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# E: [B8] FRfxt bt fo s it LR R Olsen-P EEAMHw. [FE] Az -FREALK
BEANARIS S, #HTEABRLZERE. RBRRXETRRKSEMF KRB RF LA A TN, SHLEHE
A4 % (BC2) . kE 44K (BCL) . HE/#44F (SC2) . KEARA (SCL1) F=AHFmm (CK) &3, 25 CTFl&
B3 F 30 do #) A Hedley &% & 75 & 9 Uk 3t & WL 32 2R AT & 54, Bl BT 3 € £3% Olsen-P & & H At 2 AL 35 4R .

[4R] EFLEF, Kt REHF L Olsen-P £33 /w7 1.78~1.46 mg/kg, HhiefEAF1&13 3% Olsen-P 24
A3 H T 4.46~1.72 mglkg. K E LIE T, Fhm AR AEF LK Olsen-P £ 49 A3 A 7 22.42~12.04 mg/kg, 7
Ja A5 AT 42 1% £ 3% Olsen-P E 9 A1 4= 7 6.37~4.27 mg/kg. HEA M E P BLEREANIAL IR P AR HE L)L
FE K, @5 EUKIRKEILHA HCI-P>NaOH-P>NaHCO;-P>H,0-P, & Fifn K@ 13E kA, Aot hEREGT
E3E pHAE, &R (TN) . THEEAME (DOC) fr LI EA Mk (SOC) &, miAmAEARG T LR EH (TP) |

DOC #= SOC %, #AmA M AL L+, Olsen-P &5 H,0-P, NaHCO3-P. SOC 4= NH,"*N £ M B F EM%, &
AafEAT AL 2 £ 3 Olsen-P &5 NaOH-P, HCI-P. TNA= NH,"N 222 F EMX %4, [£6)] TR, £ RfRAF
THEERMAFHEE pH, TN A2 SOC &, Rt L3 F Olsen-P &9 E, RINA T LEGHZ s BRI,
W 42 3 £ R AR B K e Bl
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WIS EW AR, PRI, ghah,
B KRN RA A HEE EEERH, PmE+
s b B R A A e KL B TR L 7R TR
ZAF R g A R B AR T K& B SR
Y CBRIBBEALYD 455 1N L & 1
At MISCHT LR, ARG SR RS R
£ Ta] B EE T8 BRI 300 K 28 TR 3 R v AT A R
8§ (Citrate-P) FIEFfE (Enzyme-P) &, HK M
ZK B3¢ T B W T R R v IR AL A5 W (CaCl,-P)
B LAY EBCF R R KA B, 2K
VLKA BN REM 2, W 5y I AR Bk 3, I
WIS 575, A0 TR W8 6 I e 3o A
e 38 UK, 7% 2 #1240 VR A0 Tl 2% FR R AR P B4 PR
AVEFREEMHRRFARE, REkRa
FED B 2R 0% . 3 N 78 CL 3R B RS A58 H )
Pem LI B R R BBMAIER, HEHXEITS
PEWIRAE R0 LR ST AN £ LIS, YTV F
P X SE S C RN €Y RIPS A EF) BN
YLD J e R (0 KRG 1, JF RS AT A AE ok Vs in =5
Py R RS TR R, TR IR 5 AN [R] K o B R AT K
H 2 Ff R 5 5K, AR H XS 1% Olsen-P &
RN MR R, 4553 S50

D7 BIAR SR 08T s I BARS AT 55 AL W s Tnoxt +- 338
AL . DYV IOP AT SRR LR &
R RN - S50 2 ROM SR R S 5 K0

1 MR5REE

1.1 ket

T BERFE XA T RILR 2 RS S, 8
TLBCF R (30°21'N. 112°09°E, ##k 32 m) ,
HRIFE AN ASFEKRIX L AT A S5 . KT
RO SRR, R 165 °C, EIREK
B4 1095 mm, EXJHBREE 1718 ho Hi R/KAZEE
&, 413m, ZXREMEZNENE, K. XK
FH SRS ARG AT 0~20 cm 2 L IEERAL M T L3R 1.
T 2021 4 6 J, FIH To rd BURE 2R A2 15 AR i 0~20
cm BHZ 13, B TS = )T B, i 2 mm i,
DL J5 2 3G 72 IR A H -

