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o FERBFTEARSUEN, AHUE S ERIELE L
NEF & oGE LR e S TR 3G 73 /3 77 T
HAHZEEH, RN, AFESEBEEAEE LB
EU A5 ER) P10 A A S s 7 Tt AL SRS P o At TR
I E IR AR

WS B L G R e LA R B B X, 24 X
BRGRZER AUERA R, JEEEE SRFER MM
A, HATOHRCANS HEEN SR E X, A
75 AHA DASK 1210 X S 8 2 e et 2 A7 A it I 485
PGB Rk T & DA S OK R RN
SR, I B K e 7 A BN R B R ) IR 2
AR P2 ARG 0, S e 1 3R A R TR
JAEINEL A R, U B X R R AR A e A N
APV TR R . B SUSZE T L R
s A 1122 MRS R, BAIEMEANELE
13.5~384.8 kg/hm?, f#ffL7E 0.0~203.5 kg/hm?, £l
£ 0.0~97.0 kg/hm?, fz = fE & B ARAE B E A, R
BT EAS TS . Fk, Wl et fEkbiE
A, SRR RS, R SeE ey 5
IR ARY (), 7 B 1L AL Hb X 8% i i 75
iR R PR D )

JUE T N IT O 3R WA LI A2 B IR 2 B
RACZEF N A B Z IR TR ). BRI GE AN
1Y, AR LA AL 1w AN 75 iy LI 7T
ZRRTREZTIE, XREEFEDSRH D
BEXE I () R, ASHIE T I B 2 R AR A2
BALA S, Mmoot HIEARESEA R K2
Bt BRI R, RN RERNS Y

RGRT LA B AL B 52 71 R 255 JE T A4
Yire s MAPER, BN XN B AL SR LB R R
i, SEHLSREMEMN . SOMT RS E.

| RS

1.1 3G LR

I TE N 5l BJ IR X AR O BB 201 FAE
RIGVEHEAT (41°05'38" N, 111°27'07" E) , R
XANTFT 25100, MKEFT 7-8 H, F1
P /K 2N 349.32 mm, F72E K EIA 1850 mm, F1
R 2.60 °C, TEAE M 90~110 d, HbJE LLZE B Frfg
RE, RIERAUOHRD IS 1. 2022 4F 4-10 A%
K& N 103.90 mm, 2023 4E 4-10 A BFE/KE N
250.10 mm. A58 H - ERLRE B POIR g A B
18.95 g/kg A %Mk 15.99 mg/kg. % 1.09 g/kg.
T 130.46 mg/kg . B AR % 115.29 mg/kg. pH
7.94,
1.2 R

BER DR E AR 7 5. ERIER IR R
(N 46.0%)  IBRES (P05 16.0%) B R
(K20 50.0%) « ZZFEJRE (N 44.5%, FEUE A
90 d) . JKIHENE (& N 14.0%. P2050.7%. K,0
24.0%) « VAL (N, P. K>6%, HHLFE>
30%) LARAHPUBEAFESE CHHLR 23.8%. N
0.6%-+ P2050.5%. K20 0.3%) .
1.3 Rt

IR BENL X H i, E 7 Me# (&
D, /ANXHA 40m? (5mx8m) , FAAFEE

BA 1 B R I — SRR A B DX SR E RS 1k 3o RAKEXUTFE, HEETEE 40 cm, 2

Fz 1 RIEEt
Table 1 Experimental design

Lb AT Ab B 743 Hti F & Nutrient application rate (kg/hm?) M7
Treatment Fertilization treatment N P,0Os KO Fertilization method
CK AN it & 0 120 180 A WAV &
NPK  100%ZIE it 270 120 180 20% N FEjili+80% N 7EXRZEIE AU K
VEMER B 3:4:3 BKIB it
RN 80%HUILHEI 216 120 180 g0s NI G R 1% E IR NPKO
RN+WF  80%ZUIEAtE A » 7K ¥ I 38 AR A it G 216 120 180 20% N 2/i+80% N S5/KiEEIRA GBI
=1 20% Je L6451 [ NPKO
RN+SM  80% %A, FEEFRAEEE 216 120 180 FFIEH 20%+80% N I jiti i 34 2% Lk 451 =]
1] 20% NPK)
RN+BM  80%&EMEMEA, 4406 HUIEE AR 216 120 180 AW FUIBSE S 20%+80% N GE it 33 A7 Lt
it Z R 20% il [7 NPK)
RN+RUN  80%% LA, 2R IR 2 &R At 216 120 180 ERR SR E TN 20%+80% NGB it IR 349 &% LL ]
HEM 20% [& NPK)
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NG AFEAEEHE AU EEN LA LSRR L SR 157

75 25 cm, FRHEZEE N 53 000 BRk/hm2. NX KA
TR, fLAERA LIRS N X R E AR, 5
e R EE A, EHE S DL % 7 ARl 2300 T 2022
F5 71 HIER. 10 H 2 HY&3k, 202345 H 2
HER 10 H 5 Hulcsk. a4 F R 7 0
K3 T 2022FE6 H15H. 7H20H. 8
H 23 H¥#EBE 3 %, 2023 %6 A 10 H. 7 H 25 H.
8 H 21 HEEME 3 vk, HoAth FH R B it 5 2 ok
—3
1.4 NEERSHE

