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ABSTRACT 

H.Sc. William Georges Soil Science 

PHYSICAL PROPERTIES AND WATER USE BY HAIZE ON S011E TRINlDAD 

SOIIS 

Available water capacities, measured on five 

Trinidad sOils, were greater than those normally quoted 

in the literature for soils of similar texture. 

No significant changes in aggregate stability 

were observed during wet and dry seasons. Clay soils 

showed greater seasonal changes in bulk density, macro

porosity, and hydraulic conductivity than loam soils. 

The change in bulk density after cultivation was dependent 

on the clay content and mineralogy of the sOil, the initial 

water content and its subsequent change. Uni-dimensional 

and three dimensional, normal shrinkage was observed in 

the clay soils. Three dimensional, normal shrinkage oc

curred only at lower moisture contents in the loam soi1s. 

Differences in growth rate and dry matt&r distribu

tion of corn, grown on four soils, were not related to 

rooting depth or water stress. On the soils, water use 

rates were similar and growth was not limited by water. 
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I. INTRODUCTION 

These studles were made on solls ln Trlnldad, W.I., 

uSlng the facllltles of the Soll Sclence Department, Unlverslty 

of the West Indles (U.W.I.), St. Augustlne, Trlnldad. 

The Reglonal Fleld Experlmental Program (R.F.E.P.) of 

the U.W.I. conducts fertlllzer trlals on a large number of 

West Indlan solls. Interpretatlon of the response data has 

been dlfflcult, partly because of uncontrolled varlatlon ln 

factors other than fertlllzer applled. The corn crop ls grown 

ln the wet season wlthout lrrlgatlon. Ralnfall may be adequate, 

llmltlng or excesslve on dlfferent solls, so comparlsons of 

yleld data from the solls may reflect the dlfferent soll 

molsture condltlons under whlch the crop was grown. 

The flve solls studled lncluded four whlch are used 

by the R.F.E.P. The flfth soll was selected because of lts 

unusual propertles. The objectlves of the study were (a) to 

lnvestlgate some of the physlcal propertles with speclal re

ference to seasonal changes, and (b) to evaluate growth and 

water use by corn on the four R.F.E.P. solls to attempt to 

explaln yleld dlfferences ln some of the R.F.E.P. solls. 

1 



II. REVIEW OF LITERATURE 

1. Seasonal changes ln solI physlcal propertles 

In the humid troplcs, ralnfall ls the most varlable 

cllmatologlcal factor. There ls usually an abundance of 

water ln the wet season and a shortage durlng the dry season. 

Seasonal wettlng and drylng may, therefore, greatly affeot 

solI physlcal propertles relate~ to molsture. 

1.1. Bulk denslty and poroslty 

The effeots of wettlng and drylng on the volume of 

solI blocks has been studled by several workers slnce Tempany 

(1917) and Halnes (1923). Three stages of shrlnkage have been 

observed as a solI blook ls drled from saturatlon. These are 

structural, normal and resldual shrinkage. Rewettlng causes 

swelling, the volume change being fully or partly reverslble 

depending on the type of clay mineraIs (Yong and Warkentln, 

1966) and the degree of drying. 

As solI dries in the field, the reductlon in volume 

causes an lncrease ln bulk density. This volume change ls 

normal (unlt volume of water loss resultlng ln unlt solI volume 

decrease) for so11s wetter than the wl1tlng polnt (Fox, 1964). 

2 
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W1th1n th1s range, the volume change 1s un1d1mens1onal above 

a certain mo1sture content and three d1mens1onal be10w th1s 

point (Fox, 1964). 

Total poros1ty 1s determined by part1cle dens1ty and 

bu1k dens1ty in the re1at1onsh1p 

n = 100 (d-Db)/d 

where n 1s total poros1ty 
d 1s part1c1e dens1ty 

and ~ 1s bu1k dens1ty 

As bulk dens1ty 1ncreases in response to dry1ng, total poros1ty 

decreases. 

When so11 cores are used, macro-poros1ty 1s determ1ned 

by saturation and subsequent application of suct1on. It 1s, 

therefore, d1ff1cu1t to 1nterpret measured changes in macro

poros1ty and m1cro-poros1ty as the so11 dr1es, s1nce there will 

be variations in the amount of swel11ng as the so11 1s saturated 

from d1fferent mo1sture oontents. Row1es (1948), us1ng so11 

cores found that the total poros1ty and macro-poros1ty of a 

clay so11 1ncreased as the so11 dr1ed. The apparent 1ncrease 

in total poros1ty 1s probab1y due to so11 var1ab111ty s1nce 

total poros1ty must be decreased. The measured macro-poros1ty 

changes were, therefore, 1nf1uenced not on1y by variations in 

swe1l1ng but also by so1l var1ab1l1ty. 

As poros1ty 1s reduced due to shr1nkage, 1t 1s 11kely 

that macro-poros1ty will be affected to a greater extent than 

m1cro-poros1ty. This 1s supported by Gerard ~!l. (1966) 

who, observ1ng samp1es m1croscop1ca11y, found that macro-poros1ty 
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was decreased by slow drylng at 270C and 80% relatlve hum1dlty. 

1.2. Aggregate stabl11ty 

Several workers have reported that aggregate stablllty 

ln water decreased wlth lncreaslng soll molsture content ln the 

fleld (Glsh and Brownlng, 1948r Ko10dny and Neal, 1941r Wllson 

~ !l., 1947). These results were obtalned wh en fleld samples 

were alr-drled, and the analysls carrled out on the alr-dry 

samples. The data of A1derfer (1946) are ln agreement wlth these 

flndlngs, but a1so lndlcate that when the.samp1es were analyzed 

ln the fleld molst condltlon, the opposlte results were obtalned. 

Slnce thls latter method represents the condltlons exlstlng ln 

the fleld at the tlme of sampllng these results can be con

sldered to be more meanlngful. 

Evans (1954) found that lncubatlng aggregates for 24 

hours, after wettlng from the alr-dry condltlon, caused lncreased 

wet stabl11ty. He suggested that thls was due to the hydratlon 

of clay partlcles with a resu1tlng removal of planes of weakness 

whlch exlst ln the drled aggregates. 

Cernuda ~!l. (1954) and Panabokke and Qulrk (1957), 

obtalned aggregates at dlfferent molsture contents by allowing 

the aggregates to come to equl1lbrlum at varlous pF values. 

Thelr results lndlcate that aggregate stablllty decreases with 

decreaslng solI molsture content. The opposite flndlngs of the 

earlier workers ls, therefore, due to the planes of weakness ln 

the aggregates whlch develop as the molst soil ls alr-drled, and 
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whlch cause breakdown when the aggregates are wetted. 

2. Growth and water use of corn 

2.1. Reactlons of oorn growth and yleld to soll water condltlons 

Corn growth and yleld react dlfferently to soll water 

condltlons. Klesselbach and Montgomery (1911) and Klessèlbach 

(1916) grew corn ln potometers under varylng soll water condl

tlons. They found that the greatest ear welght was produced at 

60% soll saturatlon, whereas maxlmum total plant we1ght was pro

duced at 80% soll saturatlon. 

2.1.1. Effects of water stress 

Water stress can be consldered to be a plant condlt10n 

where the rate of water supply to the plant la 1nadequate to 

malntaln lt at full turg1d1ty wlthout compensat1ng physiologlc 

or other damage (Roblns ~ !!., 1967). Such compensatlon May 

be by wlltlng, by stomatal closure, or by lnternal adjustment 

of solute concentratlon to ma1nta1n poslt1ve turgor pressure. 

Water stress 1s usually.assoclated vlth a reductlon of the soll 

water content ln the root zone to a point where the potentlal 

evaporat10n exceeds the rate at wh1ch plant roots can absorb 

and/or transmlt water to the above-ground parts. 

The work of Peters (1957) demonstrates that under cond1-

tlons of low evaporatlve demand, decreas1ng soi1 water content 
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causes very l1ttle stress, whereas under conditions of h1gh 

evaporative demand, stress 1s caused by s11ght reductions 1n 

s011 water content. Moss ~!l. (1961) observed that corn 

growing in dry s011 had slower rates of ass1m1lat10n at m1dday 

than corn growing in so11 kept at field capacity, but rates at 

morning and evening were sim1lar. 

Corn leaf growth 1s more affected by soi1 mo1sture 

f1uctuat1ons than any other part of the plant (M111er and Du1ey, 

1925). Baker and Musgrave (1964) found that soi1 m01sture stress 

reduced the rates of apparent photosynthes1s and growth of corn 

by up to 50% at suct10ns of 1ess than one atmosphere. Apparent 

photosynthesis was reduced at or before the stress level was 

reached where decreases 1n transp1rat10n occurred. Phot 0-

synthet1c eff1c1ency a1ways recovered 1mmed1ate1y on reduct10n 

of the water stress. 

Kemper ~!l. (1961) noted that the reduct10n 1n growth 

due to stress was part1a11y compensated by a more rap1d growth 

rate fo110wing the release of the mo1sture stress. The rap1d 
wes 

growth rate/reduced 1n 4 deys of the re1ease ot stress. M11ler 

and Du1ey also found that the magn1tude of the oompensation 

var1ed w1th the stage of growth. 

Prolonged or severe stress dur1ng ear1y growth resu1t-

1ng 1n leaf deslcoat1on marked1y reduces plant he1ght and 

vegetat1ve growth (Rob1ns ~ !l., 1967). Root growth 1s less 

affected by water stress. Harr1s (1914) found that the shoot-

root rat10 for corn decreases w1th decreas1ng water oontent. 
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The shoot weight decreases linearly vith decreasing water 

content. The root veight, however, is at a maximum at about 

20% gravimetrlc water content and decreases as water content 

is raised or lowered from this point. The 20% value would be 

speclfic for the medium used (coarse sand) and does not have 

any general application. The decreased growth at hlgher 

moisture contents ls the result of poor aeratlon, whereas that 

at lover moisture contents is the result of water stress. 

Miller and Duley (1925) studied the influence of 

varying water suppl y during the growth period on the shoot

root ratio of corn. Their results show that reducing the soil 

water content during the last one-third or first one-third of 

the growth period resulted in a narrowing of the ratio as a 

result of both reduced top growth and increased root growth. 

The effect of water stress on corn growth is modlfied 

by the water content. Pet ers (1957) grew corn on mixtures of 

a silty clay loam and sand. Results indlcate that corn root 

elongation decreases with decreasing water content at constant 

water suction. A sim1lar relationship was observed ln shoot 

elongatlon as water stress was developed under hlgh evaporative 

demand (Peters, 1960). 

