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Effect of Wheat Husk Addition on Water—Salt Transport and
Drying Shrinkage Characteristics of Saline Tidal Flat Soil
LIU Yaxin', LU Peirong', LI Yinjuan', LIN Chi*, YU Lixiao', ZHANG Zikun'
(1.College of Hydraulic Science and Engineering, Yangzhou University, Yangzhou, Jiangsu 225009, China;
2. The Jiangsu General Factory of Water Conservancy Machinery, Yangzhou, Jiangsu 225001, China)

Abstract: [ Objective] To investigate the effect of wheat husk addition on water-salt transport and soil structural-
functional stability in saline tidal flat soil during dry-wet cycles. [ Methods] Taking saline soil samples collected
from the coastal tidal flats in Jiangsu Province as the research object, soil column experiments were conducted to
analyze the effects of four wheat husk addition rates (HO, 0 g/kg; H1, 10 g/kg; H2, 15 g/kg; H3, 20 g/kg),
three soil backfilling compaction degrees (B1, 1.30 g/cm®; B2, 1.35 g/cm?; B3, 1.40 g/cm?®), and two dry-wet
cycle times (C2, two cycles; C4, four cycles) on indicators such as water evaporation rate, salt mass fraction,
soil mechanical composition, and drying shrinkage. [ Results] 1) During the evaporation phase, cumulative soil
evaporation showed a significant positive correlation with wheat husk addition rate. H1 — H3 treatments increased
evaporation by an average of 22.1% compared to HO. Wheat husk addition inhibited salt accumulation in the soil

surface layer (0—5 cm) , and the inhibitory effect on salt accumulation enhanced with the increasing number of

W5 H #8 : 2025-06-22 &8 B #8:2025-08-01 FHHH:2025-08-25 ™ & B & B # (www.cnki.net) : 2025-09-03

BETEE K [ RRE ST H (52109068, 32301435) 3 Z0E ¥« 4 W R 7 A BRI H (202201305) 5 [ 18 1 J5 Bl 2 2£ 4 w1 5 |
(2022M712690) ; 11754 BF 5% 2 B 5 52 B A8 7121550 B (SICX 24 2236)

F—EE W FE2001—), 5 LW A, F BN G LHOKERIZ BT . E-mail: MZ120231185@stu.yzu.edu.cn

BEEE BEEAA(1992—), 5 11 B0, 2GR HEK B8 5 HORESE . E-mail : lupeirong@yzu.edu.cn

http. // stbexb.alljournal.com.cn



268 KRR 540 %

dry-wet cycles. During the wetting phase, salt leaching amount decreased with the increasing number of irrigation
cycles but increased with higher wheat husk addition. The average salt leaching in H1 — H3 treatments increased
by 6.2% compared to HO. 2) Soil drying shrinkage decreased with increasing wheat husk addition, with H3 being
39.9% and 23.7% lower than H1 and H2, respectively, while such effect weakened with higher soil compaction
degree. The dry bulk density significantly increased with higher compaction degrees. However, under lower
compaction treatments (Bl and B2) , increasing the number of dry-wet cycles raised soil bulk density.
Specifically, the average bulk densities for B1 and B2 under C4 treatment increased by 0.9% and 0.6%,
respectively, compared to the C2 treatment. 3) The number of dry-wet cycles significantly affected the proportion
of silt and clay particles, leading to higher soil erodibility factor (K) , while wheat husk addition showed no
significant regulatory effect on the factor. 4) Wheat husks in the 5— 10 cm layer tended to migrate upward to the
0— 5 cm surface layer after dry-wet cycles, and this vertical uneven distribution significantly affected soil water
evaporation and shrinkage. [ Conclusion] The findings provide sustainable technical references and theoretical
foundations for improving coastal saline tidal {lat soil with high fine-particle content.

