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Abstract: In order to study the comprehensive effects of nitrogen reduction combined with different fertilizer
applications on greenhouse gas emissions, nitrogen use efficiency and potato yield, seven treatments were set up:
balanced application of nitrogen, phosphorus and potassium fertilizer (NPK, control), no nitrogen fertilizer (PK, blank),
reduction of nitrogen application rate by 20% (RN, application rate of phosphorus and potassium fertilizer is the same as
NPK), reduction of nitrogen application rate by 20% + water-soluble fertilizer instead of 20% of total nitrogen application
rate (RN + WF), reduction of nitrogen application rate by 20% + decomposed sheep manure instead of 20% of total
nitrogen application rate (RN + SM), reduction of nitrogen application rate by 20% + bio-organic fertilizer instead of 20%
of total nitrogen application rate (RN + BM), reduction of nitrogen application rate by 20% + slow-release urea instead of
20% of total nitrogen application rate (RN + RUN) from 2020 to 2021. Effects of the seven treatments on greenhouse gas
emissions from potato fields, global warming potential, yield and nitrogen use efficiency during the potato growing season
were researched. The results showed that the reduction of nitrogen fertilizer and the combined application of different
fertilizers could obviously affect the emission of greenhouse gases in farmland. In 2020 and 2021, the average emission
fluxes of CO. and N;O in RN + SM treatment were 10.97%-22.70% and 7.86%-14.66% higher than those in NPK treatment.
The cumulative emissions of CO., N,O and CH, in RN + SM treatment were the largest, which were 9 299.77-11 401.35,
3.65-3.77 and -1.35- -1.20 kg/ha, respectively. The global warming potential (GWP) in RN + SM treatment was 36.10%-
79.66% higher than that in NPK treatment. Nitrogen fertilizer reduction and combined application of different fertilizers
could significantly increase potato yield and nitrogen use efficiency (P < 0.05). Compared with NPK treatment, the partial
factor productivity of applied nitrogen (PFPN) and nitrogen agronomic efficiency (NAE) in RN + BM treatment were
significantly different (P < 0.05), which increased by 46.19%-47.26% and 150.51%-236.38%, respectively, and the yield of
potato increased by 16.95%- 17.77% . Therefore, organic manure (sheep manure) could increase greenhouse gas
emissions from farmland; biological organic fertilizer replacing part of nitrogen fertilizer could improve nitrogen use
efficiency and potato yield, which should be recommended to be popularized and applied in potato production.

Key Words: nitrogen fertilizer reduction; greenhouse gas; potato; yield; nitrogen use efficiency
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Figure 1 Changes in rainfall and temperature during the experiment
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*£1 RIEHI0~40 cm T B RS

Table 1 Basic soil fertility of 0—40 cm soil layer in experimental site

B LEWE(em) B (gke) @A (gke) HAA (mgkg) A (mgke) MFE (mgkg)

AR (mg/kg) A (me/kg) pH

Year Soil depth Organic Total Ammonium Nitrate Alkali-hydrolyzed Available Available
matter nitrogen nitrogen nitrogen nitrogen phosphorus potassium
2020 0~20 18.89 1.16 2.03 36.84 120.21 14.78 140.78 8.26
20~40 16.28 0.97 1.96 34.26 117.61 15.22 143.64 7.87
2021 0~20 17.63 1.12 2.28 37.25 119.56 14.51 139.53 8.10
20~40 16.21 0.85 1.92 33.46 115.32 13.32 42.65 6.98

1.2 RIeAR

BEX DR R AEWT 75 AR Rtk
FIBEIRES (P05 > 44.0%) . JRE(N > 46.4%) . H
LB (K0 = 60%) . WA HIECHEHLEE > 45% .
15 = 0.6/0g. N> 1.65%. P,0s> 1.05%. K0 >
1.66% ) . JiF ¥ 3% (FHLT 25.8% . N 0.8 glkg.
P.050.95 g/kg. K.0 1.02 grkg) . 7% 44 B R K I A
(N> 20%. P,0s> 20%. K,O > 20%. Ca> 0.10% .
Zn> 0.05%. B> 0.10%) . ZBRBIRE (N> 452%
FEUEI90 d) .
1.3 Rigt

BT (R 2) o eV i FH AU B0 i) BE At
b, B EIEAR R, 7R AEIE 270 ke/hm?

