
KhV. 

AGENCY FOR INTERNATIONAL DEVELOPMENT 	 FOR AID USE ONLY 
WASHINGTON. D. C. 20523 

BIBLIOGRAPHIC INPUT SHEET 
A. 	 PRIMARY 

I. 	SUBJECT Agriculture AF23-0000-G339 
CLASSIo 
FICATION a.SECONDARY 

Soil classification and genesis--Puerto Rico
 
2. TITLE AND SUBTITLE 

Field guide to the soils of Puerto Rico
 

3. AUTHOR(S) 

(100) Beinroth,F.H.
 
(101) Puerto Rico. Univ. College of Agr.and Mechanic Arts
 
4. DOCUMENT DATE 	 15. NUMBER OF PAGES 6. ARC NUMBER 

1972 	 1 121p.I ARC
 

7. 	 REFERENCE ORGANIZATION NAME AND ADDRESS 

Puerto Rico
 

8. SUPPLEMENTARY NOTES (Sponsoring Organization,Publiheras,Availability) 

9. 	 ABSTRACT 

10. CONTROL NUMBER 	 11. PRICE OF DOCUMENT 

PN-RAB-101 

t2. DESCRIPTORS 13. PROJECT NUMBER 

Puerto Rico
 
14. CONTRACT NUMBER 

CSD-2857 211(d)
 
15. TYPE OF DOCUMENT 

AID 590-1 44-74) 



" ' '
 .. ..
" " "-" '."*..' ; ' •4 " " , 4... . ."1'. .-'' 


. , . - . • .. : .
: : ... ,,". .4. -. , $ .• . . . . : ., ,(. . -.+ . , 

.' V.• ' ., I"'. ..' •. . , /,. . ,., j t ' ,% . , . . ; • . . 

, I, ., '-' .. • <: : . .a,,. . ., . •. . 

\ , fl rV 4t%1 r'., ". .. , 7<. ' ' ,." 0, 49,,s' .,,.. '/ ' ' • . " . 

,',., 


/ . , '£; - . • ,%-,• ' it. ,-4 A *. . V.•
 

, , ,,, t iv_....
 

. .4-.. 


4 * ' ' I t . , ,'"q ' ' .' + , '' _ ,,S -' - , .A " , 

C, , . .. ,+, ,. . %,.. ..
 

... < N, '... ,4<, :., 

;* , . ,.e
 
... .
 ' . . . " ... ... ." . 

, , 
,.'0,2'. ,. -( ' ,b ; 
,. 


. . . , ,: ...,_ ,.." .. ., . .. : 
., 

.
 + . ... .. 

.. . :. . . , - ; ... . .. 
 '.. , ..% 


* ,4 ; '4. - ::; : ' 4.. -:' :- , : ' " , : , , " 

: ., - ,. " . . .;..:..;:+:,: ,, /:. . .- , ,. ;,',. ' * t.gY-, , ' I. ,., 
. 
. . , ; 

;. . , .- e . ' " ,'" 'r ' ' .:' s .;, ., .'* ." . 
. 4. ' / .. 4 4 4 4.4 . , - + ~~a . . w '. e ..4 , . ' . • , . , 

- '"
 I+' " * - V". ,' --I. .I".I' 

' '4.r. ,,,. + . .,," : '?: .'] " ..'::.. ".t" . . :
•" ;+".;:,'" 


4. . . ';al ' . ' 4' " i '; '" j h"'' " t at' ' d : ' I ;; .. .i . n '':34"' I . 
"
 

3 "; " : ' ,"; '. ; , ''.-/ • { " ' ; . ' 

,,,,. , .,;.'.'-,, • o ..",' • . 


-.,.,,++.,' 2'.'" - 4 • ., 
' 
' ,.. . T ' ; ": " . j . :' " 4, '' 

':"' '." . . + " '',"l4"
' 

",,-.".;"¢'.,'t:,; : ". ' ""#';'':"+,. ' ' ",;h ,J' F ,' . . : :" " ".''"t.
" " . ;+ ' " ! : "- .
 

=" 
•;../:,;.".,-' s:. ',. 4 % ".I' . .. " : 


, '' 41, ' + ',: " , 

',' ," . . -."':- " ' . '.' " ' . '' ,, ." . 

. -4. , ,. 

.:'" '.':"'. t" + :,. " ','. , , " ',",. % ., ,,,'""4, ."" 

.
 

I " ' ' ' '' J ' '4" • - .'' .,, ' ~ ' ( 

, .L.;..;. 
, , " 


:,4'u,:' .'. "4, ': :(.J' 4.4,' 4.4 I, 

( H b s'...ti ceus ,' BeinrothHibisc us .:+," u . .. Ph oto' H 



TROPICAL SOILS INSTITUTE
 

Puerto Rico, July 10 - August 4, 1972
 

FIELD TRIP 1 - "MARICAO" 

Date : 	 Wednesday, 7/12/72 

Objective : 	 To familiarize with a tropical environment in general, 
and with Puerto Rico in particular 

Route : 	 Mayaguez - Maricao - Maricao Forest Reserve -

Sabana Grande - San German - Cabo Rojo - Boque.
 
Cabo Rojo - Mayaguez
 

Soil pits 	 None 

Main Topics 	 Geology, geomorphology, climate and vegci.. 
Puerto Rico; general soil pattern of 6V ?u rzto R . 

Land use patterns (subsistence and coffee farming. 
sugarcane production) 

Extracurricular : 	 Playa de Boqueron, a public beach 

FHB/5-72 



TROPICAL SOILS INSTITUTE Puerto Rico, July 10 - August 4, 1972 

SMAYAGUEZ 

Maricao
 

Marica Forest Reserve
 

Sabana Grande
 
SBoquer6n 

Field Trip 1 "MARICAO" 
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Occurrence 3f OXISOLS in Puerto Rico 
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Co.:a. s of.L ,.orth Coast of Puerto Rico 



APPRC%.F.D B3YPKNTCIPA:, SOTIL CORRELATOR 	 sbiurd 
SOUTif RECICN TSC, 	 6/11,/67 Rov. RIC 2/Li. 

c.rihscnIES 

The Ctitalo corioo is a acrnbor or tho cnrbonatic, icatiYPoJ7r-Ilic r-11? or~ fyPI~C "!l ., 

canaLI to or doup, calcaraous, hran urandn hnvin , ;stmr. than mit pl:.I~clay In rl_,c:ica.y 

(Calera arc2 for w-oit i) 

A I -- 0-4"1 	 -.- Light groy (10YR 7/2) tiond aiz-L vhol l I..,yiotz mi..i *.oi'y .... 2N .,:
 

auhr-undooct riina of' ,quai-tx and 'c' .,:.l: V~ll. '.i. .' ft.,
 
cooc.Aifqr1; ajorLa11 color Itit vorv :. ,(yoi ra 1diimj /):z.q 


3 to 6 irzAU'3 thick. 

AV .- -10" 	 -- Doirk brovwn (ovorziil color) (10Y,( 3/3 iond Dn:.wcli" I -,ot
 
vonlutin). of' light gracy (10yi, 7/)aI~t,, rzxr, rut ooc ~.' .. *
 

misaoiloun vcicanicq; snga corcin, rian!a,ick7( znd C.'
 
strong orrorvouconeu; clauir r-Qzth zcumd,,:y. 4 ta 13 LItr.':
 

C -. 10-50"1 -- Bzo~m (avorrli. color) 10;y. 4/3) oni,: nrd inn thanm f4 i)Ltr:.c. -lilt. . . 

or liq;,t rry (10YlR 7/2) Chiall :'~caral fey ozri: ("I,;; 2 
subroundad valcecnic; ningic .3,uir4 lo:u; r. :;,r r . 

afforvfiocanco- clear ornouth ~cad:.~ to tO i-ttu Lilz.. 

C2 - 50-6011+ -- Grayish brown 5/2) (c.o:zt i~:nd; a.n:>(1oYR 	 ql 

T>pLoaion: Ovisto SCD, Puerto Rico; 2 mil-na noLr.,a of 'tin cit1, of 3..:...c.1 i/ O.ila 

0" Woquila, bridge. 300 fept wnat of dirt rooj. 

Psnrao in Charantorinticin: Tho sandy motoriulz rxtond Lc u~'ccr tha; 5i rt :1.. T-.' 

prot'ila , and. The wand consists of aholl ~ u.-: 'c oir;,I t',. 

orcont o.' silt pluci clay in tho control sar:tic - fr.T 4 to 10 flvi*.. 

rorizona have huas of IOYR and valuc and chrc"-.c of' 2 irf 3. j"Ia. ~rrtv.x 
and Band chromas of 2 and '3. Thosoa clia ara siL,'Ioj, .rL !.n ad ,~itv'c . 

Effervasconca with dilute HACLverin f'criculrht 2(o ,:.olcnt. 

Compotina Serion and thifir Diffcrontiae: rncti cra tho S3T. ir. P?) ~cai~,£ 
f.aroo and Jaucao caries. The St. Luir. 7, (P.R.) liuvif t-c~ Wjl~ farc) :.,,rl-	 !Ia ...... 

Agundilla uciln aro acid. The Ecipinud uallci havv'rr.c.cc thori::ar.t i) *c: : 

ToArunaloa, frcran, and 3aucna coilr3 aru dry ror I.C, . c:,:ja~' e, 

and fiara coils ora nancalcaroous. The Jouc- jr c carc. .Gp. ~l rn~tc Iz 

So ttint~j Tho Catio soilcj occur nlong thin ca-t 71..toz ~ ~ ~ ~ .1 

trom 0 to 5prcent. TM rrigolith con":I at L r . 

00 

ichutandt ha Com ig,andt loco wurn73o F. d r ~n yncd~~ ich aCcruc. 'ai 
a 

ot1 unaitabi.-.zod unva rawwoRad Parrots vtripa of card a2icctr) tllacait 

http:havv'rr.c.cc


CATANO SEIHES
 

vary slow, and parmoability In rapid.Drainn~n and Por in. bhitki Excnanivoly drainOd; runoff 	 in 

of p isturu. :;mll ocruago la in oubsistonce
Ilse nd V!).qat -taian.: fostly on coconuts and undorgroutri 

crops. 

Humid cootol plains or Puorto Rica. Thu ecriou or rodnrnto extent.
[Ointriaut!on randCxtnnt: 

Scrit Entnblished: Puerto [Ico, 1942; Soil Survey of Puerto Rico. 

The Cataflo series was formerly claositied in the Sandy Rqoagool Crat Soil ,.roup.
Rem.ir'os 


Notional Cooporativc 'Lail 5u:vay
 

U. I- C(PARY"I"T OF AGRIC"TUA 101, CON94VATION$IVICE fORTWO THRT j 
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Occurrence of ENTISOLS in Puerto Rico 
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Pineapple Fields in Karst Top9graphy, North Puerto Rico Photo: F. H. Beinr



TROPICAL SOILS INSTITUTE
 

Puerto Rico, July 10 - August 4, 1972
 

FIELD TRIP 3 - "ISABELA" 

Date 

Objectives 

Route 

Soil pit 

Main Topics 

: Wednesday, 7/19/72 

: 1. To study the genesis of an Oxtsol and to see related 
fertility experiments

2. To view subsistence farming (share-cropping) along
the NW coast of Puerto Rico 

: Mayaguez - Moca - Isabela Agr. Experiment Substation -

Isabela - Jobos - Mayaguez 

: Tropeptic Haplorthox (Coto Series) 

: En route: Tropical karst topography 

Isabela : Geomorphology of NW Pu erto Rico; environ
mental characterization; soil genesis and 
morphology; soil water relations; soil manage
ment; fertility experiments 

Jobos : Tropical root crops; share - cropping 

FHB/5-72
 



TROPICAL SOILS INSTITUTE Puerto Rico, July 10 - August 4, 1972 

Jobos 

b ela 
Substation
Fsaield
 

MIAYAGUEZ
 

Field Trip 3 -"ISABELA,, 
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SERIES: Coto 

General Characterization 

Classification
 
Soil Taxonomy: Subgroup: 
 Tropeptic Haplorthox

Family: clayey, kaolinitic, isohyperthermic
Status: finalFAO/UNESCO Legend: Humic Ferralsols1938 Great Group: Reddish Brown Lateritic 

Location of sample SiteLatitude: 18028 ' 2" N Longitude: 67031 25" W Elevation: 131n (430')General Description: Isabela Agricultural Experiment Substation, 400m (1, 300')Nof Km 115.4 on highway 2, next to citrus orchard; Moca Quadrangle 

Climate
 
Mean annual rainfall: 170 cm 
(66")

Mean annual temperature: 
 %25C (770F)Rainfall distribution: maxima in May and NovemberThornthwaite type: B/CA'r - Subhumid to humid tropical 

Vegetation and Land Use

Natural vegetation type: Tropical moist forest

Land use and crop: Experiment site citrus-

Parent Material and Geology

Parent material: 
 Fine - textured sediments ("Blanket Deposits")Parent rock: largely derived from andesitic volcaniclastics, hadGeologic formation: undergone previous weathering cycle; Pleistocene in 

age, overlying Miocene limestones. 

