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FARFM IS RFUSRE. A RAEY X 5550
BT 2 2 8, T 0 ~ 100 em 1
JZIRIE 320 T H o0 A0 s Bt gs i 2. ik, A
T TEALIE S5 A R AR Wk Bicits,  LAE 7R
HXE ERAH 0 ~ 100 em A RFR 4T B 47
A RAEPIWMSCHR sz, B 7ERR TR [E A2tk H
A A B &, R SR S A
WA

1 #RETE

1.1 e XA

W XA Fdts 78 8 (114° 597 E,
37°36' N), ZXJE TRy KRG A, 447
Pop il B AR SRR 7K 2 4300 R 13 °C AT 501 mm, 4R
PITREHIZ) 200 do H F K H BRI R T 2017 4
6 20 H=9J]130H, iSRG ILE 1.
1.2 AR
121 fhif+JE

Bk Oy R £, R HIERER
1.5 g/fem®, pH 4 8.0, AL =M 15.8 g/ke, it
REHE O ~ 100 em HJZALFAPER LR 1.
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HI (H-H)
B1 2017 EEEKEFTHEHFEHREBESHRITHEK

®1 il HREAUFER

TERE A WMEAE EEE AR d
(em) (g/kg) (mgkg) (mgkg) (mgkg) (mgkg)
0~ 20 0.8 7.8 33 30.1 189.9

20 ~ 40 0.6 37 36 77 179.5

40 ~ 60 0.5 1.9 23 45 171.0

60 ~ 80 0.4 1.4 25 3.1 157.8

80 ~ 100 0.3 1.2 1.8 1.5 116.5

122 Ak

HEIRAE W e AR AR Fo RS R REL, 7E 600°C
ol IR AR R R A, AR RN 0.5 kg,
N 0.9 ghke, AW T 89.3 mgke, A
ARl 251.0 mg/kg.
123 H1EY

HERE K A AR 966,
1.2.4  fHeE

KB IR NEAEJENE TRl E R AT — R A
Pr o iz o i N P05 F1 K0 435120 156, 30
H1 54 kg/hm’,
1.3 FFERIT

FH ()36 05 4 N Ab B, 76 A A it FH i — 2R
$£F, WMo (BOF) ., 5 (BSF) . 10 (BI10F) 120
thm® (B20F ) A:#ik, #£ALFIEE 4 RER, R
BEMLIXZHHES, /MK 34.2 m* (9.5 m x 3.6 m ),
AT 2017 4= FRIERT— R UG T R Z
Frmad B AE Y R 52 (0 ~ 20em ) HHERS],
FRFEFKP, FEH K — K 450 m*/hm?,
AT K — UK B 600 m*/hm?,  FH V)45 B 44 >4 b
AT R T

T b T B 0 BB A B /N DX e TR A
32 (0 ~ 20, 20 ~ 40, 40 ~ 60, 60 ~ 80 Fl1 80 ~
100 em ) RAE RS, MHFEZ R EHERA I —
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AFESL G —3R T 4 CUKFIIRAT, TIATH AT 1t
T ORAF

by 2 1A RN B SR AR AR A, RN X BE L
VEHL 3 BRAICFMERE kMR, HIEARBTR,
HEIAA S . ih L I RPRE 4 F553, A 4 AR
250 M gk, fh, Rk S Sy, METERRE, A
FomEiEfkea . . SRS SEMi
AR, A, B/ANXEEHRE 3 M FORF
172 m K H R AERRRE S, 2B AR
FE P MO A AR bR
14 KT H K ik

AR N IR IS A AR S B E
SLW B AT AR A R LA E ; 4
B R AR B BT FL e s A 850 & R 0.5
mol/L, NaHCO, i 4, FHEHPT L (il g ; HRs &
R 1 mol/L NH,0AC 1242, KGR L E

AR i 1 4 2 R FH e Bt L P 2
SE; SR ER BT ETEIE , SRR
KIS . R4 BB TR AN

A=h xp x C x 10/100

Krf A SRS BB (kg/hm®) 5 B h+
JZIEE (em); p N HHEAE (g/cm3 )5 C NFRITU
B (mg/kg )o
1.5 Stk

K H Excel 2010 i 17 %5040 4b #F1# &, SR H
SPSS 19.0 34 T Y 1E 75437 K6 96 R 5k 25 207 o

