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Nitrogen Fraction Distributions and Impacts on Soil Nitrogen Mineralization in

Different Vegetation Restorations of Karst Rocky Desertification

HU Ning'* ,MA Zhi-min'”, LAN Jia-cheng®, WU Yu-chun', CHEN Gao-qi', FU Wa-li'* , WEN Zhi-lin' , WANG
Wen-jing”

(1. Key Laboratory of Eco-environments in Three Gorges Reservoir Region, Ministry of Education, School of Geographical Sciences,
Southwest China University, Chongqing 400715, China; 2. Seismological Bureau of Xinxiang, Xinxiang 453000, China; 3. The First
Middle School of Xinxiang, Xinxiang 453000, China; 4. Institute of South China Karst, Guizhou Normal University, Guiyang 550001,
China)

Abstract ; In order to illuminate the impact on soil nitrogen accumulation and supply in karst rocky desertification area, the distribution
characteristics of soil nitrogen pool for each class of soil aggregates and the relationship between aggregates nitrogen pool and soil
nitrogen mineralization were analyzed in this study. The results showed that the content of total nitrogen, light fraction nitrogen,
available nitrogen and mineral nitrogen in soil aggregates had an increasing tendency along with the descending of aggregate-size, and
the highest content was occurred in < 0.25 mm. The content of nitrogen fractions for all aggregate-classes followed in the order of
abandoned land < grass land < brush land < brush-arbor land < arbor land in different sample plots. Artificial forest lands had more
effects on the improvement of the soil nitrogen than honeysuckle land. In this study it also showed the nitrogen stockpiling quantity of
each aggregate-size class was differed in all aggregate-size classes, in which the content of nitrogen fraction in 5-10 mm and 2-5 mm
classes of soil aggregate-size were the highest. And it meant that soil nutrient mainly was stored in large size aggregates. Large size
aggregates were significant to the storage of soil nutrient. For each class of soil aggregate-size, the contribution of the nitrogen
stockpiling quantity of 0. 25-1 mm class to soil net nitrogen mineralization quantity was the biggest, and following >5mm and 2-5 mm
classes, and the others were the smallest. With the positive vegetation succession, the weight percentage of >5 mm aggregate-size
classes was improved and the nitrogen storage of macro-aggregates also was increased. Accordingly, the capacity of soil supply mineral
nitrogen and storage organic nitrogen were intensified.

Key words : vegetation restoration; rocky desertification; soil aggregates; soil organic nitrogen; soil nitrogen mineralization
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Table 1  Basic information of different sample plots
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1 730 5 1.19 4.58 31.86 1.02 44.70 2.13 46.75 94. 14
. | 650 11 1.15 5.28 35.45 0.56 5.99 3.72 61.74 113.52
1 658 6 1.27 5.01 30. 14 0.88 20. 94 2.47 44. 86 86.92
S | 650 10 1.21 5.29 45. 60 0.53 4.12 4.26 74.73 130.75
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Table 2 Percentage of mass of different aggregate-size classes in sample soils

IEVASC ey
- VA SR Ak i k4 B % A R B AR
5 ~10 mm 2 ~5 mm 1~2 mm 0.25 ~1 mm <0.25 mm /mm
P I 36. 14 34.38 10.57 16.33 2.58 4.18
Il 42.48 34.92 8.18 11.31 3.11 4.61
g I 55.93 29.16 5.81 6. 89 2.21 5.35
Il 48.55 30. 67 8.13 8.93 3.73 4.90
S I 68.21 18.93 4.08 6.57 2.22 5.88
Il 64.48 21.35 4. 60 7.18 2.39 5.70
I 59.97 26.28 4.81 6.88 2.07 5.54
T MR HE II 64. 40 21.53 4.49 7.20 2.38 5.70
| 52.25 27.35 6.96 11.33 2.09 5.05
I 52.89 27.92 6.63 10. 41 2.14 5.11
Te A M
I 58.32 26.75 5.08 7.75 2.10 5.44
I 39.97 33.80 9.29 13. 31 3.63 4.41
SERAEH
I 35.46 31.15 12.28 16.25 4.86 4.04
v 4. . 10. 44 13.72 2.21 4.22
T M i %X/T 34.90 38.73 0 3.7
itz 38.58 37.69 9.23 11.51 2.98 4.43
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Fig. 1 Distribution of nitrogen content in different aggregate-size classes
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Fig. 2 Distribution of available nitrogen content in different aggregate-size classes
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FEREVK S BRI A AE K, IRl A & s A i,
RIRR A S E SRR R4 X 25 S0, Hoh 7
A 5 A A1 =[] 6 36F 25 g 0. 267 mg-g ™', Jr 2%
IIHTFEH S FEHL <0. 25 mm BRI A S B B E
ET5~10 mm, 2 ~5 mm Kiff (P <0.05).
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Fig. 3 Distribution of light fraction nitrogen content in different aggregate-size classes
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b HEHE | HETR AR < 0. 25 mm KBLAR B TR
B N AR DR A a5 b A2 T R AR B S R S 7
Bz R 225 A B, SRR, TS