Corn can withstand appreclable Water stress without loss 

in yleld except during the perlod from tassel emergence to the 

completlon of polllnation (Carlson ~ !l., 1961, Hove and Rhoades, 

1955, Rhoades ~ !l., 1954. Rhoades and Nelson, 1955, Robins and 

Domlngo, 1953). Moisture stress during thls perlod reduces 
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y1e1d great1y. Robins and Domingo (1953) found that a 2-day 

def1c1t dur1ng th1s per10d reduced y1e1d by 22% and a 6-day 

def1c1t, reduced y1e1d by 50%. Denmead and Shaw (1960) a1so 

reported 50% reduct10ns in y1e1d resu1t1ng from water stress 

dur1ng th1s per1od. Reduction in y1e1d due to water stress at 

th1s t1me 1s large1y due to po111nat1on fa11ure in wh10h the 

grains form on on1y part of the ear (Robins and Domingo, 1953). 

Dale (1964) 1s reported by Shaw and Burrows (1966) to 

have exp1a1ned 81% of plot y1e1d variations in corn on the bas1s 

of mo1sture stress occurr1ng between 6 weeks before and 3 weeks 

after s11k1ng. When there were more than 30 stress days (days 

when the turgor 10ss point of corn was exceeded) in the period, 

water stress was the dominant factor reduo1ng y1e1d. When there 

were fewer stress days, other factors beoamehm1t1ng. 

Severe or pr010nged water stress w1th s1gn1f1cant w11t1ng 

of 1eaves dur1ng vegetative growth or dur1ng ear deve10pment 

resu1ts in a sma11er reduct10n in yie1d (Robins and Domingo, 

1953, Denmead and Shaw, 1960). Decreased y1e1d after water 

stress dur1ng ear1y growth seems to be caused by a reduct10n in 

the translocation of photosynthet1c products from the 1eaves to 

the ears. Decreased y1e1d after water stress dur1ng ear develop

ment is probab1y caused by 1nterna1 competition for water 

between the ears and the rest of the plant. 
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2.1.2. Effects of eX~CesSlve 8011 water 

Corn ls tolerant to solI water contents above the 

normal fleld capaclty except durlng the seedllng establlshment 

when growth may be reduced by lowered solI temperature and 

root dlsease (Roblns ~ al., 1967). However, the flndlngs of 

Klesselbach and Montgomery (19ll) lndlcate that prolonged condl-' 

tlons of excesslve solI water are llkely to reduce growth and 

yleld because of decreased aeratlon ln the rootlng zone. 

2.2. Water use 

Water use by a crop ls the loss of water by evaporatlon 

between plantlng and harvesting. In western U.S.A., water use 

by corn in a season varies from 16 to 25 inches (Robins and 

Rhoades, 1958). For any crop, thls quant1ty depends on the 

length of the growing period and on the atmospherlc,plant.and 

solI factors whlch regu1ate :the movement of water from the solI 

to the atmosphere. 

During ear1y growth when the crop does not comp1etely 

cover the solI surface, most of the water 10ss ls due to evapora

tlon from the soil surface, whereas 1ater ln the season when the 

crop complete1y covers the solI, water 10ss ls essentia1ly by 

transplratlon. The portlon of the total water uaed by the corn 

plant whlch la due to evaporatlon from the solI has been 

estimated as approxlmately 50% (Harrold ~ âl., 1959, Pet ers 

and Russel, 1959). 
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2.2.1. Factors affectlng water use 

SolI factors 

Peters (1960) grew corn ln mlxtures of sand and solI. 

Results lndlcated that the rate of wate~ use was lnfluenced 

by both solI molsture content and tenslon. The cumulatlve use 

ln the flrst 7-day perlod was greater for the solI havlng hlgh 

solI molsture content-suctlon ratlos. Slml1arly Harrold and 

Drelbelbls (1953) found that water use by corn on a s11t 10am 

was less than that on a clay solI. Thls effect has been attrl

buted to the greater unsaturated hydraullc conductlvlty ln flne

textured so11s (Peters and Runkels, 1967). 

Plant factors 

There ls marked varlatlon ln the rate of water use wlth 

the stage of development of the crop. Klesselbach (1916) ob

served that after maxlmum leaf area was achleved, water use for 

the next four weeks accounted for almost half the total water 

used. Holt and van Doren (1961), Doss ~!l. (1962) and others 

made slml1ar observatlons. Doss ~!l. (1962), Shaw ~!l. 

(1958) and Roblns and Rhoades (1958) found that durlng early 

growth the average water use was about 0.10 ln. per dey, whereas 

there was a peak water use of 0.25 to 0.)0 ln. per day after 

tassell~and a sUbsequent decl1ne. 

The depth of rootlng and hence the depth from whlch 

water ls extracted determines the amount of water aval1able 

for use by the plant. Doss ~!l. (1962) observed that when 

corn shoots were 18 lnches hlgh, water was extracted from an 
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18 inch depth of a sandy loam soil. The depth of extraction 

was increased to a maximum of 36 inches by the time of tasseling. 

However, the amount of water extracted from depths below 24 

inches was found to be small. Similarly Gard ~!l. (1961) 

found that the water stored below 24 inches on a silt-pan soil 

was of very limited direct value to the corn crop. Carlson 

~!l. (1959) found that at maturity water was extracted by 

corn roots from a 4-foot profile of a loam soil. Of the total 

water used, 75-85% was extracted from the top 2 feet and 90-95% 

from the top 3 feet. 

Greater depths of extraction have also been reported for 

othe period after tassellng (e.g., Holt and van Doren, 1961). 

Russel and D~ielson (1956) observed that whereas rainfall and 

irrigation affected mainly the top 2 feet of a deep, permeable, 

well-drained Brunizem solI, an appreciable amount of water was 

extracted from a depth of 5 feet or more. Linscott ~!l. (1962) 

reported water extraction from below the 5-foot depth of loamy 

sand and silty clay loam soils underdry conditions. Holt and 

van Doren (1961) concluded that the avallable water and hence 

the water use rate determined the depth of extraction of water 

by corn roots. 

Atmospheric factors 

The work of Pet ers (1957) and Denmead and Shaw (1962) 

indicates that when water is not limiting, water use by corn is 

determined by the evaporative demand of the atmosphere, i.e., 

the rate at which water will evaporate from the leaves under 
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given oonditions of temperature, relative humidity, radiation 

and wind speed. However, as water beoomes less available to 

the plants, the laok of water limits the rate of water use. 

2.2.2. Effeots of water Use rate on growth and yield 

Sohofield (1952) stated that where plant oover is oon

tinuous and water is adequate, seasona1 use of water is essen

tially independent of yield. Similarly Shaw and Burrows (1966) 

stated that yield is deoreased with decreasing water used only 

at low water oontents which limit growth. 

Letey and Pet ers (1957) noted that the same amount of 

available water may be held in the soil at different suctions. 

Renee, plants although using the same amount of water may ex

perience different conditions of stress, and growth and yield 

may be different. 



III. SOIIS AND METHOOO 

1. Soils used 

The soils used in this study were Cunupia silty clay 

loam, Montserrat clay, Piarco fine sand, River Estate 

loam and Talparo clay (Chenery, 1952). The grain size distribu

tion of the topsoil of the Piarco site was profoundly changed 

by cultivation and the texture was found to be sandy clay loam. 

This soil will be subsequently referred to as Piarco sandy clay 

loam. Data on the locations of the sites, chemical and physical 

properties, and mineralogy of the soils are presented in Tables 

1 and 2. An area of approximately one-tenth acre was used in 

each site. 

Soil pH was measured in water using a 1:1 soil-water 

ratio. Grain size distribution was determined by the hydrometer 

method. Cation exchange capacity was determined by the 

ammonium acetate method, exchangeable calcium and magnesium by 

versenate titration and exchangeable potassium by flame photo

metry. The percent carbon was determined by the method of 

Walkley and Armstrong Black (1934), and the percent nitrogen 

by the method of Jackson (1958). Particle density was measured 

in pycnometers using kerosene as the displacing medium. 

13 
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Table 1. Chem1ca1 and phys1ca1 propert1es of the so11s 

G~a~n s1ze d~st~1but1on 
s:: Coarse Fine S11t Clay m. eg.L100 g. so11 
0 Sand Sand Exch. cations 
.-f 

2.0- 0.20- 0.05 ~0.002 CEC Ca Mp: K .p 
~ So11s pH 0.20 0.05 -0.002 mm. 0 
0 mm. mm. mm. H 

1. Cunup1a s11ty 
clay 10am 4.6 29 25 46 13.0 3.8 2.0 0.25 

2. Montserrat 
clay 7.3 6 36 10 52 38.1 5.4 0.39 

3. P1arco sandy 
clay 10am 4.6 7 55 14 25 6.7 0.5 0.5 0.08 

4. River Estate 
10am 5.5 12 44 22 23 7.2 3.8 0.7 0.12 

5. Ta1paro 
clay 4.6 16 18 68 18.9 1.8 3.4 0.33 

1. R.F.E.P. site, El Carmen 
2. Salvador Estate, Gran Conva 
3. R.F.E.P. site, E.C.F.I., Centeno 
4. R.F.E.P. site, U.W.I. Field Station 
5. R.F.E.P. site, New Grant 

Truog 
P 

%C %N 'P'Pm 

1.4 0.17 13 

2.0 0.23 26 

2.0 0.15 8 

0.4 0.07 5 

1.7 0.15 17 

e 

Part1c1e 
dens!~y 
S(.cm 

2.56 

2.40 

2.48 

2.59 

2.49 

..... 
-'=" 
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Table 2. Miner~ogy of the soi1s (persona1 communication from N. Ahmad) 

Amorphous Fe203 Kao1inite Montmoni110nite 
80i1s materia1 % % % % 

Cunupia si1ty 
clay 10am 1 5 25 37 

Montserrat 
471 clay 1 13 15 

Piarco sandy 
clay 10am 6 17 76 11 

River Estate 
10am 2 8 20 10 

Ta1paro clay 3 5 45 33 

1Not we11 crysta11ized and seem to be glauconite-vermicu1ite intergrades. 

Mica 
% 

17 

17 

9 

52 

16 

e 

ethers 
% 

16 

7 

8 

3 

.... 
\.1\ 
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2. Methods 

Four sample areas vere randomly selected withln each 

slte. These areas were sampled for measurements of solI 

molsture, bulk denslty, poros1ty, hydraullc conductlvlty, and 

aggregate stablllty. Samples were taken every fortnlght durlng 

the perlods January to May and June to August, 1969, 1.e., 

durlng dry and vet seasons respectlvely. 

Sampllng ln the dry perlod was dlscontlnued when severe 

deslccatlon resulted ln a loss of coheslon ln Cunupla sllty 

clay loam, Plarco sandy clay loam and Rlver Estate loam, and 

hardenlng and cracklng occurred ln Talparo clay. Deslccatlon 

was not as severe ln Montserrat clay, so thls solI was sampled 

for a longer perlod ln the dry season than the other solls. 

In the vet season four cultlvated and four uncultlvated 

areas were sampled at each R.F.E.P. slte. Malze plants of 

slm1lar sl~e vere selected from the guard rows of control plots 

and were labelled, slx or seven weeks after plantlng. Four 

pre-selected plants were sampled every fortnlght for growth 

analysls and rootlng depth. SolI molsture, bulk denslty, 

poroslty, hydraullc conductlvlty and aggregate stablllty vere 

also measured on solI samples taken from the vlclnlty of each 

of the four plants. 

