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Assessment of the Response of Soil Organic Carbon and Nitrogen
Enhancement in Erosion-Degraded Land to Short-Term Restoration
Measures Based On Minimum Detectable Change Method
CHEN Xiaoguang'®, YU Hanqging®, LIU Wenxiang®, LI Yong'

(1.College of Agronomy» Guangxi University » Nanning 5300043 2.Institute of Environment and
Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081)

Abstract: In order to evaluate the enhanced effect of soil organic carbon (SOC), total nitrogen (TN) and
available nitrogen (AN) concentration under short-term restoration measures in erosion-degraded lands, we
adopted the random stratified sampling strategy based on the theory of minimum detectable change (MDC) ,
to eliminate spatial variability of SOC and nitrogen overtime. A typical erosion degraded forestland was
selected, which located in the hilly red soil region of south China. 7 treatments were set up in this trial: No
restoration measures (CT), tree and grass + fish scale pit (FG), tree and shrub + fish scale pit (FS), tree,
shrub and grass + fish scale pit (FGS), tree and grass + small horizontal ditch (FGP), tree and shrub +
small horizontal ditch (FSP), tree, shrub and grass + small horizontal ditch (FGSP). The results suggested
that the vegetation coverage of each treatment increased significantly compared with those before the
experiment, and the increase range was 7% to 50% after 18 months. Especially, the grass and shrub
coverage significantly increased under each restoration measures. Except for FG and FS treatments, changes
in SOC can be detected in all other treatments; except for FG treatment, changes in TN can be detected in all
other treatments, while changes in AN can be detected in all treatments. The increase ranges of SOC, TN
and AN content under each restoration measure were 0.10 to 2.08 g/kg, 0.02 to 0.13 g/kg and 8.54 to 25.06
mg/kg, when compared with those before the experiment. The ranges of net increment of SOC, TN and AN
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were 34% to 101%, 35% to 83% and 14% to 82%. The net increment of SOC in different treatments were
in decreasing order of FGSP>FG>FGP>FGS>FSP>FS, while the net increment of TN showed as FS>
FGS>FGSP>FGP>FSP>FG. The increment of SOC, TN and AN content in small horizontal ditch groups

were significantly higher than those in fish scale pit groups. Near-surface grass and shrub vegetation

coverage, is a key factor affecting changes in contents of SOC, TN and AN under erosion degraded forestland

of red soil region. Local pioneer shrub plus grass with soil conservation engineering practices were the

effective restoration measures for red soil erosion-degraded forest hillslope land and the improvement of SOC

and nitrogen in the short term.

Keywords: erosion-degraded lands of red soil; restoration measures; soil organic carbon; nitrogen; minimum

detectable change
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1 #Rt 55k

1.1 RIEXHER

TG X B VPG A 8 M T T B B BB (116702
31"E,26°41"46"N) , #b 4b o SF 447 Z2 S X, 4
PSR 14~19 °C, 24P ¥R KR 1 706 mm, Hif
407 ~TOV AR K EE P 4—6 H.7—9 HFEM
W 98 /0, X — I 2 08 AR SRR, 241 35 B B
1] 1 938.8 h, ZAETLFRWI - 279 d., Hb A R AL
Fr B 885 P9 B 300~ 500 m, 3 LA B A AT
b IARESSAR: I oY SN o (e vk I K R o
BB DL A BRI R R R AR B A AR
#E T K R,

RIS X SR A AL M 0. pH 4,72, 47 MLBR 75 2
2.96 g/kg. MR WE S 1.91 mg/ kg, A & & 24.07
mg/ kg, &E &8 0.22 g/kg, TR (0.05~2 mm) K}
$7.(0.002~0.05 mm) FIFTRL(<C0.002 mm) 7% 1t 43 il
H 83.77%,10.63 % 1 5.60% .

