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ABSTRACT 

Morphological studies of some of the dark clay soils of Puerto Rico 
indicate that they are similar to the black or dark soils of the Tropics and 
of other areas now mostly classified as Vert isols and some as Moll isols. 
T hey are clayey with high saturation and porosity. Small pores predomi
nate, however, resulting in low hydraul ic conductivity and poor internal 
drainage. They are alkaline, soil pH increasing with depth . Organic mat
ter is generally high in the surface horizons. Quartz is the dominant min
eral in the silt fract ion, but lesser amounts of fe ldspars are presen t in 
all the soils. Montmorillonite is the dom inant clay mineral with kaolinite 
and quart z occurring in trace to small amounts. Montmorillonite a nd 
kaolinite, in some profiles, showed a greater degree of crystallinity by 
their more sym metrical diffra ction peaks. X-ray diffraction results for 
the Aguirre and Guanica soils were ind icat ive of a minimum amount of 
weathering. T he clay minerals in the surface horizon of the Poncena and 
Camagliey soils showed a small amount of weathering. The data avai l
able indicate that the dark clay soils of Puerto Rico meet many of the 
requi rements of the Pellusterts, Pelluderts, and Rendall soi l groups. 

INTRODUCTION 

Puerto Rico is a tropica l island with a wide range of rainfall, an as
sortment of parent materials, and variable geomorphic situations that 
have given rise to diffe rent soils within relatively small distances (10) . 
Some of them are black or dark clayey soi ls which are sim ilar to those 
previously known as rendzina (southern United States), regur (India), 
black cotton soils (Africa ), and t irs (Morocco). For some of them the 
name Grumusol was previously used. T hey are now class ified, according 
to the U.S. Soil Taxonomy, most ly as Vertisols and some as Mollisols 
( 14). In an attempt to relate some of the soils of Puerto Rico to this group 
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of tropical black or dark soi ls, selected profiles were studied. Emphasis 
was given to the characterization of the morphological, physico-chemical 
and mineralogical properties of the complete profiles. This was done to 
gain a better understanding of the interrelationships among these dark
colored soils both from the viewpoint of soil classification and future 
agricultural development. 

MATERIALS AND METHODS 

The profile sites were as follows: Aguirre clay, El Anegado in the Lajas 
Valley; Guimica clay, recently drained Guan ica Lagoon, north of the 
main drainage canal, Lajas Valley; Poncena clay, road 114, km 124.6, 
Ponce; Santa Clara clay, road 111, km 3.2, Moca; Camagi.iey clay, road 
11 1, km 4.3, Moca. Profile descriptions were writ ten according to 
standard USDA procedures (16). The Ponceii.a profi le was taken from a 
cultivated area, while the other four came from virgin areas. Only one 
representative profile of each series was studied. To insure a proper 
morphological study of the profiles and to facilitate the sampling, a pit 
was dug 4 feet wide, 4 feet long, and as deep as required to reach the 
parent material. 

Undisturbed soil cores (3 x 3 inches) were taken from the different soil 
profile layers with an Uhland 3 sampler for physical determinations. 

Hydraulic conductivity determinations were made by measuring the 
rate at which water was moved through a column of soil by a known head 
of water. Soil cores were saturated with water after air was removed by 
placing the cores in a desiccator and applying a vacuum. Hydraulic 
conductivity values were calculated according to the method outlined in 
USDA Agricultural Handbook No. 60 (17). 

Quick drainage was determined by placing the saturated soil cores in 
Buchner funnels at 60 em of tension and measuring the amount of water 
that drained in 15 minutes. Quick drainage is expressed as a percentage, 
which is obtained by dividing the volume of water drained by the volume 
of the soil and m ultiplying by 100. 

The saturated soil cores were then placed on a 60 em-tension table 
until equilibrium was attained. T he water retained by t he soil at this 
tension was expressed as a pF value for the 60 em tension. The cores were 
dried at 110° C and weighed. As the original volume of the cylinder was 
known , bul k density of the soil was calculated by dividing the weight of 
the soil by its volume. Pore space was t hen calculated. 

'Trade names are used in this publication solely for the purpose of providing specific 
information. Mention of t rade names does not const itute a guarantee or warranty of the 
equipment by the Agricultural Experiment Station of the University of Puerto Rico or an 
endorsement over other equipment not mentioned. 
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Silt and clay samples were prepared for X -ray diffraction analysis 
according to procedures described in earlier publications (7, 8, 9). 

