Developing a Simple Method to Estimate Clay Content for Tropical Soils that Resist Dispersion
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Problem & Rationale

* Clay particles have high specific surface area (10-1200m?/g) and thus governs water retention
(Banin & Amiel 1971), lon exchange Cd pacity (Curtin & Rostad 1997), Cd rbon sta b|||ty (Wichern & Joergensen 2009),
phosphorus sorption (trakoonyingcharoen et al. 2005), and microbial activity (Muller & Hoper 2004).

* Accurate determination of clay content is an important component for predicting soil behavior.

* Clay does not exist as individual particles but as soil aggregates.

- In high-activity clay soils, aggregate formation is a result of bonds between clay particles,
oolyvalent cations (AlI3*, Ca?*, Mg?*), and organic matter.
- In highly-weathered and volcanic soils, aggregation is primarily driven by the cementation of
amorphous coatings consisting of organic matter and iron/aluminum oxides.

* Clay content is measured using the sedimentation method, which requires the complete

dispersion of soil aggregates.

* Problem: Highly-weathered and volcanic soils high in iron, aluminum oxides or

amorphous minerals resist dispersion via pipet method.
* Clay particles remain as aggregates, and thus clay content is underestimated.
* Resulting clay content misrepresents and inaccurately predicts actual soil behaviors.

- Example: In high-activity clay soils, such as Pleasanton and Fargo series, low clay content is
correlated to low 15 bar water contents and vice versa. These clay minerals are easily
dispersed, and clay contents reflect true surface area controlling water retention (Table 1).

- In oxide and amorphous mineral rich soils, such as Hali‘i and Hilo series, high water
contents compared to low clay contents indicate hidden sources of surface area within
incompletely dispersed aggregates.

Table 1. Clay % vs. Water % for Four Different Soils

Series Soil Order |Oxide, Amorphous Content | Clay % 15 Bar Water %
Pleasanton | Alfisol Low oxide, amorphous 15.4 6.8
Fargo Vertisol Low oxide, amorphous 61.6 25.1
Hali'i Oxisol High oxide 12.2 20.2
Hilo Andisol High oxide, amorphous 14.7 134.2
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Objective & Hypothesis

OBJECTIVE: Determine if clay content measurements could be improved for highly-weathered and
volcanic dispersion-resistant soils by:
1) increasing chemical dispersant concentration
2) increasing ultrasonication energy level.

HYPOTHESES:

1) Increasing chemical dispersant concentration will increase dispersion and thus clay content by
overcoming the flocculating forces of polyvalent cations and oxide-cementing surfaces.

2) Ultrasonication is more effective in dispersing soils higher in crystalline oxides than amorphous
oxides due to higher surface areas associated with amorphous minerals that promote stronger
organic matter-oxide cementation.

Methods

NRCS Standard Pipet Method (NRCS 2004)
e 30% Hydrogen Peroxide (37.5mL); Deionized Water Rinsing (750mL)
e Sodium Hexametaphosphate= Na-HMP (0.4408g/L)
Horizontal Shaking (16 hours, 120 osc/min)

Soils

e High-Activity: Lualualei (Smectitic, Gypsitorrerts)

e Oxide Rich: Leilehua (Ferruginous Kanhaplohumults) Moloka‘i (Kaolinitic, Eutrotorrox)
Wahiawa (Kaolinitic, Haplustox) Pa‘aloa (Sesquic, Kandiudox)
Kapa‘a (Sesquic, Acrudox) Hali’i (Ferruginous, Acroperox)

e Amorphous: Hilo (Ferrihydritic, Hydrudands) Maile (Ferrihydritic, Hydrudands)

Concentration Experiment

 Treatments: 0.4408g/L (standard), 0.8008g/L, 1.1606g/L
e Stock Solution pH =9.69

Ultrasonication Experiment
* Treatments: 0J/mL solution (standard shaking), 100J/mL, 200J/mL, 400J/mL, 1600J/mL
* 0.4408g/L of Na-HMP; pH buffered to 10 using 5M NaOH
* Soil: Water =1:10
* Sonic Dismembrator Ultrasonic Processor (20kHz, 80% Amplitude, 4cm depth)
-Power output calibrated according to Roscoe et al. (2000)
* Total Fe (crystalline) will be measured using Dithionite-Citrate
Amorphous Fe using Hydroxylamine-Hydrochloride

Results & Discussion

Concentration Experiment:

Increasing dispersant concentration up to =3 times the standard method had negligible
effects on measured clay contents (Fig. 1).

