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ABSTRACT 

Soil water experimen ts were conducted to determ in e t he wat er 
su pplying cha racte ristics of two clayey Ult isols, a clayey Ox isol, and a 
sandy Oxisol. Water infiltration into all so ils was ve ry rapid , reaching 9 
cm/hr after 1 hr of cont inuous flooding . T he st rong structura l stability of 
the clay soils perm itted infi lt ration rates in excess of tha t for the sandy 
soil. 

Lateral water movement, downslope, was a s ignificant factor in 
observed high ra tes of water infiltration and may part ia lly account for 
downslope move ment of nitrates. 

Values of soil water tension after 2 to 3 days of free drainage did not 
exceed 20 to 80 em of water (roughly Yso to Yi 2 bar). Field capacity was 
established to be ';1 5 bar for the sandy Oxisol and Ylo bar for the clayey 
Oxisol and Ultisols . 

Two avenues of soil water movement were postulated: Cap illa ry pores 
(between soil part icles) and non-capill ary pores (bet ween soil aggre
gates) . Because of wate r movement in non-ca pill ary pores, fl ow charac 
terist ics of the clay soi ls resembled t hat of the sand. In terms of so il wa ter 
re lease characteristics, the clays and t he sand were sim ilar. 

INTRODUCTION 

In vas t areas of the Humid T ropics soils are strongly leached and very 
acidic . So il acid ity is com monly assoc ia ted with AI toxicity, and these 
facto rs create a hostile soil environ ment which chemica lly limi ts t he 
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depth of rooting of crops such as corn and sorghum . At present, liming 
so il to a depth of more than the surface foot is not practical. Crops which 
are sensitive to soil ac idity are effectively limited to t he dept h of the soi l 
profile to which lime may be incorporated. T h is severely lim its t he 
amount of soil water and nutrients wh ich a crop can ut ilize . 

In the case of water, root ing limitations increase the likelihood of y ield 
decreases when rainfall distr ibution is anything short of ideal. In order to 
assess the potential for successfu l cropping, informat ion rega rd ing 
climatic factors mus t be su per imposed upon those so il phys ical proper
ties wh ich affect t he water s upplying characterist ics of the soil s . T he 
cl imatic informat ion requ ired should include ra infa ll d istr ibution and 
poten tia l evapotranspirat ion . 

The purpose of the soi l water exper iments conducted in P uerto R ico 
d uring t he summer of 1971 was to de term ine the water su pply ing 
characterist ics of fo ur soi ls on wh ich fertil ity experimen tation was in 
progress or planned . A prev ious s urvey of mo isture relat ionships of ove r 
100 Puerto Rico soils has been mad e by Lugo-Lopez (l) . 

The soil water informat ion obta ined from t he exper iments here in 
reported shou ld be use fu l in cha racteriz ing t he soils fo r purposes of 
su bsequent exper imentat ion by fu t ure workers in t he a rea . An evaluat ion 
of the soil p hysica l characte rist ics together with cl im atic dat a may be 
usefu l to pred ict t he ir combi ned effec t upon crop y ield and perm it 
concl usions relat ive to the likelihood of successful cropp ing. 

T h is is t he firs t of a se ri es of four papers on soil wate r studies 
conducted on Oxisols and Ut isols of Puer to R ico. Forthcom ing pa pers 
wi ll dea l with water reten t ion and availa bility, cap illary conductiv ity, 
and t he comparison of several poss ib le tech n iques for obta ining this 
information fo r t hese types of so ils . 

MATERIALS AND METHODS 

SOILS 

Humatas Series 

Locat ion: Coroza l S u bstat ion 
Classification : Typ ic Tropohum ults , clayey, kaoli nitic, isohypert her-

mic 
Texture : Clay loam to clay 
Slopes : Top of hi ll ; 0 to 14 '7r 
Vegeta tion : C ul t ivat ed; corn and grass 

Catalina Series 

Location : Margaro's far m near Barranquitas 
Class ification: Typ ic Haplorthox, cl ayey, ox idic, isohypert herm ic 
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Text ure: Clay 
Slopes: 3 to 8% 
Vegetat ion: Cult ivated ; starchy food crops 

