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Effect of Interaction of Biochar and Fertilizer on Mustard Yield
and Fertilizer Utilization Rate

Du Yanhong Jiang Enchen Wang Mingfeng Xu Xiwei Li Zhiyu Zhang Shijun
(College of Materials and Energy, South China Agriculiural University, Guangzhou 510642, China)

Abstract; The effect of interaction of biochar and fertilizer ( IBF) on nutrients of red soil, yield of
mustard and fertilizer utilization rate was investigated. IBF experiments were conducted, the treatments
included RFC treatment ( both biochar and fertilizer were applied ), RF treatment (only fertilizer
applied) and control treatment CK (no biochar and fertilizer applied). The fertilizer application dosages
were 100% , 85% , 70% , 55% of the regular fertilizer application quantity, which were correspondingly
denoted as RFC,, RFC,, RFC,, RFC, of RFC treatment and RF,, RF,, RF,, RF, of RF treatment,
respectively. The results showed that the nitrogen utilization rate of RFC, was higher than those of other
treatments. The nitrogen utilization rate, yield of mustard and the soil organic matter content of RFC
treatments were averagely increased by 161.42% , 79.28% and 241.42% compared with those of RF
treatments, respectively. The alkali-hydrolyzable nitrogen and available phosphorus contents of RFC,
were higher than those of RF,. Additionally, IBF planting pattern promoted mustard to adsorb and
accumulate N, P, K effectively. In conclusion, biochar played an important role in nutrients adsorption
and enrichment for mustard growth. The mechanism of yield increment and soil fertility enhancement

could be explained that the IBF planting pattern brought the comprehensive amendment effect in the red
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soil and provided mustard with sufficient nutrients by biochar’ s adsorption and fixation for nutrients,

which made fertilizer and nitrogen fertilizer utilization rate increase significantly, although the application

amount of fertilizer was very low in the experiment.

Key words: biochar; interaction of biochar and fertilizer; red soil nutrients; fertilizer utilization rate
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Fig. 1 Effect of interaction of biochar and fertilizer on

yield and dry biomass of mustard
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Fig.3  Effect of interaction of biochar and fertilizer on

fertilizer apparent utilization rate
2.4 R-BEMESFEELIFIERDBEm
2.4.1  JR-ABEAEXT L3 LAY R i)

M & 4 v LG N8 AR AL G 41 3 A LR
SR E TR, H2E SR B . R
R4k 34 20 A BL T & & A8 B 3R LK RFC, > RFC, >
RFC, > RFC, , H: 1, RFC, .RFC, I RFC, 4b H 7] 2% 5
AN Bt A R ZH A ML T AR k3R B : RF, >
RF, >RF, > RF,, £ 4b 34 0] 22 5 A g 25 [A] &5 Jife A
WA, MR AAIE &I &S T AMmKRA,
RFC, &b B /A HLJ5 & & kb RF, & 273.23% ,RFC, kb
RF, 5 205.73% , RFC, . RF, & 238.72% , RFC, L
RF;% 247.98% , pie—NE HAF AL L 5t Ak 8 20 A AL T

WP 241.42% k- R H AR B S T A

504
ab
T a

teigke™

¢ ¢

= (; \ N

SRTINIIIT
N | \

CK RF, RFC, R_FR_FCR_FR_FCR_F RFC,
AT

(IE o VR (U FAR: R NG h A

Fig.4 Effect of interaction of biochar and fertilizer on

organic matter of red soil



5 43

FERFEL 45 S —HE ELAR X 57 3™ hk AR R A A 59 5 63

(A BIL ST &5 S, B 25 it P o A /b, g g L
AR IR R B X UL I ML S S R
W0 T J V9 S I e R G P BB B U R A AL
AR E EFER.
2.4.2  je B HAEXT LD HE SR 4 05
CIEFR AR N 4 s . SR B RS