For differential thermal analysis the clay fraction ( <2~) was saturated 
with magnesium using a magnesium acetate solution at pH 7. Approxi
mately 1.5 g of clay was placed in a 100 ml centrifuge tube, 40 ml of 1.0 
N magnesium acetate added and shaken for 5 minutes. T he sample was 
then centrifuged and the supernatant liquid decanted . The magnesium 
acetate t reatment was repeated 3 t imes, after which the sample was 
washed with 20 to 25 m l portions of 95% ethyl a lcohol until the 
conductivity of the supernatant liquid was too low to be read on the 
conductivity bridge (Model R-26, Industrial Instruments). Following the 
last alcohol washing the sample was dried at 65° C and ground to pass a 
60-mesh sieve. The dry clay sample was placed in a desiccator containing 
a slurry of magnesium nitrate and a llowed to come to equilibrium with 
the atmosphere (55 to 60% relative humidity at 25 ° C ), after which it was 
ready to be analyzed. 

T he X-ray d iffraction unit used was a North American Phillips 
high-angle goniometer model equipped with a copper target tube. 

Cation exchange capacity for the soil was determined according to 
Method 19 of USDA Agricultural Handbook No. 60 ( 17). Soluble salts 
were removed prior to the analysis. Calcium carbonate was removed from 
the samples and t he cation exchange capacity was again determined as 
outlined above . Calcium carbonate content was determined on the basis 
of acid neutralizat ion according to Method 23C of Agricultural Hand
book No. 60 (17) . T he exchangeable cat ions were displaced wit h 1.0 N 
ammonium acetate and determined wit h a Beckman Model DU flame 
photometer . 

Organic matter was determined according to the wet oxidation method 
proposed by Peech et a!. (12). The pH was determined on a 1:2 soil water 
paste which was allowed to stand for one hour prior to taking t he reading. 

RESULTS 

MORPHOLOGICAL PROPERTIES 

The Aguirre and Guimica clay soils, developed from calcareous parent 
material, occur in t he valleys of the arid and semiarid region . They are 
characterized by a dark-colored, plastic, sticky, alkaline clay . The soil 
structure is moderately developed in the surface horizon and becomes 
weaker with depth . The soils have a highly expansive type of clay 
mineral which causes them to crack upon drying. Soil reaction is alkaline 
and gypsum crystals are found at t he lower depths. T hese soils become 
waterlogged after heavy rainfa ll due to poor drainage . 

The Santa Clara and Camagiiey clay soils occur in the humid section 
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of the soft limestone belt. They occupy low undulating hills . The surface 
horizons are characterized by a black or dark-colored, plastic, calcareous 
clay. Soil structure is moderately developed in the surface horizons but 
becomes weaker with depth. T hese soils are sticky when wet an d crack 
upon drying. T hey have good surface drainage since they occupy the 
slopes, as contrasted to the Aguirre and Guimica clays which occupy low, 
nearly level lands . T he Santa Clara and Camaguey soi ls are alkaline in 
react ion, and limestone fragments are found throughout the profile. T he 
parent materials of these soils a re calcareous as are those of the Aguirre 
and Guimica clay soils. 

Areas of Ponceiia clay, in the sout hern part of the island, are 
characterized by a black clay in the surface. This soil , like those 
previously describ ed, becomes plastic and sticky when wet and cracks 
upon drying. Large lime concretions are present at the lower depths of 
t he profile. T he parent material is calcareous. 

In general, all five soils are characterized by a black or dark-colored, 
plastic clay in the surface . T he soil structure is moderately developed in 
t he surface and becomes weaker at lower depths. T he soils crack upon 
drying and become sticky when wet. They are difficult to plow under wet 
conditions. T he parent materia ls are calcareous and lime concretions are 
generally found throughout the profil es. Gypsum may be found at the 
lower depths of t he Aguirre and Guimica clay. 

T he morphological data obtained in this study describe some of the 
soils of Puerto R ico that tend to be similar to the black or dark-colored 
soils of the tropics and other soils of the world, inc! uding the soils of Ind ia 
(Regur), Morocco (Tirs), Africa (Black Cotton Soils), and the southern 
United States (Rendzina) previously known as Grumusols, Chestnut, 
Chernozem, Brunizems, Rendzinas, and others (1,4, 13, 15, 18, 19) . These 
soils according t o the new soi l classification scheme, are now classified as 
Vertisols and Mollisols . 