FEAT BCE KILR A Eee R ge 2, T 2021
5 H, NEBGEI, N ToREE/NEREFT, BRI S5
AT, B EER LT RS . Ak B
ARG T A FF ) %, (EBSE &M R EL 5 C/min 1)
TEZKIR T F 550 C, SRJEREE 4 h IR,
FFEFT 5 A R FE AR AL LR 1o

& 1 &4 RAMH A AR

Table 1 Basic physical and chemical properties of each test material

PR R TN/(g kg™) TP/(g kg™?) TK/(g kg™) pH SOC/(g kg™) TOC/(gkg?)  Olsen-P/(mg kg™)
0~20 cm ¥t 2 £ 1 3.3 0.7 6.3 7.6 15.5 14.3
N FERT 3.6 0.9 11.2 7.8 - 371.2
AW 2.2 0.8 10.6 9.5 455.3

1.2 It

AT 5T I A B R IR R AT, ARk A
K 2 AR I3, B %A e Se ki Sl %
mEAY KR (BC2, WmMENLREMN 2%) 1K
BAEYK (BCL, wIMEANLHREN 1%) . &E
FEFF (SC2, WIMEANLREN 2%) . KEFRH

(SC1, WwimERNLHEN 1%) FMILHN (CK)
RXTHESL 10 M B, A EHE 3ANER.

T 2021 4 6 A/hEWSR)E, R4 0~20cm &
ERIER, BAXRTREE 2 mm i, 78R AIE(E
%Mo f#i ] 500 mL ) DB, AR RN
100 g A FEAf. AKRHEBEARHAEKLAE, $imR
FF 2 om s KAL, B 38 5 UK 3 2 2 A O
T % B N 60%WFPS (~20%J% & /K %) .
7E 25 C4AF MEIRREE 30 d, A 3 d A R &%k
X RERREAT MK, DR 2 0 335 Ak P,
1.3 #&milE

TR PR FHSUR E I Hedley 2 ik
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B Y, R ORI E . EERTE RS, R
/] H,0, NaHCO;, NaOH Al HCI iR, &
& L3+ 4%t H,0-P, NaHCO3-P, NaOH-P £ HCI-P
. BTN QKBS HEBKER. @
NaHCO; $EHUAfE (NaHCOs-P) : AIE LN ASFA
MLAS 2 ¥4y, ToHLHR o 32 B2 W P E - 338 3 T 1 1k 5
AHLER S EEE 5 T AT A A AL . @NaOH
PREERBE (NaOH-P) : Al 0.1 mol/L NaOH 25X, ‘&
T2 DAL AR B R BT 3% Fe, Al SRTHITRIB .
HAAFEG AT 2 #55 - @B KA 24 (HCI-P) «
FHERBRSRIN, 754 KM 33 v = BRI 2 A 1Y
W, (EAEE XL 3 (g Jr il EESR G 4
&S, FRFRE 1 6 R E A NaHCO3 1R 1R,
%€ £ 1% Olsen-P &.

pH . &% & (TN) . 28 (TP) . Mk
& (Olsen-P) FIEHLERE (SOC) Z548bri% IR M7
0 5 A, Hrb - AT WL B SR P EE AR R A A I Ak
MsE . HIERTEIERR (DOC) WlsE: FREL 20 g &4k
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HA-$RE5, F 40 mL 0.5 mol/L FiFREPHR IS, 12
FIRZ 0.45 pm JEFEHEATHDE, JEMRAE TOC-Analyzer
AR AA b s P,
1.4 BIELIE

¥ Microsoft Excel 2007 A1 Origin2018 {44tk
AR I, SPSS20 AT Guil )y % 43 #r, LSD
EAa S P<0.05 7K b 22 e B . SR A Canoco5.0
BAF AT IR EE N 10 IR A 1 T A