Geomorphology 
Slope: 0
 
Aspect: -

Landform: Slighty undulating plain
Geomorphic surface: Marine (?) degradation terrace of early Pleistocene age. 

Additional Notes:
Sampled from a pit 400 m (1,300) NW of SCS pit S63 PR-6-1; see SSIR #12 pp. 174
and 175. 

Compiled by: F. H. Beinroth Date: 2/17/72 
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30,,jC!,"salfication: Tropeptio Muplorthox; clayey, kaolinitio, 1sohyperther:0O 

.Soil type: Coto clay
 
Soil No.: S63PR-6-l
 

N1ro';te SCD, pucrto Rico, ten miles west of Quebradillas, 200 faet south of kilometer marker
 Location: 

115.0 on highway No. 2.
 

Vagetation end use: Sorra grac.v (Trichachnoe insularia). Used as pasture.
 

Slope ai.dland form: 3 percent. North aeclect. ALluvial fan north of licestone hills.
 

Well drained, with medium runoff. Permeability is moderate.
 
tom weathered limestone and quartzitic sand


D'tnage aid permeability: 

Parert materials : Traiisported sedlirents probably derived 


dcpasitu. 
gaincall: About 50 inches a yeur.
 
Collected by: R. B. Grossman, W. E. McKinzio, R. E. Gierbolint, J. Torres-MAs on September 26, 1963.
 

Described by: R. F. Cierbollni.
 

'larizol ind 

Lab. ?l.mber 

incles, dark bro-n (7.5hR 4/1) silty clay; weak finu granular structure; clightly hard,
Ap 0 to 5 
W.' friable, alightly sticky, slightly plastic; common fine roots; strongly acid; clear smooth
 

bound,. g V. 

A12 5 to 10 ichen, dark brown (7.5YR 4/4) silty clay; week medium subangular blocky atructure; hard, 

18973 firm, sl.,hrly sticky, slightly plastic. conmzon fine roots; comman fine quartz grains; comion fine 
black vu lea; medium acid; clear smooth boundary. Field rnoisture, 31.4 percent. 

(5YR 5/4) coatinl, yellowish 

18974 red OWR 5/8) try; clay : modernte fine skndmedium cubangular blocky structure; frinble, f lihtly 

i.-. .y. slightly plastic; thin discontinuous clay f(his; few fine roite; rc ftio grains; 

B21 10 to 17 i,.,., yellnr'ish red (5YR 5/8) moist with reddfih brown 

i qiartz 

few fii.. lark nodlule,: istrongly acid; gradual snooth bou:;,!>ry. Field moimtare., 30.8 percent. 

b'.2 17 to 25 indict , y llo'-ish red (57', .!3) i. !it, yollowirh r 
',

(5YR /) dryi; clay, '.ik redl,.n 

189;5 sulf miulnr blocky strctuie fvihabte, slightly s sLid:. plnitic; pitchy clay filmslii;htlv thin 

eli pud a .. . runt Oii els; small piecces fail rbr,iptly ulloUslight prenture betwoir lingers 

1/; fou lhwV intr. ; CuAln fin,! pores; ew fLini quartz pralmai; few fint black nodules; black 

coatings ,,long root chnni.i, ; bt.roirgly acid; gradial Fmooth loilrv, Field oa.iutire 34.6 percent. 

yellow; i,rod (5YR 4/8) moist, ycllowah red (5YR 5/6) dry;llay; weak Me:dium
W 3 25 to 36 inches, 
18976 sub.,;igilr blocky FLOe'iruO; friable, slightly urlcky, blightly plastic; thin patchy clay filrs on 

ped ;u. f c,,s root channuls; pieces fail abruptly upon slight pressure between fingers 1/;aci small 
few fine black nodules; black coatings along root coc.,,on ilu por,:; cc.swrtn fine quartz grains; 


channels; , ,,ar tunocth boundary. Field moisture 34.0 percent.
 

)lI; 30, to tiQ tncht, ),elloil;h red (5YR 4/8) with few fine r:d (1.SYR 4/8) and few fine yellowish brown 

18'77 (10YK 5/4) Mortest; clay lon; week iin.! blocky a1tnructuro; friable, sllf!hLly sticky, slightly 
pla;rt.,:; ',v! ped faces; snull pieces fail abruptly upon slight pressure between lingers 1/; few 

'ins orota 'ew fine quartz grains; common fine porr; slightly acid; gradual s.mooth boundary. 

M't 50 to 64 liche1. Sameo as above; split for samplinr,. 
I ::
 

1-,.6 7 to 10 fect auger sample; stront brown (7.5YR 5/8) crushed color; clay loam.
 

18979
 

brown (7.SYR 5/P) cruahed color; clay loam.
27 10 to 12 feet, auger sample; sitrong 

:/ - S :ntrodur'ory part ol the Soil Survey Investigationa Report for an explanation of this and similar
 
.is that ire designed to describe thu failure of the rvaterial in its natural state of organization.
 

Remarks: Colors gi',n are for moist soiL utiless otherwise noted. Upper part of solum was at field capacity
 

and lower ,art of solwm w:.,below field rnFi'ity when sampled. Reaction was determined by Soiltex. Soil
 

tia .-aturee: 26 degrees Ci.: ida at 10 ;.vt , 26 dtegrees C.'tigrade at 11 feet; 25.5 degresa Centigrade at 

12.5 i-et.
 

HIi*evdop (.tLod 7A): B22 ho:i4rn. T;;.e cryatnit. ne clay *i kanlinite and/or hblloys.'.te aloDt exclusivolIy 

according to X-ray evidence. Jleru is a hlut of' a 141 mineral or an inter'tratiried mineral. A conaiderable 

proi A on of t. clay must be X-ray e.or houa. Knoliulto l.ercent*Gea of the clay by differential thermal 

,ialysia are: 56 tiercent - Belcaville 1.Lor tory 
50 j#rcent - Lincoln Labortory. 

http:hblloys.'.te


SOL CLA)FSDICATI'0: Trop.tic Uaplortbox; cla U. I) OtPAI4?MENTfVACYICLTUREy knolinitlc, noyprrhemle c u ONSVIATION.iorut 
iOIl. CONO1.RVATI~lhSCIWIC( 

SOIL - 0t0 clay SOIL Nos. 863Pf-6-1 LOCATIONllroeotc SCD, Norto 1.co 

LABORATORYSOIL SURVEY Lincoln, Nabraeka LAB.Nos. 18972-18980 Januar 1967General ?bthoda: IA, 1mb, 2A1, 2B 
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as1 State fr fl-y Statc Bor rnr 15-1h' (za 4.3S. .? _,, _ __ Pt. PcI. UCC ic rc' - - rJ "rt ./I j : C 150-5 2. 4. 0.25" 10 9.1 1.25 1.30 1.39 ".020123"51 .. 0 4. .85,i 1.69 0.19, 9 9.8 1.30 1.34 1.44 0).02); 28.2 28.0 22.8 007' 3.9_3--.7 L-.f9 .14. 7 IO.i 4-5i.O 1.' 1.41 b.020 7LO-0-(-2 0.6. 0.6 2'9 ."j3.38.020 29.3 0.05..25-36 o 4 0.2-. I4 211.5 4.1 4.6

__3-.5Q_ In... P5 _ .-!1. 1.24 1.25 1.32 .017 31.5 33.3 26.8110 O.08 5.5'.21,3 "5_Q 5.90.09
 
8J4-2C50-64 015T. 11.212.9 1.4d -23./ r - 5.8 6.0.o 

4L..eft'r~o 6fla ,st _2s,~ai.6mia 6L2~o 5A3b Rawtsot.,,t.--- -a-- ... 2a 16- ' . 5 ,a .la1 1- !W .. '11F CA . 5V, 15MI , 'f J 5na IfNAoi,0 act * t Fn A r" 1111
M 4 00 

aatn Q~inl Al QA /03Qr~or " IIClay Ot. P'I0 
___" S P cIp.l

0-5 3.-6 0.9 0.1 
___ 

-"n - - ....... 

04 5.0 20.4 25.4 13.3 0.6 0.5 7.95-10 2.1 0.5 0. 0.1 2.8 i20.0 22.8 10.6 1.4 It 1.7 5.9 

20 
12 262._2 ai.j0 1- ...-0 ._4.t3.. J. _.33._.L.)17-25 3.7 0.6 0.1 0.2 4.5 - i.n ,.21 .6 20.2. 5.6 0.9 3.8. 6.825-36 3.6 (%7 0.1 0.1 22 7811.5 9.7 14.2 5.8 1.8 5.5 32 785A, -i 0o- ..-- ' _0_. jo . - - 5..7 - J -- '.6 50-64 3.7 0.9 37 -- 860.1 1.r 4.7 8.9 13.o 5.5 2.3 7.084-1o20 1.8 

. -

35 850 0. 1 tr 3-9 11.41 15.3 4.9 3.3 5.6 25 80 

-1-2 -13, 1. -01 -L -3 
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CEO 0oc. Fstmnated. 

d. Range In duplicate oloda Jo0.1 g/oA.

0-5 0.1q O.L4 0.32
 
5-10 0.1, 0.141 0.32
 

17-25 0.07 0.13 0.33
 
25-36 0.07 (.14 0.33
 

5o-64 0.0 0.17 00.3
 
-120 0.07 0.18 0.33
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COTO SERIES - Tropeptic Haplorthox 

HorizL.. Depth Extractable Silicon 
cm SO4 S* Saturation 1 1:10 Water 1:10 Phospate 

,A g/g soil Extract 

Si, ppm, solution Si, /Ag/g soil 

Ap 0-13 0 1.86 .1.14 103.8 

A 12 13-25 293 1.18 .58 111.2 

B 21 25-45 265. .82 .51 117.9 

B 24 90-125 553 .42 .30 139.9
 

Unpublished data of R. L. Fox, Dept. of Agronomy and Soil Science, University of Hawaii 

•) Repeated extraction (4 times) with 500 ppm P (CaH2PO4 ) 
Soil: Extracting solution ratio was 1:5 for each extraction 
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APPt OVED DY PRINCIPAL StIL CORREIATOR 	 Tentative Darien 
SJTUI REGION TSC, 6/8/67 	 REG-un, 4/67
 

GUERRERO SERIES 

The GMarroro series is a member of the olayey, oxidic, Loahyperthermic family or Arania PlLnthio Palaudulta# 
thick
 

These sails have/dork brown 	sandy surface horizon. over thick, fine textured 82t horizons. 

Typifying Pedont 	 Cuorroro sand-pesturo and coconuts
 
(Color era far moiat coil)
 

Ap -- 0-10" 	 -Grayish brown (IOYR 5/2) dry, dark bromn (7.5Yfl 4/2) oist, sand; single 
grain; lcoos, nonutioky, nonplatilo; many fine roota; mzdium soLd; cear sm.oth 
boundary. 8 to 12 inch.e thi:k. 

A12 - 10-22" 	 --Derk brown (7.5YR 4/4) tend; aingla groin; lasse, nonaticky, nanpioatiol 
many fine roots; foe fino sort black corcrotiono; madium cold; oluar sooth 
boundary. 8 to 18 inches thick. 

A13 - 22-28" 	 -Yellociah rod (5YR 4/6) lccy cand; ainglo grnin; loans, nonoticky, 
nonpletic; rto tine rental fen block concrations; inadium coid; gor emooth 
boundary. 4 to 10 incho thick. 

B21t - 28-360 	 --Yellowiah red (SYR 4/6) candy cloy; unck coeruo 310-ngular blocky otr~turs; 
firm, slightly uticky, rloatic; vary fto rcoto; con=on tino cart bleck 
concretions; atroj;.nl, cold; aend grainn ara coaoed and Lridgad by rod colored 
clayo; clear wavy boundary. 6 to 10 inchnD thick. 

