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Characteristics and Evaluation of Soil Nutrients in Farmland Shelter Forest of Yellow River

Old Course

CHEN Xue'?, HU Haibo*", WANG Can’

(1 Co-Innovation Center for the Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037,
China; 2 Jiangsu Province Key Laboratory of Soil and Water Conservation and Ecological Restoration, Nanjing 210037, China;
3 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Soil nutrients are the basis of soil fertility, and understanding their contents and distribution characteristics can provide a
scientific basis for improving soil conditions and building an efficient farmland shelter forest system. In this study, the regional soils
of the Yellow River old course in Funing and Lianshui counties, Yancheng City were taken as the research objects, and hierarchical
analysis (AHP) and material element analysis model were combined to analyze and evaluate soil organic matter (SOM), total
nitrogen (TN), total phosphorus (TP), total potassium (TK), alkali-hydrolyzable nitrogen (AN), available phosphorus (AP), and
available potassium (AK). The results show that: 1) As far away from the embankment, SOM, TN, AN, TK and AK show increasing
trends, TP shows a decreasing trend, while AP shows a decreasing trend in forest land and an increasing trend in non-forest land; 2)
The levels of SOM (mainly in 2-3 grades) and TN (mainly in 1-2 grades) of forest land are significantly higher than that non-forest
land, while no significant difference is found in the other nutrients between forest land and non-forest land; 3) Within the old Yellow
River Road <0.5 km, 0.5-1.0 km and 1.0-1.5 km, soil nutrient levels are relatively rich II, rich I, and rich [ for forest land,
respectively, while are poor IV, moderate Il and moderate III in non-forest land, respectively. In conclusion, the construction of
farmland shelter forest can effectively promote the formation of SOM and improve the level of soil nutrients, and on this basis,
proper application of phosphorus fertilizer can further improve soil fertility and promote the ecological and economic benefits.

Key words: Yellow River old course; Funing; Soil nutrients; Spatial change
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SR AR A R A AR T R R A i
7. BAT— eIyt as g Rt IR A A
WIPE R AT BT B E IR OLR,, EAUE HIEIET)
(9 B, 2 LI i R S B R
ok, FENAP S TARE X LIRS (A A0 A . SR
IV ST T REARIE, I BRI B S i
IIATRAE SR th— RS THEARRD R0, HE
TSR LA B A st ) 5 3R R AR R S B R R
EAEE S S G UE RSO I E iy e
BEHATHETE, ABUAPLE . B R A R (X 2
R DXV P e A A e DX, AR X 2 A P AR
AN N TR X F24 7 FE 2 mE &
G IR BEATOE T, KB PLB . B A
TR ZIRF, AR TR A, AR T
FRRV o R AF O i Ui A el - AT
Jo, RBAPUT . B R SRR, WA R
MAEERARYE ., LIROTE 2 R R
ARMOTERBE T 2% . HHT, BORECE S A
PR2E . WA — | EEBAY, PEEN TR
B P bR AR S BT AR R o AR SOl i F S BT AGE
IRy ARACNRAE , WA R ARG, R
SR o AR RGN R, BT B AR
FH By 3 b A 2% 418 (3t R 4 4l

1 #MREFE

1.1 ARXHER

R TR O S A T S P A S TR A BT Y
i, PRMFE 2 E RISk, MABR RNy, 75
W BT A2 N sh s AR R, BETTRGE
Wy R MRS &, IRz T A, BT %
e #he, A7 - BERT . MR L K SO KBRS

HZE A2, B DR gnve o 3, BAT “1RIA
AKIUN  KU ARSI HGE [ SRR AR D
Ao 46 R T RN T3k 5 1) 9% 0 A 7l 3 DL g
¥ (Populus deltoides) . J# (Robinia pseudoacacia) .
[E ¥ (Sophora japonica). 5B (Melia azedarach).
Wll(Salix babylonica)fl A (Ulmus pumila)Z

ABFE XA FIL A8 JL R Eh i iy o B 5%
7 W 7K B A2 B i BT I (M A B 33°41N ~
33°55'N, 119°28'E ~119°38'E, 4> 32.8 km)Hifl,
AE R T BR8P K SRR
S D Z X R BRIR T S0 I P X
FAMEAE R E, FHRR 13.6 ~14.2°C, FEHFEK
i 812 ~ 1010 mm, JEFEIH 207 ~ 217 d. 20 tH4 90
AEAR, ShHES YA S S AT KR, KB S
WA, DI2ETE R T IR A . LIRS ERR
FH 5 47 bty (99)
1.2 WMRFAZE

