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(LRREIRSF KAHFEHEIREFRE, K& 030024;
2. K AL T By E AR A IR FAE N 8], RE 300222)

H OE:[BW] RREFTHRIETIRETNHRRE. [FF] KRBT 2019 F5—9 A AKREIRFARAAHEE
IAZF RIS MGG B AMEFT, RARE T XA IR, £E 4 MERETARFE NO (RER). N1 (225 kg/hm?). N2
(275 kglhm?) #= N3 (325 kg/hm?). [4 2] R AP LA T KR ELE PO 5, 0~40 cm L B a9FRFA K E R
HAEE M EE (p<0.05) Boho EMEE MG LIE L FEFEARZTEmmIE R, KT —rgdb s Hts
0.968~1.542 dS/m, 5 #HALL S A& K 4.740~5.471 dS/m. IR E A ESAZM IR A F L RIEIL, LA
SEMMEREE MG R, ARFRET ERERK, BRIJAXEKEZAKSARNZE, LEBIRHMERZ G0
mI K, N2 & A N3 LARHALFEEF (p>0.05). 5 N3 &mAark, N2 425 44 50 kg/hm?, B RAels £ =
# % 34kgkyg, £F2F (p<0.05). [4#£] LEHFERRARZ S LERALES AL, ERE R RN
P Fh, A K BT 2R T BOREGE T 6946 R B A 275 kg/hm?s
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Y (5028 kg/hm?) {7& 5 T RixEFP, 5
T AE SR r AR T3z, o mr A T Aok AR = 1 T A
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SERBIE TR B A A AR A5 R, BET 3R
TR B AU R T, AR EUE AN U
AR ERERLETTR, EEREHLT, &
Tt AT CAZR AR £ 73 e et V) A A RS, i i B
R 2 0 SR - SR SRR . DRIk, SR it
RS ER BT IR AT T BRI WS A £ itk — B
FCo CARUFR D 0 < B 1) 7 ] ASAIT e i b R A
B A e A 5 2 AS [t 20 - 3K Rk o A
U BORAEAARFRAFEAR MR RO FEE , PR TC Ehmdt
FREHPERE, PUHSEI K=

1 R5REE

1.1 #FRXER

2019 4F 5—9 H7E L7 44 K S BE TR i 3 b 11
BERH (11280°E, 37BUN) #H47 T KAFHIRK . 1%
IS HREHR 785 m, fEXAIR 117 °C, A24FE=10 C
(AR 4 080.9 C, FHIRKE 24714 h, P
XTUEFE 52.6%, FERIACN4E 10 H iR 25 2 41 4
Hd), Jofa ARy 149~175d.
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1.2 @A EHENER

HER T KR “Adiith 887, MiARIAIN L E AR
.28 (polyvinyl chloride polyper, PVC) . &k
JE Y 5 mm, & 3E 458 30 em, & 1E & 9 50 cm.
JRAERHKE, HKENAE 1.5 em. T8RS T 1L
PO A8 AL B 2 Bt Eh et of R A Bk (113°15°E,
39°54'N), KR E N 0~40 cm, T35 A rbiE +,
BORL. BRI RI BRI B4 205 BN 54.5%. 34.7%1
10.8%. TIEEWIUEHE 3N 0.636 dS/m, IR
9 1.53 glem®, HI[EFEKZN 32% (EFIE KR,
T A BT RIBE LI (D=2 mm) ZiBRIR R &
AR, 2B CERE AN FRAR A S mYb, R
FER 3 om (W RIE)Z o AR FH [ S - 398 ¢4 R i 12 4y
A A, N 40 cm, FEXS R 2 AT B kb
., BALEHIRER (N=46.4%), S8 244 KA
& (N: 200~350 kg/hm?) ¥ & 4 MliZALEE: NO O
M%) N1 (225 kg/hm?). N2 (275 kg/hm?) i1 N3
(325 kglhm?), 4% 7 & 3 [ LR 73 51 T 5% M i g
XS SITN o 5 B A 23 ) e FH it R4S (P05 =16%,
80 kg/hm?) FIBRFRSH (K,0=51%, 40 kg/hm®), 13
TENJRAEEN . M5k —m, LKA A

