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Abstract: To explore the combined effects of magnetized water and mineral-derived potassium fulvate on soil water and

salt distribution, as well as the growth, development, and

%5 H 87 . 2024-05-24 yield of red jujube in the southern Xinjiang region, a two-
EEWE T FZE SR H (2022YFD1900405) 5 [H % A factor split-plot experimental design was adopted. The main
IRBLEIEA T (42267041 ) 5 H 88 4E H /R H A X Kb
AT H (€Z002304 ) 5 41 W F K % T H ( CXBJ202205,

factor was the level of water magnetization treatment, while

the secondary factor was the application rate of mineral-de-
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crease soil water storage capacity, water content, and desalination rate. The combined application of magnetized water and miner-
al-derived fulvate potassium had a better effect on salt leaching in soil at a depth of 0-80 ¢cm. When the magnetization level was
the same, as the application rate of mineral-derived fulvate potassium increased, the length and diameter of the new shoots of red
jujube first increased and then decreased. At 85 days, the length and diameter of the new shoots treated with M2F3 (the level of
magnetization was 3 000 Gs and the level of mineral-derived potassium fulvate application was 75 kg/hm®) were the largest,
which were significantly higher than those of other treatments (P<0.05). In addition, the M2F3 treatment showed the best per-
formance in terms of the longitudinal and transverse diameters, single fruit weight, and yield of red jujube. Through comprehen-
sive analysis and evaluation using the entropy weight-TOPSIS method, the optimal application rate of mineral-derived fulvate po-
tassium under waler magnetization treatment was 89.44 kg/hm”, while under non-magnetized water treatment, the optimal appli-
cation rate was 110.60 kg/hm’. In summary, it is recommended to adopt the combined mode of drip irrigation with magnetized
water and application of 75 kg/hm® mineral-derived fulvate potassium for cultivating red jujube in southern Xinjiang. This study
provides a theoretical basis for efficient production of red jujube and improvement of saline-alkali soil in southern Xinjiang.
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Fig.1 Meteorological data of the experimental area in 2023
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Table 1 Irrigation and fertilization system
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Table 2 Experimental design

g il A B2 IR Rt
(Gs) (kg/hm?)
MI1FO 0 0
MIF1 0 15
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Fig.2 Changes in soil water storage under different treatments
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Fig.3 Changes in soil water content at different depths

2.2 AREAENHESEERNE

AN A PR T - HEOK 3oy A, [ e T
T A, WK 4 i, 123ESRZ (0~20 em)
o erEim, T R IRERMS, A WA,
TE0~40 em HIEVRIE | BEE T IRURBERE I, -4k 4y
EE B WAL, AEE IR, 7E0~80 em HIETREE bl
& TR EERG N, 13 o BRI

e 5 Fios , ALK AR R A E 1R 8
i EE TAEFTBAR(P<0.05), AEFBR, #if

IRV AH RIS, =408 5 S ek Bl 25 40 V05 8 g T 61 it FH)
Hehn i E PR (P<0. 05) o #EALKVAHIE] I, 385
AR 2 P A AT IR R R B B 2 LT
e,

2 3 Fs , SR KEAR R B 5 8 55
P B0 it FH 0 4R, R AR R R (P<
0.05) "5 B i R B it FH 2 4 [0 B, 7K % 1k 4k 2
IR R = T ARG AL ] (P<0.05) o H
DU AT, R K 20 i AR AL FRLS | BE IR 12 i 1



2068

FANNDi N S A=

2024 4E 55 40 & 11 W

| >

i

3

o RBEACALBRR , 25 8T U B IR 0 1 A

1 1 1 1

O = N W A AN J 00 O —= N Wh NI 0

1 1 1
60 80 100 120 140

TIERE (cm)

105 kg/hm® i, -3 £E A K B R AE, o 43. 69% .,

b (g/kg)

ey

Kt

IR L

R

(g/kg) EH

|
#

Kt

N

S = N W A LN O =N WA A
b 4

AF WA

1 1 1
80 100 120 140

IR (cm)