PSR SGEEE & T s, e 5 58
Wz 2SR, N TR E b 558k 2
)25 SN 3. A T LG I R B, E A |
TETRARHL . TR AR AR AR 38 S 2 8 T A #k b,
FEARMHL 5 ~10 mm . 0.25 ~1 mm. <0.25 mm Fife
BEETHERMNH (P <0.05). S,
HEML | FETORRHE . TR ARBRHE <0. 25 mm RLART 5
AR INEE 65% . 64% . 95% . 4Ax5RAC AR
T AT =S S A Y, N T A & =
R N (EE =L Y NTE

IR, B A, AR, B A S REAR
AR IA] A3 A0 KA AE AL, A b 2 B0 il A R AR 42
WA, S s (A A B BLTE <0. 25 mm ki
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FREESETS5~10mm, 2 ~5mm, 1 ~2 mm. A
D BRARIN, Wil AN <0.25 mm RiAR 2
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o VETTRRHL . TRORMHE . SR AEHE <0.25 mm KL
TR AR R T ERAR (P <0.05).
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Fig. 4 Distribution of ammonium nitrogen content in different aggregate-size classes
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Fig. 5 Distribution of nitrate nitrogen content in different aggregate-size classes
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FEAR— 30, BERLAR I/ INTT AR, 5 TSR A ot o 23
AL AR, B AEAS [FIAE H | A SRR 5243 5T ik
RIS, AEAE B A SRR E AT, 5 ~ 10
mm H7 A% RS 1 8 A DTk A S B R
FIVE AR b Tt 1 ATE DA, | VE T bR b 3 TR A
MH AR IR AR A #. 2 ~5 mm, 1 ~2 mm, 0.25
~1 mm A R AR 4 A/ ST R A S HE b

