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Abstract: [ Objectives ] The effects of different organic fertilizer ratios in total nutrient input on improving soil

fertility and crop growth in heavily salinized farmland were studied for efficient and sustainable agricultural
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production in Hetao Irrigation District. [ Methods ] A two-year field experiment was conducted from 2019 to
2020 in high salinity soil in Hetao Irrigation District, taking sunflower as test crop. On the basis of recommended
total N input (180 kg/hm®) for sunflower, organic fertilizer was used to replace chemical N by ratio of 0 (OF0),
50% (OF1) and 100% (OF2) respectively, while no fertilizer was taken as control (CK). The soil bulk density,
moisture content and electrical conductivity of saturated extract (ECe) were measured before the experiment and
during the main growth stages of sunflower in 2019 and 2020. The seed yields and yield traits of sunflower were
measured at harvest. [ Results ] Application of organic fertilizers reduced soil bulk density and increased soil
porosity significantly. After harvest in 2020, the soil bulk density of 0—40 cm depth treated with OF1 and OF2
was 1.46 and 1.43 g/cm’, respectively, which were 3.97% and 5.92% lower than that before sowing in 2019. The
soil porosity was 4.94% and 7.90% higher than that before sowing in 2019 (P < 0.05). Organic fertilizer
significantly increased the water storage and decreased ECe values of saline soil. The soil water content in OF1
was 5.34%, 3.65%, and 10.55% higher than in OF0, OF2 and CK, respectively (P < 0.05). The mean ECe of
0—100 cm depth at harvest of the two growing seasons in OF2 was 6.77 dS/m, which was 44.10% and 11.61%
lower than those in OF0 and OF1, respectively (P < 0.05). The seed yield under OF1 was 9.47%, 7.52%, and
62.90% higher than that in OF0, OF2 and CK, respectively (P < 0.05). The net income was 7.02%, 23.11%, and
65.00% higher than that in OF0, OF2 and CK, respectively (P < 0.05). The water use efficiency was 17.50%,
9.52%, and 73.82% higher than that in OF0, OF2 and CK, respectively (P < 0.05). In addition, OF1 significantly
increased the partial factor productivity and agronomic efficiency of applied nitrogen compared with OF0 and
OF2 (P < 0.05). OF2 and OFO had similar yield and water use efficiency, but OF2 had lower fertilizer efficiency
and net income compared with OF0. [ Conclusions ] Organic fertilizer could improve soil structure and decrease
salt content of high salinity soil, ameliorate soil water and salt environment in root zone. However, organic
fertilizer could substitute about 50%, not 100% of chemical fertilizers for high sunflower yield, water and
nitrogen use efficiency and economic benefit of high salinity soils in Hetao Irrigation District.

Key words: organic substitution; soil water and salt; sunflower yields; water and nitrogen use efficiency;
high salinity soil
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Table 1 Application amount of fertilizers in each treatment

b AL LS (%) AHUE (kg/hm?) PRE (kg/hm?) BERR % (kg/hm?) BRERH! (kg/hm?)
Treatment Organic N percentage Organic fertilizer Urea (NH,),HPO, K,SO,

CK 0 0 0 0 0

OF0 0 0 328 140 278

OF1 50 1129 164 140 278

OF2 100 2258 0 140 278
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Fig. 1 Mean daily temperature and precipitation during growing seasons of sunflower in 2019 and 2020
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Fig. 2 Bulk density and porosity in different soil depths after organic fertilizer application
[ (Note) : ¥ EAF/NG FERERR A —+ 2400 25 7 2 (P < 0.05)

Different small letters above the bars indicate significant difference among treatments in the same soil layer (P < 0.05).]
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Fig. 3 Soil moisture contents in each treatment at different growing stages of sunflower in 2019 and 2020
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Fig. 4 Soil ECe values in each treatment at different growing stages of sunflower in 2019 and 2020
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2020 4E43 5 8.0 F1 8.8 kg/kg, WEm T OF0 5
OF2 Ab¥E (P < 0.05); 7F N 180 kg/hm? ii&Z/KF T,
Wi A DL 5 LN, R R AR = ROR e N5
Ko H5RERZZORAL, OF1 WM A R A7)
PR P 8% 5T OF0 5 OF2 4b Bl (P <
0.05). LAk, MIGR)E LB KR E, FEREN
/N 2019 4F, SN HLAE AL BE A 3K i L
TR AL AN HEAC AL B (P < 0.05); FEFEN = 7T 2
1 2020 47, #A0HE - 3EIK SO0 R E MR
2.6 FBRAMESH