IFFE X A FH S TR 00 AR A T AR kb A AR
FEHIL e R ] H AR R, B 5ETE ArcGIS #A4h
Fric b S B AR AR H B 4 Ml VR R e RAE AL, RS
TEIRIG it — 2L i 1 . TOMRHAE Mo 5 Mo AH AR A 25
AR M

AT ILBEE 6 SMELR MR IR B8 2 Ve AT e 3 AT
BOREHYL, JEBEE 30 AT ARMBAE LA 15 D IChRHL R HE
(F D)o WRIGHTABFITTORREF SN 8 A0 b
TTSEMRE EITE 1.5 km Z P9, BRLIHOREFE 0 BB E 1.5 km
TEFEI N . MR B T GE N R RE S, R ALl 3
ABRRE: <0.5. 0.5~1.0. 1.0~ 1.5 km, B8RS
AA 10 NME MM 5 DN TOMH R . 7RSSR
AT A, TESRAE . Wm . IR AR TR
DL A

x1 XHESEFRRER

Table 1 Basic information of sample points

P E A ek
FHSGS MR BEm) MfR(em) ARG R@m)  BECE) KFESEGT  BRm)  BEE)
<0.5 km 1~10 Rt 17.05 23.29 21 6 1.90 W1~ W5 6 2.01
0.5~ 1.0 km 11~20 L 14.93 23.75 20 5 1.38 W6 ~ W10 5 1.65
1.0~ 1.5 km 21~30 L 14.75 25.65 24 4 0.97 W1l ~W15 4 1.28

AW AR IR R LT, R FEHLTE 3
ANFE RO, FHER JT3E 43 5I1HL0 ~ 10 em A1 10 ~ 20 cm
TREEW HHER A SRR A SRS 4 [0 5256 % H AR KT
JE TR | oL, ME IR R bR . RHEE LR
(SOM) 7 7t 2R FH 7 4% 1R 41 S Ah— T VA8 o A ik a4 7 0l

E 5 BA(TN) T R HITR 0 E s 28k (TP)
KR AR . SRR OERREIE ;. 28(TK)
RIETIR e SRR RO CEEEIE s Bl R
(AN)R FH B AP HB0EE T 5 5 A1 250 (AP)R ] NaHCO;
RARSABB L ORI E 5 ST (AK)R ] NHiAc
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BATCE AR T B 4P bR L SR AR AR AE SR 781

BRI BRI E .
1.3 HELIE

fdi 1] Excel 2007 F1 SPSS 20.0 %f 3 35 /3 Kl ik
T FRRNGE53 0T, Bt EUE R 0 ~ 10 cm 55 10 ~ 20 cm
PIZ 3R 4 . R B IR 2 7 25 43 BT (One-way
ANOVA, LSDYX AR B B IR 8 hniti A 725 5 i 3%
PERGEG, R STEEAR T A5 X A A 2K 55 20464
22 S EAT i E AR I

FIFHZ R (AP H 38 M8 AR (A HLE |
St HAGE) B Z AT ST, I Matlab #47
T A — B EE , RHPIIC o Hr s A 1>
VEMHERIEA o090, B8 2 MU 30k 5 38 0 Gk bR

OSSR R e LTIt
BB 8 B A 045 2 T KR,

2 HEREHW

2.1 TEFSERMEREST

W98 X SRS 2 FR R I AN 3R 2 s o ARl 42
B Rk R A R A G, RS IXN
TR RE T 4 ~5 UK, AREEET 4 J0KF,
BABE T 1 ~ 390K, B SFEAR
FKAHPTZESR : AR T 5 UK, 28T 1~
2 9K T2 E T 4 ~ 5 GOk, 2ME T 1
GUKFo A, HEEADLE . RATEARRMZE AT