b ) N b AR U A 17T DATRE AL T b )
TRAMHAR IR b Ty #a e, B # 5 5 ~ 10 mm
RARMR. <0.25 mm K24 R AT + 3R/ Tk
BAEARRIRE L Z VA B S A, AR A T 2R {4
XoF - SR TR 4 A8 Ak ke 5 TSR AR o R A A AR Ak
RAFARL, 3222 37 A TR AR o o Bk il N T AE Bk
PR RT , 145 R 42 T R + B Tk R
AR FERE H AR AL, DT R Y R/l 232
SRR 0T i o B il FBAAE TN N T AR B IR &2
ANHE W dnb O A B A SR A B AR 2 BURRAE , DA T AS
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Fig. 6 Distribution of total mineral nitrogen content in different aggregate-size classes
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Table 3 Contributing rates of different aggregate-size classes in soil fertility/%
- st R A DTk R
7N
" 5 ~10 mm 2 ~5 mm 1 ~2 mm 0.25 ~1 mm <0.25 mm
A 36.2 31.6 10.5 17.8 3.8
A 7 2. .7 16. 4.
e T A 2 36 32.9 9 6.8 0
BRAR 27.1 31.7 11.9 24.6 4.7
A 30.2 33.7 11.0 19.9 5.2
£ T 49.6 29.4 7.0 .8 4.2
i T A 2L 50.7 28.8 7.2 .2 4.0
RHA 41.8 30.9 9.3 12.7 5.4
A 45.5 27.2 7.7 13.0 6.5
el 61.3 20.3 5.2 .5 3.7
i
WA T 28 63.3 19.6 4.7 8.8 3.6
RAR 58.2 22.3 5.4 10.0 4.1
LA 56.0 20.8 5.7 12. 4 5.1
£ T 53.7 25.5 6.2 11.5 3.2
. A 54.2 25.8 6.4 10. 4 3.2
WA e
RAR 51.1 26. 1 6.0 12.9 3.9
WA 48.8 26. 1 6.9 13.8 4.4
A 51.3 27.2 7.1 11.3 3.1
A 1. 27.7 . 11.1 .1
Fe A M T A 2 51.3 6.8 3
RAR 45.6 30.6 8.0 12.2 3.5
LA 47.8 27.3 7.1 13.9 3.9
£ T 35.4 31.4 11.2 16. 4 5.5
=i
P Iﬂﬁﬁ@ﬁk 35.1 31.2 10.5 17.8 5.4
2 A, 24.6 33.1 11.3 23.1 7.9
WA 31.5 30. 4 10.9 19.8 7.4
A 33.9 37.1 11.1 14.8 3.2
=t
T M T A 2 34.1 38.7 9.8 14. 1 3.3
RAR 23.4 37.9 14.8 19.6 4.2
LA 30.7 34.4 13.6 17.3 4.0

AE I 2 28 45 2 AT SR AR U IR 2
2.4 HYHREAS LIEART CEALR
TP R R EE A ILEE A1,

2 WA FIE BB 5 264" E B A ) W SR .
ANTRAE R A SR AR A A DL DR A L B Ak S 1) g
T34 75 11 K A3 AN TR VR T, X o 3 45 s 2 14T 2R
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Bt 2% 36 #&

ARG R WES L REAR G R Z T
AT (R 4) S5 REW, LR LR
BRI RE A, BHA T EZ R RN R E
IEAHXE R, R REAN EkE , H ATk
WAL 5 ~ 10 mm A7 G A R IR 4 FE 5 2 1] 2 )
BEEMERXRR, 52 ~5 mm, 0.25 ~1 mm K%

ZIEEBFEIEHCKER,MS 1 ~2 mm, <0.25
mm RG] Z A OGN BT . 25 R A R 4 A
b6 5 v T A TR 2 ) A DM AR T e AUt
BORET L ERES 1 ~2 mm KA Z A 2B E
AN, 5 HAhoR: 4% 40 =22 1] B AH G 56 2R 359 35 31 1
[T S

®4 ARGERSTBERETUERBXSHY

Table 4  Relationship between contents of aggregate nitrogen and soil nitrogen mineralization rate

sk R R AN S R AL

5 ~10 mm 2 ~5 mm 1 ~2 mm 0.25 ~1 mm <0.25 mm
EREE 0.91 ** 0.91** 0.93 ** 0.90 ** 0.89 %"
BRAAEGE 0.89** 0.90 ** 0.89** 0.84 "~ 0.87""
LR 0.74** 0.59 * 0.33 0.54 * 0.31
R AS 0.81** 0.88 ** 0.64 * 0.75 ** 0.69**

1) #* % F/R P<0.01, = F/RP<0.05,n=15

Syt — 20 W A% KA P SR RO IR R Ak
BRI N g A iR AT R AR A i 5 A
AR Z T . R s aTRIA 4%
RIAR A SR A BB 0] LR R AR A A

FHAR/INH,0.25 ~ 1 mm Ridf i K, kA 5 ~ 10 mm
52 ~5 mm FIARHRIE 1 ~2 mm 5 <0.25 mm kg
/. R HIBERRATEELZEA0.25 ~1 mm,
5~10 mm, 2 ~5 mm FARA WA HERD.