R2

T (AR ) PG B0 08 /0 it i 20% (4655
216 kg/hm®) FEfli I, W/t Ui 20% , K IEEAR
ANFE T U DT A 20% , AR RS AT
(216 kg/hm*[HEF75y), LA 3AMEHIEIEE, SRR
XeHwETt, 3ERL, /PXEFH40m* (S mx8m),
KZE21TAHE, HZETEE R 40 em, 2B M 25 cm,
FhAE 28 B 0 52 500 ¥k/hm?, TR 7 28 i HE , NPK
b RNAGFE, RN+WFAMH, RN+BMAb#, RN+
RUN 40 B AT RN+SM 4 BE 80% E B L jifi, 7o) 4% 20%
TE Sh S B H 25 N K i NE B R K B it , PK AR B
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(RMERSRIZ 36 H10H . 7H1SH . 8 H2H),
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Table 2 Experimental design

4’5 Code A3 Treatment F24 H# (kg/hm®) Dosage (kg/ha)

N P,0s K0
NPK Y-t FH U AT 270 120 180
PK ANitA AL, B R NPK 0 120 180
RN I 20%, T AE A [R] NPK 216 120 180
RN + WF IR 20%, K AE AR R A Y 20% 216 120 180
RN + SM IR 20%, EAERAR R A = (1 20% 216 120 180
RN + BM W AU 20%, A AT ML R B AU 11 20% 216 120 180
RN + RUN W R 20% , B DR FE AR AN U 11 20% 216 120 180

14 MERNBEREFE

A FH TR SRR A AR AR« SR R SR 7 ixt
SARRE T AT RAE, SR K JIC JBE AR A v 7K 3
AR EETHINE WL, B, AR XTExE N
60 cmx30 emx30 cm, KAEERTE]R F4-9: 00~11: 00,
Ay SHMBUFR 0. 15, 30 min (3L 0 min FEHLRAE

3050 K 145100 mL ) 5 %8 DCRAER P9 4l
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fH. 20204F, CH.ByWGHE 5 FiB IR 2 TR
P 20214F, CHLWISGHE 557 BN 1S 252, 7E
IBAEJE LT 2R BRIl 150 BH A W A FH 4
JIE 2 B g S CHL WG o (1 4) .

http://www.cnki.net



W5 AN ) NP X e P 8 = PR HI IR e Th B 3™ i (1 5

FUN, R, Tk, A

-445+

_ PK 4 Year _ PK AE Yer
600 % 20204 Year 2020 600 RK 20014 Year 2021
Y Y
— +
= 500 RN+RUN = 500 - RN+RUN
. RN+SM ) RN+SM
2oz RN+WF G o 400 RN+WF
5, T 400 - = & -
= £ a0l 1 Zow-
2° B £
=3 E < 00
Ig 200 - %O B
- S 100 |-
100 -
0 0
01/05  01/06  01/07  01/08  01/09  01/10 01/05 0106 0107 0108 0109  01/10
F 8 (D/M) Date F151(D/M) Date
E2 AELETSHRENRECO.HMBEETWK
Figure 2 Variation in CO, emission flux in potato farmland under different treatments
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Figure 4 Variation in CH, emission flux in potato farmland under different treatments
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10175.81, 9526.49. 10436.03. 9353.41, 11401.35
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(K5).
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A RN + WF 40 2 N.O 2 B HE il /= 4 7l 4 1.86,

o AF/NG FRFORAN RS BRI E 0.05 K F 2502, R A&/ #2250 (Least significant difference,