2 ERESH

2.1 AR AR Sy B AT
211 ARG A U A R e L3 A1 5
B Ay it FH R 3, 0 ~ 100 em £% 1)
AN S A R R R BN BSF>B10F>BOF>B20F
Ry, AL R RS A S R R
BRI F 34 i ods, T 40 ~ 60 em H PR FIE
(K 2), fEHHED], 0 ~ 20 em HIERAA S BN T
6.3 ~ 10.5 mg/kg, BSF 35T BOF. BIOF fl B20F,
A3 ) N3 G 46.8% . 18.2% F1 67.1%; 1 40 ~
60 cm (1) 2 fHIE 2, BOF. B5F. BIOF. B20F 4b 3
SR SGHEDNN 2.6, 4.6, 4.1 F13.0 mgkg, B5F
AbFEASAS A P i W 5 T BOF. BI1OF 1 B20F, 43
) 5 B 75.6% . 13.1% F151.5% ( P<0.05), 1E
B, THERAE 0 ~ 100 em ) 2 T BSF
IEF B KAH 51.9 kg/hm’,
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MAERSE (mgke) MARSE (mgke)
00.00 5.00 10.00 15.00 0.(())0 5.00 10.00 15.00

=20+ ~ 20 -=-BOF
§ £
2 wl 5 ol -+ BS5F
# = —-<BI0F
K 60 € 60
it i —BI15F
H 8ot (a) i 4 80r (b) Hel

100t 100 -

B2 FERMEHABAHIO ~ 100em TEHEEEE

+THESAGTEEE ERARAEFTHY
FB N Bt A ok e B R, A5 A B B
BSF>B10F>B20F>BOF iy jta #, + S H 0 ~
100 em #1143 A5 7640 ~ 60 em Ab M B 2 FH 04
(K3), 5BOFAH I, BSFALFHO ~ 20, 20 ~ 40
140 ~ 60 em 2B A H & w AR WA 72 45

HERE=E (mgke)

0 T 36.3% . 47.4% F137.1%, 60 em DL R +
RS AR A AR /N T 3.6 mg/lkg BYBARAKSF- HA
WEPRTC B E =S . R RS A AE 0 ~ 100 em
) 2B T BSF 35 245 K {H 52.2 kg/hm®, %2 BOF
BI1OF 1 B20F 4371 2. & 451 37.3% . 18.0% H133.1%
(%£2),

HERE=E (mgke)

2.00 4.00 6.00 0.00 2.00 4.00 6.00
0 T T ] 0 T T :
E 20¢ = 20f —=BOF
Q Q
= 40t o 40t r
.[%( {%( =< BI10F
ﬁ 60 F @ 601 - B20F
H 8o H got
100t (a) fhE 100+ (b) B

B3 ERMERFEAI O ~ 100cm TEERSHEE

xR2 BEKBHEHO ~ 100 cm TEEHSHFLERE

(kg/hm®)

ARER RRERNASR REEECRE AR e

BOF 37.7+£2.7h 38.0+2.2¢ 84.5+1.5d 1007.4 +84.4b

B5F 51.9+0.8a 522+ 1.5a 121.2+£6.0a 1184.3 +68.2a

B10F 38.6 + 1.6b 44.2 + 1.5b 96.4 + 3.0c 993.4 + 88.2b
B20F 31.1 £ 1.6¢ 392+ 1.4c 104.1 £ 6.7b 885.6 £ 122.7b

W FEF R AR FERR2ER B2 (P<0.05), T,

HE W A R AT L3 AT A5 )
Fifi A= W it FH e ARG I, 3G A 5 R
B5F>B10F>BOF>B20F Jja# (1514 ), 7£0 ~ 100 cm

2.1.2

SR (mg/ke)

0.00 10.00 20.00 30.00
0 T T 1
20 —~
£ £
240 =
1k 14
+ 80 H
100t (a) FilvEs

TR L, 22 (0 ~ 20 em) AR S R
A RO R Y 56.6% ~ 73.5%, 20 cm
DIR - HEA 8500 & s R R, BRI 40 ~ 60
em Ab H L BRI AN, A A0 S m S R REAE /)
F 5.0 mgkg /K F. 5 BOF #H kb, BSFALFRO ~ 20
F140 ~ 60 em A RBE S AR MED] 5351 0 2 T
15 32.3% 1 44.5%, FFAESI 55 0 2 T 43.2%
H166.4% . WA A WBETE 0 ~ 100 em (1) RFH
BT B5SF k3 KMH 121.2 ke/hm®,  H 5355 T HA
AbFE, % BOF. BIOF H1 B20F 43 1) i 5 42 55 43.5% .
25.7% F1164% (£2),

AR E s (mgkg)

8.00 10.00 20.00 30.00
20l -=B0F
- BSF
4o <BI0F
60f “*B20F
80}
100" (b) g

B4 FEXRMEHHAI O ~ 100cm TEFRHEE
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2.1.3 ARG AL A 1A 114 5 1, 5 BOFAIEL, BSFALF O ~ 60 cm + )2 5L

