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Soil nitrogen concentrations and transformations under different vegetation types

in forested zones of the Loess Gully Region
XING Xiaoyi', HUANG Yimei" ", AN Shaoshan®, ZHANG Hong'

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

University, Yanglin 712100, China

Abstract: The “Grain for Green” project is essential for controlling soil erosion in the Gully Region of the Loess Plateau,
which has one of the most serious water and soil loss problems in the world. Different vegetation types change the soil
environment to different extents, influencing the biogeochemical cycles of materials, such as nitrogen (N). At present, a
growing number of researchers are investigating the relationship between vegetation and N forms in natural ecological systems
to provide a theoretical basis for ecological restoration in these areas. In this paper, the effect of vegetation types on the
concentration and transformation of various soil N types ('soil total N, organic N, N mineralizable within 14 d, microbial
biomass N, nitrate N and ammonium N) in the Dongzigou Basin, Ansai, Shaanxi Province was investigated. Soil samples
were collected from the 0—10 and 10—20 cm layers under eight typical vegetation types, including Quercus liaotungensis ,

Acer buergerianum Miq, Platycladus orientalis, Robinia pseudoacacia, Syzygium aromaticum, Sophora davidii, Artemisia
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giraldit Pamp. and Artemisia sacrorum Ledeb. The results showed that the six types of soil N as a whole gradually increased
as vegetative succession proceeded from grass communities to more complex mixtures of trees, bushes and grasses. Overall,
the maximal N concentration occurred under (). liaotungensis, while the minimum occurred under A. sacrorum Ledeb. Soil
total N ranged from 0.35 to 3.22¢/kg at 0—10 cm, the maximum value being 9.2 times the minimal. For organic N, N
mineralizable within 14 d, microbial biomass N, nitrate N and ammonium N, the maximum value was 9.3, 8.7, 6.4, 9.0
and 2.3 times the minimum, respectively. Soil N concentrations under artificial R. pseudoacacia forests were lower than those
under natural successional vegetation. The various soil N concentrations all were higher at 0—10 ¢m than 10—20 cm.
Nitrate N changed more quickly than the other N fractions; therefore, nitrate N could be used as a sensitive indicator of
early changes in soil N during natural succession. Soil organic matter, pH, and bulk density were closely related to soil N.
There was a significant positive correlation among the six N fractions; however, the ratio of each N fraction to total N
responded differently to changes in total N. Specifically, the ratio of organic N, N mineralizable within 14 days, and
microbial biomass N to total N did not change, regardless of the total soil N concentration. In contrast, the ratio of nitrate N
to total soil N increased as the total soil N concentration increased, whereas the ratio of ammonium N to total N decreased.
The ratio of nitrate N to total N was positively correlated with total N (r=0.58) , while the ratio of ammonium N to total N
was significantly negatively correlated with total N (r=-0.83). Further research is still required to explore the processes of

vegetation change and N transformation.

Key Words: Loess Gully region; vegetation types; soil nitrogen
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111 WF5E XAt

A ¥V 57 SE A I 88— R SR P ), A 22 € LR R S s AR BR Ol 109°734"—109°10'34"E |
36°31'13"—36°35'26"N, 14K 1166—1490m , Fi S HI AR 20.61km*, 12 X J& T il iy SRl k2 1 5 Z KU
VU R AN RS, TR, AR F 2R 8.8°C (i fi i ik 36.8°C, M i fi Ik il - 23.6°C ) |, 4F P ¥ i 7k 12
505. 3mm , £F H BRI HCH 2395.6h, H BT /3 465K 54% AFETE/HM) 157d, FEARKEA . T 5 KK KE
ViR W D RS R e w1 e = 21 R - EA e A 7l LR L i w17 | L E R DY S
N TA)EAT R
1.1.2 e A B 0