2.1. SolI molsture content 

Gravlmetrlc molsture contents wereObtalned from welgh

lngs uslng solI samples ln molsture tlns. Four samples of the 
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o to 3 1nch depth and two samples each of the 3 to 6, 6 to 12, 

12 to 18 and 18 to 24 1nch depths were taken at each sample 

area, except at the Montserrat clay s1te, where an extens1ve 

system of large roots restr1cted samp11ng to the 12 1nch depth. 

Volumetr1c m01sture contents were calculated by mult1ply1ng 

the grav1metr1c m01sture content by the bulk dens1ty. 

2.2. F1eld capac1ty 

An area of s01l (1 sq. yd.) was saturated w1th water 

and covered w1th a pOlythene sheet. The 0 to 6 1nch depth was 

sampled for m01sture twenty-four or forty-e1ght hours after 

saturat10n. 

2.3. Permanent w1lt1ng percentage 

'--. 

The permanent w1lt1ng percentage was determ1ned by the 

'sunflower method' (Ve1hmeyer and Hendr1ckson, 1949) uslng corn 

seedllngs ln place of sunflower seedllngs. 

2.4. Avallable water capaclty 

The avallable water capaclty was calculated as the 

dlfference between the volumes of water at f1eld capaclty and 

at permanent wilt1ng 1n the 6 lnch depth of s01l and was as

sumed to be constant to the 2 foot depth. 



2.5. S01l m01sture retent10n 

S01l m01sture retent10n 1n the range pF ° to 2.0 was 

measured us1ng the Ha1nes apparat us (Ha1nes, 1930), shown 1n 

F1g. 1. A1r-dry ground s01l ( 2 mm. d1am.) was wet to 

equ1l1br1um at decreas1ng suct10ns of 80, 50, 30, 10, 3 and 

° cm. water. Dry1ng was stud1ed by obta1n1ng equ1l1br1um at 

1ncreas1ng suct10ns of 10, 30, and 80 cm. water. 

A blank apparat us (conta1n1ng no s011) was used to 

est1mate evaporat10n losses. The atta1nment of equ111br1um 

was cons1dered to be when the rate of change 1n the p1pette 

read1ng was equal to that of the blank. The samples were 

we1ghed at equ1l1br1um and replaced so that the same samples 

were used for wett1ng and then for dry1ng. 

S011 m01sture retent10n on dry1ng over the ranges pF 
WQS 
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2.0 to 3.5 and pF 3.5 to 4.2 ~ measured us1ng the pressure-

plate and pressure-membrane apparatus (S01l M01sture Equ1pment 

Co.) respect1vely. A1r-dry ground s01l ( 2 mm. dlam) was con

talned 1n rubber reta1n1ng rlngs (4 cm. dlam. and 1 cm. ht.). 

The solI was saturated with water by shallow flood1ng on the 

plate or membrane. Th1s technlque ls reported to produce hlgher 

and more un1form equ1l1br1um m01sture contents than those pro

duced by the method of sorptlon through the plate (Hlllel and 

Mottes, 1966). 



_------ S011 sample 

_Burette 

Grade 4 s1ntered glass 
~funnel 

19 

~ Brass conta1ner (4 cm. d1am. 
_________ l cm. ht.) 

-Suct1on (h.om. water) 

''-Graduated 2 ml. p1pette 
(cap111ar;y) 

Rubber tub1ng 

F1g. 1. D1agram o~ the Ha1nes apparatus used for water 
retent10n measurements. 
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2.6. Bulk dens1ty, poros1ty and hydrau11c conduct1v1ty 

Only the 0 to 6 1nch depth was sampled regularly 

except 1n the growth and water use stud1es, where samples 

were also taken from the lower depths. A brass core 

(approx1mately 5 cm. length and 4.75 cm. 1nt. d1am.) was used 

to sample each of the four sample areas. Bulk dens1ty, total 

poros1ty, macro-poroslty and nJdrau11c conduct1v1ty were then 

measured from each core as follows. 

Bulk dens1ty 

Bulk dens1ty was calculated as the oven-dry we1ght of 

s01l per un1t volume of s01l ln ~. 

Poros1ty 

Core samples were gradually saturated with water from 

the bottom to the top 1n 24 hours and were then we1ghed. Total 

pore space was est1mated as the d1fference 1n we1ght between 

the saturated core and the oven-dry core expressed as a percent

age of the total s01l volume. 

Macro-pore space (non-cap1llary pores) was cons1dered 

to be the volume of pores dra1ned at 40 cm. water suct10n (Nelson 

and Baver, 1940). Th1s was determ1ned by dra1n1ng the saturated 

cores at 40 cm. water suct10n on a Leamer and Shaw apparatus 

(Leamer and Shaw, 1941) and express1ng the a1r-f1lled pores as 

a percentage of the total volume. 

Hydrau11c conduct1v1ty 

The saturated hydrau11c conduct1v1ty was calculated from 
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measurements of the rate of flow of water through a saturated 

solI core vith a 0.5 cm. constant head of water. The saturat

ed core .as supported on a Buchner funnel and an empty core 

was sealed onto the solI core wlth masklng tape. The constant 

head of water was malntalned by a constant level reservolr and 

the outflo~ ~~ collected ln a graduated cyllnder. 

2.7. Aggregate stablllty 

Composlte samples were produced by bulklng the samples 

from each of the four sample areas. Aggregate stablllty was 

determined by two methods. 

(a) the lnstablllty and permeablllty test descrlbed 

by Wllllams and Cooke (1961). Aggregates 4.78 

to 5.72 mm were usedr and 

(b) dry and wet stablllty of aggregates by slevlng. 

The freezlng pre-treatment used ln the Wlll1ams 

and Cooke method was also used ln these tests. 

The solI was allowed to thaw and was then alr

drled and sleved lnto aggregates 5.72 to 9.52 mm. 

and aggregates 1.0 to 2.0 mm. 

(1) Dry stablllty 

A twenty-gram sample of alr-dry aggregates 5.72 to 

9.52 mm • .as placed ln cyllndrlcal tlns and shaken ln an end

over-end mechanlcal shaker osclllatlng at a speed of 50 r.p.~. 

for one half-hour. The solI was then sleved for two minutes 

over sleves of slzes 5.72 mm., 4.78 mm., 2.0 mm., and 1.0 mm. 
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The aggregates on each sleve were welghed and the me an welght 

diameter (van Bavel, 1949) of stable aggregates was calculated. 

(11) Wet stablllty 

A twenty-gram sample of alr-dry aggregates 1.0 to 2.0 

mm • .as placed ~n a 1.0 mm. sleve and osclllated ln water at 

JO strokes per mlnute with a stroke of 1.5 lnches for two 

minutes. The solI remalnlng on the sleve was welghed and ex

pressed as a percentage of the lnltla1 welght. 

2.8. Dry matter of plants 

Ears, when present, were separated from each plant. 

The separated plant parts were cut lnto sectlons of less than 

6 ln. length, oven-drled at 10SoC for 48 hours, and welghed. 

2.9. Rootlng depth 

A spade was used to cut a trench at a radlus of two 

feet from the stem of the plant to a depth of approxlmately 

1 foot. A deeper trench was then dug on one slde of the plant, 

whlch .as then pulled out of the ground. The depth of the 

root system was then measured on the slde of the trench. 

2.10. Ralnfall 

Ralnfal1 records of the ralngauges nearest to the 

sltes, were obtalned from the Mlnlstry of Works and Hydraullcs, 

Port-of-Spaln, for calculatlng the water use by corn on these 

so11s. 



IV. RESULTS AND DISCUSSION 

1. Soil moisture retention 

The soil moisture characterlstlcs of the five soils 

are shown in Fig. 2. The moisture contents obtained with the 

Haines apparatus (pF 0 to 2.0) are means of two values. Those 

obtalned with the pressure-plate and pressure-membrane apparatus 

(pF 2.0 to 4.2) are means of eight values. 

The initial bu1k densities and thelr standard errors 

for the soi1s are shown in Table 3. Bu1k denslty values of cores 

of the cultivated and uncu1tlvated soi1s are a1so shown. 

Table 3. Initial bu1k densities of samp1es used in moisture 
retention measurements compared with bu1k densities 
of undisturbed soi1 cores 

Initial Bu1k denslty 
bu1k denslty of solI cores g.cm.-3 Soi1s 
g.cm.-3 cu1tlvated uncu1t1vated 

--~--~--~------------~ 
Cunupia si1ty clay 10am 1.52~0.03 

Montserrat clay 0.83±0.06 

Piarco sandy clay 10am 1.45t0.02 

River Estate 10am 1.4~0.04 

Ta1paro clay 0.9~0.07 

1.16 

1.15 

1.26 

1.06 

1.28-1.42 

0.95-1.08 

1.29-1.49 

1.34-1.41 

1.23-1.44 

With the exception of Montserrat clay, the wettlng and 

drying curves show increase in moisture content with increaslng 

23 



24 

e· Cunup1a s11ty clay loam x 

Montserrat clay 0 

P1arco sandy clay loam • 90 

R1ver Estate loam A 

'" Talparo clay • 80 

" \ \ 
70 \ Wett1ng ---

\ Dry1ng 

~ 
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" 
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F1g. 2. Mo1sture retent10n curves 



clay content of the solI. The hlgh molsture contents of 

Montserrat clay can be attrlbuted to lts hlgh swelllng pro

pertles. 
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The curves show some dlscontlnulty between the molsture 

retentlon measured ln the Halnes apparatus, the pressure-plate 

apparat us and the pressure-membrane apparatus. The two factors 

responslble for thls are 

(a) the dlfferent plate lmpedences of the three 

membranes, and 

(b) the s1ze of the app11ed pressure lncrement. 

(a) plate lmpedence effects 

The lncreaslng plate 1mpedence (s1ntered glass < 

porous plate < cellophane) 1ncreases the tlme necessary to 

achleve equlllbrlum and lncreases the equl1lbrlum molsture 

content (Hlllel and Mottes, 1966). Hence plate lmpedence 

effects tend to cause the equlllbrlum m01sture contents to be 

lncreased as pF ls lncreased uSlng slntered glass, porous plate 

and cellophane membranes. The curves of Montserrat clay and 

Cunupla sllty clay loam seem to have been affected ln thls 

manner. 

(b) pressure lncrement effects 

The appllcatlon of any glven pressure ln one large 

lncrement, c.f. several small lncrements reduces the amount of 

water retalned by a solI (Davldson, ~ !l., 1966). 3mall ln

crements (3 to 30 cm. water) were made when the Halnes apparatus 

was used, W!lereaS large lncrements were made when the pressure-
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plate and pressure-membrane, apparatus were used. Hence the 

pressure lncrement effects tend to cause the equlllbrlum 

molsture contents to be decreased as pF ls lncreased. The 

curves of Talparo clay, Rlver Estate loam, and Plarco sandy 

clay loam seem to have been affected ln thls manner. 

