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KL AN BUE S AR AL B RCR 22 5%, i
H1 T AN [ G B K SF B AR50 37 20 B R HIZECR A
I, it B AEAEA 5] U R KL S mi s IR A
FEA. SAil, ABFREBEE TR, B & 3 A
A SRR A AP, RTEAN ) A i A /K P B
BROAL XS 7 T oK™t e B OR SR B s, LA
WA A BAL , 42 m VR B AR AR
PR AR .

1 #REIZ®

1.1 e AR
R T 2020 4F 5—10 H 7875 M iz 2 BB 7
SAFEA (124° 17 49" E, 44° 88’ 34" N) #1417,
R DX AT KRl PR ZR NS e, - SIS oy PR A
+, BEZE BB LR 1, R T TR M R AR
1T EKEE
Rl 0~20cm HETELFMER

A BT Tl fife AL A5 e B R
(g-kg') (mg-kg') (mg-kg') (mg-kg') (mg-kg')
17.39 102.36 35.86 109.38 15.36

1.2 st

IR A 6 AMbBE: (1) IRABEF KT + A
Jti i (LSO ; (2) fRABEH K- + Bt (LS6) ;
(3) HRBEHKT + Alfi (MS0); (4) A
BE7KSF + BAE (MS6) 5 (5) A B A + At
i (HS0); (6) EABAKT + AL (HS6), %
AR 5 UL 3R 2. RIS TR RUIE R AL
., 8 TE 3 DA RIBEHEIC A L IE T
TR NEALEE, A 530k AR K
(NOkg * hm™, P,0560kg * hm™, K,060kg *+ hm™) .
& B A K (N O kg + hm™, P,05 90 kg + hm™,
K,0 90 kg * hm™) | = & B /KF (N O kg * hm™,
P,05 120 kg * hm™, K,0 120 kg * hm™), £ &I
FIFHZCRIT B . R 4:3:3 [ ELBITE LA |
P AR T B RE, SRR Ty =X K — A AL ki
RGBT, AL . B AR AL — O A SR A 22
PIFERIEAE, [RIR A AR E s ARt FH Y 2, K 5 /0
R G S B E T 22 N, R K
Fpoh B R 9857, HJE N 80000 & - hm™, 4
P MBEHLIX AL HES), R 3R, B/RK 35 m’, T
2020 4E 5 H 10 H % Fi', 2020 4F 10 A 10 H W 3k,
A A L ) 22 b R OK R T

Fx2 HBXEALEHEHEE (kg hm™)
Qb3 S N P,0s K,0
LSO 0 140 60 60
LS6 60 140 60 60
MS0 0 210 90 90
MS6 60 210 90 90
HSO 0 280 120 120
HS6 60 280 120 120

1.3 Wi H S0k
Ay SINIR T (7 A3 H ). mwla (7 A
14H ), shigEy (7H208 ), BERWY (8H 17
H), ZAB (OH1H ), Z&AM (10H 10H )
X6 AN AR NE R BT R R AR, IR E
FUPFETRREE 0.5 ke EAWBHZ L1, KT 1
mm Jii, SR SO 2 A S 2. [F
AR A5 /N X N BEATLR AR K SAAHIT . K/ 5T 3 #k
ok, BN R ZERF . BERURERL PSR A T 42,
AEMTE, WS, R HS0,-H,0, . Bl
O AL E P S A E AR T a, N2
F/NX I ZE (7.7 m ) BEH 10 A~ A RN
FISRFE, KRR, LU AR S K &N 14% it
(RN e T =
L4 B HL S s Hr
RS AZBERE (kg hm™) = FARES T
SR x HEPRE

e,
BRI T (kg + k') = HEAULRE= 1 /

BRI FRCFR (kg - kg ) = (JiEAbH =5 -
At A A= 5 ) /
it 2R

RIEFHE (%) = (AL ARHEE - iR
IR FRRE ) / AR x 100
R 56 B 2R T Excel 2019 #E47 3% B F147) 25 4
B, & SPSS 21.0 #4775 22 70 # AL 35 PEAG B0
( Duncan 7% ), “RH Origin 2018 HE47ER .