At I BRAL 22 2 B AT S 3 IR e, SRAE AL AE 8 R AL UAS [R] Y B BUAR W R v AR A
o b R AP 44 B, R AR YRAE 5 WAL ZR AR ( Quercus liaotungensis ) , 6 5 S QL, = Fi WX (Acer buergerianum
Miq) , fi7 5 & AbM, | # ( Platycladus orientalis ) , i 5 K Po, $i|#E ( Robinia pseudoacacia) , 5 & Rp, T
( Syzygium aromaticum) , 45 A Sa , 38 A4 M ( Sophora davidii) , 85 K Sd , 288 (Artemisia giraldii Pamp) , 75 K
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AgP AT (Artemisia sacrorum Ledeb) , {854 AsL, F IR AN TAR, SRAE £ b BRAF 2 FIAR B 15 5 4n
#1 PR,

1 FRESAMBESMERER

Table 1 Geographic information and Vegetation situation of the sampling sites

Bt 447 a/c) ) wim we ey S ww o mwas

Site name Longitude Latitude Aliitude Aspect Slope position Landscape  Name of community

ILHRMECQL) 109.174E 36.555N 1259 33 28 T i i ;Ii;i;:g%‘&%Tﬁgﬁﬂﬁ
=it ( AbM) 109.153E 36.575N 1334 55823 21 s P b SR B SR T+ B R B R
MIF (Po) 109.163E 36.556N 1301 PR3 30 T e MRA+SSIEAR T AR

FI#E (Rp) 109.167E 36.575N 1372 FH 3 8 s B 100 R+ IR ) FTHI+ R A8

T#(Sa) 109.162E 36.570N 1284 FH 3% 35 h 311 T SRR BRI YT
AREF R (Sd) 109.166E 36.574N 1346 13857 27 T By RZFR+ SRR GRS BHECT

25 (AgP) 109.158E 36.582N 1348 5583 25 h Wi S8 TR

AT (AsL) 109.158E 36.582N 1351 55853 30 I 5 Th BRArE

T AR Quercus liaotungensis ; = B Acer buergerianum Miq; A Platycladus orientalis ; B4R Robinia pseudoacacia; T 7 Syzygium aromaticum ; Ji

Rl Sophora davidii ;287 Artemisia giraldii Pamp ; 8kFFE Artemisia sacrorum Ledeb

1.1.3  FERCRETTE

THERERCRET 2011 45 7 H 8 SeAeili 118 ks R o 5 B AR D, BE 7 R/ NI 8 2R A T (T
A 10 mx10 m A 5mx5 m, FHh 2 mx2 m), EFFEHLZE RPN B WA EE B 2 MR, B MR
100m’ , SRIGFEERETT N LA S TEARE 5 N, BB 2 BAEY , H - 454% 0—10 em A1 10—20 em 732 R
B R CBRAER TR B B S R S0 = N A AR L T DA sk A e R IR — &R KT,
—HBAF =20 CEHARAE
1.2 sy 5 B e Jr ik

pH HITC CO, /KR HE , pH T , 25 8 PR I3 A HILTE FH 2 4 TR A0 A1 A | LU 2P i 9L I e vk
ISR LA EH KCUIZ R, M sh /A G 52 | 14d AT oAb JUH G55 3705, BAR S I R b o i, 55 =
Y A W R R BE 2R AR -md A A R B AR Ak s BRIV A B G A 2
) e KFF KB 50% , Fids 5 1 )], 85385 AU R 25, 51 0.5 mol/L K, S0, =242 (K Ll 4 :1) &

PRI K,S,0, 787, AN ORI 2, R A &5 28R IR PR b B R & 2 =B LA
N IFEAL 22 %0(0.45) A

1.3 kb3 ik

K H] Microsoft Excel 2003 F1 SAS 8.0 #A, #1475 22 70 A FAH A E 40, 22 8 LR SNK
2 RO
2.1 A[FEAHPIREE T AR BURRE