2. Avallable water capaclty 

A comparlson of the molsture contents of the solls at 

fleld capaclty and the equlvalent pF values ls shown ln Table 

4, whlch also shows a comparlson of the permanent wlltlng per-

cent and flfteen bar percent values. 

Table 4. Comparlsons of (a) fleld capacltles and equlvalent 
pF values, and (b) permanent wlltlng percentages and 
flfteen bar percentages of the solls 

Solls F.C. 

Cunupla sllty clay loam 2~0.54 

Montserrat clay 65,t0.50 

Plarco sandy clay loam 2J±0.46 

Rlver Estate loam 3J.t0.6l 

Talparo clay 40+0.53 

Equlv. pF P.W.P. F.B.P. 

2.6 l7±0.27 l7±0.2l 

2.0 3~0.53 3~0.36 

1.9 9,t0.32 1~0.15 

1.6 11±0.49 l2±0.39 

2.3 2J.t0.45 2~0.24 

Wlth the exceptlon of Cunupla sllty clay loam, the pF 

values equlvalent to fleld capaclty are generally low (below 

pF 2.5) and lncrease wlth lncreaslng clay content of the solI. 
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The use of dlsturbed solI samples may have eontrlbuted to the 

low equlvalent pF values because of the lack of natural 

structure. 

The equlvalent pF values are also affeoted by the 

lnltlal bulk densltles of the so11s. The lnltlal bulk densltles 

of Cunupla s11ty clay loam and Rlver Estate loam were hlgher 

than the bulk densltles of undlsturbed solI oores, whereas 

those of Montserrat clay and Talparo clay were lower than the 

bulk densltles of undlsturbed solI oores (Table 3). 

Hl11 and Sumner (1967) lndlcated that an lncrease ln 

bulk denslty affects poroslty, and hence water retalned ln 

solI by 

(1) decreaslng the total poroslty 

(2) deereaslng the relatlve amount of large pores and 

(3) lncreaslng the relatlve amount of small pores. 

Studylng the effects of bulk denslty on the molsture 

content of dlfferent so11s over the suotlon range of pF 2.0 

to 4.2, Hl11 and Sumner found lnter !!1! that lncreaslng bulk 

denslty ln olays and olay loams results ln lncreased molsture 

oontent at constant pF, with lncreaslng magnltude as pF 1n

creases. Slnee the lnltlal bulk denslty of Cunupla s11ty clay 

loam was hlgher than bulk densltles ln the fleld, the molsture 

oontents at suotlons of pF 2.0 to 4.2 can be expeoted to be 

hlgher than those for lower lnltlal bulk densltles slml1ar to 

those ln the fleld. Therefore at a lower lnltlal bulk denslty, 

the equlvalent pF value between pF 2.0 and 4.2 for any molsture 
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content is lower. Hence the pF value equivalent to field 

capacity of Cunupia silty clay loam was increased by the high 

initial bulk density. Conversely, low initial bulk densltles 

ln Montserrat clay and Talparo clay decreased the equlvalent 

pF values. 

The inltial bulk denslty of Rlver Estate loam was 

just hlgher than the range of bulk densltles in the fleld, so 

only slight effects can be expected. However, at these low 

suctlons (pF 1.6) when only the large pores are dralned, water 

content ls decreased by lncreased bulk denslty because of the 

reduction in total poroslty and the relat1ve amount of large 

pores. Therefore, 1n thls suctlon range at a lower 1n1t1al 

bulk dens1ty, the equ1valent pF value for any m01sture content 

1s higher. Henee the equlvalent pF value for Rlver Estate loam 

may have been decreased by the hlgh bulk dens1ty. 

The f1fteen bar percentages are ln agreement w1th the 

permanent wilt1ng percentages for the f1ve so11s. 

The ava11able water capac1t1es of the s01ls are shown 

ln Table 5. Bulk d~rs1tles at fleld capaclty were' measured 

d1rectly at the tlme of samp11ng. Those at the permanent wilt-

1ng percent were determ1ned 1n the f1eld when the gravlmetr1c 

m01sture content approached.the permanent wiltlng percentage. 

Volumetrlc molsture contents correspond1ng to the gravlmetr1c 

m01sture contents at f1eld capaclty and the permanent w1ltlng 

percentages of the so11s are also shown in the table. 
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Table 5. Ava1lable water capac1t1es of the so1ls 

F.C. P.W.P. A.W.C. 
So1ls B.D. e B.D. e 1n./ft. 

Cunup1a s1lty clay loam 1.32 35.9 1.37 22.7 1.56 

Montserrat clay 0.95 63.8 1.08 36.7 3.20 

P1arco sandy clay loam 1.32 30.9 1.47 13.4 2.07 

River Estate loam 1.38 44.9 1.40 15.4 3.48 

Ta1paro clay 1.23 50.1 1.38 31.7 2.17 

The measured ava1lable water capac1ty values for 

Montserrat clay, P1arco sandy clay loam, River Estate 10am and 

Talparo clay are h1gher than values normally quoted in the 

l1terature for so11s of s1m11ar texture. Israelsen and Hansen 

(1962) quote values of 1.0 to 2.7 1nches per foot and Marshall 

(1959) quotes values of 0.6 to 2.2 1nches per foot depend1ng 

on the so11 texture. However, Smith (1968) reported that the 

ava1lable water capac1ty of St. Augustine loam, a so11 located 

between River Estate loam and P1arco sandy clay loam was 5 1nches 

per 18 1nches root depth ofAxonopus compressus, i.e., h1gher 

than the values quoted by Israelsen and Hansen or Marshall. 

3. Seasons1 variations in phys1cal propert1es 

Dur1ng the dry sesson (January to May), so11 mo1sture 

content var1ed from field capac1ty to be10w the permanent w11t-

1ng percentage in the f1ve so11s. Core sampl1ng was restr1cted 



to the range of soi1 moisture contents above the permanent 

wilting percentage, when the soil was not too dry. In the 

period of samp1ing in the wet season (June to August), there 

was generally less variation in soil moi sture content which 

tended to be close to field capacity. 
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The results of bulk density, macro-porosity, hydraulic 

conductivity and aggregate stab1lity measurements are summarized 

in Tables 6 and 7. 
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Table 6. Summary of dry season variations in physica1 properties of uncu1tivated soi1s 

Date Water Bu1k Macro- Hydrau1ic Agg[egate stabi1~tl 
1969 content densit, porosity conductivity Dry Wet Instab. Perm. 

w,% g.cm.- ,%v cm./hr. MWD ,% factor cm./hr. 

Cunupia si1ty clay loam 
+0.6 ±.0.03 +4 ±.0.06 ±.2 

10/1 23 1.30 3.6 6 4.98 41;1.·.3 14 1.32 
24/1 20 1.35 3.1 8 4.97 45.2 16 1.26 
7/2 24 1.31 3.9 9 5.03 48.6 14 1.28 

21/2 18 1.35 3.0 5 5.17 44.1 17 1.12 
8/3 17 1.37 2.9 7 4.91 41.6 15 1.15 

21/3 14 1.40 2.8 5 4.69 37.9 19 0.88 
5/4 12 4.76 36.5 18 1.01 

18/4 8 4.71 38.7 19 0.94 

River Estate loam 
+0.01 +0.3 ±.5 ±.0.04 ±.2 

15/1 25 1.36 4.7 32 4.73 32.1 20 0.17 
29/1 23 1.35 4.9 49 1 4.71 35.4 22 0.13 
12/2 22 1.37 4.3 37 4.63 31.6 21 0.12 
26/2 16 1.37 4.1 31 4.29 28.5 25 0.07 
12/3 13 1.40 4.2 25 4.34 27.3 24 0.08 
27/~ Il 4.18 29.4 24 0.10 

9/ 9 4.20 25.2 27 0.04 
23/4 8 4.16 26.7 28 0.06 

~ 
~ 
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Table 6 (cont1nued) 

Date Water Bulk Macro-
1969 content dens1t, poros1ty 

w.% g.cm.- %v 

Talparo clay 
+0.02 +1.1 

15/1 37 1.28 4.5 
29/1 36 1.28 5.4 
12/2 33 1.33 4.2 
26/2 30 1.37 3.8 
12/3 25 1.38 2.7 
27/3 29 1.38 3.1 
9/4 20 1.42 1.4 

Montserrat clay 
±0.02 +0.6 

15/1 58 0.96 4.9 
29/1 59 0.9.5 4.5 
12/2 57 0.97 4 • .5 
26/2 56 0.99 4.3 
18/3 54 1.02 4.1 
27/3 52 1.04 3.5 

9/4 50 1.06 3.0 
23/4 43 1.07 2.3 
7/.5 35 1.08 2.3 

Hydraul1c 
conduct1v1ty Dry 

cm./hr. MWD 

±.3 ±0.19 

6 7.04 
Il 6.98 

6 7.17 
7 7.45 
2 7.22 
1 6.96 
1 6.89 

+4 ±0.12 

17 6.36 
18 6.4.5 

7 6.23 
0 7.38 
1 5.97 
1 6.90 
1 7.30 
1 7.14 
0 7.21 

e 

Aggregate stab111t~ 
Wet Instab. Perm. 
% factor cm./hr. 

±.3 

68.3 8 3.1 
72.4 10 3.2 
79.0 10 3.5 
43.8 15 1.9 
61.3 6 2.8 
69.3 9 2.7 
63.6 Il 2.9 

+4 

75.4 -1 6.3 
76.3 -2 15.8 
79.0 -1 12.5 
71.5 -1 18.5 
70.5 -1 8.0 
72.8 -2 Il.4 
70.5 -1 6.2 
68.9 -2 6.8 
70.8 -2 6.2 

\."J 
N 
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Table 6 (eont1nued) 

Date Water Bu1k Maero-
1969 oontent dens1~3 poros1ty 

w% g.em. %v 

P1arco sandy clay loam 
±.0.03 ±.0.9 

10/1 18 1.35 4.7 
24/1 16 1.38 4.1 
7/2 22 1.32 10.1 

21/2 12 1.47 3.7 
8/3 9 1.47 3.3 

21/3 7 
5/4 5 

18/4 5 

Hydrau110 
oonduot1v1ty Dry 

em./hr. 11WD 

±.4 ±.0.07 

10 4.33 
23 4.87 
42 4.87 

7 5.67 
3 4.99 

4.01 
3.48 
3.20 

e 

Assr~sat~ stab11~~l 
Wet Instab. Perm. 
% factor em./br. 

±.2 

29.6 23 0.09 
27.3 22 0.08 
25.8 26 0.10 
35.0 27 0.18 
30.0 29 0.09 
23 0 6 26 0.05 
21.3 29 0.02 
22.6 35 0.02 

\» 
\» 
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Table 7. Summary of wet season var1at10ns 1n phys1ca1 propert1es of cu1t1vated and 
uncu1t1vated s011s 

Date Water Bu1k Macro- Hydrau11c Aggregate stabl11tz 
1969 content dens1ty poros1ty conduct1v1ty Dry Wet Instab. Perm. 

w,% g.cm.-3 ,%v cm./br. NWD % factor cm./hr. 