®5 HARGFLEVNESTERETUEXRBESF

Table 5 Path analysis of stockpiling quantity of total organic nitrogen in different aggregate-size classes and soil nitrogen mineralization rate

Ef=LY

EEES

¥ T X T X3 T Y Xy Y Xs Y

X —— 0.59 0. 06 0.13 -0.06 0.01

Xy —> 0.09 0.39 -0.38 0.48 0.01

X3 —> -0.16 0.31 -0.48 0. 64 0.02

Xy > -0.05 0.26 -0.43 0.73 0.03

x5 —> 0.09 0.03 -0.12 0.22 0.09
1)a; 2, %5, 2y, x5 THIFERS ~10 mm, 2 ~5 mm, 1 ~2 mm, 0.25 ~1 mm, <0.25 mm FARELEEN &, y R LR ED LH %, BkTF
FoR HIEE R
3 i REAFARAIE L. AR A I R TEA DL 2 14

3.1 FEBEKE X R AR AR S AT 5

PR AR I L A5 20 AR R IE T 1332 0 AR R S
BER | FLBTRSL | K TR BRI A= )32 B A5 A T
i1 e e A SR A B o AT IR B A2 - b R 2
BRGSO SRR R ] AT
58 M) 5% 3 0 1k X6 [T SR AR A7 0 43 3 1
BIARETEDL, >5 mm 52 ~5 mm RN T, AL
i 68% ~86% , 1 <2 mm RiAEFT 5 LR/, U
S <0.25 mm PR EIAES% LR, AR >2
mm KPR EC B I =, T /0N P 3R A 2 <
0.25 mm AT RARE R B RIK. XPTRE 2 &M
TG DX B SO ) P T 38 B 1, 2 XA A KL
ER R DR ol |, R R B
Fr . R R S S A IR A R T

TR RPRLA AR R AR B i R Y g b A ALk Y
YER & A TAEA AL & A& L RRL AR
P8 B B R Y I b PSR AR A4 TR 1) 32 BEAK
SEFRLIY N B MR AL e s 1L A
AWFFEIX <0.001 mm FikL & & TE 30% ~50% , 5
GHETE2.13~6.88 mg-g™'. NFE6 WLIEH, 1%
PR AR SRR & it | 855 = DL L
o EZ MR R FEMXCR, M, B8 EZ
[ AR DCPEAS W 2. DRt ZE ARG IX A WL | &
LA K A 5 AR AT SRAK B T8 ni ok 7R b Y
YEHI.

N AH AR S b o - 38 AT SR AR 43 AT AR
HEMHARRL, RUITE I (6 ~ 11 a) , N THE#E
PRIZ AN RE W] Sk 3 ey - SR TR R, ik B AR
PRI A R SRARBE W 4 5, AR B b Xy 1R
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SEAF RSN TR A RSB 24, {H K AT 5 (A B
W] A T N TbRH, m] BB T R AR R AR R X

TSR A PSR AT BB AR T, DT o 22 ] 1 A
RIS A SR A SR 1 B .

*6 HRGFHEEERSLTEERZEXR"
Table 6 Relationship between MWD of soil aggregate and soil properties

A LA Ex

R 25 <0.001 ZhKL

T E R EA 0.56* 0.64"