—o—F(; —=—F1, —o—F2;, —®—F3;, *F4

M1 BEALHREE O Gs; M2 REFLHRIE 3 000 G ; FO . " I B MR AT HE Tk O kg/hm?  F1 . 85 2 SRR BIAE FITBE 15 ke/han® 5 2 . 5 Y50 28 1§ i 490t 11
B4 kg/hm® 33 IR SR RRBIHET R 75 ke/hm? s P4 5 RSB RR BV FIT AL 105 kg/him?
M4 FRMETHESHETUESR

Fig.4 Changes in soil salinity under different treatments
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Table 3 Changes in soil salinity under different treatments

e IR S h ik T AR Jhi k2%
(g/kg) (g/kg) (%)
MI1FO 3.64a -0.48a 13.06g
MIF1 3.56a -0.71a 20.00f
M1F2 3.55a -0.93a 26.06e
MI1F3 3.66a -1.19a 32.42d
M1F4 3.31a -1.18a 35.47¢
M2F0 3.73a -0.8% 23.83e
M2F1 3.43a -1.08a 31.39d
M2F2 3.20a -1.21a 37.89d
M2F3 3.05a -1.24a 40.57b
M2F4 2.78a -1.21a 43.69a

M1 BEALTRBE 0 Gs; M2 BEALTR BE 3 000 Gs; FO . ™ I 2 & FR 4 it F o
0 kg/hm? ; F1. 4™ P40 BB T ik 15 ke/hm? 5 F2, 716 25 R 40 it
FH 45 kg/hm? s F3 5 5 8 8 FR 4T FH BE 75 kg/hm?  F4. 57 IR 255
TR 4 HE FET i 105 kg/hm? , [7l— BB 5 R /NG 52 R 24 52 1
%(P<O. 05),

WK R 7E 0 535~ 45 d ik B (i, 7F 85
d,5 M1FO ZbFRAHEL , M1F1 A3 M1F2 Zb¥E M1F3
ALEE M1F4 b BEBARS BE 43500 S 18 0 3. 97% ( P<
0.05).7.66% (P< 0.05) . 15.60% (P< 0.05) .

10. 61%( P<0.05) ,M1F1 ZbFE M1F2 4bFE M1F3 4b
P M1F4 2b R B2 43 51 0 2 38 3. 20% ( P<
0.05) .6.58% (P<0.05) .13.39% ( P<0. 05) .8. 00%
(P<0.05), 7£ 85 d, 5 MIFO &b ¥ AH kb, M2F1 4k
PR OM2F2 AbFE M2F3 AbEE M2F4 Ab BEUHT RS B 43
SRR 16. 20% ( P<0. 05) ,20. 51% ( P<0.05) |
26.50% .20.23% (P<0.05) , M2F1 4t 3 M2F2 b
FH M2F3 Kb M2F4 4b BB RS 1542 43 51 o 2 38
11. 05% ( P<0.05) .16.99% ( P<0.05) .24.03% ( P<
0.05) .16. 56% ( P<0.05) ,
24 AEAEILIEFEHNT

R 4 Pros A RIREACKSE T B 5 2 J i
it ] S, £ AR AR RO E S 2 B
SRR A, 5 M1FO ZLFRAH L, M1F2 b
P MIF3 ZbH M1F4 4b PG 20 8 57 5 43 51 2% 4R
55 12.52% (P<0.05) .23.53% (P<0.05) . 18.24%
(P<0.05) ;5 M2FO Zb#AH L, M2F1 AbFE M2F2 4b
FH M2F3 ZbHf M2F4 b P 2T A 5= 4 43 ) i 3 4
14.24% ( P<0.05) \23. 65% ( P<0.05) .30.09% ( P<
0.05) ,24.22%(P<0.05) , FHrfr M2F3 b HLT A4
& B O E S e R AL,
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M1 BEALSREE O Gs; M2 BEALAREE 3 000 Gs; FO. ™ 5 B B AR BT FH 1 0 kg/hm? s F L. 5 JR 3 S FRAF M L 15 kg/hm? 2. 47 V5 38 J 7R 49 it FH
145 kg/hm? ; F3 . 5 PR B BR AN it FH i 75 kg/hm? s F4 . 0 IR SR BR AP & 105 kg/hm? , B EARE/NG FRE R 225 3 (P<0.05) .
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Fig.6 Length and diameter of new shoots of red jujube under different treatments
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Table 4 Yield of red jujubes under different treatments