2 BZRE S

2.1 YR AFEFR IR HIEIB LM B AV SN

TR R0 A2 42 ¢ Kb B A 39 35 A A P o 11 28 4k T
K2R, BiFHRE, 5 CKAMLL, EYRAEE
& 7 B pH, TN, TP, SOC &, H bFiR#gtrpaE 4
Yk FH = (38 0 34, P3R53 8 19.7%.
80.0%. 31.4%FI1 23.4%; [FIAT A=W AL PR FEAIK T 135
AR (NO3-N) AR (NH -N) &, PRk
W& 4353~ 8.3%Fl1 14.6%., FEFFACHEFE & 7 4% TN Al
SOC &, HILEME AT &G m, P
W& 43 7 2 67.0% 1 31.7%;  [F] B R #F 4 3 B AR T

NOs-N &, “FHIF41E N 56.3%. whiEWm SREFFFEL
KE, EPmi % pH FIRFHERE R, ARH
BT, AR AT 3 pH 253w TR AT AL
o, mEAYR (BC2) A N TN BEtHE S
TR ERFT (SC2) Ab¥E. Tt SOC K&, AFRMHE
KPR, AEFFALFE ) SOC B3 & T AEY R AL T

KSR E, 5 CKAHtL, YRR T+
#E pH. TN, TP, SOC &, H bilistsksa4AYmH
RIS N, PR A 20.4%. 80.0%.
31.3%7H1 23.4%; [R]IS A4 R AL BEFEAIS 1 1213 NO3-N
A NH,"-N &, P8R8 5 50 6.1%F1 25.0%. F5FT
AbPRER S T 3% TN &A1 DOC &, HIHFEEFFTH
SERIGIEIN, AR 2y 106.5%H1 88.0%:;
[ B A FF AR A 7 38 NOg-N A1 NH,™-N &, F
IR 4 59 8.1%F1 52.9%. 5t A= 4 e 5 A FENT bL 3k
B, NI pH s S R, R
YR AL PR 3% pH 335825 m TR AT AL B . T
FTALFEE 143 TN B0 SOC & (4R T FH T8 2.3,
FHFEAEAE TN, FEFFAEEr 1+ TN & SOC &
B THEY R, HhEsEK P FEREE.

k2 BRI KL

Table 2 Basic physical and chemical properties of soil in each treatment

BHET s pH TN/(g kg™ TP/(g kg™ DOC/(mg «g™) SOC/(g &gl  NOs-N/(mgkg?h)  NH,*-N/(mg kg™
CK 7.04c 2.27¢c 1.40a 26.21b 68.92¢ 85.68a 1.51c
BC1 8.33a 2.89¢ 1.41a 33.1ab 80.57d 77.14c 1.30d
S BC2 8.53a 5.28a 1.84a 47.33ab 89.59¢ 79.95b 1.28d
sc1 7.26b 2.25¢ 1.64a 29.90ab 84.27b 35.68e 2.07a
sc2 7.44b 3.79b 1.56a 55.3% 97.33a 39.16d 1.74b
CK 7.23¢c 1.93¢ 1.42a 29.37¢ 67.24d 4.80d 11.53a
BC1 8.50a 3.43b 1.67a 42.11b 82.94¢ 4.66a 9.28b
kM BC2 8.91a 3.80b 2.06a 55.86a 91.58b 4,55h 8.02¢
SC1 7.25¢ 3.50b 1.45a 51.65ab 85.49¢ 4.34c 7.10c
sc2 7.44b 4.47a 1.48a 58.81a 102.62a 4.48b 3.77d
illzz o ns ns ns ns ns el el
[UZLES > ns ns * * > >
T 7 Bl 25 ns * ns ns ns *x o

E AR AT, RIS EERORTE 0.0 K ERZEREENE; ns. * POMIEOREAZER. BEER. WMEXER, TH.

