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Stoichiometric analysis of combined effect of biochar and nitrogen application

WANG Li', JU Chang', CHEN Rongjian®, YOU Yongqiang'

(1. State Key Laboratory of Urban Water Resource and Environment ( Harbin Institute of Technology) ,
Harbin 150090, China; 2. Yichun Luming Mining Co., Lid., Tieli 152500, Heilongjiang, China)

Abstract; The effects of combined application of biochar ( a new type of soil conditioner) and nitrogen fertilizers on
soil nutrient conditioning were investigated. The incubation experiment based on stoichiometric method was carried
out to analyze the additive effects of the combined application of corn straw biochar ( SBC), chicken manure
biochar (MBC) , and nitrogen fertilizer (urea). Results show that biochar improved the contents of soil nutrients,
but its conditioning effect was dose-dependent and heterogeneous among species. The nutrient content of the soil
increased in parallel with the dosage of biochar. Treatment with SBC increased the contents of soil organic carbon
(SOC) and total phosphorous (TP) by 101. 754% and 34. 592% respectively, while treatment with MBC
increased the contents of SOC and TP by 23.684% and 84.396% respectively. SBC increased C/N (ratio of SOC
to total nitrogen (TN) ) and C/P (ratio of SOC to TP) by promoting SOC, while the MBC treatment decreased C/P
and N/P (ratio of TN to TP) by the dose-diluting effect of phosphorus. There was not a single additive effect
between the biochar and nitrogen fertilizer, and the interactive effect of nitrogen fertilizer and biochar should be
fully considered in actual application.
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Tab.1 Nutrient element composition characteristics of test samples

RER w(S0C)/(gkg ')  w(TN)/%  w(TP)/%  w(AN)/(mg-kg-') w(AP)/(mg-kg!) /N c/P N/P
+5 11.395 0.110 0.058 79.625 49.327 10.359 19.647  1.897
SBC 663.385 1.955 0.779 33.933 85.159  2.510
MBC 375.692 6.405 6.028 5.866 6.232  1.063
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Fig. 1

Effects of different treatments on soil nutrient

WA R A AR AR B2 R R i A

SRGET INHEEITRZ —,

AT S BUA W) ¢

X W T R R

R EER T

E 37

(% 2), +5%

TP AP Jit #7350 5 A2 W) ¢ it FH 8 22 (8] 52 1E 20



.22 R

[N AN

5555 4%

(B1(d) (e))., EWmASHAEENBHITE,
X5 R R 4l IR A O 5 L AR R
AW R T B IR A RO 1T R R AT
IR, FLAth 0 2R A4 K 5 3504 W e v 1 ol It 0 K
PE—2 B R, AR Wk vT AR S TR A
+ ER R4, W0 SBC A1 MBC 43 il -3¢ TP
R B AR TE T 34.592% F1 84.396% . iX e
F T MBC HBk T & 70 1 Lk SBC ¥ 5, X) 1 1%
TP it /- B FH AR EE L T SBC., 5 TP 2548l Bl
F YAt BB, 3R AP B S F0l B
I X B AP R AR A A BEAEAR KRR B bR ]

IEZF AR, & MBC J5 +3E AP 19 L TR &
F T SBC,iX 5 Gao %) BUZE A3 45 AR, e
FH C/NARBY A M % (MBC) XF 58 AP 1) Bl 25 5501
U, JUKEIE R B35 4 TP 44,
&, RUIE it B e T 1 AP B A A, R
M A T3 AP Bra B (E 1(d) (e)) s
Ti 2 AT R R | A e R /I S 38 22 ) Y
ZHAEHEEZN T 3 AP g k2), &
PRI, SBC i) T4 T+ 138 SocC, i MBC {5 T
et 18 TP FIAP i S0 4K .

%2 SBC.MBC 5&RBEMEMTEFRSBMHINEARATENN FEREEMN
Tab.2  F-value and significance for effects of SBC and MBC interacting with nitrogen fertilizer on soil nutrients by two-way ANOVA

B SBC-N MBC-N

eIty

SBC N SBC * N MBC N MBC * N
SOC 156.730 * * 1.237 ns 0.538 ns 12.965" * 1.048 ns 0.201 ns
TN 62.550 % * 9.450 " * 0.450 ns 237.000 * * 39.000 " * 2.357ns
AN 6.441 % 5.912* 0.183 ns 17.503 % * 10.661 * * 0.972 ns
TP 178.329* * 0.713 ns 0.761 ns 610.298 " * 1.155 ns 3.612"
AP 3730.405 " 38.420" 4.713* 2791.215" " 24.603 " " 6.254" "

s 8 P>0.05, * {3 P<0.05, * *{{% P<0.01,
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Fig.2 Effects of different treatments onsoil stoichiometry characteristics

&3 SBCMBC 5REEEXNTENUFHEREXMONERFTESTF BEREE
Tab.3 F-value and significance for effects of SBC and MBC interacting with nitrogen fertilizer on soil stoichiometric characteristics by

two-way ANOVA

e SBC-N MBC-N
LD
SBC N SBC * N MBC N MBC * N

C/N 64.408 " * 2.021 ns 0.491 ns 2.629 ns 1.513 ns 0.367 ns

C/P 70.674 % ¢ 2.155 ns 0.768 ns 46.382 %" 2.270 ns 0.200 ns

N/P 22.659 " * 25.968 " * 2.013 ns 217.006 " * 64.482" " 3.201"
AN/TN 37.573 %" 2.635 ns 0.888 ns 18.968 * * 1.488 ns 2.165 ns
AP/TP 628.520 " " 21.572%* 0.566 ns 2721.103 " 77.651" " 12.709 * *

Hins f0E P>0.05, " fR3E P<0.05, " * L& P<0.01,
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Fig.3  Principal component analysis
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Tab.4 PCl and PC2 scores in principal component analysis of

soil nutrients and their stoichiometry under different

treatments
i PC1 PC2
SOC/(g-kg™") -0.135 0.989
TN/(g-kg™!) 0.724 0.526
AN/(mg-kg™") 0.755 0.242
TP/ (g-kg™") 0.973 0.161
AP/ (mg-kg™!) 0.952 0.305
C/N -0.588 0.772
C/P -0.753 0.652
N/P -0.769 0.223
AN/TN -0.521 -0.658
AP/TP 0.949 0.284
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