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IR GRS TR0 o BRI, W FE VIR 2 # A A B S R B B R =
SCR R P ME

TEVIRT AR R 2ARAG, B EN T, SEWHE 5%~15%, b0 FJGa— A
HEIE 25%, FrLAZ) RS 75%~90% K B R IR . KIS E AR, SR
A2 DAL T E BRRAS, AT AT I AR i S AR I B ) KA S . R FEAl T, R
HFEE KL 300~400 J5 t P05 M 3383tk A KAL), 33— i 32 B vh ok A A A Lk 5 A 1
K, W EEHERE KRS RGIREL 450 77 ko, XAn7E H A, 7K H o OB HECE 9 0.3~
8.4 kg hm? a™ [, ¢ HIME 22U 26 BN A tH S A — AN A S B, It A3 v FE e K E e

" 5K R IR K LI (20122X01702-008) R ERHBIHT AA THRIBIH (2015HCO18) Iz 4 AR A G
MIUE (2009CC006) #L:[F] % Bh Supported by the National Water Pollution Control Science and Technology Major Projects (No.
20127X01702-003), the Talents Program of Science and Technology Innovation of Yunnan Province in China (No. 2015HC018) and
the Key Projects of the Natural Science Foundation of Yunnan Province in China (N0.2009CC006)
+IEIEH Corresponding author, E-mail: zhangnaiming@sina.com
TEH WA A 37.(1985—), I3, mEF @K N, -k, PHIil, 32 2T 7E 07 T Aol A s 4 5 L 32 5 . E-mail : bblity@163.com
WoRE . 2017-09-21; WEME SR HH: 2018-01-23; MRAEF M H (www.cnki.net):

http://pedologica.issas.ac.cn


mailto:bbllty@163.com

B
Acta Pedologica Sinica

X2, P A SR R, H XIS EY ORI BEAEIR, X2 i 34 ik
A R S R LB AR SRR

A A b, SRR PR B TORFEAT R T, KA BTt he, (A /M
BRI o AEFTIE FAF L B Hiuskople 7 3 R R BRI B LSS T, 3 AR
TARAE o IR REAT A5 PR 7 SR IR G A H, N3N, DR Ak, M ET
LA M 3 ) B e e 2 U0 G A 00 1 T Rl AR U e 7 A= 0 R R R
FHME R TR S AR T FC AR AT R A 2 e, B W R IR A . TRy e R
it 1-112006 4F FR AR H AR TP IR ANIE B B I RAR SRR 72 T4, FLHIBA
W FUUE B AR PR B HE R AGIE FHHE AR . BB KARIE S AR R 2, S8 7= 3 R 457
¥ R R, AR BLHERAIE BRSOl AT RELE R . SR AE P R R
I P S 3 LA R S AR RO /N (SR SR B s 2 s O R,
FE VPRI T AR KR/ F 32 i 2R LA T T RO, JE L /D K 3 2R o5
XF /N SRR I TE, DAL, AR FE Dl SR O R = 2R aae, 1 i oK
REAT A4 9 R N 338 P B 2R /s F S AR R RS2, DAVl FORREAT AP A
PN iR CE NV =P

1 MRS 5%

1.1 R XM

RIS R R T X (R, S, B, WO, 2iE. A
EUAE, W 2920 km?, &= M A AT A R KT IR I X

2 A VAR R R SRS, IR R 7 2K gy i
HHE, BRI, R MR, FN, AR RE L L AR 65
Rtk 3 . 2035 B0 AT Tl XA B DX s 7KORS = AR TR X L A
AL DXL 58 = Rt T B0 A TSR B IR P R AL JZ X o BEAN AT 20338 7 A T AR
), HUOWKREL . DIRUX AR A FRE, 2R, KR, &m0, U3
AR, AURHXMEE. ZEFRIE 147<T, ZEFIIHNRE 74%, 24
BRGE 22ms?, ZAETHIH R 2448.7 h, TEW 227 d. Z4EFHREKE 935 mm, FFK4AE
WAL, PR K.
1.2 I pr Rt