ﬂg'ésooof %7%7/
%‘ésooo

l=n

=z
5
=
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2.06. 2.15, 3.24, 1.89, 3.65F12.07 kg/hm*, 2020
4, SXFRENPKAHEL, PK. RN AbFE G A% N0
ZRHE R (P<0.05), RN+SM &b B & 2 54 /i1 N,O
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0.05). 20214, HXFRENPKAIH, RN+SM. RN+
BM 4b B 2% 5 1 # (P<0.05) , Hifth kb H 1 A i %
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24Fr RN+SM b2 CH, 2R HER R e/ 2020
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-0.55, -0.92, -0.67. —1.20 F1-0.81 kg/hm’*; 2021
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FIRN+WF ZbBE CH, SRBHECR 735 -0.73, -0.91,
-0.84, -1.30. -1.00, —1.35F1-0.96 kg/hm*, 2020
4, SXFPE NPK A, RN+SM 4bF 25 7 3 2% (P<
0.05), HAth4b BRI A & (P>0.05) . 2021 4F,
X IENPK A e, &40 BTG % 25 57 (P>0.05)
(K7).

2021 4F Year 2021

PK  NPK RN RN+BM RN+RUN RN+SM RN+WF
QbR

Treatment

=

LSD) k. iRZELRA T AR

Note: Different lowercase letters above treatment means indicate significant difference between different treatments at 0.05 level as tested using

least significant difference (LSD) method. Error bar represents standard error. The same below.
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Figure 5 Variation in CO, cumulative emissions from potato farmland under different treatments
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Figure 6 Variation in N:O cumulative emissions from potato farmland under different treatments
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Figure 7 Variation in CH, cumulative emissions from potato farmland under different treatments
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WF > NPK > RN+RUN > PK, #i4E1056 o N,O HEik
LA RN+SM Ab i i, 34 5 X BEONPK 22 55 i 3
(P<0.05), CHHEHCEWILL RN+SM A FEEAG, 5
Xif B8 NPK 22 53 .2 (P<0.05) . 2020 12021 4F 4%
A B A PLICHLECHE (FF3%) (CHA+N.0)GWP 43
) b NPK - it A P 57 36.10% 1 79.66% , 1t HH
Jiti FH A HLAE (226 X ARG TRV HE O A K .
24 AEEIELENDHREFEMIERLF A
pr bl

ANTRI A B T4 2 R RN R RS SR AR 3
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Table 2 Effects of different treatments on global warming potential (GWP) of potato field

Ay Ab YA R K ZE GWP (kg COs—eq/hm?)
Year Treatment GWP in polato growing season (kg CO—eq/ha)
CH, N,O CH.+N,0

2020 PK -12.81£3.57b 689.63 +213.94 ¢ 676.82 +217.51 ¢
NPK ~13.85£4.36 b 818.87 +275.86 b 805.02 = 280.22 b
RN ~13.62£4.27h 728.18 +248.75 ¢ 714.56 + 253.02 be
RN+WF ~16.84 +4.82 b 755.93 +239.21 be 739.09 + 244.03 be
RN+SM -30.01 =721 a 11257 +675.32a 1095.69 + 682.53 a
RN+BM -23.10 £ 6.52 ab 942.67 + 578.64 ab 919.57 + 585.16 ab
RN+RUN -1591£3.61h 847.01 29851 b 831.10 + 302.12 b

2021 PK -25.13+5.25h 556.53 + 176.34 b 531.40 + 181.59 b
NPK ~27.49 +6.94 b 615.25 +232.54 b 587.76 + 239.48 b
RN -26.17+6.12b 642.07 £ 214.35 b 615.90 +220.47 b
RN+WF -31.72+7.32b 618.50 +223.52 b 586.78 +230.84 b
RN+SM -33.99 +7.68 a 1090.0 +449.71 a 1056.01 +457.39 a
RN+BM -32.61 £7.54a 966.70 + 588.43 a 934.09 + 595.97 a
RN+RUN -28.83 £6.92 b 564.61 + 189.61 b 535.78 + 196.53 b

e BARFRR M « AnrERR . IR E/ING FREFORTE0.05 K 2R 8%, RAfR/NE & 28 (Least significant difference, 1LSD)
B T
Note: Data are expressed as treatment mean + standard error. Treatment means followed by different lowercase letters in the same column indicate

significant differences at 0.05 level as tested using least significant difference (LSD) method. The same below.