R RS R it i ks B PIAH G . 2019—2020
A B X ) H ZE AT RLAN S R 7.5 JC/kg; 2020—
2021 4F B R T A LS A B S R IR R, T H
SRR . R BOGIRER 2, M TERE 6.3
TC/kg . F BRI RS TR, B 10 H SERERL I A% 1
Tk, AREFTE 2020 4R BR ) H E A SRR
2019 AEA T T I Bt AL IEALEE (OF0) B i 5 i

T2 2019 712020 £EZABEEAEFER =R

Table 2 Yield and yield traits of sunflower under each treatment in 2019 and 2020

AEy AbEg B (em) £ EHAZ (cm) PALSLAPRHE (g/head) FIRLE (g) 7o (kg/hm?)
Year Treatment Plant height Disc diameter Seed weight per disc ~ 100-seed weight Yield
2019 CK 120.5 cA 14.4 bA 73.1 cA 15.7 cA 2428 cA
OF0 128.3 bA 21.1 aA 108.9 bA 18.3 bA 3614 bA
OF1 136.8 aA 21.6 aA 116.4 aB 20.3 aB 3863 aB
OF2 127.3 bA 20.9 aA 107.9 bB 17.9 bA 3581 bB
2020 CK 115.0 cB 15.0 bA 71.6 cB 15.6 cA 2378 cB
OFO0 128.5 bA 18.8 aB 106.6 bB 17.5bB 3538 bB
OF1 133.4 aB 19.0 aB 119.5 aA 23.7 aA 3966 aA
OF2 126.0 bA 18.7 aB 111.5 bA 17.9 bA 3701 bA

IE (Note) = [FFVEAEG AR/ NG FREORFE —F N BRI ZE R 3%, ARKRSE TR AR AL B P4 2253 B3 (P < 0.05) Values

followed by different small letters in the same column mean significant difference among treatments within the same year, and different capital letters

in the same column mean significant difference between two years for the same treatment (P < 0.05);
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Table 3 Water and nitrogen use efficiency of sunflower in each treatment in 2019 and 2020
EE L1760 ST o BORE K o N . . .
" WkEE Wk : FkiE KRR BRARRE AR
AEA)) Ab 3 Water storage o . Water storage
i Irrigation Rainfall ET WUE AE, PFP,
Year Treatment before sowing after harvest )
(mm) (mm) (mm)  [kg/(mm-hm?)] (kg/kg) (keg/kg)
(mm) (mm)
2019 CK 398.6a 120 40.8 348.4b 211.0a 11.5d
OF0 3959a 120 40.8 350.1b 206.6 a 175¢ 6.6b 20.1b
OF1 381.1a 120 40.8 366.3 a 175.6b 22.0a 8.0a 215a
OF2 386.2a 120 40.8 3689 a 168.1b 19.4b 57b 19.2b
2020 CK 386.4b 80 120.2 3925a 194.1a 123 ¢
OF0 380.1b 80 120.2 3944 a 1909 a 17.7b 64D 19.7b
OF1 401.8a 80 120.2 396.5a 205.5a 193 a 8.8a 220a
OF2 3993 a 80 120.2 3978 a 201.7 a 18.4b 7.4b 20.6 b

¥ (Note ) : ET—Evapotranspiration; WUE—Water use efficiency; AE,—Agronomic efficiency of applied N; PFP,—Partial factor
productivity of applied N. [F]—4F P4 [F 515045 f5 AN [F]/NG FBE KR AL W] 25 5 ik 2 (P < 0.05) Values followed by different small letters in the

same column of the same year mean significant difference among treatments (P < 0.05).