fit i S 2R AT AR LA 2 7 s, oK
WEALAL T 276 V743 S U 00 T B T R 4 i P
N 89. 44 kg/hm’ ; KR WEACAL IR T 55 P4 i A Y
0 Y5 V5 TR B it H &R 110. 60 kg/hm?

b3 A2 (mm) BifE (mm) FURTE (g) P (kg/hm?)
MI1FO 47.46+1.12f 35.44+1.08e 15.38+0.74f 9270.93+614.97d
M1F1 48.33x1.75ef 35.79+1.58de 15.66+1.00f 9 605.93+£367.32¢d
MI1F2 50.61+1.42de 36.30+1.15de 16.75+0.58ef 10 431.74+861.39¢
MI1F3 53.17£0.52¢d 39.69+0.45ab 18.70+1.49¢d 11 452.33+742.04b
M1F4 51.28+1.48cde 38.63+1.35¢ 18.25+1.27cde 10 961.51£549.62b
M2F0 48.70+1.74ef 35.78+1.24de 15.93+0.52f 9 683.84+369.79¢d
M2F1 52.84+1.93cd 37.14+0.85cde 17.09+0.46def 11 062.79+555.22b
M2F2 54.19+2.66bc 37.69+1.06cd 19.51+1.70bc 11 974.30+486.53a
M2F3 57.60+2.18a 40.34+1.38a 21.38+0.31a 12 597.56+352.91a
M2F4 56.73+1.31ab 39.80+0.75a 20.60+0.46ab 12 028.84+411.73a

M1 EAL TR EE O Gs; M2 BEALSRIE 3 000 Gs; FO . 5 5 8 J IR B % FH i O kg/hm? s F1 B Y5 58 /8 R A0 G FH 42 15 kg/hm® ; F2 . 1 5 345 J5 19 340 e JH 4 45
kg/hm? ; F3 57 5 4 3 BRI T 75 kg/hm? ; F4 5 IR 3 I BRI FH 4 105 kg/hm? , [6— 30885 AN /NG FhE /R 22 5% B35 (P<0.05) ,

£S5 MR ELIERERFRLEESES

Table 5 Weight normalization matrix and comprehensive scores of different treatments

i BER O BMKE FRER U

i e

HURE M

BE () (%) (em)  (mm) (mm) (mm) () (kghmd) S R
M1FO 0.000 1 0.000 1 0.000 1 0.000 1 0.000 1 0.000 2 0.000 2 0.000 1 0.360 8 0.000 O 0.000 0 10
M1F1 0.019 7 0.016 7 0.015 7 0.016 6 0.011 6 0.012 0 0.007 7 0.012 5 0.324 2 0.040 7 0.111 6 9
M1F2 0.033 5 0.031 1 0.030 3 0.034 0 0.041 6 0.029 2 0.036 7 0.043 0 0.264 9 0.099 3 0.272 7 7
M1F3 0.042 9 0.046 0 0.061 6 0.069 0 0.075 3 0.143 4 0.088 4 0.080 7 0.144 6 0.230 0 0.613 9 4
MI1F4 0.064 7 0.055 9 0.041 9 0.042 6 0.050 4 0.107 7 0.076 5 0.062 6 0.184 0 0.186 2 0.503 0 5
M2FO0 0.021 0 0.026 7 0.027 7 0.016 1 0.016 5 0.011 6 0.014 9 0.015 4 0.312 8 0.054 9 0.149 4 8
M2F1 0.051 4 0.044 6 0.063 9 0.057 0 0.071 0 0.057 5 0.045 7 0.066 3 0.206 0 0.163 3 0.442 2 6
M2F2 0.062 2 0.048 7 0.080 9 0.087 5 0.088 8 0.076 0 0.110 1 0.100 O 0.134 4 0.236 7 0.637 8 3
M2F3 0.082 6 0.065 3 0.104 5 0.123 7 0.133 7 0.165 3 0.160 0 0.123 0 0.030 6 0.350 7 0.919 7 1
M2F4 0.100 8 0.090 0 0.079 8 0.085 3 0.122 2 0.147 1 0.139 0 0.102 0 0.058 6 0.313 0 0.842 4 2