2.2 EWRAFEFFRIM XS LIE Olsen-P HIZZM
BARKE, AFEHEEYR KAEF AT B+
1% Olsen-P EMLT/KH 3% (B 1) . it kA,
AR ZE R & T I Olsen-P &, H A KEAE
Yix (BCL) MimEAMm (BC2) ALE ;i fli 35
Olsen-P =14/ T 1.46 mg/kg A1 1.78 mg/kg, HEw
AWk (BC2) A4b¥Et-1E Olsen-P EXGINTE B3, 1
M9 12.6%; FFT A3 8 35 48 %1 1 1235 Olsen-P =,
HARERF (SCL) MmmEFRFT (SC2) A5
fifi 35 Olsen-P & 7 1.72 mg/kg Al 4.46 mg/kg,
H &R AEFF (SC2) kb3 135 Olsen-P &1 5 5.2,
WA 31.5%: BLAEYIR SR HRE, SR

R (BC2)ALFE 13 Olsen-P & & Z X T = & A5FF(SC2)
AbEE

KRG, SPRA A R & e T %
Olsen-P &, H, [KEAYKR (BCL) MEEAY
R (BC2) k¥, 13 Olsen-P &4 7 110 12.04
F122.42 mg/kg, mEAEYIR (BC2) Ab#E 115 Olsen-P
EAMERE, HMIEA 110.0%; FEFFACEH R
FHE 7 3% Olsen-P &, HPKEFREF (SC1) M
mEFEFT (SC2) AbFH4y 7 fd 43 Olsen-P SN 1
4.27 mg/kg F1 6.37 mg/kg, FEAEFF (SC2) Ab¥E+
B Olsen-P BT E3E, &HAMIRA 31.3%; ik
MR EFREFXSRE, SHET, SR+ 5
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Olsen-P =)0 & = T A5 AT AL HE .

o : o

B 7K H

o

o
T
o

Olsen-PE/(mg kg1)
w
o

CVK Bbl I BCZ I Sél 862
Ab3

W AFAFEERIRTE 0.05 KT LR B E M.

A1 &4+ Olsen-P =T 4L

Fig.1 Changes of soil Olsen-P content in each treatment
2.3 YR AFEFR AT LIRRELE 2RI
% 3 %A TR 13 Olsen-P &4%1k, 3 3 7l 41,

AL R R RS AT 3 8 25 4R T b R K g
H,O-P, NaHCO3-P, NaOH-P il HCI-P &; A 4b#
+3Ed 4 M RAS EERRK, HEERIKK N
HCI-P>NaOH-P>NaHCO;-P >H,0-P. mifHiKHE,
AR AL EL I e T H,0-P. NaHCO3-P. NaOH-P
HMIHCI-P &, ~F¥H81E 55 8.9%. 66.6%. 21.7%
A1 82.3%. HimEAYR (BC2) 4FE K 135 H,0-P.
NaOH-P 1 HCI-P &k Tk &AM (BCL) Ab#,
NaHCO3-P EfEAFIHE N EFARE . TG

ZHE T HO0-P. NaOH-P fl HCI-P &, “FH4iE 4
%N 49.6%. 7.8%7#1 26.3%, NaHCOs;-P EALAN G
= Hb, BAERHERE N, HCI-P &i%HT EFt,
H,O-P. NaHCO3-P 1 NaOH-P EA{L AR, st
VIR MIFEFE X EERE, ASE & T Y IR AL B )
NaHCO5-P E 4552 = TR FF AL EE s T AR Ab FE )
H,O-P &5 ZF TR, FE, KEEVIK
(BCL) 43~ NaOH-P & i 3 = TR E R FT (SCL)
AREE; BRAL, ANEFHE T AR AR HCI-P 2345
i TR AL B
BOKHEKE, EVREEEERS T HO-P.
NaHCO;-P il HCI-P &, “F¥J3iEsilA 27.0%-
118.8%#I1 19.2%, NaOH-P £ WA EE ., HEEAE
YR (BC2) 4bPETR, L3 NaOH-P fl HCI-P &1k
TREAY R (BC1) AbF, 1 NaHCOs-P &
T, H0-P BENAEE. AL EERET
HCI-P &, “Fi#HlE N 24.3%. H,O-P. NaHCO;-P
1 NaOH-P &8 AN 3% . (B &EFEFF (SC2) kb3
T3 HCI-P EALTRERFIT (SCL) b3, wiA:
VIR FIAEFERT LSRG, ANF 2 A PR Ak B
H,O-P 1l NaHCO4-P &34 .3 i TS FF b s 1 A4
WRMEFE ) NaOH-P Al HCI-P &) & FR TR FT b3