1.2 RIiE it

I 2012 4F K B R AN A B0 20100 7 41 3
214y M AE M FEHE . 2018 4F 4 H A AL X 438 5%
R I E 7 AN, A HENX R 15 m X
15 m, 48 5l K« Ir B+ B 5T (FG) L 7 ¥E + i by
(FS) . FF &+ 40 % 3 (FGS) L 7 5+ /K F i
(FGP) \F5 -+ /N K-8 (FSP) L F7 3 55+ /N K- i
(FGSP) , LA K o 5% HAT: AR 435 it 1) B JR& A8 =2 ol 3 Ak Ak
Hi A Ry % JEFE B (CT)

W5 R A AZ 8 /N K 4~5 m, 82 40
em, N 40 em, FIAZ XA T SRS 35 10 5
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30 cm HH i 40 cm, HAPALBE 1 AN K
BT E S IR A I I R RDE HAR Y
80 cm, I 50 cm, L3 E 15 em JF WY 10 cm, 7EfA
&% Bt M 5l B I R A 3 (Elaeocarpus decipiens
Hemsl.) . AR fif (Schima superba) .M (Liquidam-
bar formosana) ., 1E 43 0] Hu 38 4R 55 4L 42 /N XM AE
HE K B0 B F (Lespedeza bicolor Turcz.) ., %8 T #
(Amorpha fruticosa 1) FEEFh 5828 (Paspalum
wettsteinii Hackel) . H & & (Paspalum natatu) , 7
WP (Vetiveria zizanioides) .

1B v A HiTE 8% 5T A A 7CN i A PLIE 0.5
kg, S AN 0.2 kg 51 Bl A BT 7E X A IE A A HLIE 0.2
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(hg THREE 3 DEE LIEFESR (AB A O L BN IAR
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+- A HLAK S 4 A E .
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KM pH I E K &y 2.5 = 1, - 3EF DLk & =
(soil organic carbon,SOC) 2k FH 5 4% R 41 & 1k — &M
Pl g 5 1 3 4 A & & (total nitrogen, TN) R
L ICE A D 5 4 398 B9 A A0 & i (available nitro-
gen, AN R FH B8R HCE: I 7€ .

+ 8 {4 ¥ i % (microbial biomass carbon,
MBC) il 1 #2 % 4= ¥ 8 & (microbial biomass nitro-
gen, MBN) R H & /i B 78— K, SO, i2 #2351, #2 1
WA A multi C/N 2100/2100S TOC 43 Hr AL (Jena,
TEED W E TS5 Ry B LT BT 5 AR 2 ik
A 8 70 & (mg/kg) o

MBC 54

MBC=E. /K s (1)
K ECNTEZE + B HLER i 5 R T 2% L RE AT LR
2P K e N R4 U 0.45,
MBN 84
MBN=E /K i« (2)
XPCEVHEELHTRENESASRKRER L
25, K gy G4 RB HUE 0.45,

= HE K A AT SRR 4 i ) T R IR O 9L
B >2,2~0.5,0.5~0.25,0.25~0.053,<C0.053
mm 9, H <<0.25 mm KEaME A BAIK (R .50 R
A R E A (MWD),

R oo iFHEARK.
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KM oHARKSERE (.
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MWD= 3 X, W, (1)
i=1

K X, B — R AR B RAK B RE (mm) s W, 2
TR RN E R T T EOD,

PR B R M ¢ £ & 11 (glomalin-related soil
protein, GRSP) B & Bl 5 R J Wright % /9 J5
IR DA ik, 5 42 BUBR 38 B & (easy extractive
glomalin-related soil protein, EEG) $2& H 7 15 : K BL
1.00 ¢ EHT 10 mL .08 W, A 8 mL FriE R4l
R HEF (pH="7.0. ¥ & 20 mmol/L), FE/HR 25 T &
FEZEIRK B 121 °C 103 kPa F KB 30 min, ¥ HIF K
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PR iR iR 2 ) S S HR A L AR IR 5 IR BRI AR L (0
R WUE BIEW 4 CORERFIN . W 5E J7 ¥ R
0.5 mL $2BUK, A 5 mL % 521 G—250 Jeq,
FR) R 75 o 08D 55, JUE1 (8 22 58 43 S, B 6
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(S) VHEZE(G) , Hovi H BAR B AR 28005 A FE A HE(E
B Ry B8 8% 55 B (vegetation coverage, VC),
1.5 HESH

