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Abstract: In order to solve the problems of stunted maize growth, low nitrogen fertilizer utilization efficiency,
and decreased yield caused by soil acidification, a mineral derived humic acid organic fertilizer was made
based on the principle of humic acid efficiency enhancement combined with the spray granulation process,
and its application effect on maize planting in acidified soil was investigated. Three treatments, which used
acidified soil (initial pH 4.7) as the experimental base, were set up, i.e., blank control (CK), conventional
fertilization (CF), and humic acid organic fertilizer combined with conventional fertilization (CHA). Field
fertilizer efficiency experiments were conducted on maize, and relevant indicators were measured after three
consecutive seasons of maize wheat maize crops. The results showed that CHA treatment increased the

soil pH value from the initial 4.7 to 5.2, which reduced soil acidity by 10.6%, and decreased exchangeable
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acid content by 15.4%. Compared to the CF treatment, the nitrogen use efficiency of maize increased from
29.07% to 46.55%, with an increase of 17.48%. The yield of maize kernels reached 10378.96 kg/hm’, which

increased by 12.34% compared to the CF treatment. This humic acid organic fertilizer could effectively

improve acidified soil, enhance nitrogen use efficiency and maize yield, and provide technical support for

high-quality and high-yield maize in acidified soil.
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SR A OB T 29 3 FE Al n] R A e Y EE
SR, A0 A RIS R DX IO R SR
MR L SRR LIRSS, Sl L HEMRSS,
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BeRge e b A, AR, RiE A £
K—/NE—FKE (EREFM 6 A—10 A,
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I HIREE 0 ~ 40 cm 2 HHERES, WlE
SEubFRAL M pH 4.7, ALK 10.8 g/kg. Bl
fift & 62.5 mg/kg. HBHE 13.8 mg/kg. LM
89.2 mg/kg. HNMER 3.9 cmol/kg.

1.3 [BHEERBHAEAYBIH
1.3.1 A6 RHEBRL K F &

A TEREIRARL I il o 55 T me g 1, $1h”
PR JEEAE ALK 5 AL B ™ U5 B A IR IR 4 It
w1 BIRAWI, BARRIEEITR,

A O IS T AR ORI . BRI 10 g AL
BOERE, 80T 50 mL 25 Tk, A A4k
BYE pH £ 9 ~ 10, BT 95 “ClEEAKBE, W
JTIBEFE 2 h AR A TV A TSN AR R I
4% B B 8% MERRIR S, WA W HEKREE
EER NS, 7895 °C. 0.1 MPa &/ FHi+kE 2 h,
B 5 T 121 °C 5 KB 20 min, B35 HIS6 )
VR R OB S o R RS R B ) ) L R A IR
TR 92.3%.

AR D VR S AR R R - B XUAR R Bk
JENLE#E J5 i 100 H i, H 10 mol/L fif iR 12 iU 4
48 h, BEJGH LB FRKRE G Z M (pH
7.0) , 80 CHET 12 h, FZ 121 °CKJ# 30 min,
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B FAL FEAERE, PRI 80 g PALFEAERE. 10 g B
VIR SRR, A 10 mL S8 RIFHEI& 30 g
BIRL, VK EEE 65%, BT 28 “ClHIER;
FHKIE10d. KIS WG, KA GB/T 35107—
2017 J5i, e HF B SR AR 5 5N 78.6%.

1. 3.2 A R & &

KA SRR R 2 © 1IRA, 2
FTREFKP, BT 28 CHEIEREIK (120 t/min)
¥ 24 h, T ABOGREE >2 12 /mL R .
1.3.3 JFEAHH K

JEAE IR A HLIE JEORHZ s i B M
Bkl 75 0y SR ocE (IR - WRIEREE « BRI
Be=1 1 1)03%. B CRNIEEN)
150 WAEYI I (AR AT A« MRS =
1:1)031%.