I AR (R U, fEBF SRS S SER b, RS A A5
A SAPE L ACRAERJEN, TR AT A MR A R o AR AR ARG 3 2 S
SEAJEHM, RERE SRR X (W 2~20 @), F 2014 4E 6 A% 10 H KA
AR 102 4>, HIERMIPKIE L. REEAREY 0~80 cm. RABENLZ SR, AR
SRR SR A SR E R A IR . ERERTEBR RS AIURE (BFEIEMIR £ 55
RV, DLE R ORI E M. X e £FEE 1 mm. 0.25 mm. 0.149 mm §ifi i it
ATEEARNEBTIE o AR 3B bR R S R, AR T

R 1 EIREARMR
Table 1 Basic properties of the test soil

IR e pH BD EC OM AN AP AK
Soil type (g cm™®) (uscm?)  (gkg?) (mgkg?) (mgkg!)  (mgkg?)
KFEL 7.19 1.40 1435 55 243 93 661
Paddy soil
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7. BD: FHE, EC: HLE%, OM: HAHUHE, AN: BFFE, AP: HAUME, AK: HEXH#. TIF Note: BD: Bulk density,
EC: Electrical conductivity, OM: Organic matter, AN: Alkaline nitrogen, AP: Available phosphorus, AK: Available potassium.
The same below
FARAEIR : LI E VIR 9 5 v 8 3R B IE 575 A8 2 TR 200 5 ORI Y KRS AT bl
1M, 7E il 500°CHB > BRAEGEAT T, FFEEHIE 6 h TR ok R, FEARVERTI T
2 I EYIREARM R
Table 2 Basic properties of the tested biochar

IR pH BD EC OM AN AP AK
Biochar (g cm®) (sem®)  (gkg?) (mgkg?)  (mgkg')  (mgkg™)
FKFEFT 8.37 0.84 3751 570 333 62 157
Maize straw

AR : DTV IR 32, o RIS BEER S (—5 ), S (P,0s) =44.0%.
HRE (POs) =42.0%. LW XIIAHE. FRE KVIES B EIB RIS A
8 3 Tl TR 4% e FF 9T 75 P20 9 99 kg hm%,

INEZE: SRR ONDUERSE, RN, RS, WIRAEKR, M, AEKHA 40~50
d, J&T &R &,

1.3 I

TREGAE 2 P AV R 22 R AT, A2 R FH B AS P AEAE (45 cmx32 cmx22 cm) il
INESE, BN AR M43 5 kg, FiHE/NESE 8 Pk

APt HIERE F R AR WIS 5 NEMIRIBIBEE: 0%, 2%. 4%. 8%. 16%
REHS, FRD. BT 5 K PFRERSLE, L5 M, BN GHEES 3K, @
LTS RO T A B R BT o ) A AR TS A [ R ) A A Rt L R R T AR

At /N SR RO FH 2R 5 MRS s AR IS R 338 o A AR, AR
B b, 3k 5 ANAEE. & 4 ADEBEIE CEdd BERRES) IRIIEREE: AR (CKD. 1/3
WAL (22 kghm?, LLP,0sit, FED. 12 JfE (33 kghm?) FIHHMEAL (66 kghm™). &
FEF BT 4% (N) 4180 kg hm™, #FAEF B & K,0 4 50 kg hm?, 3£ 20 Mab#E, 4
MNEHER 3 K. NAZERERTI E S A R A (TP A k& &, 5 e
Z Ao iR S A R R I R IB K, IR R IR e B IE TP 7R/ SRR
J& ZE PRIV SRR /N R R I B AR R R, Gt 4 AL AT 5 Gl 2 b ) 5 4 4 ol
6 %),

AR XSS A SRR RIS A AT B R AR, AR IS INE ) |, 3k 5 ANAbE,
R ER 3, HEREAKC T BURE X # AR &R (R B3 44 N 2 180 kg hm?, #
HEFIEHT & P,Os 4 66 kg hm™, 41 L F &34 K0 9 50 kg hm™) . Rt 5 3 d Wl 52 /I 22
REFFRMTHETFR, DNAAEKRE 10, 20, 30, 40 & (W) ME/NAZRRE .
H, TR N SR A K BRI B AR R IR . /N FERISOGIR i FR I e /N R R R R
DN = B TRty AN = B 41} - AU
1.4 MEmB ML

