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ABSTRACT 


The higher water-holding capacity of Oxisols and Ultisols 
compared to that of the Vertisols and Inceptisols at 15 bars of 
suction is attributed to the presence of intra-aggregate void 
spaces. Existence of such voids was verified with the aid of a 
scanning electron microscope. These voids are obvious iii soils 
with kaolinitic and oxidic mineralogy but are not evident in soils 
of montmorillonitic or amorphous oxide composition. 

Additional Index Words: soil water characteristics, intra-
aggregate voids, 

S OIL COMPOSITION, pore-size distribution and temperature 
govern the retention of water in soil. Amounts of inor-

ganic and organic constituents determine differences in soil 
composition. The influence of inorganic constituents on 
water retention can be established by studying soils of dif-
ferent mineralogical composition. 

The pore-size distribution of a soil, in most instances, can 
be predicted from particle-size distribution or soil texture. 
However, for some Hawaiian soils, the laboratory deter-
mination of particle-size distribution does not alssays cor-
respond to the apparent field texture. This is particularl\ 
trte for the Oxisols and Ultisols For example. particle-%ize 

analyses by Kawano and Holnes (1958) showed some 
Latosols (Oxisols and Ultisolsi to he clas, but their water-

release characteristics were similar to material of coarser 
texture at low suctions (Sharma and Uchara, 1968). fence 
reliance must be placed oti ph)sical properties other than 
on texture if we are to predict the water characteristics of 
these soils. 

Methods of Kavano and Holmes (1958). Uchara et al. 
(1962), and Cagauan and Uchara (1965) have been used 
to studv the soil nlacrostructure or the inter-aggregate 
arrangement of solids and voids. The existence of inter-
aggregate voids in Hawaiian soils was first reported by 

Caganan and Uchara (1965). Later. Sharma and Uchara 
(1968) dcmonstrated hos influential both inter- and intra-
aggregate voids were on tilewater characteristics of Iss o 
Hawaiian Oxisols. The rapid release of water at low slic-

tions and the high water content it higher suctions were 
attributed to the presence of inter-aggregate and intra-
aggregate voids, res plctively. I oweve r, Io ohservable cvi-
dence has been presented to substantiate the size, shape 
and arrangementl o" stch intra-aggregate voids. 

In this work, the soil nutcrostrLicttire or int ra-aggregale 
arrangement of solids and voids was studied with the scan-
ning clecton microscope (SEN). Differences. if any. in 
the microstrucltire between soils were recorded on photo. 

Published with the approval of the Director, Hawaii A'i 

Exp. Sta., Honolulu. 96822 as Journal Series 1724. This work 
was stipporled in part by 211(d) Grant AID/csd-2833. Re-
ceived 6 M ar. 1974. A pproved 16 Sept. 1974,
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and Assistant Soil Scicntlst, respectively, Univ. of Hawaii. 

micrographs and related differences in the ',%skwere to . 

characteristics of each soil. Soils classified as Oxisols. dlti­
sols, Vertisols, and lnccptisols were used in this study.
 

MATERIALS AND METIIODS 
Soils 

The soils of this study, listed in Table 1.were collected from 
the islands of Oahu and Hawaii. All of ;he samples were sub­
stik. Scle.iion of these soils were based on l) itcrr dll;rcnc, 
in chemical, phy-ical. and mineralogical composition and Iiii 
their agricultural importance to the State of Hawaii. 

Soils classified as Oxisols and Ullisols contain sarying 
amounts of kaolin clays and hydrows oxides of iron and aluori­
nuni. Ttie great grotup. Eutrandepls oif the order Inceptisok.
consists of slighll, to nioderateiv weathered volcanic ash. while 
the great group. Fldrandepts. consists of highly weathered sol­
canic ash with decidedllimore amior phouus oxides of ron andaluminum than the former, aid is highly I)rdatCd. I lie Vert­
sols are composed predominantl, of tnontrrrorillonitic clays. 

Scanning Electron Microscope 

A Cambridge Stiroscan 5-4 scanning electron iricrtOcope(SENI) permitted examination of sutrfatce features of individual. 
intact soil aggregates at rmagnificalions os e tihe upper limit of 
light microscopes. l-ynn and Giossman (197i) anid Iswaran 
11972) hae used the scanning electron niucro,'opex to ,idk 
different features and t.pes of soil fabrics.
 

For scanning electron microicopy, air-dried aggregales "sere
 
attached to dIlrtllinrnr suppotl stibs rising silher ci ndtcting
paint ;nd gold-coted bs, srcrrrii eaporaton with a l)enton 
DV-502 Vilcutull Faporator. tIhe samples \%ere phoographed 
on Polarotid 551' 1%film 

)utflow .Measurements
 
The water content-srction relationships for tilesarioui, soils
 

were determined by mpr\ rig p¢s of coirruiercirlll avail­, tmro 
,able pressure plate ouinffo. apparatuis: (I) Tempe plesure cell 

and (2115-bar ceramic plate estriclorl [lie lempe pressure 
cells were uNed exclhsivel in the soillon inge of 0 io I bar. 
rie ceramic plate extiactor was iisel fo' suctlls, bet,ceen I
and 15 bars. 