PHYSICAL PROPERTIES 

The physical propert ies of the soil profiles a re presented in table 1. The 
hydraulic conductivity is low to very low, except for the 0- 3 in. and 3-12 
in. horizons of the Aguirre profile and the 39- 63 in. horizon of the P onceiia 
profile. Structural condit ions seem to be responsible for this difference. 
In the Aguirre clay soil t hese high values may be due to t he presence of 
cracks and coarse to medium size pores, while in t he Ponceiia clay the 
presence of many coarse concretions may have some effect on the rate of 
water movement through the soil. Although the rela tionship of porosity 
a nd the rate of water movement is not well understood, it is known that 
t he content of large pores is the im portant factor in water movement 
through the soil. Proportion of large pores, soil texture, volume changes, 
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TABLE I.-Physical properties for five soil p rofi les of dark clay soils of Puerto Rico 

Soil type 

Aguirre clay 

Guanica clay 

PoncPii a clay 

Depth 

In 

0-3 
3-12 

12-32 
38- 60 
60-72 

0- 9 
9- 18 

18- 33 
33- 45 
45-60 
60-70 

0-12 
16-25 
25-34 
39-63 

Santa Clara clay 0-16 
16-28 
2[\ cjl 

41- 51 
+51 

Camaguey clay 0 l:J 
15- 28 
28-42 
42- 56 
56-64 
+ 64 

Hydrau li c Qu ic k 
conductivity drain age 

ln/hr 

6.24 
1.75 

.0:3 

.03 

.06 

.26 

.01 

.05 

.005 

.005 

.05 

.50 

.24 

.91 
2.16 

.005 

.005 

.02 

.02 

.005 

.63 

.oo:; 

.005 

.03 

.07 

.05 

% 

6.3 
2.1 

.5 

.7 
1.6 

1.5 
3.4 
2.6 
3.8 
3.6 
5.5 

2.9 
2.2 
2.6 
3.6 

.7 
3.5 

.7 

.9 

.5 

1.8 
2.9 

.7 
u 
1.3 

.9 

Bulk 
densit y 

Clem' 

0.88 
1.00 
117 
1.10 
1.08 

1.04 
1.02 
1.01 
1.07 
1.15 

1.14 

1.17 
1.16 
1.36 
1.38 

.99 
1.34 
1.22 
1.46 
1.33 

1.37 
123 
1.38 
1.30 
1.20 
1.27 

Porosity ~~~;~i~~ 

66.5 
63.0 
55.8 
55.8 

56.4 

60.6 
61.3 
61.9 
59.4 
56.5 
56 .9 

56.0 
56 .1 
413..7 
4R.1 

62.7 
49.6 
54.2 
44.9 
49.8 

48.2 
5~3.6 

47.8 
51.0 
54.6 
52.3 

% 

71.4 
70 .2 
69.1 
69 5 
71.0 

64.7 
60 3 
64 .1 
62 .9 
59.3 
61.0 

:i6 5 
.:i9. 3 
50 .7 
49.2 

59.7 
48.1 
58.7 
4ii .O 

51.1 

50.0 
54.9 
47 .0 
53.2 
54 .2 
53.7 

Water 
reta ined 
pF !.78 

% 
by volume 

66.1 
66.0 
66.7 
66.9 
66.0 

59.1 
.:;8 7 
62.6 
60.9 
f>7.2 
59.3 

54.0 
57.5 
49.6 
47.3 

56.5 
46.5 
57.8 
4:) .9 
50.3 

47.2 
53.9 
4b.8 

52.2 
52.9 
52 .4 

biological channels, and saturation of the pores are among the factors 
which influence the rate of wate r movement through the soil. T hese data 
show that water movement in these soils is relatively restricted and 
indicate the problems that would be encountered m a drainage and 
reclamation project involving these soils. 

T he values obtained for quick drainage (table 1) are relatively low. The 
highest value obtained was in the top horizon of the Aguirre profile, 
which is highly aggregated in the surface . Bulk density values range from 
0.88 g/cm 3 in the surface horizon of the Aguirre profile to 1.46 g/cm 3 in 
the 41-51 in. horizon of the Santa Clara profile. If the entire profile is 
considered, bulk densities for the Aguirre and Guanica profiles are the 



496 JOURNAL OF AG RICU LTURE OF UNIVERSIT Y OF PUERTO RICO 

lowest. These lower b ulk densities a re ind icative of a higher porosity and 
greater water holding capacity, which is corroborated by the data in tab le 
1. 