T AE (TP K S R-TR R & — P LL AN e e R s s 3984 ik
(AP) R HRER AR Se—4H I8 L A R A O BRI E s /N A SRR & 2R LA I 5
AN REEI E Y, 5 I e AR P S R PR i i — 2% 3l e BRI 2

NESEUZEBIERIHZE (%) = A3/ FSEF7R 7 WRICE - AN it Bl A it 22 0k /IS 1 2 379y
W )RR R 2R 4 5 & X 100,

FRBER R BB UIE TP &8 X B IE AR .

BRI R S =R T P BT BB R R
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1.5 HIBALIE

FEARTHHEAER P24 Excel 2013 58k BRI AT AL LS R, AR IS N & 5 it
JEE TR 2 HARKN, (BEAEA 2R S25 p=0.8792, Wik E5L5 p=0.8255, ¥ KT 0.05),
R, W ARG AR A SPSS 19.0 A58, RABHE R T 2508 (ANOVA) ik
T B E RS (p<0.05), XH (Duncan) yE#HTZ &L,

2 4RSI

2.1 =R KR B B R LA R

FEEMRIR, KM AR & 25, (R AT & LA, it R A 28 2
I TS, AHR AR I R 0 2 ER AR R 8 2% . a1 s, MCRFEAR I 45 2R
KB, EMBFIR A I3 e R 5B 1.571 g kgt I AR S B 66.15 mg kgt A
RO BAN 5 A 4.21%. TR INAE V) IR B8 35 G I ORI - 5 R A A e b B o 1 L A
T 2 (A 22 7 85 AN R AW R AN I AR B 5 , A RO f 40 il 76.84..85.64.66.62.
117.9 mg kg™, T A2 IR E A 4.89%. 5.45%. 6.34%. 7.50%, BANINAED R A
+IEHEE T 16.15%. 29.45%. 50.59%. 78.15%.

AP 5 B it FH AR R R s A L G s S, — R TAMRAG S H —EE
B &0, —RAVIRSUR 7RI A s, Ak 7 sEAss. X5 HARR SO R — 3. o
TRW, FEHINEREISAE T, MNEY R R T AR E00, 2 Rk phoy gt
A O B B, AR RO B AR ) R TS B (R B N T 3G N AR A A A e SRR A5
B s 0, X T RE S AR B pH A5 5%, w5 pH R AR T RE S 2 R A I
Yo At 33 5 B B R AR SRR D LB A B i, N HIRORAERR ), SCEE

AERIREE AT R BORL g, HEML AR B TR, AR S R ) SR,

o
=]
=1

, 2
£ 800 a
52700 b t
= =
E %5.00 P c
ZEs0 e
£ 2 400
H=
ﬁ £ 3.00
a1 § 200
§ 2 1.00
2 000
0 2% % 2% 16%

955108 Biochar amendment rate

T NN FRER R ZRIL 5% 8% /KT. FHE Note: Different lowercase letters in the table mean significant
difference at 5% level. The same below
P 1 A0 AE P 3ok RN 358 00t LU A7) S

Figl Effect of adding biochar on ratio of available phosphorus to total phosphorus in greenhouse soil
2. 2 EWIIRFT AR/ B SRR R A R R DR RSS2

TN INA W R0 e FH B RE Y5 e 2 2 4R s BEAC R R 2 A&l 2 o, BB B R N
BRI, BEACALEE /N BSBEIEA R B S E, R RIS K RN B
20 A1 A% TR INERCR ZE R B35 AEMIRININE Dy 8%,  ININAEYIIR I RCR Bl »
ARG 16%I0F, /N SEBEIER I 2 B T . IR IR 1/2 T AL PE
SO A AR AN IR H 12 FEARES, /N ESEREIEFRI RN 14.77%, 24
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VRIS INE N 8% H. 1/2 BT, /N ASEREIEF PR IEm S 31.21%, #2517 1.11 f%,