PRI T BB T E B o HE /K 2 R 398 AR B i
SAEIREE, BRI 2 2l kSRR, IR
WP kS5, 7K adt /b oo I e . IR RS = A
W, S IREEDRIAERKKE, FIIEEEE
KB B A O B . AR R R AR o Byl e A N )
HEEKE, A KERART 12 (1 FH B R /K R oK
HEATHEAK, FHEA N2 H R RFK 1) 90%. K RoKAE
ANFAE B IR TR KA 25, B DARE K ) B AN [E]
S, —MN 3~8 do iAIG AL ERBEALIX HHES, A
WhFR 4 HEHE .,
1.3 MEERSFAE
1.3.1 EEARARGGM T

FRMAEF BRIk 1R 2050 T35 FEr
(0504). HiH#H (0604). #T5HA (0621). KW\
H (0716). FhAEH] (0815) FIZE#iY] (0910) FJHH
WA 38 mm L5 4 2R A LA, BUREIRFE Sy 0~10.
10~20. 20~30 cm A1 30~40 cm, 34 2. FrEtFEE
BT HERABTENE & KE, 2 E0E RS
By #r BT BB TIE LIRS E SR E.
13O VG = =B 51 B AN S N S TR S8

21 2REFH BRI
Table 1 Maize growth stages division

B A i

2GR PN VI p

R\ 1 — i S HES— e #4J0

H 0504—0604 0604—0621

0621—0716

0716—0815 0815—0910

Bt ERER A UV-5500 KA AT Lo 66 R T
(METASH _Eifgjetridsa mRas, HED ME
B e IE L as) MR (AR LMt
iR & BT R R, o 2 mm iEsL, il
HLERARE®R (LKA 1:5), KA
SG3-ELK742 A4 T3 4% (Mettler-Toledo International
Inc., Switzerland) W€ F3% (ECy5).
1.3.2 AKAGARAF =690 <

T5E A (09100 ME TR A KFabr A= & &
HARE R, 0.1 mm kbR~ RME E2K
PIZEH CREPREE 3 TR EAE), 0.01 cm M 1IE R
e FOK Rk (HuTi 2 AET0D FORTA I BB &
RKTERE, TR IR fe Hot 0

LAI=YX ) 0.75Lb,/f) (D

A LAL TR AR (cmPfem®; k My
K 0.75 AREG LR FTHAREE Cem)s by I
TEPE (em); fONRARR SRR (cm?).

TETE ARG A TR IR, BEif 590N
2. M SRAE, BRONHEAS 105 CoRTE 2h, 75 CHET
ZEE, WErTE R M REE R . R 0.01 em K5
A6 R E K ARERK:, 0.1 mm K5 B AU bR = R
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SEFERE, FORBEBORL S T BRI, EEX 100 R
i 0.1 g FEERHE TRRREL RS, BAAHEE 3
ANEE.
133 #KZ0tHH
T KB B K BT 5 AUN
ET=P+I+K+AW-D-R, (2)
A ET AMBORE/KE (mm); P ARKE (mm);
| NEEBE (mm); K A I/KHNMAE (mm); AW
R BG4 LI R K =R ZEME (mm); DAY
REBRE (mm); R NHERERE (mm). FAR
TEMER I N AT, SRARR AP oK, ) P
K. D ZBEAT, bz A fEy ET=1+AW,
1.3.4 K EA)F
WUE=Y/ET, (3
A WUE NERAKDFIRZR (kgl (hm? mm));
Y REKFFRLE (kg/hm?); ET REKAEF IS
FEKE (mm),
NPFP=Y\/Fy» (4
NAE= (Yn-Yo) /Fn» (5)
{: NPFP RENEMRAE ™) (kglkg): NAE HZEAE
FEEFIH R (kglkg)s Y F Yo 23 5 i 20X ATAS



AT S R IR R A A B OK A R R R

A X B E KR & (kg/hm?) s By Jy it & &
(kg/hm?).
135 LEMBERERE
SNA=SN>SBD>H/10, (6)