A RO AR (AR ) A S e I ) i
B BR o A LA A B B A R A SO N i
A8 T X 0L A Bt A R b B A A AL B
RFC, .RFC, \RFC, .RFC, 5 % Hlji AL &b B2 RF #H Lb ,
B A Lo H 4 AR 14.53% . 16.58% 11.92%
12.57% . B Ak 8 Ak B2 (0 o 41) 2138 1) B ik 2
b it 2 it A S ) 3B T AS DB T R, L A% Ak B4 ()
ZE 5 e B AR A B B R R A R
RFC, > RFC, > RFC, > RFC,, . #1, RFC, 5 RFC, .
RFC,Fl RFC, 22 5 A 1 3, 3R W o —HE B AR B =X
T AVt A Sk B 21358 00 B A R i 15 R I Ak R
TG W 35 25 5, TE VN 0 45 5 1 A 0 B B AR AU A T it

i, 21O A L R TC B A AR AL R R AR )
AR FE B B 1 R B O B A B R R AR B A
FEAR TR R MR A s R4 T LR A R .

F4 RBEEMNFRIERSOEM(REL)

Tab.4 Effect of interaction of biochar and fertilizer on

nutrition content of red soil mg/kg
pigil B A R A R AR
CK 17.63 £0.35° 24.23 £2.75° 371.00 +5.35"
RF, 80.53 +1.42°¢ 38.98 +0.71"  766.00 = 13. 54°
RFC, 92.23 +1.10*  39.90 +1.40**  806.50 £9. 11"
RF, 77.10 £1.80" 30.90 £1.49°  475.25 +53.80"
RFC, 93.88 +1. 47" 39.68 £1.19™  683.25 +39. 46"
RF, 68.13 + 1. 46" 31.35£0.93%  478.75 £47.11"
RFC, 90. 13 2. 35" 36.80 £0.93%  673.25 +63.38"
RF; 59.85 +1.22" 29.73 £1.48°  455.00 +15.17"
RFC, 90.65 £1.79" 41.95 +0.82"  698.50 +34. 49"

B3 4 BT LUE ), I8 BAE AL B 0 A 0wk
O e TN R AL HE AR B, Horp RFC, B RF 5
2.37% ,RFC, & RF, & 28.40% , RFC, & RF, &
17.38% ,RFC, [t RF, &5 41.13% , 1fij 2 it £k i 4k 28
4 RF, \RF, \RF, A 2005 7 5= B AR CKOA
PARAINAL) Jo 35 22 5, WK, W) 55 i A B 2%
R, % B HAE AL RFC, \RFC, 5 X 1 #Y B it 1k
NEAL 3 RF, RF, A7 08 & i 22 5 B 3% o 2 —AE
HAE A BEZH Y, RFC, \RFC, \RFC, \RFC, 2 5% A~ 2
AL AL B RF, (RF, (RF, Z [6] (A 208 & i
ZRWA R, &I R E BRI RFC, >
RF, > RFC, > RFC, > RFC, > RF, > RF, > RF, > CK,
S R — A B T AR LT R NE Ty e B

EA P E P EAR: 3PN IOE 5 GIVE | 8 T
3 itig

AR S F T, B M0 A Aok B 5 it A b
FHE, RIS A LUK B3, or s = 5 T
YIS R AR A A A DL IR A R
P 5 2 it A Ol R MR R Y 85% (70% L 55%
Bt i Y AR AV X 3 — I B A Ak B9 4 0 S A K % 4T
S5 43 B B WA AR K, T IR R 2 < (D2 1 55 3¢ g W
PR % 16 B FLIRRE | TT LA B 35 43, (15 55 43 Vi 1
FAABAE R IR 2 BRES ) B R B T 2 BAE A, T B
167 IR 2 WA AT R B R T X
W BhF 22 B0 B A W B, A ) AR K T S R S
RS BT M - S 0 P 0 3R 40 R 6 4 R B T 2
Wy J5 e L W 235 1) 1 030 5% O3 AN WY 1) RS TSR 4, A
AR A K o @MY T BB T AR BRI W 10 15
J1 B R O R W R A T R4 AR
TIRIE ST A BN SR 4 . YR % A
SUAE —-EMFES, THEMH S ERE, A
8.6 mg/kg( A1) , #1815 000 kg/hm’ it ¢ it , ] 42
IR S0 IE 24 129 kg/hm® | A 3 L A 1 9 DA S i 3 2
P X B0 IR B AR T SR 2 o T L AR B R e AT
SR TERRRE AR B 4% 0 TR, i 2 i3 4T 8 B Ak BR
85 LT HENE T3 S 41 SR AR WA 0, 4 R A R
&R TSR FR ks AR HE TOT SR AE K