T he particle size distribution data reported in table 2, show the clayey 
character of all the soils . It is in t eresting to note that the Santa Clara 
profile has the highest co ntent of sand, ranging from 16.1 % (28- 41") to 
42.3% (16- 28 in.) while the Guan ica profile con tains the lowest amount 
which ranges from 2.1 % (45- 60 in.) up to 4.4% (0- 9 in .) . The lowest aver
age clay conten t is found in the Santa Clara soil (46.1%), and in this soil 
the content of sand exceeds the content of si lt in all the horizons except 

T ABLE 2.-Particle size distribution in fi ve profiles of dark clay soils of Puerto Rico 

Soil type Depth Sand Sil t Clay 

In % 

Aguirre <l<.~y 0-3 5.5 31.5 63.0 
3-12 12.1 21.9 66.0 

12-32 9.5 23.5 67.0 
32-38 7.9 25.8 66.7 
38-60 9.0 28.8 62.2 
60- 72 5.5 35.4 59. 1 

Guanica clay 0-9 4.4 43.5 52.1 
9- 18 2.3 38 .4 59.3 

18- 33 2.4 36.7 60.9 
33-45 2.3 31.5 66 .2 
45- 60 2.1 26.2 71. '7 
60- 70 2.4 27.3 70. 3 

Ponceii.n clay 0- 12 9.S 3U ;JS.il 
12- 16 5.U 26.:\ 67.8 
16- 34 5.5 :lfl .1 64.4 
34- 39 4.2 32. :3 63.5 
39- 63 5.9 36.2 57.9 

San, :1 ( :l<.~ra clay 0-16 32.:1 24.2 43.5 
16-28 42. 3 20.3 37.4 
28- 41 16.1 27.1 56 .8 
41- 51 38.1 19.6 42.3 
+ 51 25.5 23.9 50.6 

CamngUcy clay 0-15 24.3 29.6 46 .1 
15-28 23.5 30.6 45.9 
28- 31 10.5 30.5 ~>9 .0 

31- 42 20.6 28.0 ,-,1.4 

42- 56 5.3 28.2 66.5 
56-61 6.4 20.8 69.8 
+ 64 2.8 31.0 66. 2 
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in the 28-41 in. horizon. For the other four profiles the silt content ex
ceeds the sand content. The Aguirre, Guimica, Ponceiia, and Camagiiey 
profiles show approximately the same average clay content, ranging from 
57.8% in the Camagiiey soil to 64.0% in the Aguirre . 

In general, it was found that the soils have a low hydraulic conductivity 
and quick drainage but have a high porosity a nd high clay content. Small 
pores dominate the soil as shown by the high water holding capacity at 
low tensions. 

CHEMICAL PROPERTIES 

Chemical data are presented in table 3. The pH ranged from 6.0 in the 
surface horizon of the Ponceiia profile to 8 .6 in the deepest horizons of the 
Aguirre profile. The comparatively low pH for the P onceiia soil is 
probably due to the effect of organic mat ter a long with a relatively low 
content of exchangeable sod ium and magnesium plus the absence of any 
free calcium carbonate. The pH increased with depth in all the profiles. 

F ree calcium carbonate was found in· a ll horizons of all the profiles, 
except in the first two horizons of the P oncena profile. Much of it 
occurred in the form of lime concretions and lime fragments. T he highest 
a mount (52.6%) was found in the 54-64 in. horizon of the Camagiiey 
profile. 

T he organic matter content of the surface horizons for all profiles is 
high considering that the soils are from a tropical area . The Aguirre and 
Guanica soils are waterlogged during some part of the year, as a 
consequence of poor surface and internal drainage, which makes possible 
the accumulation of the relatively high amounts (up to 11.0%) of organic 
matter. In the Ponceiia, Santa Clara, and Camagiiey profil es the major 
portion of the organic matter occurs in the surface horizon. The 
abundant vegetative growth on these soils is thought to be responsible for 
this condition. T he high clay content, plus the type of clay (montmoril
lonitic) is also thought to be an important consideration in explaining the 
high organic m atter content of these soils . It is generally accepted t hat 
decomposition of humus by biological means is diffic ult when adsorbed 
by clay minerals. In all of t he profiles studied, organic matter content 
decreased with depth. 

Cation exchange capacity values a re quite variable within any profile, 
as shown in table 3. T he Aguirre and Guanica profiles show t he h ighest 
exchange capacities both on the untreated and calcium carbonate-free 
basis. 

The results for exchangeable cations show tha t the Aguirre and 
Guanica profiles contain relatively large amounts of exchangeable 
sodium and magnesium. T he sodium content increased with depth in 
both profiles. Due to the limited amoun t of sample that was available, 
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TABLE 3.-Chemical properties for five soil profiles of dark clay soils of Puerto Rico 