T2022 410 H2 HFM 2023 £ 10 H 5 HE
AR G KR EERZ (0~20. 20~40 Fl1 40~60 cm)
RS, BANXCRH “STE” 7 AURERE, REE
FE& G 5 B B A 22, IREIS), ¥BRER
IR SO B B, A Bl S = ORI E s R
FHRBR R Z 2 E L IR e BRI e L e Rm &
By KRB I ke IR AR S & R
Py R Lb o vk o IR AR S s R EE
ZAEME MBN &0, R ALK B — 220802
MI5E SON Z &2,
141 HEMAE RO LR G 2.00 mm
i fe . FRENZ) 150 g FRNRE TR, DL BRI
Fa EAGEYNE s IR N 70 0 BB B 25 mL 7%
TE7K A1 1 mol/L NaOH ¥ MM 5 1A, Bl %5
FIEFEM, T 25 °CH&MF FTiEEFE 10 d.
142 Z&A KIS R E 2O B
Mo, BTSN TSR BE KA 50 mL
1 mol/L NaOH VAV A1 50 mL TG 2, 5 50477 VA VR 1) 2%
&, ARG, TR E TR FE 24 h,
BE 5 A M, EE RS EREEPNED

l]—i%jo
143 STHEMBEAMRGNZ CRHIRIREERS
AR & Ja HEAT SR T, SRR B 2 M A

E TN E A HLE A (soluble inorganic nitrogen,
SIND o WRIGEEAE N T« B I i I 3 VA 110 i
TiiEA, HeH 40.0 g K2S20s 5 600 mL 75 1H/K IR &
Gl @), BT 50 °C/KI i R GRLEE <60 °C);
FHL 15 ¢ NaOH 5 300 mL Z&M/KIES GRF b)),
AHEERE, AT a 537 b &9F, B E 1 L.
W DB VRS B T R R AT VA TR S AR AR IO 25 mL B
FERED, BREER, HOmMELAILEE%E
ARt R EIREE T 5 R AR KRS,
IR A TOU [ TF 4 RS SR PR IR 1], 4k sim s, iR

JEIXF] 120 °CJ5 TFUA T, K IR B2 OR KR AE 120~
124 °C, fHIf 30 min; fFHAR G, IR
R, BESbE, HREAN RSN, MEREE
FERUE NI BIR A 2~3 I THAR S R AR AT
R AT E . Foh, AR R A )
(PFPN) 5 A3 ~: PFPN (kg/kg) =Y/FN, =X
LY NEYIFEE (kg/hm?) , FN NiEEE. &
AR %) FH %% (agronomic nitrogen use efficiency,
ANUE, kgkg) = GERX 8- AERX =8 /
1.5 BURAIE

FIH Excel 2007 A4 147 B4k Ak 22 9T 2 i %
%, KHI SPSS 19.0 Xf il 3 F s 217 70 4, & M
Oringe 2016 £

2 FRE57H

2.1 AEBLENLIEERSENF

AN [ ARS8 4 25 AR A 27 50N A 38 5 35 R i) -
W s e, DR HE MR ZES (K2,
b & 2R N, LA S BB,
Hodr 2022 4F 0~20. 20~40 i1 40~60 cm + )2+ 4%
R ESN CK AL, 25028 1.53. 1.58 i
1.42 g/kg, RN+BM 4b# 0~20 cm T2 & &,
7 1.81 g/kg, T RN+SM 4bHE 20~40. 40~60 cm +
B RS E RS, raly 1.84 A1 1.74 g/kg, =
F oML NPK AL HE B 2E 425 1 2.89% . 3.37% A
2.95%, UiHALEYIA HLIEANJE 2425 38 HLAREE 70 &
REANEREE I = LA & &, 2022 4F 0~20 cm
+JZ RN+SM Al RN+BM 4bFE#4) 5 NPK 4b#IA &
F 27K, 20~40 cm 2 RN+SM 5 NPK A3
ik B3 7 RIKF, 40~60 cm 12 RN+SM A RN+
WEF 43 5 NPK Ab Pk B2 %2 7K.

