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Table 1 Content and comparison of TKN and TCN in five typical crop residues
PLIRA KA
N TKN /(g-kg") TCN/(g kg™
" Bt g-kg (g-kg™)
Sample Hft+ v Bl . . o B -
Types quantity ool PN eriy e BUEIEE pusruis BEREER st o fir 2 BUEERE pusy i
) ) IQR - IQR
Mean + SD Median + MAD Range Q Mean £ SD Median+ MAD Range Q
IKFEREFE
. 134 8.37 £2.00Abc 8.20 + 1.42Abc 4.24 ~13.24 2.82 8.78 £ 1.95Ab  8.59 + 1.45Ab 493 ~13.18 3.14
Rice straw
INZERERT
526 5.82+1.76Aa  5.66+1.07Aa 1.81~11.19 2.19 6.39+1.85Ba  6.17+1.17Ba 2.66 ~11.54 2.45
Wheat straw
FARFEFT
342 8.84 £2.23Ac 8.82+ 1.59Ac  3.23~13.77 3.18 10.06 £2.50Bc  10.10+1.91Bc  3.90 ~ 16.60 3.81
Corn stover
RS
72 7.72 £2.60Ab  7.10+1.87Ab  3.68 ~ 13.41 3.89 8.93 +3.00Bb 8.50 £2.45Bb 3.26 ~15.38 4.69
Rape stalk
-+ LT
FRAEHSH 105 10.43 £2.03Ad 1042+ 1.45Ad 4.55~15.83 2.63 11.64 +£2.23Bd  11.75+1.48Bd  4.50 ~ 15.92 2.93
Cotton stalk
AT R
%f_:‘lﬁg 1179 7.51 +£2.58A 7.12+ 1.87A 1.81~15.83 3.76 8.35+2.88B 8.00+2.13B 2.66 ~16.60 4.40
ota

[E: MAD: Zaxfdifi2s, 1QR: MUAMIRE; A, BAUKRE —FERMEYRFT MM AR M ERLEL (P<0.05), ab,c,d e URAFMZERREY
FEFF IR 22 5 @ % ¥ (P <0.05); “Mean + SD” R Jf] Student’ s £ Fil Games ~ Howell Jy ¥ #F 17 %0 2 i) 3% Pk 2 5 FRS FF i) 22 60 LA 00 8 1
“Median = MAD” %] Mann - Whitney U #l Kruskal - Wallis J7 ¥ 317 20 2 [0) 0 9 HG A0 FIRS AT 18] 20 1 L5 1) (B 350k

Note: SD: standard deviation, MAD median absolute deviation, IQR: interquartile range;* ® represents the significant difference between two kinds of
nitrogen content in the same crop residues (P < 0.05). a, b, ¢, d, e represents the significant difference between different types of crop residues (P < 0.05).
“Mean = SD” used Student’ s ¢ test and Games - Howell test to compare the significant difference between two kinds of nitrogen content, and the multiple
comparison between different types of crop residues. “Median + MAD” used Mann - Whitney U test and Kruskal - Wallis test to compare the significant

difference between two kinds of nitrogen content, and the multiple comparison between different types of crop residues.
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Table 2 Linear fitting results of TKN and TCN contents in crop residues

T OLS 1 Orth, LMS Jrf45 5 ol T AR AR 5% 1 3 =1 11
X3, 1 OLS U [a] AH X A 7S st A 6T #5815 1) b 7 I 45
Orth /it T & Z 0], FEAR M, RUI L
TEIZ DX S HE SR sy, 7 5 e ok 4 DXl ) 00 5 205 SR 27 3
SEE ARSI N PR A OCR F LMS % TRN A

TCN BEATASE R R T

oA

P& Types 4 )7 Fitting methods A 45 Fitting results R
i e/ 9% OLS TKN = 0.91TCN + 0.42 0.78
IKFEFEFT Rice straw 1EZ [EH Orth TKN = 0.96TCN - 0.02 0.78
/NP B3 LMS TKN = 0.96TCN + 0.54 0.78
Wi fe/N 3 OLS TKN = 0.86TCN + 0.35 0.81
INAZFEFT Wheat straw 1EAZ[AH Orth TKN = 0.89TCN + 0.13 0.81
/N IR 3k LMS TKN = 0.98TCN - 0.50 0.81
e e/ 3 OLS TKN = 0.72TCN + 1.64 0.65
EKFEFF Corn stover 1EAZ B Orth TKN = 0.77TCN + 1.13 0.65
S/ ik 3k LMS TKN = 0.79TCN + 0.98 0.65
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Table 3 Linear regression results and comparison of total nitrogen content values determined by Kjeldahl method and combustion method
(TKN and TCN) in different materials