TERHE A A, RO S R BRSPS 15.3%, 60 em DA LR AR
& P BSF>B20F>BOF>BIOF i # # ( K15), £  #EERAAE/DNT 62.7 mg/kg MRAKT-, I 145850
UM AE 20 em H)Z DU TR R, RIERIE RO EEMIE 2 60 em 12, AW 0 ~ 100 cm
40 ~ 60 cm AbHVEL R R, hAEY, 5 BOF ML, )2 HEHSE REUETE BSF AR KM (1184.3
BSFAMEEFE O ~ 20, 20 ~ 40 f140 ~ 60 em )2 kg/hm®) H & 3% & T H Ah 4 #, % BOF., BIOF
AU B TR 3.6%, 60 em LAT R ZHAC R B20F 43 il B F 4 & 17.6% . 19.2% F133.7%
P EYERRTE/N T 1263 me/kg MUEUIRKF. e (E2),

RS R (mg/kg) AR (mg/kg)
00.00 100.00 200.00 300.00 6).00 100.00 200.00 300.00

~ 20fF ~ 20} —#-B(OF
§ § i —+-B5F
i a0 i 40 —><BI0F
tﬂﬁ 60| = 6o ~B20F
H 8o} +H 80}

100L (a) FHHEH 100 L (b) I

5 EXRHEHFRAEO ~ 100cm TEEMHEE
2.2 AW KRS R 7 i ) 5 B0 ) B R 20.9% . 36.6% . 49.5% F1 17.9%

5 BOF #HLt, BSF A LU E 4w E f s 33.3%. 56.0%, {H 2 A BIOF 1 BSF (1) Kf K &
WETKRA . HEFE (£3), NN, 5BoF EEEFRS, 298 EEE T 21.6% F129.7%;
HHEE, BSF F1 BIOF fib B34 Wi g 48, BSF s N, 5 BOF M kb, BSF (93 b3 A= 4 &
MR B BRI 4 ) 2 58.2% F 42.5%,  FPRIA. BRSO KA. B REUE S B E RS
BI1OF 1 BSF (1) 8 2 FH i3 43 ) 1 2 F+ 75 36.0% F1 13.5%. 28.6%. 33.3%. 44.3% F140.8%, B10F.
67.6%, B20F. BIOF A1 B5F [ 7 ki & A & A #1 B20F RFRIMH B E2EF

R3 EURNIEREBAEREFSRKE I

HE L SR (%) AR SRR (%) 2 SHR (%) L

RE e Bk At Bt

T Gehm®) %0 ANE B ORE (kghn®) 2 0 ADE B KPR (kegho?) 2 OF R AL ORRD (kb

i BOF  6221.77b 0.66b 2.31a 1.07b 2.10d 78.53b 0.20a 0.24a 0.28a 0.37b 14.85b 2.36d 1.63b 1.67a 1.89d 128.18¢

I

i BSF  7751.99a 0.96a 2.39a 1.36a 3.14a  124.22a 0.22a 0.29a 0.26a 048a 21.18a 3.35a 2.04a 1.86a 2.95a 214.90a
BIOF 7059.34a 0.64b 2.31a 1.18ab 2.87b 96.56b 0.19a 0.25a 0.24a 045a 17.27b  3.02b 1.73b 1.72a 2.52b 174.38b
B20F  6784.88ah 0.68h 2.07a 1.07ab 2.54¢ 87.59b 0.19a 0.23a 0.20a 0.42ab 16.03b 2.77¢ 1.72b 1.69a 2.23¢ 157.20bc

A BOF 173236b 0.6ab 1.7a 04a 04a 14be 197.5b 0.1b 02a 02a 02a 03b 385h  22b 1.6a 14a 15a 04a 183.1a
31y B5F 19666.3a 0.6a 19a 05a 0.5a 1.8a 285.0a O0.lab 0.2a 0.1b 0.1b 04a 542a 22b 16a 1.6a 15a 04a 200.5a
BIOF 17941.4ab 08a 1.6a 0.4a 04a 17b  2412ab 0.lab 02a 0.la 0.1b 0.3ab 439b 25ab 1.6a 1.5a 13b 04a 192.1a

B20F 17280.7ab 0.4b 14a 04a 05a 15¢  199.5ab 02a 02a 0.la 02b 03b 379h  28a 1.6a 14a 13ab 04a 192.1a

