were all significantly less than the artificial shrub land (P < 0.05), but the MBC/soil organic C
showed no significant differences between vegetation types. The MBN/total N and MBP/total P of natural grasslands were
significantly more than the artificial shrub land, followed by the artificial timber forest and the crop land (P < 0.05). The
soil microbial biomass correlated or significantly correlated with soil organic C, total N and soil moisture, but negatively
correlated with the soil pH. This showed that the vegetation types had a significant impact on the physical and chemical

properties of soil that are closely associated with the soil microbial biomass.

Key Words: soil microbial biomass carbon, nitrogen, phosphorus; different vegetation types; the Loess hilly area
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hm? , A (N) AE 9 100—130 kg/hm? , BEAE (P,04) 7 4—10 kg/hm® 41 (K, 0) AEAS it FH &5t HH AR /0N . 3% K 38 S0 B0 i it . 3%
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KA 60% 5K HE T FUR A, FHOREE IS 11,25 C R IR 7—15d, Z R AT A i A BEIE . 5 1 0 BT
RO RO AR A AU

F 1 FEEHLEDR
Table 1 Status of the sampling sites
K i P st ik B
Vegetation type Aspect Gradient Longitude/latitude Elevation Restoration years
7/ (°) /(%) /m
NTFRARM R AL 35 27 108°52.184'E,36°56.812'N 1403 1977
Artificial timber forest LR Rt 30 18 109°16.580'E,36°29.118'N 1387 1980
fua Zrwdt 35 14 109°16.607'E,36°29.288'N 1367 1978
L/ ZRAmdt 27 23 109°19.906'E,36°51.357'N 1376 1978
NLHEAMR TRt PifREE 20 24 108°59.980'E,37°11.366'N 1485 1974
Antificial shrub land g VE kiR 35 18 109°13.163'E,36°59.976'N 1303 1974
Fr& PRt 28 17 109°13.142'E,36°59.144'N 1305 1974
BilES Vil 32 22 109°35.630'E,36°49245'N 1362 1976
RIRFEH EESE /i ARt 30 8 108°59.904'E ,37°11.279'N 1358
Natural grassland BRFFE R Amdt 28 6 108°52.210'E,36°56.395'N 1337
6 BT Rt 41 12 108°59.927'E,37°11.337'N 1439
HHAE ZRAmdL 23 10 108°50.061'E,37°13.413'N 1386
A +2 w4 15 7 108°51.747'E,36°56.519'N 1249
Crop land +3 JeAw 4R 10 4 109°13.159'E,36°59.702'N 1179
EP N LA 15 3 109°31.104'E,36°26.774'N 1231
B e AR 13 6 109°00.836'E,36°40.074'N 1161

T R FH A R 2% IR 4, R ik ( MBC) AL ( MBN ) FBR BRI IR 41, R 3 W P A MLBS JH 4 A s A HLRR 23 T AX
(Tekmar-Dohr-mann Apollo 9000 TOC Combustion Analyzer) Wl % , = #2 % - 2 RAHYL R IETH & -4 A shE A4 E , T3ty 4
ke Wi (MBP ) P IR BRI 4R - AR BT (a2
1.2.3 HdEabag

263 Excel 2010 ZILAER S , R A SPSS 18.0 3R HEAT G 4T o I, N [RIAR 4 28 700 (1) 50 4 119 22 53R FH SR R 38
75225317 (One-Way ANOVA) Flfge/ > it 3 25 5k (LSD ) #EAT 737 LU, 45 R F-[RI B AR DG OC 2R ] Pearson AH G R BUEH#AT AT
SR BRI N 3 WEE A,

2 ER55H
2.1 ANFRBEZEET LR A2 Tk

W 2 FioR AN FIRBER T+ 390A HURR | 4 2B AN 38 2 7K 3R 349 i - SRR B 38 i s /)N 5 - 2R T A pH i - 398 % 3 3

iR . EHEE PR A FRIN N T IR S N THEAMS TR T > A i, b A T IR AR 2 & F A THEARMATR

R2 TREHEEXBTHEMEBELGER

Table 2 Soil physiochemical characters of different vegetation types ( mean=SE)