Torres Series 

Locat ion: Dr. Hi lda Soltero's fa rm near Cid ra 
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Classificat ion: Orthoxic Palehu mul ts, clayey, kaolini t ic, isohypert her-
mic 

Texture : Clay 
S lopes : 1 to 3% 
Vegetation: Cultivated ; pasture 

Bayamon Series 

Location: Fundador farm east of Manat! 
Class ificat ion : Typic Haplorthox, clayey, ox idic, isohypertherm ic 
Texture: Loamy sand 
Slopes : 0 to 2% 
Vegetation : Cultivated ; pinea pples 

To characterize t he so ils in the inst rum ented areas two p its were dug to 
a depth of 150 em. Location of the pits close to t he instru mented areas 
fac ilitated st udy of lateral water movement. Soil samples were taken at 
15-cm interva ls to a depth of 1:10 em. 

Undisturbed soil core sa mpl es, two per depth per pit, were taken at the 
30-, 60-, 90- , and 120-cm depths. T hese samples, 7.62 em in d iameter by 
7.62 em lon g, were obta ined by driving alum inum core rin gs into t he 
ground with a modified Uhland sa mpl er. Cores were removed from the 
ground wi t h pick and shovel. T hey were trimmed wi t h a kn ife, placed in 
pin t-s ize ice cream conta iners, and stored in a refrige rator . Loss of water 
while in the refrigerator resu lted in so me soi l shrinkage from the walls of 
t he rings on some samples high in clay. Cores were later sealed in plast ic 
bags to reduce wa te r loss. Upon satu ration , t he soils expanded to fill t he 
rings. 

Undisturbed core samples were used to determ ine soil bul k density . 
Bulk densities were calculated fro m the dry weight of so il in the 
undisturbed cores after making soil water release measurements. 

Cores, st ill in the metal rings. were placed in T em pe Cells. T hey were 
in it ia lly wetted with 5 x 10 • M CaCl 2 at slight tensions and fina ll y 
saturated with the solution at s light posit ive pressure. To ensure 
saturation of t he en t ire core sa mple . the wetting process took more t han 
24 hr . Pressures between 20 em of water and .l ' a tmosphere were applied 
and the eff1uent volume was collected beneath each cell at each pressure 
step. The time required to run all pressure steps was approx imately 1 
month . 
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S ince there were 80 samples to be run, a second method was employed 
to speed the determinations. A single piece of cheesecloth was placed at 
the bottom of each core and attached to the metal ring using a rubber 
band. These cores were wetted from the bottom in low washing dishes 
using the same solution of calcium chloride. Six samples were then 
placed in a pressure pla te extractor and pressure was applied at similar 
steps. After cores reached equilibrium with the pressure plate, they were 
removed and weighed. Before the cores were replaced on the pressure 
plate, the plate was wetted to ensure good contact between core and 
plate. 

After t he pressure step at 1 1 atmosphere, cores were weighed, then 
oven dried and reweighed. Soil water contents were calculated as percent 
by weight and then converted t o volumetric water contents which were 
graphed versus tension. 

Conversion to volumetric water content was made through the 
relationship : Pu = p ·Pw 
where: Pu Volumetric water content 

Pw Water content on a dry weight basis 
p Soil bulk density 

Water content and tension determinations for 1 1, 2 1, 1, 5, and 15 
atmospheres were also made on a pressure plate apparatus using 
disturbed soi l samples and standard techniques. 

Tensiometers have been used widely as a tool in agronomic and soil 
water investigations (2,3,4,5,7) . The tensiometers used in this study were 
easily and cheaply constructed. Information on tensiometer construction 
and calibrat ion is given by Richards (5) . 

The tensiometer cups at the 7 .5-cm depth were placed in a horizontal 
position (L-shaped) while those at greater depths were ertical. Ten
siometer readings were recorded as soil water tension values at the ap
propriate depths. 

TensiomPters were installed at depths of 7 .5. :30. 60. 90, and 1:20 em. In 
the Catalina and Bayam6n soi ls one tensiometer was installed at each 
depth for a total of five tensiometers per plot. In Humatas and Torres two 
tensiometers were inst a lled at each depth for a total of ten per plot. 
Where tens iometers were duplicated, readings were averaged for that 
depth to obtain values of soil water tensions. In general, there was good 
agreement between duplicated tensiometers. 