Soil type 

Aguirre clay 

Guanica clay 

Poncefia clay 

Santa Clara 
clay 

CamagUey clay 

Cation exchange 

Organic 
matter 

Calcium capacity Exchangeable cations 

carbonate Depth pH 
equivalent Un- CaCO, Ca Na Mg K 

In % 

0-3 7.2 11 .0 6.6 
3 12 7./ 8.3 6.9 

12-32 8.3 3.5 17.1 
32- 38 8.5 2.0 16.5 
38- 60 8.6 1.1 17.2 
60-72 8.6 .6 20.7 

0- 9 7.6 
9- 18 7.8 

18-33 7.9 
33-45 7.9 
45- 60 7.9 
60-70 8.0 

0-12 6.0 
12 16 7.6 
Hi-.14 7.7 
3t! 09 7.8 
39-63 7.9 

0- 16 7.4 
Hi 28 7.7 
28 41 7.6 
41- 51 7.7 
+ 51 7.7 

0-15 7.5 
15-28 7.7 
28-31 7. 7 
31-42 7.7 
42- 56 7.8 
56- 64 7_8 
+ 64 7.8 

4.6 
2.0 
1.7 
1.2 

.4 

.3 

4.5 
2.0 
1.1 

.7 

.4 

4.7 
1.0 
2.1 

.7 

.8 

4.9 
1.0 
1 3 
.8 

1.0 
1.3 

.H 

10.9 
9.7 

11.9 
13.9 
13.9 
13.5 

5.7 
23 6 
23. 1 

12.4 
23.7 
8.8 

29.4 
20.1 

19.6 
23 .4 
12.8 
24.6 
35.8 
52.6 
29.9 

treated free 

Meq/ IOO gsoil Meq/JOO g soil 

94 .9 91. 3 Calc. 1.7 26.6 3.5 
116.9 100.3 5. 7 39.6 1.2 

8Ci.1 94. 1 14.8 51.4 .8 
/~).:\ 85 9 27.5 46.7 1.0 
74.4 79.6 Gyp. :n.1 38.3 1.0 
60.1 66.3 2H.9 3L3 1.1 

65 .2 74.6 Calc. 4.8 35.4 1.8 
69.5 75 .1 8.3 33.9 1.4 
64.9 75.8 12.1 32.H 1.4 
6;\.:J 73.8 17.3 294 1.4 
59.8 64.3 Gyp. 19.2 22.6 1.4 
56.6 65.8 23.7 25.6 1.6 

60.4 
62.4 
59.9 
35.1 
32.0 

40.8 
27.1 
55 .2 
26 9 
37.7 

38.0 
27.5 
47.0 
34.6 
:18. 1 
:35 .8 
41.3 

55.5 Calc. 
54.0 
53.6 

42.6 Calc. 
33.2 
53.3 
32.2 
42.6 

45.9 Calc. 
34.6 
57.9 
43.6 
64.0 
77.0 
57.7 

.6 

.7 

.9 

.6 

.9 

.3 

.3 

.4 

.4 

4 

.3 

.3 

.4 

.3 

.4 

.3 

.3 

7.2 
7.6 
6.4 
3.5 
4.3 

1.2 
.7 

1.0 
.9 

1.1 

1.6 
.7 

1.1 
9 

1.2 
1.1 
1.6 

.6 

.6 

.5 

.3 

.4 

.3 

.2 

.3 

.3 

.3 

.3 

.3 

.4 

.4 

.4 

.4 

.3 

water-soluble cations were not determined, which might conceivably 
have reduced these values considerably . T he abundance of cations 
undoubtedly influences the physical properties of these profiles , such as 
plasticity, high water holding capacity, and high coefficient of expansion, 
The high rainfall supplemented by good drainage 1s thought to be 
responsible for the relatively low content of exchangeable sodium, 
magnesium, and potassium in the Santa Clara and Camagiiey profiles, 
The Poncena soil is also well drained. In contrast, the Aguirre and 
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Guimica soils are poorly drained and are waterlogged for several months 
of the year, which seems to be responsible, at least in part, for the higher 
exchangeable sodium and magnesium contents of these soils. 

Exchangeable calcium was not determined because calcium carbonate 
and/or gypsum occurred in all but two horizons. 

MINERALOGICAL P ROPERTIES 

X -ray diffraction studies of the silt fraction showed it to be dominated 
by quartz . Lesser amounts of feldspars were present in a ll the profiles 
and in all t he horizons. 

Figure 1 presents X-ray diffraction patterns of 2-micron fractions for 
the Aguirre and Guanica profiles. Montmorillonite ( 17.0 to 18.0A) is the 

176-1101. 
' 

X-ra y Diffraction Patterns 

AGUIRRE CLAY 

GUANICA CLAY 

Profje No. I 

3571. m1. 
' / 

Profle No 2 

60·72' 

0-3" 

45·6CI' 

0 -9" 

FIG. 1.-X-Ray diffraction pattern of the < 2-micron fraction of the Aguirre and Guanica 
profiles. 
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dom inating clay m inera l, with lesser amounts of kaolinite (7 .16 to 7.4A, 
3.56 to 3.57 A) and quartz (3. 35A). Such characte ri stics as plasticity, 
cracking upon dry ing, high swelling, and high exchange capacity of these 
profi les are closely related to the montmorillonitic type of clay mineral. 