2023 L ELEARETES 2022 FHEAM
8L, 0~60 cm 1= AR S &L CK ALH HAK,
43 HIN 1,56 1.51 A1 1.39 g/kg, RN+SM AbFEH N
e, AN 1.83. 1.86 F1 1.78 g/kg, RN+SM 4k
FHEG NPK AL IR 7.01%. 9.41%K1 14.10%,
2023 4F 0~60 cm #5403 T34 %S & K E]
5 A CK<NPK <RN<RN+BM <RN+WF<RN+
RUN<RN+SM, 2023 4 0~20 cm +JZ RN+SM 5
NPK &b BEIA 2 7 7 KF, 20~40 cm 1 JZ RN+
SM. RN Al RN+RUN #:-¥ 5 NPK AbFRIA B2 %
F/KF, 40~60 cm 12 RN+SM. RN. RN+WF Al
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RN+RUN AbFE 5 NPK Ab#IA B 2% 2 3K . Pk
g5 S U1 B A [R) R 2 B AR AU AL B 3 Re 4 v -
BEARSE, NHEAVAEE S B AR EE R
A, Ul B A ALIEXT S e S A
B0 3R B A B CR

=2 FERENSSERAEN IESAIENZN

Table 2  Effects of partial replacement of nitrogen fertilizer
by different fertilizers on soil total nitrogen content g/kg

Gy Qb ¥R + )= Soil layer

Year  Treatment  (~20 cm 20~40 cm 40~60 cm

2022 CK 1.53£0.02c  1.58+0.03c 1.42+0.02¢
NPK  1.65:0.04bc  1.69+0.03bc  1.51+0.02bc
RN 1.7340.03ab  1.78+0.04ab  1.69+0.03ab

RN+WF  1.75£0.05ab  1.72+0.03abc  1.73+0.03a

RN+SM  1.78£0.05a  1.84+0.07a 1.74+0.05a
RN+BM  1.81£0.06a  1.74+0.05abc  1.69+0.04ab
RN+RUN  1.76£0.04ab  1.77£0.06ab  1.54+0.06bc

2023 CK 1.56£0.03c  1.51%0.03d  1.39+0.01d

NPK  1.7120.04b  1.71=0.04c 1.56+0.03¢

RN 1.68£0.04b  1.79+0.05b  1.71=0.04b

RN+WF  1.79£0.05ab  1.73+0.04c 1.69+0.05b

RN+SM  1.830.06a  1.86+0.07a 1.78+0.05a
RN+BM  1.72+0.05b  1.72+0.05¢ 1.730.04ab
RN+RUN  1.81£0.06ab  1.79+0.06b 1.62+0.03bc

[ 5 AN 6] /N5 7 B 3 7 [ 4 AN [ Ak 242 ) 22 5 s S 3 K P (P <
0.05) , T

Different lowercase letters in the same column indicate significant
difference among different treatments in the same year (P < 0.05), the
same below.

i 0 AL BRAEAN R FE P R T IR SR
TR (K3 . MELZRERGN, TIREESE
IR IR EH . 2022 4F 0~20. 20~40
A1 40~60 cm HIEE AR S B UL RN+SM 402 5
A, B NPK AR HIHR S 54.76% 52.16%FH
28.41%, 0~40 cm + 2 T35 8% & B RN+SM.
RN+BM £ RN+RUN #b# 5 NPK AbEE ik i 3% 7 57
7KF, RN Ml RN+WF 4t 5 NPK AbFE 2 58 8
. 203 FELEESEASES 2022 FMEEA
—3, 0~20. 20~40 1 40~60 cm + 2 T £ AR
T LI RN+SM Ab 3 sy, 70 4 NPK Ak 2 4
5 33.52%. 63.97%#1 18.51%, 20~40 cm 17 133
BS54 B RN+SM. RN+BM 1 RN+RUN 4b# 5
NPK Ab3IA B 25 22 5 7K F o 16 B A [R) BER) C e v A
RmTIEERSE SR
22 AEHERLGEN HIEHESR S ENENT

A [ T S Ak 2 S - 9 5 B R 1 B i A7 A
Z5 (R4 . HIEWMAEEG RN ZEHREREM

#z3 TEERAIEN HERSA S 2N
Table 3 Effects of different fertilization treatments

on soil ammonium nitrogen content mg/kg
FEy kb 12 Soil layer
Year Treatment  (~20cm 20~40 cm 40~60 cm
2022 CK 3.98+0.04c 3.56+0.07¢ 3.53+0.09¢
NPK 4.51+0.06b 4.62+0.18b 4.474+0.15ab
RN 4.25+0.03b 4.54+0.24b 4.06+0.27b
RN+WF  5.87+0.16ab 6.53+0.15ab 5.43+0.19a
RN+SM  6.98+0.47a 7.03+0.26a 5.74+0.28a
RN+BM  6.03+0.25a 6.71£0.31a 5.72+0.34a
RN+RUN  5.9840.23a 6.61+0.32a 5.67+0.26a
2023 CK 3.54+0.02¢ 3.25+0.15¢ 2.74+0.04¢
NPK 5.28+0.25ab 4.834+0.32¢ 4.3240.17ab
RN 4.3240.13b 5.77+0.26bc 3.25+0.09b
RN+WF  4.88+0.18b 6.41+0.17ab ~ 4.55+0.23a
RN+SM  7.05+0.27a 7.92+0.37a 5.12+0.22a
RN+BM  6.73+0.33a 6.86+0.33a 5.07+0.31a
RN+RUN  6.11£0.41a 6.55+0.24a 4.96+0.19a

H ST JE BRI #2022 4 0~20. 20~40
F140~60 cm 12 TIEAHE R & 2L RN+SM 4k
PR, 4 3 NPK ACHE R 57 36.77%- 27.49%A11
59.59%, H: /L RN+BM AbH & &, 7E 0~20
F1 40~60 cm /271, RN+SM £l RN+BM AbFR 5
NPK b HIEMAEA S ELEREE, B CK 40
Gh, HAbALFL 5 NPK AbFE R % 25, 40~60 cm
+ )2 RN+WF. RN+SM. RN+BM F1 RN+RUN 4t
HEEMERASES NPK Y LREER.