822t - 36-44" 	 --Strong brown (7.SYR 5/6) cley with copov.n fina proninent rod (2.5YR 4/6), 
and common fine taint dark brain (7.5YR 4/4) rottloe; aaak caarno subangular 
blucky structure firm, clightly oti:ky, plastic; foo rine block conarational 
many tine quartz grains; strongly cold; 10 to 20 percent ro't plinthite; clear 
wavy boundary. 6 to 10 inches thick. 

023t - 44-50" 	 -Strong broon (7.SYR 5/0) clay vith coav.on modlum distinct yellowlsh brown 
(OYn 5/6), coon rin, and mudiu prominont dark red (2.5YR 3/6), end comizon 
moediu prominent light gray (lOYR 6/1) mottles; couk coarao subangular blocky 
structure; firm, clightly sticky, plootic; many tins quartz grainu; vary 
strongly cid; l10 to 20 pcrcent soft plinthite; clear warj boundary. 6 to 8 
inches thick. 

824t - 50-70" 	 -- Yellouish brown (ioYR 5/6) clay with con.non medium proinent light gray 
(aYR 7/1) and tw fine prominant derk rod (2.5YR 3/6) mottloa; waok cocrma 
subongular blocky structuro; fire, slightly sticky, plastic, many Line quzrtz
 
grains; very strongly acid; 5 to 10 percent soft plinthite. 

Tyge Location: (Joroosto SCO, Puerto Ricoa, 1.0 mile wot or the toen of Ilabolal eO foot north and 30 

feet sect of kilometer marker 1.7 of hiqhcay 459. 

Raero in Chnracterioticc: Thuse ails have medium Loid A horizons and strongly or very strongly acid 

82t horizons. Thicknoo or 	the candy A horizons varian from 20 to 40 inches. Tholknass of the srgillio 

horizon is over 50 inches. 	 Colors or surface horizons ranqo in hues of 7.5YR and IOYR, valuer or 4 or 

more and chromes or 2 to 4. Colors or the 42t horJons rnnge J- hli' nP 7.91YR on-g'YA, vlu-q or 4 'nd 

5 and chromvt higher than 5. The q't horizons hav more than 5%nonindurateV .Inthit" nodules. Texture 

or the A horizons 	Is sand and that of the 02t horizons varies rrom emndy aey to clay. Structure of the 

82t horizons ranges from woak modarate to weak coarse cubangular blocky. Base saturation (by sum or 

cations) is loam than 35% at 50 inches below the top or the argillic horizon. The orgonlc matter content 

is less than 1.5% in the upper 6 Inch.s or the argillJc.horizon. 

Competing.Series and t~alr Differentlaes These are the Cabo Rojo, Cidrel, Malazs, Dsjuoos, Rio Lajas, 

3obos and Guenajibo ceries in the came Crest Group. The Cabo Rojo ails have ourface horizons with moist 
less than 4. 

color values of / The Cidral soils have finer textured and thinner A horizons and lack the nonindurstad 

http:atroj;.nl


rUERRERO SERIES. 

plinthite nodules. The Moleza and Bejucos soils have thinner sandy A horizons, lack the plinthite nodules 

end, in addition, the Maleza soils ae redder, with hues redder than 5YR. The Rio Lajas col.s have darker 

surface horizonc- and lean than 35 percent cleay in the B horizons. The Jobos and Guanajibo coils lack the 

thick sandy A horizon. 

Settings The Cuerraro seils occur on gently sloping coastal plains with alops gradients of 2 to 5%. The 

regalith conmiots of coarse over fine textured sediments. The olimate Io hu=id tropical. Thu avorege
 

wnnuel prooipittion in 60 inches end mean annual temperature 75°F. The sen ennuml tail t aporatur. at
 

depth or 20 inches is more than 720F and the difference between mean estor end minter tcapsraturoeisn
 

lese thn 90V.
 

Principal Associated Soils: Those are the computing 3oboa, Rio Lajas and ftlers carlea.
 

Drainage and Permoablityt Excesively drained and slow runoff, permeability is rapid in the surfoce
 

and madoratoly. als in the subsoil.
 

Use end Veyantnticn: Native pasture and subsistence crops.
 

Distribution and Extent: Humid coastal pleins of Puerto Rico. The series is of Pinor oxtent.
 

Sories Prcpneod, Noroeete SC, Puerto Rico; Cuarroro Is the name of a "barrio" whare the series ea
 

first recognizod.
 

Romarke, Those coile were formerly mapped in the Cueymbo series but differ. from it being utually moist
 

and not having a subhorizon fco 7 to 20 inches dry, for as much ae 60 consecutive days in moat years.
 

Itional Cooperative Soil Survey 
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APPROVED DY PRINCIPAL SOIL CORRELATOR Etabliahed Seris
 
SOUTH REGION TsC, 6/13/67 Rev.REG-LHR
 

3/67
 

OALEZA SERIES
 

The malza series ia a member of the clayey, oxidic, leohypertharmic family of Typic Paleudulta. These 

soils have moderately coarse textured, very friable A horizons over thick, red, plastic, tine textured 

82t horizons. 

Typifying Padon: mfalez fine sandy loom-native pasture 
(Colors are for moist soil) 

Ap - a - --Reddish brown (SYR 4/3) sandy loam; tingle grain; loose, very friable, sliahtIV 
'ticky, nonplstic; cmrmon lin rnoetas slightly acid; clear smooth boundary. 6 

12 inches thick. 

81 -- 10-17" --Dark reddish brown (2.5YR 3/4) a-ndy clay loam; weak medium "ubangular blocky 
structure; slightly hard, friable, slightly sticky, slightly plastic; faw fine 
roots; few black sandy concretions; slightly acid; clear smooth boundary. 5 to 9 
inches thick. 

821t -- 17-34" --Red (10R 4/6) clay; weak medium subangular blocky structuro; slightly hard, firm,
slightly sticky, slightly plastic; few fine roots; few patchy clay films on pad
faces and root channelo; common very fine concrotiana; slightly acid; abrupt wavy 
boundary. 10 to 2 inches thick. 

'022t -- 34-60N+ -- Red (2.5YR 4/6) clay with common fine disticnt weak rod (IOR 4/4) and co-on fine 
distinct strong brown (7.5YR 5/6) mottles; wank medium subongulnr blocky structure; 
hard, firm, slightly sticky, slightly plastic; few patchy clay films; strongly 
acid. 

Type Location: Noroesto SCO, Ouerto Rico; 0.4 miles went or the town of lsabela. 0.5 mile on dirt road 

from kilometer marker 1.4 of highway 459. 20 teat east of dirt road. 

Range in Characteristics: Thickness of the seolum Is over 60 inches and that of the argillic horizon over 

50 Inches. Colors or the A horizons have hues or SYR, values or 4 end chromas of 3 and hishor. The 82t 

horizons have colors in hues of 1OR and 2.SYR, values ot 4 and chromas of 4 and higher. Sandy loam Is the
 

dominant type. Texture ot' the 82t horizons ranges from sandy clay to clay. Structure of the 82t horizons 

ranges from week medium to coarse subangular blouky. These soils have slightly sticky and nonploatic A 

horizons and slightly sticky and slightly plastic B2t horizons. Rhaction ranges from slightly to medium 

lid throughout. Base saturation (by sum of cations) is lass than 35 percent at 50 inches below the top 

the argilic horizon. The organic matter content is 1.5 percent or le in the upper 6 inches of the 

argillic horizon.
 

Competing Series and their Differentiae, These are the BSjucos and Cidral series in the same subgroup and
 

the Cabo Rojo, Rio Lajas, Jobos and Guanajibo series in the same Crest Group. The Bejucos soils are more
 

acid and have yellowor profiles. The Cidral soils have less than 20 percent oxides of iron and aluminum in
 

the clay fraction. The Cabo Rojo soils have Ap horizons with moist color values of loss than 4.
 

The Rio Lajs soils have thick, sandy surface horizons and coarser textured profiles. The 3obos and
 

Cuanajibo soils have more then 5 percent noninduratod pllnthite in their profiles.
 

Setting: The Maleza soils occur on gently sloping coastal plains or slope gradients of 2 to 5 percent.
 

The regolith consists of coeore textured over fine textured sediments. The climate is humid tropical.
 

The average annual precipitation is68 inches and the mocn annual temperature 770F. Soil temperature at
 

20 inches Isover 22 C (7?.6F)and the dittarence between moan aummar and winter temperature is los than 



MALEZA SERIES 

S C (9*r). 
Principal, Associatod Sailes 
 Those are the competing Bojucoe, Rio Lajas, 3oboap and Guanajiba series In
 
addition to the Coto., Cotito, and -atanzas 
 sorie. 
 The Coto and Catito soils have finer textured and
 
darker A horizons, and thinner, yellower 92t horizons. 
The matanzee soils are dark red, have finer textured
 

A horizons, and hove thinner 8 horizons.
 

Drainage and Permeability 
 Well drained, slow runoff, and moderate permeability.
 

Use and Ungetetion: Pasture, subsistence crops end coconuts. 

-ictr.butionand Extent: 
 North coastal plains of Puerto Rico. Tho series is o? moderate extant. 

Sries-Establiahed: Soil Survey or Puerto Rico, 1942. 

Remarks: Tho Maleza series ws formerly classified in the Reddish Brown Lateritic Grest Soil Group. 

National Cooperative Soil Survey 
U.S.A.
 



APPROVED BY PRINCIPAL 	 SOIL CORRELAMOR Tentative Series 

SOUTH REGION TSC, 	 6/8/67 '-m.LHR, 3/67 

30BGOS SERIES
 

The 3obos aerio Is a member of the clayey, oxidic, laohypertheral faily of Plinthii Palaudults. These 

sails have dark grayish brown, loos, nonatiaky and norlostic sandy A horizonaaver thcksottled, 

plastic, fine textured argillia horizons that have nonindurated plinthits. 

Typifying Padons 	 3obo6 sandy loma-nativo pacturo
 
(Colors are for moat moil)
 

Ap - 0-10 	 -Dark grayish brown (IOYR 4/2) molat and light brownish gray (IOYR 6/2) dry, sandy 
lossm; weak mliu= oubengulor blocky atructuro braking to single grain; loao, 
v onsticky, nonplaotia; foe fine roots; few firo cubroundod blcok go rational 
strongly acidl abrupt ofooth boundary. 6 0 18 inohoo thick. 

821t - 10-160 	 -Red (R 4/6) and strong broun (7.5YR 5/6) clays strong course oubenoular blooky 
structural vary hard, very firm, slightly sticky, plastic; raw fins roots follow 
cleavage planoo; thick continuoua dark brown clay rilms on pad ourfaca,; otrongly 
acid; 10 to 25 percent by voluco of noninduratod plinthits; gradual smooth 
boundary. 5 to 8 Inchaa thick. 

822t - 16-294 	 -Rod (10R 4/6) and strong hroun (7.5YR 5/6) clay with fao fine distinot light gray 
(IOYR 7/1) mottlao; modarato medium and coarso subangulor blocky ctruzturol vary 
hard, vary Firu, slightly sticky, ploctic; foe fine rootal continuous brown clay 
films on vertical cloccoa planos cnd patchy cloy films on horizontal planuc; fe 
fins black generationo; otrongly acid; 10 to 25 percont by voluza of nodules of 
noninduratad plinthito; gradual wavy boundary. 12 to 16 inches thick. 

823t - 29-34" 	 -Rod (IOR 4/6), yollowinh brown (IOYR 5/6) and light gray (IOYR 7/2) clay; rnak 
carseo subangular blocky otructurc; vary hard, very firm, slightly mtlcky, plaotic; 
vary few roots; thin potc".y clay filr -; utronnly acid; loe than 10 porcent by 
volume of nonindur&e:d plinthita; gradual smauth boundary. 4 to 0 incho thick. 

824t - 34-64*i 	 -Rod (1OR 4/6), yellowish broan (10YR 5/6) and light gray (IOYR 7/2) clay; weak 
coarto oubangular locky structuro; vary hard, very firm, slightly sticky, plastic; 
very thin patchy clayf fliln on pad fecos; strongly acid; less than 10 percent by 
volume of nonindurotod 	plinthito.
 

Type Locations Noroaste SCD, Puerto Ricol 5 miles west of the town of Ionblola; 50 foot south of
 

kiloetar markor 9.1 of highway 459.
 

Range In Charactsriotica, ihickneam of the solum is over 60 incho and that of the argillic is over 50
 

Inches. Thickness of 	the A horizon ranges from 6 to 18 nohoo. Colors of the A horizons have hues of
 

IOYR, valuoa of 4 and 	chromas of 2 and 3. The 82t horizons have colors in varying proportions of rod, 

strong brown, yellowish brown and light gray in a reticulato pattorn. The law chromo wottloa are due to 

the parent matarial and not to irpsdod drainage. Texture of the A horizons in dominantly sandy loam. 

