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1.1 e sk
HRALEEX: 56T 2024 4F 5-10 HEN S
T E A X% 2 RN AT S B R SO Bk A AE 4
(46°22'N, 119°49'B) BT, 1ZH0 il w Kbk
S5, #ER 800.0 m, EHYIR 3.3 °C, FHIFEK
461.6 mm, LML 114 do #EATHHEIEREFEAL
PN LR 20.89 g/kg. 4R 1.76 g/kg A 3k
20.68 mg/kg. AL 145.60 mg/kg. pH 6.80.
TBR)ISP IR X 56T 2023 4F 5-10 H/EN
56 1t VG DXIT RIS A5 T AMR A% 2K I S ROl B [

X AR ht (40°28' N, 111°46'E) #EAT, %l
A KR TEA %, MR 1055.9 m, ESIR 8.4 °C,
SEYREIK R 379.4 mm, TCAEHAZ) 130 do FEHT I
SRR AL O HLR 13.00 g/kgs 4% 1.13 g/kg-
A 350 6.62 mg/kg A 100.49 mg/kg. pH 8.13.
1.2 It

WEAREE (CK) « 100%ILIE (M0) A
HUIEEAL 25% (M25) . 50% (M50) + 75% (M75)
AT 100%ALAEZ (M100) 6 NAEFE (£ 1), 3K
HE, XMWY A VLR N &
RIFR BRI B RS 100%L AL EEAE Y.
BERAEAE S BN IR R (N=46%) « I FRES (P2Os
>12%) FIEMAH (K20=60%) , A IEET#

R1 TELERIRNE

Table 1 Nutrient inputs under different treatments

SRS HE b aHLE HLACFH & Fertilizer application (kg/hm?) B R L7 Substitution ratio (%)

Location Treatment  Organic fertilizer (kg/hm?) N P,0s K,0 N P,0s K,O
LBR) PSR CK 0.00 0.00 120.00 90.00 0.00 0.00 0.00
Tumochuan Plain 4o 0.00 225.00 120.00 90.00 0.00 0.00 0.00
M25 2446.00 168.75 108.75 63.59 25.00 9.00 26.00
M50 4891.00 112.50 97.50 37.17 50.00 19.00 53.00
M75 7337.00 56.25 86.25 10.76 75.00 28.00 79.00
M100 9783.00 0.00 75.00 0.00 100.00 37.00 100.00
ARILBEEX CK 0.00 0.00 90.00 90.00 0.00 0.00 0.00
Black soil region 1 0.00 180.00 90.00 90.00 0.00 0.00 0.00

of Northeast China

M25 2250.00 135.00 68.00 66.30 25.00 25.00 26.00
M50 4500.00 90.00 44.60 4230 50.00 50.00 53.00
M75 6750.00 45.00 21.80 18.50 75.00 75.00 80.00
M100 9000.00 0.00 0.00 0.00 100.00  100.00 100.00

FFS — vt N -3
BT R S MO PE S 6 5, 1TEE 60 em,
PRER 25 cm, P A 66 660 Fi/hm?, /NXH
A 50 m2; HHLIES 2.30% N. 0.46% P,0s
1.08% Ko0: ZRdb i XAl fioh kil 101, 47
#H 65 cm, PRl 24 cm, FAEZE SN 60 000 Fi/hm?,
ANXTHA A 100 m?; AHUESE 2.15% N, 1.01%
P,0s fl 1.06% K,O0. HUFES 8] A K K 3k 45 1
(V6)  Rmw\3 (vi12) « I (R3) Ik
HH (R6) o A ERR oK A =
1.3 MEEFESFHE
1.3.1 FT#HamEZ 4T EK Ve, VI2. R3
RO JHHATHURE, IBHUS /NXAAREER) 3 HE
K, KRS 2R E 87, 105 °CA 7 30 min, 75 °C

M REE, WEEKE. SR TR
HEl,

132 FEAAMARREE T R6 MIfEK/DNX ik
5m XUTHEATHE R, R R bR 0 FE AR A FEORE A
BRLE, % 14%K 7 3 S AL AR = 10,

133 AR5 KRESFME KA HSO04-H0:H &
FEfL, RAPIKEREN SR &8, RANHEE
EE ik e i & &, SR K@D BE TR e B
B, SBEAR (B 8 ZWIKE (kg/hm?) =%
BETURREESHER (B #) SEI,
134 fE#A mAsFE  JLEHEAE P J) (PFP,

kg/kg) =F K= R/ALE; ALK S FE (AEN,
kg/kg) = CiiEAL B FOK = B AN it B AL B £ oK 7=
) RN,
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1.4 HiEAIE

K Excel 2010 # 4 4b ¥ %04, >R A SPSS
26.0 BHAT N R TT E T B E R, R H
OriginPro 2023b 1E .