Fxcept for Ire Akaka soil. which tries ir cryseibl,. :r thied
 
soil sarplcs kee ci rushed arid passed thiorigh a 2-111 ,icC
 

h- .:ii arplc,, ccicplactcd on sahiiiied rouN :eriiL
plates, and alllo%%.ctl io %&cl h,, capillaliit fot atIcait24 hou~trs. 
Mttery in ltledto. and b'm p[C-illrC fotlCas crC usctir1 
ineiaslrie tire imposed 1liol IluIriltbriluin bc0,,.eer itrl.soilI 

and irnposed slctio t ', %len wtile r ou tth the
tltainted flroll 
soil sample ceased. In tire case of tie 15-bar ceinic plate cx­
tractor, thre ,,cil ssece oxen-dried atlt11(sanrptes reirr.ctl arid 
Table I-Classitieatioi of lie selecte d %,ilsamtes. l|ioole 

ctal.1972; Sato. c itl.. 9 1.)l 
S rie ikpth (,r Sub.gru! mc,, 

1,,,
 
Wahiawa 20-40 i-IsIu ,dn .1rclrptIc I utrushll, cliuy.)., d ,ll[ll . 

Molkat h .i,rl i(
iouokl 2 1llsiu r l4 I ciii' ...... nhtt. 

Manaa S3-9. I IttuIs Iti ,,, I r,,huniulttHe,,xc,iI I id, si.th.r 
ica,a utca Iluni,,,ih ' -id.,I ltils I rophunull iu-. . isictt, 

., ,. ,a ,, .......... c i,,r c,,,, 
Akaka M-ISA Ic'll, I c Ic,i nci. 1 ta thl.tr,cl,iI , 
i a 1- i -ci ,i .-c , ,,,, ,, ­

5 ui, 5-, ,cci ,,,d,,.I,,,i, hn, lul, ,,d,,! a , ,ci,,, 
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to determine their water content. For the Tempe pressure cells, 
the entire cell with soil and water was weighed after each equi­
librium step (Reginato and van Bael, 1962). The net differ­
ence between the initial and equilibrium weights was used as 
a measure of water contert at a given suction. The final water 
content at I bar wits obtained by oven-drying the soil sample 
at 105C. 

RESULTS AND DISCUSSION 

Oxisols and'Ultisols 

The rapid release of water at low suctions and the rela-

tively high water-holding capacity of Hawaiian Oxisols is 
evident when the water characteristic curves for these soils 
are examined (Fig. 1). Except for small differenzces in bulk 
density, field cores and laboratory-packed cores had similar 
water release curves (G. Y. Tsuji, 11361 Mkasurement and 
evaluation of soil water transmission coefficients in some 
Hawaiian latosols. M.S. thesis. University of Hawaii, Hono-
lulu). Sharma and Uehara (1968) concluded that water 
released at low suctions was associated with into'r-aggregate 
void spaces while that retained by the soil at higher suctions 
was held in intra-aggregate void spaces. The inter-aggregate 
arrangement of solids and voids in the Mlolokai and 
Wahiawa soils was previously' shown with soil thin sections 
by means of a polarizing microscope by Cagauan and 
Uchara (1965) and Sharma and Uchara (1968). How-
ever, the intra-aggregate arrangement of solids and voids 
was not immediately' ol3Uvio! 

Figures 2A and 211 are scanning electron microgra phs
oFgues Aaw and 21 are sanningaggegateslectrn i h 

of the Wahiawa and Molokai soil aggregates, respectively, 
The microstructure or intra-aggregate arrangement (-f void 
spaces between soils is distinctly different. An array of voids 
of different sizes is more clearly evident in the Wahiawa 
than in the Molokai soil. This result is not unexpected since 
earlier results have shown that the Molokai had a higher 
bulk density than the Wahiawa (Kawano and lolmes, 
1958). Furthermore, a bimodal distribution of void sizes 
indicating soil aggregation becomes apparent when the 
method of Childs and Collis-Cicorge (1950) is applied to 
the water characteristic data of Sharma and Uehara 
(1968). From Fig. 3 it is evident that the Wahiawa has a 
decidedly higher frequency of intra-aggregate voids than theMolkai Ifthecaplar-rie s tbeeuaton asumd 
applicable to the present soil-water system, then it can be 
used to calclate approximate suction values at which water 

is released from voids such as those in Fig. 2. Hence, the 

greater water-holding capacity for the Wahiawa over that 

for the Molokai for st,:tions ;. (1.2 bars indicates the influ-

ence of the intra-aggregate voids on water retention. 
The presence of distinct intra-aggregate voids in the 