Fz 4 TEERAEN HEFSE S 2N
Table 4 Effects of different fertilization treatments

on soil nitrate nitrogen content mg/kg
Fly b 1 )2 Soil layer
Year  Treatment  (~20cm 20~40 cm 40~60 cm
2022 CK 12.2740.56c  12.96+0.45¢ 7.99+0.31d
NPK 17.54+0.63b  19.57+0.63b 9.85+0.38¢
RN 17.86+0.58b  18.78+0.58b 9.76+0.41c
RN+WF  18.64+0.72b  19.95+0.61b 12.69+0.46b
RN+SM  23.99+0.85a  24.95+0.79a 15.72+0.51a
RN+BM  22.30+0.93a  22.95+0.72a 14.81+£0.49a
RN+RUN  17.68+0.75b  22.71+0.68ab  14.83+0.56a
2023 CK 13.15£0.63¢  12.44+0.35¢ 9.11+0.42b
NPK 17.3540.57b  20.13+£0.69ab  14.32+0.49a
RN 16.33+0.57b  17.25+0.58b 9.79+0.38b
RN+WF  16.88+0.62b  20.57+0.72ab 10.31+0.42b
RN+SM  24.15+0.73a  24.18+0.83a 15.31+£0.51a
RN+BM  23.71+0.68a  23.33+0.76a 14.15+0.48a
RN+RUN  18.67+0.71b  23.18+0.81a 13.52+0.55ab

2023 4%+ 2 HIEMAS RS B RN+SM 4 H# &
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B, 0~20. 20~40 F140~60 cm + 2 HIEM SRS
AL NPK A EE 73 A8 & 7 39.19% 20.11% A
6.91%, 0~20 cm + 2 R SR & E RN+SM Al
RN+BM 4b# 5 NPK 4b# 2 75 8.3, Bk CK A2
Ah, HABALTEE NPK AbH LR ZE %R, 20~40 f1
40~60 cm L Z AR & E 5 NPK AL B G B 3% %
o DL EZERER, ARG BAER R
RN+SM 4b¥) Fe 2 5T HIRmMA A=
23 A[EFEAELIEST 1% SON S 2850

AN HE AL FE 6T £33 SON 2 B (14 T+ 3501 i
%, HFM%E L ERERN, SON & &3k, &£

24 (0~20 cm) it AR I B B AR (B 1)
2022 F- 12023 35 R B B A )2 9 FE B3 0+
1% SON & &EiZWg M H, 2022 4, &2+
% SON % &t K #|/N4 8 RN+SM>RN+BM >
RN+RUN>RN+WF>NPK>RN>CK. Hr 0~
20. 20~40 1 40~60 cm +/Z RN+SM 4b ¥ - 3
SON % & NPK AL P43 742 %1 30.20% 40.13%
A 46.17%. 2023 %+ =+ SON % &5 2022
FEFAR—3, H RN+SM AFEAE 0~20. 20~40 cm
T EEERE, RN+BM AHTE 40~60 cm 2
A, B NPK B B 40.34% 61.59% 1

0~20 cm 20~40 cm 40~60 cm
_50p 2022
'E‘D 4
w2 [
250 el = ==
2 § 20 .ﬁ + + ¢ R 3 * e ; o . °
£z == L
=]
R M . |
_50¢ 2023
%D <
wE ‘
S a0t .
2 == : HEe S
Z 3 0t a . o B= == =
° =3
=EM - LE=TF
5 °
S N S . N .
$ E & £ 2 2 8 8 K & E Z Z 5 68K & & 2 Z 8
Z + + + "f Z E + ¥ ‘:f Z + 2 + cf
c 2 % c 2 % 2 & 3
b3 Treatment
1 FERBRERSERFAEX L% SON &M
Fig.1 Effects of partial replacement of nitrogen fertilizer by different fertilizers on soil SON content
79.59%. RANGET LI 1 7 T ROR B3

2.4 AEHEARLIERT 1% MBN 22850

ANF i AL R e  MBN &, HpEL
JZIRFERE N, MBN & ®i2HRIC, RELE (0~
20 cm) AR R AR (B 2) o 2022 FF %
AR AL FE 0~20 cm + )2 3% MBN & &5 T 20~40
F140~60 cm + 7, HANUITGALHEC b4 21 5 T 40 e
AEFE, 0~20. 20~40 A1 40~60 cm + 2 +3% MBN &
L RN+SM b3 i, 430l 4 NPK Ak R4
26.15%+ 27.80%F1 44.57% . 2023 4E & + 2 T 1%
MBN & &5 2022 FF£ARb a3 —5, RN+SM 4b B
18 MBN & & & &, B NPK 4b #7554 5
36.42%-. 37.81%K1 55.27%, 5t WA HLACAE Fr 2L 43t