Cunup1a s11ty clay loam 

Uncu1tlvated ±.0.02 ±.0.9 ±.3 ±.0.04 +2 

11/6 20 1.35 3.2 4 4.92 49.3 15 1.36 
25/6 21 1.33 3.2 5 4.87 ~0.2 14 1.39 

8/7 22 1.33 3.8 7 4.98 8.6 15 1.29 
25/7 25 1.31 3.7 5 5.08 47.3 16 1.23 

8/8 25 1.27 3.6 7 4.91 49.4 14 1.32 
22/8 27 1.29 3.4 6 4.92 48.3 13 1.30 

Cu1tlvated +0.04 +2.1 ±.4 ±.0.10 ±.3 

11/6 19 1.20 5.7 12 5.21 55.3 Il 1.65 
25/6 21 1.24 5.2 15 5.18 53.7 13 1.72 

8/7 23 1.25 4.9 9 5.09 5lj.~1 14 1.78 
25/7 24 . 1.27 4.6 8 5.23 52.8 14 1.59 
8/8 24 1.27 4.5 Il 5.26 53.4 13 1.38 

22/8 26 1.28 4.9 9 5.08 50.2 15 1.46 

w 
~ 
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Table 7 (cont1nued) 

Date Water Bu1k Macro-
1969 content dens1~3 poros1ty 

w% g.cm. %v 

P1arco sandy clay loam 

Uneu1t1vated ±0.01 ±0.9 

11/6 10 1.39 4.2 
25/6 18 1.35 5.8 

8/7 22 1.32 4.7 
25/7 22 1.33 4.1 
8/8 23 1.32 4.5 

Cu1t1vated ±0.02 ±1.8 

11/6 10 1.19 13.5 
25/6 18 1.17 13.3 
8/7 23 1.20 9.8 

25/7 24 1.18 14.2 
8/8 

Hydrau11c 
conduct1v1ty Dry 

em./hr. MWD 

±9 ±0.12 

9 4.13 
20 4.26 
24 4.~3 
14 4. 7 
15 4.29 

±12 ±0.15 

53 4.21 
29 4.81 
28 4.73 
31 4.36 

e 

Assresate stab111tl 
t'let Instab. Perm. 

% factor em./hr. 

±2 

26.1 26 0.08 
28.2 ~~ 0.08 
29.5 0.10 
30.8 26 0.11 
30.1 24 0.19 

±2 

29.3 24 0.12 
29.7 26 0.10 
27.5 21 0.09 
31.3 25 0.13 

\..l 
\.n. 
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Table 7 (continued) 

Date Water Bu1k Macro-
1969 content densit~ porosity 

w% g.cm.- %v 

River Estate loam 

Uncu1tivated +0.01 ±0.3 

4/7 25 1.35 5.0 
20/7 27 1.38 4.4 
2/8 29 1.37 4.5 

15/8 29 1.36 4.5 
27/8 28 1.38 4.3 

Cu1tivated ±0.03 ±0.8 

4/7 25 1.29 5.7 
20/7 27 1.32 5.8 
2/8 28 1.34 4.9 

15/8 28 1.33 5.1 
27/8 28 1.34 4.9 

Hydrau1ic 
conductivity Dry 

cm./hr. MWD 

±9 +0.09 

39 4.68 
32 4.63 
36 4.81 
37 4.74 
33 4.70 

±9 ±0.18 

54 4.51 
50 4.65 
48 4.91 
38 4.53 
38 4.62 

--

Aggregate stabi1it~ 
Wet Instab. Perm. 

% factor cm./hr. 

+2 

33.4 22 0.18 
29.6 24 0.14 
32.8 21 0.19 
31.5 22 0.16 
33.4 20 0.23 

±3 

38.3 18 0.31 
36.5 20 0.18 
35.4 23 0.15 
35.0 25 0.14 
34.6 26 0.18 

\,...) 

'" 
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Table 7 (contlnued) 

Date Water Bu1k Macro-
1969 content denslt3 poroslty 

w,% g.cm.- ,%v 

Ta1paro clay 

Uneu1tlvated ±0.02 ·+0.9 

20/6 5~ 1.28 4.0 
4/7 1.28 4.6 

20/7 40 1.26 4.2 
2/8 40 1.25 5.8 

15/8 40 1.24 4.5 
27/8 41 1.23 4.2 

Cu1tlvated ±.O.02 ±.2.1 

20/6 37 1.12 9.2 
4/7 35 1.14 6.9 

20/7 41 1.09 6.7 
2/8 41 1.11 7.6 

15/8 42 1.08 7.1 
27/8 43 1.09 5.8 

Hydrau11c Aggregate stabl11tl 
conductlvlty Dry Wet Instab. 

cm./hr. MWD ,% factor 

±J ±0.12 ±J 

7 7.15 73.4 10 
6 7.02 68.9 9 
6 7.08 74.2 6 
8 7.19 72.6 9 
5 7.11 73.8 8 
7 7.23 74.1 7 

±.4 +0.19 ±J 

9 7.41 82.1 6 
8 7.23 78.5 5 
6 7.53 89.3 3 
9 7.49 81.9 3 
7 7.42 79.2 4 
6 7.51 85.6 4 

e 

Perm. 
em./hr. 

2.9 
3.4 
3.8 
3.1 
3.5 
7.3 

6.2 
8.4 

10.3 
8.6 
9.5 

Il.8 

w 
---.] 



3.1. Bulk denslty 

Greater changes were observed ln the bulk densltles 

of the uncultlvated solls durlng the dry season than durlng 

the wet season. Durlng the dry season mean bu1k denslty 

changes measured ln Rlver Estate loam w~re small (1.36-1.40). 

Greater changes were measured ln the other solls, especla1ly 

ln Montserrat clay (0.96-1.08) and Talparo clay (1.28-1.42). 

There was a slmllar trend durlng the wet season (Tables 6 and 

7). F!:@!ll!. é ~e 19 ~. 

Changes ln the bu1k denslty of clay solls are the re

suIt of volume changes caused by swelllng and shrlnkage as 

water ls galned or lost. Thus, durlng the dry season, 10ss 

38 

of water causes shrlnkage ln volume of a unlt mass of solI and 

resu1ts lnan 1ncrease ln bu1k denslty. The extent of the bulk 

denslty change ls, therefore, usual1y re1ated to the clay con

tent and mlnera10gy of a solI. 

Wlth the exceptlon of Plarco sandy clay loam, the ex

tent of the bulk denslty change ls approxlmate1y re1ated to the 

clay content of the so11s (Table 3). The great lncrease ln the 

bulk denslty of Montserrat clay can be attrlbuted to lts hlgh 

content of 2:1 clay mlnerals. The pecullar behavlour of Plarco 

sandy clay loam, however, cannot be explalned on the hasls of 

lts clay content or mlneralogy (Tables 1 and 2). Furthermore, 

no appreclable swelllng and shrlnkage were observed after 

saturatlon and oven-drylng undlsturbed cores of thls solI. 
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A comparlson of the standard errors of the bulk dens1tles 

of uncultlvated solls durlng the wet and dry seasons (Tables 

6 and 7) lndlcates that solI varlablllty at the tlme of sampllng 

was greater durlng the dry season than durlng the wet season. 

At hlgh molsture contents, solI molsture content ls qulte unl

form ln the fleld, but dry1ng occurs ln an uneven manner causlng 

greater varlatlon ln solI molsture content. Sampllng under these 

condltlons may result ln varlat10ns ln bulk denslty due to dlf

ferences ln solI mol sture content at the tlme of sampllng. 

Also, as the solI drles, hardenlng occurs ln clay solls 

to a certaln extent and some loss of coheslon occurs ln sandy 

and loam solls. These factors wlll tend to decrease the pre

clslon of bulk denslty measurements as the solI drles. The 

phenomenon of lncreased bulk denslty varlatlon at low molsture 

contents has been reported by Mlller (1966). The dlfferences ln 

the standard errors, therefore, may be due to dlfferences ln 

(a) solI varlablllty, and (b) the prec1slon of measurement. 

The relatlonsh1ps between bulk denslty and gravlmetrlc 

molsture content for Montserrat clay, Plarco sandy clay loam and 

Rlver Estate loam are shown ln Flgs. 3, 4 and 5. The measured 

bulk denslty values can be consldered as est1mates of the llne 

or llnes drawn for each solI. The rate of lncrease ln bulk 

denslty per unlt decrease ln grav1metrlc molsture percent and 

the standard error of the llne for each solI ls presented ln 

Table 8. 
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Table 8. Rates of lncrease ln bulk denslty and. standard errors 

Ëulk denslty 
SolI Rate of l~crease S.E. 

g.cm. - /% g.cm.-3 

Cunupla sllty 
clay loam 0.0117 0.021 

Montserrat clay 0.0118 w>49% 0.012 
0.0017 w< 49% 0.016 

Plarco sandy 
clay loam 0.0153 0.023 

Rlver Estate 
loam 0.0034 0.013 

Talparo clay 0.0162 w>3l% 0.018 
0.0043 w< 31% 0.019 

The standard errors ln Table 7 lnd1cate that the 

var1ab1l1ty 1n bulk dens1ty at a g1ven m01sture content was 

s1m1lar for the s01ls except Montserrat clay at hlgh m01sture 

contents and R1ver Estate loam whlch were less varlable at a 

constant m01sture content. 

The bulk dens1ty-molsture content relat10nshlps of 

Montserrat clay and Talparo clay are ln agreement wlth that 

predlcted and measured for a swel11ng s01l by Fox (1964), where 

the 1ntersect10n of the two l1nes corresponds to the trans1t10n 

from one d1menslonal to three dlmenslonal contractlon as the 

solI dr1es. The mol sture contents at these polnts, 49 percent 

1n Montserrat clay and 31 percent 1n Talparo clay, therefore, 



represent the molsture contents at wh1ch cracks should Just 

appear 1n the field. These values are ln fact wlthln the 

ranges of m01sture contents at wh1ch craok1ng was flrst no

t1ced. 

Th1s type of relat10nsh1p ls not obvlous 1n the other 

solls. There seems to be a slmple llnear relat10nshlp over 

the entlre range of molsture contents sampled, and the so11s 

d1ffer only ln the rate of lncrease of bulk dens1ty as water 

ls lost. Cracklng was observed ln these solls only wh en the 

solls were too dry for sampllng. Renee, no thIe~ d1mens10nal 

contraot10n 1s apparent from the data for these s01ls because 

they could not be sampled after such contractl0.1 occurred. 

Durlng the wet season, although gravlmetr1c mol sture 

contents of cultlvated and uncultlvated s01ls were slmllar, 

the bulk densltles of the cult1vated solls were lower than 

those of the uncultlvated solls. This effect ls due to the 

lncrease ln macro-poroslty after cultlvat10n. 