2 HBREDR

2.1 BHEBERUEN ER~=ENFE
ZRAE R A XA HUIE B A AE XS 1K™ B 15

ZR4b 22 1 [X Black soil region of Northeast China
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ARVNG FREFORA R E ] 2R 5 # (P<0.05) , FH.

Wi QT 1 TR, AN [R] AR B oK = d e A i 2 R
T K = A HLAE B AR B FC 38 o £ S 38 S5 B
@, M25 AFEFEE S MO MY, BT M50,
M75 F1 M100 42, 43¢ 7 11.06% 18.08%
F125.28%.
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BAR LA n S g 28 95, 78 M25 B IA 20§
g, LR EEET M0. M50. M75 fil M100 4b
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Different lowercase letters indicate significant differences among different treatments (P < 0.05), the same below.
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Fig.1 Maize yield under different treatments in the black soil region of Northeast China and Tumochuan Plain

B, IR E T 12.48% . 22.68% . 27.49%
36.84%.

XIS [ b ) K 2 AN = X AT P R IR
BILL M25 Ab P E A, RS A HLUIE AR
Lo AT G oK Sk G m . b R,
HURE B AR 2R AE LB SP R (AR 35 B N B 2
—JT RN BRI 5 M25 b MO AbF 4R & 1
12.48%, mMAJbE X M25 5 MO &b 2 7= & 4
Y S — 7 R E) PR M25 8 M100 #2851
36.84%, 1M AR JLHE L X IR N 25.28%. 2 4
FEX BB A LU i — 228 (>25%) , PR
W B
22 BHUREBEREENSEXRTFYIRREENZ M

AR LEX EKRZEZWNTYRRRBELE
WIHEE 2 T Y, 7F R6 WA FIIEE ; R6 WINT,
M25 Ab B FOKZEH T AR B & B2 = T M50,
M75 F1 M100 42, Zr5liem 7 18.14%. 32.71%
A 44.10% (B 2a) . ATV RERAE M
et 25T m E RIS, £ V12 A B
M R3 % R6 #, M25 4B 2 =T M75 Fil M100
LbEE, R6 WIEF, M25 AbFEE: M75 A1 M100 4b# 5

BIHR ST 34.95%F1 49.91% . M25 AL BRFFRL 1) T4
AR A R A REM, ££ R3 I Re W& T
HAh AT, R6 WK, M25 AP M50, M75 M
M100 4B HIHR T T 8.29% 15.73%K1 27.50%
TERNF R R EZN TR R EEE RS
WIHERE BT BRI, 75 R3 HHIA 30 (f
(F 2b) 5 AFEAbEEE], M R3 BATF4A E 2 R6 1,
M25 AbBRE 3 T H AR AL EE, R6 HARS, M25 4bFH
B MO. M50, M75 F1 M100 43 7 & T
34.33%-+ 25.97%- 59.63%F1 117.42%. M A T4
AR R AR A AR A S R R
XA, 75 V12 HHARIEE; A3, I Vi2
2R3 1, M25 4bHE S T H AR, Re HART,
M25 bR AR AL HER = T 15.15%~40.44% . Xt
THRTYRMART S, M25 PR ATIA
U, 7E R3 F1R6 WXy T HAh AL FE, Re ]
i, M25 Ab A HAB AL FRER 5 T 12.45%~36.8%
B3P W I, T oK M B 2R
TR R RIS, 76 V6 W& ki) 2 F A 1
B, AR ARIBRA R B ARF, 1At e kb
(M0 i BEA—Emme, xELBIITF
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Fig.2 Dry matter accumulation of maize organs under different treatments
in the black soil region of Northeast China and Tumochuan Plain
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Fig.3 Nitrogen uptake of different maize organs under different treatments in the black soil region of Northeast China
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WM, Vo AR AR LR 2R, ZEHM
BEZER. HTERFRAERIETS, R6 M
I M25 kb3 EE M75 FT M50 AbFRIR & T 14.96%-
5.79%.

