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Effects of reducing irrigation amount and applying soil amendments on
seed maize yield, nitrogen utilization, and nitrate dynamics in Xinjiang
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Abstract: To explore suitable irrigation regimes and soil amendment strategies for seed maize production in ar-
id regions of Xinjiang, a field experiment was conducted. Three irrigation levels ( conventional irrigation W1 6 000
m’ - hmfz, W2. 5400 m® - hmfz, W3. 4800 m® - hmfz) were combined with four soil amendments ( N1: bio-
char (2 000 kg - hm™), N2: microbial fertilizer (750 kg « hm™>), N3 bio-organic fertilizer (750 kg « hm™) ,
N4 : organic fertilizer (9 525 kg - hm™) ). The effects of reduced irrigation and soil amendments on growth charac-

teristics, yield, nitrogen utilization, and nitrate nitrogen dynamics of seed maize were investigated. The results
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showed that the 5400 m® - hm™ irrigation level combined with organic fertilizer and microbial fertilizer significantly
increased yields, reaching 6 225.3 kg - hm™ and 6 048.3 kg - hm™*, respectively. These treatments represented
yield increases of 5.2% ~17.2% and 2.2% ~13.9% compared to other treatments and a 10% water saving compared
to conventional irrigation. The 5 400 m® + hm™ irrigation level with organic fertilizer application resulted in the
highest dry matter accumulation and grain nitrogen content at maturity, with increases of 8.5% ~66.7% and 4.9% ~
28.7% , respectively, compared to other treatments. However, nitrogen use efficiency and nitrogen harvest index
were lower, decreasing by 4.2% and 1.5%, respectively, compared to the 5 400 m’ + hm™” irrigation level com-
bined with microbial fertilizer. Increased irrigation intensified nitrate leaching, with nitrate nitrogen content at 60 ~
100 cm soil depth under the 6 000 m® + hm™ irrigation treatment being 9.1% ~45.5% higher than other treatments.
Application of both organic and microbial fertilizers improved soil nitrogen availability, increasing nitrate nitrogen
content at the silking stage in the 0 ~40 cm soil layer by 35.7% ~59.4% and 9.4% ~38.5%, respectively, com-
pared to other treatments. In conclusion, irrigating with 5 400 m” - hm™> combined with organic fertilizer application

is recommended as a water-saving and high-yield cultivation practice for seed maize in arid regions of Xinjiang.

Keywords: seed corn; irrigation amount; soil amendment; nitrogen utilization ; yield
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Table 1 Tirigation dates and volumes for the experiment

b3 T A Lrigation date (m—d) VW A
Treatment — 06_1]  06-24 07-01 07-11 07-18 07-24 08-01 08-14 08-22 09-05 Irigation quota

Wi 540 540 540 540 540 540 540 540 540 540 5400

w2 480 480 480 480 480 480 480 480 480 480 4800

W3 420 420 420 420 420 420 420 420 420 420 4200




556 M AR AR B R TRt T BRI R R K i R A RS R S AR R 187

KA 0~100 em £ ([EIFEH 20 cm) , LA -20C vk
FEVAE T T A B AR AR S5 — R A it 0, 2
mol - L™ KCl ¥ & 1= #2, 2R 5 FH 3% 22 3 30 3 A X
(AA3,Braun rupee , {5 [ ) Il € L HEH AR ST 7,
1.3.4  B3AR3t 30 FIE E OISR R s
iy R S anan =

RO 7= 1 (kg » kg™') = FFRL7 & (kg -
hm™) /i & & (kg - hm™)

REW R (kg - hm™) = PR A & (kg -
hm ™) xfE R4 P (kg - hm™) /100

WRFEEL (% ) = ¥R/ I AL 1 5 100%

REWIEE (%) = PR A E T B/MHMEA R
HHEX100%

REFIHR (%) = KR 5/ A8 bR A W
x100%

HIEEE RN BB E (kg - hm™?) = HJZEE
(em) X HIEARF (g » om ™) x HIEMHES A S E (mg -
kg™') /10
1.4 HESH

