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Characteristics of physiological groups of soil nitrogen-transforming microbes in

different vegetation types in the Loess Gully region, China
XING Xiaoyi', HUANG Yimei'* | AN Shaoshan'*, YAN Hao'

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 , Yanglin ,Shanxi, 712100, China

2 State Key Laboratory of Soil Erosion and Dryland Agriculture of Loess Plateau Institute of Soil and Water Conservation, , Northwest A&F University , Yanglin ,
Shanxi, 712100, China

Abstract; The “Grain for Green” project is one of the important measures used to improve the environment of China’s
Loess Plateau. In recent years, soil physicochemical properties in the region have been improved, which in turn promoted
ecological succession. Different vegetation types change the soil environment to different extents, influencing the
biogeochemical cycling of materials such as nitrogen, an essential nutrient for plants. Recently, a growing amount of
attention has been paid to the relationship between vegetation and nitrogen cycling in natural ecological systems. Meanwhile,
several physiological groups of nitrogen-transforming microbes in soil are closely associated with soil nitrogen cycling. To
determine the effect of vegetation restoration ( grass stage, shrub-grass stage and tree-brush-grass stage) on the populations
and distribution of physiological groups of nitrogen-transforming microbes ( ammonifying bacteria, nitrifying bacteria and
denitrobacteria) , soil samples were collected from depths of 0—10 cm under seven vegetation types from different stages of
restoration in the Dongzigou Basin, Ansai, Shaanxi Province and bacteria populations were measured through the most-
probable-number ( MPN ) method. The results show the populations of ammonifying bacteria, nitrifying bacteria, and

denitrobacteria increased as vegetative succession proceeded from grass communities to more complex tree-shrub-grass
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communities , and those populations ranged from 2.49 to 185.79x10° cfu/gdm, 19.43 to 77.21x10°cfu-g "~dm™" and 1.23 to
38.24x10° cfu-g™dm™, respectively. For ammonifying bacteria and denitrobacteria, the highest N levels were obtained in
the Quercus liaotungensis Koidz. community and the lowest in the Artemisia sacrorum Ledeb. community. The maximum
population levels of denitrobacteria and ammonifying bacteria were obtained in the Q. liaotungensis Koidz. community and
these ranged between 31 to 74 times higher than the lowest levels which were seen in the Artemisia sacrorum Ledeb.
community, respectively. The highest levels of nitrifying bacteria were obtained in the Q. liaotungensis community and these
were 4-fold higher than the lowest one in the Syzygium aromaticum (L.) Merr. and Perry community. The effect of
vegetation restoration on the population of nitrobacteria was the strongest on ammonifying bacteria, followed by
denitrobacteria and nitrifying bacteria. Soil nitrogen bacteria groups varied sharply from group to group, forming a decreasing
order of ammonifying bacteria > denitrobacteria > nitrify bacteria. In study area, ammonifying bacteria accounted for about
75%—80% of the sum of ammonifying bacteria, nitrifying bacteria and denitrobacteria, while when denitrobacteria
accounted for 20%—25% of that sum; this indicates that the ecosystem was relatively stable. Soil physicochemical
properties were closely related to soil nitrogen content and the abundance of nitrogen bacteria groups. Soil bulk density had a
larger impact on soil nitrogen bacteria groups than other soil physicochemical properties, similar to the relationship of nitrate
nitrogen in soil and various forms of nitrogen in soil. Total potassium, mineralizable nitrogen and microbial biomass nitrogen
content also had a major impact on soil nitrogen bacteria groups. In general, microbes are more responsive to changes in
plant communities than are soil physical and chemical properties. Studying the characteristics of microbial communities,
especially functional microbes that modify the availability of key soil nutrients, e.g. nitrogen, provides significant data
which are useful in estimating the ecological benefits of restoring vegetative communities. Therefore, more detailed research

studies in this field are needed in the future.