*2 MRRIJFEFSMEXRE. &/MVE. HERTRREY

Table 2 Maximum, minimum and mean contents, coefficients of variation of soil nutrients in study area
FATFEbR ES TR I=L 7Y A b N
<0.5 km 0.5~ 1.0 km 1.0~ 1.5 km <0.5 km 0.5~ 1.0 km 1.0 ~1.5km
A BT KA 44.50 51.20 52.60 14.50 21.40 14.10
(e/ke) Be/Mi 18.40 14.70 22.80 4.40 5.90 11.20
WfEebREZE 2730+ 1122 29.50+£097a  35.00+1.12a 8.80+£0.40a 11.30£043a  13.10£0.46a
A5 RE 0.41 0.33 0.32 0.45 0.38 0.35
£ TON:] 3.07 3.66 3.66 1.19 1.43 1.00
(e/ke) Fo/ME 1.29 1.06 1.64 031 0.41 0.79
BIELRMEZE 1.99+0.82a 2.10+0.67 a 247+0.74a 0.68+0.33a 0.78 +0.34 a 0.91+035a
5 REL 0.41 0.32 0.30 0.49 0.43 0.39
g KAl 0.9 0.79 0.79 0.88 0.85 0.76
(e/ke) Fe/ME 0.51 0.37 0.42 0.62 0.48 0.55
BIEbREZE 0.66+0.142 0.60+0.12a 0.58+0.10 a 0.75+0.17 a 0.66 + 0.09 a 0.66+0.09 a
5 5 R 0.23 0.20 0.18 0.21 0.14 0.13
g KAl 34.06 38.19 38.53 33.22 34.57 36.66
(e/ke) Be/Mi 18.73 25.54 27.73 28.84 30.27 2931
BfE+brifE2: 2820+4.23b  31.49+3.78ab  3291+395a  31.23+344a 3273+£164a 33.00£132a
AR 0.15 0.12 0.12 0.11 0.05 0.04
3 7 R TON] 147.00 108.50 126.00 63.00 69.00 105.00
(mg/ke) oMl 21.00 17.50 56.00 8.50 13.00 40.50
PIfHbRfE2E  54.93+36.80b 62.88+30.81ab 89.25+32.13a 33.63+20.85a 4229+18.18a 60.88+20.70a
R R 0.67 0.49 0.36 0.62 0.43 0.34
Cp IEN: 12.00 10.60 10.60 8.40 8.80 9.30
(me/ke) Fe/ME 3.00 2.95 420 5.90 530 6.70
BiE+bRfEZE 7.22+3.10a 6.53+2.29a 5.64+1.18a 725+131a 732+1.10a 8.10+1.05a
5 5 R 0.43 0.35 0.21 0.18 0.15 0.13
A =N 253.75 301.00 473.50 156.00 316.50 438.00
(me/ke) Be/Mi 26.25 32.00 63.00 116.25 103.50 99.25
BIEhrifE2 117.87+93.12b 126.81£69.75b 220.75+117.00a 135.94+8292a 181.68+7449a 25881 +9835a
A5 R 0.79 0.55 0.53 0.61 0.41 0.38

I
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ZERER: A HEAPRE T 2 ~ 3 90KF, £
RET 1 ~290KF; oM EEEIE . 2508
T4~ 5 HARF-, W AR T A ARHE

WS RZBE, Al HERSERREAN T
0.12 ~ 0.67, Jokl 13557315 55 R AT 0.04 ~ 0.62.
Horp, G AR SRR R, BRI, A
SRR, AR R /N I B T A T
52, AT AR TC AR b ) AR SR RO L SR NE, U
W2 HIEFR MRS AN, B
22 TEFSTETRIFE
221 EHEGHLER  WFSEIXCA Mot 3 HLTF
BIE AT 27.30 ~ 35.00 g/kg, Jobfh + 34 WL F-
KIS AT 8.80 ~ 13.10 g/kg. Bl v & # l Hiif vy
b, BHEAMLT S BRI E R, A, Akt
B AL & S 4R 2 = T IO (P<0.05), 8R4k HI i
PRI AR T 3 AR B 3, dEmi R i T
AL