M1 BEALTREE O Gs; M2 REALTREE 3 000 Gs; FO . 4 Y58 SR R A 5 0 kg/hm? ; F1 . B PR B SRR MG F i 15 kg/hm? s F2 ., 0 Y5 25 S R A0t FH 2 45
ke/hm? ; F3 . 5 V5 BE R AP A i 75 kg/hm?  F4 . B VRS FRENAGE A i 105 kg/hm? . ST FORES i MM X 2 IE AR MR 2 5 S, FoR5E  AMVF

PR B BRI RS S, RN LR BT R FRGE A

3 17 i

ARWFTEEEREN  WEAOK- S0 IR T PR B 5 R
FIRERS P2 i T SRR IR R, X F 2N
HREAE WA T B SR UL A A BRI A
Oy RSB, PSR Tl , KRR o7 i it
TR N 25 G K A3 F R B B K 112400 AT 48
5 1K FAE TSR L B R ARG, SR 21

OB A LIRALSY | PR i A KR, A
TSR R LR TR TR RS R, £R o0 B
KU T, LB W R IS i
FEA RN i B R vl i vy L KR Oy
FEE AR B WA S A B AR I A5, (2 R S T B 08
A TR, SAMSEAHE—8 oh, K i fest B
AT RS K Y 06 P, AR R VA R B N R A
ELA IR B TR B AT BOR R R RS A B | RERS AR
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Fig.7 Fitting curve of mineral-derived potassium fulvate and

the comprehensive evaluation score
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JEISCRHMO RIS K B, B 1 T B T TR A4 it ]
BB IN, SR ) ot SO R 7= et B 2 1 2 DE A DG OG
Ro AWFREER R, KW ACIKT-AH R R 21 28 A
B B LA LA™ e A b I V5L S o it
FHA A 22 BSE3E K5 N R A 7 A s R
SR R R A K 50 RS T R BRI G N T 2
T AR LT RS AR, AR AR R
X5 R, T Ao (A 0 VS R 0 2 ME RUE AR 3R
Fum, BHAS T AR AR XS KA I F W R A
TOPSIS X T A TR & 8 | H iR 28
PG Z IR A TER G AT, G5 SRR KAk Ak
PR, S35 VA3 e 0 0 0 5 6 8 T 6 it FH oy

89.44 kg/hm*  IKRREAL PRS- T, 5B we iy
IR R P HI LA 110. 60 kg/hm®
4 45

ABRFEESE AT« (1) ALK 6 IR 51 e
PRA T T R SRR AL o
M2F4 Ab BRI ER 5 o 25 v T HA AL ; (2) REfkok 5
U5 B TR BRI G i T A B TR LR A K
STA A oA M2F3 A B RS 4 BE B A B I
K, B EE T HABAL T (P<0.05) . [RIIF M2F3 403
IR AR AR E SR RIRL, (3)Ed
FEL-TOPSIS VAT L5 G 43 B PF A, K 6 Ak Ak B 2%
PER, 254 VR4 B A 1Y Y5 3 D65 TR 40 it FH N
89. 44 kg/hm’ , K ARMEACAE PRS2 60 e i
(A 5 B R b FH 2l 110. 60 kg/hm® 545 LA
B85, A T L XCR FH REEOK RS A 75
ke/hm® 87 V5 25 MR it FH i 1 A AU B e

S

(1] SRERH:, G0 3C, R NZE 45 3 sk 20 2 7l BUIR B iy 5% e 22
[J]. Aerpeoll K241, 2023,42(5) :35-41.