KM Excel 2013 #4745 5 S5 AL HE ; H] SPSS
21.0 #AT I 22508, ZH ILECR ] LSD ¥ (P<

200
W:** N:ins WXN:ns

150
100

a a
SO-W T a“ | a\ai
0

Wi w2 W3
ib B Treatment
(a) #4571 Jointing stage

Pk Plant height/cm

200 W:** N:** WXN:ns
ab a
be aabad ab a
= e rh b = b 1 b
S1s0t M) = b
)
5
= 100 f
<
=
'I:E 50 -
=
0
VAl w2 W3

Ab ¥ Treatment
(c) M 224] Silking stage

NI N2

0.05) ; J Origin2021 #AHAER
2 ARE
21 EBESTEURFIEEXNFMERKSH

A1)

i T R 0 Rl W 3k 22 30 i
FRR = A BT 2 T o WK XA v P i R e R
S W1>W2>W3, Bifi 2 I 10 T R, A I &
KR e 2 kS A, WL AR B 5 HE W3 b B4 4R
BT 23.8% (KT L10.0% (RMIWLE ) (5.7%
(Wh223]) 4.4% (A A A B SRR G AS W
VR i R P R o 25 S /N AN TR A
TAC L FRI A I 22 303 AR 2200 o o ol oK A A A W
BEW, BAREIN NASN2>N3SNT ;I 22 3 7 [7)
— VKT N4 A BEAH T At - 3k KR b B
il T KRR = AR T 2.6% ~8.9% (W1) [2.2%
~8.8%(W2) .3.6% ~9.0% (W3) , L2 3 B8 =
T 52%~9.7%(W1) .2.9% ~7.1% (W2) .0.7% ~
15.3% (W3) 5 ZEFR T SRR B WU 1 09 ] Bl R 590 %6
Tl T KR 2 AR R RS 8 DA st T ek R ) A5
TR 2 XoF i) ol T AR g 118 28 A AN W 4

200 W:** N:ins WXN:ns

g b 2] a a ab
S1s0F b| [ a by
)
3
~ 100
g
=~
‘FE 50 F
B

0

W1 w2 w3

Qb B Treatment
(b) KWW\ 1] Trumpet stage

W:** N:** WXN:ns

2001
a aa
b ab,p a a a a
] =3 b b
Sasob (HH K h
E)
R
=
= 100}
<
=
i 50t
B
0
Wi w2 W3
AbFE Treatment
(d) )& 2 Maturity stage
[IIm N3 . N4

ARV ZE AR AR R B T AN R B R R 28 2 1] 22 S5k B B /KO (P<0.05 ) 5 5 22401 ns (R R 5
A, = A o A3 RN HE KR | 3 B 7R DL e — 3 1 32 BAR G B 2 3 (P<0.05) Fk 8 3 K - (P<0.01)

T

Note; Different lowercase letters indicate significant differences among different amendment types at the same irrigation rate
(P<0.05) ; ns in variance analysis indicates no significant difference; #* and # * indicates significant ( P<0.05) and ex-
tremely significant ( P<0.01) effects of irrigation rate, soil amendment, and their interaction, respectively. The same below.
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Fig.2 Corn plant height at different growth stages of each treatment
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Fig.3 Nitrogen accumulation in various organs of seed corn at silking and maturity stages of each treatment
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F2 ZREIMEXRNEZRFABRL

Table 2 Nitrogen utilization of seed corn of each treatment

FHEERA FARA RERERR

JREY) 2 5
In{i’fﬁﬁm Soil PFPN NUE *E’%*A'jﬁf%
amendment  /(kg - kg™') /(kg-kg™!)
N1 27.9+0.5b 23.5+0.4a 53.5+0.7a
N2 29.6+0.6a 22.8+0.7a 53.4+0.8a
W1 N3 28.6+0.4b 22.9+0.5a 52.6+0.2a
N4 30.5+0.7a 22.1+1.6a 53.0+1.0a
YIE Mean 29.1:1.1B 22.8+1.1B 53.1+0.8B
N1 29.8+0.6¢ 26.6+1.3a 53.2+1.6a
N2 31.8+0.4b 26.0+1.2a 54.1+0.1a
w2 N3 31.1x0.6b 26.5+1.2a 53.8+0.2a
N4 32.8+0.4a 25.0+0.4b 53.3+0.9a
YIH Mean 31.4x14A 26.0+1.3A 53.6+1.0B
N1 27.4+0.4b 26.1+0.8a 53.9+0.4b
N2 29.0+0.7a 24.7+0.5b 54.9+0.5a
W3 N3 28.4+0.6a 25.6+0.9ab 55.2+0.1a
N4 29.5+0.6a 24.1x1.0b 53.9+0.7b
YIH Mean 28.6+1.0B 25.1+12AB  54.6+0.7A
Jr2257HT ANOVA