X SNA N HIER SR BHE (kg/hm?); SN N+
R A A R (mg/kg); SBD Jy T3R5 & (glem®);
H AL ZERE (ecm).
1.4 BURCIER 7 4h

{4 i} Microsoft excel 2016 #4347 ¥l db 3, %
il Surfer 15.0 #EATMIARALALER, 222 (ELkE;
SPSS 20.0 #4777 Z it 404

2 BRE D

21 THOKH RS E
211 FIEAKREHNT
AR MK S 0T LA RS A

BPHIEEA—3 (B L. Hr, SABRESRT N+
BRI KR B 2 IR EE RS N3G K, 10~40 em b
0~10 cm T EMIE /K% R 0.019~0.084 cm¥/cm®, N2
AR P A A T P s KR 1 B 0 I AR AR Bk e
/T 0.197~0.280 cm¥em® 2 i), % 4 |2 BB s K
S, iR 10~20 em EE 0~10 cm 2 HA RIS KR
% 0.011~0.119 cm’/em®, N3 4b HH 1) 25 £ 1 72 55 K
20~40 cm L EZ ARG AKE VPR E£&EF
B, 0~40 cm -2 #R3R B A it 260 b vy A AR 5 7K
FHK. 5 NOALFEAHLL, N1, N2 AbFEFT N3 4b#E
TEFR T 3R AR 5 /K 2 40 T B 8.1%. 25.6%
1 54.9%, KW\ HH 5> ) K 8.5%. 11.5%F1
23.0%, JHEERAS> A K 10.7%. 26.1%F1 43.0%,

ZREE (p<0.05); N1. N2 ALFEAT N3 AbFE a2
FRF (p<<0.05).

ARG IR % PRF S K% TRBVE K%
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B s m Ik
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(a) HHTH (b) KRB (c) HihigE

B 1 KRR AT LRSS
Fig.1 Distribution of soil moisture at different growth stages

212 LREBFESMH
Tt AL - 18 S AT — A A (49~104 oD

A (32 d) THiE 0.123~1.542 dS/m, 524 (130 d)
b3 (49 d) B#AEK 4.740~5.471 dS/m (& 2). NO.
N1. N2 ZbEEFI N3 AbFEAE 824 0~40 cm LEM +
e 3R 5 HIAH L BIBE (R 4.446. 4.361. 3.615
dS/m i1 3.421 dS/m. 3% fy T R AE T HA RN 5 HARE
2R B 3G 0 B ARG, 7 ek g A R 8 B B 1 2

L3/ (dS'm™)

1.1 1.3 1.5 1.7 1.9 2.1 23 2.5 2.7 29 3.1 3.3 3.5

HE R fem
S B

w
=)

32 Py 52 62 72 82
PN s /d

(a) NO /b3

PRGN K. SE23 NO. N1. N2 AbHEEFT N3
AbFE 20~40 cm LJEZHFEE 0~20 cm LEMLE
56.7%~151.8%. R HER] N2 AL BEAT N3 4b# 4, 0~40
cm L2 LS RS B R i A OK, N1 N2 abEE
I N3 APELE T A NO AL LG4 51 = 2.0%. 3.0%
A13.1%, HATHIDHIE 2.4%. 3.0%F1 3.3%, ik
73l 2.2%-8.5%7F1 6.2%), 5E #4751 5.0%+18.7%

1 22.7%.
55/ (dS'm™)

040608 1 12141618 2 22242628 3 3234

72 & 92 102 12 12
FEANI A /d

(b) N1 438
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52/ (dS'm™)

040608 1 1.2141.61.8 2 22242.62.8 3 3.23.43.6

102 112 122

82 92
R 1) /d

(c) N2 b2

BFE/ (dS'm™)

040.60.8 1 1.21.41.61.8 2 222.42.62.8 3 3.2343.6

LR R fem
8

w
=

122

32 42 52 62 72 82 92 102 112

REF 1A)/d
(d) N3 4b¥

B2 AR TR FE TS A FELA

Fig.2

2.2 TIEHESRANESE
R A BN B A R R B BRI AR E R
WbEAS, W ERE T MR AR (F 3. 1E
0~40 cm )2, NO. N1. N2 ZbFEAT N3 LbFE il
RERT LT EAC 8.4%~11.6%, Hlif: Ltk 1 i %
ik 3.6%~8.1%, SEZALEAMEEIAFEAL 12.3%~17.4%; %%
BREWT LR 11.7%~26.2%; il Lb 4k 15

