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Abstract:[ Objective)] The effects of long-term different fertilizations on soil physical and chemical

characteristics, wheat yield and N, O emission were investigated to provide basis for reducing emission from
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farmland soil by reasonable fertilization. [Method) From 2016 to 2018, based on the long-term fertilizer ex-
periment of winter wheat/summer fallow system started in 1990 as “National Monitoring Base of Soil Fer-
tility and Fertilizer Efficiency on Loess Soil” in Yangling,Shaanxi,different treatments including farmland
without fertilization (CK),N fertilizer (N),N and K fertilizer (NK),P and K fertilizer (PK),N and P fer-
tilizer (NP) ,as well as N,P and K fertilizer (NPK) were selected. The physicochemical properties of soil
samples, N, O emission characteristics and wheat yield of different treatments were measured,and the rela-
tionship between total N, O emission and soil physicochemical properties was analyzed by redundancy anal-
ysis (RDA). [Result] The effects of different treatments on soil physical and chemical properties were dif-
ferent. Soil organic carbon, total nitrogen,inorganic nitrogen (ammonium nitrogen and nitrate nitrogen) ,
microbial biomass carbon (MBC) and microbial biomass nitrogen (MBN) contents in NP and NPK treat-
ments were significantly higher than that in other treatments. Soil pH in treatments decreased significant-
ly. Total N; O emissions from different treatments during 2016 —2017 and 2017 — 2018 were 0. 48— 1. 31
and 0. 41— 1. 18 kg/hm?*, respectively. The total N, O emissions of nitrogen fertilization treatments (NK,
NP and NPK) were significantly higher than that of CK. The average soil N, O emissions were in the order
of NPK>NPK>NK>N>PK>CK. Among all nitrogen fertilization treatments,the NPK treatment had
the highest average N, O emission factor of 0. 59% ,and it was significantly higher than that of other treat-
ments. In 2016 — 2017 and 2017 — 2018, the wheat yields of all fertilization treatments were significantly
higher than that of CK with the highest in NP and NPK treatments. N treatment had the highest yiled-
scaled N, O emission and it was significantly higher than other treatments. CK,NK and NPK were lower
without significant difference. NP and PK treatments were the lowest without significant difference. RDA
analysis showed that the correlation coefficient between soil N, O emission and soil physical and chemical
properties was in the order of TN>NQO, -N>SOC>NH, "-N>MBN > MBC. [Conclusion) For rain-fed
farmland in Lou soil area,long-term combined application of nitrogen and phosphorus (NP) or combined
application of nitrogen, phosphorus and potassium (NPK) can significantly increase soil fertility, wheat
yield and cumulative emission of N,O. The two treatments are suggested fertilizer application methods in
the study aera.

Key words: long-term fertilization; winter wheat-summer fallow cropping system;N, O emission factor
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7 5 07F B P4 7 0 R T X TSR A (34°17751°N,
108°00"48"E) . ¥4k 516 m, 4 FH K 13 C.=>10
CHUR 4 196. 2 °C A H /K & 550~600 mm, 2%
ERTE 79 H L ZE K& 993 mm, JCFE 184~
216 d, X 3N 8 EH AN - (1) £
B3
1.2 RIEiEIt

