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1 #REFZE

1.1 el XA

R T 20204FE5 H3 H—9 H 12 HZEILPE A
W AR B K T, X R TR 2R AR
Mg, AEEHSIRAE 990 CHE A, FEEIKkE K
441.80 mm, FEEPTE 79 Ay, £&HEH5, #t
TS A R o R R S A B AR 5 R
pH 7.84. A ML 12.89 o/kg. 2A 1.57 gkg. AW
0.96 g/kg. MR 57.49 mg/kg. A RWE 3.03 mg/kg.
HALAR 139.08 mg/kg.
1.2 st

PEH “SEE 3357 EORMENHLEY . 5
K e BENLIX i Tt, B ¥ 5 58
oHbAy, i S FERE (U) ., FEm
2B (AS) . AL il 550 + B 2 £ IE L CASN) |
IR A0S + B R B (ASG) . JEF ME R + B R &
(ASH), XK /NX K33 m, F&E5m. @K 165
m’, 4 EE, BI04 /N, it b #3300
m’, /NIXZ A E 10 em B PR ST, A AL B AY
A (N) =71 220 ke/hm®. 32 56 it % (P,0;)
R 126 ke/hm®, il B (K,0) it 4 84 kg/hm’,
70% AE AL VR FE AR, 30% 1538 A, B4R A & W
%1,

F= 1 AIe4bE (kg/hm®)

AL b WRGER e
(NE N PO, K,0
U RS TIES — 220 126 84
AS IR — 220 126 84
ASN  MAEUBERREE 1 fEfkANEIR 220 126 84
ASG  HRUREREE 2 MR 220 126 84
ASH HRUmIREE 3 IR 220 126 84

1.3 FEfCREE

Sy TR R R AT R R
£, R BENLAT 507 /N KRR K S ST PR
10 ~ 158k, SralHPR R diEs 1= RO vk s 5 2%
L, FEALZEHE 3 B = THEHE 105°C K7 30 min J7,
60 CH AT BERE, Tl 25 AT AL S 25 o WLl
TERR /N B 5 A 1 m? XA, 305 KN &
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RERLFFH A2

RWRFEE (%) = kR A B R 7 R
THRAR 2 E x 100

RN A= 7= F1 (kglkg) = KR 12/ RE %
A

e

FHEWOA AR (% ) = (FEBRRREL XA -
JEPR 2R X ) / it S

FACA#ROR (kg/kg) = (HEBLR B X F K™
- JRERXEK ) /i

REM AR TR (%) = (AR AR

ZRE - AR R ERE ) / AW R AR R
e % 100
1.5 b
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WP RA SRS S T UL, 5 AS KB,
ASN. ASG. ASH &b 4 58 v 25 &0 %t 3 iR 43
5 0.48% . 3.00%. 6.15%. W, ASA4b B+
S A S R U LRGN 15.36%. 5 AS ZbFAH
Ft, ASN. ASG. ASH 4b ¥ 38 i e 25 5 55 [ R
IR 4.26% . 2.23% . 15.93%., WEIM, AS 4L
U AR S EOS A B R IE 17.95%, 5 AS &b
FRAH L, ASN Ab P2 A8 A & s 38 0 5.71%, ASG.
ASH Ab P AR 25 50 F 1 W 35 S S R AIG, B 430
16.92% . 16.88%:

K 2b & x, W W, ASN. ASG. ASH Ab H
+ RS A S B AS &b HEE R N 21.41%.
23.76%. 19.60%. i f# ], ASN. ASG. ASH &b
P A 3 PR A U L AS Ab B 3G IE A 28.50%
1.86% . 6.33%. W), ASN, ASG. ASH 4bF#f -+
RS R STE H AS Kb PEFRIE N 22.84% . 7.15% |
9.43%, LA UL, 3 FPfsa B I i A AL Xof SE 2%
A BT I
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3 o, FtiARAb B Rk A R R
AFIIE R B, IHEREUIEARIR R, S5 U
SEFEAALY, MEANEREREL 1) A FRAE AT R Bl
BN MR A R BEESA iGN, 5 AS LB L,
ASN. ASG. ASH AMHEHTRTEEF R KA R R
2.3 HOERIRER LRI E KA 2R A S