Keywords: saline soil improvement; wheat husk addition; soil water-salt transport; dry-wet cycles; soil

mechanical composition
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Fig. 1 Schematic diagram of experimental setup
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Fig.2 Schematic diagram of experimental soil column
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Fig. 3 Soil water evaporation rate and cumulative evaporation amount under different treatments
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Table 1 Effects of compaction degree and wheat husk addition on soil mechanical composition, wheat husk content, organic
carbon content, and erodibility factor after two dry-wet cycles

o o AT RPER T/ -
JRSRE) il BRI BB/ % BE/Y EARR/E  (Ceheha s OO
(grem™ /% B /cm i, (g-kg D
mm +hm )
0~5 31.41+091Aa 65.80+0.61Ab 2.78+0.32Aa 8.54+0.85Ac¢ 4.8940.07Ab 11.82+0.65Aa
1 5~10 30.164+1.58Aa 67.00+1.88Aa 2.8440.40Aa 4.934+0.90Ac 4.90+0.25Aa 12.17+1.45Aa
10~15 30.98+2.30Aa 66.16+2.12Aa 2.874+0.36Aa 6.95+0.71Ac¢ 5.01+£0.18Aa 11.02+1.18Aa
15~20 30.16+1.52Aab 67.05+1.37Aab 2.80+0.20Aa 7.02+0.84Ac 4.95+0.18Aa 11.77+1.03Aa
0~5 31.08+0.77Aa 66.17+0.77Ab 2.75+0.20Aa 11.984+1.09Ab 4.914+0.14Ab 11.84+1.06Aa
1.30 15 5~10 30.34+0.75Aa 67.12+0.74Aa 2.554+0.12Aa 9.09+0.85Bb 4.914+0.20Aa 12.13+1.53Aa
10~15 31.024+1.22Aa 66.39+1.33Aa 2.59+0.24Aa 10.24+0.82Ab 4.93+0.14Aa 11.71+1.18Aa
15~20 31.78+1.81Aa 65.75+1.79Ab 2.474+0.19Bb 11.23+0.97Ab 4.93+0.15Aa 11.51+1.22Aa
0~5 29.38+1.18Bb 68.11+1.09Aa 2.51+0.17Aa 15.43+1.43Ba 5.14+0.21Aa 10.65+1.83Aa
5 5~10 30.77t1.36Aa 66.48+1.20Aa 2.76£0.45Aa 11.3540.82Aa 4.974+0.09Aa 11.48+0.98Aa
10~15 30.25+0.86Aa 66.944+0.76Aa 2.81£0.15Aa 14.6641.59Aa 5.014+0.22Aa 11.20£2.09Aa
15~20 29.64+0.69Ab 67.7140.59Aa 2.65+0.27Aab 13.434+1.27Aa 4.914+0.20Aa 12.34+1.69Aa
0~5 30.7540.69Aa 66.61£0.71Aa 2.6440.05Aa 8.454+1.16Ab 4.9140.15Aa 11.96£0.98Aa
1 5~10 31.804+1.72Aa 65.70£1.65Aa 2.5140.10Aa 4.93+1.28Ab 4.8940.13Aa 11.82+0.82ABa
10~15 30.25+1.30Aa 67.20+1.02Aa 2.55+0.30Aab 7.6041.00Ac 5.10£0.13Aa 10.65+1.08Aa
15~20 28.874+2.67Aa 68.36+2.66Aa 2.784+0.29Aab 7.76£1.25Ac 5.01£0.17Aa 11.73+1.00Aa
0~5 32.66£149Aa 64.97+1.74Aa 2.37+£0.27Ba 10.504+1.29Ab 4.96+0.08Aa 10.95+0.87Aa
135 15 5~10 31.40+1.89Aa 65.52+1.63Aa 3.084+0.70Aa 12.19+1.33Aa 4.954+0.23Aa 11.27+1.23Aa
10~15 31.08+1.21Aa 66.51+1.23Aa 2.424+0.15Ab 9.95+1.04Ab 4.9440.14Aa 11.72+0.76Aa
15~20 30.67+1.42Aa 66.91+1.45Aa 2.41+0.10Bb 10.53+1.54Ab 5.01+0.16Aa 11.13+0.83Aa
0~5  30.66+£2.09ABa 66.81+2.21ABa 2.53+0.22Aa 17.454+1.33ABa 4.87+0.20Ba 12.35+1.27Aa
5 5~10 30.73+2.68Aa 66.36+2.87Aa 2.91+047Aa 11.29+1.31Aa 4.99+0.17Aa 11.25+0.98Aa
10~15 30.474+0.65Aa 66.54+0.90Aa 2.994+0.45Aa 14.87+1.33Aa 4.89+0.24Aa 12.10+1.68Aa
15~20 29.63+0.82Aa 67.23+0.76Aa 3.14+0.59Aa 15.65+0.95Aa 4.89+0.19Aa 12.35+1.35Aa
0~5 31.33%1.15Aa 66.31£0.97Aa 2.364+0.23Aa 9.774+1.36Ab 5.0540.14Aa 10.80£1.25Aa
1 5~10 32.97t3.57Aa 64.284+3.49Aa 2.74+0.45Aa 6.344+1.11Ab 5.004+0.18Aa 10.38+£0.78Aa
10~15 31.27+1.15Aa 66.234+1.25Aa 2.50+£0.29Aa 6.9740.85Ac¢ 4.9340.15Aa 11.63+t1.21Aa
15~20 30.24+0.86Aa 67.234+0.83Aa 2.53+0.04Aa 6.6741.06Ab 5.00£0.31Aa 11.42+2.74Aa
0~5 31.48+1.25Aa 65.89+1.23Aa 2.634+0.20ABa 11.17£1.62Ab 4.954+0.07Aa 11.42+0.67Aa
1.40 15 5~10 30.79t1.49Aa 66.60+1.30Aa 2.61£0.22Aa 11.784+0.70Aa 4.8840.20Aa 11.60£0.98Aa
10~15 31.364+0.96Aa 65.94+1.27Aa 2.70+0.33Aa 11.21+0.97Ab 4.844+0.18Aa 12.30+1.24Aa
15~20 31.374+1.60Aa 65.91+1.61Aa 2.724+0.15Aa 11.33+-2.48Aa 4.914+0.09Aa 11.73+£0.56Aa
0~5 32.43+2.27Aa 65.084+2.36Ba 2.49+0.19Aa 18.454+1.30Aa 490+0.07ABa 11.45+0.77Aa
9 5~10 33.41+2.39Aa 63.85+2.40Aa 2.74+0.22Aa 12.39+1.24Aa 4.8440.17Aa 11.51+1.31Aa
10~15 30.40+1.37Aa 67.04+1.51Aa 2.55+0.26Aa 15.52+0.79Aa 4914+0.16Aa 12.09+0.80Aa
15~20 31.094+2.44Aa 66.35+2.17Aa 2.56+2.14Aa 14.51+1.36Aa 5.15+0.30Aa 9.76+2.37Aa

