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Abstract: [ Objectives ] This paper focused on sustaining high use of nitrogen (N) and improving soil fertility
by applying different N forms in Northeast China. [ Methods ] A 3-year field experiment was conducted in
Heilongjiang Province, China during 2013 to 2015. Under the same rates of P and K input, four treatments were
designed: 1) only 50% maize straw (NO); 2) 100% chemical N fertilizer (N 165 kg/hm?, N1); 3) 80% chemical N
fertilizer (60% fast released and 20% slow released N) + 20% organic N fertilizer, as N 165 kg/hm’ (N2); and 4)
N2 + biochar, with the same amount as 50% maize straw (N3). The plant and soil samples (0-20 cm depth)
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were collected at the harvest, the related items were analyzed using regular methods. N,O emission was
analyzed after the basic and topdressing fertilization. [ Results ] Compared with the N0, the average yields of the
N1, N2 and N3 from 2013 to 2015 were significantly increased by 62.7%, 67.7% and 80.1% (P < 0.05),
respectively. The average maize yield of three years in the N1 was 10421 kg/hm’ which was 3.0% and 10.7%
lower than those of the N2 and N3, respectively. The sustainable yield index (SY/) in the N3 was higher than those
in other treatments. Compared with N1, the cumulative chemical N use efficiencies of the N2 and N3 were
increased by 8.4% and 12.7% in 2013, by 10.2% and 15.5% in 2014, and significantly increased by 8.4% and
12.7% in 2015 (P < 0.05). The cumulative chemical N use efficiencies of the N2 and N3 showed increasing trend
year after year and the increase in the N3 was bigger than in the N2. The single application of fast release N
fertilizer resulted in greater soil N,O emission. Soil N,O emission in the N3 was significantly decreased by 53.2%
compared to the N1 (P < 0.05). The integrated fertility indexes (/FI) in the N3 was higher than those in other treatments.

[ Conclusions ] The optimum N managements can be coordinated to achieve high maize yield and high N use

efficiency in Northeast China by regulating the amount of N fertilizer with adding biochar and substituting

chemical fertilizer N with organic fertilizer N and slow release N.
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Table 1 Amounts of fertilzers applied in the treatments

A HUALFH = Organic fertilization

S E ALAE I Chemical fertilization B
Treatment N P,0, KO N P,0, K.,O Biochar input
NO 0 60 75 0 0 0 0
N1 165 60 75 0 0 0 0
N2 132 5 60 33 55 15 0
N3 132 5 60 33 55 15 2000
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Fig. 1 Effect of different N fertilizer treatments on
maize yields
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Table 2 Cumulative chemical N uptakes and use
efficiencies of maize under different treatments

Gy A R (kg/hm?) AR (kg/hm?) R (%)
Year Treatment Uptake Input NUE
2013 NO 120.0 b 0
NI 193.6a 165 45.0a
N2 184.4a 132 48.8a
N3 186.9a 132 50.7a
2014 NO 200.7 b 0
N1 349.5a 330 45.1a
N2 3319a 264 49.7 a
N3 3383 a 264 52.1a
2015 NO 246.0 ¢ 0
N1 461.8a 495 436¢
N2 443.8b 396 50.0b
N3 460.2 a 396 54.1a