K 50 46 T 1990 4E Rk, A BF 58 T 2016 —
2018 A AT AT H A 6 AL PR (D AL (CKD 5
(2) Bt A8 (ND 5 (3) B 5 8 18 B e (NEKO 5 (4)
JIE 5 R IEBC i (PKO 5 (5) &L 5 W IE BL i (NP) 5 (6)
U B NE S 4 IR B (NPKD . /N X T ARk 399
m® (21 m>X19 m), AbFRSEAT /N ZE - AR I F A Fil
R BE AR A K N R AT N R, 2K EE A
SRIETN . B IR 2L W HE O 3ok Wl 1R 65, B0 A A 5k e
B BT RS T4 N 22 1 R4 DRy B — U A
AR AL B H N, P,O, 1 K,O FH & 4 5 & 135. 0,
108.0 f1 67.5 kg/hm”,
1.3 A &
L3.1 NORELME N,O HEjik 50 2 &
WA TR . SRAERE 4 O A8 TR RIS J8E
Ty VR R R S PVC, AR BAR N 50 em X 50
em X 50 cm, §f P42 % XU DATR 53 SR 4 A 28 30
K2 DRI . EJESME R 50,5 cm X 50, 5 cm, |
B SEE Ry 3 e B IUIARE RS AE 1Y 4 AR 4R K EE
10 em YRR, ICJAE B R BE R 15 emy /N2 REFIHTHS
JEJREFR A - HE 15 em, BV [V 5 b R OK
FEARAE TR AN RS B B YR B AU Z R AE M
R e K I S AR R TE B — % H R EE. MA 2016
6 H 14 HIKNZIFIHRE 2018 426 A 3 H/hEIK
REEH M 7 d AT 1 IR RE. BR T LT
08:00—11:00 RS, 43 1L % A4 E T I%
W% EE 9 0,10,20,30 min Bf {3 55 & il O 9
S50 mL,Jk 4 PR BRSSO Y (R B A
T EE T 00 AR R P A N A R I E N T Sy
HHAE TIEEIS 30 min, £ 5 R4 52 54 A,
FHAAHETEAL (78908, 3£ [H Agilent 24 ®D#17 N, O
W RE A Mo AOAR B35 A I I 5 F S - AR R R 80
C K 28 5 E h 320 °C L 30N S e Gt R 30

mL/min) .
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1.4 HEKESSH

N, O HEHGE &A= T
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BN n+ 1 YORAE ] B 1) KA
FRARGIE N,O Hi BB (EF,) .
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K E N N O AEHERL B (kg/hm?®) Y /N F 7=
H (kg/hm?),

1] SPSS 21. 0 % 4% &b B + 4 N, O HEji i &
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F 1R SEEAH GRS REES
T CK 43, Hivp NP I NPK &k B 4 34 HL6% & &
Bk 10031 g/kg, H 2 % & F N.NK fil PK 4
HNK 5 PK b ESARE HEEST N L
P, i AL (NK NP il NPKO R 2R & &
FHE T HAbL R, 5 CK AL, {¢ NP F1 NPK 4k 3
T4 pH W T . A AL B IR (S

2.1

RAMAR & B E /T CK,NP fil NPK 4B (1)
THEINATEYER . AW EZ LR & 255,
AN [) 4 B B A ) ik (MBO) 5 #2225, 9~
339.8 mg/kg, H.H N fil NK 4b# & K F CK.,Jifi
@ (PK . NP fi1 NPK) &b # 0 i % & + CK,NPK 5
NP 4B 2 0] 25 53 K B 3% . KN [F AL B + 5854
A (MBN) % & 4 16. 58 ~ 36. 10 mg/kg. H rh
NPK 4b# MBN & 525 N b3 MBN 4 i 5 A%,
FAb P ) 22 R

x1 AEABEELGETENELER
Table 1 Soil physicochemical properties with different fertilization treatments
4b 3 A B/ 2R/ @j‘fﬁz ﬁF'J?S'Ej AR W ke / WA R A/
Treatment (8 °X& D (g- kgD pH (mg kg™ (mg » kg™") (mg » kg™ ") (mg + kg™
SOC TN NH, "-N NO; -N MBC MBN
CK 7.84 d 0. 89 be 8.32 ab 0.39 ¢ 7.94 ¢ 279.7 ¢ 18.49 d
N 8.38 ¢ 0.98 b 8.31 ab 0.46 b 18.95 b 264.6 d 16.58 e
NK 8.76 b 1.03 a 8.29 b 0.46 b 18.36 b 225.9 e 18.88 d
PK 8.66 b 0.93 be 8.34 a 0.38 ¢ 7.83 ¢ 322.5b 25.11 ¢
NP 10.31 a 1.09 a 8.23 ¢ 0.51 ab 20.66 a 337.0 ab 30.35b
NPK 10. 31 a 1.08 a 8.20 ¢ 0.54 a 20.64 a 339.8 a 36.10 a

T« [ SNBSS RNG P 3R R A B 2 [ 7E P<0. 05 KF2FRFH. TR,

Note; Different lowercase letters indicate significant difference (P<Z0. 05). The same below.