W %k % ok *

N # * ®

WxN ns * ns

T : A FUA R NG B 35 AE A ) E 8 B T AN TR] 3 R 2
[i1) 22 57 2.3 ( P<0.05) |, RIS RIS A R RS 0 3R AN IR HE /K i
] 22 5 .35 (P<0.05) 5 * Hl = = J}JIFIRTE P<0.05 Fl P<0.01 K
TEREFE s RARLREESR, TR,

Note ; Different lowercase letters in the same column indicate that the
5% significance level is reached between different soil amendments under
the same irrigation amount. Different capital letters after the average value
in the same column indicate that the 5% significance level is reached be-
tween different irrigation amounts. * and * * represents the significant
differences at P<0.05 and P<0.01, respectively; ns represents no signifi-

cant differences. The same below.
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Fig.4  Soil nitrate nitrogen distribution across plant growth stages of each treatment
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Note; Different lowercase letters represent significant differences in the

accumulation of nitrate-nitrogen in each soil layer between different amend-
ments at the same irrigation amount (P<0.05) ; different uppercase letters
represent significant differences in the accumulation of nitrate-nitrogen in the
0~100 cm soil layer between different amendments at the same irrigation a-
mount (P<0.05).
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Fig.5 Soil nitrate accumulation in each soil layer

under different treatments at maturity stage
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Fig.6  Corn above-ground dry matter and harvest index of each treatment
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Table 3  Effects of different irrigation and soil amendments on seed corn yield and its components
T - R 114 (R TR TAhLHE P
Irrigation Soil amendment Number of rows Kernels per row Grain number 1000—grain weight/g  Grain yield/ (kg + hm™)
N1 13.3+£0.5a 24.2+1.2a 326.3+11.5d 322.4+11.8a 5310.9+108.9b
N2 14.7£0.8a 24.4+1.2a 367.2+8.6b 328.7+12.5a 5631.8+122.9a
! N3 14.0+0.8a 24.3+1.9a 348.7+7.1c¢ 325.0+14.2a 5434.0+93.0b
N4 15.3+0.9a 25.5t2.4a 372.5+7.3a 330.0+6.2a 5800.5+133.5a
J{H Mean 14.3+1.1B 24.5+1.8AB 353.7+9.3A 326.5+8.9B 5544.3+238.1B
N1 14.6+1.0b 23.7+2.7b 348.7+10.6¢ 328.2+13.8b 5657.2+123.5¢
N2 16.0+1.1a 28.0+0.4a 372.0+10.9b 333.9+9.8b 6048.3+89.4b
w2 N3 15.3+1.0a 27.2+0.6ab 327.3+8.0d 331.4+12.6b 5916.6+73.2b
N4 16.6+0.4a 28.3+0.8a 397.3+11.1a 342.5+5.7a 6225.3+82.1a
YJ{H Mean 15.7£1.2A 26.8+1.6A 361.3+13.3A 334.0+10.1A 5961.9+233.7A
N1 12.6+1.0b 20.2+1.0c 310.0+9.1b 320.6+7.6a 5206.9+89.0b
N2 14.3£0.9a 23.6x1.0a 338.6+8.6a 325.5+7.0a 5509.4+138.6a
w3 N3 14.0+£0.4a 21.1£0.7b 314.4+10.7b 323.6+4.3a 5401.7+118.1a
N4 15.1£1.0a 23.8+1.4a 345.3+15.6a 326.5+£10.0a 5598.5+123.0a
(. Mean 14.0+1.3B 22.2+1.9B 327.1+10.1B 324.1+6.2B 5429.1+206.4B
Jr 22534t ANOVA
\4 * * EEY * *
N * * * * EEES
WxN ns * * ns ns
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Fig. 1  Precipitation and daily average temperature

during the growth period of seed corn
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Note:; PLH: Plant height; GY: Yield; NR: Number of rows;
KR: Number of grains per row; GN: Number of grains per ear;
TGW . 1000 — grain weight; PFPN. Partial nitrogen productivity;
NUE: Nitrogen utilization efficiency; NHI: Nitrogen harvest index;
HI. Harvest index. * # and #* #* * indicates the significant differ-
ences at P<0.01 and P<0.001, respectively.
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Fig.7 Correlation analysis between corn yield and its components,

phenotypic traits, and nitrogen utilization changes

o PR, A HLAE AT LR i v 12 3t DX ol ol 3 0K ™
A E B, AT, 25 2 Rt T 2
NP Bl A R0 14 A A, LA e At P
LA A 15 5 SERT TR E

