202044 H Z?ﬂkmfﬂ'—??ﬁ FS51 & HAW

doi;10.6041/j. issn. 1000-1298. 2020. 04. 034

BHFZHAEE XS &k T AR E S Rk R A2

A ' sEE K | HHE AAE FES
(1. WA AR5 AR AR ST R, W AT 010018
2. P L AR DR B R IO B0, PLEE R 015400)

TR AHITAVAEEACILAE b AS R R BE R 5t Ak T KA 39 LU B K BRI RGBT 2018 4Rt
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KAR R BT r i, &% bR 2 9L U101, 01 4b Bl K 43 F) IR0 Bk, 43 Bl UL AbBR4R &
11.84% \27.68% (P <0.05) , [RIA, /=it AEAR I 2 ZCH 48 B, 000 2 2 i U8 O A= ™= 00 BRI AR 2230
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Effects of Combined Application of Organic and Inorganic Fertilizers on Nitrogen
Supply and Crop Water and Nitrogen Utilization in Salinized Soils

ZHOU Hui' SHI Haibin' XU Zhao' GUO Jiawei' FU Xiaojun® LI Zhengzhong’

(1. College of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University, Huhhot 010018, China
2. Shahaoqu Irrigation Experimental Station, Jiefangzha Management Bureau of Hetao Irrigation District, Bayannur 015400, China)

Abstract: Hetao Irrigation District (HID) is a main grain production region in China. Soil salinization
and excessive application of chemical fertilizers are main important factors that restricting the food and
environmental safety in HID. Reasonable and efficient utilization of fertilizer resources on saline soil to
improve crop production efficiency and reduce non-point source pollution of nitrogen are the effective ways
to relieve the problem. Farmlands with mild (0.460 dS/m) and moderate (0.951 dS/m) salinization
were selected, as a pure nitrogen application rate of 240 kg/hm’. The same amount of nitrogen was
applied to the different treatments. Five fertilization treatments ( the fertilization proportion of organic
fertilizer was 0, 25% , 50% , 75% and 100% , respectively) and one blank control were provided,
which were designated as Ul , U301, U101, U103, Ol and CK, respectively. The field experiment was
conducted to explore the response of maize yield to organic nitrogen substituting for inorganic nitrogen
fertilizer in different salinized soils, and provide scientific basis for reasonable nitrogen management.
Main conclusions were as follows; the amount of nitrogen mineralization in moderate saline soil of the
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same treatment was significantly lower than that of mild saline soil. In mild saline soil, mineral nitrogen
contents added with more inorganic fertilizer were much higher in early growth stage, while a steady
increase of mineral nitrogen content was found in soil which combined application of organic and inorganic
fertilizer was added during the whole growth period of maize. In moderate saline soil, there was no
significant difference in soil mineral nitrogen content in different treatments at the early growth stage, the
increase of applied proportion of organic fertilizer was obvious to the improvement of soil mineral nitrogen
content in the later stage of crop growth. The corn yield, water and nitrogen use efficiency in moderate
saline soil of the same treatment were significantly lower than those in mild saline soil, and the yield was
decreased by 30.94% ~ 63.90% (P < 0.05), respectively. The utilization efficiency of water and
nitrogen in mild saline soil was increased at first and then decreased, but in moderate saline soil it was
increased gradually with the increase of proportion of organic fertilizer. The water use efficiency of mild
and moderate saline soil treated with U101 and Ol was the highest, which was 11.84% and 27. 68%
(P <0.05) higher than that of Ul , respectively. These two combination also obtained the highest yield ,
corn N uptake, N harvest index, N recovery, N agronomy efficiency and N partial productivity. Based on
the changes of corn yield, water and nitrogen use efficiency and variation of soil mineral nitrogen during
growth period, the suitable organic and inorganic fertilizer management models of corn in Hetao Irrigation
Area were as follows: mild saline soil should be applied with 120 kg/hm® urea + 120 kg/hm’ organic
fertilizer, and moderate saline soil should be applied with 240 kg/hm” organic fertilizer.