. + 2 +HeAE . R 2o & ] A J
P : 5 : L %F«}@i /Fjﬂyﬁ?)% 2R e

. Soil depth Bulk density . Soil moisture Organic C Total N Total P
Vegetation type 3 Soil pH

/em /(g/m”) /% /(e/kg) / (g/kg) /(e/kg)

N TIeARM 0—10 1.11£0.10a 7.97+0.12a 9.25+0.43¢ 10.16+1.26a 1.21£0.17a 0.71+0.10a
Artificial timber forest 10—30 1.100.11a 8.12+0.16a 7.03+0.29¢ 7.69+£0.92a  0.93+0.08a 0.40+0.07a
N THEAMR 0—10 1.06+0.10a 7.76+£0.07a  10.16=1.21c 8.54+1.18b 1.17£0.24a 0.50+0.11b
Artificial shrub land 10—30 1.19+0.08a 8.03+0.10a 7.73+0.79¢ 7.3620.79a  0.84%0.13a 0.28+0.13b
RARFEH 0—10 1.19+0.07a 7.84+0.10a  14.84+0.56b 8.26+1.03b 1.07+0.13ab 0.43+0.22b
Natural grassland 10—30 1.25+0.3a 8.02£0.13a  13.56+0.86b 7.12+0.62a  0.85+0.16a 0.28+0.07b
pi3ii 0—10 1.12+0.04a 8.1120.17a  17.95+0.35a 5.41+0.57¢ 0.87+0.17b 0.44+0.13b
Crop land 10—30 1.23+0.09a 8.34£0.15a  15.54%1.13a 3.86+0.35b  0.610.12b 0.30+0.08b

[EIZA [ /NG FREACFRAR ) 1 JZAN R R 2 R 8] 19 22 57 B35 (P < 0. 05)
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SREC M, N THEAMAN ISR B 4t (2 2 1 Tt , N TOEACMORI ISR LM ) 25 3 R B 38 s B & e N TR AM AP B IR 8 2w
FH AR AL, T THEAM AR AR b o] 0 & R 2B B 22 5 RIS /KRR Rk > KARFE > N T3
AM> ATFAM, HEIH B EHZER (P < 0. 05) ;4 gAY HIEA TR pH LB EES . BT W, KRR
RN - 25 TR pH BN BT, T T IR AR AR LE LR ER AN 3% 1= 0 R B TR MY

2.2 RRMERIAT ik A Bk

HE 1A LLE I AR R R E AR T2 IR R A S M (CL) A TIARM(AF) A TH#EARM(AS) #
RAREHL(NG) E I B At RIZME TR S e Y i % 75 5 400.89 mg/kg F1315.15 mg/kg, 435l &=
EMFE T ZAH AR 1.64 1 2.64 155, T2 MR T JZ KRG 4 HEfE i A5 A2 47.63 mg/kg Al 35.87 mg/kg, 43 )&
FIZME T 24 A 2.11 M 2.30 7%, 20 WERB, AL FEARRMIIRE ML Z T £ 2 LI FRZEY B A
SR BENEER ANEERTRIBLEE(P <0.05),

IR, 22 2 oA Wy e o 38T RO R > N TEAHRS N T IR A MRS A i, 62 KAR B M0 + I A Wy i & ik
FT 22.96 mg/kg, ;R ERM 1N 1.69 %, X 5 L HEME Y B ik AR, Jr 250 Hr R R 2 4 RAR R H)
P THEARMA M E Y R B E S T A TIRAMFRH (P < 0.05) , T RIREEHI AN A THEARM TN T IR ARSI H 2 (8]
ZRRIRF W EAKT ;R T RERIREHAN T Ir JEAM A Yl & ch Bt 5 A B3 & PRt -4

7 600
gb w 60 r a
o0 a i
%é 500 Eﬂ ol .
O 2 a a ®E .
£ 400 5wl a 2
g 2
=E 300 f a b TE a0l a i; )
=23 FE
HE 200 - = o201 b
g b HE
S o
g 100 | g 10t
s , , . .
0 0
AF AS NG cL AF AS NG cL
30 MM Vegetation types
o) a
o0
&
ED ol I <]>
Es wf
] 3 b a
HE Br a a b O 0—10cm
g2 71 10—30cm
e}
R .
£
o
— 5 F
2
= 0 L I L )
AF AS NG CL