WEE 2 FroR P9 IX 4 4 18 5L 55087 ,0—20cm 13 pH AT 8.18—8.89 Z [a] , Hi PR A Ml BE 9% iy , A0 4
BREEVE BAK, T2 pH R T 12, HIEA TN 78.12—117.93 g/cm’ | [RIBE LUK - J00 B 74 B o, 30 AR iR
WEERAR, LRICA T 2E T L2, RHEA MU R R B DA KA BB A FEATEVE BIAF PR K A 31 AR ik
VR SR W T, B 0—10em +)2 , HHLE & R 6.46g/kg F+ 2 71.53 g/kg, HoA &ATE BEIE S Ak,
T C/N 2P BB, 0—10em, T HFHFIE K, FIBL SN, 43008 14.77 F119.60,10—20em 12, AT
VRO, = fdikd/N, 43310 14.52 1 10.00,
2.2 A[EIEYIREE T T B AURAE

WE 1 s, WRARTEE S A B s, BB A S BB Wi . 0—10em + 2, BA ST & H
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0.35g/kg F+ & 3.22¢/kg, /\FMEPIRETE ], BA & AR I ZIK, BV HERCRE R TR e s . ol
AR I B A S B AT A AR EE Y S i s . BREATE A Sh,10—20em + 2 T SA & 2 T
FET 0—10em 12, T HFEAR B A9 2 LR AT 0—10em + 2 3EA— 50, A REVS B TR S s | H I
R 0.36 g/kg FF & 1.82 g/kg, MESEHFIE 2110 RARRHE , D2 IO AL T 200 &0 T 47% 84% |
45% 34% 84% 87% 11%

R2 TREHFEETHIEEREUER

Table 2 Soil physicochemical properties under different vegetation types

o +J% pH AT/ (g em?) THA LB (g/kg) THE N
tBREE Soil pH Bulk density Organic matter Soil C/N
Vegetation types

0—10cm 10—20cm 0—10cm 10—20cm 0—10cm 10—20cm 0—10cm 10—20cm
LARBR(QD) 8.18+0.5 8.50+0.4 78.12+9.8 82.36+6.5 71.53+4.6 36.34+5.7 12.89+0.6 11.57+0.9
=AM (ABM) 8.34x0.7 8.58+0.7 83.42+8.2 98.61+9.8 59.52+5.6 25.90+2.3 12.30+1.3 10.00+0.9
Mk (Po) 8.48+0.9 8.63+0.6 101.42+10.3  105.39£10.3 54.45+3.5 29.04+4.1 11.75+1.8 11.52£2.1
B (Rp) 8.74+0.6 8.77+0.8 104.08£10.2  110.59+11.2 14.92+1.2 12.06+1.1 9.60+0.8 10.39+1.2
TH(Sa) 8.64+0.4 8.70+0.6 105.31+11.4  107.83+10.3 31.09+2.6 18.36£2.5 14.77£2.1 12.61+0.7
TR (Sd) 8.81+0.4 8.89+0.9 113.57+12.5  117.93£13.5 11.06+1.9 7.19+0.8 9.72+1.4 11.58+0.8
ZE (AgP) 8.70+0.7 8.74+0.7 107.01£10.9  112.40£12.5 18.36+2.0 10.45£1.3 12.56+1.6 10.48+0.7
BT (AsL) 8.76+0.5 8.78+0.6 111.19+11.2  117.48+12.6 6.46+0.9 7.11+0.8 14.45£1.3 14.52+0.9

2.3 AFEHEYIREE T LA P ERE 400 ¢
HEAT YU AU R R, AT 51 R = otoem

TRRERRET, , A HLA & s B W, o e v
AR T HA T RO I O B R A RIS IR T T 4%
BEAE 2 RS (K 2), 0—10em + )2, HHLAFE
0.34—3.16 g/kg Z[d], 10—20cm + 2, L0 [l K
0.36—1.80 g/kg, FEHIEAHAGEERREEST
T2 SR B AR, TIEA LA &2
BHTESNEE T 46% . 83% . 44% . 32% . 84%

T EE/ (g/ke)

85% . 76%
2.4 AEFEYIREE T 3% 14d AT AL ERHE

HFE 3 R WA S S R E 7, 5 144 QAN R Ry s s
LB AR BT R RIBRE T R R R | FREREETHHAESE
B, 14d AT LA S8 0—10em T2 , I Fig.1 Soil total N under different vegetation types