Key words: corn; salinization farmland; combined application of organic and inorganic fertilizers; soil
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TR HEAT B0 DX R LA T R X, 2473
[T 143 mm, 78 & 2 100 mm, ZAE SR A
F7.7°C, LW N 135 ~150 d, KT 10°C B4R
IR°H 3 551°C  AESE3 H BRI % 3 200 h, 4F 4 Rl K
25180 d, A KH IR LR 6 000 MI/m*, i

R, EXRAETY(4—9 H) FRUBENEN
81. 6 mm, ikZHh 0 ~20 em +)2 HHE 1,20 ~40 em
T2 MK R+ 40 ~ 60 cm 2 B+ 60 ~
100 em + 2 b s £ o 50 XOBRZE ) 1f £ e b i
W1,

F1 AR TEEARMER
Tab.1 Basic properties of tested soils

) A HLR R L R/ B BT L L/ TR T TR i Lk
FANCI e pH 18
(g-kg™") (g-kg™) (mg-kg™") (mg-kg™") (mg-kg™")
L2y 14. 04 1.43 54. 68 37.78 199. 67 8.2
LR 13.04 1.07 46. 54 23.58 176. 33 8.4

1.2 Rwigit

IR BE R BE (S1) A EE (S2) 2 F oA [] 72 i
Hhwifb 3, #ERT S1.S2 +3E 0 ~40 em I 4
5% 3 51k 0. 460 .0. 951 dS/m., A F K & Fh
PR 314, K/NT R, RATHE 70 em, /NMTEE
40 cm, BREE 27. 7 em , FEFPH A 4 H 27 H WK H
W9 A 13 B, LEYHLAEALFE K E A 750 m®/hm?
VE R K &, HEK T KON mERE, /5 F 6 H 14 H |
7THOHKT H 26 HE17#E; ULt A =
240 kg/hm’ it 0 5 (O B W B85 I 2R R
i) AT A HLCHLIE RCHE . 73 7 2 Rk wifk A |
WE S5 At A Ak FE (PRRE & it AR L1430 R 100% |
75% 50% 25% F10) Fl 1 25 (6 B A 3 AR v
%y U1,U301.U101 U103 .01 1 CK, E4A AL 51
2, Wt 12 MbH 3 kEE 36 MK,
B/NX K FEST MR 6 m F 5 m, 5/ X A B
1 m SERYREESH ITFTHL 15 om B THIE, FitifLAE Jg bR
R(FABRITECA6% ) A HUAE N B & A ILAE (B
AN 7.5, % N B4 10% , P, O, Fi & 47 4
1% ,K,0 B/ 80 1% , A P & 30k 55 1
45% ,JEPEIR TR AT IR T T 17% ,S BTt 4- 8K
T2F 8% ) , AHUIEFBEAL (i BEBRE5 50 kg/hm®)
THERTVE R 2 A — v Mt T, AR AR 42 12 1 He 1)
ST EORFE RN T WK BT

®2 AR

Tab.2 Design of experimental treatments

kg/hm’
4l ZE0E FH
Qb FAn(4 AH23 H) JEAC(6 A 14 H)
LA TeHLA ToHLA
CK 0 0 0
Ul 0 120 120
U301 60 90 90
U101 120 60 60
U103 180 30 30
01 240 0 0

1.3 MEmMBEKEFZX
1.3.1 FXR™EMHEEEAR G

T KRG, 745 /N X A 1T 4 22 HURE 20 Fk,
PABROBCER 2 A 7 BCE- 41 . H, S0, H, 0,74
BN RN E TR R AR SR
1.3.2 I RA S &

TR AR ETE KI5 A 23 H) &
(6 A28 H) JEWWI(7 A 26 H) Al (8 H 25
H ) #EA7, BURE IR B A4S /N X230 R 3 A4 IX ek it
1T, B3 AERE , BRI R 100 em, 53900 0 ~
10 em .10 ~20 ecm 20 ~40 em 40 ~60 cm .60 ~80 cm .,
80 ~ 100 em , G A0 1= £ 12 % 1 38 48 B 4~ B o
A SR s AT
1.4 HEAXEREBES TSN

KA FI R R A

Y
WUE = oo (1)

Hrp ET=AW+P+1+W, (2)
RF WUE—K BRI FRCR  kg/m’
Y—F K77 i kg/hm’
ET—EYI#E/K R, mm
AW——rEYIRIAE AR 5 1 I K 28 4k
B, mm
P—F§ i, mm
I— K& , mm
W, — 4 FACKNA T, mm
REFARCEEIT A AR

N,, =G,/Py x 100% (3)
Ry,y=(N-=N,)/F x100% (4)
Pppy =Y /F (5)

Ay = (Y =Y,)/F (6)

Arh N, — AR, %
Gy—FFRI A kg/hm’
P, —HbE A i ke/hm?
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N—ifs AL H 13 R A, ke/hm?