35.00

E a
E 0.0 L 00 @22 m33 W66
g a
3 2 .
S om0 f N
= . b
. 20,00 | 4 c c £
(= d
= e e & d d
2150
s E
g
£ w0 |
E 5o |
e
=
& 0.0
o % e 8% 16%

¥ #EI0 8 Biochar amendment rate

. EBIRRBEACE R (P05, ke hm™), ANJA/ING T BEFR R AR A M AL /KPS [7] A= 40 0 2 o Ak 250 272
ik 5% KT . T Note: The figure legend shows application rate of phosphate fertilizer (P,0s, kg hm),
lowercase letters indicate significant difference at 5% level between treatments the same in fertilization rate, but
different in biochar amendment rate. The same below
P 2 AN AR IR AE AN [ Tt L B2 2 A T S5 DR - 38 /0 3 SR ) 2 e i
Fig.2 Effect of adding biochar on phosphate fertilizer utilization by bok choi in treatments different in fertilization
rate

FEEMB IO 3 b, BREALR 2 208 MRS . SEIGHI I 1 R O 1 3
ERERRE, FRWE 3 Pn, BRALGEHEBOR, BERRUREBR ., EIB R IR
INAE R 4030 B AR ARy 66 kg hm™? FOBENT 2k Rl 698.8 g hm™? a™ts TR INAEYI R REAT 4%
WD AN IEBE R, BEE ISR N, Bk &4 603.7. 513.8. 387.4. 456.8¢
hm?a™, 43 BEARINA: PR KA1 FRT 12.47%. 25.51%. 43.83%. 33.77%, IRMEYIR
Ty 8% AR BRI

PRI, VRIS 3 b 7 8% A= W - EAT IR AT B A T BEAC AR AL, /1
ESBEAEA 52, AR BEIE I 2%, BRARAOBEZR B3R RS S AR BRI
fEFEIRK, oM=L RSN A . ABFFR, WSINFSAT AR Al b 3w =
Wk, SR EIEAE, X SRR G R RPIR NP, SR
AR P KA Rg Y, B X R PO, 9T et 39T R 3 o el - 3 P i e v
A= T 5 e A B 50 2k 81108 7 AN R R 2 T S 2 PRI FH B 3R U R XU o AT e 3%
W, 8% WA NI B A AR HI B R IR N, B 54t A s P — 3

800
e = 00 W22 W33 W66
700 | e
d

. e
z 600 | {|_I g 4
= c
éﬁ 500 d L e 3 b
2=z T
o= ol a
o 400 | c
= £ b
o =
o = 300 a b P
H a 2 =
£ 200 f ==
3

100 |

0 . . ‘ ‘

0 2% 1% 8% 16%

I EBiochar amendment rate

Bl 3 IR IRAEA R L B 2% 1 T 0 ) S A ok B PR 5

Fig.3 Effect of adding biochar on loss of phosphorus from greenhouse soil in treatments different in fertilization
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rate
2.3 PRI R HRFME /)N AL KRIFZ0
H ET R AR ORI O B, B S R AR R (0 B L T
AR T BEF L AR o I E T3 R 3 d J5 78 KM P/ FL S0 Y B R A0 1 T
K, GERWIE 4 P, X ROCH R, NSRS 74%, T RSTEROY 76%.
ININZE AL BN IS A s T%~9%, TR i 10%~12%, {EEAINAEDIR
Ab PR TA) 22 5 AN S

O3 EZE Germination rate

BF I RFZ Cotyledons flattening rate

F a a i a 2
a
o b b h BN

0 2% 4% 8% 16%

W3RN E Biochar amendment rate

B4 W INAER RIS /N SR F R
Fig 4 Effects of adding biochar on growth of bok choi seedlings

ININA R BESR ey KM 3B Mtel /N E SR B PR, A0 BA P, AS[FAEYD R TR &5 ik
IS IANE], SR RIS RS RN S ARSI R K/ A Sk = 13.31em; 2
RIS 2%, /NASEHRERE TS, 2% A% INEZ AIZRARE: EVIRE
Iy 8%tk Erk Bli KME, N 22.57cm, BORSINAEY RS E 1 69.51%; 3 4EVIIRE N
BN 16%IN, FRim mA A,