®3 AREAEEHSRESE. RIERFEFARMARBESIHTL
Table 3 Changes in yield, nitrogen agronomic efficiency and partial factor productivity of

applied nitrogen of potato under different treatments

AEpy Ab P 74 (kg/hm?) HNERA ™ 1 (kg/kg) RNEA R (kg/kg)

Year Treatment Yield (kg/ha) PFPN NAE

2020 NPK 33 650 + 257 be 124.62 +4.6d 12.89 +2.8 ¢
PK 29 987 + 166 ¢ - -
RN 30252 +235¢ 138.82+53 ¢ 1.22+034d
RN+WF 35347 +218 b 164.64 +7.5b 2481 +36b
RN+SM 33000 + 313 be 15277 £6.7b 13.94+32¢
RN+BM 39353 +279a 182.19 8.7 a 4336 +48a
RN+RUN 36292 +253 a 168.0169b 29.18 £3.4b

2021 NPK 33846 +218 b 12532 +3.6¢ 1851 2.5 ¢
PK 20846 + 147 ¢ - -
RN 31550 + 232 be 146.06 + 5.8 be 788+ 1.6d
RN+WF 36147+ 187 a 167.34+7.3 b 29.16+3.8b
RN+SM 33679 +215h 15591 +4.8b 1774 +23 ¢
RN+BM 39864 + 169 a 18455+9.1a 4637+42a
RN+RUN 37962+ 195a 175.74 8.4 a 37.57 +3.4a

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.
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EG AR REE (R 3)E, AR iE
X Ey g4 R R 32 . 2020 4, RN+BM Al
RN+RUN 4b 3 5 %) B NPK 2% 5 2 2 (P<0.05), RN+
SM., RN+WF, RN #lPK 4Zb# 5 X} 8 NPK 22531 2.
Z(P>0.05); 20214, RN+BM. RN+RUN FI RN+
WF &b B 55 %} B NPK 22 5 8 % (P<0.05) , RN #ll
RN +SM 4t 3 5 %} B8 NPK 2 % A 5 % (P>0.05) .
2020 12021 4=, 5 NPKALFEAAEL, RN+BM AbHE
RN+RUNAbFE | RN+WF Ab FE Th 4% 2 5= 545 il $i8 5
16.95%. 7.85%. 5.04%M117.77%. 12.15%. 6.79% ,
ot BH AN [] B i (2020 4 RN+WF b FRBRAN ) AT LA
BN A B RN, PKAMFE E 48 8 A NPK
S it A Ak 2R 43 5 B A 1.09% . 10.88% F11 6.78%
11.81%, it B /0 it 260 20% FUA it FH /UM 2552
i) B 8 i it P AT MLAE (528 ) B4R 20% AUIE
(RN+SM ) 4b P 5 - it H NPK b 3122 58 g 3 (P>
0.05), AIRER A HLUIE (2GRS ) 70 B iR
1, TEE IR T R IR I S A K BT

RIEF 0 AR S e T VR AE RUIE it FH 2 Atk
IR RE IR N, AR 1o IR AR 27 1] FH AN
RNCAW AL 7 J7 K i e S S AL AR R (R 3),
2020 F12021 4F, A [FEREHEEAER 7 ZE I DL RN+
BM Ab BRI AR 2= R A ANE I A= 1 B i, &
XT HE NPK A Fb 3522 57 0 2 (P<0.05) , RN+BM 4b 3!
() R NE A 2 7™ 0 AR AR 27 1) 3R 5500 B NPK 43
SRS 46.19%~47.26% 1 150.51%~236.38%, i H]
FEW RS T AE A HLIE . ALK C i RE S 32
RIEHIFI RS
3 i #®