2 EREHH

2.1 AN U A 7 P Tt S X - S e 2R
B SRR

WA 1R, 25 b B -+ e 0 A 8 R TR 3
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A F W ) SR N AR R e, XA
WU WA Bl KM, 2 Ja LI &S AR T
W, 7650 AR B R AR . 25 Ak BEAE 58 U 19 1 18
AR AL & 22 U h HSO>HS6>MS0>MS6>LS0>L.S6,
HSO b B i A A B b - S e 0+ 8 0 e v 11
H 11597 mg « kg'o 58 BV A it 7 40 #E P, MSO
b 3 F LSO & BRI AN 5.10%, HSO 4k B H MSO 4k
PEIEIN 7.13%, - 3560 At 20 1% 0k Bl 2 Sl i
P8 = B G . SE AU, LSe Ab 3y - 13
Bl fit R0 & L LSO AL FRIE D T 1.94%, MS6 kb FH
e MSO 4b Bk /b 1 2.03%, HS6 4k B kv HSO 4k 3
WA T 1.86%, {H2E5 R W 3, UL 7 A A A B
Bt A K SF- T AR X - S AR B B R R

180

—a—LS6

120 ¢

R

100 1

PO OC E RESIN TR SER]

&t
ST
B 1 R AR AR F B M AR
AR R S EHET UM

2.2 N[ B it S A TR it A I X oK b
AR R RN

HIE 2 T LA, AR, &4
B LS A R R R RO K 1
P B A R R R B A I SR [ v
KR, 2502008 2 KA, Hf, HS6
b3 S R R R AR SR B I A b B ok
9 211.10 kg + hm ™, FESE A, R AY 3 44k
PE AR 28R R HS0O>MS0>LS0, HSO Ab 3
k. MSO ZbFEEE AN 14.64%, MSO ZbFEH, 1.SO0 Ab Fii
T 15.54%, 46 i 0 B it NE 7K1 BE A AIE 32 K Hb
FHMBRR, MmN R A R R EEA
B 9IS T A () Uit AT K R ANt A A 2
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Ui B it FH B R AT AR R oK B R R
H, FESERNY, HS6 4B BR R R MSo
REFEIAHNT 24.23%, MS6 kb P4z LSO Ab N T
26.42%, AT Z L R e Rl B A K 7 X
REBREAFMm, eI B8 98 HE— 25 3 A Bk
MR ZEFLE, LS6. MS6 I HS6 AbFE (1) M A E
S HETE 56 2] LA [R] 200 B0 AL KT A A it
Ab B HHE 0T 10.39% ., 9.42% il 8.37%, 1A
i M AV A 2R 28 R 8 1 3 2 i 2R 0t IS £ 1 185 o
MR

N
wn
(=}

ELS0 E£LS6 MSO0 MS6 EEHHSO 0 H§6

a

3]
(=3
(=}

—_
W
(=}

100

W
(=]

HRFMHER (kg - hm?)

(=]

I S
TEE
B2 RE S ARk A e AR & T ok i b 26
REEMRBNTM

T ARVING FRERR [ I AL ] 22 52 25 (P<0.05 ).