[ 25.0%~38.2%; 56 24 L A 3 BAAI% 49.3%~55.5%.
NO;-N/ (mg kg NO;-N/ (mg kg™
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H 1K
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Isoline map of temporal and spatial distribution of soil conductivity under different treatments

ATCUE Y, B AR R OK AR B S BRI e i B
K, HAEMME—5E 2. X T BRI KR
IR T KRR, HAE b 2] 58 AR I & =
B%. N1. N2 4bFEF1 N3 AbFERIE SR EAESLER
HIEE NO AL P77 1.4%~9.5%, £ A & B 75 9.9%~53.3%.
FEAE RS R (RSN M SR E b
Jit B I G O, B A B AL B 25 5 S BUR R AE

TIERFER.
NOZ-N/ (mg kg> NOz-N/ (mg kg*)
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S S
5
%20 20t
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*H fhs H e
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A3 2EMEAFESAHEEL

Fig.3 Spatiotemporal changes of soil nitrate nitrogen and ammonium nitrogen
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WP 2.

it SRS 3K SRR 0 A R TR A K R R S

SRR T 15.6%. 25.2%F1 30.8%, ZEHH IR s
23.2%. 27.6%#1 28.1%. N2 AbFEAT N3 b FE 1) 4k i Al
AR ECHEZR, HEEST N1 4#H (p<
0.05). JtiF ALK AW E T 17 251~19 158
kg/hm? 22 [, ¥Phij= B (E 6 654~7 928 kg/hm? 2 [l ,
5 N3 AhEEAHLL, N2 AbEE AP Sk 3.0%, FF
Kir= /b 3.7%, H 381 2 T bR Z F348 %
# (p>0.05). N1 ACFH ™8 KRR EE (p<
0.05) {&T N2 4bHEAT N3 AbFE, (HIHLAEY) = S A AL
Fei 5 N3 AEAH LI BRI E A IS 20%.
k2 RRMEALKRIGIRE S E
Table 2 Growth index and yield of maize in

complete mature period

NO 181.2c 3.21c 20.3c 13 091c 4 814c
N1 202.5b 3.71b 25.0a 17 251b 6 654b
N2 211.7a 4.02a 25.9a 18 587a 7 635a
N3 217.4a 4.20a 26.0a 19 158a 7928a

AR ARNEG FREREREE (p<0.05).
2.4 {EIFEKSKREFIAYE
B FEKEAN T 262.3~346.2 mm ZJf], K
A3 FIF R AE 18.4~22.9 kg/ (hm? mm) 2 J8] (£ 3).
PE R AN A & oA oK A A E W FE K &R K 2 F
SRR 5AMEAEAALL, N1, N2 Zb#EFT N3
AbFEFE/K B4 BN 23.8%. 31.0%F1 32.0%, 7K4>
PR 2 53600 11.4%. 20.7%H1 24.5%, N2 Ab3i
AT N3 ALERF P IR bR IR (p<0.05) & N1k
B, (0 3 Mt E 2 5] 2 F RN T 10%, H N2
AEFRAY LE N3 ARFEEST MK 0.7%F0 3.1%. N2 AbEEfn
N3 A AR AE 72 1 HE N1 AR FE ) 5] B 6.1%F0
17.6%, H 3 MG LA ZEREE (p<0.05).
N2 b B ) FAE AR 2R 22 B2 (p<0.05) &1 N1
AbFE, W& ET N3 ALEE.
% 3 ZRGYFEKE AR IS A KE
Table 3 Water consumption and water and

nitrogen use efficiency of maize

4ham ET/mm WUE/ NPFP/ NAE/

(kg hm? mm™) (kg kg™ (kg kg™h)
NO 262.3¢ 18.4c - -
N1 324.7b 20.5b 29.6a 8.2b
N2 343.7a 22.2a 27.80 10.3a
N3 346.2a 22.9a 24.4c 9.6a

AR ARNEG F R R ZEREE (p<0.05).
2.5 EMFEKMBESERRRESEKRTEN XA
e KA B SRR K B AN 52 2408 0~40 cm
TR AR R EN FARAR = =TTk, G
T oHEFENRR (F4MES. mE 4. K5

X, FHEZRE RN 0.988 1 F110.886 2, 1] 41E K
K I AR e Bk R A A .