N,——CK Ab3Hh [ S0 AU kg/hm?

F—jiti a2 . kg/hm2
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Fig.1 Variations of mineral nitrogen in SI and S2 soils under different nitrogen treatments

FE ST Rt 1, R ORI 3 W2
(0 ~40 em) 2 B H it A JCHLAE B Bk R 38 07 i
R R A LA | 3 T I S B it A P L 94 K A
AL FEARZG AR | A LA Tl R 45l 48 7E Bk
AR, Bl 50% LA HLAE 6 b B AL U BE
Benik, Ho L U101 A B 3960 R0 oo, T
WL AT AL PR 35 (BR T U103 Ab BN & 3) &
2.83% ~15.31% (P <0.05) , 83U & H A b 53 5
FZ(HBT U103,.01 b AN B E) & 1.04% ~
21.41% (P <0.05) , 4341 40 ~ 100 cm + )2+ 3EH"
TR i R B ARV A5 A B 2 TR) R R A
T B2, AT, A BER R R
AR SHEZ AR a3, 2 B e st )
FEVEWEAE T 580 5t A 1 R 2 - S8k vk, FLICHL
IS A b A8 A K 1 Ak BT I R B e A K i 7
I3 ) 2 L A S 1 R A T i ML 5 22 1 Ak B
Freefiba( e ) ook, 7EVEWAEF AR, B Ulol &b
B M TS AR, R R WA PRI &k
e it Xt R 2% A 3 Jo R ORI AR K

M S2 R4 0 ~40 em +EMEYEF ) 44
AR S AR H FEVE A BT, A A Ak 3
TV TRA ST EERANAR, WA ERERKYE
], F B BEE A WUt A He B K 3w R A
TR R B VIR SO 01 Ab 3 A T R
B ) e H A it AR AL 8 2 (BR T U103, U101
AP 5 35 1 3.95% ~23.97% .7.49% ~ 17.88%
(P<0.05), XFF 40 ~100 ecm +J2MM0 5, 7R B3k Ty
A NE AT S A S A e W T2 e INTE
FORA K B, I Bl AT HLAC A iR +
e A A b N R UGB A HILIE LR R
(A EY) e AT -1 T SR SR SRR
2.2 FARELEREXRFERKSFARRNIIT

2 3 W LLE H BiE SIS LR R, &
K= R ERK, FTEARRER S FET, P E S AL
TCHLABFCHE L B 0 e REBIA—, 76 S1 +38 fiE
A HUAEHEA E B3I, K= AR R e Tt e
R E DL UTOT b3 fa 5 K, 3 L A it IS Ak 34
W (BT U103 kb BEOR W3 4h) & 5.32% ~



554 3]

JAE A A PLICHUIE RO X 5358 L A U S5 AR K SR T B4 52 e 303

12.63% (P <0.05) ., 7F S2 + 3390 Ky bt A AL jiti
A H B TR T K™ e R i ) A5 3, O1 Ah B K
o LR A AL 38 B 2 (R T U103 b BHEOR f 3
AN 1 0.27% ~30.48% , [Rl—AbFE S2 $h5r F Eok
PR AL ST REAR, H B R EE 3k B 30.94% ~
63.90% (P <0.05)

£3 AELAETHERFZEMAKSFARE
Tab.3 Yield and water use efficiency in maize under

different treatments

Va4 WUE/
EANTIY o ) 8 ET/mm

(kg-hm=?)  (kg'm™?)