The eq ually intense and sym metrical (001) peaks for montmorillonite, 
in the surface and the deepest samples of the Aguirre and Gwinica 
profiles, are interpreted to be indica tive of an approximately equal 
degree of weathering. Since there is no apparent difference in the degree 
of weathering between the top and deepest horizons, the soi ls are 
considered to have undergone a m inimum of weathering. 

Montmorillonite ( 17.0 to 17 .60A) also dominates t he clay fraction of 
the Poncena, Santa Clara, and Camagiiey profiles, as shown in figure 2. 
The amount of kaolinite (7.31 to 7.4A, 3.57 A) present is greater than in the 
Aguirre and Guim ica profiles. Only a trace of quartz was present as 
shown by the X-ray diffrac tion patterns . All t he patterns within the same 
profile were run at the sa me intensity. T he X-ray diffraction patterns of 
the Poncena, Santa Clara, and Camagiiey profiles, indicate that mont
morillonite and kaolinite have a grea ter degree of crystallinity as shown 
by the more symmetrical peaks. However, the deeper horizons show a 
slight ly sharper and more intense peak than the surface horizons, 
indicating some degree of weathering of the clay in the surface. X -ray 
diffraction studies of the clay fraction of the Lufkin soil , a type of clay 
pan (Vertic Al baq ualf) from Texas, showed more pronounced weathering 
between the A horizon and the deepest horizon (8), as compared to the 
last three profiles studied from P uerto Rico. 

In general, on the basis of X -ray diffraction studies, montmorillonite is 
the predominant clay m ineral in a ll the profiles, with kaolinite and 
quartz occurring in trace to small amounts. In the Aguirre and Guanica 
soils the crysta ll inity of mon tmorillonite is poorer than that of the other 
soils as evidenced by the X-ray diffract ion patterns. T he clay fraction in 
a ll the profi les shows a mini mal degree of weathering. In the Poncena, 
Santa Clara, and Camagi.iey soils, kaol inite appears to make up a large 
percentage of clay fract ion . T his is also supported by the values obtained 
for the exchange-capacity determinations. 

Different ial thermal analyses (D.T.A.) for the 2-micron fraction are 
presented in figures 3 and 4. Aguirre (Profile No. 1) and Guimica (Profile 
No.2) show an ini t ial endothermic peak at a temperature between 1.">0° 
and 160 ° C, and indications of a very weak endothermic peak at a 
temperature between 180° and 190° C. A broad and shallow endotherm 
occurs at a temperature of 565 o to 570° C. The firs t endothermic peak 
can be at tributed to the loss of the interlayer water by montmorillonite, 
while the second endothermic peak (565 ° to 570° C) is probably due to 
the loss of (OH) water fro m kaolinite and montmorillonite . T he presence 
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X-ray O•ffraction Patterns 
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3.57A 
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39-63" 

17.3;17.0 1. 
SANTA CLARA CLAY 

Prof•le No 4 

0-16" 

CAMAGUE Y CLAY 

Prof •le No. 5 

•54 

0-15' 

Frc_ 2.-X-Ray diffraction pa ttern of the < 2-micron fraction of the Ponceiia, Santa 
Clara, and Camaguey profil es . 

of both has definitely been established by X -ray patterns presented in 
figure 1. T he exothermic peak, which occurs between 395 o and 420 ° C, 
can be attributed to organic matter. It is in teresting to compare the 
sharp, double, low temperature endotherms of the last three profiles 
with those of the Aguirre and Guanica soils. Since a ll the samples were 
saturated with the same cation, th is var iation is ind icative of a compo-
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FIG. 3. -Differential thermal analyses of the <2-micron fraction of the Aguirre (No. l) 
and Guanica (No. 2) profiles. 

s itional differen ce in t he clay mineral montmorillonite between the 
Aguirre and Guim ica profiles and the Ponceii.a (No . 3), Santa Clara (No. 
4), and Camagiiey (No. 5) . T he sharp endothermic peak that occurs be
t ween 570° and 580° C, in the last three profiles (Nos. 3, 4, and 5), seems 
to be more related to the effect of kaolinite. 

A very sharp exothermic peak is observed at a temperature between 
365° to 378° C in the last three profiles . P reliminary work using the 
method of Deb (3) for the removal of iron oxide, tenatively indicates that 
t his is due to the presence of some form of iron which is crystallized at 
this temperature. According to Mackenzie (11) a sharp peak in the region 
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of 350 ° C, in the absence of organic matter, may be due to ferric oxide gel. 
Further work is needed to identify the material responsible for this 
exothermic peak. 