0.31 0.38 0.55*

1) # % &/R P<0.01, * F£/R P<0.05,n=15

3.2 FHBIRIE X A SRR AU 53 A1 50

T HEA P BIRIAZ 0 C R Y], & 1 A
RRIE A R i BB R s B AR B i
FESHLHIA ], 25 5 BOR [F) 900 141 5 A DLk % B
SMAPREAAEZE . W EIEA VLR, BZEEHR
WY AR R X A R AR A R AR A
WA BRAAPLA, BV AR SRR LR
H B A1 SR AACRLAZ DR/ N T 4 1 1) 28 R i 3, 25 R IR
TrEEEREAR L HIAE <0.25 mm B, X 5CH
WFoE s B IA—F O B PLRAR A LA R A
T AT T b TR 0 B RURL A2 [T W T, 5
ZAEETE— BRI BAHL- TN G R AR A
0N, PR T B, W B RE ) B i TR B A AL o B
2 HHURM 2 B R [, R TR 250
RARXINH, -NEYWE B RE 7 A 25 55, /NGO A 1A 3R
TR B ) A A B R SR 40 i Re 1™ Rk,
AR i R A RARRAR I/ N TG R A2 A
P A, U X A SRR T i e R Mt X A SR
IRERALE = R 2. SRR T i 2 kP
ZHREAN SR A RSB RIS R
WL LA SR A S5RGBT R AR 35 /N B B SR AR T
VSR IRTERIRL . BT 22 | AR ZR LU LA Wy s )
R AR WA RAE T i — 200 R T SR A4 2R
LA SRR TR Wit 7 oy BERE AT BRAR SR R Y
Ao, HAE A P 5 b BT v 8 FE B AR, AT XS
TORLARE P SR AAAT BIL IS 5 6 7 A - W RO, PR A
PUAR S R SR AR AR 1 i/, iR R P, £
SEORAPPE R R VR IS 30 A7 AL B 10 ] 7 = 2 R AR
76 <0.25 mm FUEHRA ™ AT HLIBAR 2 /1B 2
RARBURDY R A7 X A7 S P V4 40 i 14
FERH, P& R E05 0.25 ~1 mm DL M <
0. 25 mm RLARZH PHRIK IR A & i S 2 (1) 2
FIEMHCCR (AWM AR & ZR) . R, A58 X+
He/NRiAR A SRR L H I 0.25 ~1 mm 5 <0.25 mm
PR RIETEA AR R A 2 CHEZENIEN,
PEA LIEREYIRG Y . R ER Y 5 5k vE ) L

I A W A A T Sk B ) A ALY, 4
JEFEAL | I A AL B 4 S VR AR T SRR 2
B SR G TE R AR 8 G PR 3R o A v I A AE K AT 3R
Ao

TR B 1 i A IR DL R R 526
RSO0 T 5L AR S SR 8 P DGR 1 S L
BRSNS 0 1 B3R TE 45 9 A SR AR T i 43
BERFR. AT M A RIS R D, 5 5
FHEE, st | FEAME | JETRARID | TR 13 Ak,
TR RAR AL RS 2 YA AN ) A B s 15, L3
AR B2 N F | P A | R T bR B T AR AR AR
UK AEREIR R B3 i A o = RWTE A
A TEAGIX. BE A B 1K 52 IF TR 1) S A A IS B ) A
b, R B A W ) 3 O AL R T W D RO R R TR
VA5G WL R A 38 5 Bl 22 38 [ T
B RS T RE 1Y B3, X UH IR B ALY R Y JE i
REWGE , 532 B A AAE B b g & 3, Il
ik A AT SR A G AT 2R ) ik R A 45 A SR A
7. TEN TR 5 AR L, S
A AR AR M A AR AR T IR AR S TE A AL RS
VIR R R /DN TN P ) i R T 4 R AR
Hu. R N TR AR PR 2% T 25 AU R R A |
KT NTHIAZ AR 00 38 KR . R I AT 90 X
IR EAEBR N (6 ~ 11 a) , AR AEXT 4 HE 4% 94 (A
RARA Y 38 58 7 /N T N AR TN bR e A AR
PRI B0 BE 53R T2 AR
3.3 PRGN R Tk

PSR RS -3 R DR b 3 — AR AT SR A4
R R R LR AR P SR AR o o Bt [ th e 1Y fE
TR AR A RAR R R ARG AE 2 L A HL. ASHE
FEAE TR I IX 25 R0 AR AT SR AR BN 1 35 R DT ik
FTIMER N5 ~10 mm, 2 ~5 mm, 0.25 ~1 mm. 1
~2 mm, <0.25 mm, 5 PR TR PR —F,
PR A R AR o B ) Y 22 S R T AU i
Z B2 5 HEBTRR AR A K/ NIEAS |y Jo o 0 ARk
SE. TR BRI HEE L K R O =X s
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AT - 49 T SR A 3R 5 1 SR VR A EE 22 ), KA
RUXT HHEG PR . BEA R IER. ARE5s
WoR, SFHAR L, Bohb | FEMML | VETR AL T
ARMRHE >2 mm R K A R A5 T 25 A DTk ] b 42
15, JEHE >5 mm B4R R B R B I, 3 0H B A R
PR R IR R AR R B B e &, A+
AT AL T AE AR AR 9 12 9 A SR 2ot R rh A R A 2R
g, KIAREXT ALK, AV AAEEE
S FENTAERENR A b v | 4 R A6 45 b A2 AT 3R
IR, AT S F A Y, TR > 2
7 A7 AT SR AR BT R S 4 e P R B R, RN TR
ek | A GEE R,
3.4 PIRAEAS HIEARTHECR