2 WoRBRMEDAR S, FORERKSE, 5

UAbBEAHXT e, AS ARFEAY E KPR S . 250, Bbk
TEEA M, Wi ASN. ASG. ASH AbFRAH
T AS AbBH, PR SR T EIA T R, R,
5 AS AL FEAH G, ASN. ASG. ASH 4k FE £ K bk &
kT E A TR, ASN. ASG AbFEfY E K 2K
LA Frss N, A% ASG AbFH A i 7K, sy,
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3001 [ Jul_Jasi] AsN I AsG Il AsH
2501 a g o
200( ad

— a a

'% 150 ] . 3 8 {»

2 1001 ’—}

K

i b

ﬁ‘; a al ab ab

i b

0 i AR N
ERAERY

3 ERARMGAM EMEZRERE

R2 EIMEBRENEXTEEEHBRZEKE M

A H W fbF FeF (em) 2 (em) BT E (g)
i U 3531+ 1.40¢ 0.75+0.12a 1.04 £ 0.08¢
AS 40.83+221a 0.84 +0.08a 1.53+0.2la
ASN 37.48 + 1.97he 0.84 +0.04a 1.21%0.16hc
ASG 38.74 +2.14ab 0.85+0.03a 1.33 £0.23ab
ASH 39.59 + 1.80ab 0.85 +0.03a 1.35£0.21ab
il U 231.88 + 16.59a 1.78 +0.06d 110.56 + 15.24a
AS 231.25+6.53a 2.19 £ 0.03be 11539 + 12.88a
ASN 215.56 +3.26a 2.32+0.23c 86.64 + 13.05h
ASG 220.50 + 10.32a 2,50 +0.02a 100.04 + 14.48ab
ASH 22231 +5.66a 2.07 +0.04c 96.45 + 10.67ab
TR U 265.50 = 10.21b 1.99 +0.06d 332.10 £ 36.21b
AS 280.81 +7.73a 2.27 + 0.08he 368.89 = 27.05ab
ASN 281.50 = 8.55a 2.77+0.29 395.86 + 20.35a
ASG 285.88 +9.30a 2.51+0.12a 360.62 + 25.73ab
ASH 281.19+ 11.38a 2.14 £0.10cd 374.42 + 34.82ab

e (A= R — R [ R R A B e GE 2 B A R 9225 (P<0.05), T,

2.4 M RCBIR B R R XT R OK 7 K A AR Y
A

F3Won, 5 ULHAMLL, Jitihn R 4
AR B K EE A BTN, AS ZbFAS U Kb PE R
P R R 22.63%, 2SIk W E K. 5 ASAE
FEAH G, ASN. ASG. ASH 4k 3 F K 7 & 14 i 43
B R 11.07% ., 25.26%. 58.92%. 5 U4t B AH I,
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R3 EIMBRERERN EXFER T EMAE RN

by 74 (kg/hm?®) HRE (g) FEATE (47) FEB (% 10%hm’)
U 5646.80 + 767.18d 35.86 +2.56a 15.03 £ 0.54a 5.63 +0.63¢
AS 6924.76 + 770.50c 37.86+1.83a 1523 +0.84a 6.50 = 0.91be
ASN 7691.20 + 717.19hc 3580+ 1.18a 15.60 = 0.65a 6.88 = 1.03be
ASG 8673.93 + 473.37b 36.98 +3.41a 15.12+1.02a 8.50 = 2.42ab
ASH 11004.71 = 806.20a 37.33 £2.60a 15.65 = 0.84a 10.38 + 1.03a

