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Effects of nitrogen fertilizer combined with straw and bio-char on
soil organic nitrogen components in dryland farmland

ZHANG Shihan', WU Jun"?, ZHANG Renzhi"*”*, QI Peng"**, HE Yongyan', GUO Wanli'

(1. College of Resources and Environmental Sciences, Gansu Agricultural University, Lanzhou, Gansu 730070, China;
2. Gansu Provincial Key Laboratory of Arid Land Crop Science, Gansu Agricultural University, Lanzhou, Gansu 730070, China;
3. Gansu Engineering Research Center for Agriculture Water-saving, Lanzhou, Gansu 730070, China)

Abstract: In order to explore the effect of straw and biochar addition on the acidolysis organic nitrogen (N)
components of dry farmland soil on Longzhong Loess Plateau under different N levels, an experiment of straw and
biochar addition under different N levels (9 treatments in total) was conducted in Lijiabao, Anding District, Dingxi
City in 2014. Bremner classification method was used to determine the soil organic N components after harvest in
2018. The results showed that in 0~30 cm soil layer (0~5, 5~10, and 10~30 cm) , the contents of total organic
N, ammoniac N, amino acid N and unknown N decreased with increase in soil depth, and the contents of amino
sugar N increased with the soil depth; compared with the carbon free treatment (CNO, CN 50, and CN100) , bio-
char was added ( BNO, BN50, and BN100) treatments significantly increased the content of total organic N by
10.12%, 9.14% and 7.61% (from top to bottom), 15.02%, 16.25% and 17.19% (from top to bottom) and
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13.31%, 11.84% and 8.74% (from top to bottom) , respectively. Compared with the carbon free treatment (CNO,
CN50, and CN100) , straw addition treatment ( SNO,SN50, and SN100) significantly increased the content of acid
hydrolyzed amino sugar N by 26.46% , 26.51%, 25.78% (from the top to the bottom of the soil layer) , respective-

ly, of which SN100 treatment had the most significant effect; under different treatments, the distribution trend of

various forms of organic N was acid hydrolyzed amino acid N > acid hydrolyzed ammonia N > acidolysis unknown N

> acidolysis amino sugar N. In a word, BN100 treatment had the most significant effect on the increase of acid hy-

drolyzed amino acid N and acid hydrolyzed ammonia N, and then increased the potential of soil N supply. It can be

selected as a reasonable fertilization method for spring wheat cultivation in this area.

Keywords; straw; biochar; nitrogen; dryland farmland; soil acidolysis organic nitrogen; Longzhong Loess Plateau
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Treatments description in the experiment

Table 1

AbFRARA

Treatment code

ECaran

Experimental design

CNO Tehe+E 2% 0 kg - hm™
No carbon+pure nitrogen 0 kg + hm™

Telk+itESE% 50 kg - hm™

CN50 ) 72
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2l 2
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BNO AW 15 t - hm2+JiE4iA 0 kg - hm™2
Biochar 15 t - hm™+ pure nitrogen 0 kg + hm™
BNS0 HEYIFH 15 t - hm 2+ 46 A 50 kg - hm™>
Biochar 15 t -+ hm™+ pure nitrogen 50 kg + hm™>
BN100 TR 15 t - hm 2+ 2% 100 kg « hm™
Biochar 15 t - hm™2+ pure nitrogen 100 kg + hm™
SNO FEFF 4.5 t - hm 2 +Jii4i%( 0 kg - hm™
Straw 4.5 t + hm™+ pure nitrogen 0 kg + hm™
SN50 FEFF 4.5 t - hm 2+ 4% 50 kg + hm™?
’ Straw 4.5 t - hm™+ pure nitrogen 50 kg + hm™>
. FEFF 4.5 t - hm 2+l % 100 kg + hm™
SN100

Straw 4.5 t -+ hm™+ pure nitrogen 100 kg + hm™
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Fig.1  Soil total acid-hydrolyzable nitrogen content under

different nitrogen, straw and biochar treatment
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Table 2 Effects of nitrogen, straw and biochar on soil

total acid-hydrolyzable nitrogen content

K+ +JZ Soil depth/em
Factor 0~5 5~10 10~30
Ji &L Nitrogen 32.94% %% 21.47F%*  3420%**
FEFF Straw 5.58* 5.16* 6.36" "
Y FiAR Biochar 35.84% % 21.32%%* 19717 %F
L s Fk
Fﬁﬂx*”ﬂ 0.02n.s. 0.65n.s. 0.90n.s.
NitrogenXstraw
A ) )
MR U 0.83n.s. 0.92n.s. 0.50n.s.

