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Research on Application of Biochar and Organic Manure Combined with
Chemical Fertilizers in Hilly Area of Southern China
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Abstract: Based on chemical fertilizer application, we studied effects of combining application biochar and
organic fertilizer on crops planting and nutrients loss in dryland, which aimed to further explore the effective
ways of rational fertilization, high yield and high efficiency planting and the optimal utilization of resources in
dry land crops under the conditions of high temperature and precipitation in the hilly region of southern
China. Field plot experiments were conducted to investigate the effects of biochar and organic fertilizer on
maize yield, nitrogen-phosphorus loss derived by surface runoff and fertilizer utilization efficiency, and five
fertilization treatments were set up, which were non fertilization (CK), only chemical fertilizer application
(CF), chemical fertilizer combined with biochar (CF+B), chemical fertilizer combined with organic fertilizer
(OF+CF) and chemical fertilizer combined with biochar and organic fertilizer (OF +CF+B). The results
showed that compared with CF, the application of biochar or organic fertilizer could significantly increase the
yield of 8. 2% ~11. 1%, but the combination of organic fertilizer and biochar was the best, and the yield
increased by up to 13. 7%. Compared with the CF treatment, the treatment of CF+ B could significantly
reduce the runoff losses of nitrogen and phosphors by 15. 9% and 24. 2%, respectively, and significantly
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increase the aboveground accumulation of nitrogen and phosphorus by 26. 3% and 11. 8%, respectively. The
OF+CF treatment could significantly reduce the runoff losses of nitrogen and phosphorus by 17. 5% and
25.0%, respectively, increase the nitrogen and phosphorus accumulations by 36. 5% (P<Z0. 05) and 8. 2%
(P>>0.05), respectively. The runoff losses of nitrogen and phosphorus were significantly reduced by 33. 3%
and 35.2% in the treatment of OF+CF-+DB, respectively, and aboveground accumulations of these two nutrients
were increased by 52. 1% (P<C0.05) and 29.0% (P>>0.05), respectively, and this treatment presented the
highest fertilizer utilization efficiencies of nitrogen and phosphorus, up to 49. 1% and 26. 4% , respectively.
On the one hand, OF+CF+B could promote the growth of spring maize, increase vegetation coverage and
enhance erosion resistance of the soil, significantly reduce the volume of surface runoff; on the other hand,
this treatment could reduce runoff loss of soil nitrogen and phosphorus including the dissolved and particulate,
increase soil fertility. Therefore, comprehensive considering the economic and environmental benefits,
applicating biochar and organic fertilizer combined with partial chemical fertilizer is the most reasonable way
of fertilization, and it is worth promoting and applying in the region.

Keywords: biochar; organic fertilizer; yield; runoff loss of nitrogen and phosphorus; fertilizer use efficiency;
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(1) TP 4515 AU . DA I 76 52l 498 1 38 o 2 9 B e A
SR FAA LI AR AR AT 35 ) e AR b 2% 5 1l 1 37 2 XL
W J0 & R RS 25 8 R 2500 T RO B AT

®3 AEVMERSHENEERLE S

BEERMANZ I BA  kg/hm?

b 7 DP PP TP
CK 0.015¢ 0.128d 0.143d
CF 0.066a 0.426a 0.492a
CF+B 0. 060a 0.313b 0.373b
OF+CF 0.037c 0. 332b 0. 369b
OF+CF+B 0.026d 0.293c 0.319¢

2.5 AEEELEMNEHRAIANEESR
MR 4 TLUE WAL B M AR R

BEET CK, HEfbitng CF 3 A X BH
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% 32 %

o 101.9 kg/hm® , %A= 9 28 o 58 34 A HLIE B AR
AR AL B AR E TR R ORI AR R
e, CE+BH1 OF+CF 4> 345 CF %35 T 26. 3% A
36.5% ., CE+B fl OF+CF Ab By |3/ R R
W25 AL E (P>0.05) . Ui B A= 97 22 ¢ firgg ALAL jii
A A R MEY 1 L3R s A X EFROEM. W
AW A OF+CF+B Ab B |3 R AR Z . 5
155.0 kg/hm*, [ CF 425 T 52. 1% (P<C0. 05), Lk
CF+B#E 7T 20.4% (P<C0.05), It OF+CF &5
T 11.4%(P<C0.05),
®4 EMERSENESRUENE#EE K
TEFI A E IR = AR

e M E#S N %%ﬂi/ NUE/ % PFPN/
(kg « hm %) (kg kg™
CK 37.1d — —
CF 101. 9¢ 27. 0c 24. 3b
CF+B 128.7b 38.1b 26. 3a
OF+CF 139. 1b 42.5b 27.0a
OF+CF+B 155. 0a 49. la 27. 6a