Fe/INA] K A8 Ak (minimum detectable change, MDC)
ST AT ARSI 3 ) e /N AR b 238 AR iR 56 AT IS
WA II(EZE KT MDC I, A REAS I 21 32 48 bR 45 1 352
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0.5
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{8 ] Excel 2007 F1 SPSS 17.0 ¥4 % #4i8 47 &b 33
FNAHT B BA R 2277 22538 Cone-way ANOVA) K56 A
[ 4b# ] SOC. TN #l AN 254k i) 22 5 B 4 (LSDsa =
0.05) s & Pearson % SOC. TN, AN FIFF 5 K 1347
FHSEESMHT R CANOCO 5.0 #4347 TUA 43 BT (re-
dundancy analysis, RDA) .{#i [ Origin 2018 & A{F#E474E
Bl B P BE A B bR
2 HRSH
2.1 AEIRBEEWHEENTUIFE

TG AT £ AR HE /N DX R R TR K R
T FE Ay N TE 6% ~19%,3% ~ 5%, 2% ~11% Al
15%~26% s Bk CT b, JLAx 4k PRAE B 55 B LRl &,
HEAR FEAFT S LEBME 1. SR B 3% & 37 it
14EJ5 (2019 4F 6 H) 45 Ab P EFE 0% 55 B 3 &8 29960 ~
69 % , 35 5 8 MR AK Y FGSP>FG>FGP>FGS™>
FS>FSP>CT; 4 2018 4FAH L & 3 $2 T+ (P <<0.05), 43¢
BT 796 ~50% R i = BRI FGP>FGSP>

X 100% (7

FG>FGS>FSP>FS>CT; 5 CT # Lk, S A 9 55 B 7F
FG.FS, FGS, FGP, FSP I FGSP 4t ¥ | 4> %1l 42 &
154%.82%,136%,191%,87% f1 163% ., H, &
K ETE FG.FGS.FGP fl FGSP 43 |5 2018 4F
FH HE 2 2 4 TH (P <<0.05) , 43 B4 & 34%0,28%0,45%
M 31% ;#EARTE CT.FS.FGS.FSP A4b# |- g 42 7+
(P<C0.05) 43 B4R 5 6%.29% .8 % Al 24 % ; Fv K 1E
FG.FGP.FGSP 4b# | & $2 7+ (P <<0.05) , 43 il 42
6%, 1M 3%, LREE R, AN A Ab PR I
JERRF R EARRZ TR/, B I M 2 FE
L A 0T P9 0T A o =5 R Y DR R U K
2.2 AE4IE SOC. TN #1 AN S BN TUBHERE
HHEETW

ME 2 0] LLE H LB R SOC & &8 2.67~6.70
g/ kg, FIMH g 4.23 g/kg, RIBKE 15Tt 1.5 4F )5
Z A3 SOC Fritk 2.05~7.77 g/kg, EHE N 5.00
g/kg. K/ K}y FGP > FGSP > FG > FS>
FSP>FGS>CT; 5 i i, CT B F MK T il 5
H SOC & & (P<<0.05) ,FG,FGS.FGP.FSP #l FG-
SP 43 SOC & it i & = Tl IR i (P <<0.05) . {H FS
AR B, TN Bl $s5 SOC — 2, K5
BTN &M 0.22~0.47 g/kg. FH{E K 0.37 g/
kg ARIEHEAT 1.5 4E)5 . Bk CT 4b, &40 TN & 241
3] 0.40~0.60 g/kg, FHME R 0.45 g/kg, i = %
K4 Yl FS™>FGSP > FGP > FSP > FGS > FG >
CT; HH,FS.FGS.FGP.FGSP 4 ¥ TN & &
Fm T HAR AT TN & & (P <<0.05) ., i fr 4 &b #
AN B B 5 i 00 i+ 5L B S i #E # (P <<0.05)
K/NFEI N FGP>FSP>FS>FGSP>FG>FGS>
CT. #& W& &t ¥ fg 14 fin SOC. TN ) & &, 2
SOC.TN %4 CT A BT ¥y, X v g & [l
AR A SR VIR &2 4 it 5 SORE w0 B a FE AR, I AN B 4t
TE FIT A Ak B e Ry 18 i e] 2 it IR Bk 7R 4 UF A BT R

