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Effects of maize stover biochar on phosphorus losses in rice—oilseed rape cropping system

HUA Ling-ling', WANG Hong—yuan', ZHAI Li-mei", FU Bin?, GAI Xia—pu', HU Wan-1i*

(1.Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 2.Agricul-
tural Resources & Environment Institute, Yunnan Academy of Agricultural Sciences, Kunming 650205, China )

Abstract: A two—year(2013—2015) plot experiment was conducted to investigate the effect of biochar(made from maize stover) on phos—
phorus(P) losses in rice—oilseed rape cropping system in Dali Erhai Lake Basin in Dali, Yunnan Province, China. The experiment consisted
of four treatments : conventional fertilizer(NPK ), conventional fertilizer plus biochar(NPK+C ), biochar in replacement of half of the conven—
tional fertilizer( 1/2NPK+C ), and conventional fertilizer plus maize stover(NPK+S). Soil available P content, crop yields and P uptake as
well as total P(TP) and dissolved P(TDP) in paddy field water were determined for all treatments throughout the study. Compared with the
conventional fertilizer treatment, applications of biochar or maize stover significantly increased rice and rape yields, but did not significantly
affect P concentrations in paddy field water. The treatment with biochar replacing half of the conventional fertilizer significantly decreased
TP and TDP concentrations in paddy field water without reducing rice and rape yields. During the first week of transplanting rice, the con—
centrations of TP and TDP in paddy field water peaked on the first day, then decreased rapidly, and ultimately became stable. They de-
creased by 64.2% to 79.1% and 63.1% to 82.4% at the end of the first week. We conclude that replacing P fertilizer rate with biochar can
reduce P loss risks via paddy field water without negatively affecting crop yields, and that the first week of transplanting rice is a critical pe—
riod for controlling the risks of field water P losses.
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BERE R EM A KT E ST R Z 1, &
TR S B A BR i B 72 [ AR A 9E 268
A I 2% B0 R 5 | R ARl A o5 U8 5 e 1y 2 22 J IR
22— OKBRRAE R G R E E R E L R G
— G BFR R AR R AR I SR R A
FEMAE T ) 6—8 H , RIZKFEAIAR =09, R Ik, 1E #ff 2
P2 K AR PER T A BB 0 38 2 XUBS: O HOK e 2 )
SRRV AR S IR Y B B X,

T, AT 5 B A 90 e 0 FH 7 B 3 BRI AL
N7 7 TG A AF 9 32 3 RO B 22 1 G R, Strelko S5
WFFEFE A= ¢ o] 30 el Yo 98 28 77 0 3% Ay sk 2 W A
e e E BN RZ R SEWFR A,
Ko, w AR o) = N BRI o R, L
HR I EORFEFFAE P o BEAT AR AR IR A R
RS IRBSE o B il 25 AR e A, Kbk oE 3B R AF B
FER AN e = 3R T, VR AR ),
AT BEARA B IR R, SRR SN R 22 R VR AR R
FEFR AR FFR H A I R R it 4 1 RE 578 &%
/DR BRI I R LY 17.55%F1 22.69% . HiAth
WFoE s AL LB TR IA AR FFAE H s B8 n] 2
AR (R 22 ) P 28T A FE ) 4 b R 428 T i 0 O
RS H R, EAR O G Tt A E KRS R X AU
TS IS, AEXTFAS R0 45 A 0 o 30 FH i %
R R KU S8R AT i, R X s B Rk
KA BRI R F——W %

UEAER VR T B K TR R b 22— BT 37
W, PRR SR KA, 843 7K FH AR SR i T R AR AR
=, RS FF BT IR H O A ST 2w KPR R
WA R A VERS O IR X 42, 8 S 5T FORFEFT
il 28 AR 1 e iA o6 398 ol AR R R
FH T8 7K Bl (1) 52 M R AIE , E A A 90 it R P o g i 6 1
P2 37 2 XU A5 0, A3k P T KRS FE ARG 2
TR AR FH DA R et AVRRR 1o 48 A P ol U 2 i i 1 7 326
PRALAE

1 #RE5FE

1.1 XX ER
WL 8 R VA ma e K <Ny N2 LU | PR TR =S DR LR E B S

FF(25°58'51.4"N,99°57'34.7"E , M4k 2099 m), J& JH
ThE_E Ui RPNk, S A ) 35 K I kb . Pl
TR i B 2 R, DU 2R 22 /0 AR 2 <l
13.9 °C, A ¥RE M L 745 mm, 4 HF T2, EHKE W, W
WS BN B A 6—10 A o RIGETE R
2013 4F 9 F 2 2015 4 10 A fe Ve Rrim e
PR RN KRS £, 3 o R 1 iRk
HH DX A3 S LA, S oKk 2 R
YEY), FEFF IR, ARG EORFEFT B E 2R T
RIHIHHEZ (0~20 cm) HIEFRALIER LS5 1,
1.2 5t

