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The Effect of Nanocellulose and Wetting-Drying Cycle on Water-Holding Capacity and State of
Aggregation of Fine-Textured Soil
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Abstract

Soil drainage and aeration are critical problems faced when planting crops in fine-textured soils. The small
particle size and flattened shape of the particles that make up fine-textured soils cause the soil to be easily
compacted. These problems affect root growth and microbial activity. The promotion of granulation in fine-grained
soils can enhance levels of drainage and the presence of air pores in the soil. This is generally done by adding
organic matter or organic substances to the soil. These practices are effective but can take a long time. In this
research, we used nanocellulose to improve the water-holding capacity and state of aggregation of fine-textured
soil. The effect of wetting-drying (WD) cycles on these soil properties was investigated as well. Soil samples were
mixed with nanocellulose at the ratios of 1, 1.3, 2 and 4 percent (nanocellulose : soil, % w/w). The mixtures were
subjected to three wetting-drying cycles, and soil water-holding capacity (WHC), change in mean weighted
diameter (CMWD), state of aggregation (SA), and pore-size distribution (after three WD cycles) mixtures were
measured. The results showed that high content of nanocellulose (2 and 4 %) increased WHC to a higher degree
than did low content (1 and 1.3 %). Moreover, more wetting-drying cycles also enhanced WHC. High nanocellulose

content (2 and 4 %) promoted state of aggregation (high SA) and aggregate stability (low CMWD) to a higher degree
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than did low content of nanocellulose (1 and 1.3 %). Multiple WDs reduced soil aggregation. Moreover, a high

content of nanocellulose enhanced drainage and level of aeration (> 30 mm).
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Table 1 Statistical analysis of water-holding capacity of fine-textured soil mixed with nanocellulose in different ratios

under wetting-drying cycle (WD1 = 1 wetting-drying, WD2 = 2" wetting-drying, WD3 = 3" wetting-drying).

Nanocellulose ratios Water-holding capacity (%)
(%) mean WHC
WD1 wD2 WD3
1 47.2 50.2 62.9ab 53.4
1.3 51.3 47.9 54.3a 51.2
2 52.5 50.8 51.4a 51.7
4 57.5 53.2 72.3c 60.9
F-test ns ns *
P-value 0.25 0.90 0.04

* = Significant difference at P < 0.05, ns = non-significant difference.
Different letters within a column indicate significant difference at P < 0.05 by Duncan' s new multiple range test.
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nsdanaduuie 8 seusenislasuulasesduldadnEne AL TRy (soil-water characteristic curve) NAaN91
aowmadlenaduuislusauusndudn WHC m@qmuummLLﬂaﬂmum@umNmLmemnmwmmmmmmaumi
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Table 2 The effect of wetting drying cycles on water-holding capacity of fine-textured soil mixed with nanocellulose

in different ratios.

Nanocellulose ratios (%)

wetting-drying cycle mean WHC
1 1.3 2 4
WD1 47.19a 51.25 52.53 57.47a 52.1
WD2 50.15a 47.93 50.81 53.22a 50.5
WD3 62.87b 54.35 51.43 72.30b 60.2
F-test * ns ns *
P-value 0.03 0.65 0.94 0.04