Key Words: Loess Gully; vegetation types; ammonifying bacteria; nitrify bacteria; denitrobacteria
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http : //www.ecologica.cn



5610 JAE = 3%

TR 0—10 em TIERERD CRERAEH) LAREIR G 5 B 517 M1 S0 00 % A A 2R 25 0 b m] DA B 1A 1% 3 8h ), id 2 mm
2 RR CE Y PR

F1 RESMEESMERER

Table 1 Geographic information and vegetation summarize of the sampling sites

ok ke 4 JFI] R /(0 i R
e BEK /) SIE)  www D0 MO, BRAR
Vegetation . . . Slope Slope .. Vegetation
Sample name  Longitude Latitude Altitude . Slope position .
types aspect gradient community
TR . . ; URM+ LIRS RE T H SR+
Arbor-brush-grass 1LARHE 109.174E  36.555N 1259 PR3 28 T e
=fAH 109.153E  36.575N 1334 137 21 i = T T S
it 109.163E  36.556N 1301 B3 30 T TR STEA | T+ 5
L Brush-grass T#H 109.162E  36.570N 1284 i) 35 ok T RT3 AT
TR 109.166E  36.574N 1346 1573 27 T TR+ R GRS LR
BAR Grass b3 109.158E  36.582N 1348 13513 25 i 2 R
BeAr 109.158E  36.582N 1351 5577 30 IS BAr

LRKR Quercus liaotungensis ; =AM Acer buergerianum Miq; A Platycladus orientalis; T & Syzygium aromaticum; J8 4 H Sophora davidii; ZE7 Artemisia giraldii
Pamp; BRAFE Artemisia sacrorum Ledeb

1.2 e hs R vk
1.2.1  ZEME YA R EECR 1 e

I AT W AS AL AN TR R M T A0 P A SR R R B AR 30 (MPN) #4700 58 . ST A0 BRI R R AR IR 35 35 2, T
Bl 0 R FH B B A B0 7 5 b b 77 35 | SR A A0 R P & 5 3R 35, AR Bk 2 L5 0 MIPIN 6 7 T 2 40 o 50
ARG AH A RS R — 2L BRI 5 | 25 AP BT — s T b
1.2.2 AR RS TE S AR & 2N E

A T ST AR S R T, W Ry
1.3 HEabsorik

TS B AL R ] Microsoft Excel 2003 F1 SPSS18.0 1 f4, £ 8 WECR A LSD J5 ik, M /01K Pearson FHIC/M T
2 GBR5HH
21 HHEEAHAHRARRS

WFFTIX A R S i | DA B v 30 T ol OBV, T pHL (BRI 25 1 3B Wi WA, e R (B 43 0 L B /IME T AL T 7.7% R
42.3% ., TIEAPT 2R 2 AR ESE T A (RS 14d) A RS B R TR IR S B WS, K
(B3 2 e/ ME) 11.1.9.20,1.31,27.9.2.35 .8.70 F1 6.46 i, M A FAE & A R G #E V5 T 248 S5 d o, RIXH A 28 Ab 35 b
B, THEC/N AT 8.56—15.9 Z Il AR L I Eh M . & REARE , B E AR/ IMAM 221X 2.64 ¢/kg,
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Table 2  Soil physicochemical properties and nitrogen contents under different vegetation types

ffﬁ%&%‘é@ L AE AL Ee £ ON LR i Eﬁ{‘fu %ﬂsﬁ Wﬂtﬁ AR A
Vegetation Soil pH BD 1 SOM Toal N Oy Toal P Total K Nitrate N Ammonium N Available N MBN
types /(g/em®)  /(g/kg)  /(g/ks) /(gkg)  /(gkg) /(mgkg) /(mgkg) /(mg/kg)  /(mg/kg)
TZREE 8.18f 0.78b 71.5a 3.22a 12.9b 0.75a 21.1a 53.2a 2.89h 101a 129a
AR 8.34e 0.83h 59.5h 2.81h 12.3b 0.72a 19.5ah 49.3a 3.17a 70.1b 1046a
= 8.48d 1.01a 54.5h 2.69h 11.8b 0.76a 19.8ab 21.0b 2.66h 65.9h 64.81b
T 8.64c 1.05a 31.19¢ 1.22¢ 14.8a 0.71a 18.6h 10.6¢ 2.42h 36.2¢ 42.2¢
RAH 8.81a 1.14a 11.1de 0.66d 9.72¢ 0.62h 18.9h 8.05d 2.56h 19.6e 41.8¢
5 8.70b 1.07a 18.4d 0.85d 12.6h 0.61h 19.4ab 11.0¢ 1.93¢ 27.4d 37.4c
BATE 8.76b I.11a 6.46¢ 0.35e 14.5a 0.58h 18.5h 1.91e 1.35d 11.6e 20.0d