NitrogenXbiochar
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TR B ER  n.s. FARLE P<0.05 K FIG R ERRE 5+, % *
# o ox Hl s ATEUE A FRSE, T A,

Note: #, * % and * * % indicate significant difference at P<
0.05, P<0.01, and P<0.001, respectively; n.s. indicates no significant
difference at P<0.05. The values represent F-statistic in front of n.s. * |

# % and * % * . The same below.
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Fig.2  Soil acid-hydrolyzable ammoniac nitrogen content
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under different nitrogen, straw and biochar treatment
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Table 3  Effects of nitrogen, straw and biochar on soil

acid-hydrolyzable ammoniac nitrogen content

A +J2 Soil depth/cm
Factor 0~5 5~10 10~30
Jiti & Nitrogen 102.93***  78.90***  88.42***
#AT Straw 31.94***  32.87"**  40.14***
Wi s% Biochar 73.33%**  80.55***  104.71* "
- R% =
AT 0.63n.s. 0.67n.s. 0.60n.5.
NitrogenXstraw
=
B )R 2.55n.s. 3.68° 1.04n.s.

NitrogenXbiochar
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Fig.3  Soil acid-hydrolyzable amino sugar nitrogen content
under different nitrogen, straw and biochar treatment

SN100 Ab ¥ 4 e fift R RS A & | T CNO &b
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FH(CN100 . BN100 ,SN100 4bF i 2418 ) 1) 1 I 152 g
RS RAS B4 55 T NO(CNO,BNO,SNO 4b 3
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Table 4 Effects of nitrogen, straw and biochar on soil

acid-hydrolyzable amino sugar nitrogen content

K +JZ Soil depth/cm
Factor 0~5 5~10 10~30
Jiti% Nitrogen 17.47%*%* 11.43** 1652 *
F&FT Straw 70.80***  51.73***  50.37***
KW FTIR Biochar 38.45% %" 8.19* 13.28**
A= =
F@f‘kx*”ﬂ 0.0In.s. 0.19n.s. 0.35n.s.
NitrogenXstraw
A ;
R EDFRR 0.13ns.  023ns.  0.0lns.
NitrogenXbiochar

420

2 R A L IR S &/(mg + kg )
Acid hydrolyzed amino acid nitrogen

+JZ Soil depth/cm
O CNO O CN50 mCN100 m BNO B BN50
B BNI100 B SNO ESN50 B SN100

B4 AREAKFETHEF. EYFRFMAE L HERE
Fig.4 Soil acid-hydrolyzable amino acid nitrogen content

under different nitrogen, straw and biochar treatment
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2.5 ABRKFETHEF EYRRFMI L IREHE

KANBRIRIF M

ML S vl £ b B IR R R A A =
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MRff AR AER S RILHBIE, £0~5 cm 12,
SN100 4bHi i A% T CNO 4b P 4 398 2 fire oK 0 75 &
S 33.71% ; 7E 5~ 10 em +JZ, SN50, SN100 4k B
IR R A A B AT CNO 4 3 25.84% |
33.50% ;7E 10~30 cm 1 JZ,SNO SN50 ,SN100 4h
THER i R A AT EALT CNO Ab P 17.98% |
25.95% 28.53%,

% 6 Al %0, FEFTFAT 0~30 em 4% 1 2 B 1 3R
FRATNS RS A B E R, A 5 AU 10 ~ 30
em )2 1) - R i AR IS B AN A B I 3 K
S FEFFALEE (SNO,SN50,SN100 Ab B (4 418 ) 7Y +
BEIRAFER NSRS BT R E R (L2
2 F)31.64% 32.75% 27.55% . “EH)IFRALFE( BNO
BN50 ,BN100 ZbFRIAME ) /Y 1 SRR fif AR S A &=
T T ZE A ML EE 10.04%

RS EE BT EMRR T IERR
SEBTES BB
Table 5 Effects of nitrogen, straw and biochar on soil

acid-hydrolyzable amino acid nitrogen content

K F +JZ Soil depth/cm
Factor 0~5 5~10 10~30
it Nitrogen 61.60% "~ 43,12 42447
FEFF Straw 43.90" " 4555 " 23.65" "
H:WFi 7% Biochar 66.89 " * ¢ 37.69" 20.55" "
e R
HER T 0.38ms.  0.09ms.  0.02n.s.
NitrogenXstraw
. ,
MR EYIF 3.33n.s. 0.71n.s. 0.61n.s.