HEHE KA Vegetation types

1 AEEHERTHERED S, Q.68
Fig.1 The microbial biomass carbon, nitrogen, phosphorus under different vegetation types
AF: NTFFARM Artificial timber forest; AS: N THEARM Artificial shrub land; NG KIRH M Natural grassland; CL: 43 Crop land. A[F/NE
TR ] 12 AR B S A R] 1) 22 57 35 (P < 0. 05)

2.3 ORISR e e A BE LU R fk

3 3 M LIEH  7E 4 Mg R R MBC/MBN KARTE 7—11 181484k, MBC/MBP 7£ 16—24 [f] 484k, MBC/SOC £ 2%—5%
[B)25 4k, MBN/TN 7£ 2%—5%[0] 254k , MBP/ TP £ 2%—6% 0284k, , RIZFFRT 2N LI AL MBC/MBN I 3 & F HiAth 3
PIAEGEET N T HEAMR R SR B R4 b 3] MBC/MBN JC i 2257, R)Z 14 MBC/MBP 7. A 7R RM(24.11) BE T
HoAh 3 PR RIS A N THEARHRR(16.27) KARFEHL(17.46) FAcHL (17.15) [MN& G .25 25 5, 32 T )2 L3 MBC/MBP R HN A
TIRAMR(23.21) FIRARFLHL(22.29) > N TIHEARM(19.00) >4 (16.45) , H. 22573 B3 (P<0.05) , +3E MBC/SOC 7EA [F] i #
FHUF YR LB P25 5 i 1458 MBN/TN Al MBP/TP 245 Bl AR F b > A TV AR>S N T IR AMORIA s g a3, o
N TFRAMFNAR H 7] 22 74 5.3,
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R3 TREHEXETEMEMELLENTL

Table 3 The ratio change of the soil microbial biomass under different vegetation types ( mean+SE)

(&7} [DEX7/hie % E R A/ [CER7/E47

itiesd +J= DGRk RTE N

Vegetation type Soil depth/cm MBC/MBN Mz}gﬁ\i;l) MB@?(??/% MBI\%ﬁ\V% MBI%?E/%
NLFRAM 0—10 9.59+1.05a 24.11+2.37a 3.7120.26a 2.9920.63b 2.45+0.55¢
Artificial timber forest 10—30 10.86+0.98a 23.21+2.14a 2.70+0.31b 2.65+0.76h 3.38+0.73b
N LA 0—10 7.49+2.67h 16.27+1.35h 3.7620.45a 3.67+0.39ab 3.95+1.38b
Artificial shrub land 10—30 8.92+3.35h 19.00£2.46b 3.54+0.33b 3.29+0.29ab 4.99+1.71a
RIRFL I 0—10 8.41+3.15b 17.46+1.26b 4.85+0.63a 4.45+0.34a 5.34+2.05a
Natural grassland 10—30 8.78+2.96h 22.29+2.18a 4.42+1.21a 4.22+0.41a 5.05+1.75a
A 0—10 8.37+1.42b 17.15£2.61b 4.53£0.93a 2.601.61b 2.41x1.13¢
Crop land 10—30 7.61£0.55h 16.45+1.93¢ 3.08+0.37b 2.56+1.27b 2.080.95¢

MBC: f#2E ¥ 4= ¥ &% Microbial biomass carbon; MBN: £t #) 4= ¥ 48 % Microbial biomass nitrogen; MBP; 24914 )5 8% Microbial biomass
phosphorus; SOC: #7#Li# Soil organic carbon; TN: 4% Total nitrogen; TP ; £ Total phosphorus. [{5 ARl/ING AR AR £ )2 A [F) FE g 28
)12 57 8.3 (P < 0. 05)