2.2 KEBREXN N.OHBAESHMEHNZIN
AN TR] it AE Ak B 2 A~ %8 AR R N O HE R &
mk 2 prn. £ 2 8.8 1 DMRRAES (2016 —2017
)AL BE A N, O HEBCE & 0. 48 ~ 1. 31
kg/hm® ;55 2 DM AEAE (2017 — 2018 4E) , A [A] &b B
N, O HEBCE A 0. 41~1. 18 kg/hm’ , 2 MEAEAR
(9 N, O HEji 2 5 45 CK 4b 73 5 ik . NPK 4b 31
. A i A AR B (NLONK NP F NPK) B N, O HE
R R 3 T CKL i A i & (PKO 4 #E Y N, O
Hegce s 5 CK | &2 5. 2016 —2017 4F i f
Jit A4 B N, O HEBUR R BN NPK>NP>NK>

NLifif 2017 — 2018 4F | 32 3 i NPK > NP~ NK ~
N N, O HEp S & 0P B E A2 # 52016 — 2017
AEAHAL  BP NPK>NP>NK>N>PK>CK,

% 2 R, 2016 — 2017 4FF1 2017 — 2018 4F
AL H N, O HEB R E 3k 0. 2496 ~0. 61 % Al
0.28%~0.57% ., Hh NPK b H iy HE ik 2 B0h v
B T H A AR 4 B, 2016 —2017 4E N 5 NK
REFRE N, O HEiL #RE R AR E BB ELT NP;
2017—2018 4 NP NK 1 N b 2 i HE i & 50 2% 5+
ARE . N O HE RECE B E KMy NPK>NP>
NK>N,

T2 2016—2018 EAREMHALIE N.O MM EEFHMREH

Table 2 N, O emission and emission factor with different fertilization treatments in 2016 —2018

2016 —2017 2017—2018 SF-¥4 {8 Mean
Ak 3 HEBCE A/ He R E % HE il i/ Heil 25/ % HE i it/ HEBCREL %
Treatment (kg « hm™ %) Emission (kg « hm %) Emission (kg * hm ?) Emission
Emission factor Emission factor Emission factor
CK 0.48 e — 0.41 ¢ — 0.45 e —
N 0.81d 0.24 ¢ 0.78 b 0.28 b 0.80 d 0.26 d
NK 0.89 ¢ 0.30 ¢ 0.80 b 0.31b 0.84 ¢ 0.29 ¢
PK 0.51 e — 0.42 ¢ — 0.47 e —
NP 0.97 b 0.36 b 0.81b 0.30 b 0.89 b 0.33 b
NPK 1.31 a 0.61 a 1.18 a 0.57 a 1.24 a 0.59 a

WEm T HMAAE, B TZIEFERFENLm,
2017 — 2018 4F #5 4b B /N2 77 5 KR N KL h
1 090.8~2 443. 6 kg/hm*, H. g NP 1 NPK &b B

2.3 KHERMMEDFES N.O HEME E &I
%3 B R, 2016 — 2017 SENE BN
1 685.8~5 683. 5 kg/hm?®, H: NP il NPK 4b #
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f P AT I s T A AL B, 2 NI AR N R
(3908 0 1 392, 3~4 024. 6 kg/hm?, Hidh NP #il
NPK &b 2 i 2 & F Ho A A 3

