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Effects of Microbial Fertilizer on Water-salt Distribution and Yield of Lycium barbarum in

Saline Soils Under Brackish Water Irrigation

ZHAI Jie', YANG Shuqing'”, LIU Yue'?, CHEN Yu!

(1 College of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China;
2 Faculty of Agriculture and Animal Husbandry, Tongliao Vocational College, Tongliao, Inner Mongolia 028000, China)

Abstract: To investigate the regulatory effects of microbial fertilizer under brackish water irrigation on soil water—salt dynamics
and Lycium barbarum yield in moderate salt-affected soils, and to develop a brackish water—microbial fertilizer co-management
strategy suitable for the Hetao Irrigation District, a field experiment was conducted using Ningqi No.9 as the test crop, four
microbial fertilizer application rates were designed: CK (0 kg/hmz), F1 (45 kg/hmz), F2 (75 kg/hmz), and F3 (105 kg/hmz). The
results showed that microbial fertilizer significantly improved soil moisture. During peak fruiting stage in summer, F3 reached the
highest water content in the 0—40 cm layer (29.34%), which was 25.81% higher than CK. Additionally, water storage in the 0-60
cm root zone increased by 31.93%. Microbial fertilizer reduced soil salinity across all depths. Specifically, F3 decreased total salt
content in the 0-20 cm surface layer by 54.22%, while F2 reduced salt in the 20-100 cm mid-deep layer by an average of 40.18%.
Both F1 and F2 showed strong salt regulation across the 0—100 cm profile. They achieved early-stage salt removal of 23.15% and
21.82%, respectively, and maintained lower late-stage salt accumulation (33.22% and 32.78%). Yield followed a unimodal
response, with F2 increasing yield by 46.33% compared to CK. Under F3, the fruit’s longitudinal and transverse diameters
increased by 30.05% and 10.20%, respectively, resulting in a significant increase of 17.93% in the shape index. In contrast, F2

promoted more balanced growth, with transverse and longitudinal diameters increasing by 1.29% and 9.29%, respectively, leading

ORETHE : ER A KRR AT E (52179037, 52069023)% 8l
* A5 /E#H (nmndysq@126.com)
EH RIS : BAQ001—), B, W E22580 A, Wi, EEAFAK HF VR SK EABEEPENF . E-mail: zhaijie0105@163.com
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to a 8.15% increase in the fruit shape index. Partial least squares path modeling (PLS-PM) indicated that microbial fertilizer indirectly

influenced yield by modulating soil water storage, with opposing effects on fruit dimensions: enhancing longitudinal diameter while

suppressing transverse growth. Considering both soil water—salt regulation and yield response, the application rate of 69-76 kg/hm® of

microbial fertilizer is recommended to balance desalination, water retention, and yield improvement in this study area.

Key words: Brackish water irrigation; Microbiological fertilizer; Water-salt distribution; Lycium barbarum
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Table 1  Soil texture in study area

+ZEE (ecm)  FhKi(0~0.002 mm)(grkg)  HPB(0.002~0.05 mm)(g/kg)  BPHKE(0.05~2 mm)(g/kg) 25 H (g/em’) + 3R
0~10 90.7 734.1 175.3 1.36 Mg 1
10~20 110.2 711.9 177.9 1.33 miEL
20~30 31.9 847.9 120.2 1.37 Mt
30~40 29.8 872.4 97.8 1.46 g
40~60 27.6 866.3 106.1 1.44 i
60~80 422 869.8 88.0 1.42 L
80~100 24.0 794.7 181.3 1.39 miEL

1.2 KT

R 4 DAY R IBESRE . CK(O kg/hm?),
F1(45 kg/hm?), F2(75 kg/hm?), F3(105 kg/hm?),
b3 3 RERE . NXHAEH 2 mx 10 m, F7RR

W, XA 120 em FRKBGHETTHL T BB RS . #IE
BE LR 1 75 A A B AT FRAA R A 7 A ATk
BEVE 7K Wit o 35 A AT BA S F T St 6 i 2R
SR FH e FE AR 0 b B /N X A 726 B HAVE R - 43 3 IR(5
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Fig. 1
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Fig. 2 Soil water storages under different microbial fertilizer
application rates
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Fig. 3 Soil salinity changes under different microbial fertilizer application rates
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Fig. 4 Soil desalination and salt accumulation rates under different microbial fertilizer application rates
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x2 FRMEVHERERAETHRERZIIURTEER

Table 2  Differences in fruit appearances and yields of Lycium barbarum under different microbial fertilizer application rates