4 it

(1) 56— 0 T A Ab B8 21 388 ) JF 38 = B OF
W RS EER R R SRR R B
T XF R Ay Bt FIE R Ak FE e — N AR AT A AR A AT
HENE Sy 42 v AU A PLTE R A A RO A R
i,

(2) s RE T A X MR Ak 2 08 A1) FH %6 114 22 T 30
B3 U A TR AER AR, WL, £ e 4K
SRAECRIEAED M 32 L4 AR A E D I AR K (R B £
BN Ty PR T AR 7 G0

) ERRKHFMHT, YrtmEh 5%,
JIE 2 g 1 ML Y 55% B, 20 S8 0 R 5 A g, o7
KPR T YR R, TR A A e
TR R, AR SR LR R b, R W&
T R A AR AR

(4) DFoE a8 00 UE T s~ N8 B AE 80 + e
T1 B3 A 0 AR 2R 250 0 A W I (1 38 7 RN
3 3 A ) O e %o M I £ A0 R RO A T 4 e T
BRI 2R 07 1 &35 0 £ SR A URAh TR AR 2
MR SE T IR 3K 4 e T i



64

& BLOW o R 2016 4F

10

14

15

16
17

20

21

& % x Wt

AR BT, F WO, oKk T, 5. T E FER YDA R R BR SR S e [T]. LiEsA R, 2008,45(5) : 915 - 924.
ZHANG Fusuo, WANG Jiqing, ZHANG Weifeng, et al. Nutrient use efficiencies of major cereal crops in China and measures for
improvement[ J]. Acta Pedologica Sinica,2008,45(5) : 915 —=924. (in Chinese)
R, B R, e, . DI A A R R AT P EREE R, 2010,26(11) : 200 -205.
CHUAN Limin,ZHAO Tongke, AN Zhizhuang, et al. Research advancement in nitrate leaching and nitrogen use in soils [ J].
Chinese Agricultural Science Bulletin,2010,26(11) : 200 —205. (in Chinese)
CAMARGO J A, ALONSO A. Ecological and toxicological effects of inorganic nitrogen pollution in aquatic ecosystems: a global
assessment| J|. Environment International ,2006,32(6) : 831 - 849.
RIER. RE LA RPII PRI RC) /B 52 258 Tk e & RARR R & B 4 100 1 W 70 2 1 S R 2 R
AC WA 218 SO I L 2 ,2004:7 -~ 12.
BAKHSH A,KANWAR R S. Spatial clusters of subsurface drainage water NO,-N leaching losses[ J]. Journal of the American
Water Resources Association,2005,41(2) : 333 - 341.
DAY D,EVANS R,LEE J W. Utilization of CO, for the creation of a valuable and stable carbon co-product from fossil fuel exhaust
scrubbing[ J]. Abstracts of Parers of the American Chemical Society,2004,227(1) .U1093 - U1093.
B T, T 4 R TR SRS B T R (1), AL DL ,2014,45.(3) 129 — 133,147
ZHANG Wen,GENG Zengchao, HE Xusheng, et al. Pilot preparation technology and properties of new biochar-based nitrogenous
fertilizers[ J]. Transactions of the Chinese Society for Agricultural Machinery,2014, 45(3) :129 - 133,147. (in Chinese)
Tr G W, BRI, 2 AN, 45 A B e B T X K RS A K R R R A R i s [T ] o [ e 24 4R, 2014,30(5) ¢ 175 - 180.
QIAO Zhigang, CHEN Lin, LI Lianqging,et al. Effects of biochar fertilizer on growth and nitrogen utilizing rate of rice[ J]. Chinese
Agricultural Science Bulletin,2014,30(5) : 175 - 180. (in Chinese)
LEHMANN J,SILVA J P D,STEINER C,et al. Nutrient availability and leaching in an archaeological Anthrosol and a Ferrasol of
the Central Amazon basin: fertilizer, manure and charcoal amendments[ J]. Plant and Soil,2003,249 . 343 - 357.