W& 5B firos, WNESERAEK RS, RESINEY) R AL B s G in 3 2278 10~20
d, PUSHEEARRE, HAEYRGE, e s . SEinasy 2%, s EE
£ 10~30 d #E; HIRANEDY 4%IN, #him 2R 30~40 d B, HUSINEY 8% A1 169
{5, FREIE 20~40 d B LMWK,

A 26.00 -
——0 —W—2% —k—d4% ——38% —*—16%

2 2400
20,00 b 200 | M
z c 52000 |
5 . 2
5 1500 d E
5 ¢ Freo | %___%,/,%f’f%
£ 100 Erm
1400 # %—

.4
1200 | —

10.00
0 2% 4% 8% 16% 10 20 30 40
L5508 Biochar amendment rate A KA E] Time (d)

Bl 5 AR INZERIR AN SRR G R R
Fig.5 Effects of adding biochar on height of bok choi

WIFE 6A FTas, ININAEPDA AE 5535 3 i IO 3R /N SRR B, S5 A ) 22 5 1B 35
KM 3 E AR /N SRk E Dy 28.50 g B AW s AN N3G 0, AR 2 2331 33.73.
38.88. 48.95. 44.199, AVIRENINEN 8% N %, % CK $2&m 71.75%.

W1 6B Frow, 7E/IN SR AR ] A A, AR AR 4 e A 38 ok 2 189 m 3 82 H WLAE 56 10~
30 Ko WSHNAEMREELE/NEISRAE 30 d Jatk EEFLL RGN, 10~30d 1, @AY KAk
PRI R ARSI AE Y %, (EEAE 30~40 d, HEsfasEsm, K254 16.51%.
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22.19%. 33.63%. 28.05%, 4¥UNINE N 8%Hf, w1 IR T

5500 ——0 —B—2% —A—1% —X%—8% —¥—16%
5000 b 50,00
© B
1000 2 4500
< d )
E o0 e é 4000 | B
_—/_-—’_a
@l #3500 % %
£ 3000 &
3000 |
1000
2500 |
0.00 - 0.00
o % % % 16% 10 2 30 P
450 Biochar amendment rale e Time (@)

Bl 6 TR INZEP RSN SRR
Fig.6 Effects of adding biochar on plant weight of bok choi
TSI e S0 2 4 v K 83/ s . il 7 B, R REOKH 3R /s e
9 17 055 kg hm?, #5247 5 AL R B 43 7314 19.23%10°, 19.97x10°%, 22.49x10°, 20.42x10°
kg hm?, 8% RN e B B % m T H A AN, 2%. 4%. 16%FRINEZ AZERARE.,

a
b b E _i_
2000 | E —1—
& c
£ 15.00
X
= 1000
S
L]
H
5.00
0.00 . . .
0 2% 4% 8% 16%

LEMIEEINE Biochar amendment rate

K7 AR R X /N A S e R
Fig.7 Effects of adding biochar on yield of bok choi

B LE R TR AN WTRN s AR IR AE AV AE 7= 1 97 FH HH02R 7 52 21 B A o A FEAIE B
INTINAM) IR B 525 B e KM 3 b B S AR B A0 7 8, X5 AR [ A A ™
WA R —30 KR, FoKk s, D&, KRE. A BE. &b, 3. PILLH,
AR X O T AEPR A A K MRS CY s AR1, AR A K RS A —
. A EPLER T AR A B E P B, E 6 BN AT I, b, 50%
FEEINN, 2007 i, 30%JC R E M . AR BT RISRIE L £ 7 UR 22 - i
52 TR SR80 A2 L P A A 5 B R ) R,

A 1 T R S B S FH A T RN RN AR A A S 1] R A AT TR A
TP A 350 1 SRR s oK B, PSRN B 5 2 SEUR R A fu a3
A AR, A2, B, RIATIESSRE . Fril, AW/ e e
T AFAE I T8 f4 ZRANBONE A 2 — 2B