A3 TRAAZEETEHREZTETNR
Table 3 Changes of phosphorus content in soil with different treatments

HHETT yosei H,0-P/(mg kg™) NaHCO5-P/(mg kg™) NaOH-P/(mg «g™) HCI-P/(mg kg%
CK 8.1740.42¢ 12.1440.56b 52.641.60c 234.89414.87¢
BC1 9.1540.37b 19.34+40.29a 70.7026.10a 442.60+16.21a
Fith BC2 8.640.35¢ 21.1242.96a 58.1649.53b 413.59433.77h
SC1 12.4341.02a 13.26:40.85b 56.9543.97b 276.53415.59d
SC2 12.01:41.50a 12.9840.37b 56.5740.65b 316.76423.84c
CK 10.7430.21c 11.0140.28¢c 72.2940.58d 400.03425.47d
BC1 13.6940.49a 21.214.97b 81.374.55b 493.59427.97b
K H BC2 13.60+1.73a 26.9640.45a 72.4842.40d 459.90429.28¢
SC1 12.7142.32b 13.40:1.35¢ 86.0442.39a 505.2845.84a
SC2 10.79-.58¢ 11.7140.64c 76.0341.99¢ 488.91433.04b
SRR 7= * ns ok **
AES ns *x ns *

3R 7 OB

ns

*

*

*k

2.4 EYRMFEFFRMIT IRBERS ZIBLIEIRM
LB

B 2 Ry % A B L 358 Rl 2K 5 S ERAL R AR IR AE DG
CErp** *43 7R 7E 0.01. 0.05 K7 (i) &
FiAHE . HH2% 5% 0.8~1.0. 0.6~0.8. 0.4~0.6. 0.2~0.4.
0~0.2 4FRIFR/ARGRAR D, SAHIC. FREEREREHIOG.
S9AHOG . WESAEOCETCAE G ARG, O,
HE 2 () ATH, AR %G Olsen-P &5
H,0-P(r=0.915).NaHCO;-P(r=0.769).SOC(r=0.656)
FTNH,"-N (r=0.890) &M IEAH, 15 NOs-N
(r=-0.942) W& # MK, HO0-P &S NH,-N
(r=0.930) E ) 2 3 IEAHIK, 15 NO3-N(r=-0.951)
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W22 A 5% . NaHCO5-P & 5 SOC (r=0.765) &%
IEAHSE, M5 pH (r=-0.623) &3 fiAH><. NaOH-P
&5 NH,-N (r=0.682) & &3 FM%, 15 NOs-N
(r=-0.663) = &.& MK,

HE 2 (b) aJPLEH, FEFFAGEE R 1233 Olsen-P

5 NaOH-P(r=0.854).HCI-P(r=0.864).TN(r=0.664)
A NH,-N (r=0.657) & FMK, 15 NOs-N
(r=-0.897) &3 fiAH5¢. NaOH-P &5 NH,"-N
(r=0.940) & & 2 IEAHK, 15 NO3-N(r=-0.947)
R FENMIK. HCI-P &5 NH,-N (r=0.740) &%
BFIEMRE, M5 NOs-N (r=-0.843) 1 NO,-N
(r=-0.726) =M E3E AHK.
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25 £YRMBEFRMM LBBRSRER TR
S

FIH RDA BRI M AR MRS AT A NG, 3%
SERH PR AL R %% IR (R A 3 R . 452K
R, AR AP IR BN 3R R B A T
WA 43 I 67.3%F1 4.4%, HE/7 4l 1 FIHER il 2 (14

1.00

(a) HEMm

FEA 53319 66.0%F1 71.7%, it NH,"%f Olsen-P.
H,O-P il NaHCO5-P [  k, T pH % HCI-P ff]
BN . REFFALELF SR (e 0 R 25 R
TR 2> 51 80.1%F1 89.03%, Horh HEF 4 1 AR
2 RIS 1 88.1%F1 0.2%, HCI-P 52 TN il
DOC ¥ XUEE §E M o