e PR LA LR : FERFIE
Sample S R
References quantity Fitting results Sample types
35] 433 TKN = 0.94 x TCN + 0.60 0.99 Jk%ﬁmﬁﬁﬁﬂ.ﬁ%l@ﬂﬂ(ﬁﬁﬁﬂ.ﬁfﬁ%ﬁ7mmﬂ7mﬁﬁﬂ.%%E%ﬂ%%‘iﬂ
[19] 60 TKN =0.86 x TCN + 0.15 0.98 2 Nt
[25] 397 TKN = 0.90 x TCN + 0.90 0.93 WL B AR ) AR B B
[20] 134 TKN =0.68 x TCN + 3.30 070  JTFLEDR ’Aﬁ:*ﬂ’ﬁm’Hﬁgfﬁg%ﬁﬁﬁ%ﬁ%;ﬁ’ﬁg’ﬁﬁi*’grﬁm’Eﬁ
(32] TKN =0.78 x TCN + 1.15 0.86 il nt
TKN = 0.87 x TCN - 0.38 0.96 Ll S
SRR AL E A, TR, TR, ORIk N AR i, A
89 TKN = 0.97 x TCN - 1.30 0.96 WRMEE T IR G R, SR IR, 15, S 2 iRk
PR P ok 1A% ) 21 4
o1 37 TKN = 0.87 x TCN + 1.43 0.93 S Fe e A A ,aiﬂﬁﬂf,iﬂé*iigk@wjiﬂﬁ,d\i,E%.%;ﬁh,bﬁ%%,jﬁ
6 TKN =1.74 x TCN - 1.74 0.64 R MR A 2T Yt
12 TKN = 1.02 x TCN - 0.76 1.00 Tk NEFNR AR A
34 TKN = 1.07 x TCN - 5.96 0.95 5 R RN E
TKN = 0.92 x TCN + 5.83 0.99 H%,Hﬁﬁé&ﬂﬁﬁﬂi,%@%Jr?iiﬁfzf_{iﬁi* HRR TR, B 2R S0,
H—, L
(171 TKN = 0.94 x TCN + 3.19 0.72 Tk MPRRSRAT, ACB  5 E AT A S BER  A TIE, EE
- TKN = 0.86 x TCN + 32.82 0.97 Ky, IR , EOR1, BRATFAT , 536 S8 A4tk
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Analysis of the total nitrogen content of crop residues determined by
using Kjeldahl and Dumas methods

Wang Xinlei, Yuan Xiangru, Zhang Xiaoxiao, Xie Ruyue, Xiao Weihua, Han Lujia*
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: The Kjeldahl and combustion (Dumas) methods are the main methods used to determine total nitrogen (TKN and
TCN) content in agriculture biomass. However, the results obtained using these methods differ because of differences in their
underlying principles. Herein, we used these two methods to determine the total nitrogen content in 1 179 crop residues (rice
straw, wheat straw, corn stover, rape stalk, cotton stalk) from China, and systematically analyzed and compared in total
nitrogen content and their distributions in the collected crop residues by different types with these two methods. Seven
common distributions (Normal, Lognormal, Gamma, Weibull, Exponential, Laplace, Lorentz) were used to determine the data
distribution types of TKN and TCN in different crop residues. The correlation between the two methods was explored using
ordinary least squares regression (OLS), orthogonal regression (Orth), and least median square regression (LMS). Finally, the
research reviewed the correlation between different biomass (food, flowers, grass, soil, crop, crop residues, sewage sludge and
animal manure, etc.) results of two methods for measuring nitrogen content. The results showed: The distributions of nitrogen
content were non-normal distributions in different crop residues. The total TKN and TCN contents were the same distributions
in rice straw, wheat straw, rape stalk and total crop residues which approximately followed Lognormal, Gamma, Lognormal
and Lognormal respectively. The median method was recommended for data statistics, and results from low to high were:
1) TKN: wheat straw (5.66 = 1.07 g/kg), rape stalk (7.10 = 1.87 g/kg), rice straw (8.20 £ 1.42 g/kg), corn stover (8.82 +
2.23 g/kg), cotton stalk (10.42 + 1.45 g/kg); 2) TCN: wheat straw (6.17 + 1.17 g/kg), rape stalk (8.50 + 2.45 g/kg), rice straw
(8.59 = 1.45 g/kg), corn stover (10.10 £ 1.91 g/kg), cotton stalk (11.75 + 1.48 g/kg). It was found that TKN was significantly
lower than TCN in all types of crop residues (P < 0.05). TKN and TCN values were also significantly different among wheat
straw, cotton stalk and other crop residues (P < 0.05). Although the fitting efficiencies of OLS, Orth and LMS were the same
on the determination coefficient (R?) scale, the fitting results were different. LMS was recommended because it reduced the
effect of outliers compared with three methods, observed from kernel density - scatter plots. Five types of crop residues and
the total had different fitting result between TKN and TCN. The correlation between TKN and TCN for total crop residues was
quantified as the LMS equation. In addition, there was a gap of the linear relationships between TKN and TCN in different
types of biomass. The slope of plant biomass was generally lower than that of animal manure, whose potential reason was
different forms and contents of nitrogen in different biomass (ammonium nitrogen, nitrate nitrogen, nitrite nitrogen,
heterocyclic nitrogen, and nucleic acid nitrogen, etc.). The results may provide extensive and reliable data for reference from
large sample size, and methods support for the scientific utilization of nitrogen in crop residues.

Keywords: straw; nitrogen; models; Kjeldahl method; combustion (Dumas) method; distribution analysis; median; linear
correlation