2.3 N[ R it S S R i A S X R R OK 7
o7 s i PR 2R ) 5 e

e 3 R, AN R 0B B i AT K SF- it FH At
JESFF K T o o RO ORT 7 o 119 5% 1) 12
KB 3 25 SR, FEREAR A IS R, HSO
REFR G MSO AL FEIE P~ 11.81%, MSO AbFE L LSO 4k
FHHA " 8.36%, it W 4 FH U 4 it T 7K 7 7T DL 4
F RO A AL B A TR R RORLBORN
7 i A ) 20 4 i A K P T A AR it At Ak B -
IYHERE T 10.73 g 13 RiFl 665.63 kg + hm™, i
WA T LA R oK™ i, FERT A LB, HS6
Ak BRE MSO 4b PR 1 7= 16.82%, MS6 4k FE Y 1.S0
AL ST 14.76% , 1B 55 U B i AT 7K ST 1 7]
Fis T it S b B i v S Mt it S 7K ST P 3 7 34
R, HS6 AL HEAE A b b " e fe i, A
12937 kg - hm™, H{=ROR B W, BLAh, B
WP AR, L S AR ENE K T RN
it B A B4 SR T 7.72% . 5.90% . 4.48%, W]
ULAEAS ) BB i IE KT, BRAEXS & K ) 3
FERCRONTR], G A it IE K T R, B e AR
N
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®3 AEEBHFEEKEEEREXNEERTE
K2 ERNZm

Ak BE TRIFE (g) A AR Pt (kg + hm™)
LSo 298.52f 455¢ 10220e
LS6 307.71e 4784 11009d
MS0 316.53d 501c 11075d
MS6 325.74¢ 508b 11728¢
HSO0 334.13b 512b 12383b
HS6 347.93a 520a 12937a
S ok ok ok
NPK x S NS ok NS

VE: RBSCR ARIRDING 58 35 R IR B125 53k 005 5 E K
T, e FoRAE POOLKTZEFHEE, N #rERFARE. F.
2.4 U [ B it S A R i A JE X oK AUIE
FIFHAL AR 5 0]

H 3R 4 W15, & BM AR AE ™ 1. AIEL
SRR RN PR AEA ) A B AL AT Rt FH AR
NI 2 TN R 25 5, HPE IS EAET T
WIRFIN 2R . AR O T, &b
MENEIREE T . BIERZERCEMAENCH S s
RN E A KA S P paEa s, DA o
BRAE AR T B R RIERFHRCR . FEFIFIA
BREFGAC KSR, s BRAY EAE A== . A3k
SRR A B S T ANEAT AL RE, L 156 AbB e
JiA A B B RAE, 43k 7863 ke - kgL 21.88
ke - ke H147.03%, ULHTHEHT AE S HE M B £ K 1A
NEFIRZCE, Britbz ., TE—EBEHEIE KT,
1.56 Ak P 114 2008 A1) FH % L 150 Ab BREE 75 T 30.23%,
MS6 4b B E MSO b B2 75 T 24.919%, HS6 Ab # L
HSO Kb FHER 25 T 19.80%, W LAE H, ik s e —
FEFRRE FEEEANEAI IR, (BIEREE AR LK
(A R IO FHR B R SR BT R 11

x4 ARRBEHRMELKEREREXEEX

FABF AR BN
e RACIRAE 1) AALRFERCE AR
(kg - kg") (kg - kg') (%)

LSO 73.00b 16.25h 36.12hc

LS6 78.63a 21.88a 47.03a

MS0 52.74d 14.44¢ 30.58d

MS6 55.85¢ 17.55h 38.20b

HS0 44.23f 14.40¢ 29.39d

HS6 46.20e 16.38h 35.21c
AR SRR

NPK sk sk sk

S sk sk sk

NPK x S sk sk EES

3 1tig

3.1 ST B it S A P Tt S T - T A
B AR R

FEEARE KRR, RS RS EORXT AR
) IR A 0 AT R, MR A AN
B RS, A Kb B Y R A R A R
PR WO B RN S E S ARG, X
g A5 ) Mg A A Y AT g 4t R — 5K
HH R - A 2R B e v i DR ] R B TR T
L IR E RS SR, R T RIS AER
S, AR A K Fr I U A 7 26 it R R g 4
IR AR R . AR R, e
SRR 5 Ut P S TE A O P RIS R
AHEFRAAET 25 B0 0% - e msifg 2 S m 2 R B
HSO>MSO0>L.80, H 225 W3, & 0 20Bh 4 it HE /K
R, AR R RO, ST, AR
AR ot A 7K ST it A Ak L ) - S it 2 B R ANt
TRAL BTG B e 2E S, SRIIAEAR R B KT
T, BT R AR RS A S
3.2 NI B it S A ST T P e A R K L
AR BRI