TRE TR R LS 2 2 Wi M i 285 2 23 A R 2K 1
FEFR, ARBFFERY, A AL D RS A

SR EAEREZ , X nT BES BT iV A T T X
DAL R T K 2R B WK B b A e Bt E T
SN, R A R R 4 )2 R B ok
HARMG, Ky mBERE R, L
HERARREZ 7] FIE M AE A ZM R ' 5
SNER N T, RIS AR R AT,
J R AE AR [R) /U it &, 7K 4 i S 3R oK
RGeS AR R W BE, AT 8 il 2 AU
BT e R TR RORI A BRI R, ok
B R FEE A AAE 0~40 ecm T2, HEIKRRK
80% L) 7 IRl 40 em 2 LI B RS S AR
MERE B R WA . A HUIE SR & 1 4k T 0 et 22
11 0~40 em )2 MRS RS &, ULIE A HLIE 32
B T R RN AR R R R A K 5%
Ay, BRI T T TR Y SR A HLAE Y
EEHSFHAM S A BRI T AR
T U KU it R AR A 0 B T AR 7 e R SR IR
TA AL (HE 5 HA A2 i S R R e
WD AR T /R 15 Y AR, #2087 /R AR,
X AT HE R R I A W T LT SE — 3B A Ak 2 T 25
RN HUIE S, SR 75 2 4 g
T 1 22 14 28 R ALV E P ORI

4zt B

FEARTR] e AR BE R .5 400 m® - hm ™
WAL FRAEHE T HlAD ERMAER R T, $Em T k22
RIS Fp TR T 95 DL AR AR &, i
T 2211 0~40 em 2RSSR &, A=
i E S T A BB, AR R T, 5 HAh
- Sk RRIAH EL it A HLAE 4R e 1 i 22 3 A
WIE AR TP SRR RS &, e T AR
1 0~40 cm TJZ MRS A BER , A R4 F ORI
FIHT, DTG 2 5 7 il Ff K ™ 2 RIS e A 7 T
FEES 5 400 m® « hm it A HLAEL AL B Ho At b B
AHLE, D K A T4 o B A FR R SR FAT R
PR, R, HEE R 5 400 m® - hm YOt A AL
JIES R A Ay 0 s T St DX o o K R 7 T K R ok
it .

S % 3 Hf:

(1] ikadbmk, Sorp, soRas, S5 T PaLkInuE bR T o Al Kk
BIR S RUN T[T . FOREBIE, 2024, 32(5) : 88-95.
ZHANG J B, XU P D, ZHANG D L, et al. Analysis of water-potassi-
um coupling effect of drip imigation under mulch on seed-maize in
Hexi oasis[J]. Journal of Maize Sciences, 2024, 32(5) : 88-95.

[2] AR A RIERNE A AR, 2004 F E AR AN Ge 2 [ EB/



556 M AR AR B R TRt T BRI R R K i R A RS R S AR R 193

(5]

[10]

[11]