Wi, #2019 ] H 34 B AT RE T 17.78%;
OF1 11 OF2 kbFH 2020 4F (5] H 2 4E 7= Bt A% 2019
I RRET 13.77% 1 13.19% (P < 0.05, % 4),
AN TR Ak B 22 ) AR 7 S ) 22 S 32 A A vt T A
R NE 5 T, OF0. OF1., OF2 4bFREH4E AR
AAEASY AN 984.0, 2185.5, 3387.0 Ji/hm?, A
HUIERASA T EIE AR A5 0. 77.49%
100%. B HA A 22 57 18 35 19 I PR = 202 A AU
A (6.68%) EINTIRER (46%), TEAHIE A 5
W, AYUCHEHER K. DL OF2 b3 B, 7t
FH 2258 kg/hm® A HLAE (1.5 Ji/kg), HiAE: OF0 Ak

B R, s iim s, OF1 A4 OF0 A
OF2 AbFE K CK 43334 7.02% . 23.12%. 65.00%
(P <0.05),

3 e

K EVEIL R X AR P HE T2 L Nah
F, Fo S PR, K s, FLBE
fiX, ARIFEHOKFAS, WHHEZED, HHEKE
Jnsg 25 1) H 23545 F W )+ e i AL 1Y AR 1k
I ER, XK B K I A A B, AR
if5EH, OF1 5 OF2 ZbHEREUSRELHEZ (0—40 cm)

*4 TRIACEEBEE Mm@ o

Table 4 Annual benefit of sunflower production under different treatments

] e e BUA (yuan/hm?) H#rES (yuan/hm?)

He B Rb ne A o . s .

s PR R ISR A HEALE FRAA Total income Net profit
Treatment Production materials ~ Field management  Fertilization management
reatmen S S
cost (yuan/hm?) cost (yuan/hm?) cost (yuan/hm?) 2019 2020 P 2019 2020 M
Mean Mean

CK 3800 2950 0 18212d  14982d 16597d 11462d  8532d  9997d
OF0 3800 2950 2684 27107b  22287c  24697c 17673b  13153b  15413b
OF1 3800 2950 3886 28976a 24985a 2698la  18341la 14650a 16495a
OF2 3800 2950 5087 26857c  23314b  25085b  15020c  11777c¢  13398c

I (Note) : A BERML ST (2400 Ji/hm?) . HUEE (600 TG/hm?), HEBEKHL ¥ (700 JG/hm?) FBREH) (100 J0/hm?);  HI )45 B 35 1%
FORTHEE (450 J0/hm?), FEBE. FEFP UG T a8 (2300 Ji/hm?) BALGIEE (200 To/hm?); 2 AEEHAM AP 1.5 Jo/ke, RE 3 J0
/kg. WEMR 4k 5 Jt/kg. BRERER 3.6 Ju/kg. [MFNVEHE G A/ING FH:FRRALPRA] 22 55 8.3 (P < 0.05). The production materials include seeds
(2400 yuan/hm?), plastic film (600 yuan/hm?), irrigation water and electricity costs (700 yuan/hm?) and herbicides (100 yuan/hm?). Field management
includes pre-sowing tillage (450 yuan/hm?), irrigation, sowing and harvesting labor or machinery (2300 yuan/hm?) and plant protection measures (200
yuan/hm?). The unit price of each fertilizer: organic fertilizer 1.5 yuan/kg, urea 3 yuan/kg, diammonium phosphate 5 yuan/kg, potassium sulfate 3.6
yuan/kg. Values followed by different small letters in the same column mean significant difference among treatments (P < 0.05).
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A E A S LR, —OrE R TIA
AHUEA BEETHZ L, 5 —JrmnlageR
A HLICHLAE BC e RE 6% (2 F AR R 3G I, AR R B4 2
e R AR FE RGN, AR A AN ot 4 S
HAYREAR, RUTE T 544F (2019 4F) OF1 5 OF2 4t
PERE S A H A b I S5 B R K I A7 i, RS
THEROKPEZ, W EIEBEKIEREL, NE
W P T A R BRSSO
T RGO LA A .

A HLTCAHLIE BC it A AR A% ok B 32540, 4EFF
MR AR ER IS B AKX, PR VESIAR X 3Kk £
W, ABFSEH OF1, OF2 43 (A HLAE & &AL
50%. 100% FLARZ) 0T DI4R & 3 S kR, AR
HLFR, X5 ETAT S i 45 A —E . OF2 &b
HEAE 4 A0 PE HHEE ER AR, AT CK AbHE
FREAR T DA E AR S T LA, AR TR
FHBEAK FE 53 10 R R BERE)Z s [RIBAE 2020 4F BLEAT
OF2 4P+ e 2 0—40 cm ECe {H i Z L T 2061k
EALER (OFO0), 1B jiti FHA HLIEAG F 08t/ iR £
STHRE, BRIRZERSEY N EEE. Ik,
HYURAEE i b, vl DLBGE 332 e M AE WG
PR VR R SRR, A
“TROK” mZERE “BROK” AL, Hima U
A HLBTTE S LR A A SRR A K R v
Al REAE CEEVE . iR AL AT AL 3 (OF0) 19 3R)ZE +
B — ARSI AR, MR RO AN, s
ARG BIZ R E