The effect of cultlvatlon on bulk dens1ty can be ex

pected to be greatest lmmedlately after cult1vat10n. However, 

thls cond1tlon may be regarded as unstable. If solI molsture 

content remalns constant, there must be a subsequent increase 

ln bulk denslty wlth tlme due to compactlon. The rate of bulk 

denslty lncrease wlll depend on (a) the m01sture content, and 

(b) the extent of the lnlt1al decrease by cultlvatlon. If soll 

molsture content lncreases after cultlvatlon, the swel11ng 

effect of clay wlll tend to oppose the compactlon effect. 



Under these aonditions the direation of ahange of the bulk 

density of aultivated soils will depend on (a) the clay con

tent and mineralogy of the soil, (b) the initial moisture 

aontent and the extent of its change, and (a) the extent of 

the initial decrease by cultivation. 
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In Cunupia silty alay loam, as water aontent inareased, 

the bulk density of the aultivated soil inareased while that 

of the uncultivated soil deareased (Table 7). This indicates 

that aompaation effeats in this soil after aultivation were 

great enough to outweigh the swelling effeats due to increasing 

water aontent. 

In Piarao sandy alay loam, as water aontent increased, 

the bulk density of uncultivated soil deareased wh1le that of 

aultivated soil showed no defin1te ahange (Table 7). Henae the 

opposing effeats were equal in this soil. 

In River Estate loam, the moisture aontent increased 

only slightly during the observed period in the wet season (Table 

7). Hence, the effeat of swelling was limited and the ahange in 

bulk density after aultivation was due mainly to compaation. 

In Talparo alay, the deareases in bulk density of un

aultivated and aultivated soil as moisture aontent inareased 

(Table 7) indiaates that swelling effeats dominated the bulk 

density ahanges after aultivation. 

A comparison of the standard errors of the bulk densities 

measured during the wet season (Table 7) indicates that bulk 

densities of unaultivated soils were more uniform than those 
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of cu1t1vated so11s. This 1s due to a comb1nation of (a) 1n

creased var1abi11ty in so11 moisture after cu1tivat1on, (b) 

non-un1form 1ncreases in poros1ty by cu1t1vat1on, and (c) non

un1form compact1on after cu1t1vat1on. 

3.1.1. Bulk dens1ty and poros1ty 

Mean values of bu1k dens1ty, macro-poros1ty and 

mo1sture content of the f1ve so11s are shown in F1gs. 6 to 10. 

The changes in macro-poros1ty were approx1mate1y re-

1ated to the changes in bu1k dens1ty of the f1ve so11s. Very 

11tt1e change was observed in the macro-poros1ty of Cunup1a 

s11ty clay 10am and River Estate 10am so11s (F1gs. 6 and 9), 

whereas there were fluctuations in the macro-poros1ty of Montserrat 

Clay, P1arco sandy clay 10am and Ta1paro clay (F1gs. 7, 8 and 10). 

Cu1t1vated so11s had greater macro-poros1t1es than 

uncu1t1vated so11s. This effect of cu1t1vat1on was approx1mate-

1y re1ated to the decrease in bu1k dens1ty due to cu1tivat1on. 

The macro-poros1ty of cu1t1vated so11s f1uctuated s1milar1y to 

that of uncult1vated so11s. 

As a so11 core 1s saturated, swe111ng occurs. If 

apprec1ab1e swe111ng occurs, the volume of s011, and hence the 

poros1ty, 1s increased and alterattons in void geometry are in

ev1tab1e. After the application of 40 cm. suct1on, although 

only sl1ght shr1nkage may occur, the value obta1ned 1s a measure 

of the macro-poros1ty of the altered core. The accuracy of the 

macro-poros1ty measurement will, therefore, depend on the extent 
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of oore alteratlon. Durlng oven-drylng, shrlnkage occurs and 

the volume of so11 ls reduced. Thus, the measured total 

poroslty ls lncreased. 

An estlmate of thls effect can be obtalned by comparlng 

the measured total poroslty values wlth total poroslty values 

caloulated from partlcle denslty and bulk denslty measurements. 

Thls comparlson ls shown ln Flgs. Il and 12 for Rlver Estate 

loam and Talparo olay. Measured total poroslty and macro

poroslty are plotted~. bulk denslty values. Calculated total 

poroslty ls represented by the stralght llne. Polnts lylng 

above the llne are due to swelllng and shrlnkage effects. Polnts 

lylng below the llne are due to plant roots and otherlow denslty 

materlal present ln the s.ample, or dralnage of water from the 

saturated core just before welghlng. 

The measured values of total poroslty of Rlver Estate 

loam 11e close to the calculated values (Flg. Il). Henoe, 

the poroslty measurements ln thls solI are not greatly affected 

by swelllng and shrlnkage. 

In Talparo clay (Flg. 12), the measured values of un

oultlvated solI are greater than the calculated values. Hence, 

poroslty measurements ln thls solI are serlously affected by 

swelllng and shrlnkage. The measured values tend to approaoh 

the oalculated llne as bulk denslty decreases. 

Thls ls partly due to the amount of swelllng ocourrlng 

ln the fleld before sampllng. SolI cores sampled at low bulk 

densltles and hlgh molsture contents, when swelllng has oocurred 
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to a great extent 1n the f1eld, can be expected ~o show only 

s11ght volume changes on saturat10n, whereas oores sampled at 

low m01sture oontents and h1gher bulk dens1t1es should produce 

greater volume changes on saturat10n. Measured total poros1ty 

values of cult1vated Talparo clay can, therefore, be expected 

to be low because of h1gh m01sture contents and low bulk 

dens1t1es. The presence of plant roots 1ncluded 1n the s01l 

core may also have been partly respons1ble for the low bulk 

dens1t1es of cult1vated Talparo clay s01l. 

The bulk dens1ty-poros1ty relat10nsh1ps of Cunup1a s1lty 

clay loam and P1arco sandy clay loam were 1ntermed1ate between 

those of R1ver Estate loam and Talparo olay, whereas that of 

Montserrat clay was s1m1lar to that of Talparo clay. 

3.1.2. Hydrau11c oonductlv1ty 

The results of hydrau11c conduct1v1ty measurements are 

summar1zed 1n Tables 6 and 7. The magn1tude of the hydrau110 

conduct1v!ty 1ncreases w1th decreas1ng olay content. Generally, 

hydrau11c conduct1v1ty decreased dur1ng the dry season and 1n

creased dur1ng the wet season. The extent of the change was 

related to the extent of change 1n macro-poros1ty. For example, 

s11ght changes 1n macro-poros1ty measured 1n Cunup1a s1lty clay 

loam and R1ver Estate loam are assoc1ated w1th s11ght changes 

1n hydrau11c conduct1v1ty, whereas larger changes 1n the macro

poros1t1es of the other s01ls are assoc1ated w1th larger changes 

1n hydrau11c conduct1v1ty. 
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In the dry season, the hydraulic conductivity or 

Montserrat clay and Talparo clay decreased to a neg1igible 

quantity as the soil dried. This may be due to the alterations 

of void geometry of the cores by swelling on saturation from 

conditlons of low molsture content and hlgh bulk denslty. 

The effect of cultivation on hydrau11c conductivlty 

cannot be easily demonstrated because of the wide variability 

of this measurement (see standard errors, Table 7). The changes 

in hydraulic conductivity of the cultivated soils seem to be 

determined by the extent of compactlon. For example, ln cultlvat

ed Cunupla sllty clay loam and Rlver Estate loam s011s, where 

compactlon effects were domlnant, hydraullc conductlvlty de

creased as the solI became compacted, whereas no decrease ln 

the hydraullc conductlvlty of cultlvated Talparo clay was ap

parent. 

3.2. Aggregate stabillty 

Summarlzed results of aggregate stablllty measurements 

are presented ln Tables 6 and 7. The four tests lndlcate that 

aggregates of Montserrat clay and Talparo clay were more stable 

than aggregates of the other salIs. 

No slgnlflcant changes (FO~05) were observed on any of 

the solls durlng wet and dry seasons, nor were there any 

slgnlflcant dlfferences between cultivated and uncultlvated 

solls. 



Samp11ng was d1scont1nued when (a) harden1ng 1n 

Montserrat clay and Talparo clay occurred to such an extent 

that sampllng was d1ff1cult, and (b) the other s01ls were so 

des1ccated that, because of a lack of cohes10n, there was 

d1ff1culty 1n obta1n1ng stable aggregates of a large enough 

s1ze to be used for dry s1evlng and the 1nstab1l1ty and per

meab1l1ty tests. 
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Hence, as the s01l dr1ed, there would have been a ten

dency to sample the less stable aggregates of Montserrat clay 

and Talparo clay and the more stable aggregates of the other 

s01ls. Th1s suggests that, 1n fact, the aggregates of Montserrat 

clay and Talparo clay become more stable as the s01l drles, 

whereas the reverse process occurs ln the other s01ls. 

It ls 1nterestlng to note the dlfferent volume change 

propertles of Montserrat clay, Talparo clay and Cunupla sllty 

clay loam ln the lnstab1l1ty and permeablllty tests. These 

solls have h1gh contents of 2,1 clay mlnerals -- 47, 33, and 

37 percent respect1vely. There was a net lncrease 1n volume 

of Montserrat clay aggregates. Talparo clay and Cunupla s1lty 

clay loam aggregates show a relatlve decrease 1n volume, the 

effect belng greater 1n Cunup1a s11ty clay loam aggregates. 

These effects are due to the d1fferent slak1ng propert1es of 

the solls. Th1s 1s supported by data for the permeab1l1ty of 

the slaked aggregates and wet stab1l1ty, wh1ch demonstrate 

permeab1l1ty and wet stab1l1ty decreaslng 1n the order 

Montserrat clay, Talparo clay, Cunupla s1lty clay loam. 
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4. Growth and water use of corn 

S01l and plant samp11ng was d1scont1nued before harvest 

when the author left Tr1n1dad. The observed per10ds of growth 

were 13 weeks on Cunup1a s1lty clay loam and P1arco sandy clay 

loam, 12 weeks on Ta1paro clay, and Il weeks on R1ver Estate 

loam. Some values for dry matter of ears at harvest have been 

obta1ned. 

4.1. Growth of corn 

Corn growth 1s expressed as dry matter accumulat10n 

of stover, ears, and total aer1al plant t1ssue (Table 9, F1g. 

13) and as root1ng depth (Table 9). F1nal dry we1ghts of ears 

grown on Cunup1a s11ty clay loam, R1ver Estate loam and 

Talparo clay are also presented (Table 9). 

The P1arco s1te became flooded after Il weeks growth. 