OL]. [ 2024-09-08 ]. https://zdscxx. moa. gov. cn: 9443/misportal/
public/ publicationRedStyle.jsp.
Ministry of Agriculture and Rural Affairs of the People’s Republic of
China. 2024 summary of agricultural and rural statistics in China[ EB/
OL]. [2024-09-08 ]. https://zdsexx. moa. gov. cn: 9443/ misportal/
public/ publicationRedStyle.jsp.
MORTEIL - FRIKIGEL, FIIAZR - AF Bl il TR AR ER
RS PR FIIRSCR 1], AICEDIE, 2019, 9(5)
47-50, 64.
KHOIKAZ Y, ROZI A. Relationship between climate conditions and
yield and growth period of seed-producing maize in Changji City[J].
Journal of Agricultural Catastrophology, 2019, 9(5) . 47-50, 64.
PRI, BN EARF A IR [ D], BEATE: Frgifll K
2, 2017.
XU L. Research report on the development of corn seed industry in
Changji Prefecture[ D ]. Urumqi: Xinjiang Agricultural University, 2017.
CHAI' Y W, CHAI Q, LI R, et al. Straw strip mulching in a semiarid
rainfed agroecosystem achieves winter wheat yields similar to those of
full plastic mulching by optimizing the soil hydrothermal regime[] ].
The Crop Journal,, 2022, 10(3) ; 879-892.
FA. B RO HUTTHR TR AR MO (1], AR, 2018,
(12). 32-33.
DU J. Ways and effects of improving soil organic matter in Changji City
[J]. Rural Science & Technology, 2018, (12). 32-33.
RAME, BRI - SR, ROUR, 55 B mub s KR
HERERTTCHERE[) ], IIARROEALE , 2023, 55(3) ; 158-165.
ZHU S B, TORSUN U, TANG G M, et al. Research progress on sa-
line-alkali land changes and its treatment measures in Xinjiang[J ].
Shandong Agricultural Sciences, 2023, 55(3) ; 158-165.
F, EET, WEA, & KE RN P 5 DR K
Fok G FIRIBCR AR 1], A F R (HARFHERD ,
2024, 42(3) : 298-307.
WANG F, WANG H'Y, LIN B J, et al. Effects of water and nitrogen
regulation on yield and water use efficiency of maize cultivated in the
arid region of Hexi [ J]. Journal of Shihezi University ( Natural
Science ) , 2024, 42(3) ; 298-307.
SRUME, Mt JEHE, A5 RN TR R E X E KT
B R R K AR BRI [T]. EARFE, 2021, 29(2):
149-156.
ZHANG M W, YANG H S, FAN X Y, et al. Effect of reduction of ni-
trogen and irrigation on dry matter accumulation and utilization effi-
ciency of water and nitrogen of spring maize in shallow drip irrigation
[J]. Journal of Maize Sciences, 2021, 29(2) : 149-156.
REER, 2L, #4xE, 55, HEMEE AU R e TR A B R
ey BRI [T ], K LORFRITSY, 2014, 21(3) : 293-297.
TANG G M, HE H, YANG J Y, et al. Effect of irrigation quota on
physiological characteristic and yield in drip irrigation under mulch of
maize[ J |. Research of Soil and Water Conservation, 2014, 21(3) .
293-297.
FIEHE. AMTURIEAE T 5 X L MR K R R A K2 [ D ]
BRI TR, 2022,
WANG X G. Effects of biochar-based fertilizer on soil properties and

corn growth in arid areas[ D]. Yinchuan: Ningxia University, 2022.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

HUANG M Y, ZHANG Z Y, ZHU C L, et al. Effect of biochar on
sweet corn and soil salinity under conjunctive irrigation with brackish
water in coastal saline soil [ J ]. Scientia Horticulturae, 2019, 250;
405-413.

sk, WAL, FAE, &5, pEER 0T 0 PR S R
[J]. B3R, 2022, 59(1) : 10-27.

YANG J S, YAO R J, WANG X P, et al. Research on salt-affected
soils in China; history, status quo and prospect[ J]. Acta Pedologica
Sinica, 2022, 59(1) . 10-27.

RPN, WERE, W1, A5 LNEIUERCHE A R HE X R b
IR K KT R BTRR [T]. AR AR, 2022, 54
(12): 91-%.

ZHU W S, HAN Z, HU Y H, et al. Effects of fertilizer reduction
combined with microbial fertilizer on soil quality and maize yield and
quality in saline-alkali land [ J]. Shandong Agricultural Sciences,
2022, 54(12) : 91-96.

LN, 2t BRAAE, A& AR PUIERHEY AR IS
Loy (REnimr e[ ], L3RR, 2004, (5): 12-16.

WANG L G, LIW J, QIU J J, et al. Effect of biological organic fer-
tilizer on crops growth, soil fertility and vyield [ J]. Soils and
Fertilizers, 2004, (5): 12-16.