(b) FEFE

B2 ZAEEZE PR L L ENAEIRG X

Fig.2 Correlation of phosphorus and physicochemical indexes in soil of different treatments
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1.0
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T
NaHCO;-P

Hepdh 2 0.2%)
=
a
)

DOC

-1.0

-1.0 0.5 0 05 1.0
HEFFH 1 RDA 1 (88.1%)

(b) AT

B 3 aRifAe LR P & A5 AR ] TR AT

Fig.3 Redundancy analysis among indicators in carbon-added soils
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3.1 RINEMIRFNFEFFXT L IE Olsen-P 2520
WERENEMERKRREFNEEE R TR
—, HE S RAEA AL BB EY) 1= =R 5
FIFHRCRE . RAUE BB RIETHEE, T 4R X I8
MV 225 (1) S RN A 7= D 4 e B L
AN Te St R, ARSI AT AT AR e
R AN A, ARSI R (PAC)
Bl 75 W AR = 2 4 T, RS AT IE e A R4 R
R R A XL, AR, FEFE S
FUKH LA A BEHAREERS, HaE/Rr
(SC2) 4b¥ R 433 Olsen-P EMGE /A (K 1),
X 5 F O PR g R LT R TS B
& B A RS R AT Re 2, — A T

A IR Wl M, IR ML T DAAE e e A I
AV SE R N AT A o R N e L,
171 4% 78 - 338 b Olsen-P & 1281, 43 — 75 T A% F1 & 5
PRt 7 IR B SR, AT $E & T RS
15 R 230 AR (BC) AbFR R R AIK
TEEYM RN AR ERS, FANSELEY R
(BC2) hb¥ T 43 Olsen-P EMIFE K&, X 507
N BUS2 i g 4 S — 3. AR R AR s AT U
SRR AT REAE: MR G A AR ERANIEES
Wi, FN LIS R, (R A TS
FIORMER S, 2w 7 R e,
b WA R AAEY A A BT8R A
Olsen-P &, {H{ER HAI/KHB AT = FxF 113
Olsen-P EFMIAFE—E I ZE SR, MFEMHERTLE
YR AL EE R, /K H -3 Olsen-P &34 N SE N B & .
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XRH WKL O, Bz, HEw sz R 1L ik
Bk KBRS TRANRARE T (HD
AT HELH G, Bl feit HIigpimagkst &
SRR PH B BRI ARG 0t o 389 0 -+ 358 20k
BB, R ERAT ARG, K H
Olsen-P &AL T Ay i o
3.2 RIMEIRMFEFT X TSR ST R
TR 0 PR R IR Y R 4 R
(A 27 75, R 7 L BT R Ak 1 B
BT 7 B8 i BowmanCole : B R AT
i W A LB AT o P, BE A RS AT A 2=
hn, 32 5% . Olsen-P A1 JEHL#E 1) Cay-P. Cag-P.
Al-P ¥ 10, HA Ll Olsen-P iR K. i
i VOV st 6F K 0 s R AS (7D i L Ak B T R A
FALIIBE R R W, A IE W R, L3 LR 3 A
Hh R A LB AN e R A LB A T AR T
BRI IBE A A R . A, RA Hedley
5> BEN AL B L IEEATRE R S S, 4 MR E R
/NFEHL N HCI-P>NaOH-P>NaHCO;-P>H,0-P( 3),
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Effects of Straw Incorporation and Biochar Amendment on
Olsen-P and Phosphorus Fraction in Soil

GAN Guoyu', JIN Huifang®, LI Yanli*, Yang Jun®, LI Jifu'", YAO Rongjiang®, YANG Jinsong®, ZHU Hai**"

(1. College of Agriculture, Yangtze University/Engineering Research Center of Ecology and Agricultural Use of Wetland,

Ministry of Education, Jingzhou 434025, China; 2. Nanjing Soil Research Institute, Chinese Academy of Sciences/