2.4 HIEBUEYRR AP SRR R

N 4 Jrs | LSRR Wi i S I e R U e W A LR S KRR B IE ARG 5 AR R IE A G BUEY
ERT ERM T E KR W E ARG, A LR 38 IEAOC  BUE W) e 5 A HLAR R0 Sk R 3 e G, o
WAEYE YRR R RS pH (EE2 B AN R R BE A UM G, 5 WA L e A HOR A B WA OC , IX R W] MR B Sl 7
T, RERUE Y R RS IR P R SRR pH (IR B

x4 AEAEBEBTHEREYES HIFBHERMEXES T
Table 4 Correlation analysis among soil microbial biomass carbon, nitrogen, phosphorus and soil physiochemical properties of different

vegetation types

AR R B AR MEYER MR ALK B B +HEAEE HHEpH HEEAKE
Correlative coefficients MBC MBN MBP SOC TN TP Bulk density  Soil pH  Soil moisture
A P Bk MBC 1 0.915** 0.624 " 0.880** 0.60 0.372 0.126 -0.526 # 0.879**
A=Y A MBN 1 0.315 0.563" 0.78** 0.503 0.021 -0.684 " 0.759 **
WA Y MBP 1 0.731** 0.624 " 0.423 0.263 -0.081 0.872**
FHlfk SOC 1 0.793 ** 0.146 0.155 0.107 0.801 **
A TN 1 0.269 0.092 0.327 0.657 "
LW TP 1 0.148 0.194 0.414

+ 32 E Bulk density 1 0.084 -0.567*

+ 4 pH Soil pH 1 0.076
+BEE K Soil moisture 1

w FRAAEBZEMIE(P < 0.05), % FRIAIEWBEMIE(P < 0.01); MBC: i E¥ A ¥ &% Microbial biomass carbon; MBN; ft4: 44
YA Microbial biomass nitrogen; MBP A=W W) Microbial biomass phosphorus; SOC. ALK Soil organic carbon; TN A Total nitrogen ;
TP 4 Total phosphorus

3 g
TIERCE Y Y i S IR BTN 3% 7 A HURREYI IR T F AL R ER A K 3 ), 78 L SR ) AR A R AN R

TN, W9 S W A W R T A A g | R A (AL RAR IR LA M A (L R AT T R
3.1 HIBCRAD IR Y R R B LU R

AR SRS SRR W R R W) 2 200k A AR i (AN 7 ) AR R 0 I8 ) 258 ) 8 o B0 B D A3, ARG 4 1)
HER A Y BR B REIR 220 I E W E W B R — M - b > RS BF 1 AR5 rh AR R i R R P b B, AT
HEARMRZ RN, 5 — B — B, R LU Wi i M, — 5 TR PR ARl 130 1) it A= i b SEA 2, S 20
IR IR IR A B Z 5 53— 5 TR PR 3B W (5 AN KRR 39 P oA LB 4 SR R SR AT O AR b A BB
i IR, AN T L A W B0 A R B, L SR A W B i RS P AR . AN T AR E ABR T i3 £ e A= W Y
AT TR , LS Y B A A K BV S B H T R AR R K A28 O R T S Wil & e I R %,
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AR S R R R R, — e 0 T AT S #RBE R L e W i SRR AR YR ST P A b S A B N A%
PRI A, 3 AT RE R T 24 M AT N 7 30 24, 33 A AR SR I, 3 o ks R S, [RIR, R R i
Z N B R B, A7 B AR A RIS R R R AR FUOR R AT R i — ORI S . FEASHIFSE T, S A B R
Yrem A B SRR RIZRK TR TZ 15, AU SR R A9 A8 L S A ], 332 PR R 62 - HE /K AR i
AR, TN A0AR R 4 0 1) DR JE 2 A R T A 0 4 A K R 3 i v 2 R R 4 AR A ROk e A B
SR R - e W R B RO (AET L TR 2 AR AR A B AR AR 2 R A W A e R A A A 0
AR Y AR T EEDT