E R RO D 1 S0 bR v 2% 5 [ 8 B o R R R R R R TR
(p<<0. 05D s AN /INGG 5 £ 7R [ — P 7K 8 Uk oA AR ) s 52 J32 T S [i) 22 8 8 ok Ak L W) 9 22 57 8825 (p<<0. 05)
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Table 2 Effects of compaction degree and wheat husk addition on soil mechanical composition, wheat husk content, organic

carbon content, and erodibility factor after four dry-wet cycles

o o ATHTEA 7/ ‘
FRSIE) - RTE LRy B/ % Sh/% wEEie (0ehtheMrt 0Y
(grem™® /% JE/cm L (g-kg™®

mm -hm °)
0~5 31.01£0.92Ba  66.84+0.79Aa 2.14+0.14Aa 9.07£1.19Ac 4.984+0.05Aab  11.52+0.39ABa
1 5~10 30.78+0.87Aa 66.93+0.66Aa 2.304+-0.23Aa 4.7240.84Ab  4.89+0.07Bb 12.214+0.55Aa
10~15 30.27+0.33Aa 67.33+0.29Aa 2.3940.07Ba 7.25+1.55Ab  5.00%0.04Aab  11.4940.34Aa
15~20 30.22+0.23Ba  67.31+0.25Aa 2.48+0.14Aa 7.00+0.90Ab  5.034+0.09Aa 11.2540.74Aa
0~5 30.15£0.74Ba  67.4240.65Aa 2.43+0.15Aa 13.424+1.36Ab  5.07%0.10Aa 11.0340.84Aa

