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Effect of different fertilization management on nitrogen loss in black soils in Northeast China

YAN Li, WANG Yin, FENG Guo—zhong, DU Xiao—qing, LIU Shuo—-ran, CAO Meng-ying, GAO Qiang”

(Key Laboratory of Sustainable Utilization of Soil Resources in the Commodity Grain Bases, College of Resource & Environmental Science in
Jilin Agricultural University, Changchun 130118, China)

Abstract: In this research, the effect of different fertilization (urea, straw returning and controlled release fertilizer) in a one—time applica—
tion on ammonia volatilization, nitrogen loss by runoff and leaching, and nitrogen residue on black soils was studied by soil box simulation
method in order to know the nitrogen loss effect on environment and nitrogen use efficiency of different fertilization management. The results
showed that ammonia volatilization accumulation amount of farmer conventional fertilization, straw returning fertilizer and controlled release
fertilizer were 26.1 kg N-hm™, 24.2 kg N-hm™ and 23.9 kg N-hm™, the fertilizer loss rate was 10.9%, 10.1% and 10.0%, respectively; ni—
trogen loss by runoff and leaching was accounted for 1.4%,1.5% and 0.9% of nitrogen application rate, in which the nitrogen loss by runoff
was the main form. Inorganic nitrogen residue in 0~50 cm soil layer of farmer conventional fertilization, straw returning fertilizer and con—
trolled release fertilizer were 42.2 kg N+hm=, 42.3 kg N-hm™ and 54.6 kg N-hm™, respectively. Straw returning could reduce the nitrogen
residue on soils, as well as maintaining yield and increasing nitrogen utilization efficiency; controlled release fertilization should decrease the
nitrogen rate in less rainfall year due to higher risk of nitrate accumulation in soils.

Keywords: black soils; straw returning; controlled release fertilizer; nitrogen loss

%5 H #7:2016-03-28

ESTE : EZRH SR H (2013BAC09BO1 ) 5 2> g5 #EA Tk (el ) % 151 (201103003 ) 5 FE R A4 Bk AF 151 H (201610193013)
EEREN B F1(1980—), %, AN P, IO IR B BIAURAIZE . E-mail : yanli02002@hotmail.com

*BIE{EE . 9 E-mail: gaoginglunwen@163.com



15,5 R IRIE AT I AR 2B R R AR 1817

Eﬂﬁm%l’w—igﬂﬁ*ﬂﬁfﬁ% FlRE K HE A
T AR T 2 Z I ENEY i T iAol &
Bt B AR AP, NE R R A T 8 3% 20 2 AR 3R
7J< H R K B A B R EOR E SUARHE I i KA

B LIPS A R, 5 LT KL,
.JHS o T RR ARG A X Kt AT o 2 U % B XT
T F KA AT R R e EAA BB

H A4 H AR 5T, 2 e R EK
P B A FH A5 2R AN [7] it S it %o 0408 2 v
— TR K BRI R 52 . 40 NLO HE
TR N PR 453 2 Bt 5 it 2 et R 280284 P 38 om0 2 B
B E TR F NH; $5 BE5 fta 280 5 hn i B¢
BT, AHZEG R AL X F K A R R RRE AN
[t M A B0 SR458 2R 52 Wi B X AR X 30 o HE T
S U R R 5 R IR = AR Rl Bl de
VERE A S A BOR AT T IR 75 e i Bl 425 {H
IS AR T A M 3 Bl v e e A TS i/ T
55 e T8 AR VA B AT 5 e AR AR RS B ok
A EE AL, RIS FH AR AE AR 2 i HE A it FH A
fEE

VA R ot 5 T | 118y N s L Dl U N 71
A FOKPR T AR B AR S A E S B B
FAEBIKE R 1.34 4500, TR 8 A FORFIE 2 A kb
XA i FEL %2 5C 1 — 43, e SR o F

Jiv S SR T PRSP A ﬁ&%lﬁ_T}\ﬂ‘]E’HéZ}: HAAH
SRt A Xk 2 e KA 8 SR I R i A — LE AT

FEN B R AR R AR R e LR A &, T
ARy N Z WA SRS, B X I SR A A5

TARIE R T IR ORI X 38 Rk M R R LR G
WFSEARXT D AR SCR A AR I A T 544F

R =i e kR

Et '
Ohhgiﬂu _%u 1k

D7 AN [7) it HE A B (oA IR AT B IES A T 3 P i A A
REAE )X J - TR & 4 KRR AR TR IR B 2k S A
TR R R BRI, AR S B i i X 2R L
o XA IR HEAR MRS A