CK 397.57  7857.71¢ 1.98¢

Ul 404.31 10 638.92¢ 2.63"

U301 407.16 10 780. 75° 2.65"

31 U101 412.58  12141.97° 2.942

U103 411.69  11528.93* 2.80%

01 408. 11  11237. 14" 2.70%

CK 376.33  5975.44¢ 1.59"

Ul 381.62  6577.53¢ 1.72°

] U301 382.74  6740.03° 1.76"

52 u101 386.29  7889. 14" 2. 04°

U103 388.56  8559.51% 2.20°

o1 389.99  8582.22° 2.20°

I [FFARR NG FRERIRAE 0.05 /KF RS BE FIF,

3 AT R R Ay R K R T
oy 1 W3 SR A AL - R K R 2
FEANBA I, 14t HL AR AR K e 4 ALt £ A Ak 2R s A
R, ERuUL AR A AL TCHILAE Bt i K
WUE 520 58K, A58 5640 T, B WUE i FIFE
1.59 ~2.94 kg/m® Z ], B +35Eh 5344 m, WUE &
EREAK, S1 43 F CK.U1,U301,U101,U103 .01
AbFE WUE L S2 #8453 T 4300l i1 24. 47% \52.67%
50.36% 44.10% 27.12% 25.12% ., 1% S1 £h4r 4
FF, U101 4B WUE fiz &, % U1 Ab 348 5
11.84% (P <0.05) , 5 U103 ,01 kb3~ b ) 5 3%
P25 AR E S TR 7 S2 Fhor5%44F, LA
01 U103 AbFH 5, 45 Ul Ab P45 25 27.68% (P <
0.05),U101.,U103 .01 Zb P [A] JC & & 1 25 5%, ¢
HAKb P i 2 R
2.3 AE4AEX R ERKF AR

M 4 AT LA Y, 45 A0 FRORE bR W 2R B 3k 5 T )
i F PR, S1 + 4% €K, U1, U301,U101.,U103,
O1 4b P PR 20 28 W W8 95 S2 = 38 49 il i 1
40.21% . 34.82% , 42.93% . 44.59% . 21.76% .
13.68% , [Al—h 53 F% 04 T AE AR W Lt B A HL IS HL
NEBCiE LA AS R A7 AE 22 5, S1 #h 0 T, A BRI R
BEAT AL A A1 1 R 22 SE T I B ke 34, A Bl

JETA EL AN T 50% B, A R I 2 Sk B AT ATLAE B84
T, Y X — K- 2 7 R R, DL U101 kb3
PR R S K, LA A A 20 4 25 (R U103 4k
PR EIN) E6.11% ~24.40% (P <0.05) ;92
O3 T REAR I R B e B Bl A LR it A H f31) 38 K
HETAREE L O1 Ab R AR T AR K, e At
REAL 3 25 (BR5 U103 ZbHN 83540 ) 5 2.19% ~
32.65% (P <0.05) .

R4 FRLETHERZMARE

Tab.4 N use efficiency in maize under different

treatments
i LiEL7S Al AEM AR ACfeE
R B R YRRy TR AT R
4 (kghm™?) % /% (kgkg™') (kgkg™")

CK  114.669 47.62"

Ul 174.04° 48.81" 24.74% 44.33>  11.59¢
U301 188.24 50.49" 30.66° 44.92" 12.18°
St UIO1  216.51°  54.96* 42.44* 50.59*  17.85°

U103 204.04%> 54.54* 37.24> 48.04* 15.30"

0l  194.66" 53.30° 33.33° 46.82" 14.08"

CK  81.78% 38.18°

Ul 129.09¢ 37.62° 19.71¢ 27.41°  2.51¢

U301 131.70° 43.78" 20.80° 28.08°  3.19¢
52 U101 149.74" 46.12* 28.32> 32.87> 7.97"

Ul03 167.58" 48.49* 35.75% 35.66* 10.77°

01  171.24% 46.27% 37.27° 35.76°  10. 86"

4 X%F K AR 4R B (NHLD) 52 m 8K
(#4),S81 3 CK U1,U301,U101,U103,01 4b
PONHI b S2 4 3 2 Jill & 24.74% | 29.76%
15.33% 19.17% 12.47% 15.20% , B} NHI BfiZ5 £
Sy RGN RRAS . 37t A HLAL AT AP 25 ORI
PAGH, 2 MR &1 F NHI #3281 U101,
U103 .01 4hFEZ BT i 35 25 S5 (0 4 3% v T it fb
NEAREE B it 50% LA A HLIE AT LU KR B 3 v
B R - RMOGRAE L