A small auger wit h a diameter greater than the outside diameter of the 
PVC tubing was used to bore the holes for the tensiometers. After the 
instrument was inserted into the ground, the soil was packed tightly 
around the ceramic cup and the PVC wal l of the tensiometer. The 
importance of a proper back-fill and tamping operation cannot be 
overemphasized . 
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After installation in the soil, the tensiometers were filled with boiled 
tap water. Before connecting the instruments to the manometers, the 
tensiometers were tapped to loose bubbles from the sides of the PVC 
tubing. The L-shaped tensiometers were probed to loose bubbles 
entrapped horizontally. 

Experimental areas were square plots, :l.:2 .< :3.:2 m. an area slightly 
larger than 'llooo ha. Prior to irrigation, boards were installed around 
the plots to a depth of 15 em and sides were covered with plastic to 
perm it uniform nooding. 

P lots were irrigated by flooding with water. then covered with 6-mil 
polyethylene plastic. The amount of water applied was determined 
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riG. 1.-C'umulati,·e infiltration Yersus time for four Puerto Rico 5oils and for an Enti~o l 
from California. 

directly in Torres and Catalina soils where the water was applied from a 
500-gal tank or from 55-gal drums. In the case of Humatas and Bayam6n 
soils, a stop-watch and a 55-gal drum were used to determine pump 
discharge rates. 

RESULTS AND DISCUSSION 

WATER lNF lLTHATlO:-.; 

A graph of cumulative infiltration versus time for the four soils is 
shown in figure 1. The amount of water infiltrated per unit time on 
Humatas and Torres. the Ultisols. exceeded that for Bayam6n or 
Catalina, the Oxisols. This is due in part to the greater lateral water 
movement in Humatas and Torres. Although Catalina is a clay and 
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Bayamon is a loamy sand, t he amount of water infilt rated and the intake 
rates on the two soils were similar. It would be unusua l to find soils in 
temperate regions of widely varied textures exhibiting similar intake 
rates, ot her factors being equal. 

Shown on the graph for comparative purposes is the infi ltration versus 
time curve for Panoche clay loam (Typic Torriort hents ). T his is a deep, 
well -drained, California soil high in montmorillonit ic clays (8) . Although 
t he amounts of water infil trated are much greater fo r the P uerto Rico 
soils than for t he Californ ia soil , infiltration rates a t 40 min are similar. 

25 

20 

10 20 30 40 50 60 70 ac 
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F IG. 2.-Cumulative infi ltration versus time for Humatas clay. 

Figure 2 shows cum ulative infil trat ion versus time for two irrigations 
on the same plot on Humatas clay. Before the second irrigation, poly
ethylene p lastic was placed a:POund the plot to a depth of 60 em to re
strict lateral movement. Soil water contents (percent by dry weight) 
were greater prior to the second irrigation . These a re presented in the 
following tabulation: 

Depth Irrigation 
Cm I 2 

7.5 43 50 
30 44 50 
60 34 38 
90 36 35 

120 38 37 

The marked reduction in rat e of initia l water infilt rat ion in irrigat ion 2 
was due to: I ) H igher initia l soil water content; 2) reduction in lateral 
water movement; 3) compaction caused by foot t raffic. 
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At extended periods of time infiltration rates were similar . Infiltration 
rate at t hat time refl ects the steady state rate of water transport through 
the so il when t he majority of soil pores are filled and conducting water. 

LATERAL MOVEMENT OF WATER 

A comparative qua litat ive assessment of late ral water movement was 
made by observing the entry of water into the pits surround ing the 
irri gated areas . Latera l water movement was greatest in the Humatas 
so il , where water movement was accelerated by dry soil conditions 
lead ing to crack in g and by a relatively dense argillic horizon below 20 
em. This soi l contains a mixture of 2:1 and 1:1 clays. The combination of 
the cracks and the rela tively impervious layer resulted in a large amount 
of water moving downslope beneath the soil surface. The importance of 
so il cracks as aven ues of water movement was very pronounced . During 
wet periods cracks disappear, reducing the extent of lateral water 
movement . For example, after the experimental plot and surrounding 
areas were wetted by ra ins, surface cracking was not noticeable . Twelve 
auger holes were dug around the plot in an attempt to fol low latera l water 
movement. None of im portance was detected. Given dry soil cond itions 
in the Humatas soil and a sudden rainfall of 50 mm , it is unlikely tha t 
apprec iable lat era l wate r movement would occur . 