2.5 HORBREREL AR F KR EUIE A F R A5

Y & 4 0] H1, AS 4b B A9 00 4R 45 Bk &R
P Az 7= Sy ¥ U E, A3 BB T 3.04 N H Sy
M. 581 kghkg, 5 AS A HEAH b, ASN &b P S Ik 3K
8B D T 81941 A 43 AL, ASG. ASH 4b B & i
FEHE Koy 0 48 0 453, 8624 T 4 A, [ ASH 4k
M, 25 ¥ REE B EKF; ASN, ASG., ASH 4k
PEEE AW A 7™ T3 43 G T 348, 7.95. 18.54 ke/
kg, HvASG. ASH 4h3125 53k 31 W 3 K P, ASN,
ASG. ASH &b PR A AS Ab B {5 20 A0 W IS0 FH 2R 43 53]

O T 617, 1827, 27.57 4~ 4 a5, FHh L ASH
Ak B IA B 2K it N B R B 4% Ak 3 Y AUIE
V&2 O il N NE S S )
ASH>ASG>ASN>AS, ASN, ASG. ASH 4b H % AS &b
P A AR 22 RCR I I8 N 121.83% ~ 481.37%, 2
S B3R B i 2 KO, A E R R RL BT R R 3 I
60.04% ~ 420.75%, L ASH &b 3 2% S ik 5] i 2
AOF-, HUCATIL, SRELFEML, BRI T L
PEEANEAZ, H 3 RS ERIR AR @ AR
BT HE— SR AEER AR, AR B

® 4 HEIMERRAERN EX AR AR

s EVEIR 5 R AR ) R AT RN AR REXFPRLTTRRAR
(%) (ke/kg) (%) (ke/kg) (%)
U 75.74 = 8.43be 25.67 +3.49d — — —
AS 78.78 = 5.83be 31.48 £3.50¢ 30.92 £5.73b 4.19 = 1.63d 7.57 +0.92h
ASN 70.59 = 0.47¢ 34.96 = 3.26bhe 37.09 = 4.78ah 9.29 = 0.64c 12.11 £ 1.20b
ASG 8331 +4.34ab 39.43 £ 2.15h 49.19 + 5.13ab 13.76 £ 2.15h 18.77 +2.31h
ASH 87.40 £ 0.75a 50.02 + 3.66a 5849+ 6.21a 24.35 + 3.66a 39.41£3.97a
3 Wi BN HEL R A A A e A A e I 2 I T o

FARFHIE O T RN AT EBAT—E Al A
{6, it R ARG = RHOR b 2 R R
R IBANER AR, S Z S 7, W
g TSEEY S RS F-V W VRSN U e S PN -8
R, AR, AREALIS, 25, E@E
RS R & B W A B (E, S ZH# T
Mo R FOR B, N PR 2R -5 3 A R B AR A
I, HEPeERSEUSANTRERARE . Bl
R, IR SR A B A R i R T AR
PREUHE I [ PR — RIS R, TENRAE YK
AT SR A N B A R A T Lh 2 i A VR e
BURAS L 3 RO MRk I R e A . A
WP 2RISR S RERYALE, miliE

T AL R0 PR e, T B A e o sl 0 B N 7
B AR ATV 4 7 5 TR s AL R0 A e
AWF LI, SHEMREALL, MR
FHIEE TR AE K, S ok 7 i LRI R R,
T S5 P R e 2 — A R VEAIURE, A -4
2x P EE pH AR, SRS AL S 1 A o i R
e, TZMARSILE R s B b & IR IR
BETAUCRBEE, AN, M rEm
HAEBIFRER, SRS, HESMRERLT
MRS S R B PR E T FEEM, SEE BN
SR AR
A AL 70— P IO, 3 e R e A
REN RS A AL, MRt fe 2, T
PRI A KR R R . AR, VR
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AR 750 94 B P e IR 5 A R B M e T A 8
FEARFRAEIERI R, 544 £ 1B ss
AL, AN, —J5 ] RER A AL IR AEAS
A A R P AR P MG A, 2 IR g
SRS R AEFAL, A BRI P A7 B i 1]
FER T i, SRS EMIE, R
EBARIHANRERRD, THEESAUEES
HE A FR T