NitrogenXbiochar
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Fig.5 Soil acid-hydrolyzable unidentified nitrogen content

B BN50
BSN100

under different nitrogen, straw and biochar treatment
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24.20% ~31.65% ; IR itk S FE R A A/ TR fff AT LA
FElR136.77% ~ 44.52% ; R fift 2 FENE 5 A/ TR fitt S A AL
EILFEN 6.43% ~ 13.22% ; TR fift K S R/ BR it A
HLATEH O 15.07% ~29.44% , % Kb BT R fifk 25
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FHE 7 AT, AL BN 2R (STN) &l
BE L2 IR SR REAE S, & LR HIESA S =Y
2L BN100 4bPHf% =, CNO A BREZ I ; 7£ 0~ 5 em +
JZ,CN100,BNO ,BN50 ,BN100 ,SN50 ,SN100 4b 3 +
ARG EET CNO AP 12.21% 8.48% .16.11% |
21.35% 11.18% 15.64% ; 7£ 5~10 cm +JZ,CN100 .,
BNO .BN50 ,BN100 ,SN50 SN100 &b 34 + 3 4 & & =
=T CNO 4 PR 16.07% . 8.44% . 16.07% . 20.79% .
10.76% 17.06% ; 7t 10 ~ 30 em + 2, CN50, CN100 .,
BN50 .BN100,SN50,SN100 #b ¥ +- A & &5 T
CNO 4b 4 7.58% . 12.54% . 14.69% . 18.94% .10.95%
16.44% ,

H % 7 vl J R RS AR B R A6 0~ 30
em % F R AT A B EFER, N100 ik B
(CN100,BN100 ,SN100 4b B AY(E ) iy 3R &
H# 5T NO(CNO .BNO SN0 b H 9 5{E) (+ 2 H F
BF)12.43% ,13.86% . 13.37%, s A FF 4k 2
(SNO,SN50 ,SN100 ZbH g HH ) i)+ IR &
TTIRZ A IMALFE( CNO ,CN50 ,CN100 ZbFRAGHIE )
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Table 6 Effects of nitrogen, straw, and biochar on soil acid

hydrolyzable unidentified nitrogen content

K+ + )2 Soil depth/cm
Factor 0~5 5~10 10~30
Jifi %L Nitrogen 1.82n.s. 1.39n.s. 1.13n.s.
FEFF Straw 15.23** 19.24% % 31.33***
H W5 B¢ Biochar 0.91n.s. 0.77n.s. 5.59 =
ot R
HLRRFT 0.30ns.  0.60ns.  0.28n.s.
NitrogenXstraw
it 1 ) 5 )
TR EP TR 0.18n.s.  0.09ms.  0.29n.s.

NitrogenXbiochar
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Fig.6 Distribution of soil organic nitrogen components under different nitrogen, straw and biochar treatments

.
=)

a

[ )
S

=3
S

0.80

I- 4 4= % Soil total nitrogen/(g * kg )

o
=N
=

0~5

I )2 Soil depth/cm
O CNO o CN50 mCN100 m BNO @ BN50
@BN100 B SNO  ESN50 BSN100
B7 AERKFETHF EYRRRMIT L E
SREEOTM

Fig.7 Effect of different straw and biochar on soil total
nitrogen content under different nitrogen levels
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CN100,BNO,BN50 , BN100 ,SNO, SN50 , SN100 4b 3§
+HEH PR A& ST CNO AL #E5.22% . 6. 05% .
21.87% 24.24% 25.31% 8.27% 12.46% .12.80% ; {E
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SNO,SN50,SN100 Ab ¥ + e AL % = T CNO 4b
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Table 7  Effects of nitrogen, straw and biochar

on soil total nitrogen content

+J2 Soil depth/mm

Kl Fact
B Factor 0-~5 5-10 10~30
JiE% Nitrogen 19.98***  20.17***  3021***
TEFF Straw 7.37% 517" 954" *
H M # Biochar 3450 23.96* " 18.70" *
b E
ﬁfﬁ%ﬁl}@nﬂ: 0.04n.s. 0.62n.s. 0.17n.s.
NitrogenXstraw
Py
M A D 0.38n.s. 0.86n.s. 0.60n.s.
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Fig.8 Effect of different straw and biochar on soil organic

matter content under different nitrogen levels
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Table 8 Effects of nitrogen, straw and biochar on

soil organic matter content

K+ +JZ Soil depth/em
Factor 0~5 5~10 10~30
Jifi% Nitrogen 3.60n.s. 6.88 " 1.23n.s.
FEFF Straw 102.70* * % 41.86*** 1.87n.s.
Y FiAR Biochar 391.03***  416.05"** 207.24"**
o
.ﬁﬁﬂx*”ﬁ 0.01n.s. 0.03n.s. 4.80 =
NitrogenXstraw
S >
MR LR 0.22n.s. 0.10n.s. 1.91n.s.

NitrogenXbiochar
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