It is concluded that the D.T.A . curves corroborate the find ings of 
X-ray studies, showing that montmorillonite dominates the clay frac
t ion. However, the D .T.A . results , like the X -ray diffraction studies, 
point out a difference in the clay mineral montmorillon ite found in the 
Aguirre and Guanica soils and that found in the other three soils . Furt her 
studies are needed to estab lish the nature of the difference in the 
montmori llonite foun d in the two groups of soils. Such findings may also 
help to explain some of the physical differences, part icularly the higher 
maximum saturation values for the Aguirre and Guanica soi ls . Similarly , 
an explanation for the higher exchange capacities of these soils may be 
forthcoming. 

DISCUSSION 

Vertisols and Moll isols include most of the black clay soi ls of the 
world, which appear to have some fundamental propert ies in common. In 
looking at the overall picture of the morphological characteristics of the 
black or dark-colored soils of Puerto Rico, they appear to be similar to the 
other black soils of the world, including the soils of India (Regur) , 
Morocco (T irs), Africa (Black Cotton Soils), and the southern United 
States (Rendzina). In general, four of these five profiles have many of the 
characteristics of the Vertisols, while one profile has the characteristics 
of the Mollisols. The laboratory results should prove usefu l in conjunc
t ion with further field studies in t he resolution of the classification of 
t hese soils. Based solely on the laboratory resu lts and the profi le 
descriptions, the Aguirre, Guanica, Poncena, and Camagiiey soils meet 
the requirements of Vertisols, while the Santa Clara soil meets the 
requirements of Mollisols. They are Typic Pelluderts (Camaguey ), Udic 
Pellusterts (Aguirre, Guanica, and Poncena), and Eutropeptic Rendolls 
(Santa Clara) (6). However, it might well be that some of these soils 
would be classified more properly as intergrades between those g ·eat soil 
groups an d subgroups and some other closely related group or subrroup . 

Emphasis was given in the study to t he physico - chem ic~ t l and 
mineralogical characteristics of these soils in order to evalua te t heir 
significance to agricult ure. It is very important to determine the physical 
propert ies of the surface soil and subsoil before dec iding on the 
product ivity status of t he soil in terms of plant growt h . P lants require 
wate r and a ir in addit ion to nutrients for normal growth, which means 
that an abundance of nutrients alone does not make for a productive soil. 

In order to mainta in favorable water and air relationships, it is 
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important that the pore space provide adequate water storage and at the 
same time provide good aeration. It was found that the amount of water 
adsorbed by the soils was high, but the pore spaces were small , as shown 
by the amount of water retained at low tens ion. T his may be a li miting 
fac tor for good plant growth and especially for the deve lopment of a 
strong root system . 

The results ind icate tha t the Aguirre and Guanica profi les have some 
agricultura l problems. Low hydra ulic conductivity, a swelling type of 
clay mineral (montmorilloni te ), high clay content, fine internal porosity, 
and the presence of high a mounts of exchangeable sodium and magne
sium are a mong the properties which wi ll infl uence the productivity of 
these soils . Difficul ties may be encountered when t hese soils are sub
jected to drainage or reclamation . It has been emphasized by Baver (2) 
that the design of a drainage system is primarily dependent upon the 
hydraulic conductivity of t he soil. T he harmful effects of sodium on the 
physical properties of soils have been emphasized (17). Joffe and 
Zimmerman (5) found that a low Ca:Mg ratio behaved like a high Na 
content which is often harmful to normal plant growth. 

Many plant nutrients are held in the soil as exchangeable ions and 
their ava ilability to plants depends on exchange reactions. It was found 
that t he exchange capacities of the Puerto Rico soils investigated are 
high, as shown in table 3. T herefore, t hese soils have t he ability to retain 
relatively large a mounts of exchangeable plant nu trients; however, the 
question of availabi lity of these nutrients remains open to question. 

T he Aguirre and Guanica soils have higher exc hange capaci ties and 
are rather high in exchangeable sodium and magnesium with a small 
a mount of potassium . In contrast the last three profiles are low in 
sodium, magnes ium, and potassium. T he X-ray diffraction and D.T.A. 
studies show that there is a difference in the montmorillonitic clay 
mineral present in t hese two groups, which may account for some of the 
variat ions between these two groups of soils. 