WA ST RZRE A M A YRS 7 280 T
0.32 ~0.41, BEAETFICMHML(0.35 ~0.45), J& T rhaEFRE
JEAR S B EESITYE , AT MR AN TR L Y + SR )
A5 S RBCHEET N, AU A 1 R T
222 HHESEFRS WIS XA MO AT
WEEAT 1.99 ~2.47 g/kg, Jobh +IE 4 E &
AT 0.68 ~091 g/kg. BEFH L EGIHE, T2
S AP 3, SRR A M 3
AT 0.58 ~ 0.66 g/lkg, oML BT &
T 0.66 ~ 0.75 g/kg, FFREIT BRI LI
P AR S AT 28.20 ~ 32,91 gkg,
TR 4B & A T 31.23 ~ 33.00 g/kg, IRl
BRTLE SRR F, HA MR A 0 i A R AT
TH<0.5 km F1 1.0 ~ 1.5 km X I 2% S50 5 35 (P<0.05).
UEAh, ki 3R A IR AR T IOMU(P<0.05),
A, 2 &R RZLT IR L(P>0.05), XAIHE
S KA A H AP bR i 9 40 3 i AR 2R 41 A5 [

FEHOIN T A, R T A SR,

WS RZBCR, A IR S RN T
0.30 ~ 0.41, BELFICARHL(0.39 ~ 0.49), Tfij 1Mk
AP S KM 0.18 ~0.23 ., 0.12 ~0.15, BT
Tobkith . Bl TCESTTLE, AT MRHLRI T AR LAY 45857 53
A5 FBI R INES, KRG T —,
223 BHEGERFES WS IX A MO R AR A
TS EAT 54.93 ~ 89.25 mg/kg, oAbk + TR
AV EEAT 33.63 ~ 60.88 me/kg. i 7t B I3,
- SEnR A R S BRI, B MR AR A
TEFE B i <0.5 km F1 1.0 ~ 1.5 km X525 e B 3%
(P<0.05) A MHh T IEA BT S AT 5.64 ~
7.22 mg/kg, JoMHL H AR S RN T 7.25 ~
8.10 mg/kg. BHEILENAHE, ARl 394 Rk & S
JIN, TOMRH -3 RO S N . AT b ST
B 117.87 ~220.75 mg/kg, oMb 33585 0
Y&l 135.94 ~ 258.81 mg/kg, FFHEILE IR 34N
B, HA M AR #0 GE<0.5. 0.5 ~ 1.0 km
X B 1.0 ~ 1.5 km XI5 3525 54(P<0.05)., IEAh,
A b, - BT R SR R T IO AR H(P>0.05), A AK
W, AL A T IO L(P>0.05), FREAAR HIB
AR HE TR 5 B AR

IR SRR, AT M A A . AT RO A
RN AR S R B BIE 0.36 ~ 0.67., 0.21 ~ 0.43
0.53~0.79, ¥JEFIomiih, FEEICEIE, M
FTCARHb Y T R 5070 S R RN EH
MR i T —.

23 TEFSEEEN

231 HESJZIREEMER AR FHE R AT
:(AHP)H i SR a5 MR (18] 1), Hirpr, 14
I A WHBRZ, AR BL, HESE B2, +
e B3 VR 3 NMENNZ, ARAEIL I 2R A5,
PR EEE: AHUR PL. &K P2. &8 P3, &4
P4, MR PS. AR P6. HaE 7T

LR EHTE A
e frfLE BI 24 B2 R B3
------------------- il % % % Tl Gl i
B3 L P . AE S
_____ R | & A W i pi e &
Pl P2 P3 P4 P5 P6 P7
1 BRI

Fig.l Hierarchical structure model
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R A% BT AR T B 4P obk R 0 AR AR AE S E A 783

232 ERRGERE E PR, S E s
PRI EE B R 9 FR B I Ik HEA T 4, JF A AR
N IWTHE R . 2 R R HEY . B1>B2>
B3. FIRIMME AR s, G54 9 A& SOW Higt
FTMRAE, PRI R AR SR E L, M o U2 vh
FRZE AT H AR AR R o D)2 R s
FEBFEanZ% 3 s .

3 A-BFIUTER
Table 3 A-B judgment matrix

RS A AHLE Bl 4R B2 HE B3 L
AHLE Bl 1 2 3 0.548

4 B2 1/2 1 5/4 0.258
B B3 1/3 4/5 1 0.194

I F Matlab 1 55 4] B [ 19 B K FF AE (E
Amax=3.004, TFEH—BPEFRAR 120002, #FRMAH
S REHLPE RS bR IR=0.520, D B AL — M L%
R=1/IR=0.004<0.1, FHLERIE T — kR s, B4
il 1 — bk .