1.3.4 miRENTZ

FRE A G, K E S RHERAK . T
K. BB A SUZFHRAHL, BEPE 30 min 15
MGEA BRI s R REIR i 126 2 BUUEAT 3R LZEA T i
ki RS BURZ 2 ~ 4 mm BTG, T FW (<
2 mm) MERER (>4 mm) REIESHIE DG
hi; VIR KR E TR HIR A TR 2 A 20 min,
ZFORLIRE <30 °C; I Ja B EY H W E %10
WSk A SR T TR 2R T (B VR B oy SR o
1 0.5%) , HARIT, SBKEAHEHEEANE,
RPAS b A R A HILAE
1.4 It
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RIS 3 ML, A 3 REE, B
HEEEM20m® (4mx5m) , FEYLIXAHES], B
Tt AE A, A R4 PR — 3, AR PRANF

ZREX AL (CK) o ASjiti AT AR RE, X
VEATH ML TR B (AnpeK . BRE . S HUERIG ) .

WOLHAEALBE (CF) « B KRR — U kit 1
26-10-12 ZHHE, WA 750 kg, /NEIRALE
FH18-18-18 E A B, FF i & 525 kg; 1B H
B 28-6-6 ZAHE, REAWIAHE 225 kg,

JERIR A HUIEALFE (CHA) = FERJEE—R
e 26-10-12 E A B + MR A VUL, &4
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JE A28 B 750 kg, SRS R AT AL AE 5 4 L
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B (TR, FSEE0.1g) , JFIel &/ NX =&,
Fo/NDX AR BT A B

HROEHE B R NY/T798—2004 « H &1
AR ) 5.3.2 HRILE ARSI T ik
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1. WTLAEH, ZAYUEAPURE SR 62.3%. A3
TEWES.2 12 /g, nTEEPEEM IR & & 40.3%, i
KighBE 28.0 N, WHfR etk RaF, v fisti. ©
fith K FH [ it P e A v i A R B e S 45 BB 52,
it L it A R 5 R o e R e

=1 BERANEHERELMER
Tab.1 Basic physical and chemical properties of

humic acid organic fertilizer

bR 3 UE
AR SR (%) 62.3
ABOERE (12 /g) 5.2
VAR AR (%) 40.3
Ko (%) 3.5
pH 7.2
MR (N) 28.0
BEEE (%) 4.0

2.2 [BERANEXER T IEERE RS20

LRI oA —/NE—T2K 3 BEWR, AR
SEPN AL T IERR FE I R LR 2. WRAE Y, CK
AEFE A3 pH BEA TR, M 4.7 FRZE 4.6; scHthig
AT RN, DR EARFIME S N TR AT AR AL
CF Ab# 3 pH 5 CK AbHa3A—3; stk
B2 4.1 cmol/kg, VaHH HRAL FH AL 22 8 A IEJovk %
fige HEEIR AL, T HE AL SR B IR R AL R L
Il CHA Ab P 0 35 PR AIC B Re B, € pH 271 2
5.2, BHIGRMEIER 10.6%; 3SHMERRM 3.9 cmol/kg
B % 3.3 cmol/kg, P& 15.4%. X450 THE A
JERERR A PREIAE . B U S A R R S )
KEREE. ByR i P o fn H 3 1Y, [R] B I FfT
THE AV AR AR TR R R 2 T N A B e
FERE/NY PR, W25 R T A
iy, IHIZ IR S HESEE AR, R PR
SR + A RA T 1 TR S R AL

R 2 TEAIEXIEL L T IRELEE A2
Tab.2 Effects of different treatments on acidity of acidified soil

- 13 pH SRR

WG R A BIHERE (%) #iE (emolkg) MEJG (cmolkg)  FEARIERE (%)
CK 4.7 4.6b 2.1 3.9 4.0a -2.6
CF 4.7 4.6b -2.1 3.9 4.1a -5.1
CHA 4.7 5.2a 10.6 3.9 3.3b 154

E: (1) APIARNEFRRRZEREHE (P <005), FH.