IR 4 A b HE  H R P AR AE (NPK, 24 H A
B 20 W it S ) 5 % Bt FH Ak IE + 2 4 i (NPK+C ) 5
50% Bt AL AE 5 +4= 9 i (172NPK+C ) 5 5 K it FH
FEHE+ T KFEFT (NPK+S ) o K T3 24540 P HLAA it
NEAE LWL % 20 FORFEFF B2 i . B AL
94.53% , 4> "F, 0.83% , 42T 0.08% , 4>41.88% . AL B iy
Fl a5l R PR 2 (N=46% ) i3 BERES (P,0s=16% ) (B
PR (K,0=50%) . THEZE, AEW I . FOKFE AR Rl AL
— WA, 30% 1 EUIE . T0% B8 . 70% 45 HEAE Hy 5t
NE itk FH , 30% R NE 7 32 JAE HA 55— UGB it , 40% 1 ZUIE |
309 NE  30%H IEAE T AL IAZE — B . KFEZE,
MR . T ORFE AT BESE IR — R M, 70% 5 ZUIE
70% F4 A1 AEFI 100% B B AEAE A 56 BB i FH L 30% ) &
N 30% A AEAVE RN E i, 18 ME A ] S A Y
#7d,

FACFREE 3 WEL, KPS, X TEF 30
m?, Z/NX PR A PE 20 em 5 30 em AR SRR ES

R2 KB HESZLEREEER
Table 2 Fertilization rates for each treatment in rice

and rape seasons

3%/ kg-hm™ JK A/ kg hm™

bR I EY P
N P,0s K,0 FEAT FERT

NPK 180 75 120 0 75 52 60 0
NPK+C 180 75 120 4500 75 52 60 2250
1/2NPK+C 90 375 60 4500 375 26 30 2250
NPK+S 180 75 120 6900 75 52 60 3450

N POs K0

1 il T EEARMR

Table 1 Basic properties of soil used in field experiment

+ 3% BHLF/ g ke pH R /g ke /g ke HAE/mg kg' A/ mg-kg!  Olsen-P/mg- kg™
KFE L 43.92 5.7 2.07 0.76 12.63 0.99 20.31
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AT RREAEK RS, B 1R AR %/ X R IE e
Ko IR /INX A S PR AP T S R

AR LR ol 8 7 1:5 78 S B 45 5
B R P BB FOKRFEAFAE AT RL, HIZE MK B Ve T
J5 ,65 CHEFFHET , Z A Y0 TR 7 J5 2B 0 AN 85 1
E (K xTixE=20 emx10 emx15 em) , I EZ#H 5B T
iyt (SXZ-12-10) v, Z #i 71l 2 500 °C, THi
25 Cemin™, FET 500 CHM TR0 1.5 h, 5k
HIEFERYR AN, 3 20 B (1 mm)RAF AR W) H i) Bk
AP IR 3.

* 3 EYIREBHER
Table 3 Physical and chemical properties of biochar

&b HifE
7% % 30
pH 10.0
C/% 23.2
H/% 0.9
N/% 0.7
0/% 15.1
TP/g kg 25
TK/g- kg 2.6
AR /mg kg 2.4
AR /mg kg™ 0.4
K 531% 34.0
A 28 etz /emol - kg™ 23.8
H1 5% /S - o 1319
HR g m™ 14.7

1.3 HmRERMK
1.3.1 R i

RIS JRRT, 7ER Mg b TR AR R
££ 0~20 em BHE)Z B3, DUSHIR S VR A A 1
e, HOMAAE R IR 1. 38 pH AHLET 2R 20
BEASH SRR R oM 5250, 135 pH SR
pH i (Mettler Toledo Delta 320) M & (/K/+ 2~ 5:1);
TIEA LTI E R B AR R M E vk s T
AR HS0, Tl - Rk s sk
BECHERFH 0.01 mol- L CaCl, 242, 5430
¢ B it (PerkinElmer UV 25) M 52 ; + 3% 4 #% %
NaOH W fl-$HBE BT L 3k, 2AMr Ot EE T (B 5 [R]
)W RE 5 - AT % (Olsen—P) % A 0.5 mol - L™ 14
NaHCO; =24, SHE bt L (%, Mt B i (RS
6] EOWIE o e 0 ], R AR KA AR B B 56 713
19.25.31.37.43.49 .55 .61,70.,76 .82 .88.94 100,

106.113.120,126,132 d KK FEUCIR J B 45 Ab B +- 358
B BORE 7 7R TR SRR S SR A o RAE B 3
AT G 2 mm 6, A& 3 Olsen-P 75,
5 2k ] o
1.3.2 HHTHZKRAR Kl i