(2] faffmn, FELOMg, SRAIH. B zL A R RIS )]. feht &
TF 5 RHE ,2022,33(1) :145-146,152.

[3] X8 RGHIESL & AL, 55, R RXT 23R R SR 43
TR []]. PR MR R R (AR,
2023,51(1) :139-145.

(4] SRR, BB Bk 2,5 AKIEEAEXREHE LA 5 5
5SRO R [ T]. WAl A 4R, 2022, 34 (11) 2428-
2437.

[5] HAMID Y, TANG L, HUSSAIN B, et al. Organic soil additives
for the remediation of cadmium contaminated soils and their impact
on the soil-plant system:a review[ J]. Science of the Total Envi-
ronment,2020,707(10) ;121-136.

(6] BUREE ek, RBOT, %5, A PLTCHUILECHE X PE It XA R
TSR E R [T]. B, 2024,68(3) : 1-
17.

[7] LIR, TAOR, LING N, et al. Chemical, organic and bio-fertilizer
management practices effect on soil physicochemical property and
antagonistic bacteria abundance of a cotton field ; implications for
soil biological quality[ J]. Soil & Tillage Research,2017,167:30-
38.

(8] ZWEEw, W, 5k ok, 55 A HUAC X 3R B AR P R ek 1 4
pH BRI 22 57 KRR [ ] R H 5 PR35 26 ) %7 4, 2024, 30
(1):1-14.

(9] T, 5kE07, ¥ 2Bt 45, 8 7 AR HUIL AL L i m 2
BRI EFEAR RIS F[J]. £l TRk, 2024, 40



2072 TLOA Al 2 AR 2024 4R 5 40 B S5 11 )
(1):1-11. F, et al. Effects of magnetized water on the distribution pattern of
[10] #EW. & USSR 5 A B R 4 7= T 2% e bt soil water with respect to time in trickle irrigation[ J ]. Soil Use and

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

(1], #hAE54ET,2022,51(10) :8-10.

NARDI S, PIZZEGHELLO D, MUSCOLO A, et al. Physiological
effects of humic substances on higher plants[ J]. Soil Biology &
Biochemistry,2002,34( 11) :1527-1536.

LIZ L, LIU Z G, ZHANG M, et al. The combined application of
controlled-release urea and fulvic acid improved the soil nutrient
supply and maize yield[ J]. Archives of Agronomy and Soil Sci-
ence, 2021 ,67( 5) :633-646.

EFRG AL R BT, SF. SRR KRS 4 iR R A KA
Wi KSR R R R [T]. PRI ,2022,42(5) :811-
818.

XU/INGE A, SR VL. A AU Uk C i 9 2 o AU Wt 4 FHE
NaCl & it 32 5 A 37 50 A S M U IR [ 1], A E RS
HERI2£41,2021,27(8) £ 1339-1350.

QIU C, SUN J H, SHEN J Z, et al. Fulvic acid enhances drought
resistance in tea plants by regulating the starch and sucrose metab-
olism and certain secondary metabolism [ J ]. Journal of Pro-
teomics,2021,247(9) . 104-117.

LIUX Y, YANGJ S, TAO J Y, et al. Elucidating the effect and
interaction mechanism of fulvic acid and nitrogen fertilizer applica-
tion on phosphorus availability in a salt-affected soil[ J]. Journal of
Soils and Sediments,2021,21(7) :2525-2539.

o FE R M A, A AR B RS R BT IR T R
FOKERERAFERI R [ J]. Rl TR 412,2023,39(22) : 74-
84.

w BT HRARAR R AT AR HEF N RIS T R X B B A
MR AR BRI BT S [ 7] Pa bl 24k, 2022, 31
(10) :1357-1364.

XU S, ORI LA B RROK AL X R
TRBR AR R BRI B R [ 1], SR AR R, 2023, 40
(5) :893-901.