MOHAN S V,KARTHIKEYAN J. Removal of lignin and tannin colour from aqueous solution by adsorption onto activated charcoal
[J]. Environmental Pollution,1997 ,97(1 -2) . 183 —187.
SUDHAKAR Y, DIKSHIT A K. Kinetics of endosulfan sorption on to wood charcoal[ J]. Journal of Environmental Science &
Health Part B Pesticides Food Contaminants & Agricultural Wastes,1999,34(4) . 587 - 615.
STEINER C, GLASER B, TEIXEIRA W G,et al. Nitrogen retention and plant uptake on a highly weathered central Amazonian
Ferrasol amended with compost and charcoal[ J]. Journal of Plant Nutrition and Soil Science, 2008 ,171(6) :893 - 899.
LEHMANN J,GAUNT J, RONDON M. Bio-char sequestration in terrestrial ecosystems:a review [ J]. Mitigation & Adaptation
Strategies for Global Change ,2006,11(2): 395 —419.
AR W, 2 R, A B IR R G AR W T i T B FLAE S Ak i S [T ARk BUAR 24,2015, 46(6) 183 -
192,200.
ZHAO Shixiang, JI Qiang,LI Zhonghui,et al. Characteristics and mineralization in soil of apple-derived biochar producecd at different
temperatures[ J]. Transactions of the Chinese Society for Agricultural Machinery,2015,46(6) ;183 —192,200. (in Chinese)
BRESC BRI 2R, 55 RN SRt 2L S AL PR AR ) SRR 52 [ T ] 7K AR5 4 ,2015,35(6) :81 - 85.
JIN Zhewen,CHEN Xiaomin, LI Qiuxia, et al. Effects of biochar on physicochemical properties and hydraulic characteristics in
upland red soil[ J]. Bulletin of Soil and Water Conservation,2015,35(6) :81 —85. (in Chinese)
FE W WIS R AR BRI, AR ,2012(8) :88.
BRI, ST AL R G B AR AR BT [T ). AR ROk 2% 4 ,2011,26 (6) 11045 - 1050.
YAO Jianzu. Effect and recommend NPK fertilization for musrtard green[ J]. Fujian Journal of Agricultural Sciences,2011,26(6) :
1045 - 1050. (in Chinese)
RS RO A IR SE L 5. R B ok B IR B NE R B PE B e [T ] T R s KR B 9T, 2012, 30(2) : 14 -20.
GAO Haiying, CHEN Xinxiang, ZHANG Wen, et al. Effect of biochar and biochar-based ammonium nitrate fertilizers on soil
chemical properties and crop yield[ J]. Agricultural Research in the Arid Areas,2012,30(2): 14 —20. (in Chinese)
TRAEL. AW B i B 1 B N HAEARE Y A B9 DT PR EE - PR B AR M R 2, 2012,
ZHANG Weiming. Physical and chemical properties of biochar and its application in crop production [ D]. Shenyang:Shenyang
Agricultural University,2012. (in Chinese)
NOYCE G L,BASILIKO N, FULTHORPE R, et al. Soil microbial responses over 2 years following biochar addition to a north
temperate forest[ J]. Biology and Fertility of Soils,2015,51(6) : 649 - 659.
XA A B0 3 3 ™ 1 B W B IS [T ] SR B VAR ) 2% ,2000(4) « 25 - 26.
LIU Shuangquan. Study on the effect of potash on yield and quality of vegetables [ J]. Heilongjiang Agricultural Science,
2000(4) :25 -26. (in Chinese)


http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20140322&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20150626&journal_id=jcsam