BD: A Bulk density; SOM; AP Soil organic matter; MBN YA YA Microbial biomass nitrogen;Z:Iﬁ]?M‘ﬁdiﬁ]*iﬁl‘éﬁ‘({ﬁ:[ﬁ]ﬁﬁﬁ%F%ﬁ
BE(P <0.05)
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T AR 22 2.97 A, AT OL AR T A O A e R BRI AL RO A P2 B A AN BURR 3 b Rl B 25 R AR
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BIATE . PIRREATEE A LL 3 FhiSCE Y AT i L BAE AR, LA AL A 3 0 9], 28 1T 90.9% , T BRAT # HE T AU 66. 8%,
i 200 T i P 0 T A B A T e R 2 BT L)) S o, s A 200 B D Sl N, PSR IR 22 BN R, TRl e
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Table 3 Soil nitrogen bacteria group communities under different vegetation types

s AL (x10° . RIZTEAaE " B AE A "
A RIAEON) ppmrpye O i BT L BT e
. Ammonifying B (x10%) P (x10°)
Vegetation types ; Percentage . . Percentage . . Percentage
bacteria Nitrify bacteria Denitrobacteria
Lo of total/ % o of total/ % oo of total/%
/(cfu-g'+dm™) /(cfurg™+dm™) /(cfu-gledm™)

1L 7R bR 186a 82.9 77.2a 0.0034 38.2a 17.1
=i 137h 80.7 57.3b 0.0034 32.8a 19.3
M 74.0c 73.8 50.2¢ 0.0050 26.3b 26.3
T# 55.3be 97.1 19.4d 0.0034 1.66d 2.92
AR 48.8bc 95.2 24.5d 0.0048 2.44c 4.76
5 27.0¢ 90.9 24.4d 0.0082 2.69¢ 9.08
BekTE 2.49d 66.8 25.1d 0.0671 1.23d 33.0

2.3 ARMAY A BREEGE S B 7 SRR i AR AT

TSR IR SRR U Y R PR Z (R UIAR DG . S A AT T L A o 200 T A S i A 40 T 5 0 pHL (B B 1R
P F AR ONSE, 5 AL A ek 2 AR TR LR R RS R B B R IEA S, 5 /N R
AR X TESR, ARG 5 B F IEARSE , LR LA B A S A AL 5 2 AR (R 4) &
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Table 4 Correlation coefficients of nitrogen bacteria groups and physicochemical properties and N contents

LB AL WA AL AN T FAHAL AN T
Correlation coefficients Ammonifying bacteria Nitrify bacteria Denitrobacteria
+ 3¢ pH Soil pH -0.82" -0.92** -0.77"

7 #H BD -0.90** -0.92** -0.83"
HHLIE SOM 0.77* 0.88** 0.76*
4% Total N 0.80" 0.90 ** 0.81°

+ 4 C/NSoil C/N -0.26 -0.09 -0.26
4% Total P 0.74* 0.72* 0.74*
48 Total K 0.83" 0.91* 0.80*
TS A% Nitrate N 0.89"* 0.92* 0.82*

B 5% Ammonium N 0.79" 0.67 0.69
A fL Al Available N 0.84 " 0.93** 0.80"
A= WA MBN (SMN) 0.87** 0.92** 0.77"

# % P<0.01, * P<0.05;BD; ZTE Bulk density; SOM: A LI Soil organic matter; MBN: 3 /E 44 ¥ % Microbial biomass nitrogen

3 itig
3.1 FEBKE X AR B R A R S R

B FRBE X 20 thad 90 AR A HE AT IR B i bR IR BE LR B A A VK R HEAT , A B = R T G, 4 T 5 ok
7 RFE GRS B AR LA — AR A K i B v A I R 3 0 4 1) b 4 R A K R JCHLE 9RO
F R A o A T B 2 AR R A AR R ED R R K 43 2K % R AR R 0 A K S T A E AR
VU A 0 B A I Ao R o 7 A ) BRI A0 TR S P 0 5 1) A S A S T3 2 B, AN TR 25 R 3 MK
SRR, — Ay, S U e AR RBE TS R W R 2, B R AL RS R — i 5 T
RS E, B —I 1, 5 TR E YR A FEMERA S BT L, MsS AT,
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