10000

Toeo0r o

B e i“.

26000 F e

= oarere y=35.483x-4 569.2

I8 4000 | R?=0.976 4

.

_:‘; -

o 2000
0 L L L L )
250 270 290 310 330 350

£ HIWET/mm

B4 2ALEFMEKZTEZSIHXE
Fig.4 Relationship between water consumption and

yield in the whole growth period of maize
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HERARE (kg hm?2)
M5 0~40cm L EAERRRELEEAZEH XA
Fig.5 Relationship between nitrate nitrogen
accumulation and maize yield in 0~40 cm soil layer
34 i

T 4 200 5 gl N ORI 70 45 5L I SR 4 B B 19
e, FOKAEE I 3 K SR B E 23 70 O i 4
119%-~18%, i HA—HR 1T 18%~24%. K15 —HikE
24%~30%. ifE—EK ] 22%~25% . Maas 25®I%f £
AN T K it Aot AT A 380 s AN [) A A i B R R X T
PESEAT 79T, 45 R RKIEKAE L T %504 10 dS/m
b R 2 R A8 — Pl 0 o B
BIME 7y 1.0 dS/m; FEShME—RESR I A0 33 R T AN
9.0 dS/m, A& BEFFRHE . AU TS AL
B I LSRR IR BE 2N, HEES SR
AE ey el Y v 3 TS A R, T e e — ¢ RASIAE R
B2 W FEFRBENET RN, B35 145
B RACT KRB AZ BRI 5B E 37
ds/mi?,

RUIE 7t ) 2 S me 338 vh B K SR e A MR R T
¥o Vs PR L bt AU 23 R 0~120 em +-
JEIIE K3 o Che S50 49 it St 2 43 hn sk 98 £k 35
fk, B Machado VA J3d 24 16 i 6L 7T LAZE AR
IR S RN . X R PV g P 2
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KM AR E W AFFRAE, RIEE/KEEE
REW MK, B9 R EESEME SRR
S IR0 . 438 H 5 AR A T AR Y AR SR
FE 3G 0T AR, 32 RUA FOK AT A AR K R . 28
A FH i, TR 2 3R SR K 2 ) BaE B N
s P00, A iy S A 52 0 2 R P B T R K
XREMTERGEMZEBIERT, $habEKs NS
WNRE g, [, 3% 5 R R A e K
W2 BT, G REA, He SR 2 LI R
(p<<0.05) HTHZ. HEMESRMESREET
KA WAHEE T PRAK, VS RV B T 1) B B ARk
K R AEAR L, 3K A3 43 A B KA K 2
b2 RASE, FAhEIER AR R B SR E AN+
JEIREEJ5 A 3 AR DL v] e ke A A4k, R 358K
BER A B KA K o il 20 o 5 T 2 A D A
YNNG

AHIE TR I TN B ZER S T AR e 2 i 2
BRI, X5 Li P50 g a2 gy gk
FHML. AHEEHEEIETE SRR AR, HidE
TR B A S35, ARADUU 5 7 SNt S P ok 4
22 2RI B 7t AT W AR IR . 3 RN - R
B R AE KR B EERN R, BEREARS
AT bR ZE S, MR R A KR & .
KW FLEE R LW, 225~275 kg/hm? F i AL 31 L AS it
B E KA B 31.8%~42.0%, ¥k~ &
38.2%~58.6%, {Ejti% &M 275 kg/hm? #jn%| 325
kg/hm? i 77 8 93504 55 ARk