AN TR AL B oK %2 B 0 3 RO T AR B
me) L] 40 X TR Z R R IIE, V12 JiR,
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Fig.4 Phosphorus uptake of different maize organs under different treatments in the black soil region of Northeast China
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Fig.5 Potassium uptake of different maize organs under different treatments in the black soil region of Northeast China
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F o A FEAEEERT R OK A W s e w6 B
~, MWE 6 FTLEH, T KRMEEZENRRRIE
76 V12 HIiF MO AT M25 kb B 2 T H A AL B,
M R3 F] R6 ] M25 kb FE R 2% = T HARMALEE, R6
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PR R R CE, V6 IR Mol M25 AbFE
& 2ER, HEREmTHMLAE, N VIi2 &
R6 AR M25 Ab 2 B 3 & T H Al AL B, R6 HAMS
M25 4L FREE MO, M50, M75 Al M100 &b 353 51 1



S 231 1

M2 A UL K7 8 R 57 0 ISR R 2 103

K 27.51%. 47.17%. 71.45%F1 116.23%. fE R6
I M25 A0 B ORFPRL I R R B T

@ CK O MO
2 Stem

—_ —_
4 e}
S (=]
T 1

—_

[\

(=]
T

AR =
Nitrogen uptake (kg/hm?)

(o)) O

(=) (=)

w2
S

(=]

Vo V12 R3 R6

R A B A KB B R R R

P 7 R, A TR] Adh B ) R K AR R 1l 2 i
R R BRMEFEMNBE R IETE V12 FTR3
HART MO F1 M25 b3 i 2 v T HAth kb3, R6 R
M25 A3 2 T A AL B, A A A BRI T
37.05%~182.09% . X F & K A 1 2 W Ui
V6 HHF AR ZE TN, N VI2 B R6 ] M25 AbEE

m CK 0O MO
= Stem

BRI
Phosphorus uptake (kg/hm?)
N
£ S 3 x &

—_
[ee] [=)}
T

Vo V12 R3 R6

AN [ A B 6k R K AR Ak B R AL 1 2 O T
8, M25 AbFEM B KA R ETE V6 5
MO F1 M50 4b3TE &% % 5, HEZEET M75 4
H, MWR3HIFM B E & T HALAT, Re HHKS
M25 AEFREE MO M50, M75 Al M100 &b 353 51 14
K 22.84%. 14.08%- 53.72%F1 109.09%. X} T
FrEA R R, M VI2 = R6 Wik M25 4B
FE T HARALEE, R6 S, M25 AbEEE: MO, M50,

| M25

| M25

fB AL PR, ZE b, AHUAEEAR 25%FLHE (M25 AbEE)
AL FET 2 B KEFERKMBM TR, EREIRREE

m M50 ®m M75 O MI100

- Leaf FFHKI Grain
a

V12 R3 R6 R3 R6
A E I Growth stage

Elo LTE/ITFEAELEHERTERIEE

Fig.6 Nitrogen uptake of maize under different treatments in the Tumochuan Plain
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Fig.7 Phosphorus uptake of maize under different treatments in the Tumochuan Plain
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Fig.8 Potassium uptake of maize under different treatments in the Tumochuan Plain

2.4 FAHIRER AL E KR FI B BERAS
2.4.1 AIeH Rt EKIEH R L T 6 R
o ZRAEE L XORFEALFE N TR PFP 2 80K
(%£2) . M25 4B PFP 5 MO #H2Y, B3
T HAR A FE, PFPN R H AL ERIE S T 2.77%~
32.19%, PFPp Al PFPx 42 2% & T H A AL B
£2 FIEBTXFRELETHRRHRE~ N

Table 2  Fertilizer partial productivity under
different treatments in the black soil region

AbEE

Fz3 TERIFETELERERMRE ™
Table 3  Fertilizer partial productivity under different

treatments in the Tumochuan Plain kg/kg
AbPH Treatment PFPx PFPp PFPx

CK — 62.70+3.62d 83.60+4.83d

MO 44.49+3.76b 83.42+7.05b 111.23+9.40b

M25 50.03+2.65a 93.81+4.98a 125.07+6.64a
M50 40.79£2.05bc  76.49+3.85bc  101.98+5.13bc

M75 39.25+3.28bc  73.60+6.14c 98.13+8.19¢
M100 36.57+1.52¢ 68.57+2.85¢cd 91.43+3.80cd

of Northeast China kg/kg
AL FE Treatment PFPx PFP; PFPx
CK — 59.75+3.16e 59.75+3.16d
MO 40.87+1.52ab  81.75+3.04ab  81.75£3.04ab
M25 42.00+1.84a 84.95+3.71a 85.58+3.74a
M50 37.14+£2.25b 77.06+£4.66bc  77.06+4.66bc
M75 34.31+1.89bc  72.47+3.98cd  72.48+3.98c
M100 31.77+1.39¢ 67.64+2.96d 64.45+2.82d

[FFIAFNE FREF R AR Z R EE (P<0.05 , FE.
Different lowercase letters in the same column indicate significant
differences among different treatments (P < 0.05), the same below.