Texture of the 02t horizons is clay. Structure df tho O2t horizons varico from todorato to strong 

subangular blocky 	and clay films from thick continuous to thin patchy. Thoso soils have nonaticky and 

nonpliatic A horizons 	and slightty sticky and plastic W't h'rizono. Reaction ranges from atrongly to 

very strongly acid throughout. Dano oaturatin (by cum of cations) is los, than 35 percont at 50 inchee 

below the top or the argillic horizon. Organic motter content ia lose than 1.5 percent in the upper 6
 

inchas of the argillli horizon. Nodule of noninduratcd plinthito, in amounts exceeding 5 percent by 
volume, occur'within 20 inchcs of the soil surfaco. 
Compatino Series and thei r,,Mqninat This Is the CuenaJibo asries in the come Subgroup and the Cabo 

Rojo., Cidral, Maloza, 80jucoe, Rio Lajas and Cuerrero series in the same Greot Croup. The Cuanajibo 
inches.

soils have coarser textured 0 horizon3 and the nonindurated plinthits occurs deeper than 20/ The Cabo 



3090S SERI S 

Roo and Cidral soils have aixed mineralogy in the clay fraction. The alaza and Sojuone sails do not 

have nonindursted plinthite In their profiles within 60 inches or the surfa. Th. Rio Lajas vaLle have 

coarser textured argillis horizons and candy A horizons more then 20 Inches thick. The uerroro coil* 

hove candy A horizons thickp- than 20 inches. 

Skttintl The 3aboo toils occur on nearly level to gently sloping coastal plains on alopc gradiente of 2 

to 5 percent. Tho ragolith consists of tin textured oodi.ents overlain by coaerer txturuid eadimanta. 

The oli ate in humid tropical. The average n.-unl pr oipitation is 67 lnchsn and the Men snrAuMl 

teompoaturo 77aF. The roan annual coil teperature at 2 04 is more then 71.6 V with lose then 9°F 

differenco boateon soon oLsczr and winter teape-aturom. 

Princlpal Aecorocntd Soiles Thone era the compoting oalaza, Rio Lajas, Cojuooe, end Currero carie.. 

Draineg end pm'robilLty:_ Mdoretely well drained, runorf ie slow and prmaeebil ty In rapid In the A 

horirons end slow in the 62t horizona. 

Use nnd Vuotntioni Coconuts, subsistence aops and posture. 

Distribution and Nxtonto Rtmid coastal plains or northern Puerto Rico. The veries is of mdodrate xtent. 

Serino Pr,-poeed: Koraote SWC,Puerto Rico 1962. Reoemended for osablistuhnt. 

Resarks huse soils ere foreerly included in the Sabana Seao eries end olsae led in the Ground Water 

Lateite Great Soil Caupe 

National Cooperative Soil Survey 
U.SeA,
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TROPICAL SOILS INSTITUTE 

Puerto Rico, July 10 - August 4, 1972 

FIELD TRIP 4 - "FORTUNA" 

Date : Saturday, 7/22/72 

Objective : To study soils and geomorphology of the dry south coast,
and to see a collection of tropical fruit trees 

Route : Mayaguez - Ponce - Fortuna Agr. Experiment Substation -
Ponce - Mayaguez 

Soil pits : Cumulic Haplustoll (San Anton Series) 

Main Topics Environment of semi-arid south coast; genesis of tropical 
Mollisols; irrigation; tropical fruit production 

Extracurricular Museum of Arts, Ponce 

FHB/t-72 



TROPICAL SOILS INSTITUTE Puerto Rico, July 10 -August 4, 1972 

F4AYAGUEZ
 

~Sabana Grande
 

..- PONCE Fortuna-Substation 

Field 'trip4 - "FORTUNA" 



Occurrence of MOLLISOLS in Puerto Rico 

FHB/68 



APPROVED By PRIIL SOIL CORRMA,.TOR 
Established SeriesFOR THE DIRECTOR'S . I 
Rev. WE4, 5/65SCMORo Tsc, 	 :V/65. 

SWT1 R3ION 	 ANTON SERIES* ~SAN dpl 'slol/s 
non acid, inothermic

The San Anton series comprises Cumlic 90vspephs, members of a fine loamy, mixed, 

soils have very dark grayish brown to brown moderately fine textured profiles,
family. These 

weak cambie horizons and strattfied.C horizona.
 

Typifying Pedon: San Anton silty clay. 
(Colors for moist conditions unless otherwise noted)
 

Very dark brown (IOYR 2/2) silty clay; weak fine granular structure; 
friable, slightly


Ap '0-8 
sticky and slightly plastic; few fine roots, few fine volcanic fragments; neutral; 

gradual wavy boundary. 5 to 10 inches thick. 

Very dark grayish 	brown (1YR 3/2) silty clay loam; weak fine and .mediumsubangular
B2 8-20" 

blocky; friable, slightly sticky and slightly plastic; no roots, a few fine volcanic
 

8 to 15 inches thick.
fragments; neu;ral, clear wavy boundary. 


Dark brown (lOYR 3/3) silty clay loam; weak fine granular structure; friable moist,
Cl 20-33" 


slightly sticky and slightly plastic; slightly alkaline; clear'wavy boundary. 9 to
 

15 inches thick.
 

Very dark grayish 	brown (10YR 3/2) silty clay loam; massive; friable, slightly sticky
C2 33-40" 

and slightly plastic; no roots; slightly alkaline, clear smooth boundary. 6 to 9 inches 

thick.
 

IIC3 40-47" 	 Dark brown (lOYR 3/3) silt loam; massive; very friable, slightly sticky and slightly plas

tic; no roots; neutral; clear wavy boundary. 6 to 12 inches thick. 

Brown to dark brown (1Y 4/3) sandy loam; massive; very friable, non sticky and non
IIIC4 47-52" 
plastic; no roots; clear wavy boundary. 3 to 6 inches hick. 

IVeS 52-65'+ 	Olive brown (2.5Y 4/4).loamy sand; massive; vary friable, non sticky and non plastic
 

neutral.
 

Km. 30.7 and 150 meters southwestType Location: Lajas Valley, Puerto Rico. 350 meters north Highway 116, 

of Loco River. 

The color of
Rangte in Characteristics: Clay loam, silty clay loam and silty clay are the principa.l types. 

The B horizon colors have
the A horizons have values of 2 to 4, chromes of 2 and 3 in hues of 1OYR to SYR. 


slt
values of 2 to 4, chromas of 2 to 4 in hues of IOYR to 5YR. Texture of the B horizon varies from 

loam, silty clay loam, clay loam to gravelly clay loam. Structure of the B horizon ranges from weak.fine 

to weak medium subangular blocky. The C horizons are stratified with materials ranging in texture from 
of
silty clay loam to loamy send with varying amounts of gravel and with colors with values of 4, chroma 


2 to 4 in hues of 10YR to SYR. Below 40 inches, colors are olive (5Y 4/4) to olive brown (2.5Y 4/4).
 

Soil reaction ranges from slightly acid to alkaline.
 

CoMeting Series and Their Differentiae: These include the Cornhifl, Amelia, 

Vives, Estacion, Tao, Caribe, and Guamani series. The Cornhill soils have 

similar upper profiles but are underlain by plastic clays within 40 inches of the surface, and have 

highly plastic C horizons. The Amelia soils have a very gravelly (skeletal) sola. The Vives soils have 

thicker sola and clay ceambic htrizons. The Estacion and Tea soils (Cumulic Eutropepts) are more acid 

and occur in areas locking dry periods of 60 days. The Caribe soils, (Cumlic Haplorthents) have 

coarser textured profiles and lack a cambic horizon. The Guamani soils, (Typic Ustropepts) are shallow 

(10-20 inches) to gravel.
 

Setting: The San Anton soils occur on nearly level flood plains and alluvial fans with slope gradients 

2 percent being dominant but includes areas where the flood plain has been dissected and slopesof 0 to 
range up to 12 percent; the regolith consists of stratified medium to moderately fine textured sediments 

derived fr'om volcanic and limestone rocks. The climate is semiarid. Average annual rainfall ranges
 

from 35 to 50 inches and mean annual temperature i 78 to 80*F.
 

Principal Associated Soils: These include the Pratcrnidad, Santa Isabel, Aguirre and Cartagena )oils which 

occur on older finer textured sediments with high shrink-swell characteristics; *Arenalos soils which have 

coarser textured profiles (sands and loamy sands) and the Vayas soils (Cumulic Normaquepts) have low chroma 

mottles in the upper 20 inches.
 

Drainage and Peimeability: Well drained with medium runoff; solum moderately petmeabke with unde lying 

sediments ranging from moderate to moderately rapid. 

4. &.eIt (.119AiU" eag. "M "M JuM 
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Son Anton Series 

Use and Veoetation: Acreage largely cultivated and used for the production of sugar cane, tomatoes and
 
subsistence crops. Kany ares are irrigated.
 

Distribution and Extent: In the semiarid section of ,zeurto Rico and the American Virain Islands.
 

Series Established,: Puerto Rico, 1936. 

National Cooperative Soil Survey 

USA
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APPROV BY THE PRINCIPAL SOIL COMsalhdei
 Established Series
FR THE DIROCTOR'S REVIEW 

scum ~(mTS,,~ ~AGUILITA SERIES 4: /65(~5 
67/ccAs to//s 

The Aguilita series consists of Typic APAe,#eZ4, members of a loamy skeletal, carbonatic isothermic 

Theso soils have thin very dark grayish brown gravelly moderately fine textured A 
family. 
 horizons resting on soft limestone.
horizons and dark grayish brown gravelly moderately fine textured AC 

Typifying Peden: Aguilita gravelly cijy loam.
 
(Colors for moist conditions unless otherwise noted)
 

A 0-6" 	 Mixed very dark grayish brown (lOYR 3/2) and light brownish gray (10YR 6/2) gravelly 

heavy clay loam; moderate fine subangular blocky structure; slightly hard, firm 

slightly sticky and slightly plastic; approximately 50 percent limestone rock 

calcareous; common 	fine roots;clear smooth boundary. 3 to 8 inches thick.
fragments; 

AC 6-10" 	 Mixed very dark grayish brown (10YR 3/2) and dark grayish brown (10YR 4/2) clay 

loam; weak fine granular structure; firm; 50 to 70 percent limestone fragments; calcareous;
 

few fine roots; gradual smooth boundary. 3 :c 6 inches thick.
 

orWhite (10YR 8/1) soft limestone or marl including few to corxion hard limestone10-60"+ 

sandstone concretions.
 

Virgin Islands. One half mile north of intersection (located 3/4 mile eastType Location: St. Croix, 
Insular Experiment 	 Station on road to Christiansted) and 125 feet west. 

Range inCharacteristics: Depth to soft limestone or marl ranges from 4 to 14 inches and limestone
 
Color of the A horizon ranges from vez, dark grayish brown
4ragments range from common to many. 


(10YR 3/4 ) and the 	texture ranges from gravelly clay loam to,gravelly clay.(10YR 3/2) to dark 	yellowish brown 
The AC horizon ranges from dark grayish brown (10YR 4/2) to browun(l0YR 5/3) in color and from a gravelly 

clay loam to gravelly clay Intexture. This horizon may also have discontinuous pockets of weak blocky 

structure. The underlying limestone can be penetrated with a spade but conmmonly has hard limestone fragments
 

mixed throughout. Color ranges from whito to light gray.
 

subgroup in a fine 	loaayCompeting Serien and Their DifTrentine: These include the Sion soils in the anme 
Dlanco soila in different subgroups of the same greatfamily. The Fredeneborg, Soller, Colinas, end Pozo 

or group and the San German soils. The Sion aoils are similar in being underlain by very soft limestone 

marl but have slightly thicker sole (10-20 inches) and are free of limestone fragments. The Fredensborg
 

and Seller soils (Ustertic Rendolls), have thicker (14 inches) clay sola. 'e Colinas soils have thicker
 

sole (more than 14 inches) vith a cambic horizon and in addition lack calcic horizons. The Pozo Blanco
 
The San German soils (Lithic Haplorthento) are underlain
soils have cambic horizons, over a calcic horizon. 


by limestone sufficiently hard to qualify as lithic.
 