ARMFFE R, 1€ MBC/MBN A3 B R 7.49—10.87, W & T 22 H 2 4 JRA8 (9 5—9; + 1 MBC/MBP (975 [ 0 16.27—
24, 11, BEAL T HEE S5O RIS A9 20—32, 5 B B S ST A 2k A BB 20 L T DA e SR E R A IX R — LT,
MBI LT 501 254 R BEAE 61 ZoAq , BLRAE 10:1 ZeA7 0" 0 ARBIRSE % BN T 7R ACMK - S A 1 e SR B e i, 7 9—
11 ), RARF N TIHEAMAA HAAR , 78 7—9 [8], A TR AL LR & AT E 5, A BT R W+ et W i |
Fb BB A HE -5 A LR T A 5E , RO R A R T U S AR R e U (R i S AR SR i 45 R
ARG ARTE] BFFE X ISR F | N T E AR AR b - 18 (14 Bl A 9 o i e b B LU (AR, LR 38/ N T N T IR AR, Fvh A b
FRNNHEZWE L BRI UK A ZURM 20 & B, P2 3 O B BB AR R R /KT, T 33845 ML I
TR AN T TR ACPR S22 2 B HE A 80 B0 B SR EL RBR LL , 7T E5 N T 7 AR MR S 1) - S Bl A A e 2 IR 25 6
3.2 SR R R S AR T G AR 5

5 20, e W i 5 333 40 04 A T AR R S e 39655 1) (e 2 0 RO R AR | SR A R R - e W i A
MU A 502, I FL AR 10 39aed 5 ol - 9 e 2 22 L ol 8 P ol A 9 B o R A T A 2k AR op, 10
TR Wi R B R EE LR 2R 2B E 4 A E R4 R 2.70%—4.85% 2.56%—4.45% 2.08%—5.34% , 5 i A B
FEEER 1.0%—5.3% 2.0%—7.8% 2.6%—5.9% A5 > Hrf MBC/SOC 76/ MRS R Y 22 TR 25 XS e ke .k
TS 35 MBC/SOC 32 + 3 F] 7 Ul 28 B S I e MBC /), BB R SE . {H Saggar 25 & BL, MBC/SOC X BV it 14
MA R L MBC R, B, MBC/SOC 1Eh -3 1 BRI Fabnit A Ff it — 25 0F5E . A0 MBN/TN A1 MBP/TP 23 i R
SRS N TIEAR IS N TIRACMOAIA i 1 34 35 1T 5 A [m] 4 9t 2 0B A A L) S5 140 280 R AR [ S, 36 AN [ ol 2
IR AECE 22 5 FEORSZ AR o A 2 i 22 0 RIS - U 1 AR SRR R R T - A ML 1 B R
FG o IR RO AR E i A A B T A B R R A R RO B T A, B e R i R T
B BT 5 A Ak, e MBN/TN Al MBP/TP HIX45 , hiA HAf 2 T HAM A BRI &, 3 b i & mm s, +
BeR e EEAENTTIT, e 8 m KT, i MBN/TN A1 MBP/TP A%

ABIFSE S IR A SRR W A B RS I 5 A WURR N A S ) EA W A e | S B AR A IS 4 R
AR—3Y ST A A A R SR T A SR AR SRR R A A R b IRt ] Ay 4R R - A g K - s AT
RO . 4 iR SRR Y R B R R S B S R IR ARG SE R, S A TR A R — 3L R
A M R B R A R O T R AR B A RN A IS A A AR W A
BTG BTG e | S NAK S N B e 45 R — 3, P AN BE S i - S K AR SORF ST TR, 4 bk B2k 1
U YR R B S R A KR AR B R IEAR G, 5 pH {H AN TR AR BE i SR G, LR SRR O A R T U P
AR AN A i -3 pH AR TR AR T - Sk M A R Y
4 it

AN FI R BB X b Ak A Wt O LU A B RS, ZEIZ AR ST DX | AR Bt R A ) b 8 L T A (AR TR
Z AR, VAR IZ ST X I A T AR AR ARG % A BB e VR R 2 LA B SO T A b R RS - B A
Y R

RIEME AR, et i 5 - A PR I LU (22 5 R B3, HIERUE Y R A S SR R EE S B
F Y R S SICA LR SR KR B E B B AN G, 5 3 pH (5 B R R AR A G A
Stk FE ARG NT EfE )y e KA AR DG Y A AR AT S R
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