& 3 T LA Y SRR H5 it 1.5 4 )5, SOC 7EA
] b B A v 3 1 KN R B FGSP > FG > FGP >
FGS> FSP > FS, FGSP #y % 34 18 B 43 B &, ik
101 % ,FS B3 7 73 oA, o 34 %603 TN b
5 B AR % 8 FS™>FGS™>FGSP>FGP >FSP >
FG.% FG 4, Hi A b B TN 3 5 0 5y K F
60 % s AN 3t B K/ A FSP>FGP>FS>FGS™>
FGSP>FG, +3 AN 7 FSP #l FGP &b B fit ¥4 43 5
L 80 %6, HuAx Ak v b i 3 R A 1496 ~37 %6 (J&
3) . AN T BV 2 RN FPRE B S e 14 e R B
SOC & & , 1M F AE W A F0 T 99 ite AT 15 e B W 2 4 5
TN fil AN )& i,
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2.3 AE4LHE SOC.TN #1 AN #5 MDC

Xt 2 CRFER) SOC, TN, AN 45 5 98 17 e/ Al #
WA 3B (2 1), BR FGLFS 4b, HiAy kb B SOC
) MDC &5 5 39 /N F 3 52 bR R Ay 5 (8 22, o,
FGSP 43 SOC iy #4122 5 H MDC H 2 i K, 3L
REA I 2 SOC B Z 1481k , AR A SOC 22 4k 1) /)N
WK FGSP>FGP>FSP>FGS>CT; Ik FG 4h,

HABALH TN 1y MDC 1 45 2R 35 /8 T H 58 bRk A 1Y
B 25, 45 /b BRAT LUK I 21 TN A8 Akt 19 fh s 2R
FSP>FGS>FGSP>FS>FGP>CT. M AN fE£fFf
AEH b MDC 2/ JH 52 B R A Y 2408 22, Ui W]
ST AT HE it B N A AT AR I B AN AR Ak, 25 Ab B AT
DA 2] AN 72 Ak 5 19 KN 43 5 o FSP>FGP >
FS>FGSP>FGS>CT>FG,

F 1 AE4AIE SOC.TN F1 AN By MDC ZE 4,
M F8 A5 MDC 42 16 CT FG FS FGS FGP FSP FGSP
. MDC 0.83 1.68 1.95 0.66 0.58 0.23 0.76
S0C Ad 0.91 1.32 0.10 0.95 1.08 0.72 2.08
MDC 0.05 0.04 0.11 0.04 0.08 0.02 0.08
™ Ad 0.05 0.02 0.13 0.12 0.10 0.10 0.11
MDC 3.29 7.06 6.12 8.85 14.86 8.49 4,30
AN Ad 5.25 8.54 14.16 12.94 24.77 25.06 10.77

2.4 SOC.IN.AN 5REFRFHHEXERTRSH

M2 AT LLEH,.SOC H R, 2 8 & EMX
(P<20.05),55 MBC,MBN,EEG.TG.G #il VC 2} %
IEASE(P<C0.0D) . H Y F &2 8 3 f M 5 (P<C0.05); TN
5 MBN,S & i F1E M (P <<0.05), 5 EEG. TG Hl
VC B B FEIEME(P<<0.01),M5 F £HfBEH
I (P<<0.01) ;AN 5 MBC.MBN.TG Hl G & 8 %
TEAHKE (P<C0.05), 5 EEG, VC £ # i 3 1F 4 56 (P <
0.01),HE5 F Z 4% & i AH & (P<<0.0D),

Ll SOC. TN Hl AN 1E K i Jif 45 & , MBC . MBN
I EEG 4§ 10 53 A 1 1F o g B 2 1 3£ 47 RDA
IR EE R W] 10 AR B B 7 A] g B SOC. TN A