Ak 3 Y12 (mm) 14 (mm) FIEAEEL 7= 4t (kg/hm?)
CK 18.69+0.82b 10.1620.54a 1.840.02b 3 143.16+21.53d
F1 17.93+1.21b 10.39+0.39a 1.73+0.03¢ 3368.47+30.61c
F2 20.43%2.00ab 10.29+0.582a 1.99+0.05b 4599.24+25.33a
F3 24.31+4.53a 11.201.53a 2.17£0.07a 3709.65+33.83b

T [RISNG FREA R F7m gh BE W) 22 57 (.35 (P<0.05).
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Fig. 5 Path analysis of effect of microbial fertilizer application rate
on Lycium barbarum yield
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Fig. 6 Regulatory effects of microbial fertilizer application rate on
yield formation indicators of Lycium barbarum
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BOR, F3 ARFRAER)ZE(0~20 cm) 4 ih R 54.22%,
M F2 AbFEAE A IR)ZE(20~100 cm)4sEh i 2 AR ik
40.18%.

3) AT = B A AR W TR I i G i 2 2
TG a3, rp A5 it AR (P2 AbH) = i i i, s )
4599.24 kg/hm?, F2 AbEEARACRE AR 15 AR 1 R AH T
PR 9.29%, B4t 1.29%), SEILFEEIE = 8.15%.

4) T /N " IR AR (PLS-PM) /0 Hr, 18
T R A A A T A K L SRS A AT S S
REBFENET, RAIEW “fHKkE-HIm" 500
BB . SR AKERRIRRE ST . RIRR K
ML, HEFESRE B R N o e FHF R A 69~76 kg/hm?

http://soils.issas.ac.cn



534

NG PUROK LT SRl 3K 8 234 BOARIAC 7™ H X A 4y e AT i 1o

683

S

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Pt Ak, WEEEIT, 4. WERE X LAk
R R AL B mBFF[J]. 1, 2020, 52(4): 802
810.

T, B, 2, . NSO E R XOK iz

B 5 EREALPRARIIE R AT, HEMHEK 2R, 2020, 39(8):

1-17.

W, JEE S K, S SUBUK T i A R
KT BR X £ 8 - 37K s B N2 K P m B SZ IR [T]. UK
HRERER, 2017, 31(1): 217-223.

Yang G, Li F D, Tian L J, et al. Soil physicochemical
properties and cotton (Gossypium hirsutum L.) yield under
brackish water mulched drip irrigation[J]. Soil and Tillage
Research, 2020, 199: 104592.

WS, BEE, WK, . BOKA G R
SRR K AR [T]. /K TEBE, 2024(3): 17-23.
e, X, IVEE, & KIWIHEA HLIL X RK
AR H LK oA Ko B0 & i 2 )], PR
2, 2024, 39(S1): 150-158.

SHRSE, BRiR, BB, 5. AW sORRS FT IR IR
SR TR T - M BB R PR S5 AR R (], BRI
2, 2022, 43(9): 4625-4635.

RER, T2 WUBUK RSB A /N 22 7 4k i 435
FRALME B R (7], AR ALA R, 2010, 41(9): 36-43.
XIBUE, skiAM, BT, & N EEBUSOK HEBEXT 1
SR Eh A B 2 /N A KA RE R [J]. K AR 4
2024, 38(1): 378-386.

Panta S, Flowers T, Doyle R, et al. Temporal changes in
soil properties and physiological characteristics of Atriplex
species and Medicago arborea grown in different soil types
under saline irrigation[J]. Plant and Soil, 2018, 432(1/2):
315-331.

BREZE DL, AR, VRS, 5. BUSUKHEBXT 13k
A S AR iR R R (0] P A A AR AR 4R, 2016,
24(8): 1049-1058.

Yuan C F, Feng S Y, Huo Z L, et al. Effects of deficit
irrigation with saline water on soil water-salt distribution
and water use efficiency of maize for seed production in
arid Northwest China[J]. Agricultural Water Management,
2019, 212: 424-432.

Zhang T B, Zhan X Y, Kang Y H, et al. Improvements of
soil salt characteristics and nutrient status in an
impermeable saline—sodic soil reclaimed with an improved
drip irrigation while ridge planting Lycium barbarum L[J].
Journal of Soils and Sediments, 2017, 17(4): 1126-1139.
BWEhAs, WeaRIL, EARY, S R EERE AT AR,
PUIR 5 REEED]. H3EsedR, 2022, 59(1): 10-27.

e, EBR, SFEMN, & BT HOREREORMELM
T /NE R ZR AR W O )], B3R, 2021,
58(3): 599-609.