RS

1.1 X3 Hhif o5

R T 2014 48 4—10 AFERKF g ] Xk
Ml R 2GR 5 PR 2 BE i B Hb (43°48'N, 125°24'E)
TEIR  FA G TR, . b Tty FBti o 2 A A
X, AR FR i 570.3 mm, AEYREK H 98.7 d, EEA4EH
1E4—9 H , R A AR 4 DL FORFIA N 3.
LA PUTCN 29.57 g kg™, BR L EHE S5
1.68.0.62.21.2 g-kg™, Bl it 20 A Al R ALA 43 31 g
157.1.43.2.283.2 mg-kg™,0~50 em 1 2B A A
Ao milh 14.2.24.6 kg-hm2,pH 6.63., RIS
5 ZAF I B A R S e T HE50HR A L Ah AR T R
FAE AL A i, 2014 4F SUREFR 38 431.6 mm,
T AR, LT 25 T AR AR TR &% 4 W
DA ) S R I I e SR A 1.
1.2 X Iigit

IR R FH AR A, AR 9 R
A2 1.0.4.0.6 m (%) PVC HAr il , T s s g e+
YeRg Sy 50 76 LR TR E — 98 04 m 5 0.1 m
() IR, (AR TR S AR R Rl A T R E AR AR
W, ShB RN K B AN TSR
FEFISCAE AR 55 , AR IO B i MEmf b . i
PURSHEBSL, £ TR E T 20 M HAE R
0.5 em MBI , LAORIERERTIE 00 T /K 7E - v i 2
BEMEER, PSS RN E RS

'\540

7V ?’# [
*:-_?_m*’am " .
"L ™ 2 Z
Mg"* !.*fg;_

-‘.

L .::...i u hii Lu.:ih:i.é -20

04-23 05-09 05-25 06-10 06-26 07 12 07 28 08-13 08-29 09-14 09-30

1 ﬁﬁﬂﬁﬂéﬁl‘%ﬁﬁs&mﬁiﬂé(mm F£4HA2B—10A1RH)
Figure 1 Rainfall and temperature map in experiment station(23rd Apr. 2014—1st Oct. 2014 )



1818

RAIMERF 2R EIRRE T R

WAL EE R o HFEMIRIE X R FH 42 IR 0~30 cm
1 30~50 em WIIRFEIUFARUIEA T, 8 3 4
A2 A ARTTRE B R R A

PRV EY) Ry BRI EA 048, F 2014 4F 4 H 26 H
JERE,5 H 1 H#EF, 10 A 1 Hsok R84 4 44k
B A3 B ASHEAE (CK) A& RSB AE (F) RS FHIE H
JEHE (RO FHABEAE (C) K CK A3 B0 5 R4 133
e (E, ADGHEER AR . A B 3 Ik
52, IRV 75 000 B -hm?, £ AbHS— K Pt
JE, B EAE 0L 1, F4FFE H &4 3000 kg-hm™,
ST AR B, S AR RS AL BRAR R AR IR 37 43
B, AN MR LA ER RN T, BT FBEAE
BRI — U4 , AT O A, AR IR T ORI AT 38 HH R
PR 2, BRI R B IR &
1.3 HRARESMK
1.3.1 2R E

GV SR A A AR, R 20 o A b
Tl NAE 8 em 5 12 em P TIIRE E  H H H
FER 2 em, EARHN 10 em FUTRLRINATIZLL S mL AR
PR T I 7 W (50 mL @R N 40 mL N =%, E A &
1000 mL), & FH A, FI2W IR S em, TR
WA 3R e R R, 2R A A, T B
1EANRA ARG Y, o AR 24 O R AR B LAl
BA LHEHCE 4 DYRHE 5 2 d FFIREURE IS T )2
LRI | 57 BIVECARE S48 TR % 5, (W] ERRE i 4 1
LR SERVE o B B 4Ry [l S0 =
AR 500 mL BB, 7 300 mL 1 mol+ L [ KCI
W, AR e R A TR 1 h, D iR R A
BRGE. PERBHSATIREL,3~7 d Hi—. K
B — R R —IR, 56 2~3 A 3 d BUE—IRk, Z
JEHERF] 7~10 d, ELH| WIS 235 K& M1k .
1.3.2 Rk

2014 4F 4 H 26 HE 10 H 1 HWZERPEA £ K
AR AT AR B P2 IS, 7 RIS A 04

KL TR L RARIER AR KRR, SR T i R
PR A 2R M6 BE I B (TN, KRR BRI
— 87 B, An SR AN REIN A 4, TR R A R I oK R
TRAE,5 d NIESE5E .
1.3.3 IR AN E