JEAE IR — PR & 2R T E R I AR A AL
m TG, WS R B RIR B e R A
KRB R R S5 IR R R g A
WFFER], ASINIE AR BB RR B AR T DU oK
A, R R R R A AR, R —TJ7
TET T R A A IR T LR i R e 2 R R A
M, RERESRAE PSR, BORK R
G, SRR AUIE R 20—y T R R AT
DA i 3 P R W B0 R S RO, T A R Y i
AEE T b G Yyl R A BRIE, T3
TR 5 — I R R X R KA
FEA R A PRI R I RCR, RIBOR R R KA
B, IR ZR S A7, BRI TR AR RS SR 1
WSR3 ok A Y BSOS AU
FHRRIBCHIAR BT B8 4R LA R AR e, B
el ERAAEREE, B LERRNRAIES
FHIE

AHIFERI, LR R R AL AT LA Jin &
K S REA AR, PR il s A o —Fh
MR G PR AR, T ak MBI R T 7 582 BEL F AT
BHG R B, TR AE RO A, 9
DREBS, PEE AR R 3 R
4 U SOOIREY NIUE PPy e & i iFr prsiiibuny Ly 11
e - S R i A7 B ], 9D SRR IR A R R 52
B, SASCHAERIREE R —2, 3 AU T
W R AR BR, A RO N B 2 A e
FOAF BT, DT D 6 0K A R A A3 B 22 m] A1) T Y
AL,

4 £t

(1) SR ZM L, Sl e nT L
NP R R S wE, R, K
PRI 22.63%, AL RS 30.92%;

(2) 3 ot A5t o e A e 22 ] DAk — 25 348 Jn At
MREREAS, B3R R &, 3 il sk iRy
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Effects of ammonium sulfate synergistic measures on yield, nitrogen uptake and utilization of maize

HAO Xiao-hongI , ZHANG Binz, LIU Yue3, YAN Shuang—duis* (1. Institute of Information Science and Technology of
Linfen, Linfen Shanxi 041000; 2. Meteorological Bureau of Linfen, Linfen Shanxi 041000; 3. College of Resources and
Environment, Shanxi Agricultural University, Jinzhong Shanxi 030801 )

Abstract: In order to explore the efficient utilization measures of industrial by-product ammonium sulfate, the effects of
three kinds of synergistic ammonium sulfate fertilizers ( ASN, nitrification inhibitor + ammonium sulfate; ASG, lipid
coating + ammonium sulfate; ASH, humic acid + ammonium sulfate ) on the soil nitrogen characteristics, maize growth and
development, nitrogen use efficiency were studied, with urea (U ) and ammonium sulfate ( AS ) as the controls. The results
showed that, compared with U, AS treatments increased maize yield by 22.63% and nitrogen absorption and utilization rate
by 30.92%. Three kinds of enhanced ammonium sulfate fertilizers enhanced the fertilizer efficiency and further promoted
maize growth. Maize yield increased by 11.07%, 25.26% and 58.92% under ASN, ASG and ASH treatments, respectively,
and the nitrogen absorption and utilization rate increased by 6.17, 18.27 and 27.57 percentage points, respectively. Nitrogen
fertilizer agronomic efficiency increased by 5.10, 9.57 and 20.16 kg/kg, respectively. Compared with urea fertilizer,
ammonium sulfate fertilizer promoted maize growth and yield and improved the utilization rate of nitrogen fertilizer. Three
kinds of enhanced ammonium sulfate fertilizers could further improve maize production and fertilizer efficiency of ammonium
sulfate. Among them, humic acid + ammonium sulfate showed perfect effects, which provided a theoretical reference for the
application of industrial by-product ammonium sulfate in agriculture.

Key words: ammonium sulfate; efficiency enhancing measures; maize; yield; nitrogen fertilizer utilization
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