K3 EIR,2016 —2017 4E 45403 N, O HEss
BER174.1~487.9 mg/kg, H i N b, HE
Fim THALALRE; CK 5 NK AHIR 2z, W3 Z ] 22
SAEE AR & F PKNP Fl NPK 43 ; NP
LB N, O HE ik 5 BE s K. X 174, 1 mg/kg,
2017 —2018 4, 25 Ab B /N 22 7= b 37 3 VR 5 52 i 1

KR TR i £ 3 N, O HEBCR 148 fE R KL 4% Ak
R N, O HERCH BE S 2016 — 2017 4R A7 7E 25 5, I
H PK Kb B ) HE B BE B G N AR B N, O HER
FEfe . Ho o 3 m FHA AR, M 2016 — 2018 4F
N, O HE ik 38 B2 0 B ER B N M i m . % 5
FH A AL P ; CK NK FI NPK A #HR 2, H =% 2%
SR NP PK AbHE g 5K F HoAh 4b 3, (2 —
HRZIMERAEE,

F3 20162018 EAEMEREAIE/NEFEFR N, O HEFE E
Table 3 Wheat yield and yield-scaled N, O emission with different fertilization treatments in 2016 —2018

2016—2017 2017—2018 SE 1 Mean
pis:il Py \I(Z:; ﬂlfﬁf?ﬁ]f;%":/ oy Nzr(: ﬂlfﬁf?i]fﬁ;/ oy N(or(n) ﬂlfﬁi(ﬁll%/
Treatment (kgv;i}ellr;fl) YiCld’gS("fal'fd N;O Gig;ijgi” Yicldfgs@l'fd N, O (kg&']ilzlr(ril’z) Yicldfgsa:alfd N, O
emission emission emission
CK 1685.8 ¢ 294.5 b 1283.9¢ 320.15 ¢ 1392.34d 303.6 b
N 1693.7 ¢ 487.9 a 1090.8 ¢ 727.55 a 1484.8d 581.5 a
NK 3240.2 b 273.8 b 2 110.9 ab 379.38 ¢ 2 675.6 b 315.2 b
PK 2 265.5 ¢ 230.0 ¢ 1921.6b 220.36 d 2093.6 ¢ 224.1 ¢
NP 5683.5a 174.1 d 2 365.8 ab 349.29 ¢ 4024.6 a 223.2 ¢
NPK 5253.0 a 249.9 ¢ 2443.6 a 492.17 b 3 848.3 a 324.1b

2.4 KEAKETRmMEE N.OH#HHLEEER
S AR R R TS N, O HE R A

HRFR K N.O HEHOE 55 4 5 B AR B o AT
RDA 43#r 5 5R WK 1,

1.0

O :
NK1 N2 :
o N
NI :
N3O :
NK20% :
NK3:
<
<
N
PN
#H2 |
k2
i
I
®
—-1.0 , . 3 .
—Ls 5 —HE P #1(68.0%) 1.0
Axis 1

ORI A S RIBCT 1,23 S0 HMUCGRE TR 3 WE AL . 1. No O fRHCE I 2. R LK
3. 444, pH35. NHy " -N k56, NO3 -N 55 7, S 4 k0 8. 2k 1 B ik

O represents treatments, 1,2 and 3 after the treatments represent three replicates. 1. N2 O emission; 2. Soil organic carbon;

3. Total nitrogen;4. pH;5. NH; " -N content;6. NO3 -N content; 7. Microbial biomass nitrogen;8. Microbial biomass carbon
B 1 AR N, O HEB R 2 5 s et 5T RDA 4347

Fig. 1 RDA analysis on relationship of N, O emission and soil physical and chemical

properties with different fertilization treatments
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B 55—y il B R RR B S 968, 024,
17T 56— HE 7 b Rl ik B A8 S5 19 29, 404 . 4% it AT Ab
N, O ik & 7E RDA B i 2 7 B #. 5 CK
AH LG AL B A T W R R A Ak 2% B A 4 25 ek AR
N, O @ HEf. CK £ F pH iEJrm E., i NP
NPK 247 F pH 1 J5 [ |, £ B NP #l NPK 4t
FHRRAR T 5 pH. NP fil NPK &b 247 F SOC,
NH, "-N.MBN #il MBC [ 1EJ5 [ , i CK i F Pk |
ferr sy b LW NP il NPK AR PR & 7 8
J1 N5 CK ™4 72257,