TR AR EEFAF. BRI It xR AU RN
ARKHRAIL S [J]. HYE IR 5 R4, 2023, 29
(2):323-333.

FPRAE T, 2R AF. B R X U 2 A KL — (R AL T
W K M P R0 zuu:f”m 2018,34(11) :96-104.
TG, T WS, S B AR IR A AT R aa 5F
ZCA R IR [ )], R LR 42, 2020, 51 (10) 2 310-
317.

B B, I, A IR AR A A A 7 P R
WFFEHERE[J]. AR BEIR 5 FRbE 241 ,2019,36(4) :403-411.
SURENDRAN U, SANDEEP O, JOSEPH E J. The impacts of

El

magnetic treatment of irrigation water on plant, water and soil
characteristics [ J ]. Agricultural Water Management ,2016,178 :21-
29.

KHOSHRAVESH M, MOSTAFAZADEH-FARD B, MOUSAVI S

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Management ,2011,27(4) :515-522.

AL-OGAIDI A A M, WAYAYOK A, ROWSHON M K, et al. The
influence of magnetized water on soil water dynamics under drip ir-
rigation systems[ J]. Agricultural Water Management, 2017, 180
70-77.

K3 E, TS 4 00H. B KA 3 B AL 3 b i A8 ik
WRON[I]. PRERLAIE:,2014,47(8) :1634-1641.

ZHOU B B, YANG L, CHEN X P, et al. Effect of magnetic water
irrigation on the improvement of salinized soil and cotton growth in
Xinjiang[ J ]. Agricultural Water Management, 2021, 248 (4) .
106784.

MAHESHWARI B L, GREWAL H S. Magnetic treatment of irriga-
tion water:its effects on vegetable crop yield and water productivity
[J]. Agricultural Water Management ,2009,96(8) ;1229-1236.
FEhn 48 PURT, FEE A, 55, ESAAL BN S K 456 S5 A0 5
BIZE IR AR )] . Al TRE441,2014,30(21) :293-300.
OTSUKA I, OZEKI S. Does magnetic treatment of water change its
properties? [ J]. Journal of Physical Chemistry B,2006,110(4) .
1509-1512.

FIF, RERAL, AU, SF. REALIURIK B 8 R X R K
BRI )]. Rl TSR, 2022,38(1) : 125-131.
FEAIURAREL, 1T, SF. R A B A TR K S A 1 1
$[1]. Aol TRE2AHE,2016,32(10) :60-66.

Wit T, SO, ﬁ,fr TG B 5 8 T T 0 T X TR

A R T - A 2 M I R S SR P B A ST s [ 0] o
5iEk},2023(3) :82-87.
o LRI A R AR R R AN [ FH A X R

ﬁﬁ&iﬁ%ﬁkﬁﬁﬂ’ﬁ;um T]. JEAERR ,2018(5) :45.
FEE, 0O UL 5. MR RM AR T].
PRACHE 25,2021 ,44(22) :32-34.

EAGEE, BEA FARAE SE. RGN XS T I i 3 ok
W ROKNER HACEZm )], TR X85, 2023,40(11)
1855-1864.

ZEAERE R E C, BURSE, & AL TR LE T A B
TEFK ZGERS BTG [ J]. AR AL 4t ,2022,53(7) :316-
324.

WO XIBREE A P, A IR B R R 20K 4 SR
PR RTORIN-BRE S S [ T]. 1 AR A5 2 4, 2018,
29(5) :1412-1420.

JESCRA. B4 B SRS BR B AE S IR b3 R S AT SR LT ]
FHIR ,2022(6) :44-47.

OLAETXEA M, MORA V, BACAICOA E, et al. Abscisic acid

&

regulation of root hydraulic conductivity and aquaporin gene ex-
pression is crucial to the plant shoot growth enhancement caused by
rhizosphere humic acids [ J]. Plant Physiology, 2015, 169 (4) :

2587-259.
(WAL 4 R EFR)





