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ABSTRACT: To address water scarcity issues caused by climate change and overcome environmental pollution from
conventional plastic mulch films, this study experimentally analyzed the chemical composition and water absorption
and retention properties of hemp and kenaf hurds, sustainable non-wood resources. Component analysis revealed that
kenaf hurds, with their low hydrophobic lignin content, exhibited over twice the water absorption rate compared to
hemp hurds and demonstrated superior hydrophilicity. In water retention tests, both materials recorded optimal water-
retaining performance at a particle size of 5 mm, where drying rates were slowest. Notably, in actual soil application,
kenaf hurds stably maintained approximately 70% soil moisture for 65 hours, whereas 3 mm hemp hurds reached a
critical point after 55 hours, causing soil moisture to sharply decrease to the 20% range. This demonstrates that the
porous structure of the material and the physical shielding effect due to particle size interact synergistically to
influence soil moisture retention capacity.
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Fig. 1. Photographs of hemp and kenaf hurds (Top: Kenaf, Bottom:
Hemp, From left to right: Core sizes 3, 5, and 8 mm)
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Fig. 2. Test methods of cellulose, hemicellulose, and lignin of
hemp and kenaf hurds according to (a) ASTM D1103, (b)
D1104, and (c) D1106 [14-16]
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Fig. 3. Test methods of water absorption characteristics of
hemp and kenaf hurds
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Fig. 4. Test methods of water retention characteristics of hemp
and kenaf hurds
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Fig. 5. Test methods of water retention characteristics of soils
with hemp and kenaf hurds
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Table 1 Chemical composition of hemp and kenaf hurds

Materials Hemp hurds Kenaf hurds

Particle Size (mm)| 3 5 8 3 5 8
Cellulose (%) 548 | 594 | 56.1 | 57.3 | 55.6 | 55.2

Hemicellulose (%)| 27.7 | 24.8 | 28.4 | 31.7 | 32.1 | 33.3

Lignin (%) 17.6 | 158 | 155 | 11.1 | 123 | 11.5
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Fig. 6. Water absorption rate of hemp and kenaf hurds accord-
ing to particle sizes and immersion time
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Table 2. Equilibrium attainment time and moisture absorption at

equilibrium
Materials Hemp hurds Kenaf hurds
Particle size (mm) 3 5 8 3 5 8

Equilibrium attainment

. . 101 | 71 78 55 66 74
time (min)

Water absorption rate at

410 | 322 | 300 | 606 | 492 | 559
equilibrium (%)

g

g

g

g

A = Hemp
300 = Kenaf

Max. Water Absorption Rate (%)

3mm Smm Bmm

Particle Size

Fig. 7. Maximum water absorption rate of hemp and kenaf
hurds according to particle sizes
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Fig. 8. Water retention characteristics of hemp and kenaf hurds
according to particle sizes and drying time
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Table 3. Comparison of water absorption and retention characteristics of hemp and kenaf hurds

Materials Hemp hurds

Kenaf hurds

Chemical composition

Relatively higher lignin content (15.5-17.6%)
resulting in relatively higher hydrophobicity.

Relatively lower lignin content (11.1-12.3%) resulting in
relatively higher hydrophilicity.

Water absorption

Maximum absorption rate of 420-510%.

Maximum absorption rate of 510-620%,
more than twice as high as hemp hurds.

Water retention N .
indicating faster drying.

Higher drying coefficient (b=0.004-0.013),

Lower drying coefficient (b=0.002-0.006),
showing superior retention.

Soil moisture retention K
approximately 55 hours.

Moisture levels drop sharply to the low 20% range after

Maintains a stable soil moisture level of approximately
70% for the full 65-hour duration.

Table 4. Comparison of water absorption and retention characteristics according to the particle size

Particle size (mm) Water absorption

Water and soil moisture retention

Largest surface area results in the highest initial

Material dries out quickly under hot/dry conditions,

3
absorption rate. failing to prevent soil evaporation long-term.
5 Slower absorption speed than 3 mm but reachesa  [Best water retention performance; successfully maintains
stable equilibrium. soil moisture above 70% for over 65 hours.
g Absorption speed can be faster than medium sizes due to| Provides a good physical barrier, though the retention

the maintenance of large internal vessel structures.

coefficient is slightly lower than the 5 mm size.
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