The water rema1ned on the s1te for at least two weeks and the 

site was 1ater abandoned by the R.F.E.P. The s01l 1s descr1bed 

as 1mperfect1y dra1ned (Chenery, 1952), with 10w permeab1l1ty 

in the subs01l. Under these cond1t10ns the open d1tch surface 

dra1ns, wh1ch were used, proved to be 1nadequat;.!!. Dry matter 

accumulat10n and root1ng depth were reduced, w1th subsequent 

deter10rat10n of plant t1ssue. These adverse s01l cond1t10ns 

a1so prevented the est1mat10n of root depth at 13 weeks growth 

on th1s s01l. 

Root1ng depth was always less than 2 feet dur1ng the 
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F1g. 13. Dry matter aocumulat1on of corn. 



observed perlod. Thls ls ln agreement wlth the flndlngs of 

Foth (1962), Baker and Musgrave (1964) and others, that 

approxlmately 90 percent of the corn roots by welght arè 

located ln the top 12 lnch depth of solI. Rootlng depth 

lncreased at the fastest rate on Rlver Estate loam, reachlng 

21 ln. after Il weeks. 
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Dry matter accumulatlon of total aerlal plant tlssue 

and of stover occurred at the fastest rate on Talparo clay 

and Cunupla sllty clay loam solls. Dry matter productlon of 

ears also followed thls trend. Ears developed earllest on 

Cunupla sllty clay loam, and dry matter of ears exceeded that 

of stover before Il weeks of growth. On Talparo clay, dry 

matter of ears seems to have exceeded that of stover Just 

after 12 weeks of growth. The correspondlng tlme on Rlver 

Estate loam cannot be determlned because the perlod was too 

short. However, at the slow rate of growth experlenced, thls 

can be expected to be at a much later stage. 

In corn, dry matter of ears ls produced largely by 

translocatlon of photosynthetlc products from leaves to the 

developlng ear after polllnatlon (Loomls, 1945). Hence, these 

dlfferences are probably due to dlfferences ln the amount of 

translocatlon. 

Dry matter productlon was not related to root depth. 

The slowest rate of dry matter accumulatlon occurred on Rlver 

Estate loam desplte the fact that root depth lncreased at the 

fastest rate on thls solI. Faster rates of dry matter accumula

tlon were achleved on Talparo clay and Cunupla sllty clay loam, 
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Table 9. Rooting depth and dry matter accumulation of aeria1 
plant tissue 

Soi1s 

Cunupia si1ty 
clay 10am 

Piarco sandy 
clay 10am 

River Estate 
10am 

Ta1paro clay 

Rooting 
Wks~ after depth 
p1anting (in.) 

7 
9 

Il 
13 

Final 

7 
9 

Il 
13 

Final 

7 
9 

Il 
Final 

6 
8 

10 
12 

Final 

9 
12 
18 
21 

8 
12 
15 

9 
18 
21 

6 
12 
18 
18 

Dry matter 
(g. per plant) 

Stover Ears Total 

37 
148 
178 
184 

16 
68 

126 
113 

26 
81 

198 

24 
112 
209 
224 

6 
89 

194 
244 
485 

o 
27 
56 
59 

o 
27 

105 
233 

o 
15 

121 
208 
266 

43 
237 
372 
428 

16 
95 

182 
172 

26 
108 
303 

24 
127 
330 
432 
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although root depth lncreased at slower rates on these solls. 

The atmospherlc envlronment (alr temperature, humldlty, 

wind speed, llght lntenslty and day length) can be consldered 

essentlally slmllar on the four solls desplte dlfferences ln 

plantlng date. The dlfferent growth and development patterns 

experlenced by corn on these solls must be caused by dlffer-

ent solI envlronment factors. The solI factors affectlng growth 

and yleld of a crop can be consldered to be (a) avallablllty of 

water, and (b) avallabll1ty of nutrlents. A solI property or 

treatment may, therefore, affect these factors elther by af

fectlng the concentratlons of water and/or nutrlents, or by af

fectlng the ablllty of plants to absorb them. 

4.1.1. Avallabll1ty of nutrlents. 

It was not withln the scope of thls thesls to study 

the effects of dlfferent fertll1zer treatments on the yleld ln 

each solI. However, slnce only th~ contro~ plots were used 

for the growth analyses, nutrlent avallabll1ty was not ln

fluenced by fertll1zer appllcation. The extent to whlch yleld 

and growth may have been llmlted by unavallablllty of nutrlents 

can be estlmated from an analysls of the response to applled 

fertlllzers. 

It has been lndlcated by personal communlcatlon wlth the 

R.F.E.P. that: (1) there was no slgnlflcant response to N, P, 

or K at any level on Cunupla sllty clay loamr (2) there was a 

hlghly slgnlflcant response (1% level) to N at the second level 



on Rlver Estate loam; and (3) there was a hlgh1y slgnlflcant 

response (1% level) to P at the second level on Talparo clay. 

Thls lndlcates that growth on Cunupla s11ty clay loam 

was not llmlted by low nutrlent status. The lack of avallable 

N on Rlver Estate loam would have contrlbuted to the slow rate 

of growth on thls solI. Low soll P status on Talparo clay 

would have affected the dlstrlbutlon of dry matter between 

stover and ears by reduclng the amount of translocatlon from 

leaves to ears. 

4.1.2. Avallablllty of water 

Slnce the 2-foot depth of solI .as routlnely sampled 

for gravlmetrlc molsture oontent, and slnce the root systems 

were observed to be contalned only ln thls depth of solI durlng 

the observed perlod (Table 9), thls depth was taken as the 

reference depth for the calculatlon of avallable water. 

Other conslderatlons werea 

(a) Although corn has been reported to remove water 

from soll depths of more than 5 ft. ln the later stages of 

growth (Russel and Danlelson, 1956; Llnscott ~ !!., 1962), 

the amount of water extracted from depths below 2 ft. has been 

found to be relatlvely small (Carlson ~ ~., 1959, Doss ~ al., 

1962); and 

(b) Ralnfall and lrrlgatlon affect maln1y the top 

2 ft. of solI (Russel and Danlelson, 1956). Thus the use of 

the 2 ft. dspth ls justlfled experlmentally. 
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The bulk denslt1es of the 0 to 6 1n. depth of the 

four solls durlng the perlod have been dlscussed ln Sectlon 

3.1. (Table 7). Mean bulk denslt1es of the 12 to 18 1n depth, 

sampled at the same tlmes,are presented ln Table 10. SolI 

molsture content and avallable water ln the 2-foot depth of 

solI were calculated from the bulk denslty and avallable water 

capaclty measurements, assumlng that the 12 to 18 ln. bulk 

denslty was representatlve of the value from 6 to 24 ln. (Table 

10). 

Dally s01l mol sture contents were also estlmated by 

the method of Thornthwalte (1945). For these calculatlons, 

lt was arbltrarlly assumed that the f1rst heavy ra1nfall on 

three or more consecutlve days brought the s01l to fleld 

capaclty. Thls occurred 26 days after plantlng ln Cunup1a 

sllty clay loam and Plarco sandy clay loam, 4 days after plant

lng ln Rlver Estate loam, and 2 days after plantlng 1n Talparo 

clay. SolI molsture contents were then est1mated for the 

preceding and followlng periods. These data are presented 

in Figs. 14 to 17. Estlmated values of s01l molsture content 

correspondlng to the sample dates are also lncluded ln Table 

10 for comparlson with the measured values. 

There was good agreement between the measured and 

est1mated mol sture content values for Cunupla sllty clay loam 

and Rlver Estate loam. The dlfference between measured and 

estlmated values does not exceed 0.6 ln. S1m1lar agreement 

exists ln Talparo clay values except at the elghth and tenth 



Table 10. Mean bu1k dens1t1es of the 12 to 18 in. depth, 
measured and est1mated water contents and ava11-
able water in the 2-foot depth 
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\.J'eeks Bu1k Water content.1n. Ava11ab1e 
5011s after dens1'l;y Est1mated water 

p1ant1ng 12-18" Thornthwa1te Measured in. % 

Cunup1a s11ty 1 1.36 6.09 5.84 0.66 27 
clay 10am 3 1.37 7.22 6.86 1.68 69 

5 1.40 7.43 6.98 1.80 74 
7 1.42 7.60 7.18 2.00 83 
9 1.39 7.34 6.83 1.65 68 

Il 1.41 7.41 6.96 1.78 74 
13 1.40 7.48 7.17 1.99 82 

P1arco sandy 1 1.25 6.07 5.56 2.56 54 
clay 10am 3 1.23 7.32 6.83 3.83 81 

5 1.23 7.57 7.21 4.21 89 
7 1.261 7.74 7.86 4.86 103 
9 N.D. 7.48 9.12 6.12 129 

Il N.D. 7.55 10.59 7.59 160 
13 N.D. 

River Estate 1 1.41 10.13 10.08 6.g2 94 
10am 3 1.41 9.53 9.97 6. 1 92 

5 1.43 9.98 10.19 6.63 95 
7 1.41 8.03 8.46 4.96 71 
9 1.44 10.35 9.94 6.44 93 

Il 1.43 10.36 9.81 6.31 91 

Ta1paro clay 0 1.35 8.69 8.21 1.15 37 
2 1.30 10.34 9.76 2.70 88 
4 1.33 9.46 9.48 2.42 79 
6 1.34 9.84 10.06 3.00 97 
8 1.31 9.29 10.34 3.28 106 

10 1.30 8.77 10.86 3.80 123 
12 1.30 10.34 10.65 3.59 117 

1N.D. -- not do ne because the so11 was too wet. 
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week after planting, when the measured moi sture contents ex

ceed the estimated values by 2 in. or more. In Piarco sandy 

clay loam, there is similar agreement up to 9 weeks after 

planting, but the last estimated value is more than 3 in. 

below the measured value. 
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Differences between measured and estimated moisture 

contents can be explained on the hasis of the assumpt10ns made 

in the calculations. Measured values may be too high or too 

low if there are large changes in bulk dens1ty with depth 

between the 6 and 24 in. depth. In each soil, this effect 

1nfluences every calculation to the same extent, and there

fore may cause aIl the values to be over-estimated or under

estimated. The fact that there were large differences between 

measured and estimated moi sture content values only in a few 

instances indicates that bulk density changes w1th depth did 

not constitute an important source of error. The estimated 

values may be too low because of impeded drainage, upward flow 

of ground water or lateral flow within the reference depth from 

surrounding areas. Under these conditions, there is additional 

water within the reference depth which is unaccounted for. 

The estimated moisture contents may be too high if the condition 

exists that the rainfall rate exceeds the soil 1nfiltration 

rate. Under these conditions, water which 1s assumed to enter 

the soil 1s lost by run-off. 

The under-estimations of soil moisture content in 

P1arco sandy Clay loam and Talparo clay when the measured 

s01l m01sture content was above field capacity must be due 



to lmpeded dralnage. Thls would prevent excess water from 

dralnlng through the reference depth. 
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Generally the estlmated mol sture content ls greater than 

the measured value. However, the reverse condltlon exlsts ln 

Rlver Estate loam solI on the thlrd, flfth and seventh week 

after planting. Thls may have been due to upward flow of 

ground water. 