AABFGE R, A HLICHLAE B it B 9% 5 2 39 in
e, e e e, —Bans, SHiEgr-
R BT R K IEFE A N R 2, AR R
B, fEEERBAAET, TEAERNA YL AL
(OF1. OF2) Ref w1y Ik 5 3K L, REAIK
FEAKE, XA HLIE it A PT LA G 3 A 1 4
REME S HIRLBRE, H XK AR5 ik 13
G O NTE = e S = LI 507 7% S 1 = ot
WK RGN (3% 3), W T HHE LA ROK S,
W T AR K ICRZE R, I 3K 51T
FEI/DEY s TR AR A AL PRI S 39 K B RTRE K
WHZERAWE, SRR TAEFTRMBEKEZ,
FoKEZHTEER L, —ERE RS T AL
P 2R

AAFGEH OF 1 Ab3 =it 3 v T H AL AL B, A
BT 2019 4F, 2020 4F OF2 AbBEF & @ 38000, 1w
OFO0 4b B 7= i . U8/ (P < 0.05), X ] fig 2 R A 7E

5 —4F (2019 4F) TCHLAE A0 T VLAY 5. 7 38 T HL
JIE, B5E 4 (2020 4F) A HLUIE 8 LA A 2218 5
R A, R AV ] A DX R v R R
AR T RMAILE R, BEAh, OF1 % OF2 Ab#f i
FHOM T EEs, XOERCY OF1 A H A HLIE AR
fR50% FLIB A, BEEH T RERHEA, SR UEEY &
775 M OF2 b PR E AR 777 5 OF0 b 45, fH
OF2 A HEA HLAE A 8 A8 55 T OF0 Ab R % A%,
AN, KL OF2 Zb 34 I 45 i 25T OF0 Ab3,
EAMIE R, A VLR AT LR R S R K 5 R
FHRCRE X AR 25 R EEA 3, XA
A HLIEE 5B FLBR B K A HE 37 43 IR 0 A5 31 B & ek
0 R TR AR MoK R R A4 & . ASBFIESs
SRR, OF1 AFRAEPAFRES K 3 AR CR sy ;. OF2
AbBRAE T 5K 4RI T 0% B 35 5 T OF0 Ab 3, 1fif
E MR AR P A B Sy PRI A EMEE R, X
ORI AR K B2 T R L, Rl OF2 4b
P F WS = T OF0 Ab3, [H b FRAE /K e A b 3
PE2SE, NI S3 WUE %A B 524,

R AR OR ST A it 2R A BT R ) VR
R AR AR TR dE A A R TR AT RE
TE R VERI AR 5, 2 i AR A TR S AR
W m EFEHRE Tz —, AR, 5
OF0 5 OF2 AbFEAHIL, OF1 AbFEE e T ARLK
FROFRRFRMWAT ), X5 RBRECRFFE S R —
B, X—JrmEE X AR R E, FHUE
ARG IR I3 — I A HUIEIE OB
XTEEg, AT LAMGRHIET H 264 5 5 B0 TR R AN
AEJIM, DX OF1 Ab3ARAS & 7= iy Rl ik 5 T AR
Tt 7= I MARR2FROR . WA, R, T
FHHEH AR Pb, Cr, AsSESIRILE, 4
HUAEE AR SR T 3Rl = i rh 3 4 Jm 1 4

T Gz e R, KW A ML T % e
Xt HIEREY) h 4 R BRI EE N
4 ZhiE

FH B AR R, AT HILICHLAE B it A ] T $5 v T
P IX R 1 0—40 em )2 FIERFLBRE, B
AT, S ER X SRR, #2
e 1] H 28 7= i AR ZUR AR . 7RI B0 X R i 4k
B, LA ER 7 KAMAPCR. &
H W K Eh 2 B R SO AR g, A TR
(N 180 kg/hm?) 254 T, @ILAER H 54" IR A
LR E AT 50% AR AL,
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