25 AEERLENDRESEMRLELREFRA

YENF

Ji AR 2 v T L4 ¥ e & . PFPN 1 ANUE,
ANFEMEER AR EEZR (RS  Hf, 2022 4F
RN+SM Ab #4452 7 5 f a1, 4 35 634.51 kg/hm?,
bt NPK AbFEIG = 9.42%, H 3T CK. NPK.
RN Al RN+WF 4t #, 5 RN+BM Al RN+RUN 4b
RN %, 2023 4 RN+SM A3 D4 & 7 i
B, N 34 938.40 kg/hm?, b NPK Ab B 3 =
13.90%, [FIBS 8 & 3% & F NPK. RN Fl RN+WF
AbF, 5 RN+BM 1 RN+RUN 43 2 B8 5%,
HUCH RN+BM b3, P~ 34 326.00 kg/hm?.
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0~20 cm

13 MBN % &
Soil MBN content (mg/kg)

ol

20~40 cm

40~60 cm
2022

I L TR LT

s

T HEMBN &
Soil MBN content (mg/kg)

ol o

i;§§§*%e+;,+*ii!i§§i

2023

°
°

-

3 & ®

NPK
RN+WF
RN+SM
RN+BM

RN+RUN

NPK +

2 TEREHIMIERREN LR MBN 58

= = = z ¥ ¥ z = = 3 7
€2 722085832223

Z 2 % z & 2 Z z
Kb Treatment

gEAl)

Fig.2 Effects of partial replacement of nitrogen fertilizer by different fertilizers on soil MBN content

*5 ATETERLENDHESEM ANUE 52T
Table 5 Effects of different fertilization
measures on potato yield and ANUE
et AR
S| &S
PFPN (kg/kg) ANUE (kg/kg)
28 798.35+145.67¢ — —
32 564.70+234.43b 120.62+8.56d  13.88+3.13c¢
30 256.45+174.34c 140.07+10.45¢  6.75+1.42d
32 577.46+234.76b 150.82+12.56b 17.49+2.35b
35634.51+225.83a 164.97+7.89a 31.64+3.87a
34 785.97+236.65a 161.04+8.24a 27.7243.89a
34 567.34+218.78a 160.03+10.76a 26.70+2.97ab
28 487.70+156.76¢ — —
30 672.23+215.58b 113.60+£10.44c  8.09+1.69¢
29 457.85+163.34bc 136.37+13.67b  4.49+0.76d
30979.42+165.45b 143.42+12.98b 11.53+2.84c
RN+SM 34 938.40+232.67a 161.75+£8.54a 29.86+3.56a
RN+BM 34 326.00+£215.89a 158.91£9.45a 27.02+4.02a
RN+RUN 33 245.77+245.67ab 153.91£10.58ab 22.02+3.15b

G/ (32

Year Treatment

PRt
Yield (kg/hm?)

2022 CK
NPK
RN
RN+WF
RN+SM
RN+BM
RN+RUN
CK
NPK
RN
RN+WF

2023

SR FH 2R 110 v R s Bt 1 A 4 G B it P g 3k
Tt EWRSCRE FTEI RN, 2022 4R 2023 EAS[E it AT
15 PFPN HIl ANUE %L RN+SM Ab3 5 5 . 2022
£F RN+SM Ab # 43 51 % NPK Ab # 42 5 36.76% Fl
127.95%, 2023 4E 53 74 5 42.38%7F1 269.10%, H.
RN+SM 1 RN+BM Ab#E 5 NPK AbBEZE 73 03 . it
B A=A HLREXT 2 =i P2 S F0 ANUE A B35 1EH -

ZE4KE, RN+SM AL Bl ANUE J51H

IR, HUE RN+BM 4B, W& 5% 4
BURE & ARES 7 AL RE () 225 0 %5 RN+RUN b PR R
I B R = RO A IR R 775 RN+WF &b
BAEPOR AR T RO R H; RN AR D T
e &, HH = EM ANUE 15 Z 5 T CK. £
HIAHLIE S SRS 7 B AL IE. OCH /2 RN+SM
I RN+BM AbFE) J2 42 & B4 5 ™ & Al ANUE K
AR it A SRS

3 g
3.1 FEMEELESXRECFRRN DERRES
AENE

AL R R R S R R RE
(LR s SRR RE BN TR F
RE, WREIE I Bk B B0 44 IR A K. SR
FRUNE it FH A7 IRV R R 2R 1 RS 220 v (4
SERIF TR, SN HLRE L5 [ Ry R A
50%UL L, IXEEHEEH AR S IREL, TEER
e R NLE R BE J) . XIHESEPARE SR, 1R
20%EHUEBRLARIERI £ T, EREREGE
B — T ARG N 5.2%~8.5%: 85 EFPIH AR
B, KIA LRI RE 25 5t m R IR R A
BAMEREE, Hh 30%AHUIEERBARRAE.
B FEEE RS LRI — 2 R HUIL A #40