Dispersion-resistant Andisol (Hilo) and Oxisol (Hali‘i) low clay contents did not reflect
high water retention capacities (Table 1).

Ultrasonication Experiment:

<More Weathered

Ultrasonication increased measured clay contents for all dispersion-resistant soils (Fig. 2).
- Negligible increases for Lualualei soil (clay increased 70 to 72% for 0 to 400J/mL).

Leilehua, Wahiawa, and Pa‘aloa achieved complete dispersion at 100J/mL level (Fig. 2A,C,D).
- Despite oxide mineralogy, measured high clay contents (>80% at 100J/mL).
- Dispersion behavior of oxide soils similar to those found by de Sa et al. (2002).
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Figure 1. Clay contents of four tropical soils with increasing
Na-HMP concentrations

- Dispersion behavior may be due to crystallinity of oxides. Higher oxide crystallinity and lower surface area may result in fewer and

weaker aggregate bonds, leading to easier dispersion.

Hali‘i, Kapa‘a (Oxisols) and Hilo (Andisol) required 1600J/mL for maximum clay contents (Fig. 2E,F,G).

- Maile completely dispersed at 400J/mL (Fig. 2H); Less-weathered Moloka‘i soil was unexpectedly very dispersion resistant (Fig. 2B)

- Dispersion resistant behaviors similar to those found by Hunter & Busacca (1989) and Roscoe et al. (2000).

- Dispersion resistance may be due to high concentrations of amorphous oxide coatings that form stable aggregates (Pronk et al.

2011; Uehara & Gilman 1981).

- Amorphous oxides have high surface area (Wierzchos et al. 1992), which facilitate more oxide and organic matter bonding, resulting

In stronger aggregation.

- Drying of amorphous coatings may have caused clay particles to “irreversibly” cement, resulting in low clay contents at low energy

levels for Hali‘i, Kapa‘a, and Moloka‘i series (Nanzyo et al. 1993).

- Maximum clay contents for Hilo and Maile soils still do not reflect high water retention capacity of Hydrudands when compared to

high-activity clay soils.