TE (Note ) : HUEE ARG F-RE3R 7R AL HIA] 22 535 W& K
S (P < 0.05) Values followed by different lowercase letters mean
significant difference at 5% level among different treatments.
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o 71 F 61 png/(m?-h), i N3 AbBRHEHGE #{h
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N2 1 N3 4b 2 N,O ZRRHE = 7 IREAK T 4.6% i
55.8%, Horft N3 AbHH2E Sk W EKF (P <0.05), B
JEJG —JE N N,O 1y SRFRHE R B JE Fl #F 9.2~68.8
g/hm?, #5403 N,O SRRt = 2UIAK Y N1 >
N2>N3>N0, 5 N1 4, N2 F1 N3 4 N,0
SRR HE A 2 0 W AR T 54.5% F170.0% (P <
0.05), FR2AF WM N0 HEil S FI7E 420.3~
1397.0 g/hm?, H = MRS N2 > N1 > N3 > NO,
N3 AbFE N,O HEBCS AR H N1 AT N2 AbFE 430 i 5%
T 53.2% Fi1 56.7% (P < 0.05).
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T 5.2%. 5.2% Fl 11.6% (P < 0.05), Jifi &4k B [a]
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Fig. 2 Effect of different N fertilizer treatments on N,O emission flux of spring maize field
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%3 TERIERHEEG 7 KRR EREMNE FHRE N0 HEE (g/hm?)

Table 3 Cumulative N,O emissions in 7 days after fertilization and during the whole growing stage

of maize under different treatments

BAESS —JH
7 days after top dressing

AT IR

Total growing period

Jb3 FELE—H
Treatment 7 days after basal application
NO 193+17.1b
N1 459+ 1.7a
N2 438+38a
N3 203+1.5b

92+220¢ 4203 +101.8¢
68.8+9.5a 1292.0 £254.1 a
299+34b 1397.0£624.1 a
20.7+143b 604.3+79.7b

# (Note) : DL EBUES N FIE £ frifEiR2E, BUEE ARR/NG FRE R AL PR 22 5255 2. 25 7K F- (P < 0.05) Values are means + standard

error. Values followed by different lowercase letters mean significant difference at 5% level among treatments.
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Fig. 3 IFI under different N fertilizer treatments (Nemoro
index method)

[IE (Note) : Jrkk EA[A R\ IR AL PHIH) 22 52 .35 (P < 0.05)
Different letters above the bars mean significant difference among

different treatments (P < 0.05).]
R4 2013~2015 FAE AL IELEESITMN
:0PSIEYS S35
Table 4 Correlation degrees and rank of comprehensive
evaluation of different fertilizer treatments in 2013-2015

Ay Ab B PSS

Years Treatment Correlation rank

FRHRBE

Correlation degree

2013 N1 0.7533 3
N2 0.8618 1
N3 0.8535 2
2014 NI 0.8433 3
N2 0.8443 2
N3 0.9981 1
2015 NI 0.7752 3
N2 0.7886 2
N3 0.9480 1

P8R AR RN A AT T 255 O W P e A
N3 AR5 N2 AR BESCHREEARIT, N1 AR B SCHE { fr

/N 2014 4E N1, N2 HI N3 b3 Rt 50 5 43 51
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N AR g 2 R IR B R 25 A VT v A
P, N2 Al N1 ARBEOCHREEAHIT . 2015 AFLZRG P 45
JON N3 >N2> NI, P8 N3 AbFE 7R R 2 AR A0 Al
I H ZE A T R

3 e
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R KM, ARIEARERBOE (N2 F1 N3 4b3), 1E
Yov ¥ s HOt A I & (N1 AR 3R 4 2 T
3.0% F110.7%, HJEHFATEER: 1) ZRIEES T
Ky A AR R AR R ARG, 2014 4F N2 Ab R
AR IS 0 11.0% 1 2.4%, N3 KbHL4: 534 i1
T 12.9% 1 3.6%", 31X 515 % T G AT ST 45 AR
ho 2) % & A HLAL N A= Py 7% 3k B8 5 25 Bk A AL
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2014 4 N2 Al N3 Ab 3 IR Wit A5l e N1 Ab
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FRIEAN 12.5% F1 18.9% . 0.7% F1 6.7%", A F|F+
BRI RN, TR S T AR A HSE. 5
G, WEFTAERAE KL, N3 AbFREE N2 4bH oK = B
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Jite FH X6 4 H -3 NLO (R HE A B 4 £ 1k 4 e,
BAEAO AR 7= rh R AR 1k B R A 25 14 N,O HE
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