¥, KRR, BRIH, 5. KERIME T 2 kA PR iR

FERMARE FRAERKPEWI]. A PUAEAHR, 2023, 54(9):

386-395.

[17]

(18]

[19]

[20]

[21]

(22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

(34]

DU, W RE, TEEOR. AR R0 E A P v A B ek %
JNF - 9 PR SR ARG BB K (oA 4 R AR A A B RS I [T, T
T BIE, 2023, 51(19): 237-244.

MR, XIS, &EF, . SRR AR A P e A B e
X AR A SR PR BRI P i s R ], T E S
AEAE, 2021(4): 109-117.

ikAE, ROcHR, FE4EFEG, S5, 5 R K A it i A
YITE S Bt A R L 23 AR R [T].
448 5 A0, 2021(3): 264-271.

I, WAL, FEARTE, A Ak AT el it e it £k A 4 v
Mo T KA KR AR B2 i [I]. 3, 2020, 52(4):
743-749.

FUESE, ERT, TR, & AW e AT AE ) B
N - HENE y J BRAE B AR B SE R [J]. VLI AR b 2 4
2024, 40(12): 2266-2272.

MER, BREE, AR, 4E. N[FI AR 4 IR X I B
R R K R A I, R, 2024, 45(7):
4279-4292.

ST E YA KOS R ROR W BHR) . R S M AT Bk K e
FEH AR WAL DB15/T 1018—2016[S]. MRFII4%: N 52
HA X 4 R W), 2016.

MOl R . B oKL 40 434 LY/T 1251—
1999[S]. Jbxt: FrE Mol A, 1999.

W, A, sk S KA X5 it B AR 4G R 4
TR R B AR SR E RS )], Rk TR AR, 2017,
33(12): 170-177.

M, XEHE, S5, 45 AR5k Y w e Ed it
Yo #E + e R AR R A K ROK AR R IR [T]. 7K 4R
R4, 2020, 40(3): 317-324.

XNEZ, g E, E3CH, & WA PR DL A5 R
TR - S TR o 28 e A T - b A R AR 1 B PR
R[], VLI AR, 2025, 41(1): 51-60.
AR, WA, TLPH, . A TR In 4 25 A
WY B VE FHAILEI BN 5 R 0], vl 2 4k
2024, 49(4): 912-923.

RIS T P T X AR R B B A M A R 2 A s e Y
WF5E[D]. PAZRIE: ZRAbAkal K2, 2020.

L=, Za, RS, & ETIANGERNER5
Ak A P TR AR ). MER(E BRI
2024, 26(3): 736-752.

R, Bk, kg, % YRS HEREE N R
g ML ) 0B S 7 AR 0 [9]. K AR HRER IR, 2025, 39(1):
274-283, 293.

1EigEAR, EFER, 24T, & REXB RN S5
RA A=A, KHEE2EIR, 2018, 39(8):
2088-2095.

E AR, dRUARME, BAEEE, . ST BAEN HL Sk T 1
HOK FRAREMA N AR WFE W] KL RFFER
2024, 38(6): 372-380.

BETE, MEHE, 258, %, wIEa YIRS 554 8 5k
A it PR £ B = e R A ) H 2P i s A ] ARl TR
2F4, 2023, 39(11): 77-86.

http://soils.issas.ac.cn



684

+

e %58 %

[35]

[36]

[37]

TN, LR, KERR, 5. SR U B 18 X
3 H 3R W 2 RRPE RS (0], AP R 2R IR (A
SRBLEERR), 2022, 40(2): 180-187.

PRI, SASCH, BRIA, . SeEREsA R b
PEAEFEMRE R[], AT, 2024, 37(3): 28-32.
WER], FVEHE, SR, 5. SUSUKFME TR X R

MR ER 53 A SV I B BT [T, R 24T,

2023, 42(5): 1-8.

[38] X, =K, FRNL, % ST ARMS R LIEAB
FRERFFE[T]. PERBHOL AR, 2019, 48(3): 69-77.

[39] ®XWEPE, 2%, FHEM, . AU AR P A X
T Xk b ) 2% R R AR R R e Y I ],
v 398 SRR 2024(11): 80-89.

[40] ZE2:3C. it FA MR A0 8 A XURR P ot b B A A48 23 R 200
K CO, HEAURZ I [D]. BiThi/R: 35 B K K24, 2023.

(RfEHE: £)F)

http://soils.issas.ac.cn