2.3 BHERBANEN ERRIEF A XN

AN TR A B K U A 2 R DL 3% 3. W]
L th, CF AbPE K ZEFIH AR 29.07%, X
HHEBACIRR R S R AWK ¥R R EA L,
Bk LI R SR A A SR, Bl K SR
Rk g )2 10, [R) I e A 1 B ) AL
Fe'" o5 RUE P M55 T sa S ML, BRIRA R
ARCE Y Th CHA ALBR B E IR RIEFH R, &
46.55%, % CF #2755 17.48%, MR RE ,
CHA KbFER F K H b3 SR U R 237.43 kg/hm?®,
435 CK.. CF PR 5 61.90%. 16.72%, HHH-.
ZEFF . ORI R RER B T HAAL P, X
BALG T BHERPRIL . MRS R 0T 5%

(2) KB 2024 48 10 J FRUGRISTIE .

BT E N R A R, R RMR 5%
Ky [N, SRR A L AP P, R
SR TS, BRIFRBZAEZMET; Ak,
TR R B A e R AE R e S, WO
SEDRBENGYE, A HLEE A R TR e,
HEKRAE KRR S R RS S, M TR
FIHZ,
2.4 BERRBNEX ERE KBRS

AN TR Ak B T 2K A 4K 6 B i A 1 B e L 3R
4, WfLLEH, 5 CK A, CF4bP £ Kk .
M. ™ J SPAD 1H 43 il 2 7t 13.7%. 20.0%.
19.4%, KW H AL AT 7E — e B B &
KA 1 CHA b iF FoRAE KRR E N i
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F, MREik 261.2 em, B CK #4011 10.6%, # CF
BN -2.76%; 25K 3.2 cm, # CK B4 28.0%, %
CF #4 /il 6.67%; ™ J SPAD {H 57.7, % CK &7}
27.4%, & CF 4T} 6.65%, X —455 5 CHA 3%
TR TRMR R A KAV G: —Jm,

CHA ACBEREMSHET 130 pH, WA B X oK
WA #E, (CERA MR SMER %, 5
IR WRE S ; 3 —Ji i, CHA It KBIR 72
SMAEY R IR oAl $ETH T RO A AT
R

#* 3 TREALIE X EARFBEF A RS0

Tab.3 Effects of different treatments on nitrogen use efficiency of maize

e it e H IR AR R R FERLI R R M bR R RALFI I
(kg/hm®) (kg/hm®) (kg/hm®) (kg/hm®) (kg/hm®) (%)

CK 0 41.55¢ 4.38c 100.72¢ 146.65¢ —

CF 195 50.14b 5.09b 148.10b 203.33b 29.07

CHA 195 59.63a 6.14a 171.66a 237.43a 46.55

T R B 2024 4 10 H I KBEREIE .

R 4 NELIEX EKE KIEFRAIFIT

Tab.4 Effects of different treatments on maize growth indicators

AbFE MR (em)  ZE# (em) v SPADfH
CK 236.2b 2.5¢ 45.3¢c
CF 268.6a 3.0b 54.1b
CHA 261.2a 3.2a 57.7a

e 1 EdE N 2024 4E 8 H FRRBIWUTIHIIAE .,

2.5 [RHERRBHIEX K= ERFNT
AN TR AL RS 6K 77 ek R 7 e ol TR 2R 4 B

WS, TLAEH, 5 CK A, CF AR B FORAAR 2K
ok T M N X R T 32.15%. 14.07%.
45.63%, 1l CHA AbBE EORFERI B, F ki E /N X
PR BIEET] 38.53%. 17.43%. 63.60%; CHA &t
HY5 CFML, /e BERE 12.34%. 77 8l
JRAZE A, BERBON R STk K. CHA b2
R CE ORI IR, VRS SR A T
JEFRGY; BRAh, SRR il DAY S MR A PN 3 Al
WK, W IR, eSS,