FE bR )2 A W R A 1 SR R )RR =, AN RIS 1A
TR AR 4 s, o, BL1-P HiFE 48R
2 HA AR —A 485 , BOXHE R b5 2 AR 5 1
MWZE—%, 4 0.548; B2-P 4E[4H1 B3-P M —3L,
Aax=3.012, TFH I —SEFEIR 1.=0.006, ARG H
S FEHLPE S bR IR=0.520, DU B AL — BodE R
R=I/IR=0.011<0.1, FrngE R —sms, A
AR —BE. b, #6520 H X B 2R
ATERL .

4 TEFMITMEFNE

Table 4 Weights of soil nutrient evaluation factors

Hir2 D)2 fahr)z A
TR A FHHLE Bl FHHLEE PL 0.548
44 B2 45 P2 0.098

421 P3 0.082

48 P4 0.078

A 3R B3 TR PS 0.074

AR P6 0.062

B P7 0.059

2.3.3 gl WEAIGAYIOTRIE  R=(V, c,
VR EY N BFEEATTWII0). H, el e e
e, I MRERFEY) N 1Y n DFFIE, vis vay o0 v 20l
REAARL AR, T ay. by 43 HIFRRS S B e/

{EAECRME, HAFRIT .

N, ¢ v N, ¢ <a1, b1>
R ¢ V2| c, <a2, b2> )
n Y Cn <an ’ bn>

AE TGS, KRS BE
B, A2 W25 A FYRE MR
H Ny, Ny N3 Ny Ns SRR m i, Hd V=

B NEERFERE . M=l N2 Nl =
SR 4 55 R e A+ R0 1 Gbr e,
Hr SRR 5 DR MIRPITE(R, ~ Rs)FI 1A

RERER7/PMUE
[N, ¢ (30, 40)
¢, (15, 25)
e (15,2.0)
R = ey (20, 35) 2)
cs (120, 150)
cs (20, 40)
| ¢ (150, 260) |
Ny, ¢ (20, 30) ]
¢, (1.0, 15)
e; (1.0, 1.5)
R, = ¢y (15, 20) 3)
cs (90, 120)
¢ (10, 20)
| ¢ (100, 150) |
Ny, ¢ (10, 20)
¢, (0.75, 1.0)
¢; (07, 1.0)
Ry = ¢y (10, 15) 4)
cs (60, 90)
¢ (5, 10)
| ¢ (50, 100) |
Ny, o (6, 10)
¢, (0.5,0.75)
c; (04,0.7)
R, = ¢y (5 10) )
cs (30, 60)
¢ (3,5)
¢ (30,50) |
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784 +
[Ns, ¢ {0, 6) |
¢, (0,0.5)
c; (0, 04)
Ry = ey (0, 5) (6)
cs (0, 30)
¢ (0,3)
| ¢ (0,30)
Np, ¢ (0, 40) |
¢, (0,25)
c; (0, 2.0
Ry = ¢y (0, 35) (7)
cs (0, 150)
¢ (0, 40)
¢, (0, 260) |

e o~ e RIS RL 7 WAFANFEAR PL~P7. T
WX AR . SACH 0B A 56 8 4
WG, XA EETERE (v, ve. vo)is dE1T A R
e LYST RV 1) 00 5 e AR 2 B Sl 1 T 17 e
K-
PIBE#EEETE <0.5 km A AR, %35
W SRR E S B R . R L 27.3 g/kg.
2% 1.99 g/kg. 4 0.66 g/kg. 441 28.20 g/kg. B
fif A 54.93 mg/kg. A XHE 7.22 mg/kg. A
117.87 mg/kg, VABCEIE# 2125 S1 BFRFAIYIIT -
(Ngp, ¢ 273 ]
¢, 1.99
¢y 0.66
c, 2820 (8)
e 54.93
cg 1.22
¢; 117.87]