2 A B gt 2 IR e RUIE 2 0
KRR GRS o AT FERIREAT it 28T DA 3 KT
33K A3 IR SOR FH 53X AT R 3 e R N T ROk
PR A TR, (RN T AR R IR K, 3T R EK
R i it R B 0T B A o K A S8R S ik 1 A
KGR A 5 2B, o e iR BB 3 20 48 it
A ARV = AR o R 0% . AR T i3 85 2 A
NI ZE 18, 4% Tt R0 T A SRR E K B AT K 2 ) R 1)
E (p<0.05) =T NO AbF, N2 4bEF1 N3 AbHE 2
(B JCR3E 2 , (H 38 2% (p<0.05) =T N1 AbEE.
0| A 2B R G A L, 5 180 kg/hm? FY e 2 Ak A
bt F2 it R B R A 7= T BRI 31.2%~72.3%,
FHEA E R BRI S 12.5%~52.6%., ARE1SH,
SUIE R AE 7= It e 2 1 0 B 3 PR, X ST A S
25— FIRAR SRR RN N2 &b 5T
N1 4bFE AT N3 Ab38, Hor N2 4P HE N3 Ab 3 5 7.3%,
XE— B WIS A 5, TReR T REP
G0 SEB S5 A T RS
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1) e s 3K A SR A, IES KR
I e 2 1 I T PARARG 5 40 B A SR e 2 L o i
RGN IE K o S IR e 8 2 5 A oKk
B AR RO S R, R AR N . oK
TR BRI 7K 43 ) P 258 2R I i S e O 188 0 T 2 7

2) P, EXIAE - FE 0.636 dS/m [ hi5 +
KR, MR 275 kg/hm? I, BERSA ROR S E oK
WIAEF= K, A S X IR = A e L, R ]
PAFE R K R AR, IR BB IS5 R

3) A FL A TR PR R FE N 40 em, 1 HH JE) K
KAR RSP KRR, WAk T AE 2 PR KR R
A R KRR ISCRI BT L, AT iz sh it o5k
PEF TR A B A R T — S5

SE
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Nitrogen Fertilization Modulates Spatial Distribution of Water,
Nitrogen and Salt in Soil, and Growth and Yield of Maize

CAO Heping', JIANG Jing"", ZHAI Dengpan®, ZHANG Chaobo"
(1. College of Water Resources Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. Zhongshui North Survey, Design and Research Co., Ltd., Tianjin 300222, China)

Abstract: [Objective] Nitrogen is not only a plant nutrient but also functions as a signal affecting crop growth and
yield in complex ways. This paper presents the results of an experimental study on the effect of nitrogen fertilization
on water and solute dynamics in soil, as well as the consequence for growth and yield of maize in semi-arid regions
in northern China. [Method] The experiment was conducted from May to September in 2019 in a rain shelter at the
Experimental Station of Taiyuan University of Technology. We compared four nitrogen fertilizations: without
nitrogen application (NO), applying nitrogen fertilizer at 225 kg/hm?® (N1), 275 kg/hm?(N2) and 325 kg/hm? (N3),
respectively. In each treatment, we measured, at different growing stages, the distributions of water, salt and nitrogen
in the soil profile, as well as the final grain yield. [Result] Nitrogen application affected distribution of water,
nitrogen and salt in the soil, with volumetric water content in the 0~40 cm of soil decreasing significantly (p<0.05)
with the increase in nitrogen application. Soil electrical conductivity also increased with nitrogen application,
regardless of the growing stages. As the crop grew, soil electrical conductivity increased by 0.968~1.542 dS/m until
the tasseling stage, compared with that at seedling stage, and it then fell by 4.740~5.471 dS/m at mature stage
compared to that at the tasseling stage. Soil nitrate and ammonium decreased as the crop grew. Nitrogen application
promoted crop growth and improved its water consumption and water use efficiency, with crop yield and water use
indexes increasing with nitrogen application. There was no significant difference in grain yield between N2 and N3
(p>0.05), despite the former saving 50 kg/hm? of fertilizer and increasing partial productivity of the nitrogen
fertilizer to 3.4 kg/kg higher (p<0.05). [ Conclusion] Considering the effects of nitrogen application and crop growth
and yield, the most suitable nitrogen fertilization for maize production in the salinized soils in the studied region is
275 kg/hm?.
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