AWFFEH, 240 PR R R TR 2 2 A A
Tt AE AT iR AN, U BA 3 e S e ik T
FRXEZMR 7 XIMRAREE Y pRSe g
T AE ()t FH B A5 112 2 FOR M R R 1 RE T, HE TN
INERARZR R, AN R — 2 B
TR AEKSE R itiAs S AR AL B B R R R, &
BN R L L 2 e B = e BN R R i 2 L W
SR IAEAR XS R R AR . BLAMA R I, $& AE
B it I 7 P ] i et A A L Pl 2 s SRl i I 7K
X E B INSCREER. FARS Y o
WAESE, 7F—E RABFEENE KT, S R
RERSHE— R IR R 3R R E R R

KGR, AT N, A
FH L [RS8 FOR R ZR TR K, =8 Z FAAE
E S E RN O, ABESE s, LS6. MS6 Fil HS6
AR PR SRR AR R A 57 2] LU AR TR U it I K
TR AS it A A E 3 0 BT 10.39% . 9.42% Fl
8.37%, ABEHFIHNC AT, BRAL A (2 E R
N, B I A 2 S R T R S A A R A
T, FE RB AL E, STRR R A T R
BHTHEIN, ASHIESE A B 2 i S = AR A
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TR R T RAERKTE, JIEARMREHK
R E AR BT

3.3 N[ U it TS A S Tl P A R K ™
R b R 2 ) s ]

TS RS A E R TR TR . RORE
BEORN 7= e AF — 2 3 5 UMt FH 2 e A G . AT
FEHY, AN A P 7 ik B A R B AE AT
e AN, R A BB AL KT B i
THEEKRS R, %S BT & TR
it T S R EORATR R, ARSI, s A
PR TR0 T . R RN 7= i 24 A ) Ui /K
TR AL A WA, UL AR R KA
R IRCR . IEAh, 5 AR Rt A K
SEAR G, HR e U it A /K S 1 ) st e At S R %
E— 2N R

7 A O AR T B R B
X EKFEEAEE, K80 ~ 120 kg « hm™ AJifi
T i RS S B OR B =, ARBESE D, BRAEX R
KB 3 7 1 i Rl B e A K ST 1 i v o T
i, X 0] g2 B AR ST 3 4 A R % =
1536 mg - kg, J& T HLAE -, 60 kg - hm™” (95
JE it AN AR T AR R E K N IR R
KX ZE BT 2K, DT (AL I P34 ™ 5 R i i
e WUl AEARI A B IL A T, 1
VI 2 B T R FTARTR . A58 76 A [R) U B
FEAE KT A B B AT RS, TCIE A FEAN ]
OB R IE KPS B RS8P I e ARt A i, 3
TEKE R TE A Rl — 252 %

3.4 U [ B it S A S TR it A I X R R IR
FIFHZSCZR ) 5]

KEAFIE R, B A & 2 B AR K
AR HRCR ) e E gk 0 AR
H, BEE AR A KT g R, A R AT AL B
RICIRAE = T7 . ARZFRCR R R AL, FRH
2 i U it A K T RIS T A R K B IR AR A
R, AW, BIE B AT DLV 3SRy,
BRI R R IRE S, REREARR T,
AHEFE R, TR — R B it IR KR B R AR A
F1 . ARFFCR AR R 90 Ayt b A AN
BRALER, LI AT DL A R A IR
BoR, ULWRM, Rk =i, 5
RO IS 7K S P ] s e i A S RE A 4L 2 7 K A
RIEH R, WX AR IR AR &
— 210 —

TEAHTR) R TACAKF- T, it AR AR ZAE I IR
R AR Bt 3 RO B I A 7K T 8 i e i i )
X A fE 3 B PR A At A 1 e AR AT it S
HKFIPAIXS AL, B AL ZACFI IR A 3 s
RN, XML R R T, X
KA A o FERE AR A ha] DLE— DA
[ WK T RO ZOE B, AT A AN Rt A
AKF N PR EAL B R SR AR