234 HHEERERE R

Rt oo

FRAKEREE A, LIAERR o (AHLE) R B, vi=27.3,
AT ENZFE AR A TP S POCHREE 73R Ki(vn)=
L0.18, Ky(v)=0.27, Ks(v))= —0.37, Ka(v;)= ~0.58,
Ks(v)=-0.63, MKIEHIWHRIE, Ko(vi)=max Ki(vi), FI
EZTER ) T IEFR PO E T Ny, HEiE s 900

FHEREITL, AT LIRS ST HAh A T4 b X v 45
S IR BE B TR 0 o AR -, SE AL
KN, THA I FRbR% 25 PP 4 25 6 IR EE A3
WA Ki(Ps))=-0.22, Ky(Ps))=—-0.07, K3(Ps))=-0.36,
Ky(Ps))= —0.50, Ks(Ps))= —0.61. A4 F] Wbz i,
Ky(Ps))=max K/(Ps;), FIEREHL ST 1+ 5852509050 &E
T Ny, BVER . RARSELIER, XHAA A+
FRor A AT, IF A HIEFR U0 (3R 5).
PR 5, HEEGE <0.5 km XIS PN JoAR ML + 3557
YRR T Z G, W X IR Mo - 1R 44
PR THA T F 9 B ITHcE 0.5 ~ 1.0 km 1 1.0 ~
1.5 km XERPY, JokHb 43855 0 8 5 R i JE A,
A6 Rk - 338552 3 S5 G 8 F S5 40

3 ihie
3.1 HIEFSTWEET

BT G K 32 B R, T T R
PG () 2% 5 b 4. AR RE BT RE<0.5. 0.5~ 1.0,
1.0 ~ 1.5 km 5§ 3 DXy, HIEAHLT . 2% . W
fEA . Ao . 8 AR AR SR S i
BN, A AR (A AR i R
S HR R AT g R AR I BT B <0.5 km BN
TR . BB AN AL, PR A AL . AR
PRGN  EBAG T A i 1 AT — M 4 BE TR R
BB <0.5 km YO EEN, x5 Tk A%
R A A 8, BRI, 28, WfES
WL i A A G, R SR A
e S 3 IEAH

x5 IEFADESITENERHBEITES

Table 5 Calculated correlation of comprehensive evaluation indexes of soil nutrients

PR AL TR
<0.5 km 0.5~ 1.0 km 1.0~ 1.5 km <0.5 km 0.5~1.0 km 1.0~ 1.5 km

N -0.22 -0.10 0.22 -0.61 -0.52 -0.51

N -0.07 -0.14 -0.54 -0.46 -0.43 -0.39

N -0.36 -0.39 -0.63 -0.14 -0.05 -0.01

N, -0.50 -0.51 -0.67 0.08 -0.15 -0.27

Ns -0.61 -0.62 -0.76 -0.30 -0.37 -0.37
FRIT R BERI = 1 w1 HZIV EHRII EHRII
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ARFFE, A MRHE IR AR S TR
FGE<0.5 km Al 1.0 ~ 1.5 km X382 [0] 22 52 i
F(P<0.05), B F EEIE R HGE <05, 0.5~ 1.0
5 1.0 ~ 1.5 km X3z [A] 25 5 5 2 (P<0.05), Ui
AT AT G A SR A R . A B AR Y B R Y LA
0.5 km LAWY, X e 952 i I ZE 1.0 km
LA o FLIFR AT 2 7R B T HGE <0.5 km i [ P9 M
PR, B, IR S,
IR EARRY B LB, R
i, OREE RIESR AR G N, B, DL RS
BAE<0.5 km A1 1.0 ~ 1.5 km Z [A] 25 B i .

LROORE, AR TIERR A M RS
FROYZALE R R B X AR P Y A
— 2, RPN R S B8 b B BT A A A SRR A
[F], 33 S 55 {138 3 5 i) 1 S B A 2 2 R RH XAk
bii e AT e i
32 TEFRSESR

A 4 [ 55 R 1A+ R o bR
TERE P TATEE <05, 0.5~ 1.0, 1.0 ~ 1.5 km 3 X3
W, Ak EEAPLURQ ~3 9. 2% ~2 gt
FATHN B E T IO, X SRS
A3, FIFFE AR 70 KA A 07 IR
MRPESEREE , S0 sE A BT A 1338, AT fie i
THERAMABLR, BA, REEPRL, AEYIEE
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