34

KM A3 T/ WA F FH A, A0 AR 2 % vl $2 i RN 35 R0k 5 2w Le i, 42
EED/N FRBEIE R R 2, o, YIRS INE N TR RN 8% MR if, 7F 8%
VIR RIS LR, Y & A MU IR /2 (33 kg hm™2, P,05) I, /N FISEREIEF] %
N 31.21%, A KU A AN A A P KA AR v 111.3%, 4TtIR RN 1/3 (22 kg hm,
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P,Os) I, /N ESEREAEA) 2 55 M AE N T 2 25 25 5. 4R/ S AR R FH 2 AE BRI
KM R, YRR IS 8%, KO IR 387.4 g hm™? a™, K
T 43.83%. /INESEBEREFIF 2 HE ENE RE LGS /N R AR KRG : IR 7%~9%,
TP R 10%~12%; AEVIRININE N 8%, HRmETem 69.51%, itk & KI5 3
B IAE R A 20~40 K, BREFRE 71.75%, Sk EE R0 2 5 ELAE R 1 5 30~
40 K; /NARRA T ER S 31.87%.
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Abstract [Objective]Lake Dianchi is a lake the most serious in eutrophication in China. Most of
the phosphorus applied in farmlands in the Dianchi Lake watershed is finally imported into the Lake,
which is an important reason for eutrophication of the Lake. High soil total phosphorus low in
bio-availability is an important factor that limits sustainable development of the agriculture worldwide.
Biochar as a soil amendment can be used to improve soil physical and chemical properties, adsorb soil
phosphate, and hence reduce phosphorus loss from the soil. In order to improve bio-availability of soil
phosphorus, increase yield of crops, reduce phosphorus pollution of the soil and the environment, and
provide a theoretical basis for management and application of biochar in the soil environment, this
study was carried out in the hope that it will be of certain important significance to solving the problem
of phosphorus pollution of the environment caused by agricultural production. [Method] In this study,
an indoor simulation and greenhouse pot experiments were conducted to explore effects of biochar on
loss and utilization of phosphorus in the production of bok choi and yield of the crop. The experiment
was designed to have a gradient of five levels of biochar application rate, and four levels of phosphate
application rate, thus making up 20 treatments and three replicates for each. Bok choi was planted in
single-compartment planting boxes in a greenhouse. Each box contained 5 kg of soil and had 8 bok
choi plants. After the application of biochar, the soils in the boxes were analyzed for total phosphorus
and available phosphorus, separately and ratio of the two calculated. After the plants were harvested,
the soils in the boxes were analyzed again for fertilizer utilization efficiency and phosphorus loss and
effects of the biochar. On D3 (Three days after sowing), germination rate and cotyledon flattening rate
of the plants were measured. On D10, D20, D30 and D40, plant height and plant weight was checked
of the plants harvested, and effects of the biochar on growth of bok choi were analyzed. After
harvesting of the crop, effect of the biochar on yield of bok choi analyzed, calculated and converted
into yield per hectare. [ResultJApplication of biochar may improve P utilization efficiency of bok choi
in greenhouse. In the treatment, 8% in biochar application rate and 33 kg hm?, (1/2 of the conventional
rate) in P,Os application rate, P fertilizer utilization efficiency increased from 14.77% up to 31.21% or
by 111.3%, thus reducing P loss by 43.83%, and germination rate of the crop increased by 7%~ 9%,
cotyledons flattening rate by 10%~ 12%, plant height by 69.51%, plant weight by 71.75% and yield by
31.87%. The effect of biochar on plant height appeared the most significantly during the period of D20
~ D40 and that on plant weight did during the period of D30 ~ D40. [ Conclusion] The application of
8% corn stalk-derived biochar can increase the content of soil available phosphorus in greenhouse,
reduce the loss of phosphorus, improve the growth of bok chai Therefore, it can be used as a good soil
amendment in greenhouse. The effects of biochar are embodied mainly in improvement of the soil
environment, regulation of recycling of soil phosphorus, and enhancement of soil phosphorus thus
promoting crop absorption and utilization of soil phosphorus, reducing phosphate fertilizer
consumption and loss of soil phosphorus by enabling the crop to bring more soil phosphorus away
when harvested.

Key words  Biochar; Greenhouse soil; Bok choi; Phosphorus utilization rate; Yield
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