R 5 NEIEX EAK~E K~ EHREZAIFN

Tab.5 Effects of different treatments on yield and yield composition factors of maize

ahsp ARREAL  RERIEKC FrRLH X TE AR B CK i CF 4™
(BE) (hi) (g) (kg) (kg/hm®) (%) (%)
CK l.la 423c¢ 30.63¢ 12.69¢ 6344.37 — —
CF l.1a 559b 34.94b 18.48b 9239.08 45.63 —
CHA 1.2 586a 35.97a 20.76a 10378.96 63.60 12.34

T R 8dE N 2024 4 10 H FKRBEREIE .

2.6 BHEBRAVEERNEISH

AR5 Bl 1 PR JB8 L PR A AL E A PR b 0 oK
PP R RCR B, HADIEAIR T “sURHiC
fh—TZAVHr—RE A" WBARA R, HARHL
55 PN E AT AR =J5 iR
2.6.1 £ RERNLERE Y FEREALE

Ao EBER Y IR IR IR + CE YRR RRT ) U
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92.3%, NIRIL. WyFeIk vl i i1k s B i
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AP, W HE BB TR ERR AN EE D, Yk
fEt IR SR A R R R RS , /NG T AR
(7311 < 5000 Da) i Fe#eTt, WIERA RIEAA
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DA, e FEL A IR B R T - M B S A e,
TR Y. B E AR Yol + K
o (A HREI SR AL, Bl 13 pH M 4.7 42
FEE 5.2, NIKHRARAE KOS H A pH 38,
2.6.2 EEBR—MAY—K R ERAREFHAE
IR

CHA PR TR FAEFIFH 2 29.07% ( CF &b
) 48T 46.55%, HAZOETHWET “EHHER
A —IRBRE B =4E R R,
— 7T, B A SRR I e T 5 BT R
EMESER IR R, WO RRKKS5HL; B—
JoTET, AR R R A A R ] A A e
SN . AHRIAE RS, A ILEN S TG
HLRFE AL 1,
2.6.3 R ER T MEBRIEZINA

W3R 3 T 2 AR T IR EOR R e P (giRE
PERIE 28.0 N, K& 3.5%) , B ASTETE
e “BRE” , SR RMNRHER. % L2
TSR SR RS [ A0 BOIBURE , [ A8 P S by A U
RIEBCEEER I, MR ERRE R, #h
HHALIE “BIIARS# S8R . FHARAL
SEBAL” e, XoE HE CF 3™ 12.34% 1
HEF A

3 g

(1) ABRAIH SR AL, 2 09
U585 M TR 2 50k — 2 0 e gt ™ 0 0 L PR — T
KGR LW, APl >60%. iifF 25
MR >80%. AATHFEL >4 1L /g. BB & 4.0%,
AET IR AL 33 TP A oK

(2) Jiti FF A A R AT LR P A7 28000 R R4k +
HE, LY pH M 47 T 52, IR EREAK
10.6%, HMERR & RFRAIK 15.4%,

(3) Jit FH % JEAE R A DR AT S5 5 3 T FOK R
REFIFR, MH BUEAE R 29.07% $2FH % 46.55%,
HEWEIR 17.48%.

(4) il FH 2 J65 HE R A5 B A T 28 2 19 m oK
PR, A R IR TT 63.60%, 8 Rt I 1 7

12.34%, [RIfEREERAEAK,

gi b, AW 0 B HE R A DL i A R
PR A, B K AR ™ - R R s . RUBER R AIK
FrAE NSRBI BHET R . R
fRthi 2, HEnx @R AU T 588 = 0 A
S5HERRIE B, MAREA WAL, HA= R
RRBAT RGN . AR 2P AR oK
A AN AR S IR A A, 2P
ARt I B St FH I, FESHRTHZ B AR B 7l
AR FH A
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