* = Significant difference at P < 0.05, ns = non-significant difference.
Different letters within a column indicate significant difference at P < 0.05 by Duncan' s new multiple range test.
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Ananarasdndiuunludaglagsagaiuznisiinilinmu
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LmagimmﬁﬂqquLiuﬁTu@q 2 waz 4 wWafidus) Nl CMWD tasndnTissdunaadadis (1 waz 1.3 Leafidus)
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daalilArai i ﬁmmmmuﬁifﬂmmmﬁﬁﬂuﬁﬂ ADAPABITLNANIAN1TD9 Bauli et al. (2021) na1997
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ﬁﬁuﬁx”la‘tmmuﬁLL°'1“]’<1Lmﬁﬂﬁmmmﬁ@uﬁmmémﬂﬁﬂﬁlmxﬁmﬁuﬁqw‘fuﬁxﬁuﬁﬁ\um (Phanthong et al., 2018) i
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ilefiansnaniuznaiaiaRy (SA) (Table 3) Faluiiiddndausesainsnareadinfuiaunnlandd 1
NN UAASDNANNUENSAATARY NanTaaeInLdY AnddidussnTumaglasdenasior SA etineiiltdAty
NN&DE (P<0.05) (Table 1) Imﬂﬁﬁu@g’ﬁm@mmﬂmﬂmmﬁuLLﬁq naNnAe Maanaduuiesenusnissdy AN
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wazgeninfinududuuntumaglaas efissiunnududuniuoaglea 1.3 wefifus e SA wihiu4s.3
lefifus uazirnudidi 1 wesidus TAn SA WAl 53.6 Wefifus auandy daunisdanaduwiiseni 2 Ao
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wasidus (44.5 wlasidust), 1.3 iwafidus (43.8 wafidus) uaz 1 wafidus (40.2 iweafidus) muaisy wazd1usunig
Wenaduudesend 3 prmiduduuntumaglasd 2 wedidus Wenads SA gefigaiiniy 61.4 wefidus sesasnie
fiannududi 4 wasidus (52.2 wleafidus), 1 iwlefidust (29.4 wWeafidus) waz 1.3 iwafidus (18.7 wWasidus) muanay
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ﬂix@nﬂmm%uuuaqmémmﬁu%mLzﬁumilm:@mmfm,‘;mﬂﬁuLuﬂﬂqiﬁLﬂwzﬁmﬁuLﬁmTﬂim%aLﬂuLﬁmﬁu (Cao
et al., 2017; Phanthong et al., 2018)

Table 3 Change in mean weighted diameter (CMWD) and state of aggregation (SA) of fine-textured soil mixed with

nanocellulose in different ratios under wetting-drying cycle.

Nanocellulose ratios CMWD" (mm) SAY (%)

(%) WD1 WwD2 WD3 WD1 WD2 WD3

1 3.1d 2.9d 3.2bc 53.6b 40.2a 29.4b

1.3 2.6¢c 1.8bc 3.5¢c 45.3a 43.8b 18.7a

2 1.5ab 2.2¢c 2.9a 61.4d 44.5bc 61.4d

4 1.7a 1.1a 2.9a 59.8cd 72.1d 52.2¢c

F_test o o . o o o

P-value 0.00 0.00 0.04 0.00 0.00 0.00

"CMWD = Change in mean weighted diameter (CMWD = MWD, - MWD,
2/ . . .

SA = State of aggregation (percentage of aggregation size > 1mm).
* = Significant difference at P < 0.05, ** = Significant difference at P < 0.01, ns = non-significant difference.
Different letters within a column indicate significant difference at P < 0.05 by Duncan' s new multiple range test.

we() .
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Table 4 Change in mean weighted diameter (CMWD) and state of aggregation (SA) under wetting-drying cycle of

each nanocellulose ratio.

wetting-drying CMWD" (mm) SA” (%)
cycle 1% 1.3% 2% 4% 1% 1.3% 2% 4%
WD1 3.1 2.5b 1.4a 1.7b 53.6¢c 45.3¢c 61.4b 59.8b
WD2 2.9 1.8a 2.2b 1.1a 40.2b 43.8bc 44.5a 721c
WD3 3.2 3.5¢c 2.9c 2.9c 29.4a 18.7a 61.4b 52.2a
Ftost! ns - - o - - . -
P-value 0.13 0.00 0.00 0.00 0.00 0.00 0.03 0.00

"CMWD = Change in mean weighted diameter (CMWD = MWD, - MWD
2/ . . .

SA = State of aggregation (percentage of aggregation size > 1mm).
* = Significant difference at P < 0.05, ** = Significant difference at P < 0.01, ns = non-significant difference.
Different letters within a column indicate significant difference at P < 0.05 by Duncan' s new multiple range test.
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Figure 1 Pore size distribution of fine-textured soil under wetting-drying cycle; macropore (> 30 um), mesopore (30-

0.2 um) and micropore (< 0.2 um).
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