1.30 15 5~10 30.68+0.32Aa 66.91+0.32Aa 2.41+0.07Ba 8.174+1.18Ab 5.0940.13Aa 10.60+1.21Bb

' ' 10~15 30.72+0.20Aa 66.85+0.19Aa 2.43+0.16Aa 10.37+1.11Aab 5.1540.13Aa 10.0941.22Bb

15~20 30.3640.78Aa 67.1840.58Aa 2.46+0.20Aa 11.08+0.98Aa  5.104-0.15Aa 10.6541.11Aa
0~5 31.194+1.14Aa 66.60+0.87Aa 2.21+0.29Aa 16.894+1.31Aa  4.95+0.05Bb 11.6540.44Aa

5 5~10 31.02+0.39Aa 66.71+0.40Aa 2.2840.03Ba 15.29+3.36Aa  5.0440.17Aab  10.99+1.30Aab
10~15 30.8741.34Aa 66.694+1.33Aa 2.440.14ABa 11.22+2.71Ba 4.9740.15Ab 11.5440.82Aa
15~20 30.01£0.76Aa 67.41+£0.71Aa 2.58+0.21Aa 12.05+2.89Aa  5.1140.22Aa 10.64+1.57Ba
0~5 32.414+0.93Aa 65.35+0.94Bb 2.24+0.04Ab 10.2941.29Ab  4.83+0.06Bb 12.104+0.53Aa
1 5~10 30.54%+0.72Aa 67.04£0.78Aa 2.424+0.13Ab 5.03£1.04Ac 5.164£0.19Aa 10.0841.53Ba
10~15 29.98+£0.49Aa 67.52+0.44Aa 2.50£0.08Aa 6.73+1.07Ac 5.0740.04Aa 11.0340.29Aa
15~20 30.62+0.84ABa 66.90+0.78ABa 2.48+0.13Aa 6.34+1.19Ac¢ 5.05+0.05Aa 11.01+0.50Ab
0~5 30.87£0.74ABb 66.83+0.67ABa 2.30£0.14ABb 12.614+1.02Ab  4.9640.06Ab 11.68+0.37Aa

135 15 5~10 30.63+£0.78Aa 66.94+0.68Aa 2.4340.13Bb 8.01+1.34Ab  5.0540.18Aa 10.954+1.36ABa