Setting: The Aguilita soils occur on gently to steeply sloping limestone mountains and hills with slope
 
consists of residuum derived from limestone. The climate is
gradients of 2 to 60 percent. The regolith 

The average annual rainfall ranges from 30-45 inches and the average annual temperattre ranges
semiarid. 

from 78 to 80*F.
 

Principal Associated Soils: These include the Descalabrado, Hesselbers, Cramer and Guayama series iQ 

addition to the Sion. Fredenaborg, Soller, Colinas, Pozo Blanco and San German series. The Descalabradc 

and Hesselberg soils, (Lithic Ustropepts) have thin cambic horizons and rest on herd rock at depth of., 
10 to 20 inches. The red Hesselberg soils are derived from residuum of hard limestone and occur on nearly 

level to gentle slopes. The Cramer soils, with thin argillic horizons (Lithic Argiustolls) and the
 

Cuayama soils with thin cambic horizons (Lithic Eutropepts) rest on hard volcanic rocks at 10 to 20 inches.
 

Drainage and Permeability: Well drained with medium to excessive runoff and moderate permeability. 

Use and Vegetation: Acreage largely ingrass and brush. Small acreage cleared and in Guinea grass and 
used as pasture. 

Distribution and Extent: In the semiarid sections of Puerto Rico and American Virgin Islands. 
Series is of moderate extent. 

Series Established: Puerto Rico, 1936.
 

Remarks: Type location changed to St. Croix as good field notes are available and also the Auilita soils 
of St. Croix are very similar to the Aguilita soils along the southern coast of Puerto Rico. 

National Cooperative Soil Survey 

USA
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TROPICAL SOILS INSTITUTE 

Puerto Rico, July 10 - August 4, 1972 

FIELD TRIP 5 - "SAN TUAN 

First Day : :Orocovis - Barranquitas 

Date : Friday, 7/28/72
 

Objective : 1. To visit an experiment site with intensive I' t:
 
management
 

2. 	 To discuss geomorphology and g4esjs ;) n Co 
and to see it's response to nitrogen 

Route : Mayaguez - Ponce - Coamo - Orocov,,, - Pa- -, 

Narangito - San Juan 

Soil pit : Tropeptic Haplorthox (Catalina Series) 

Main Topics : Orocovis : Intensive pasture manageme t o- I.-

Barranquitas : Geomorphology and soil pauL.. -ts :'f 
central Puerto Rico; Oxisol g ;nes!;. 
experiments 

Remarks : Over - night in San Juan, Hotel Borinquen 

FHB/5-72 



TROPICAL SOILS INSTITUTE Puerto Rico, July 10 -August 4, 1972 

Orocovis Naranj ito SNJA 

MAYAGUEZ Barranquitas 

Coamo 

PONCE 

Field Trip 5 - "SAN JUAN" 

First Day : "OROCON, fS - BARRANQUITAS, 



Occurrence of ULTISOLS in Puerto Rico 

.FHB/68 



8011 CllSiflcation: Tple Tropohmuat; olayey, mixad,2 / lsohybprthernic
SOl Type: "INsatas clay 
fol lMs.: B61FR-8-1 
location: Ocste Boll Conservation flstrict, ftynguez, Puerto rico, on fighway 406, near kilometer marker 2.115, 200meters on dirt road and 350 feet southVest of road. Moto N1. GO-M-3 O140. 
Vegetation and Wbe: Ibtive Iature and weeds. Pew wwnte trees.MoNe and land :brm: 27 percent. Southwest aspect. GidcaloPa in uplands.
Dl'air.ago and Pormeab lIty: bll drained, mcdiu runoff. medium Interul drainsge." Prmeability it modam4.
Plont Hterial: Sccidum or very local coluvium f:r= volcanie rocks. 
Collected by: . . Groosman, W. E. WLKinzie, 0. R. (rter, L. H. rver, December 5, 1961. 
Described by: W. E. Hlcinzle, December 5, 1961. 

Borizcn and 
Lincoln 
lab, No. 

AP 	 0 to 4 Inches. Brovn to dark brewn (7.5YR 4/4) with few fine faint 	reddish brn (On 4/4) m ttlas, clay
16825 	 lon; moderate fine granular structure; friable when moist, slightly sticky and slightly plastic when vet; 

many fine roots; few fine charcoal fragments; clear smooth boundary. 

221t 	 4 to 9 inches. Yellowish red (YR 5/6) clay with moderate fins friable whensedngular blocky structure;16826 	 moist, nonsticky and a 5 ghtly plastic when vet; many fine pores;fine roots; few few fine black particles; 
fall semIplactically,/cltar smooth boundary. 

BM 	 9 to 15 inches. Fld (2.5YR 5/8) clay with moderate medium to fine subangular blocky structure; friable
.68 slightly sticky and slightly plastic when vet; many fine roots; few fine pores; thin patchywhen moist, 
clay films; fails smeiplastically; cle,.r smooth boundary. 

M3t 15 to 25 inches. ntd (2.51'R 5/6) clay with uce k fire oubannular blocky structure; friable when molat, non
1688 sticky and slightly plastic wh(n wet; few fine pores; black stains in nofew rocrt; 	 root channels; clay

films; fails semiplastically; clear erooth boundary. 

B3 
 25 to 32 inches. red (2.5YR 5/6) with coccon fine faint yellow mottles, clay; weak fine and zedium sub
16829 angular blocky structure; very friable when moist, coneticky and slightly plastic when wet; few roots; 

many fine pores; fails abruptly; clear snooth boundary. 

C1 	 32 to 45 inches. V'nriegtcd brownish yellow (10YR 6/6) saprolite and red (2.5YR 5/6) clay; massive to very16830 	 weak structure; very friable when moist, nonsticky and slightly plastic when wet; many fine pores; fails 
abruptly; clear smooth boundary. 

C2 	 .45 to 60 Inches. Varicgated brovnish yellov (10Yh 6/6) and red (2.5Y 5/6) silty clay osprolite massive
16831 	 structure; very friable when moist, nonaticky end slightly plastic when wet. 

03 	 72 to 96 inches. Fed (2.51h 5/6) vriegated with dusky red, white, gray clay loan aprolite; massive16832 	 structure; very friable when moist, nonsticky and nonplastie when wet. (Auger sample; 5- to 6-foot depth
discarded.) 

C4 	 96 to 120 inches. Auger sample.
2.6833 
Rmarks: 'he Ap, B2t ..rd Cl horizons were sampled for the Dureau of Public Pleols. Colors given are for molst oil.
Soil wan at field capacity when sampled. 

-2neralogy, MHicroaorpholog (Methods 71, 2EEL,7A). Wat of the grains are redeish brown, iron-hearing earthynodules; come whitish grains cc in near the bottom of the profile. The very fine sand conslsts mainly of ironoxide-coated grains which have white Interference golors around the peri;bery where the opaque coating is thin. 1he
bottom horizon has same uncoated grains with low Interference colors. Ver little quartz. ro grains of ferTomaps-Sian minerals identified. No mica flakes were observed under the stereo-copic microscope in tese horizins. No clayfilms observed in thin sections of the B2% and the fabric has weak clay orlientation. Mie fo3lowing data wre obtainedby differential thermal analysis (kaolinite) and by X-ray diffraction (Deltsville laboratory data). 

Horizon <2.. oi0l jder Iran- No WAY 
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W. Yntmorillonite 
FJails oxidic family clace because of decrease in iron to clay ratl-i when clay percentage based on 2.5 times 

e 15-bar water content. 

V Two terms are Used in the descriptions to describe the rate of failure of natural fabric: fails abruptly and
roils emilplasticaliy. To fail abruptly means that no plasticity is observed prior to failure. Stress builds up asthe piece of soil is squeezed and diss.pates quickly as the piece of soll breaks apart into nmerous fragments orpeds due to failure along natura. places of wsakness. In semiplasta failure, defor1ction s readily observed prlor
to rupture. 



BOIL CAS8IPMATIOW: T'p1c TTopphumlt; clasy, mixed, iIohlyp6e2thOe1mi (SUv4SOo oN SCR"C.tU. &tCIPARTMENT Of ,AGRICU.TUaRC 

SOIL GR!mntas lahy SOILNios. - LOCATIONO te 8D. wrto 110n 

SURV" Llrneoln,

Genera: tthods: 1A, 1ia, 2A , 2B
 
SOIL LAORATORY 16brtick'a LAB.Nos. 16_25-16833 11ovyar i-M66 

Sill classand 04a1,ct I.drum.?,, Al, 
latal aJd , S/t I I br W~J=m.l"21 r 

Depth ,-._Very . , C.,,, . Mdlu r;. y in. ,. 2./1-,o .-o fl., o, ,_ , 

Pet,-I f! Ii ,< ,mrr At,aa- ( 0.0)c"r (0. 02- 12407 (2-0 (.1) 

4-9 wLt 2.5 28.1 69.4 - o.1 0.2 0.7 1.5 3.8 214.3 5.81 1 .0 tr9-15 Mt 2.7 14. 1 62.9 0.1 2.1 o.6-. tr 0.5 6.o 20.1 8.5 M - - 

25-32 133 10. U.0.1 .2 -P.2 -. .1 15.6 1 22.2 -6
ON 0_.V 11.1 13. 4 2 p-JF7
 

72-9 C3 2L.~.~2 ~ t. _2=096-12 4 7-_- _ -

-1.,( -- J 
(Ift) irom CC F~ield- 30-=m. Air- COL2 Y'io3d30 1 /.3- 15-(1) 19-tO .. 6 .AL 1 - /. as S~tate h.'ll den.!Dryo o jStateIo' e---.--nMar-- Bar.- - - ,. . -L. 

I'l Pct. Plat. pdt. _______ / cc lice PcI Pt__ ct. Pct. ' L

o7- 4.9 Ti~ ~ ~ 0.~o-0007 -  ? 5 1 3.4-9 2.00 0. 21 9 8.14 1.06 I 1.142 0.10 49. ck 39.8 31.14 ~ 3.7 4.79 ia50.12i 8.0. 6 10 1.16] 1.14o 0.o . .t33_ 390 jtk15-25 0.9 0.!0- 9 7.7 1.oI 36 .7 30.1 3.8 .o25-32 0.36 0.049 7 7.3 1.09 1.17 1.21 0. 1-47.0 41.0 40.7 28.6 3.8 4.9, 
45- 25 6.9 1.04 .1.10 1.16 0.0 14.9 46.4 40.0 23.5 3.7 4.872-96 .10 8.1 214.3 3.7
 
,= = === ±L;. .. .. .....
 

. 6 I b ; fIt.J |- 5Ad K. o f 5 l1 
Ca ae 9 A C at1 l z 

I MCI 
/.. 

pd"
o-0 .8 0.1 0.1 4. 3.5 35. 2. 4. 1.0- -19-15 -12.9 0.8 ,.1 0.1t 3.9 .. .,_ .a.. 16. ],01 1 .6,.4-9 2.8 0.7 tr 0.1 3.6 23.2 26.8 17.6 5.14 1.3 2
 

15-25 1.1 0.5 0.1 0.1 1.8 .19.9 21.7 T4 7.0 
 12 g25-32 0.5 -10.5 tr 0.2 1.2 21.3 22.511 15.14 9.1 15 8 

9- - .4= - .1 N B- n R.- 17&- I - a 

Rios to 8 
of Undrlining indicates that the non-cay pobably has strong alaly-like~~ 0eac.15-3m properties.1ert Earthy nodulae: 

b, 14 kg/n 2 to 60 inches (MWthod 6A). 
r Wton a. > 50 percent. 

a. FDstimated.
 
o-T 0.3 0.12 0o.50 d. Field stte.
4-9 0.25 0.12 0.45 .. Fied-detemined value: 48.8 pecent.9-15 0 910 .50 1 C. Flol otmined valm: 46.5 pero.It.
 

. 0 .16 
 a. May poroerntae Inas.iemate. (35 vazte pmentap 2.5). 