VEHUEUIE 24 2= [T 3 (REN) | ZUNE fi A= 7 )
(PFPN) S ANEAR 23405 (AEN) 3 N 8 hrole &
T FHAERBRI % . 5t REN K F (£ 4), 44400
et A LE /N T 50% B, ST R 53 4544 F REN & 3
T S2 20 4 F REN, 244 HLAE it A L 5] 8 1ot
50% if,S1 #H A 4F T REN £ FEAREH, M S2
4T REN 4k2E 54 K, ST, S2 #h 4 + 4543 5 L)
U101,01 4b 3 REN £z K, 43 i ¢ B it Ak 8 42 w5
17.70% \17.56% ., H3 4 WJLIE 37K Kt
NEALBEEA X PFPN A5 BH 8 2 0, £ 73 34, PFPN T
[ S1 41+ F Ul,U301, U101, U103, 01 4b 3
PFPN L S2 4 F 43 il /& 61.75% | 59.95% .
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53.91% 34.69% 30.94% , 5P H i A HLAL A
FE A3 K BRI R 43 2514 F PFPN 22 53 3% ik /N 4 #4
B AR BLREEE T, S1 243 &4 LA U101 Ab
B PFPN fe K, S2 #h43 461 R UL O1 b B K, AN
[F#h5r T & LA 3 2 6] AEN 25 7 5 PFPN 25 5%
FBA—F, LGESMKIEIRRE, ST S2 3575
PL U101 ,01 b PR AE A FH AR BT

3 itig

ERTIE o w4 RENG S I B it SR (B i =D
RFBLHER, “HZ BN E X R GBI E S
PIFSG, P, 7EAS [ R B R i 4k i o 5 B Y
AR R A B A S RO R = R ™
HEEIRGE,

Lk AR A AR B SR R Y
AFETA RSP LAURAPY #F9y £ W, e rh g
R R A R S B I A X S AR A
MIZE AR, EVEVE R A B I N S R R
R I A A B TR R -
FrR . XORRATERERIAEE T e &2 3
ST b i i AR 434 Xk M B B AL SR
A = A R R m ) AR R R A
B B VR X 2R 1 oK 5 A R 2 R R R
TR IR AR A B T2 o BB A A RCR ™Y AR SR
MR+ 0 ~40 cm HEMR A, 7E KA K
HI, Bt AILAE L o) sk O i) Ak 30 H: 4 M8 o 4R %
N, XA R T A VUL EA T B it e
18 R RFE T =AY fE KA E R, A VLR AR
BAEA BAG R LI iR R 8L, e U HLJE
PLAS RO AL P + I A S i K, X — 45 1]
RS T RTIZ AL FEICHLAL A A P 7 1k 18 K
FHE R R TCHLAL, A HLAE S A R 2R 5 W e
R [ AR P 8 TR AR K S 8, A
FET AR BEE AR5 R N B R B o
AHUIE A B BT R T AU R [ AE  ARBIEAY AR
T, BRI AN [ A AL T AL AE B it A 3R AE VR
AB IR H D A SR B2 R R
A i X TCAILIE A A i B0 4 A, BLAE R
BRI, O &3 e 30 i S R e
pralb- AT R YN TR 11l o = o 0E (7 I o
R FEARERRAR, 1A AUA At A T LA i 4 4%
Tl W o R vy - RS PR A HLR R L
S BF IREE S5, S 80s AR N A LI 5 L
NER {2 5 A B3 . AR ER B, 7E/EY)
AR, A UG 51 K 1 Ak 2 AR 2 A e
WA i K, Ul B A v B R b e ML AE

JEIINS TR RS BE S B . AT A B,
e PR AR A T R W R B B 50%
PA_EA LB A48 Ak B TR - 30 ot 0 B/ i
AR N it A 2 A HILAE AT LAGE EAE AR 2R A
Ko, S B AR GE L, AR A X IR 2 3855 43 (R
FIMY . BRI, A HUIE B A L e H A R
W iR FE AR R — B R A L 2
PAEPHR PR RRIR T80 R R S E Yol , I
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