HEASK f it FF X it AL o M A FH L 2 A
He BB R R, KR E RN, A S A
Ivi) A Al P ot 2 2 W) 4 FH 9L =8 AR HE i i E 22 A
R, R A RS, LA EE CO
NO HER/INR I B BLAE 7 A, S9N s a5 R
AL AERH AN FERE I T L3R TR E, MRS
BEEIERREFERME TR RS, Iz 58 EE
WK K B HEBAR ARG Jp30m, WEIRAE TR, &
ol = RHECE TR . AHERIE . A
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SERENE N K 7 L Tt 320 A I Ak B 2= S AR B
UG RN A 0 SR ARUHIE e B SR A A A (]
2~ 7)1 A s/ RN it D RSt 3 e IS T i A 754
NEAL AT RLgi b A B = AR, nTRE R TR
JR 28 FK V5 RE 1 e FH RE A5 48 4 1= 39840 A AR AF 1)
5T 2 = W e SO L 11 % = 31 0 o 5 -0 = 9 2 |
s, X HIAMREER -, XTFAPLIHL
Fic i %ok A PR i 2 MR HIE G A SR AR A 9T 45
RA—E, AREN, AP TN
B, PR, s T RS LA AR
Y, R T = AARHE A, T AR S
GRS RO, it A LIS I T AR AR R R
FAMPHE R . AEE T, A PLICHLEC i RN+
SM AR FRA HI CO, 1 NLO HE s i £ A1 S AR HE ke i B I
i X BENPK AR B, o] 68l it FH A LIRS T
TEEREYE S, FERBEE AT R, A
WF5E B S Th A8 AR = AR, HoAth A 7=
RHBRHER AT ABFSE

T SR HE R B A0 S BRAS BE TR B (S5 1
Y A4S A S IR BN PEM A8 AR, TERAE
% 2 BRI HLICHLE i (5£3%) GWP 2 51l L
NPK - £ it JE Ak FH 55 36.10%F179.66% , i B A AL
NE S b AL AR 238k R = S A HER, ST
MR 25 R — 3, R/ NFISE R R, SRR
F T LAREAR 4 Bk AR B8 98 5 (5 AL 2= SR i HE R
o AR, SRR R CWP Y 1 kA - it FH
NPK AEBT#k K, AIRER i ae i . e Jr=.
it IS L 3] 55 2 S PR 28 Pr s ol

KA FIRE R BRI w2 R, 1E
JEE Vit RN it 2 B . A HLIEAN e 1 = R
REFIFHZE, T H20 D ZIR R RS, BRI A
BARY AT ALAE, A HLICHLEC A RE IR /D &
R AR R VA R 21% ~24% , $7 i K RE R
28.7%~42.7%" . WA NIEE IR R, MK TH
FUEAE, ] LA E A R A% 37.49%, wEoE &3
Jith FH A N 2R 28 D A 7 T ekt B S 35 4 i, At
55 5 00 I ES AL, AS TR AR B it Ak P A 358
FEFHRCRE B 3% & T A e a8, JuI2 L
RN+BM 4b 28 + HERUIE R AR e, X 51T AT
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FEAER L, HENEXT S A RN
AHLICHUAEE L RE IS4 & Th B S5 i, Aok Ak
PR 49.70%" . EBAEFESFR R, S
PR NE T AR i P 7.88% . ANIRER Hh AN it AU
PK 4b B A8 /0 & I8 RN 4b 2 5 % B8 NPK 4b R AH
Fo, ABRIE R S (2020 4F PK (40 ) 2 2 A B3,
LR i 25 O i 2 (2021 4F PKBRSM) , AUIE
FIFRCRZE T B, (HR -t A NS FAE A
HUIE . KIS NE N R IR 22 A U 4 RUIE A R 5
Ry M ANE R RS, Hod RN+BM 4 FE ™
O IR NPK #2955 16.95%~17.77%, FNCAwAET" 7
FRIEA A F 245 25 46.19%~47.26% 1 150.51%~
236.38%, iX5HTAMFIFREERARLI,

28 FRRR, 2020 F12021 4 FHA HLAE (A= 404h
HLIE RN+BM) 1) 4b B B2 5% N,O (2021 A:B4M) Fil CO,
= SRHERUS R . BRI TR (2021 4EBRAM)
XTI NPK Ab Py, A AR B EER; &Y
A HUAEAEEAR R 2 U AL B AT LA e R SR
RS, I, AN EUE B JU A T 4% R A
H AR IR U AE =, A AR N
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