WPete, WOKFT, RS, A ARSI /NE- R AeAE
RIHAS AL ], 2394), 2013, 50(3) : 564-573.
YANG X L, LUY L, TONG Y A, et al. Effects of application of ni-
trogen fertilizer and in corporation of straw on nitrate leaching in
farmland under wheat-maize rotation system[ J]. Acta Pedologica Sin-
ica, 2013, 50(3) : 564-573.

AR, X, BRI, A5 SR HLIE XM I A b
A FFEY i 535 AR [ 1], P EA SRl 24k, 2017,
25(6) : 812-820.

FU W, LIU K P, CHEN H S, et al. Effect of partial replacement of
inorganic N with organic manure on crop yield and soil nutrient bal-
ance in arable ecosystem in karst peak-cluster depression [ J .
Chinese Journal of Eco-Agriculture, 2017, 25(6) : 812-820.

GUO J J, FANJ L, XIANG Y Z, et al. Coupling effects of irrigation
amount and nitrogen fertilizer type on grain yield, water productivity
and nitrogen use efficiency of drip-irrigated maize [ J]. Agricultural
Water Management, 2022, 261 107389.

RAKZR, HUBG &, R RAK. SRS TR 2 T S A S
R[], BHERLSE, 2019, (13): 77-78.

ZHU ]J R, ZHU P F, SHU L Z. Overview of a comprehensive experi-
ment of determining soil nitrate nitrogen by continuous flow analysis
[J]. Science & Technology Vision, 2019, (13). 77-78.

EMGRE, TEIGN, i, AF KRS A AU BN 5 X
HFKRFACHHZE )], KB, 2023, 31(4) : 165-172.
WANG M Y, SU S S, FENG H, et al. Effects of water-saving irriga-
tion and combined application of organic fertilizer on nitrogen utiliza-
tion of summer maize in Guanzhong area[ ] ]. Journal of Maize Sci-
ences, 2023, 31(4) . 165-172.

LIRS BRI X 2B AR R AELA K i S5 K R T I
ROS B HMURIBTFEL D] #0 : PUILRMBIRAE, 2023,

WU X R. Study on the regulatory effect and mechanism of increasing

density and reducing weight on vyield and water and nitrogen



194

T T XA TS

543 45

[22]

[23]

[24]

[26]

[27]

[30]

utilization of spring maize planted with ridge and furrow rainwater col-
lection[ D]. Yangling: Northwest A&F University, 2023.

QIDL, HUTT, LIU T T. Biomass accumulation and distribution
yield formation and water use efficiency responses of maize (Zea mays
L.) to nitrogen supply methods under partial root-zone irrigation[ J].
Agricultural Water Management, 2020, 230: 105981.

SARKER K K, HOSSAIN A, TIMSINA J, et al. Alternate furrow ir-
rigation can maintain grain yield and nutrient content, and increase
crop water productivity in dry season maize in sub-tropical climate of
South Asia[ J]. Agricultural Water Management, 2020, 238 106229.
BUEIR, Se, TARR, 45 AKERNG MAME % BTSN X £
KOCEVERIAT- W AR SBFHE R IO [T]. v E RO RR2,
2019, 52(3) : 428-444.

WEI T B, CHAI Q, WANG W M, et al. Effects of coupling of irriga-
tion and nitrogen application as well as planting density on photosyn-
thesis and dry matter accumulation characteristics of maize in oasis ir-
rigated areas[ J]. Scientia Agricultura Sinica, 2019, 52(3) ; 428-444.
Sk, REE, R, R G N Y A R KK R
AR )], ME2#AIL, 2007, 33(12) : 2007-2015.

SU Y Z, ZHANG Z H, YANG R. Amount of irrigation and nitrogen
application for maize grown on sandy farmland in the marginal oasis in
the middle of Heihe river basin[ J]. Acta Agronomica Sinica, 2007,
33(12) ; 2007-2015.

WANG F, XTIAO J F, MING B, et al. Grain yields and evapotranspi-
ration dynamics of drip-irrigated maize under high plant density
across arid to semi-humid climates[ J]. Agricultural Water Manage-
ment, 2021, 247; 106726.

EA, RERE, ARG, AR K T EORARAK S K
FMAL)]. HEERLAR TARSAR, 2020, 38(10) : 1063-1068.