S 233 11

NG AFEAEEHE AU EEN LA LSRR L SR 161

{EIEREA e T L3R A R & &, (IR THIRFE AL
ZNGE

ARG LE RS oR, 5 NPK ALHAHEL, RN+SM
(JBEEZS) I RN+BM (WA HUIE) AbFRE %
e 7 0~60 cm T2 AR BASEMEESES
i, X152 EEPI R L, (E5R TR
R, XAlfe B THAEERBANG, HESHA
BUS A 3 o R e AR it 1 3= 5 B s AN 4
e, B TR, SE5E T AR
2, RS I8 U A A KR A R0
FHEEZ T, RN+RUN (SRR E) AR Z (40~
60 cm) TIREERMIEA MR R, RIMHBALRT
KA, RRPERIRERAYREEA R
BOEZE, SEMHFRNZEELE. Mz T,
RN+WF KR A EEAEKRE (0~20 cm) T
R FRTL T HRIU XA RS K IR AR
WL IR RGN RE R %, T RN (R
PRRE) AbERE DAL IR E I R, SRS
FERIRERR, ERAREEST CK A3, B
HF X 3 2 1 5 B RN 1T

AR, BRIGTHIREEE R EAL, RIS
A=A HLRE S AL BRI B e i 52 2 AR 2+
HRFEN PR, JEH 2 RN+SM AL AE (e +
B M R AR DG 5 AN B s A i 2 T
MARICREE . AHER, BAEGHRREANE, A
BB T BIREE, ARG T K
SEMIFEALRL, BESET T R I R R A R
77, RIA LR AR RE 1) £ 35 P it A2 S 30 - 3 s
B B R R AR AR Y38 7= 1 A 300k
W, U DA B S e o Pk
32 AREMEEBLEZERECFRANTIEEMHEN

A

SON Al MBN s - 338 7 4 20 1) 2 2 24 je s 4
XML R AR AR S AR B A EE R 28],
AR TR, A AU AT DA 25 3 v 135 SON
A MBN £ &, MiTiihss 3 R ik 2A I ERE 71,
AL R G —8, FR RS ERI
JE TR FEE 1 T 328 ek /N R B, EUAS TR) A B AR AT
TEREESR

ARG 45 R W~ , RN+SM 4 ¥ %f SON Hl
MBN & &[5 U R i v 3 . 2022 1 2023
£ 0~20 cm 1 JZ, RN+SM AbFE SON & & NPK
(G AR 20 B4 30.17%F1 40.34%, RN+BM

WHRRZ , XS5 RS RN FUARRE, [R5t
MRAETE K. XARe2H TIAERBANE, MUE
BERRAL T = m AN RIS, 6B T i
A, A5 2 A AR DA AR R S A TR A )
MR R ac se= s S NI T e o1 [ e
R RN+RUN PRI THAZ (40~60 cm)
1233 SON Al MBN J7 [ R 58 i, 22 R R 2% 185 1
BRFERIGERSE, S5EMFTETEMILE, AU
BT REFI SR, I IR R A
o RN+WF Ab#E FEAERE (0~20 cm) 11 SON
F1T MBN & 832 TH 7 T 26 I 8535, 7KV JIE I8 Atk
A At S0 RE 70 B0 )RR AU L B A RO B T
FEAE RS E. MEZ T, RN A &R
T 20%MALAE A &, {H3L SON Fil MBN & & 15 &
Fm T NPK b3,  Som H AL AR R ) & 2k

Zx LRk, AW TR A HUIEA 2 B A A
BB T R PE AL (SON Il MBND &,
Forb RN+SM AbEERIL AR, BESRTH 7 REAIRZ
SON HI MBN & &, M38qs | et Mo 1t A
FIERFRE J7o HMURIE TR A CESRE T F 2 I0F
MU AU, (23 T B ATE Y, 210
BEBAEYEAG . R L, B TR
I, BN T DIEARMEMEERRT,
U9 HUIE 5 AR 4k 0 2 S B - 3 155 IR RN 0 2 m RK
EHIAE &R, JUH DL RN+SM AEE SR et .
33 TREERBLEERUCFAENESHESEM

RALRZF A SRS

TR AR B TR, R L5
FIF R CoN A A P W S B T W) L
AR, W BAEB AR 0] ATEA BB = i
RTHE T 5 58 A EE R R . IS8R 7L
K, GRIREBR 20%FNEAR S EARAED = &,
H AR BRI R T 2.26%~12.69%; X K &2
W R, A RRIE AR 20% R FAEAS 2 52
SRR, HEER B ERE & T
13.71%. FERVEZEBOET Meta 70146 1, AHLIE
BB A B2 4 SR B R = 2 A B R H 2
R, HoEta SRR, GRS AR ]
DA 1 4% 25 7= B A BUIE R FH RO 23 3 v 12.6% 1
24.8%. AWFRERE LR —8, APHIEER
BN R LR T S8 2 = 5 M ANUE J5 T K 1%
HEEH.