AN {5 B/ 97.21% (£ 3). RDA #i 2 4~ HEF 5l 4351
fi#BE SOC. TN Fl AN S48 71 81.49 Y0 Fi1 2.61 %, i
ST AR B 1Y 86,5100, Ptk , RDA 43 #r 45 2 1Y Hir
2 AN HEF S =FR B AT B R SOCLTN #il AN 5 385
K2 a1 ¢ & (K 4, Hoh VC PR & W & i
SOC.TN Fl AN Z84L iy 73.0% (P =0.002) , H Al 3
Bi A ¥ AT figt B2 S K/MKR IR EEG >G> TG >
MBN> MBC > F >R _,,; > S> MWD, 4} 5| f# £
SOC,.TN 1 AN Z8{L ) 60.8% (P =0.002),45.7%
(P=0.002),45.6% (P =0.002),35.0% (P =0.01),
34.7% (P =0.004),25.4% (P =0.008),13.0% (P =
0.116),1.9% (P =0.6)F 1.7% (P =0.616)

Fz 2 SOC.TN.AN 5REBERFHEEEXDH

¥ S0C N AN MBC MBN MWD R EEG TG G S F VC
SOC 1.000
TN 0.689* " 1.000
AN 0.807" " 0.669" " 1.000
MBC 0.637" " 0.408 0.483 1.000
MBN 0,579 04447 0.541 0.796"*  1.000
MWD —o0.111 0.122 0.085 —0.362 —0.182 1.000
Reozs 04437 —0.106 0.307 0.492" 0.382 =0.576" " 1.000
EEG 0.797* " 0.732" " 0.636 0720 0596 0.010 0.183 1.000
TG 0.7167 " 0.648" " 0.461" 07117 05777 " —0.086 0.093 0.825" " 1.000
G 0.751" " 0.325 0.513" 07177 0,559 " —0.368 0.714% % 0.6227 " 0.546" 1.000
S —0.137 0.470" 0.086 —0.355 —0.145 0.425 =0.697" " 0.019 —0.025 =0.650" " 1.000
F —04457  —0.6247 " —0.587" " —0.207 —0.293 —0.508" 0.017 —0.574 " =0.247 —0.228 —0.301 1.000
VC 0.866" " 0.697" " 0.669" " 0.699" " 0.619" " —0.306 0.473" 0.776 "% 0,707 0.865" " —0.205 —0.338 1.000

e * m P<<0.05; * % Fin P<<0.01;N=21;SOC JA HLEK; TN M A ; AN N 5% & ; MBC - 523004 ) & 5% ; MBN S+ B2 30U4E W) &
A MWD N A HAR R <025 0<<0.25 mm + K B EEG N S #RBREH X ;TG N EIRERH X ;G W REE ;S WK

W F MRS VC B g5 B,
3 W
AT G AT L D R AA 2 1o 3 0 Ak M SR B

YRS GE Ji + AEAE i T2 I HGJ T  3  E E
JEE S ARG R T ARR SOC i AT IR A



286 KL FRF R

5 34 4

i B SOC A1 0.10~2.08 g/kg(F 2), XiEH NG
JRE A 12 b AR b A b R T R R, — T 4R R T
A LY i A R 0 R A B R B ) AT 4
PEBR 09 % A o5 — O T8 080D T K A G T i 2
SOC %% . FEAE#E K Z A1, SOC & &= /Y 19 fin 3 %
FEIAENE PERR A AL T, 30 o3 Pk 2R T il A A
HUAE 7 6 Sl A 0 5% A L A 4 6 T 19 AR 22 R b 32 A V%
Wt TR AR Y T 2 X R K B A B R e LA
TR ZR %5 A A [ 47 5 g R AR S L AT 4R R A
BRE S0 AR HE KRR M P AR R Y e 3R
B M R k. AR FGLFGS.FGP M
FGSP 4%t SOC & & 134 in e T FS f1 FSP 4b i
(L 2) o302 B g R AR R A g it R X+ 48
IO IR A WL B A S T HEAR . AR, i R
TG R T B 2R W T 2 ST A, AT LA S e T i
i, TS 2> T SOC ik . BRILZ A1, ZNKSF- 78 Fil
i 10 A TR it AT DA B T AR O AR i e b
ARSI FE /NI 98 DX B 25 R 3 K SOC ¥
BT HTIX A (1 3) L X ] g /N KF
TE R 1) 5 KR ORI T BT, [ K 4 RS
oy S B TR AR K
#3 RDASIH 4 MEFHMNBSEERRITHBES