B 1 &x, £33 NO HKsSES TN,
NH, " -N.NO; -N.MBC.MBN F1 SOC fi 3 f #4 X
AU EMNZEZ2IEMCER, HS £ N.O
HEBR AR PR/ R By TN>NO; -N>SOC>
NH, "-N>MBN>MBC; +1#% N,O fit s 85 +
e pH By I Ml —HZ R ALK R.

3 1 ®

RHEABZZRGE N,O Hi EZIEF LA R W
B A 0 A AP PR it IS 308 3 9 5 ) - 9 1 i
fEA g Ak o B, 51 R A& W 4 N,O HE ik AR
AR R AT R B it RUE 2 4 N, O HE ik
(M de LR R 2 AR ST A R Ll A
JIE A T DA 3 4R - 8 LA MBN fil TN &
I, NITTRE 35 3 3% N, O HEi & . X T A
I IR T it X 4 F N, O HE TS Wi B A5 K B A O
Wil ¥iz@ %" R T K BTN 1 ERE
$ it N 12 i B« 5 it RN A B RORE 5l TR it
AL E D N, O HEf . SRV e A + ok
K 3 5 A7 i A3 56 & PR 460 A R0 A A B+
N2 O HE s 4B /1N T B it 2008 4 1, 7T BE 2 B O &R
5 10 S R S R e 2 v T AR Ak AR G 2 R 1Y
W SORI T BEAIR T 1248 NOy -N 5 NH, " -N & 8.
M/ T 3 N, O i HFic. A% HEAN. AILS
BENEEC A i FHAB 0% o 38 & DRI AE Y R A S .
PR Ry B 7 A ok 2R B T R AR T N O HE
U, B O A R 21 S Y K ) i R B T R
L, NPK 4b 3 i + 3 N, O HEjif it K F NP.NK FI N
b3, AT g S K 1 i T HLIE A R T B e A
MBN F1 MBC & 5 , & J1 A ¥ i it FH IS AILAE 25 gl
T TSR S I A A 5 0 - A R T AL
B AT ok 2 0 11 22 R 2 DT 20 £ 488 NL O 4
JEC AR L P IR R A T TS ] it
AR A N, O B HE il AR R B0 A [R] it AE Ak 3

N, O HEjif 5 3 Jy NPK >NP>N>CK, f] i & F
it AE 3G 0 T AR A i (AR A I AR R
BTSRRI T T R E Y R A A R
BT 5 NLO B HE. AR BFIT A R FE W, &N
-SRI 2 AR AEAR AR N, O HEBUE 535 2 8
SRy K S A7 it AE (PO =5 1K 0343 it £k AR (NUNKC
PK Fll NP) &b B DL f2 CK, J5 R AT i 2 K 01 4 it
JE T S B AR A i N IR R AR R AR
i A AH R B R DT B T R A PRk A
NPK 2b 3 4 52 5 ML ik 7 & 5 3 5 F H At b 2 (NP
ARERBR AN WAE B TIX A5 . R A LR AR AR
Sk A W B AR B T 1R 1 RS 40 R RE VR T A B
(S ENEZE G NSEI: i3 % | R g N
AE PR 5 7% 6l Ak A0 S A 10 7R I A2 28 NL O HE
L ARWESE L NP AR BRI 4 N, O HE R
B FERT NPK AL, vl A8 2 NP AbH R T & /N F2
Xt - AR 2 IR, AT T AR TR Y - AR
R B = 25 ) A HE AR o AR AR N
R, AT H L W EE N AL FE Y £ 5 N, O
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