5 NPK A FEAH L, RN+SM AbH7E $2 71 44 2



162 RIETS

Crops 2026 55 4 H

FE R ANUE J7 R AL, 2022 EA1 2023 4F,
RN+SM #b 3 7= 5 73 il 5 NPK AbEE$ 57 9.42% A
13.90%, PFPN 437325 36.76%A1 42.38%, ANUE
Sy AR 127.95%1 269.10% . X — 45 AL T 7l
NPT, J R o] REAE T8 B E SN B Rt T
BIVE, il (gt IR A s, ham 1 i
B HIRRELHE R RE ), AT S SO UL TAE &
B, B3RS T ANUE.RN+BM 4B /0T RN+
SM Ab#E, AR HUIE R IR Th B A A= 4T B it in
AN AR TR 7 e Ak, i — D4 1 LI
REMLMAE S, 50T ANUE. RN+RUN 4b#HiE
HEEEERBCER, WO RRE, 5T
ANUE, RIHKRIE™#E 7. RN+WF A FEAE IR
AL EOT RIS, (27 2 A ANUE 321 B2
/N, 7KV R PR PRERE TR 14 T R 5 S50 P i 2R
s, BFEEEEAL . M2, RN ALFELE R
B 20%ACIEHE RIS LT, P2 B ANUE % NPK
AEEEAT TR, B EE ST CK b3, _Fikgh

TN A IEIRCE (138 77, (R BARRERL N 78R F AT
it — .

AT 5T 2R A HUIE &AL EERE B i
LR E P B ANUE, FH b RN+SM Ab#E3UR
£, MR m 7 5 s kg RN+BM 4bFE,
KU FE LR MIRE /) RN+RUN AR I H K
RUBL R 775 RN+WF U B E A PR A R A R
KRG IR T A VLB R AIELE IR T 7= 2
et ANUE J7 1Hi i 55 25V, 92t R Aok m]
RREE R AR | BB AR -

4 g

20%A HLAE+80%ALAE (RN+SM AbEE) fEEF+
TIEEREME. R RN [k DR E g
7= R B AR A R AR Ty T R AR, e
RESRELIES RS, 2AREAE HIEE
FE A 52 9T L AL X HE T A 1R 2 i AR AR =

S E 3k

[1] %K, drdE, FAAR, % AFRPHERFFRE HE 7 3006 1158
FRo KR ) BRI R, BT AR, 2024(7):
24-29.
WEY, TKighE, Rt & ARG SARLLER NS
BILALRE X B = s i sem. Jb77 Rk 2=4R, 2024, 52(1):
26-35.
[3] I, 258, HAF, % AFEE TR ERN LI

ZoK R A B S P R Rg . R [ O RHE SR, 2020,

[2

—

22(6): 149-160.

FEFS, KRN, REE, . AEESESREDREAK

R SRR, 2023(5): 1-7.

BUKEE, S, XUH, & ARARHELETERELRTIT

dBERE. AW FIRSIME R, 2025, 42(2): 277-287.

BT, ke, BWEE, & RXEHLBAREIEN 2 4E

B L33 A0 P AN T 4% S BT R, (EIAR A, 2023(4):

159-164.

WRBAFA. F TP LR D8 2™ X b S AU AL A 2

AR R PRRERE: S LOIRY:, 2023

BRA, A, WERNE, % LEMEMEESNESLEH

WMRFESWEE. HWEFRSERZMR, 2021, 278):

1321-1329.

[9] 5, WFR, B, & AYUEEAE T 5 IX
LR K AR RA M ER . o E S ek
2023(10): 143-149.

[10] PR AHLEHLE RIS K TR HE R R m. Fir Ak
MR 54R, 2001, 23(3): 262-266

[11] XIES ks, Bshid, S AR R =™ & (e 8
TIEEARE. hELORFE, 2023, 56(10): 1920-1934.

[12] WangJ, Han GL, Duan Y Y, et al. Effects of different organic
fertilizer substitutions for chemical nitrogen fertilizer on soil

[4

[}

[5

[}

[6

—

[7

—

(8

[}

fertility and nitrogen use efficiency of foxtail millet. Agronomy,
2024, 14(4): 866.

[13] wlg, HET, @l & AHIEHSE LRI L
AHEAL > . E SRR, 2023(10): 11-18.

[14] Z=id. AL B IE RN D8 E R KA M L R
HISAR. RS RR: A SRS, 2023,

[15] Z=38, 350R, skiv%h, & HERMD&E TR0 E A E R
RfemmRr BMENLE . ME R SIER AR, 2024,
30(1): 49-62.

[16] A, Fedtds, BERE, &5 R R SRR RN L A
Ty VNS IR GER A RANAE FOK T R R A TR S TR
M, 2020, 26(4): 692-704.

[17] BEK, RAAKR, Xz, & KPR EHEHIE- LR
WS 2R AR L R R URHE. P E RIS I0R, 2021(4):
47-53.

[18] Bitz, BE8IFE, RECH, 25 WS B R IX D3 i AL
PR SVEMr. FE SRR, 2012(2): 104-108.