WANG W J, ZHANG Y Q, QI M D, et al. Effects of drip irrigation
amount on water consumption and growth of maize [ J]. Journal of
Drainage and Irrigation Machinery Engineering, 2020, 38 (10):
1063-1068.

SRR HERSAHLYPAHE FX B e I A N A B AR
[ D]. #5 : PHILARMBRER S, 2024,

ZHANG T S. Effects of nitrogen application and organic matter return
on fertilization and efficiency of winter wheat fields on the loess plat-
eau[ D]. Yangling: Northwest A&F University, 2024.

TIESSEN H, CUEVAS E, CHACON P. The role of soil organic
matter in sustaining soil fertility [ J ]. Nature, 1994, 371 (6500) .
783-785.

ZUO W G, XU L, QIU M H, et al. Effects of different exogenous or-
ganic materials on improving soil fertility in coastal saline-alkali soil
[J]. Agronomy, 2022, 13(1): 6l.

LI X, LIJ, ZHAO Z H, et al. Soil organic carbon and humus charac-
teristics ;response and evolution to long-term direct/ carbonized straw
return to field[ J]. Agronomy, 2024, 14(10) ; 2400.

WANG Y, LI Q X, LI C Y. Organic fertilizer has a greater effect on

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

soil microbial community structure and carbon and nitrogen minerali-
zation than planting pattern in rainfed farmland of the lofess plateau
[J]. Frontiers in Environmental Science, 2023, 11; 1232527.
WANG Y, MENG Z, MENG H, et al. Regulation of nitrogen balance
and yield on greenhouse eggplant under biochar addition in Mollisol
[J]. Plant Soil and Environment, 2022, 68(1) ;36-48.

o4, DI, BUY, & ARIBOKAELHRE R TSR
A IR A SRR AR ). ARl A4l 2023, 31
(5): 765-T75.

ZHAL'Y Q, MA K, JIA B, et al. Soil nitrate-N distribution,leaching
loss and nitrogen uptake and utilization of maize under drip irrigation
in different precipitation years [ J ]. Chinese Journal of Eco-
agriculture, 2023, 31(5): 765-775.

CAMBOURIS A N, ZEBARTH B J, NOLIN M C, et al. Apparent
fertilizer nitrogen recovery and residual soil nitrate under continuous
potato cropping;effect of N fertilization rate and timing[ J]. Canadian
Journal of Soil Science, 2008, 83(5) : 813-825.

LIU Q F, CHEN Y, LIU Y, et al. Coupling effects of plastic film
mulching and urea types on water use efficiency and grain yield of
maize in the loess plateau, China[J]. Soil and Tillage Research,
2016, 157 1-10.

RoeLr, Tduh, wH, AR R R R R R R ORAR R
ZEOME BRI ]. TR, 2018, 36(3)
156-160.

CHU G H, ZHANG J X, GAO Y, et al. Effects of nitrogen applica-
tion rate on temporal and spatial distribution characteristics of super-
high yield spring maize root and yield under drip irrigation[ J]. Agri-
cultural Research in the Arid Areas, 2018, 36(3): 156-160.

R, IR, DR, 4 AHUEREZIER R R A K A
FAH =R ST )], PEIURMBHE IS4 FIRFL
) , 2025, 53(5) : 26-34.

FEI C, ZHANG K X, MA H X, et al. Effects of organic fertilizer
combined with nitrogen fertilizer on root growth, nitrogen use, yield
and quality of maize [ J]. Journal of Northwest A&F University
(Natural Science Edition), 2025, 53(5) : 26-34.

SRS, HENER, FE, A SO ARG LR A
BB AR ]. JLTRI 2, 2023, (15) : 10-16.

ZHANG K L, SHEN L X, MENG H, et al. Effects of applying
organic fertilizer on soil nitrate nitrogen and the growth of tomato
under moistube-irrigation [ J ]. Northern Horticulture, 2023, (15).
10-16.

EF, e, MER], 4 HeEYTRACR ST i 3R i
SRR RBIEmL]. LR, 2021, (19) : 100-106.
WANG X J, HAN Y Z, HE Z G, et al. Effects of microbial fertilizer
on nutrient uptake of tomato and soil nitrogen and phosphorus accu-
mulation in facilities [ J ]. Northern Horticulture, 2021, (19):
100-106.