HEFe Bh FHIEAH Bt AL s/ %
1 0.8149 81.49
2 0.0261 84.11
3 0.0109 85.20
4 0.1201 97.21
S E
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i ¥
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<
g
F
=
X
%
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o b 1 1 1 1

TU4 4 HT 41 (81.49%)
B4 AAREERFHENHR. 2 GWEISE
BN TR AT
TE R ORI A8 5, B X R AL R4k, + 48 TN
R BT fEM IR E i, 1
REH M eI ge N F2A . (D MEYR R WA L
W2, A HE T - R oy 0 JE A s (20 A B T R R
HE P AR AR I5 B i BEASE I, S ECE VLY RO A E

RN | R < B R e s 11 s
JRE S (3) i HA b A 7 W A A 1 B i T A L
JIE AR RE A HLAC oG AL A Ak R IR 25 4 5 R L
e, s e e E K, A M F EIERAEHH
A S5 b kb BEAH L. - B8 TN I AN £ FS,
FGS.FSP.FGSP b ¥ F 4 3 i 5 K X /2 T 7
FITR B TR A8 T B K P TR 15 it A B P 5 Fp T SR
A REAR LM AL F. 5 TN AL, AN & 57
ST AT A B A i 4, AT BE R R AR TR R N T
FIEAME R AR, BB SOC AR, T 72 4% it % + 35
REMIRTHA AR /N KOF- 78 DX A 398 50 38 1 3
R T 5T DAL, 3 B /N KT 78 4 BT o TR
KB RE J1 080 T B T AR I R e AR e, DA T ek
DT RFRMRRIRK .,

AWFSE K& B, SOC, TN, AN 5 + 854 A4 Wy 2 ik
AR R L E M ST 2 W E EM
K, 5K 56 B A W R G, G b SO 5 G L
2 I b 3R RV AR B 55 B RS SOC PR R A2 Hb iy ¢
HHRRGE 2 ME O, X 5205 48—,
DO N A ) B S S R SRR AR
R S 3 v A B S 9, b 3R 0 5 4 A
HRERBEIN, hy IR Py R A T o E A AR R L AR A
For T A BB Wk s . AR T REMERKREE &
BT AR 45 3 B A SOC Fl - 48/ K i FL &L |
BREHEREMAE L MEAE AMF HE R Y185 MY
RS UA 7 ) — AR 1, 2 SOC FIA R 1Y %
SRR R YK G R R B b R AR A B+
Herpr AMF £t R{2 gL g ), e i 7 8R4 4 E A
X EE AR A, T SOC.TNLAN 577k 3% i &
25 U G, 7T R R A Sl AR R TE AT ] Kk A 4
Jiti » B = 3T M R RVE R L WA T AR S R

JEAEH K L T A R AR AL
4 &

SR IUAR eV 2 R0 0 T K A fR R TR B R 1.5
fEJE L H T MDC 7L SOC fil 38/ K (TN
AN AEfL . RS S R F . (1) I B R 7 i R
A HC B TR M () 4L P (FGS . FGP.FG H1 FGSP) %t
SOC 7 H [ 38 i BTk e K (63 %6 ~ 101 %) 5 1fif 7 Al
T RR AC L E TR it 1 4k B (FSPLFGSP L. FGS
L FS X TN & & f34 InA B B AEH (6850 ~83%0)
(2) F FH/N K- 15 1% i (FGP . FSP #il FGSP) % SOC,
TN Fl AN 1948 7t 5 T >Rk F 0 8% BT 15 il (FGLFS #l
FGS); (3)SOC, TN Fl AN 2 7} 5 4 %k 35 /&t H 2
T M R FERE A B W B AR OC, L R A S
IINTRF- V) il 52 TC R AR AR ok 5 il P Y ke T3]
RIA RS ., 5T MDC 1R A4 K
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