Wahiawa was attributed to the degree of its structural devel-
opment or soil anisotropy. According to Cagauan and 
Uchara (1965), ()xisols with strongly developed structure 

(Wahiawa) are found in high rainfall areas whereas those 
with weakly developed structure (Molkkai) are found 
under low rainfall conditions. Such structural developments 
would sug~gest that soils of similar mineralogical composi-
lion, as these Oxisols, but developed uander higher rainfall 

iicrstrcturlsron velo .mayer xhiit d men 

may exhibit stronger nlicros1r96t5.l development. 
To test the above hypothesis, two soils classified as Ulti-

sols were examined. These soils, Manana and Paaloa, were 
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Fig. 1-Soil water characteristic curves for Wahiawa (Tropep­
tic Eutrustox) and Molokai (Typic Torrox) soils. 

formed under higher and more uniformly distributed rain­
fall than the Wahiawa. Water characteristic curves of these 
soils, shown in Fig. 4, are remarkably similar to that for 
the Wahiawa. Water held in the inter-aggregate voids are 
released at suctions of approximately 200 cm of water. As 
in the Oxisols, soil water contents of > 0.20 to 0.30 at 15 

bars and beyond can most likely be attributed to the micro­
structure or intra-aggregate voids. Examination of imdi­
strutr aggregate vo i. and 2D re­
vual aggregates under the SEM (Fig. 2C and 2D) re­
veae amuch more u ifor size an se 

observed of These uniform voidsintra-aggregate.in the voidsOxisols. more intra-aggregatesize than thoseare 
of such radial dimensions that water contents of > 0.30 at 
suctions > 15 bars is not unreasonable. 

The mineralogical composition appears to be the most 
obvious common denominator between the Oxisols and 
Ultisols. At the family category (Soil Survey Staff, 1970), 
the Wahiawa and Molokai soils are classiied as clayy, 

theWa hiawa ad claiiied sayey, 
kaolinitic, isothermic and clayMy, kaolinitic, isohyperther-both classi­m ic, respectively. The Paaloa and Manana are 

fied as clayey, oxidic, isothermic (Foote et al., 1972). 
Mineralogically, the Ultisols have more oxides of iron and 

aluminum and less kaolin clays than the Oxisols, However, 

the clay texture appears to be misleading when the pore 

size distribution is evaluated from measured water ch r.­
teristic curves such as those in Fig. I and 4. In fat, the 

Oxisols and Ultisols behave like material of coarse texture 

Table 2-Soil texture data of the selected soil series 

so11 Sn ,slit Cay 
series 0). 05- 2 mm) (0. 002-.05 mm) (0.002 mm) 

Wahiawa- 0.3 5.5 94,2 
MooanMlsaa i. 1 7.2 82.70.1 17.2 92.7 

Paion 10.2 28. s1.3
LualuY.Iel 2. 6 12. 9 65. 2 

Akak' 4.6 i.1 10. 
Walteal 3.0 21.0 24.0
 

. A.A. briones. 1969. IPhysicsoldrainedpaddy solls. Ph.I. di... University of
 
"wall, Ilonolulu, tile. Abair. no. 70-43060, 

t 	 . Somecharacteristics f non-crystalline constituents in nawalian 

.;11. M.8. thesias.University ofIHwail, Honolulu. 
K. i. losng. 1964, A study on th* soils conaining amorphous muterials on the Island 
o iiwsu. -	 Dil. Abatr, no. 64-119120.Ph.D. dims. University of fawall, Honolulu, 
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Fig. 2-Scanning electron micrographs of tile( A ) Wahiawa 

at low suctions and retain water in a similar fashion to claN 
soils at high sulctions. Field dtcrMlirnation of soil tcxtuore 
appears to he more indicative of the pore-size distrihution. 
Field descriptions of these soils place then, in the silly clay 
or silty clay loam class. Texural data, listed in Table 2, 

( B) Molokai, (C) Plaaloa, and (I) Mianna soil aggregates. 

%kercobtained tron soils out of the sane sample container 
as those used in the present sitid.'. 

I lence, it is apparent that mineralogical composition and 
soil struclture, in relation to the development of inter- and 
inta-aggregate void spaces, rnther than texture would he 
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better predictive parameters of the water-holding character-
istic of these soils. 

\'ertisols and Inceptisols 
The influence of mineralogical composition and soil 

structure on ,,tuclrewaterate release characteristicschraceritic bebeex-soil n sil cancareeas ex-
amined further by considering soils in Orders where rin-
eralogical composition is distinctly different from those ofinare 
the Oxisols and Ultisols. Vertisols and Inceptisols 
that category. 