AN[APRAR B RARTLEA LR BT B 37 53 HE R
BB IETEZE 5. WESE A, B/ I LA SR AR AT
B0 A LT & e 0, T KOG ) AT SR A v
AT Sk, I iR fE a2 KRk
AT BILAR Bk P 38 A b i A BB B S e
FRPRRRL A TEES TP L HEmk
<50 um R A R PEE TIRARMN RE I 1Y
SRS ARFFERI 0.25 ~ 1 mm KR H RAEI
X R E 0 B R, RO > 2
mm B M 1 ~2 mm 5 <0.25 mm KiA%HRIAK R
W HAEEE A /. FHCHFSE R, 1 ~2 mm IR
A PR L 2 5, <0. 053 mm R L %
B, BB LR L)L 0.25 ~ 1 mm HBRAE AP
0.25 ~2 mm BIREABET HHFRK, >2 mm 5
<0.053 mm WED FLHEALD . ATIRLGE RS I
REERA TR Z AL, <0.25 mm REAE A R AR XS
TR 0 B TTER RIS 1 KORLAR 1A R AR
P DTIRAE TR, 49845 S R AR AE B AR Y
SYATARBEASR] AR AR & i, Wi ALY
RAVFAE A R AT RAR 0 o3 BRI AFAE 22 57, A
s AR R Y BRI R, R, A [A]
RO RIR TR 4 8, K5 DL AL &
IR AR B AN ] 20200 a3 B T Ao e B ik
A DA K A YR 2 5 I 3 0 e AR P
(22 0020 R, ORI R T A X A Y
5K . BAFIALBRA G IR Ko A RETR
FRZ MRV AR T S n IR R T
WALE IR #EAT. (B2, 78 R R X IR R 01k
A TTER D AR RUEE A9 R P SR AR 2 (8] [R R A7 7 22
5,0.25 ~1 mm BTk, KK >2 mm, i 1 ~2

mm fz/), FTRESE T W RIEN TS 5 AR AL
PRAEY R, | B DL BRI S5 A7 A 22 53, DT R A
e A A e, 5T s, AN A LR IR N R R
AR 04 F2 2 DA TR W AR W i T R
YIRETE AL 22 5

4 i

(1) FEH AR LA S ~ 10 mm 5 2 ~5
mm R A7 248 XL B, SR A AR B SR K
SR REA AR 5 ~ 10 mm B4R A RBCR. i
N TABABER SRR b - 35 P SR AR A2 70 A LR 5
FERFHAR L, AH TR b - 38 R SR AR Y &5 i
N T AR AL

(2) B FEHL IR RIR 2R AR A
5T A B R b I A SR AR AR ek /)N T G
<0.25 mmpif2 i de . 5B AR L AR B
SRS A FEML , &R AR A R ILA & & A AN A
FERESR R, MR BRI S < it < JEAMD <
VET- AR < T AR MRHE. N T AR DI 52 4545 1 P SR A
R AR i IR AN R (N RO 3 UG
YERIR T AL,

(3) BB A SR A AT HIL U 25 i 32 W SR AR A
J A, H S ~ 10 mm | 2 ~5 mm R
WA EE A ERR, TR WA T KA Rk
RSRS8O AT R S

(4) BIRME LA H P ,0.25 ~1 mm, 5 ~10
mm ., 2 ~5 mm FAEX HHEAEN hE Tk ok, e
KIARTTHRE . BERERR S ERE , > 5 mm Rife L
VP B A Tt A 3 5020 W i e, R AT R AR U A 7 42
1o, PSR -3 RURE 0 A TRl s 1 XA AILAY)
WA SR
SE Lk
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