IKAEA IR, R it I S 1 5 14 T FH T 7K R
B o FAbHTF 2015 HKRERBYE 155 1.2.3.4.5.6,
7.12.17.23.29 .35 .41 .47 .53.59 d B H /K AKAE %
FERHE 4K F2F 8:00—10:00, ikt A K3 sh H 1
K, R AT RAEE R A N X PRAE A/ NXCR 5
NFHEE IR R T2 4y, % 250 mL, RV AT . 3L
oL ANRES VR REIARE, 55 1 AN F . F DK DN dE
b BB (TP FI A vt Sk (TDP) , I AH R 82 20 6t
P (GB 11893—1989 )l 5E .
1.3.3 FEBRRAE K

RZEEE KREBOGRE B CRE 1 m® A%
PERETT BT SE KREARRR , 46T 5K i Sk R /K R
KR4 SRR R, A5 A0 PEAG TSR KRS = B o I E S
FERUFFRL A A o i, 1T TP i . AFLAR 4
FHH HSO, TH A, BB TIO B E

IKFEA ™ 1 (kg hm™)=7K RS /AR AE 2 i (kg
m?2)x10 000

AR TR 19 2 (g~ hm =) =FE AR B % xR A=
Wit
1.4 HIEMEBES S

K Excel 2013 Ab FEECHE 551 8], SAS 9.2 47
£S5 W OL R L= VT

2 HR51E

2.1 EYRKBREEEENEm

XK AR b o8 A5 SRR (] 1), g0 5 —4F
AN[F AL H R KRE P A S B B 22 57 (P<0.05) . 26
AT Rt RS FRAR W B RS FE X KA
P A A Y AR R 554 T, NPK+C 4k
KRG = B 5 1/2NPK+C Kb FR/KFE = 8 22 FoN B 3%
(P<0.05). HUILFRM, i AP e 00, Dt AR A
SN A 38 BOK R0 o DU 3L [ KRe 7 i A4
R, NPK+S Ab KR = i 2 2 (P<0.05) /& F HiAth
AFR 3K 3339 kg-hm™, bbbt FH A0 T A 38 5 o 1
T 27% . %™ i BT 45 SRR I, & Ab B ) =
PR IR R B (P<0.05) 2 57,
AR T3 it FH R OKFRG FFA= TN EOK RS I i =2 i
A Hgrekads, 5 NPK AL EEAR He , NPK+C fil NPK+S 4b
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PR i 25 (P<0.05) B 5 T IR 1, Wt el A Xy =
B 3 7 Ak R B i (P<0.05 ), F NPK 4b 38 54 i
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e V80t A AT 0 T A 3 e =3 S 2 k™
MR LA 455, it FH AR 4 o 78 S 300 P9 X T =5
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WFSE 25 AR, it FH A= 0 o J 40 A v - B8 Ak 2 Pk
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AN BH . O it FHAE RS AT, vT LA SE K RS B
BUREE B 5% TR, DA K R

36 kA
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5
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NPK 1/2NPK+C NPK+S

FeEx10Ykg-hm™
SRR N
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T
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72014 #2015
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Figure 1 Rice and rape yields in different treatments

2.2 R IHEY W EEE R 2

U 6 VEASE 2R A ) b B3UK RS A S b B Y
W a2 Frs . 45 Ab BRK RS b b3 o il o i
(P<0.05) 1= T2 H 1 Wi i, 45 Ab B2 a] 1) 22 5
W TARTFIA B . AR 2015 AEEEIRIGSE R, KRS
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B et kg - hm™
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(12014 {2015
B 2 REACEKE/ SRR

Figure 2 Amount of rice/rape phosphorus uptake in

different treatments
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WFoE s SRR, ANEALHE KRS RS 7d A,
NPK 4b#f + 35 30wk & & 53 i F (P<0.05) i 4=
Yy B EORFEFF AL B, K AR A KA P, AN [R] A 28
1) b AT S & RO R S LB 2 (P<0.05) 2 5 (B A1E
IKFEAAG 120~132 s B Tt RS FFAL 2R, HoR =4
A P - ST SRR o ) S AN [ R AR, H v it P
AR A 38 - A AR i PP e B Sk, AN () Ak 3 2 )
A AR 132 d S B2 (K 3), Fhil
WP, 5 A P - e oA o O B A AR I I 1
FEAlR, B 2R BUE 60 d, 3wk & i T8, et
NPK NPK+C ,1/2NPK+C FI NPK+S 4b Hf - 5247 %4
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Figure 3 Dynamic changes of soil available phosphorus during rice growth
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Figure 4 Content of soil available phosphorus after 2—years
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Figure 5 Dynamic changes of TP concentrations in paddy field water
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Figure 6 Dynamic changes of TDP concentrations in paddy field water
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