TEVEIY 11.6 mg/ke BN % TRE B HEVE (19 100.9 mg/kg, NATEARE - LRSI RRBRRE 225084 (P<0.05) 5
ibuiﬁg , %%{H%ﬁ%ﬁl\ ’ Tﬂé 10—20cm j:)%i’)] 'ﬂiﬂ: LR BR Quercus liaotungensis ( Q1) 5 = i Bk Acer buergerianum Miq
- E‘ﬁ Eﬁﬁﬂ:jﬂﬁﬂ?ﬂ 0—10 iﬁ'gzlg (AbM) ; M 41 Platycladus orientalis ( Po) ; | # Robinia pseudoacacia

0—10cm j:E ’ %* (LU & —em i = (Rp) ; TF& Syzygium aromaticum ( Sa) ; 8 $| Sophora davidii (Sd) ;
—ﬁ ’ ﬂj‘x\/pc?ri [ﬂy‘j 7.4—71.0 mg/kgo M%%ﬁ%?ﬂﬁ 238 Artemisia giraldii Pamp ( AgP) ; BK¥F 55 Artemisia sacrorum Ledeb
KRS, D2 AL TR R T (A
56% 165% 40% .35% .53% .60% .42% , VLI Kl 7%
RN,
2.5 A[FEFEYIREE T TIEE Y AR

HE 4 T RUE Y, HERUE Y A S B AE 0—10em )2, WERFTEBEVA 1Y 19.96 mg/kg & i TH = 21T AR
BRIEVE 1Y 128.90 me/ kg, FIRRTEVE & AL AL, IR 32.95 me/ke, T/EY i RAE T A REVE FIOUAIRE TS 2 [0 JF
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BEA BRI IR, 12 AT F v B TG P AR P8, 72 10—20em 2 AL RARIEE R, HAB AR 1Y

RETE Z AV RAR 22 AR . IR Yy i W TE B 42 18] 22 e B HAE 8RR R I = At vk 1y 2 T
TR T 465% , Ul WIHE B AU GAE M) e A RS2 2R A AE 0—10em + 2 AP AR RIET K,
4.00 120
W 0—10cm | M 0—10cm
A 10—20cm 100 10—20cm

TIEABLE/ (2/ke)
3 14dFTH L4/ (mg/ke)

Ql AbM Po Rp Sa Sd AgP As Ql AbM Po Rp Sa Sd AgP As

3 AEEHEHETIE MIATHEASE
Fig.3 Mineralizable N under different vegetation types

2 FEEHREETIRANESE

Fig.2 Soil organic N under different vegetation types

2.6 A[FEAHPIRETE T 133 s AR

WA 5 Fis, iSRS EHE 0—10em )24 5.91—53.20 mg/kg Z[a], Horr | 30 AR = FA BRE V% 1538 5
FHAAE GRS, UCR AL RERE R A R AT & S i/, 10—20em H 2P A A S & B E KT
IR, 3 Bl A SRR G T SR I T RS A RS N TR A AR, UK 2. 98 mg/
kg, SHERRHE RS C R EHZES . NOAFETE BT AR, DR TR MR T 70% .182%
274% 91% 354% 99% 214% 128% .,

70.0
160 MW 0—10cm
B 0—10cm
A
140 10—20cm
120 5
L] <
Eo 100 £
s B
%ﬁ 80 #
£ =
60 H
£
=
H 40
20
0 Ql AbM Po Rp Sa Sd AgP As
Ql AbM Po Rp Sa Sd  AgP As
‘ N Es FREHEETHENSASE
E4 AEEHEHETIEMEVERSE _
Fig.5 Soil NO3-N under different vegetation types
Fig.4 Soil N ;. under different vegetation types
SR S AT BT R B T T AR S AR, &R B (&1 6) . 0—10cm F