72-96 a .90 

USDA.$.ISCS.?onwon". TeX. lse 



________ 

HUMATAS SERIES - Typic Tropohumults 

Silicon
Depth ExtractableHorizon I 1:10 Water 1:10 Phospatcm SO 4 S * Saturation 

Aggg soil Extract 

I Si. ppm. solution I Si. Ag/g soi 

II 
66.81.907.7112Ap 0-14 

36.91.075.11180B21 , M-28 

33.6
.99
3.84

B22 28 -55 356 

35.7 
B3 55-80 353 5.04 .90 

27.44.80C1 80-110 307 .98 

28.2 
C2 110-125 290 5.28 1.10 

L. Fox. Dept. of Agronomy and Soil Science, Uniersity 6f Hawaii
Unpublished dam of R. 

-) Repeated extraction (4 times" with 500 ppm P (CaH 2PO4 ) 

1:5 for each extractionSoil: Extract-ng solution ratio was 
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Occurrence of INCEPTISOLS in Puerto Rico 

FHB/68 



Soll Classification: Typic/ ]tropept; clayey,?-/mixodo / Isohyperthermic, shallow 
Soil 1ye: Sries not designated
 
Soll NV.: UR-4-2

location: Cibuco Sall Coneoration Dliatrict, Puerto Ydco; 80 feet vest of marker iB B9, Mgway 152. Berranquitas

Soil Ctuy Area.
 
Elevation: 61o to 615 mcterc.
 
Slope: 1Opercent to north and 
 10 to 15 percent to vest. 
Vegetation and land Wo: Brushy road bank; previously cultivated.Parent 14%terial: D1F.,n tcd by fri~gs as lbasn-ltic-undee to flow broocla". (Briggs, R. P. Iaterization in BAt-Central Puerto RMco. Trans. Second Chribhban Geol. Cong. 103-109. 1959.)

Collected and Describo4 by: Oroammn,
R. B. Parch 12, 1961. 

Ibri:on and
 
Lincoln 
lab. No.
 

0 to 1 inch.O1 Dirk reddish brown (OYt 3.5/4) silty clay; moderate medium and coarse granular; friable;
sticky and plastic; overlay of slope wash plus osmeAp2. 

42 I to 6 inches. Brown 
14886 

(10YR 4/3) clay lonm with portions and many macrosurfaces dark grayish orown (10yR1/2); moderate medium subangular blocky that crushea to medium granulAr; firm, slightly stickyfails abruptly; / many medium and coarse and plastic;pores both expod and Japed; possible weak brokenpore wall&s; comon caprolite of pebble and sand-size 
clay films on

that crushes easily between fingers; roots common;
clear to abrupt boundary. 

B 6 to 13 inches. Rrown (OYR 5/3) fine loom with strong brown (7.5YR 5/6) macrosurfacen; soft suprolite,11887 common; weak coarse subangular blocky; firm to friable; distinct broken clay films, mainly along pore waneand on surfaces of saprolite; reddish brown (5YR 4/4) clayey surfaces are quite general and predominate inseveral isolated parts; few roots; wavy clear to abrupt boundary. 

C1 13 to 22 inches. Saprolite. Largely rock structure; after saturation with14888 tween fincrs; about 60 percent reddish water, breaks down easily bebrown (5YR 4/3), 30 percent white (0YR 8/2) end 10 percentyellowish green, the latter two colors occurring an mal (lees than 5 EM. acors) disconnected parts;fracture surfaces have black c&tings of ib-yn(?).
 

2 
 22 to 34 inches. Similar to above; differences are that it cannot be easily broken in hands after satura14889 tion, h&a strong brown (7.5YR 5/6) rather than reddish brown an the principal color and perhaps has soreyellowish &reen material. 
Criterion for separation from the superjacent horizon is resistance to breakdown in handz after saturation. 

IL 34 to 54 inches. Saprolite; nur.eroua clay-rich seams, more than in superjacent horizon; reddish brown (5Yh14853 4/3) clay conon on surfaces of saprolite xf1rnents.
 
M About 15 feet. %-iPPedaway pillow lava from outcropping ledge; quartz veins cmon; carbonate occurs in 
14891 fractures. 
R3 About 35 feet. 
A 'cobble" of pillow lava about 10 inches across that pried away easily 11r= exposure.

14892
 

Htneralosy (Wthod 7A). 

Horizon Dpth 1bntmorillonite Vermiculite Mica KaolnInches% 

Apl 0-1 xx xx x 27AP2 1-6 XXX xx tr 21B 6-13 xx xxx tr 23Cl 13-22 xx xXX tr 
 20
C2 22-34 xx xxx tr 15Fa 34-54 XX tr n 

Amounts estimated by X-ray diffractIon are: tr a trace, x a small, xx moderate,xxx 9 abundant. Kaolin Percentages estimated by differential thermal analysis.ontorillonlte and vermicullte occur in.interlayer assocition. Vermiculite domlnates, accompanicd by a smal1 ontmorillonite component.
 

It is assumed that the criteria for Vertl Lithic Butropepts will also be applied to shellow families asrthat themeasured clay percentage is the relevant value.
 

?/ Family texture based on clay percentage estimated as 2.5 times the 15-bar vater content. 
3/ Falls oxidic fenily class because or decrease in iron to clay ratios when clay percentage estimated as 2.5 times 
the 15-bar water cont- ,t. 
1/ Two terms are used to describe the rate or failure of natural fabric: fails abruptly and fails samiplsaticaliy.
To rail abruptly neans that no plasticity Is observed prior to failure. Stress build& up as the piece of soil issqueezed and dissipates quickly anthe piece of soil breaks apart into nuueroue fragment* or pads due to failure alo"natural planes of weaknesas. Zn smlplastlo failure$ deformation Is readily observed prior to rupture. 
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RU. L 0PAI I ALNTOF A''tICULTU 

CO,,SERVA1,'N 

Cibuco ZOD, Puerto 
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Figure 1: 
 Location of study area near Barranquitae, Puerto Rico.
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TABLE 2
 

Slopes of Geomorphic Surfaces In Percent
 

Surface Blope 

2, 3, h, atid 5 

Footslope 4.1 + 2.8
 

Backslope 19.1 + "8.4
 

0 and 1
 

Backslope 37.6 + 23.8
 

TABLE 3
 

Mean altitude range of geomorphic surfaces in the Barranquitas study area
 

Surface Mean altitude range
 
in meters
 

0 
 540 - 670
 

1 585 - 620
 

2 
 560 - 575
 

3 565 - 625
 

4 590 - 610
 

5 
 600 - 615
 

NRR (narrow red ridge) 610 - 675
 

TABLE 4
 

Slopes, in Percent, by Soil Orders, Barranquitas Area
 

Mean Standard Range Number of
 
Deviation Min. Max. Observations
 

OXISOLS
 

Footslopes 4.1 + 2.8 1 10 
 19
 

Backslopes 19.1 + 8.4 9 34 14
 

Valley Sides 36.0 + 10.8 16. 51 13 

ULTISOLS 

Valley Sides 36.3 . 16.8 3 72 26 

INCEPTISOLS 

Valley Sides 39.8 + 16.4 5 70 23 
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SERIES: CATALINA 

General Characterization 

Classification 
Soil Taxonomy: 	 Subgroup: Tropectic Haplorthox
 

Family: clayey, oxidic, isohyperthermic
 
Status: final
 

FAO/UNESCO Legend: Humic Ferralsols
 
1938 Great Group: Reddish Brown Lateritic
 

Location of Sample Site 
Latitude: 18'14' 31" N Longitude: 660 16' 40"W Elevation: 607m (2,200') 
General Description: Cornell Experiment Site "Barranquitas"; 550m (1,800"1 
SE of km 9.7 on highway 152 Barranquitas Quadrangle 

.Climate 
Mean annual rainfall: ,,J 160 cm (v63") 
Mean annual temperature: N, 230C (N73.5'F) 
Rainfall distribution: Rainfall maxima in May and November 
Thornthwaite type: BA'r - Humid tropical 

VeQetation and Land Use 
Natural vegetation type: Tropical to subtropical moist forest 
Land use and crop: Experimental area - corn 

Parent Material and Geoloctv 
Parent material: Strongly weathered saprolite 
Parent rock: Choritized basaltic - andesitic lava flow breccia 
Geologic formation: Upper Cretaceous (Formation "L") 

Geomorphology 
Slope: 7% 
Aspect: SE 
Landform: Upper footslope, concave 
Geomorphic surface: Erosion surface of mid - Miocene age; remnant of 
"St. John Peneplain"; no field evidence of discontinuity between 
regolith and solum 

Additional Notes: 
Sampled in a pit located 40m ('30') NE of SOS pit S 59 PR- 10-7, see 
SSIR - 12 pp. 164-167 

Compiled by: F.H. Beinroth 	 Date: 2/11/72 



CATALINA 
Tropeptic Haplorthox; clayey, oxidic, isohyperthermic 

PROFILE 	 DESCRIPTION _(SOS) 

Ap 	 0 to 6 inches. Dark reddish brown (SYR 3/3) clay with 10 
percent colored reddish brown (2. 5YR 4/4); massive in the 
upper part to weak fine granular in the lower part; friable, 
slightly sticky, plastic; many sand-size aggregates; 
abundant roots; abrupt smooth boundary. 

B21 	 6 to 13 inches. Dark rddish brown (2.5YR 3/4) clay; moderate 
medium to fine angular to subangular blocky; firm, slightly 
sticky and plastic; fails semiplastically to abruptly, I/ few 
fine and common very fine pores (less than in the B22); many 
soft black sand-size aggregates; roots common; clear boundary. 

B22 	 13 to 20 inches. Dark reddish brown (2.5YR 3/4) clay with some 
ped surfaces having slightly lower chroma; moderate to weak, 
medium to fine subangular to angular blocky; firm, slightly sticky, 
plastic; fails abruptly to semiplastically; few fine and common 
very fine pores; few sand-size aggregates; no reflective or pressure 
surfaces; roots common; clear wavy boundary. 

B23 	 20 to 34 inches. Reddish brown (2.5 YR 4/5) clay with a few 
reddish brown (2.5YR 4/4) ped surfaces; weak fine angular to 
subangular blocky; firm, slightly sticky, plastic;-fails abruptly; 
few fine and common very fine pores; very few sand-size aggregates; 
moderate reflective or pressure surfaces common with a few surfaces 
striated; possibly a few thin patchy clay films; very few roots; 
clear smooth boundary. 

B24 	 34 to 46 inches. Dark reddish brown (2.5YR 3/4 to 4/4) clay; weak 
fine angular blocky; firm, slightly sticky, plastic; fails abruptly; 
few fine and many very fine pores; very few sand-size aggregates; 
moderate reflective or pressure surfaces common with a few surfaces 
striated and possibly some thin patchy clay firms; few roots; 
gradual boundary. 



B25 	 46 to 60 inches. Dark reddish brown (2.5YR 3/4) fine silty clay
loam; weak fine angular blocky; firm, monsticky, plastic; fails 
abruptly; few fine and common very fine pores; very few sand
size aggregates; moderate reflective or pressure surfaces common
w.th a few surfaces striated and possibly some thin patchy clay
films; very few roots; clear smooth boundary. 

Cl 	 60 to 72 inches. Dark 'reddish brown (2. 5YR 3/4) silty clay loam;
weak fine angular blocky: firm, nonsticky, plastic; fails abruptly;
many fine and common very fine pores; weak reflective or pressure
surfaces common; possibley some thin patchy clay films; very few
sand-size quartz grains; 2 percent saprolite; arbitzary boundary. 

C2 	 72 to 84 inches (6 to 7 feet). Dark reddish brown to dark red 
(2. 5YR 3/4 to 3/6) silty clay loam; 25 percent saprolite; firm,
nonsticky, plastic; arbitrary boundary. 

C3 	 84 to 120 inches (7 to 10 feet). 75 percent saprolite; dusky red
(1OR 3/4) and dark reddish brown (2. SYR 3/4) silty clay loam matrix
with strong brown (7.5YR 5/8) and gray splotches; firm, nonsticky;
plastic; arbitrary boundary. 

C4 	 120 to 132 inches (10 to 11 feet). Saprolite; dusky red (1OR 3/4) to
dark reddish brown (2.5YR 3/4) with dark gray (10YR 4/1) common
and occasional splotches of strong brown (7. SYR 5/8) and white;
silty clay loam; firm, nonsticky, plastic. 

_1Two terms are used to describe the rate of failure of natural fabric: failsabruptly and fails semiplastically. To fail abruptly means that no plasticity isobserved prior to failure. Stress builds up as the piece of soil 's squeezed
and dissipates quickly as the piece of soil breaks apart into numerous fragmentsor peds due to failure along natural planes of weakness. In semiplastic failure,
deformation 	is readily observed prior to rupture. 

Mineralogy
Beltsville Interpretations of X-ray and Differenttal Thermal Analyses of the 

Clay and Silt Fractions
Laboratory: 

Horizon Depth 
< 2M fraction 

Vermiculite Kaolinite GJbbsite 
2-50t fraction 

Kaolinite Gibbsite Quartz 
-- Inches % % % % 

Ap 
Cl. 