Under the condltlons of hlgh temperature, hlgh humldlty 

and low wind speed whlch exlst ln Trlnldad durlng the wet 

season, the atmospherlc demand for water was assumed to cause 

water stress when the solI mol sture content was 50 percent of 

the avallable water capaclty of the soil. If water stress is 

consldered to be this assumed condltion, then Figs. 14 to 17 

indlcate that thls condltlon exlsted ln the reference depth 

only ln Cunupla sllty clay loam durlng the first eleven days 

after plantlng, and on the plantlng day ln Talparo clay. The 

apparent water stress condltlon ln Talparo clay durlng the 

perlod between elght and eleven weeks after plantlng (Flg. 17) 

was due to under-estlmatlon because of lmpeded drainage, since 

the. solI was found to be at fleld capaclty ln two measurements 

made durlng the perlod. 

Flgs. 14 to 16 lndlcate that there were no great 

fluctuatlons ln avallable mol sture between samplings. In 

Flg. 17, the perlod between 8 and Il weeks after planting 

has already been consldered to have been under-estlmated be

cause of lmpeded drainage. 
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Because of the hlgh mol sture contents measured at thls 

tlme, lt can be assumed that no great f1uctuatlons ln molsture 

content occurred. It seems, therefore, that aval1ab1e molsture 

ln the 2-fcot depth measured at fortnlght1y lnterva1s durlng 

the wet season ls a good lndlcatlon of the changes ln so11 

molsture content occurrlng ln these so11s. The same can be 

assumed for the 0 to 12 ln. depth. However, thls assumptlon 

becomes 1ess va11d as the reference depth of so11 ls reduced 

because ralhfa11 addltlons ln molsture and evaporatlon los ses 

cause lmmedlate f1uctuatlons ln sha110w depths of so11. 

Durlng the ear1y growth perlod when root depth was 

essentla11y contalned ln the 0 to 12 ln. depth (0 to 8 weeks 

ln Ta1paro clay and Rlver Estate loam, 0 to 9 weeks ln the 

other s011s)(Tab1e 9), a11 the water ln the 2-foot depth 

was not dlrect1y aval1ab1e to the plants. Durlng thls perlod, 

growth may be more lnfluenced by the water content ln the 

o to 12 ln. depth. Water contents and aval1ab1e water ln the 

o to 12 ln. depth measured durlng thls perlod are presented 

ln Table 11. 

The data ln Table 11, therefore, lndlcate that there 

was molsture stress ln the 0 to 12 ln. depth of Cunupla sllty 

clay loam for the flrst 5 weeks after plantlng, but there seems 

to have been no molsture stress ln the 0 to 12 ln. depth of 

the other so11s durlng the ear1y growth perlod. 

There ls no domlnatlng re1atlonshlp between dry matter 

accumu1atlon and the aval1able water status of the l-foot or 
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Table Il. Measured watercontent and avai1ab1e water in the 
o to 12 in. depth during ear1y growth 

Weeks after Water content Availab1e Water 
So118 p1ant1ng 1ns. ina. % 

Cunup1a si1ty 1 2.51 0 0 
clay 10am 3 2.77 0.18 15 

5 3.09 0.50 41 
7 3.20 0.61 50 
9 3.23 0.64 53 

Piarco sandy 1 2.78 1.28 59 
clay 10am 3 2.97 1.47 62 

5 3.42 1.92 81 
7 3.68 2.18 92 
9 4.06 2.56 108 

River Estate 1 4.00 2.22 64 
10am 3 4.14 2.36 68 

5 4.31 2.53 73 
7 4.39 2.61 75 

Ta1paro clay 0 4.48 0.95 58 
2 5.00 1.47 90 
4 4.74 1.21 74 
6 5.02 1.49 91 
8 5.41 1.88 115 
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2-foot depths of the soils durlng the periode In Cunupla 

s11ty clay loam, where water stress conditions were ex

perienced for more than 5 weeks and more than l week after 

planting in the I-foot and 2-foot depths respectively, total 

dry matter and dry matter of stover accumulated at a faster 

rate than in River Estate loam and Piarco sandy clay loam 

(prior to flooding) where there was no water stress. Total 

dry matter and dry matter of stover accumulated at the fastest 

rate in Talparo clay, wherewater stress conditions were re

stricted to the time of planting. 

Similarly, dry matter of ears accumulated at the 

fastest rate in Cunupia silty clay loam and Talparo clay 

under the different water stress conditions previously des

cribed, whereas dry matter of ears accumulated at a slower 

rate in River Estate loam despite the high available water 

existing durlng the growing perlod. However, the greater 

amount of translocatlon of dry matter from leaves to ears on 

Cunup1a s1lty clay loam could have been caused by the long 

perlod of water stress experlenced on thls solI. 

4.2. Watet use 

Water use by the crop grown on Cunupla s11ty clay 

loam, Rlver Estate loam and Talparo clay so11s was calculated 

from ralnfall and estimated soil molsture content data for the 

observed period of growth. The estlmated surplus rainfall was 

consldered to be an estlmate of surface run off plus through 



drainage. Efficiency of water use in terms of the amount of 

dry matter produced per inch of water used during the first 

eleven weeks of growth was also calculated. Thesedata are 

presented in Table 12. 
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Since the rates of water use on the three soils were 

similar, while growth rates were different, it follows that 

the efficiency of water use was directly related to the growth 

rate. 

The differences in the distribution of total dry 

matter between stover and ears in th~ plants grown on the 

three soils have already been discussed. Because of these 

differences, water use eff1ciency related to total dry matter 

production was not directly related to yield. 
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Table 12. Water use by corn grown on three R.F.E.P. soi1s 
during the observed growth period 

Cunupia si1ty River Estate Ta1paro 
clay 10am 10am clay 

Soil water at time 
of p1anting (in.) 6.59 9.84 8.69 

Soil water at end 
of period (in.) 7.48 10.36 10.34 

Change in soil 
water (in.) +0.89 +0.52 +1.65 

Total rainfa11 (in.) 35.57 22.67 33.88 

Surplus rainfall (in.) 
(run off + drainage) 17.12 7.42 6.11 

Total water used (in.) 17.56 14.73 16.62 

Time period (wks.) 13 Il 12 

Average rate of 
water use (in./day) 0.193 0.191 0.192 

Water use efficiency 
ave. of first Il wks. 
growth (g./p1ant/in.) 23.86 20.57 27.49 



v. SUMMARY 

So11 water retent1on, measured for the f1ve so11s 

showed that moi sture contents of the clay so11s were h1gher 

than those for the sandy and loam so11s, due to greater 

swell1ng in the clay so11s. H1gh values in Montserrat clay 

due to swell1ng were attr1buted to 1ts h1gh content of 211 

clay and 1ts low bulk dens1ty. 

Ava11able water capac1ty values for the so11s were 

found to be greater than the values normally quoted in the 

11terature for so11s of s1m11ar texture. 

Seasonal changes in mo1sture, bulk dens1ty, poros1ty, 

hydrau11c conduct1v1ty, and aggregate stab111ty of the f1ve 

so11s were stud1ed by fortn1ghtly measurements. Uncu1t1vated 

so11s were stud1ed dur1ng the dry season and both uncult1vated 

and cult1vated so11s were stud1ed dur1ng the wet season. No 

stud1es of Montserrat clay were made dur1ng the wet season. 

Genera11y, greater changes in bulk dens1ty were ob

served in the clay so11s than in the sandy and loam so11s. 

However, large changes were also observed in P1arco sandy clay 

10am. 

Cult1vat1on caused a decrease in bulk dens1ty due to 

the 1ncrease in poros1ty. The subsequent 1ncrease in bulk 

dens1ty was due to the oppos1ng effects of compact1on and 
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swelllng. The change was, therefore, dependent on the clay 

content and mlneralogy of the solI, the lnltlal water content 

and the subsequent lncrease ln water content of the solI. 

The data lndlcate that unl-dlmenslonal and three dl-

men1lonal, normal shrlnkage occurred ln Montserrat clay and 

Talparo clay wlthln the mol sture range whlch was sampled ln 

the dry season. Only unl-dlmenslonal, normal shrlnkage can 

be detected ln the other so11s. Thls was b~cause cracklng oc

curred at lower molsture contents ln these sOlls, and only a 

few samples may have been obtalned durlng the three dlmenslonal 

phase of shrlnkage. 

Macro-poroslty changes followed the same trend as bulk 

denslty. Measured total poroslty data lndlcate that the 

macro-poroslty changes ln Montserrat clay and Talparo clay 

were greatly lnfluenced by swelllng as the solI cores were 

saturated from dlfferent molsture contents. 

Hydraullc conductlvlty'values of the clay solls were 

lower than those of the loam so11s. Changes ln hydraullc con

ductlvlty were related to changes ln macro-poroslty. There 

were small changes ln the sandy and loam solls whereas there 

was a drastlc reductlon ln the clay solls as they drled. Thls 

effect ln the clay solls was attrlbuted to the alteratlon of 

vold geometry by swelllng on saturatlon of the solI cores. 

Dry and wet aggregate stablllty changes throughout the 

wet and dry seasons were not slgnlflcant (FO.05) nor were the 

effects of cultlvatlon. Dlfferences ln the lnstablllty factors 
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of Montserrat clay, Talparo clay and Cunupla sllty clay loam, 

solls wlth slmllar contents of 2:1 clays were attrlbuted to 

dlfferences ln thelr slaklng propertles. 

Growth of corn was studled on Cunupla sllty clay loam, 

Plarco sandy clay 10am,Rlver Estate loam and Talparo clay. 

Dry matter of stover and ears and depth of rootlng were 

measured every fortnlght. SolI water content was calculated 

for the 2-foot depth from measurements made at the same tlme. 

Dally solI molsture was also estlmated by the method of 

Thornthwalte (1945). 

SolI water ln the top two feet was greater than 50% 

of the avallable water capaclty ln aIl the solls for most of 

the observed perlod. However, there were dlfferences ln the 

growth rate and the dlstrlbutlon of dry matter on the four 

solls. There was, therefore, no domlnatlng relatlonshlp 

between growth rate and avallable water, nor was there a re

latlonshlp between growth rate and rootlng depth. 

The effects of dlfferent levels of N, P, and K 

fertlllzers lnd1cate that no nutrlent was llmltlng on Cunupla 

s11ty clay loam, whereas N, and P were 11mltlng on R1ver 

Estate and Talparo clay respectlvely. 

D1fferences 1n dry matter d1str1but10n seem to be 

due to d1fferences 1n the amount of translocat10n of photo

synthet1c products to the ears from the leaves. The data 

suggests that th1s process was 1mpeded ln Talparo clay be

cause of low P content, and may have been enhanced 1n 



Cunupla s11ty clay loam by early water stress ln the top 

l foot depth of so11. 

The average rates of water use by corn on the four 

so11s was slml1ar, and water was not the 11mltlng factor ln 

corn growth for any of the so11s. 
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