State Key Laboratory of Soil and Agricultural Sustainable Development, Nanjing 210008, China)

[ Objective] The low mobility of phosphorus in soil is a main factor limiting its bioavailability. In this

paper. The efficacy of straw incorporation and biochar amendment in improving Olsen-P and changing P fraction is
soil was studied. [ Method] The study was based on incubation experiment. Soil taken from a rice field was used in
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experiments under two soil water contents to mimic paddy field and dried land, respectively. For each soil water
treatment, there were four soil amendments: a high (BC2) and a low (BC1) biochar amendment, a high (SC2) and a
low (SC1) straw incorporation. The control is without soil amendment (CK). The Hedley phosphorus speciation
method was used to classify P fraction in each treatment, and the Olsen-P content and other soil physicochemical
properties were measured using standard methods. [Result] Depending on its application rate, biochar amendment
increased Olsen-P content in the dried soil and the paddy soil by 1.78 to 1.46 mg/kg and 12.04~22.42 mg/Kkg,
respectively. Straw incorporation increased Olsen-P content in the dried soil and the paddy soil by 4.46~1.72 mg/kg
and 6.37 to 4.27 mg/kg, respectively, also depending on its application amount. The phosphorus components varied
with treatment but in all treatments, it was found that HCI-P>NaOH-P>NaHCO;-P>H,0-P. Biochar amendment
increased soil pH, total nitrogen (TN), soluble organic carbon (DOC) and organic carbon (SOC) content, while straw
incorporation increased soil total phosphorus (TP), DOC and SOC content. In soil amended with biochar, Olsen-P
content was positively correlated with H,O-P, NaHCO;-P, SOC and NH,"-N, at significant level, while in soil
amended with straw, Olsen-P content was positively correlated with NaOH-P, HCI-P, TN and NH,"-N, also at
significant level. [Conclusion] Biochar amendment and straw incorporation promoted accumulation of Olsen-P in
the soils, primarily affected by change in soil pH, TN, and SOC, as well as the changes in phosphorus components.
These enhanced the bioavailability of phosphorus.

Key words: biochar; straw; Hedley phosphorus classification method; Olsen-P
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Monitoring Winter Wheat Growth and Analyzing Its Determinants Using

High-Resolution Satellite Imagery
WANG Le*, FAN Yanguo®”, FAN Bowen?, WANG Yong®
(1. China University of Petroleum (East China), Qingdao 266580, China;
2. Harbin Engineering University, Harbin 150001, China; 3. Yantai Geographic Information Center, Yantai 264000, China)

Abstract: [ Objective ] Winter wheat is the second-largest stable crop in China and comprehending its growth and the
factors affecting it on a large scale is crucial for food security. This paper aims to investigate the feasibility of using
satellite imagery to accomplish this objective. [ Method] The study is based on Sentinel-2 images. The spatial
distribution of winter wheat planted from 2018 to 2020 in the studied region was extracted using the random forest
method, which were then used to analyze the changes in wheat growth in rejuvenation, jointing, pregnant ear
pumping, and flowering stages in each year. For comparison, we divided the growth into health growth, normal
growth and poor growth. Wheat growth was linked to 11 abiotic and geographic factors, including temperature,
precipitation, slope of the lands, slope aspect, elevation, soil type, soil moisture, sunshine time, population density,
rural labor resources and GDP. [ Result] Compared with 2018—2019, wheat in 2020 grew better during the greening
and jointing stages in more than 90% of the studied area, but worse in the pregnant ear pumping stage in more than
20% of the studied area. Wheat growth was normal during the flowering stage in 80% of the studied area. The
factors which affect winter wheat growth were ranked in the following order based on their significance: rural labor
resources> soil moisture> precipitation> temperature> sunshine time. It was also found that the interaction between
different factors in their impact on wheat growth is manifested as a bifold or nonlinear enhancement. [ Conclusion]
The change in winter wheat growth in the studied region is due to the complex interplay of multiple factors.

Key words: winter wheat; area extraction; growth monitoring; geographic detector; Weishan Irrigation District
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