Oxides
A 100 B 100 C 100
@ Clay - Moloka'i
O  Silt - Moloka'i
—. s v  Sand - Moloka' B
o L =52.926+35.671(1—e "% :
80 - £ =T3.6724+15.617(1— ) ~Srm———— 80 - g0 o =32:926+35.671(1-¢""7) "9 Clay - Wahiawa
e s iyt o ~' R2=0.990, P = 0.010 O Silt - Wahiawa
R’=0.970 , P < 0.0001 ¥ sli=lalenga : oo v Sand - Wahiawa
A v Sand- Leilehua . Forw =13.409+59.693(1—¢ ") =
(=] (=]
= 50 > 60 ¢ o R?=0.986, P = 0.014 = 60 f
2 5 5 4
8 I 7] I ?
C C o) C
8 8 o0l o° ﬁ -
g 40 o 9 i fon =23.278+34.128e7""% 2
IX R*=0.977 , P = 0.023
20§ 7 =10.236+11.718¢"* R2 = 0.971, P < 0.0001 20 - ; 20 A Sx
it = i) . . ] . v 0008 '/;I/I — 9,948 a1 25.373870,0[),\ R2 =0.987 , P=0.013
® foog =2.331426.858¢™ v (
& S v v - (0 00187
f..  =0.4704+3.903¢ " R2=0.954, P < 0.0001 v R"=0.998 , P = 0.002 b Siana =1.440+10.309¢ R2 =0.996 , P =0.004
0 Y\—T ¥ T ¥ 0 T T T T T T T Y 0 |v Y T T T T 1
0 100 200 300 400 500 0 200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1600 1800
Energy Level (J/mL solution) Energy Level (J/mL solution) Energy Level (J/mL solution)
D 100 E100 F 100
® Clay-Pa'aloa @ Clay - Kapa'a @ Clay - Hali'i
O Silt - Pa'aloa O  Silt - Kapa'a O  Silt - Hali'i
v Sand - Pa'aloa v Sand - Kapa'a v Sand - Hali'i
@ )
80 & . - —0.023x 80 - 80 T
S =60.766 +21.543(1—¢ 00230y O
R?=0.999 , P = 0.0009 Y Jagp =43234358.643( -2 ™) ¥
- — R2=0.994,P =0.006 —~ . ~0.002x
R 60 & X g0 v Foiy =2.183+54.131(1— %)
o o v o v R?=0.995, P < 0.0001 N
(@)) (@) (@)} ——
o S S v\Y —
) = " =24.067+0.029x —0.00002x" = —
O] [ f\/// bt * X ‘ X () - o - _ % P %
% . % - R = (AR P=D:AEd % A0 . - Fon =26.808+0.021x —0.000 lx
& 2 Rt D " é// R%= 0.520 , P = 0.012
o) , P
\ fun =17.407 +14.120e°% g2= - ‘ oo 50 of
o N Je L 120e R®=0.996, P =0.004 oo founa =8.923+63.544¢ 700 - ¥
= - v R2 =0.989, P = 0.011 ‘ 3
B ™ =it Ml /8/ fomg =16.633 455,144,709
- 35x o . — v 4
T . =0.283+7.429¢"""  R%®=0.999, P = 0.0007 g/ R?= 0.974 , P < 0.0001
0 -A%' . 3 ! ! ! ¥ 0 T T T T T T T T 0 | T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1600 1800

Energy Level (J/mL solution) Energy Level (J/mL solution)

Energy Level (J/mL solution)

Gigo
© Clay - Hilo
Silt - Hilo
v Sand - Hilo

80
S Sy =20.133+32.013(1 -7
2 60 A
S R2=0.980 , P < 0.0001
(@)] \4
g '
=
: )
g4 "7 7 =29.38340.007x — 0.000004x
q) -
- ! v RZ =0.569 , P = 0.006

o
20 8
‘ e —
g Ffomg =18.724+32.135¢7%
RZ=0.977, P < 0.0001
0

I I I I T T T T
0 200 400 600 800 1000 1200 1400 1600 1800
Energy Level (J/mL solution)

H1OO
@ Clay - Maile
O Silt - Maile
v Sand - Maile
80
)
9 oy = 45.4534+24.413(1 - ™)
o - R2 = 0.935, P = 0.065
(@)]
S
@
—-0.002x
% 40 . B S =27.032+14.176¢
0- ' — R2 = (0.848 , P = 0.152
O ) s ~ =
- n - s
20 A
I £ =2209+412.794¢ 0017
b 2 A = - R2 = 0'994 ] P = 0.006
0 ! : T T Y

T T T T
0 200 400 600 800 1000 1200 1400 1600 1800
Energy Level (J/mL solution)

Figure 2. Particle size distributions at different ultrasonication energy levels for the A) Leilehua, B) Moloka‘i, C) Wahiawa, D) Pa‘aloa, E) Kapa‘a, F) Hali‘i, G) Hilo, H) Maile series

Implications & Future Research

Only ultrasonication was a suitable alternative for increasing clay content measurements for problematic

tropical soils.
Two distinct soil dispersion behaviors; maximum clay content near 100J/mL or 1600J/mL..
Research In Progress:
- Scanning electron microscopy will be used to assess possible damage to particle surfaces.
- Describing dispersion-resistance by iron and aluminum fractions using dithionite-citrate,
hydroxylamine hydrochloride, and pyrophosphate methods
- Analyze the role of organic matter in Hydrudand microstructure and water retention capacities
- Evaluate the use Visible Near-Infrared Spectroscopy to predict clay content of tropical soils
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