Cracking was eviden t under dry cond itions in the Torres soiL also . 
However, this so il d id not have a pronounced argill ic horizon. T hus the 
latera l- water movement which occurred was at deeper depths than in the 
Humatas . 

In the Catalina soi l, there was less lateral water movement than in the 
Humatas or T or res soil s . None was observed in the Bayam6n soil (sandy 
Oxisol). 

Lateral wa ter movement can be of importance in that t he water carr ies 
with it ferti lizer salts, primarily ni trates . If fertil izer trials are conducted 
where latera l wa ter movement can occu r in the root zone, there would be 
a poss ibi lity for mixing of treatments depending on soil water status, 
slope, and upon rainfa ll intens ity or ex tent of irrigations . 

In add ition, sc ientists concerned wit h pollut ion often look at deep 
leach ing of salts . Perhaps under certain conditions latera l water move
men t (and salt movement ) should be monitored. This might aid in 
accounting fo r tota l sa lt balan ces within a given system. 

SOfL WATER TENSION VERSUS TIME RELATIONSHIPS 

Soil water tens ions were generally obtained from the average of two 
tens iometers at each dept h . Tension data have been corrected for depth 
and for negative wett ing of mercury in the spaghetti tubing. 
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Figure 3 shows typical tension-t ime relationships for an uncovered plot 
on the Humatas soil. Water movement was downward between all depths 
from 30 to 120 em in response to tens ion d ifferences. Upward water 
movement from the 30- to the 7.5-cm zone occurred after 11 hr . This 
upward tension gradient was caused by water evaporation from the soil 
surface. 

Figure 4 shows typica l tension-time relationships for extended t imes 
on the Bayam6n soi l which was covered to prevent evaporat ion. Tensions 
normally increase slowly with time, evidence of continued slow drain-

7. 5 ere 

FIG. 3.-Soil water tension versus time in Humatas clay at five depths . 

age . It is evident from figure 4 that dra inage sti ll occurred 6 days afte r an 
irrigation. The magnitude of the water loss from the profile , summed 
over a long period. is apt to be sizeab le . 

In spite of wide textural differences, patterns are similar on each soil. 
After irrigat ion, soil water tension near the soil surface dropped rap idly 
and became negative, thereby ret1ect ing super-saturated condit ions or 
water ponded on the plot. Genera lly, as dra inage began a t the upper 
depths. the wetting front reached the 90- and 120-cm depths . Drainage 
began at al l depths 2 to 3 hr after the irrigation . Soil water tensions 
continued to increase with time, wh ich was evidence of continued 
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drainage. After 3 days of drainage and no evaporation, soil water tensions 
reached 20 to 80 em of water (roughly 1/so to ~o bar). Field capacity 
was, therefore, considered to be Yi s bar for the sandy Bayam6n and ~0 
bar for the clayey soils. 

SOIL WATER MOVEMENT 

Experiments on clayey Oxisols and Ultisols showed that water 
movement at saturation was extremely high as evidenced by infiltration 
rates (fig. 1 and 2). In other words, hydraul ic conductivity at saturation 
was very high . After 2 days, drainage slowed considerably: at 1ho bar in 
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FIG. 4.-Soil water tension versus time in Bayam6n loamy sand at five depths . 

the clayey soi ls and 1As bar in the sandy soil. Since water movement at 
those tensions was so slow, it appears that t he capillary conductivity had 
decreased tremendously over a narrow range of tensions . This means that 
major water conducting avenues had dewatered . 

T he fact that water redistribution was initially very rapid and shortly 
thereafter very slow, implies that t here may be two types of water 
conducting avenues. A third type might be cracks in 2:1 clays as exhibited 
by the Humatas soil. The two types of avenues might be labeled capillary 
pores (micropores between soil particles) and non-capillary pores (mac
ropores between soi l aggregates). Th is has been postulated by Sharma 
and Uehara (6). It might then be hypothesized that the major amount of 
soil water movement in t he wet range occurs between the surfaces of 
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structurally stable aggregates (non-capillary pores) . Strong structural 
stability would be requ ired to explain this type of water movement . In 
2:1 clays, lattice expansion would destroy the macrost ructure. 