R 3 a, LER)IFIR M25 42 PEP
T H A 4, PFPN B b FRER & T
12.45%~36.81%, PFPp Fl PFPx th & 2 & T Hifih
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Nitrogen fertilizer agronomic

4t 2 £ IX Black soil region of Northeast China
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Fig.9 Agronomic efficiency of nitrogen fertilizer under different treatments
in the black soil region of Northeast China and Tumochuan Plain
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HRNAILE LX) AEN 8% m T H A B, 45
MO. M50, M75 1 M100 b3 IR & T 15.28%-
51.97%-. 110.47%H1 218.29% . 12k JII°FJ& M25
AEFE) AEN & F MO, M50, M75 fil M100 4b B,
AL, EEREEEEARNEL T, AEN A PLAE
BACEL A7) T i B A
3 g
3.1 BHEBEKLBERE AN mER

KEM TSR], AL B AL AT
W E LR RS SR UGS . REER ™ %
A5 AR AR A DL R AR RO R RS
& R AR EL B A2 78 43 R AR HLIEAE F B B AR
fRbe, &EBREIZEY R, Lg% A
EREREZERNREN, FEEFKE. GHDN
BRUBIE— R E LT DR E e B k&
W, TR RIRALORRRDC, g nT R
mEED e T, W TR OS2 8], TR A AL
B AR 17.00%~37.50% A 7F £ % T oK 7= 5 1 [H]
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Effects of Organic Fertilizer Substitution
on Maize Yield and Nutrient Utilization

Hao Jun'?3, Zhang Wei'23, Bai Chunhua*, Huang Lichun?, You Yanhua*, Lu Yongxin'23,
Li Zhe'23, Lian Dongyang"?3, Wu Wentao'23, Chen Yang'?3, Zhang Li%, Liu Hongbo®

("College of Resources and Environment, Inner Mongolia Agricultural University, Hohhot 010018, Inner Mongolia, China;
2Inner Mongolia Key Laboratory of Soil Quality and Nutrient Resources, Hohhot 010018, Inner Mongolia, China;
3Inner Mongolia Autonomous Region Higher Education Key Laboratory of Agricultural Ecological Security
and Green Development, Hohhot 010018, Inner Mongolia, China; “Hinggan League Institute of
Agriculture and Animal Husbandry Sciences, Ulanhot 137400, Inner Mongolia, China;

SHohhot Agricultural and Animal Husbandry Technology Extension Center, Hohhot 010018, Inner Mongolia, China)
Abstract To address the issues of unreasonable chemical fertilizer management, low fertilizer use efficiency,
and escalating environmental risks in the maize production areas of Inner Mongolia, field plot experiments were
conducted in two typical production areas, namely the black soil region of Northeast China and the Tumochuan
Plain. Six treatments were established: no nitrogen control (CK), 100% chemical fertilizer (MO0), and organic
fertilizer replacing 25% (M25), 50% (M50), 75% (M75), and 100% (M100) of chemical nitrogen, to clarify the
effects of different substitution ratios on maize yield, dry matter accumulation, fertilizer use efficiency, and
nitrogen (N), phosphorus (P), and potassium (K) nutrient uptake. The results showed that the M25 treatment
significantly increased maize yield, with an increase of 4.69%-36.80% compared with other treatments. The MO
treatment exhibited the highest dry matter accumulation of various organs during the early growth stages of
maize; however, the M25 treatment showed a distinct advantage from the large bell-mouth stage to maturity. The
M25 treatment promoted the uptake of N, P, and K nutrients and enhanced their utilization efficiency; the partial
productivity of fertilizer in M25 was 2.77%-50.51% higher than those of other treatments. In conclusion, the
response of maize to organic fertilizer substitution in the Tumochuan Plain was superior to that in the Black Soil
Region of Northeast China, and replacing 25% of chemical nitrogen with organic fertilizer can achieve a

synergistic improvement in maize yield and fertilizer use efficiency.
Key words Maize; Organic fertilizer; Chemical fertilizer reduction; Black soil region of Northeast China;

Tumochuan Plain; Yield; Fertilizer use efficiency
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