FER AT FORWOR S , FERA DA R 2
(0~30 em) J2 W32 J2(30~50 em) % 4 SRFE 5 W HE
it il A BGTR A RE I U 3k Bt 50 g, 3 2 mm B AR
FET =20 CokAH, MERTHC 10 g A 250 mL /) —
I, A 1 mol - L™ %) KCI % 100 mL, $& K 3z
¥% 60 min Ji5 1 38 3% S2 37 3 2 #7712 (Skalar, Nether—
land ) - 8 AR R MRS S A S i . FEFhATAY 1%
SRS AS A SR Z AP ASR 8 WOk 5 1 4%
B RS R S EZ NIGR G RS
1.3.4 FOK™ i S R il

WCIIIE Al 3 Rk K, 20 Ry ZE I KRR T
a7 BETRRE SR 5 R 53 R 4 3R HS0,-HL0,
A TIHAR IO R e I B R . A
K 14% 5 7K FORAFRL ™ 1, VEP R A E T
7R o R ZE I SR 2
1.4 H|IHES LR

YRR  NH=N(kg+hm2+d™")=M/(AxD)x107
A M OB B RS 1) 24 i (NH3-N ) ,mg ;A
SRR AR R AR AR, m?s D kg A VR A A 1
] ,d,

FREI R B FRBEA AT A RS

SNH,-N=3C;xd
Ao C o RN E A 25 R s d RS © ol
At 2L AR PR ], d o

T IERIREA Nuia =Ny +Nyo:
T s Ny ISR 6 s Ny, i IS A

A= E 1 A 3 R R v A = ANt RN DX AVE P R
i+ A il ANE X 8RB N~ A EIE X 1 58 iR
Nl

x 1 AELEREHAZE(kg-hm?)

Table 1 Fertilizer rate of different treatments(kg+hm™)

kb3 Treatment iR Description FEHE (4l )Basal fertilizer(N) FEFF Straw BA TN B TP B TK
CK AT 0 0 0 0 0
F A 2T 1 240 0 240 100 100
FEFFE H 215.4 3000 240 100 100
C R 240 240 100 100

T FEFFRBE R O i N 0.82%,P,05 0.39%, K0 1.26%,
Note;Straw: N 0.82%,P,05 0.39%,K,0 1.26%.
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Table 2 Yield, N uptake and N use efficiency of different treatment

Jb3 FPRLP= i YEMI RUEFI 2 NUE
Treatment Yield/kg-hm™ N uptake/kg-hm™ N utilization efficiency/%
CK 6430+536b 51.8+1.7b —
F 8987+224a 127.7+6.1a 31.6
9281+403a 125.9+4.5a 344
C 9598+317a 133.315.5a 34.0

1 RPAFIFERRACFH R 22 5 1 2 (P<0.05) . T,
Note : different lowercase letters indicate significant differences ( P<

0.05 )among different treatments. The same below.
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Figure 2 NHj rate of different treatment

R 3 AEMEIEALERT TIER % BRI (kg hm™)
Table 3 Effect of different treatment on soil N residue(kg+hm)

0~30 c¢m 30~50 ¢m 0~50 cm 0~50 c¢m
AbFH Treatment
NH; NO; NH; NO; NH; NO; Nain
CK 5.70£0.43b 4.24+2.44h 6.08+0.33ab 1.79+1.68c 11.78+0.74b 6.03+2.26¢ 17.82£2.93¢
F 7.41£1.00ab 18.23£5.19a 5.70+0.55b 10.86+3.45b 13.11£1.43ab 29.09+5.36b 42.20+6.23b
8.43+2.44a 14.70+7.65a 6.46+0.45a 12.72+1.37b 14.88+2.85a 27.42+7.28b 42.31+7.70b
C 8.61x0.44a 20.26+1.28a 6.17+0.47ab 19.53+0.56a 14.78+0.71a 39.78+1.78a 54.56+2.45a
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Table 4 N appearance loss of different treatment

ki A Input/kg N +hm™

ki H4 Output/kg N +hm™

R Wbt VIEERE A WA AR A% o
N rate Initial N, Mineralization N uptake N Residue Appearance nitrogen loss
CK 0 38.8 30.8 51.8b 17.8¢ Oc —
F 240 38.8 30.8 127.7a 42.2b 139.7a 58.2a
240 38.8 30.8 125.9a 42.3b 141.4a 58.9a
C 240 38.8 30.8 133.3a 54.6a 121.7b 50.7b
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