After non -capillary pores have dewatered , there is litt le furt her 
redistribution even though within the individual aggregates the pores 
may be saturated. Water contents at this time may reach 50% by volume . 
The fact that individual aggregates can remain saturated whi le not 
rapidly losing moisture may be expla ined by the fact that the non-capi l
lary pores have dewatered and, therefore, present a barrier to further 
red istribution of liquid water. 

The analogy between water movement in th is system and a sand is 
clear . It would appear that clayey Oxisols simulate sands in t1ow 
characteristics and in release characteristics. With regard to water 
movement and release in Oxisols, it may be misleading to put emphas is 
on texture . Perhaps structural stability, type of st ructure, an d type of 
clay are more useful parameters. 

Due to the effect of structure on wate r movement in t hese soils, a ll 
water release data in the wet range were obta ined on und ist urbed 
samples. At low tensions, dest roy ing the aggregates to run a sample 
would have the effect of creating greater soi l water storage th an would 
occur in the field . 

RESUMEN 

Se realizaron experimentos para determ inar Ia ca paci dad d e sumini s t ro de agua de dos 
Ultisols arcillosos, un Oxisol arcilloso y un Oxisol arenoso. E n pa rcelas de 3 m .' se instal 
aron tensi6m et ros basta 120 em. de profu nd idad . Se inundaro n y se cub r ie ron con p lastico 
para evitar Ia evaporaci6n . Se observiJ el movim iento d el agua por infiltraci<'m y desag'Ue por 
35 dfas utilizan do los tensiornetros. 

Para caracterizar e l suelo en las parcelas que se regaron, se cavaron dos t r in ch eras hasta 
de 150 ern . de profundidad adyacentes a elias. Se tomaron rnuestras de suelos a intervalos 
de 15 ern . T amb itm se tomaron dos co lurn nas de sue lo de :10 em., en su estado natural , de 
30 a 120 em de profundidad. 

La infiltraciiJn de agua fue rapida en todos los sue los. La infilt rac ion t lp ica a lcanzil a 
9 crn./hora d espues de una hora de inun dacion continua. La gran estabi lidad de las uni
dades estructura les de los sue los arcillosos permit iil velocidades de infil traciiln mayo res 
que en el suelo arenoso . La velocidad y la magn itud de Ia in filtracion estaban in ve rsarnente 
relac ionadas con e l contenido inicia l de agua en el suelo. 

En los suelos arcillosos, el movimien to latera l d e agua contri buy6 s ign ificat ivarnente a 
la alta velocidad de infiltrac ion . Por ejern p lo, en e l suelo T orres, se obse rvil un flujo de agua 
de una rajadura a una profun didad de 105 em. En el suelo Humatas. e l movirn iento la teral 
fue igua lm ente rap ido, pero ocurriil a 20 ern. de profundidad . Se atr ibuye este rnovimiento 
en el suelo Hurnatas ados fact ores : a) rnovimiento en rajadu ras grandes y b) rnovimiento en 
el pun to de contacto entre terreno cultivado y no cultivado . Es to se acen tuil porIa acumu
laci(m de arcilla bajo Ia profundidad a que se ariJ e l te rreno. 

La tensiiln a que se retiene el agua dos o t res d fas d es pues de haber escunido li brernen le 
el exceso no excede de 20 a 80 em. de agua (a p roxirnadamente de 1/50 a 1/1 2 ba r). Se es-
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tablecio que Ia capacidad de campo occurre a 1/ 15 bar en el suelo a renoso y a 1/20 bar en 
los a rcillosos. 

Se mencionan dos posibilidades para explicar el movimiento del agua: porus capila res 
(entre las partfculas de suelo) y poros no capilares (ent re los agregados del suelo). A causa 
del mo\'imiento del agua por los porus no capila res, las ca racter fs ticas de Ia fluenc ia de los 
suelos arcillosos son sim ilares a Ia del suelo arenoso. En cuan to a las caracterlsticas de 
sumin istro de agua, los su e los a rcillosos y el a renoso fueron s imila res. 
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