10~15 30.21+£0.72Aa 67.38+£0.60Aa 2.40+0.17Aa 11.68+1.22Ab 4.9940.12Ba 11.6040.82Aa
15~20 30.36+0.57Aa 67.15£0.56Aa 2.49+0.06Aa 10.65+1.11Ab  4.93+0.12Aab  11.9540.98Aab
0~5 30.59£0.52Ab 66.9640.46Aa 2.45+0.09Aa 18.394+1.67Aa  5.20%0.16Aa 9.71+1.52Bb
9 5~10 30.75+£0.49Aa 66.64+0.60Aa 2.614+0.11Aa 10.93+1.49Aa  5.13+0.16Aa 10.21+1.12Aa
10~15 30.47+0.88Aa 67.01+£0.93Aa 2.5240.09Aa 15.64+1.33Aa  4.9740.09Aa 11.60+0.53Aa
15~20 30.5240.56Aa 67.044+0.57Aa 2.44+0.08Aa 14.22+2.07Aa  4.92+0.06ABb 12.06£0.52ABa
0~5 31.514+0.53ABa 66.324+0.60ABa 2.17+0.21Aa 10.944+1.05Aa  5.01+£0.10Aa 11.0940.87Ba
1 5~10 30.34+0.44Ab 67.33+0.35Aa 2.334+0.11Ab 5.19+1.53Ab  5.05+0.06ABa 11.13+0.41ABa
10~15 29.954+0.45Ab 67.534+0.44Aa 2.52-£0.06Aa 7.75+1.14Ac 4.9840.16Aa 11.7441.17Aa
15~20 31.46+0.77Aa 66.17£0.64Bb 2.37£0.20Aa 6.39+1.80Ab  5.0040.03Aa 11.134+0.32Ab
0~5 31.724+0.88Aa 66.13+0.76Ba 2.14+0.19Ba  14.00+0.82Aa  5.09+0.24Aa 10.1942.00Aa
140 15 5~10 30.34%+0.32Ab 67.10£0.25Aa 2.5740.09Aa 8.204+1.86Ab  4.90+0.07Aa 12.2240.59Aa
10~15 30.6140.56Aa 66.934+0.53Aa 2.45+0.07Aa 11.04+1.01Ab  4.9740.03Ba 11.594+0.38Aa
15~20 30.09+0.68Ab 67.36+£0.62Aa 2.5540.11Aa 12.71+1.49Aa 5.0240.11Aa 11.37+1.02Ab
0~5 31.08+t1.03Aa 66.66+0.97Aa 2.26+0.08Aa 14.444+2.83Aa 5.02+0.19ABa 11.114+1.35ABa
5~10 31.15+0.51Aa 66.55£0.42Ab 2.3040.09Bb  14.34+1.87Aa  4.95+0.19Aa 11.6441.34Aa
10~15 30.6540.27Aa 67.004+0.23Aa 2.354+0.06Bb  17.19-+1.45Aa 5.0740.15Aa 10.86+1.22Aa
15~20 30.36+0.25Ab 67.18+0.16Aa 2.46+0.13Aa 14.51+0.41Aa  4.854+0.12Bb 12.5941.00Aa
%3 AAMEEESTHETIERO=HEAER R 2.5 LM

Table 3 Three-way ANOVA of effects of different treatment

factors on different soil indicators

R BR B RE EE AT goc
(Kgpie)

B *ok * * ns ns ns
H ns ns ns ** ns ns
C ns ok ok ns ok *
BXH ns ns * ns ns ns
BXC ns ns ns ns ns ns
HXC ns ns ns ns ns ns
BXHXC ns ns ns ns ns ns

R By R G R 9L

K BRI G sns FORASCHEAR B35

S H ORI C o TIRAE R
UK 5 * R IRAE p=<<0. 05 /K F I B3 M K, R IR 1 p=<<0. 01

RN IR FE 22 58 U 6 E U R 5T A Y B R AL
1, SR FH Pearson A0 64547 77 1, B 58 0 B 28 kT %

(E) .k

Jr R (S | R e B (VO S SCHES B

[ 4 AH AR T DA i 3 K AR 8 B8 R AE K 45 4 R
SE PEAR BRI Y FE I R 8 R TR PR S X g 2
S 2% TGRS (&l 7) , HHET- 178
KR Bt 78 i R GE R A B R W IR AR G

5O B Ml R R R A G
<%wmh%ﬁﬂﬁgﬁwﬁﬂﬁzﬁ%EW%
i | R R A e S T

Fay 38 A2 114

(p<<0.05), 5 Wik

B VE R T iR PSERl S0 - N oS!
HHM, ST R R R
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5 b R e B R B B OG0 TR 458 TR S

QEMPIE SO S ES Sy 4 foP DRkl

B 5ORH S AE O 1 35 TE AR OG5 bk £ o 5 e Al e
(a) 256 IR AEH 3

E 0.96 0.82 -0.75 0.32 -0.80 -0.52 -0.40 1.0

08
5 / 0.69 ~0.72 0.06 -0.91 -0.62 ~0.53

s ,’ 0.86 0.68 ~0.52 -0.19 -0.09|["L 0.4
s \\\ -0.38 072 0.32 o.16| [ 02
: 0
9

P, ’. 020 0.16 03s|| |
o \\‘, 048 0.51|[ 0.4

0.6
ca “ ’ Dk 0.8
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E E

S: B B U K
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Fig.7 Correlations between soil water evaporation, salt transport, wheat husk distribution, soil structure and soil erodibility factor
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