0-6 
60-72 

x 
--

30 
40 

15 
-

-
40 

5 cc 
ccc 



Notes: Vermiculite: X-ray, oriented samples; (x = small amount). 
=Quartz: X-ray, powder (unorlented); c height unit of 3.35X 

reflection. 7.2A reflection peak (kaolinite) very diffuse in Ap, 
sharper in C. Kaolinite and gibbsite by DTA. 

Lincoln Laboratory: B22 horizon. Field-moist (Lab. No. 66LI 19) and air-dry
(Lab. No. 12848) samples were compared. Kaolinite percentages by Differential 
Thermal Analyses are: Air-dry (12848) Field-moist (66L119) 

35 40 
40 50 (iron-free) 
30 
5o
 

Gibbsite content is considerably greater in the air-dry samples (25 to 50 percent
gibbsite) than in the field-moist smaples (10 percent gibbsite). Diffraction 
patterns show small amounts of goethite and vermiculite in addition to the 
kaolinite and gibbsite. All minerals are rather poorly ordered. 
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Catalina Ap 

Sand, 1.5%; Silt, 15.5%; Clay, 83.0% 

Mineral Composition (untreated-soil.l) 

Mineral < 160 mesh Clay 2 Pm) 

Chlorite 1-10% 1-10% 

Kaolinite 25-40% >40% 

Gibbsite 25-40% 10-25% 

Goetblte 25-40% 10-25% 

Quartz 10-25% detected 

Hematite 1-10% 1-10% 

Magnetite detected detected 

Maghemite detected detected 

Unpublished data of R.C. Jones, W. Sakai, and W. Hudnall, Department.of 
Agronomy and Soil Science, University of Hawaii 

http:Department.of


Catalina Ap
 

Discussion
 

The pril-Cipal clay mineral present in this horizon is kaolinite (K).
 

EM's show little indication of hexagonal morphology although some 60 degree
 

angulation is discernible.
 

Quartz was present mainly in the sand and silt size fractions. Gibbsite
 

and goethite were also present in appreciable amounts in the silt fraction.
 

These concentration differences are apparent when the clay fraction and the
 

whole soil (< 100 mesh) are compared. As a result of the removal of 17%
 

sand plus silt, the kaolinite concentration was greater than 40% of the:X-ray
 

crystalline material.
 

The dark clusters on the EM labeled (I)are iron oxides. The elongated
 

particles with clusters are goethite (G). 
 Quartz, hematite, magnetite and
 

chlorite can not be identified on the EM.
 

At the top of the EM a hole in the supporting substrate can be seen as a
 

light area. The particles are supported in the hole by a gel-hull which
 

serves as an aglutenating agent. 
 An arrow points toward a curved solid-air
 

interface of the gel. 
 This horizon contained 4.7 ppm silicon in the saturation
 

extract; a source for the silicon being the gel-hull.
 

Unpublished'data of R. C. Jones, W. Sakai, and W. Hudnall, Department of 
Agronomy and Soil Science, University of Hawaii 



Catalina B21
 

Sand, 0.1%; Silt, 11.8%; Clay, 88.1%
 

Mineral Composition (untreated soil)
 

Mineral Silt and Clay <325 mesh)
 

Chlorite 1-10%
 
/25-40% 

Kaol inite 


Gibbsite 25-40%
 

Goethi te 25-40%
 

Quartz 1-10%
 

Hematite 1-10%
 

Magnetite detected
 

Maghemite detected
 

Unpublished 6Tata of R. C. Jones, W. Sakai, and W. Hudnall, Department of 
APgronomy and Soil Science, University of Hawaii 



Catalina B21
 

Discussion
 

The mineralogy of the B21 isvery similar to that of the Ap horizon. A
 

decrease insoluble silicon content to 1.1. ppm is reflected in crisper appearing
 

particles. The micrograph showed that the horizon was highly flocculated by 

the large floccules present. However, individual particles of kaolinite (K)are
 

discernible. The dark clusters are iron oxides. A slightly elongated particle
 

is goethite (G).
 

This soil could not be dispersed indistilled water without the use of a
 

dispersing agent. All dispersing agents were avoided for this study inorder 

to obtain EM's of soils not influenced by chemical treatment. The XRD data 

and the EM, furthermore, were taken from the same sample. The EM's showed the 

silt fraction particles to be small, thus their presence posed no problem for 

electron microscopy. 

Unpublished data of R.O. Jones, W. Sakai, and W. Hudnall, Department of 
Agronomy and Soil Science, University of Hawaii 



Catalina B22 

Mineral Composition (untreated soil) 

Mineral < 100 mesh 

Chlorite 1-10% 

Kaolinite 25-40% 

Gibbsite 25-40% 

Goethite 25-40% 

Quartz 15-25% 

Hematite 1-10% 

Magnetite 1-10% 

Maghemite detected 

Unpublished data of R.C. Jones, W. Sakki, and W. Hudnall, Department of 
Agronomy and Soil Science, University of Hawaii 



Catalina B23 

Mineral Composttion (untreated soil) 

Mineral <100 mesh 

Chlorite 1-10% 

Kabl inite 25-40% 

Gibbsite 25-40% 

Goethite 25-40% 

Quartz 1-10% 

Hematite. 1-10% 

Magnetite 1-10% 

Maghemi te detected 

Unpublished data of R.C. Jones, W. Sakal, and W. Hudnall, Department of 
Agronomy and Soil SdLenre, University o Hawaii 



Catalina B24 

Mineral Composition (untreated soil) 

Mineral <100 mesh 

Chlorite detected 

Kaolinite 25-40% 

Gibbsite 15-25% 

Quartz 1-10% 

Hematite 1-10% 

Magnetite. 1-10% 

Sakai, and W. Hudnall, Department of,Unpublished data of R.C. Jones, W. 

Agronomy and Soil Science, University of Hawaii
 



Catalina B25 

Mineral Composition (untreated soil) 

Mineral <100 mesh 

Ka~linite 25-40% 

Gibbsite 1-10% 

Goethite 25-40% 

Quartz 1-10% 

Hematite 15-25% 

Magnetite 1-10% 

Amphibole detected 

Unpublished data of R.C. Jones, W. Sakai, and W. Hudnall, Department of 
Agronomy and Soil Science, University of Hawaii 



Ciales (Picacho) A 

Sand, 51.0%; Silt, 16.7%; Clay, 32.3% 

Mineral Composition (untreated soil) 

Mineral < 100 mesh Clay (<2-ijm' 

Montmorillonite detected 1-10% 

Iydrated Halloysite 1-10% 1-10% 

Dehydrated Halloysite 1-10% 1-10% 

Kaolinite 1-10% 15-25% 

Lepidocrocite 1-10% 1-10% 

.Gibbsite 15-25% 15-25% 

Goethite 15-25% 15-25% 

Quartz 25-40% 1-10% 

Amphibole detected detected 

Unpublished data of R.C. Jones, W. Sakai, and W. Hudnall, Department of 
Agronomy and Soil Science, University of Hawaii. 



Ciales (Picacho) P
 

Discussion
 

According to soil taxonomy, this soil has a mixed mineralogy. The
 

micrographs show montmorillonite (M), halloysite (H)and iron oxides. The
 

grape-like clusters are goethite (G). Because of the tabular habit of gibbsitp
 

and k~olinite, itisdifficult to differentiate the two. The kaolinite,
 

furthermore, T:acks its usual hexagonal morphology and the particles are very
 

small. Amphibole was detected on the EM's and identified by XRD. The
 

micrograph shows an amphibole (A)particle which consists of long needle-like
 

crystals-. Itisdifficult to distinguish between amphibole and halloysite
 

when the amphibole particles are large. Only selected area electron diffraction
 

can make the distination. The particle labeled AH isone which can not be
 

clearly identified. Quartz and lepidocrocite are not discernible from the EM.
 

Unpublished data of R.C. Jones, W. Sakai, and W. Hudnall, Department of 
Agronomy and Sol Science, University of Hawaii 



Ciales (Picacho) B21 

:iana, 36.0%; Silt, 18.9%; Clay, 45.1% 

Mineral Composition 

Mineral <100 mesh Clay (<2 'om 

Montmorillonite detected 1-10% 

Hydrated Halloysite 1-10% 1-10% 

Dehydrated Halloysite 1-10% 1-10% 

Kaolinite 1-10% 15-25% 

Lepidocrocite 1-10% 1-10% 

Mibbsite 15-25% 15-25% 

Goethite 15-25% 15-25% 

Quartz 25-40% 1-10% 

Amphibole detected detected 

Unpublished data of R.C. Jones, W. Sakal, W. Hudnall, Department of 
Agronomy and Soil Science.' University of Hawaii 



Ciales (Picacho) B21
 

Discussion
 

The mineralogy of this horizon is similar to that of the A horizon.
 

Montmorillonite (M), halloysite (H)and kaolinite (K)comprise the layer
 

silicates. Unlike the kaolinite in the A horizon, the kaolinite particles
 

here partially exhibit the hexagonal morphology characteristic of kaolinite.
 

The particle labeled (A)inthe EM is similar inmorphology of other
 

amphiboles seen in EM micrographs. 
 The oxide which appears as clusters and
 

which are distinguishable from the layer silicates is goethite. 
 Lepidocrocite,
 

gibbsite.and quartz are not discernible from this EM.
 

Unpublished data of R.C. Jones, W. Sakai, and W. Hudnall, Department of
Agronomy and Soil Science, University of Hawaii 



Ciales (Picacho) B22
 

Mineral Composition
 

Mineral 


Montmorillonite 


Hydrated Halloysite 


Dehydrated Halloysite 


Kaolinite 


Lepedocrocite 


Gibbsite 


Goethite 


Quartz 


Magnetite 


Feldspar 


Amphibole 


Unpublished data of R.O. Jones, W. Sakai, and W. 
Agronomy and Soil Science, University of Hawaii 

<100 mesh
 

detected
 

1-10%
 

1-10%
 

15-25%
 

1-10%
 

1-10%
 

15-25%
 

1-10%
 

1-10%
 

detected
 

detected
 

Hudnall, Department of 



Liales tnicacho) B3. 

Mineral Composition (untreated soil)
 

Mineral 
 <100 mesh
 

Montmoril lonite 
 detected
 

Hydrated Halloysite 1-10%
 

Dehydrated Halloysite 1-10%
 

Kaol inite 
 15-25%
 

Lepidocroci te 
 1-10%
 

Gibbsite 
 1-10%
 

Goethite 
 15-25%
 

Quartz 
 15-25%
 

Magnetite 
 1-10%
 

Feldspar 
 detected
 

Amphibole 
 detected
 

Unpublished data of R.C. Jones, W. Sakai, and W. Hudnall, Department of
Agronomy and Soil Science, University of Hawaii 



Ciales (Picacho) Cl
 

Mineral Composition (untreated soil)
 

Mi neral < 100 mesh 

Montmori llonite detected
 

Mica 1-10%
 

Hydrated Halloysite detected
 

Dehydrated Halloysite 1-10%
 

Kaol inite 15-25%
 

Lepi docrocite 1-10%
 

Gibbsite 15-25%
 

Goethite 15-25%
 

Quartz 15-25%
 

Magnetite 1-10%
 

Feldspar detected
 

Amphibole detected
 

Unpublished data of R.C. Jones, W. Sakai, and W. Hudnall, Department o 
Agronomy and Soil Science, University of Hawaii 



CATALINA SERIES - Tropeptic Haplorthox 

Horizon Depth Extractable Silicon 

,Ag/g soil Extract 

! Si, ppm, solution Si, Ag/g soil 

Ap 0-16 414 4.70 1.78 108.7
 

B21 16-35 1080 
 1.06 .70 104.6
 
B22 35-60 
 1310 1.21 .83 126.6
 

B23 60-80 
 1267 ,40 .30 139.4
 

B24 80-120 
 1225 1 .29 .30 129.5
 

B25 120-130 
 195 .40 .53 129.5 

Unpublished data of R. L. Fox, Dept. of Agronomy and Soil Science, University of Hawaii 

*) Repeated extraction (4 times) with 500 ppm P (CaH2PO4) 
Soil: Extracting solution ratio was 1:5 for each extraction 



TABLE I - Chemical analysis of a basaltic-andesitic lava flow 
breccia and the saprolite derived from it, as per-. 
centages of oxides by weight (after Briggs - 1960v 
table 2). 