There are many things to be expla ined, not only in relation to the 
morphological, physical, and chem ical propert ies of the soils, but in 
rela tion to the nature of the clay mineral fraction of tropical soils . 
Relatively little is known still of the types of clay minerals which occur in 
P uerto Rico . In general, it was found tha t montmorillonite dominated 
the clay fraction of the soi ls studied . Many of the soil properties, such as 
plast ic ity, st ickiness, swelling an d shrinking upon wetting and drying, 
and exchange capacity, are dependent upon t he clay mineral fraction of 
the soi l. 

It is expected t ha t t he observed relationships of morphological, 
physico-chemical, and mineralogical properties may help to clarify some 
of t he agricultural problems of the dark-colored clay soils of Puerto Rico . 



506 JOURNAL OF AGRICULTURE OF UN IVERSITY OF PUERTO RICO 

RESUMEN 

Los suelos que se estudiaron se ca racterizan por tener una superficie de color negro o gris 
oscu ro. Son pegajosos, plas ticos y tienen una alta capacidad para hincharse y encogerse 
cua ndo se humedecen y resecan, respectiva mente . Generalm ente, Ia estructura del suelo en 
el horizonte superficia l es de desarrollo moderado, pero se debilita cuando se profund iza. 
Los suelos se desa rrollaron de un a matr iz calcarea . 

Las descripc iones morfologicas de algunos de los suelos oscuros arc illosos de Puerto Rico 
tienden a ser simi la res a las de los sue los negros u oscuros de los trop icos y de otras a reas 
incl uyendo los de India (regur), Marruecos (t irs), Africa (black cotton) y del sur de los 
Estados Unidos de America (rendzina), clas ificados ahora mayormente como Vertisols y 
Moll isols segun el nuevo s istema de clas ificacion de suelos de los Estados Unidos. 

De los a nalisis fi sicos se desprende que estos sue los t ienen una conductividad hidrau-

1 ica baja y un desagi.ie in terno pobre. E l analis is mecanico revel a Ia na turaleza a rc illosa de 
estos suelos. Los suelos acusan saturacion hfdrica y una a lta porosidad en Ia que pre
dom inan los poros -pequeiios segu n se deduce de Ia a lta cantidad de humedad que retienen 
a bajas tensiones. 

Los ana lisis qufmicos indi can que todos suelos son de reaction a lcalina, con 
excepcion del hori zonte superficia l del perfi l del suelo Ponceiia . El pH aumenta a medida 
que a umenta Ia profundidad. 

Se encon tro que el nive l de mate ria orgim ica es general mente a lto en todos los suelos. 
Este nivel es espec ialmente a lto en el caso del suelo Aguirre , lo que se atribuye al desagi.ie 
pobre que Jo caracter iza. 

Los perfil es de los suelos Aguirre y Guanica conticnen grandes cantidadas de sodio, 
calcio y magnesia in te rcambiables y rela ti va mente pequeiias ca ntidades de potasio 
in tercambiable. E n contraste , los suelos P onceiia, Santa Clara y Ca magi.iey cont ienen 
grandes ca ntidades de calcio intercambiable pero pequeiias de sodio, magn esia y potasio. 

Los perfiles de los suelos Aguirre y Gua nica ac usa n Ia mayor capacidad de intercarnbio 
tanto en los suelos tratados que quedaron libres de carbonato calizo como en los no 
tratados. 

E l cuarzo es el mineral predo rninan te en Ia fraccion de limo, pero hay peq ueiias 
cantidades de fe ldespatos en todos los casos. 

Los ,Jatrones de difraccion de rayos X y las curvas de analisis term ico difere ncial indican 
que Ia montmorilloni ta es el minera l predominante en Ia fraccion arrillosa con pequeiias 
cantidades de caolinita y cua rzo. En la montmorillonit.a y Ia caolin ita en los ultimos tres 
perfiles se observa un mayor grado de cristalizacion segtl n indican los picos mas s imCtricos 
en sus pat rones de difraccion de rayos X. 

La difraccion de rayos X en los suelos Aguirre y Gua ni ca indica un mini mo de 
intemperizacion. Los minerales en Ia fraccion a rci llosa de los suelos Ponceiia y Ca magi.iey 
revelan muy poca in temperizaci6n. 

A base de los datos dispoil ibles, se puede concluir que los sue los oscuros a rcillosos de 
Puerto Rico Henan muchos de los requisitos de los grupos de suelo. conocidos como 
Pellusterts , Pelluderts y Rendolls. Sin embargo, se requ ieren est udios adi cionales para 
ubicarlos con mayor precis ion dentro de l esquem a de clasificacion de sue los desarroll ado en 
los Estados Unidos, porque a lgunos de estos suelos pueden ser de na t ura leza intermedia 
( intcrgrades) entre est us y utro~ grupos de suelos re lac ionados. 
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