4 &g

B ven SR B e M K P R LA ey R A
B, RN FOR M LR R R R SOkRL T i
A TR RIE M HRCR B SR BT A AL K P 1 2
AR . AR R BB AE AL A T, i B
Xt L SBEAR RCS R BCA R, B R TR Ok
PRARM R | kPR A EICHHRCE, BEE A
2N A = I GO M P 285 4 DS
kPR RS HERCR IR . 25 LRATIE, R AL
AL AT AZE— AR i TR AR R, EaEE
Kymd, IHEREICHTIRCR, RALHEENRE
PR AR

SE Lk
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Effects of combined application of sulfur fertilizer on growth and nitrogen use efficiency of spring maize at different
nitrogen, phosphorus and potassium levels

LI Hao, GENG Yu-hui', CAO Guo-jun, ZHOU Li-juan, SHEN Kai-hong ( College of Resources and Environment, Jilin
Agricultural University, Changchun Jilin 130118 )

Abstract: In order to explore the effect of the application of sulfur fertilizer in the agricultural production on the growth of
spring maize and the utilization efficiency of nitrogen fertilizer under different levels of nitrogen, phosphorus and potassium
fertilizer, six treatments were set up, including low nitrogen, phosphorus and potassium level + no sulfur application
(LSO ), low nitrogen, phosphorus and potassium level + sulfur fertilizer (LS6 ), medium nitrogen, phosphorus and
potassium level + no sulfur application ( MSO ), medium nitrogen, phosphorus and potassium level + sulfur fertilizer
(MS6 ), high nitrogen, phosphorus and potassium level + no sulfur application ( HSO ), high nitrogen, phosphorus and
potassium level + sulfur fertilizer ( HS6 ), to study their effects on soil alkaline nitrogen, maize nitrogen accumulation,
grain yield and nitrogen fertilizer utilization efficiency. The results showed that increasing the fertilization level of nitrogen,
phosphorus and potassium significantly increased the alkaline nitrogen content of soil. Applying sulfur fertilizer at the
same level of nitrogen, phosphorus and potassium fertilization had no effect on soil alkaline nitrogen content. There was a
significant positive correlation between the total nitrogen accumulation of aboveground or grain yield of spring maize and the
fertilization level of nitrogen, phosphorus and potassium and the application of sulfur fertilizer. Compared with only nitrogen,
phosphorus and potassium treatments, the total nitrogen accumulation of nitrogen, phosphorus and potassium combined with
sulfur fertilizer increased significantly by an average of 10.24%, and the grain yield increased significantly by an average of
5.70%. However, with the increase of nitrogen, phosphorus and potassium fertilization levels, the effect of sulfur fertilizer
on nitrogen accumulation and grain yield gradually decreased. The productivity, agronomic efficiency and utilization rate
of nitrogen fertilizer with the same sulfur application level gradually decreased with the increase of nitrogen, phosphorus
and potassium fertilization level. At the same level of nitrogen, phosphorus and potassium, sulfur application improved the
nitrogen fertilizer productivity, agricultural efficiency and utilization rate of spring maize. The above results showed that with
the increase of nitrogen, phosphorus and potassium fertilization, the alkaline nitrogen content of soil, the accumulation of
aboveground nitrogen and grain yield of spring maize gradually increased, but the utilization efficiency of nitrogen fertilizer
of spring maize gradually decreased. The application of sulfur fertilizer can further increase the absorption and accumulation
of nitrogen and grain yield on the ground of spring maize on the basis of increasing the level of nitrogen, phosphorus and
potassium fertilizer, and at the same time improve the utilization efficiency of nitrogen fertilizer to a certain extent.

Key words: spring maize; nitrogen, phosphorus and potassium fertilizers; sulfur fertilizer; yield; nitrogen fertilizer

utilization efficiency
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