10—20cm +J2 88 F 0N T 1.35—3.17 mg/kg Al 1.07—2.76 mg/kg 2 [,
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2.7 THEEMARTERR A E AN 400 ~
§ AT S 12 16 A BER 3L A AL 1E T S N o

MAZ ML RN R 3 7w HIEA VLR pH &
A AVE TR SRR Y J I
FAOC, M C/N 52K, A& WHE bR Z AR 2%
I, PEE R BU(RY) 4T 0.50—0.98 Z 1], + 3
AAEFRIA] B A 5 R BUE 0—10em + 278 A 88 K, i 78
10—20cm + 2 BERAMMAED A S HMEREAR
A, LRI, 2 E 1 J R Z A R,

TR A A S E MM EAYE T O =Ql ABM Po  Rp Sa  SI_ AgP As
SNV, TR BRI AT A SO0 R RUSORE O o A B, 3
[AIA7AE B A 56 56 28 2 (A5 40 56 R B0 K i 1
B S AT, AR AER S AR AT
HEFTIF 8 B LSl S A TR R AR A 5 B A R S5 R AR 4 i, RV T A U L A E 2,
LA BEEKR N 39.0mg/ g, Fe/NA 20.5 me/g, BiH 2 RIGH B 2 A%, TSR R E N H/AMER 9 15, 57L&
e KAE A I/ ME) 13.5 4%, Bl b &/ B A M AR T B 2 L AR B AR fb g B8/, B HLAE R RUE
Y BRI T AR LA, AT B A& 0 He B 2 5 A T 97.90%—99.26% F1 1.22%—6.33% Z 18], il 2k
YIRS BRI LB Zhou 261 AT R A —S, MAR/ BA S BARE LMK, BEA/ BAYS
SRR S R OG DA BB R P o A ) 38 RS A SUOT O B L R R B A R T O A LA AR
AU VRS A AR AT S R B R B S N AR

®3 MEMELXR

Table 3 Correlation coefficients of soil nitrogen

FIPEAR/ (mg/kg)

E6 AEEHBHETIEESAIE
Fig.6 Soil NH;-N under different vegetation types

REES 4 TN AHLE W ALA M A BeaSA Mljffij? iﬁass
Nitrogen forms - Organic-N Mineralization-N Nitrate-N Ammonium-N Nit;ogen( Mic—N‘)‘
FHLIE organic matter 0.67"" 0.67"* 0.69"* 0.51** 0.48 0.59**

+ 3 C/N Soil C/N -0.11 -0.10 -0.08 -0.07 -0.20 0.06

pH -0.70 " -0.69 " -0.74"" -0.56 "% -0.43 -0.57*"

25 H Bulk density -0.79 " -0.78 " -0.85"" -0.65"* -0.49 -0.61""
AN 1 0.99 ** 0.97 ** 0.92** 0.80"* 0.87"*

F HLA Organic-N 1 0.97* 0.91** 0.80°" 0.87%

14d " 4L A 14 d Min-N 1 0.91** 0.76 ** 0.83"*
B A Nitrate-N 1 0.78 ** 0.92%*
A5 Ammonium-N 1 0.71*

WAE PR Mic-N 1
n=16, * * F£/R P<0.01

*4 BERSEZRLHERLAEREMEXXR

Table 4 Correlation coefficients of the ratio of soil nitrogen forms to total N and total N

AENH LA/ B » . SN IO
S i IBUER - wemmasnm misasan B
- Organic-N Mic-N/T-N Nitrate-N/T-N Ammonium-N/T-N

Nitrogen/T-N
(2‘2%?3 0%) (1.2%—6.3%) (0.4%—1.8%) (0.1%—0.5%)

The ratio of nitrogen (97.9%—99.3%)

to total nitrogen

BE TN -0.06 -0.15 -0.24 0.59" -0.83%"

3 e
3.1 MR EERE T AR S AN
H 20 22 90 AR LK, #8 4 i J Fe B VA BR IX R T T MR (4 FE % el 15 15 o o) o1, I S b % 7 o
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