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Research paper

The Improvement of Water Retention in Sandy and Forest
Soils by Different Cellulose-based Hydrogels

Yi-Hua Chen' Lin-Tse Cheng' Yi-Chun Chen'’

[Abstract] Soil conditioner can absorb and retain rain water in the soil by slow releasing water and
reducing water loss. Hydrogels that derived from cellulose derivatives can be transformed into xerogels by
drying in the oven and applied as soil conditioners. In this study, hydrogels derived from methylcellulose
(MC) and Sodium carboxymethyl cellulose (NaCMC) were used. The temperature-responsive hydrogel
was prepared by blending MC with potassium sulfate (K,SO,) to modify the hydrophobic interaction and
influences the gelation at room temperature. The NaCMC based hydrogels was crosslinked by polyethylene
glycol diglycidyl ether (PEGDE). The results indicated that increasing the dosage of hydrogels increased
the water-holding capacity of sandy soil. Sandy soil treated with hydrogel significantly improved the water-

holding capacities by 13% and the water-retention time by 8 days. Water-retention capacities of forest soil
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was also significantly improved. The MC based temperature-responsive hydrogel showed a better water-

retention capacity than the NaCMC based hydrogels for both soil types. Our results suggested that the

cellulose-based hydrogels have high potential to be applied as soil conditioners.

[ Key words ] Cellulose derivatives; Hydrogel; Water retention property; Forest soil; Sandy soil.
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Table 1. Weight (g) of raw materials and code of hydrogels

Code MC NaCMC K,SO, PEGDE Water
CMC - 2 - - 100
1D - 2 - 1 100
3D - 2 - 3 100
M 2 - - - 100
MK 2 - 1.74 - 100
p* - - - - -

*P: Commercial soil conditioner.
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Figure 1. The effect of formation on the gel

fraction of hydrogels.
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Table 2. Water-holding capacity of sandy soil mixed with various amount of hydrogels.

Amount of hydrogel (%)

Sample
0 0.5 1 2
Sandy soil 30.6+1.3* - - -
CMC - 59.147.1%% 57.8+4.9%" 62.3+7.6"
1D - 52.54+4.3 53.6+£13.8™" 57.3+4.1¢
3D - 43.7+4.1% 412+4.7° 46.1+4.7"
M - 51.6£4.4%" 54.5+4.3% 56.9+4.3%
MK - 47.0+4.6™ 47.0+£4.6™ 54,0441
P - 47.0%£7.7" 47.848.7" 54.8+8.2°"
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Figure 3. Water retention of sandy soils and theirs mixed with various amount of hydrogels and
commercial soil conditioners.
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Table 3. Water-holding capacity of forest soil mixed with various amount of hydrogels and commercial soil

conditioners.
Amount of sample (%)
Sample
0 1 2
Forest soil 63.5+1.4"

NaCMC 61.5+4.5" 67.5+3.8" 68.5+4.5°
1D - 58.0+5.8" 64.5+2.1° 62.5+3.3°
3D - 61.0£2.2° 64.5+2.1° 62.5+£3.3"
M - 62.5+4.1° 63.5+5.4° 64.0+5.2°
MK - 64.0+2.1° 66.5+1.8" 64.01+2.2°
P - 63.5+6.8" 64.0+4.0" 67.5+2.7
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Figure 4. Water retention of forest soils and theirs mixed with various amount of hydrogels

and commercial soil conditioners.
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