Uit AL AR CF Ak B (%) &8 A H 3R (NUE) L 811K
(27.0%),CF+B #il OF+CF 4t¥ (%) NUE @ F4 5 1
11.1,15.5 M E4> 5, OF+CF+B b3 ) NUE 5 55,
ik 49. 1%, 25 5 55 HoAh b 33K B 2 K7 (P<<0. 05), WA
FNEARAE 7 )1 (PFPN) 3£ & CF b BRI (24. 3 kg/kg) »
CF+B.OF+CF fl OF+CF+B 43 B Z# & T 8.2%,
11.1%F1 13.6% ., CE+B,OF+CF fl OF+CF+B 4b#§
i) PEPN 2 4 e, 22 7 A 35 (P=>0. 05).,

M 5 0] LU H it IE A B M L R R
WE T CK b3, it i CF b3 b I35k
F BN 34.0 kg/hm” i A 4 28 ¢ 35 & 35 48
THETAM EHEERWI.CF+BE CF B E#H_E T
11.8% ., OF+CF b By 3 i £ 2 RUE L CF
PR T 8. 200, 22 R 3 (P>>0. 05) ,3X 7] fig &
554 HUAE it ) 2 0 A ML AES figp s T 4 A R o o RS
PERRIEA ¢, CE+B Al OF+CF &b 3 i 1 | 3555 2
LMERANEE(P>0.05), {HALIEMEHLEE 4D
SRR N A B R A0 43 0 AT b 2 1 0 B K b
T EB I SR A BB OF+CF+-B 4b 3 |- 3% 2 1
Wik £ .35 47.9 kg/hm®, It CF 3£ 5 T 29. 0% (P<<
0.05), 1k CF+B#5E T 26.1%(P<C0.05), lt OF+
CF #7517 30. 2% (P<C0.05),

i ik B CF &b B 5 % A2 A % (PUE) & I
(16.5%),CF+B 1 OF+CF 43 PUE 455 7 2.7,
LONAE S ZRARE(P>0.05), OF+CF+B 4t
Y PUE #8 . 1k 25. 8%, 22 e Hofth 4b ¥ 35
FEIKF-(P<<0.05) . MBEAC AR 2E 7= 1 (PFPP) %% , CF &b
PRIAK (38. 9 kg/kg) ,CF+B,OF+CF #l OF+CF+B

SR e T 8.2%,11. 1% M1 13. 6%, CF+B,
OF+CF Ml OF+CF+B 4k B 8] ffy PFPP % ¥ #2 & .
HERANEE(P>0.05),
£5 HMEREAEHNMEERLEMEMETEX
BEBRF PR R ARSI R A N M

e i 3R P i?:%”i/ PUE/ % PFPP{
(kg *+ hm %) (kg = kg™")

CK 8.4d — —
CF 34. 0c 17.1b 38.9b
CF+B 38.0b 19.8b 42.1a
OF+CF 36. 8he 18.9b 43. 2a
OF+CF+B 47.9a 26. da 44. 2a

R

A ) B R A AT B A R R AR T L T
VE S TR ok oie B A3 0 = SR HEBCRTHE
S5 YL A, AR R AR W B e AE A T i N B 5
JrAR e, HAE [ BR U HE A P T 4 R V5 gt 4R
T il PR A BROR B A 7 ) B T A > iR T A A AE
() — Z B G B