BSF t BOF [ A7 RL = & B & 89 i 24.1%, H FxE5, WHEERZERNRER (. 5k
Bt A= W it FH (R B I R IR B RF 242 FHVEY EEAIEORIEL ) 32 AR A A 4 e it FH 52 o - i
PR EHM, BIOF. B20F 5 BOF fHIL AR T 2 (% 4),
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x4 TELMEMEERFEM=EZRNF

553 [ERLA: R P

Qb
(A~/hm?) (g) (1) (kg/hm®)

BOF 514183 +£21174a  27.5+0.7a 469 +35a 8011.3 £495.0b

BSF 530769 £ 18057a  27.8+0.8a 519+4la 9940.6 £ 985.5a

BI10OF 536298 +11058a 284 +0.5a 496 +4la 9462.9 + 982.8ab

B20F 536298 +11058a  28.4+0.8a 464 +25a 8840.2 + 656.9ab

3 ISR

TE TR RGBT b, AR Ak
Ak 3T A B S RD BB FE 40 ~ 60 em Ab R
U, LEHAEZZE T IRE RN AE IR ERT T, ARGR
IPEEFRITRSE] 40 ~ 60 cm 2

E0 ~ 60 cm + )2, B5SF. BIOF il B20F 4b F#
BAMIE YT BOF AL H, WL, AWk
X SR A W E R, JESRE R, P LA
D T RK R R ISR A, B - g b
I orEr i, SR, BSF PRSI &
BIOF F1 B20F &b, 3 Ui BH v g 12 2B ) o it A £
BERECR S O/N, IR T ARG TR
A E Y SR A SR R R I T
e, DI ARy R FUR A . eAh, Yao
s L g i opm AR W 42T AR R A
J@ B TR R, KRR Ca™, A R R AR TR
JSE AT 51 36 A Rl it A e ), X AT R
S T e i 2R W A it P A AT A 5 v A Al 1 Y D
S8

VR B ZEVER, 75— Mt K A
O, dE AW R W - R, IR
B B mMAF S AR IR o ik, EVEYI 351
W BRSSO, ARESE B, 1A IR A
—EJL RN Al AR EAE R KT,
T A VR (R 14 P S B9 Femy . H 2t FH ok 31—
FERJE, HROR RS B, SHT AR 4
SBAAE DT X AT RE R T B AR R T,
P R C/N, MR T AR A 1 A
T EEHUE Y SRV P A SES RSy, SR HIVED
ERERE, SRR

FE it A IE — B o0 R, AR AR ok
(5 vhm® ) Jite JFFT 4 35 12 w5 B2 6 DK Jilt Al 39 R0 i 200 +
HE0 ~ 100 em A . BEFIHIARGE S 0 150 FA
W, BRI, JF R T 24.1%; T

ARV R I BRI W, AN EESE n e
i, AL, fBdbHb X B oK PR A 1) % it FH i LA
5 t/hm” H'H.-
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Effect of biochar on vertical distribution of available nutrients in soil and crop nutrient utilization in summer maize
season

YU Ruo-han, YAO Qi, YANG Ming-xiao, WANG Dian-wu, WANG Yang* ( School of Resources and Environmental
Sciences, Hebei Agricultural University, Baoding Hebei 071000 )

Abstract: Biochar can improve soil physical and chemical properties and improve soil water and fertilizer conservation in
plough layer. Therefore, the vertical distribution of available nitrogen, phosphorus and potassium in 0 ~ 100 em soil
under different dose of biochar were studied in a summer maize field to increase nutrient use efficiency in North China. The
results showed that, in case of consistent application of chemical fertilizer, the content of available nitrogen, phosphorus
and potassium in the soil was in order of BSF>B10F>B20F>BOF. For the vertical distribution, the effective nutrient content
was the highest in 0 ~ 20 cm layer, and gradually decreased with the deeper layer, and there was a accumulated layer at
40 ~ 60 cm. The maximum contents of nitrate nitrogen ( 51.9 kg/lhm”) , ammonium nitrogen ( 52.2 kg/hm®) , available
phosphorus (121.2 kg/hmz) and available potassium (1184.3 kg/hmz) in 0 ~ 100 em soil profile were achieved under
BSF treatment, the biomass and content of nitrogen and phosphorus during the shoot stage were 24.5%, 58.2% and 42.5%,
respectively, higher than those of BOF; while they were 13.5%, 44.3% and 40.8%, respectively, higher during maturation
period; and the maximum yield was 9940.6 kg/hm® under B5F. Therefore, 5 t/hm” of biochar application effectively
promoted nutrient absorption in soil profile and of nutrients use efficiency of summer maize, and significantly increased
summer maize yield.

Key words: biochar; nitrate nitrogen; ammonium nitrogen; available phosphorus; available potassium; yield
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