[19] Vance E D, Brookes P C, Jenkinson D S. An extraction method
for measuring soil microbial biomass C. Soil Biology &
Biochemistry, 1987, 19(6): 703-707.

[20] YanD Z, Wang DJ, Yang L Z. Long-term effect of chemical
fertilizer, straw, and manure on labile organic matter fractions in
a paddy soil. Biology and Fertility of Soils, 2007, 44: 93-101.

[21] $ME0E, XSO, KRB, 4. SRR EX PEDRE &8 K
KGRI EZE IS, K 2R, 2021, 40(2): 7-15.

[22] &%, XFFE, XK. SIEAEEA AR U, BAAES
£, 2022, 33(1): 277-288.

[23] mfEds, TIEE, KER, % RICBLAFRITREREHL
HEAPLEN RHE. R EARIEESE, 2022, 55(8): 1579-1588.

[24] X%, ZEM, BR, % ARAHIEEN 20%L R HFEH
AN R TR R RE. IR AR, 2024(8): 29-35.

[25] %655, SCOH, AWELL, 4% AIIAS RN LR U0 K- X2
HARPR EHEE IR AL sem. £33, 2024, 56(2): 273-280.

[26] PREGIE. K EEAE R B4 2 7 i A G0 3R WSO R P PO e
WEANREAE: SRR, 2011

[27] BREE, MRICHE, BERR, & RILALKT B AR B R



BB 233 kTN AFEAERHE AL R HIBAFE S B R KSR E ™ BRI 163

W5 Parfasem. EESAR, 2022, 59(3): 864-872. 215-219.
[28] PhIE, HtEEoG, BHEE, 55 ARZ/BRIREEE LAYHX [30] Z&4RiL, FHE, HIER, 5 GRS EIE b E R R
KBk AOR. R EAES LR, 2017, 25(6): FEEMR. BRI, 2025, 46(1): 478-488.
848-855. [31] mitae, AR, KXW, & AHEEAE e HR A
[29] XU, B, BRIGE, &5 BRENBREME. AEA PRI X DA R R R EUKT R SRR R R 5
P # R AT s sz, b E Ak Sk, 2011, 27(12): . H RO KR, 2016, 51(2): 54-60, 68.

Effects of Replacing Chemical Nitrogen Fertilizer with Different
Fertilizers on Soil Nitrogen Fractions and Potato Yield

Du Erxiao'?3, Zhang Lirong*, Ren Yongfeng'?3, Gao Hongyan'?2, Zhang Jun'23,
Zhang Peng'?3, Gao Yu'?3, Wang Haixia'?3, Zhao Peiyi'?3

("Inner Mongolia Academy of Agricultural and Animal Husbandry Sciences, Hohhot 010031, Inner Mongolia, China;
2Inner Mongolia Key Laboratory of Dryland Farming, Hohhot 010031, Inner Mongolia, China;
3Science Observing and Experimental Station of Arable Land Conservation in Inner Mongolia,
Ministry of Agriculture and Rural Affairs, Hohhot 011705, Inner Mongolia, China;
4The Second Middle School of Jining District of Ulangab, Ulangab 012099, Inner Mongolia, China)

Abstract A field plot experiment was conducted to evaluate the effects of partial replacement of chemical
nitrogen fertilizer with different fertilizers on the content of total nitrogen, ammonium nitrogen, nitrate nitrogen,
soluble organic nitrogen (SON), and microbial biomass nitrogen (MBN) in 0-60 cm soil. Seven treatments were
established: no nitrogen application (CK), conventional nitrogen fertilizer application (NPK), reduced nitrogen
application (RN), and RN combined with water-soluble fertilizer (RN+WF), decomposed sheep manure
(RN+SM), bio-organic fertilizer (RN+BM), or controlled-release urea (RN+RUN). The results showed that all
substitution treatments significantly increased soil total nitrogen, ammonium nitrogen, nitrate nitrogen, SON, and
MBN contents and improved agronomic nitrogen use efficiency compared with CK treatment. In 2022, the
RN+SM treatment exhibited the most pronounced effects on enhancing soil nitrogen status and agronomic
nitrogen use efficiency. Compared with the NPK treatment, SON and MBN contents in the 0-20 cm soil layer
increased by 30.20% and 26.15% in 2022 and by 40.34% and 43.57% in 2023, respectively. Nitrogen partial
factor productivity and agronomic nitrogen use efficiency increased by 36.76% and 127.95% in 2022, and by
42.38% and 269.09% in 2023, respectively. Potato yield under RN+SM increased by 9.42% and 13.90%
compared with NPK in 2022 and 2023, respectively. Overall, the RN+SM treatment showed superior
performance in improving soil fertility and increasing yield, indicating its suitability for large-scale application in
the northern foothills of the Yinshan Mountains, Inner Mongolia.

Key words Northern foothills of the Yinshan Mountains; Nitrogen fertilizer reduction and replace; Soil nitrogen;

Agronomic nitrogen use efficiency; Potato
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