AR IR I v VS N AR ) B e A B ) K R R R
RO 8. 1% AT AT KA AF I 0, ) Bk
(AR I RT 0 A 4 7= R B 20 26 ~ 200 % . AR 3K 56 4
7 BRI N WA SR AR 3% 5 2R W R R VR i A
KGRI RN 13,5 «/hm® , T AT A A9 8 i1 3
FE 20 t/hm® DL b, AR IR A B T - e
PREREE , H A KA Lo 35 T AR R W 33 0 R oA
YRV 9 AR B A AR K A A T L S AN T A
AR 7 ik o 34 BB 8 2 5% 43 4 % 0 v RE I
ARG 25 5 B S 0 2B ) BBk B S BRI 15, 900 1
ARGERBEL 24 20 B R R RBA BERS T
26. 3% MM FEBA R B YRy MY i wE R 2
R TR R, ORI O AR Bk b
B A LR 27 R B 45 M 7E + 5Eh 25 5 8 ik 1A
FAR, B - HE IR0 B T 0 WRE 0 T R L
TR ol A LA K v AR T AR AR X NH, A
AR 3 14 W BRFAE

KRBT R E LM E S F
TR R RN IR 07 ARl W] RSk K R T I 0 1) Bk
ik BFEE K B, A HLAE AR 4 Ak T BT 28 fige A< Al
AT IE IR MR BT e P . AHLIE & A
L EZERING R 0 SIve ot TNl o (A S 4 o e
Rl s 7, BB T5 b . (HARIE IR0 & B IR Ak e
WGP K. FEAa . UK AN L B A
FIFARAEY A7 LREW R AR Y fa . A4S
SRR A HUAE R AR 4 A JE ] i 38 3 7 11,196, 31X
5k E SR SN Yaday S50 045 4 B AR HE K H B
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R AR AR A AR oA AL JC LA i AR
EWLSICH -, EEHTAIEE LS DRI
FRACAE TR AT AN s T R BRI HLTCHLD
Jit 308 1 A3 7 A B PR 3R A B RO L AL
JETC it A TS 7T L2 $it v 1 400 Wl P WA s sl /b - 3 g o
R . A 50 A AL 2 AR 43 10 I Ak 3
(A WP 2 W 35 080 25, 00, VB e ok g 2R R
PEET 8. 2%, XS B A LR 4R 2 4R 4 1 AL
WA, AR A MLEE o =,

H— IR A ) R s A MU X R R AR R
FVEE (0 1R IR0 8 22 T —F RN, Ak &
W, A= ) 2 o A AILIE 8 43 8 AR AR IE 45 & 10 I it ] g
TR 13,7 00 S B A BRI Ay ik 52,10
1 29. 0%, B F WD R B AR R R 43S ik 33, 300
35. 2%, 4R A B OK R A9 IR BRI R (NUE,
PUE). XJEFor4s & 1 4 2ok A HLIE /Y 47 iE
A A A I B B B N 00 BT A VR ) A R HE B b R
o = QU UL N R E N Y CEA S 4 L S I DI NI ]
TRV T ZRUB 1) K P A % ARE 50 AR B 45 ¥ o XU
4 58

(DB INA: 9 28 0% (CF+B) 5l 3% A HLIE B AL IE
R (OF+CF) jia I % 75 K B AE 09 7™ 5 %500 b B —
fEAEALEE CF g m it 8. 2% ~11. 1%, g3 T £ ok

B4, OF+CF+B A BB =g R e i 2| T
13. 7% (P<<0.05),

) A EE H OF +CF+ B b 2 9 72 3 (R FH i 3%
KT At Ab 38, 3 BH A 0 e RAT MILAE 9 285 65 98 Jn v
5T A K R R EE

(3) 5 CF kb3 4H 1t , CF+B,OF+CF,OF+CF+B
AbFR R AR R R B R T 15, 9%, 17. 5%,
33.3%0, B R AR LI R B AL T 24. 226, 25. 0%,
35.2% ,OF + CF+ B &b B A 5 K 54 1 B K 0B 77 43
() K I A5 AR S AR A 2K

(4) 5 CF kb ¥ A4H I, CF + B, OF + CF, OF +
CF+ B I 30 A R B AR W& W T 26. 3%,
36.520,52. 100 1 w2 RAR G W T 11,824,
8.2%0,29. 000, W T A BSR40 AL RHRI 2R

(5) 254 /N [ i JE Ak 3B 1) 7 K 7™ o OB AR 3
1 4 FAE BRI 2R A0 R 00 & B, OF + CF + B Ab B &
T2 1 DXl A A A A A e R A XL B me RS i
i, SRR G R AL RE 5% 43 19 A A5 R 5 DA T R
i NERER 825 1 20U PR B 3R 8
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