Water relcase characteristics of two Inceptisols (Akaka 
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Fig. 5-Soil water charactritith vurtes for Akaka IT)lpC
llydrandept) amd Wainica ('TYpic Eutrandept ) %oils. 
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Fig. 4-Soil water characteristic curves for Manana (Orthoxic
Tropohumult) and Paaloa (lIunioxic Tropolunmult) soils. 

and Waimea) and a Vertisol tLualualei) are shown in Fig.
5 and 6. The water content value is based on the initial 
volume of soil and water at zero suction. At suctions > 
300 cm of water, the water release curves of both the 
Laulualei and Akaka soils are influenced by the effect of 
shrinkage. This is especially true for the Akaka, a Typic
Hydrandept, which shrank by as much as 50% in volume. 
On the other hand, shrinkage in the Waimea soil. a Typic 
Eutrandept. was negligible and its water release curve 
strongly resembled that of a sand of uniform particle size.SEM niicrographs of bo0th the Akaka and Waimea soilsEImcorpsfbthheAa ndWiasil 

(Fig. 7A and 713) reveal differencesof the Akakain theirsoill atrix. At thefamih' cate,,orv, the texture is classified 
" - " 

Becauseasbeing ofthixotropicthixotropicwhile thlnature,of Waimca is medial.its thethe structural arrange­
ment of air-dried particles in Fig. 7A should not be con­
strued to be representative of the Akaka. Unconsolidated 
porous fragments appear to predominate in the Waimea 
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Fig. 6-Soil water characteristic curves for Lualnlei ('ryple
Chrunusterts) soil. 
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Fig. 7-Scanning elt'ctron nicrograph of the IA 

soil. For these two Inceptisok. textural dlllerences iathei 
than mineralogical cotlposition determined their ssatr-
retention capacity. lhe suimt total of both oiganic allatter 
and free iron oxide content!, amounted to 35.71- and 
12.7% for the Akaka and \W'itiruca "oils, respectivlel .Addl-
tion of both vallies to the total sep ates content \elded it 
value of < T(()% s as piimarillhe diflernce attributed 
to the loss of water ot hdration ia CciteL \kilh oxides tit 

iron and lulminlm (||. If Iei.ti, INO5. SoI character-
istics of non-crysiallti+e o itti1ents ill Ilia aiian soils MS 
thesis. Univ. of Ifla\.aii, Ihon ltilti) 

The influence oI intontroiorillhnitic mineralogy should 
have an overriding effect on the \ater-holding character-
istics of the lualualei. [he water releae curve of the 
LuaLualet (11g. 6) is not typical of mo Verlisols \,,hich 
generally shot%smaller changes in slope \%ith increasing ,eI-
tion. The reason for this behavior may be explained, in part. 
by the acctmulation of stable clay gratinules or agregates 
in the tipper horizons of the Iiuiialei due to the excessive 

Akalki. IB Wa;iia aid iLC" alialh i soil aggregates. 

NhrlnkaLe ti clax lhx the son's heat in tli ,td climate ol the 
"11111,c source. SI\lA,1iOtL.'zi graphs ( ig. 7() do riot 
ho, in\ obviost int:-.utregite oid i, thow ftound in 

Ilie ()rsok anldt lltio! , 

It ina\ liemitirlsd liiit he ssater-holing eipaeit, of the 
(),isolh and t Iisils it I + hais of suction call lbe attrihuted 
It, the pr esrmcc ioI Ir&imt.regit i,Ils, these voids sere 
,lImIs i, n soils Nsth kitlniic aind oxidic rniiilralogv hut 

\,,erc x Il iiih orl €.il€il soils mrirotirillonitic anor-
Ihoi oxide rIrirme.'tlo. It ,ilpt ,stlhc iihit i1,tiilogical 
co mposition pl * it Inifuential thwilexclpment of\,, , tole III 
soil riirosirticli.t I-turbh imre. liccoiiise ol this type of 
structural dehclopmcnt. Soil texhidalt aloie are rnot slffi­
cienI to predict rhe p.-l/c th,,trihitmon of the (Oxisl and 
t 'IisolIs conidered In this stud\ Siuilar 1. the ue of 15­
bat \ater content dita to etlict ela\ conltent for these 
sils, sotrild most Iikel\ be erroneous I-or example, if tile 
st llaiilte mi elas content ssele conptled according to the 
idehli onshilp ot 2.5 ines the I 5-har water content. Is used 

I 
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by the Soil Conservation Service (1972), clay contents of 
84.3%, 57.5%, 75.0%. and 77.5% would be obtained 
for the Wahiawa, Molokai, Paaloa and Manana, respec-
tively. These values are very different from those listed in 
Table 2. The influence of these intra-aggregate voids on 
water inlitration in Oxisols and Ultisols presents an inter-
esling problem that will lie a subject of further investigation. 
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