Oxide Lava Flow 

Determined Breccia Srolite 

s8o2 50.08 38.27 

Ti02 .68 l.o4 

A1203 14.81 22.68 

Fe203 5.60 17.27 

FeO 4.62 .36 

Mgo 6.41 1.14 

CaO 8.11 .00 

M2o 3.48 .08 

K20 1.77 1.82 

H20 (combined) 2.90 9.85 

H20 (free) 1.00 7.27 

P205 .35 .16 

MnO .1 .04 

Total 100.00 99.98 

Si02:AI20 3.38 1.69
 

1.29
A1203:Total Fee Oxides 1.45 




Lateritic Weathering in East-Central Puerto Rico
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INCREASED WEATHERING >
 

Sample A - Fresh basaltic andesite flow breccia 

Sample B - Weathered flow breccia 

Sample C - Strongly weathered flow breccia 

Sample D - Flow breccia saprolite 

Source: BRIGGS, R. P., 1960, Laterization in East-Central Puerto Rico. 
Transact. Second Carib. Geol. Conf., Mayaguez, P.R., pp. 103-119 



Lateritic Weathering in East-Central Puerto Rico 

Sample A Sample D 
0 8 10 Is 20 2F 10 5% 8 T I 2 3 , 

Normative Minerals =o , I, 

OUARTZ: SIO, 4.6 

K-FELDSPAR: KAISi&Oa 1o :. 

PLAGIOCLASE: Albte NoAISiaO, KO 0.4 

Anorthite CoA 1=Si2 O& J.1 0 

PYROXENE:' (Ga,Fe.Mg)S1Oa 1.0 D.. 

MAGNETITE: FoOFe2 Os o. 

ILMENITE: FcTI0 3 o3 

APATITE: G03P3OjZ(CI,F) 1A 

FREE WATER: H20.' 

CHLORITE Group: HaMgsAlaSiAO8 Is.. 

KAOLINITE Group: AI203'2SIOa2HzO 7 as 

RUTILE: TiO 0 0.6 

LIMONITE: Fa0 H#O 0". 

MAGHEMITE: FejO3 0 0.9 
I I '" " I 

0 10 15 90 5 30 3 0 8 O , 3 202 ; so 

PERCENTAGE BY VOLUME 

Fto. O.-NormaUva mineral assemblages by percentage of volume calculated from the standard cells of samples A ad D X 
sontod in graph form. 

Sample A - Fresh basaltic andesite flow breccia 

Sample D - Flow breccia saprolite 

Source: BRIGGS, R. P., 1960, Laterization in East-Central Puerto Rico. 
Transact. Second Carib. Geol. Conf., Mayaguez, P.R., pp. 103-119 
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TROPICAL SOILS INSTITUTE 

Puerto Rico, July 10 - August 4, 1972 

- "SAN TUAN"FIELD TRIP 5 

Second Day : "Aguas Buenas - Cidra" 

Date : Saturday, 7/29/72 

Objective : To visit an intensively managed coffee farm, and an 
experiment site with N and P trials, and to see the 

corresponding Ultisols 

Route : San Juan -(Agr. Experimental Station, Rio Pledras-
Aguas Buenas - Cidra - Caguas - San Juan 

Soil pits Orthoxic Tropohumult (Daguey Series) - Aguas Buenas 

Orthoxic Palehumult (Torres Series) - Cidra 

Main Topics Aguas Buenas : Intensive coffee farming 

Cidra : N and P experiments 

Remarks Over-night in San Juan, Hotel Borinquen 

FHB/5-72
 



TROPICAL SOILS INSTITUTE Puerto Rico, July 10 -August 4, 1972 

SAN JU 

Aguas
 

Buenas , Caguas 

MAYAGUEZ a 

Field Trip 5 - "SAN JUAN"
 

Second Day : "AGUAS BUENAS - CIDRA"
 



Daguey Al (0-10 cm)
 

Sand, 6.4%; Sit, 27.5%; Clay, 66.1%
 

Mineral Composition' (untreated soil) 

Mint-al <100 mesh Clay V 2 pm) 

Vermiculite detected 1-10%
 

Mica detected not detected by XRD
 

Dehydrated Halloysite detected in E.M.'s; detected in E.M.'s;
 
not detected by XRD not detected by XRD
 

Kaol ini te 25-40% >40%
 

Goethite 1-10% 10-25%
 

Quartz 25-40% 1-10%
 

Hematite 7-10% 1-10%
 

Magnetite 1-10% not detected
 

Unpublished data of R. C. Jones, W. Sakai, and W. Hudnall, Department of 
Agronomy and Soil Science, University of Hawaii 



Daguey Al (0-10 cm)
 

Discussion 

Electron Imicrographs of scattered layer silicates with moir6 patterns
 

suggest the presence of small amounts of mica in the clay fraction. The
 

concentration i" 
too small to be detected by XRD. A broad 1O.OA peak of
 

the whole soil also suggests the presence of hydrated halloysite.
 

Electron micrographs offer only a vague hint of hexagonal morphology.
 

Considerable mechanical and/or chemical weathering has taken place. 
Most
 

of the quartz is of sand and silt sizes which account for its decrease in
 

the clay fraction. This mineral is 
not descernible by EM.
 

Although hematite is 1-10% in both the whole soil and the clay fraction,
 

its peak for the clay fraction was broad, indicating small particle size.
 

The electron micrograph of the Daguey Al shows many clusters of iron
 

oxide (I)and 
a lath shaped crystal of halloystie (H).
 

The saturation extract of the Daguey Al (0-10 cm) contained 5.6 ppm
 

silicon as compared to 1.25 ppm for the B21 horizon. 
The electron micrograph
 

of the Al clay shows diffuse particle overlap indicating the presence of a
 

gel coating containing silicon. 
At the arrow, the gel coating forms a curved
 

solid-air interface.
 

Unpublished data of R. C. Jones, W. Salmi, and W. Hudnall, Department of
Agronomy and Soil Science. University of Hawaii 



Daguey B21 (10-30)cm) 

Sand, 3.00%; Silt, 20.00%; Clay, 77.00% 

Mineral Composition (untreated soil) 

Mineral < 100 mesh Clay <2 pm) 

Vermiculite 1-10% detected
 

Mica detected detected
 

Dehydrated Halloysite detected detected 

Kaolinite 25-40% -- AO% 

Goethite 10r25% 25-40% 

Quartz 25-40% 10-25% 

Hema t i te 1-10% 1-10%
 

Magnati te 1-10% 1-10%
 

Unpublished data of R. C. .Jones, W. Salmi, and W. Hudnall, Department of 
Agronomy and Soil Science, University of Hawaii 



Daguey B21 (10-30 cm)
 

Discussion
 

Mica and halloysite are also present in the 821 horizon. 
 Again, the
 
broad XRD peak suggests the small particle size of mica and the 10.OA peak
 

indicates the presence of hydrated halloysite. Electron micrographs confirm
 

the presence of halloysite (H). 

The kaolinite in this horizon, as seen in the electron micrographs, has 
much better hexagonal morphology than that in the Al horizon. However, the
 

majority of the particles appear weathered. 

Goethite is the dominant X-ray crystalline iron oxide. Quartz :is not 

discernible on the micrograph.
 

There is a hint of gel material 
at the curved solid-air interface as
 

indicated by the arrow.
 

The clusters of iron oxide (I)are almost always associated with tXe
 

layer silicates. This association usually indicates a charge attraction.
 

Unpublished data of R. C. Jones, W. Sakai, and W. Hudnall, Department o:
Agronomy and Soil Science, University of Hawaii 



DAGUEY SERIES Orthoxic .Tropohumults
 

Horizon Depth Extractable Silicon 
cm SO4 S * Saturation 1 1:10 Water 1:10 Phospate 

,4g/g soil Extract 

_Si, 	 ppm, .solution Si; Agg soil 

Ap 0-10 . 0 5.6 1.95 '77.2
 

B21 10-30 1 170 1.25 .72 76.4
I 	 i: 

B22 30-60 1 250 1.26 .90 	 42.3 
.FB3 60-95 373 	 2.06 1.31 124.5 

Unpublished data of R. L. Fox, Dept. of Agronomy and Soil Science, University of Hawaii 

*) 	 Repeated extraction (4 times) with 500 ppm P (CaH2PO4 ) 

Soil: Extracting solution ratio was 1:5 for each extraction 



SERIES: DAGUEY 

General Characterization 

Classification 
Soil Taxonomy: 	 Subgroup: Orthoxic Tropohumults 

Family: clayey kaolinitic, isohyperthermic 
Status: tentative 

FAO/UNESCO Legend: Humic Acrisols
 
1938 Great Group: Reddish Brown Lateric
 

Location of Sample Sit 
Latitude: 181 13' 50" N Longitude: 66' 10' 2" W Elevation: 500m (1,650 
General Description: Vicente's coffee farm, approx. l km.(.6 miles) 
south of Bayamoncito on highway 156 and 1 km (.6 miles) east of highway 
791; Comerlo Quadrangle 

Climate
 
Mean annual rainfall: rv 200 cm (78")
 
Mean annual temperature: ,23.5 C (740 F)
 
Rainfall distribution: Less humid in February and March
 
Thornthwaite type: BB'r - Humid mesothennal
 

Vegetlon and Land Use 
Natural vegetation type: Tropical moist forest 
Land use and crop: Pasture, coffee on adjacent farm 

Parent Material and Geologv 
Parent material: Strongly weathered saprolite 
Parent rock: Andesitic - basaltic volcaniclastics 
Geology formation: Lower Cretaceous 

Geomorphology 
Slope: 12% 
Aspect: NE 
Landform: Upper backslope (concave) 
Geomorphic surface: Remnant of Tertiary erosion surface, possibly 
correlates with the youngest erosion cycle of the "St. John Peneplain 

Additional Notes: 
Classification is tentative: if clay content In the B21 and B22 exceeds 
75% it should bea Tropeptic Haplorthox Sampled at road ci." 

Compiled by: FH Beinroth 	 Date: 2/17/72 
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DACUEY SERIES
 

Thu D&guey series Isa n-n.nbar cf a clayy, oxidlc, Ischyperthermnic femily of Orthoxic
 
Tropohumults. These soils have brown, fine textured, granular A horizons, and red, fine
 
textured, very strongly acid, wall davaloped 8 horizons.
 

X~P Inig Pedch: 'D 15 clay - pasture.

(C*oT& s are for c3ist soil unless otherwise stated.)
 

Ap . - -iO" -- Brown (7.5YR 4/4) clay; weak nra-dium subangular blocky breaking to moderate

(0-25 cm) fine granular structure; firm, slightly sticky, slightly plastic; very strongly


acid; abrupt wavy Laundary. (8 to 12 inches (20-30 cm) thick)
 

A3 "10-I"1 -- Reddish brown (SYR 5/4) clay; w m-dkmdium subangular blocky structure; firm, 
(25-36 cm) sl'htly sticky, s.liehtly plastic; thin patchy clay fi'ms; very strongly acid; 

clear smooth boundary. (3 to 5 Inches (7-12 cm)'thick) 

B) -, 14-23" -- Yello.zish red (5YR 4/6) clay; few =diu:n distinct yellowish brown (IOYR 5/4)

(36-58 cm) mottles; v.aak coarse prismatic breaking to moderate medium subangular and angular


blocky structure; firm, slightly sticky, slightly plastic; thin patchy clay films;
 
very strongly acid; clear snooth boundary. (6 to il inches (15-28 cm) thick)
 

021t -- 23-31" -- Red (2.5YR J./6) clay; strong medium and fine subangular blocky structure;

(58-79 cm) firm, slightly sticky, slightly plastic; thin continuous clay films on ped faces;
 

very strongly acid; grc'ual smooth boundary. (6to 10 Inches (15-25 cm) thick)
 

822t -- 31-43" -- F.cd (2.5Y1 1./6) clty; strcnoi md:Ir'tm and fine subangular blocky structure;
 
(79-110 cm) firm, sligh:y stic!.y, slightly plastic; thin patchy clay films; very strongly


acid; Srodt.-l r-ooth beund.;y. (8to 14 inches (20-36 cm) thick) 

923t -- 43-5911 -- P.d (2.5YR 4/6) clay; modorato fine subangular blocky structure; firm,
 
(110-150 cm) sl'itly tlcl', slightly plastic; thin patchy clay films; very strongly acid;
 

gradual srrooth bcuidry. (10 to 20 Inches (25-51 cm) thick)
 

9-72" Rcd 	(2.5YR /6) clay/; 

(150-185 cm) 	fiiv suharigular bloc!y structure; firm, slightly sticky, slightly plastic; very


thin patchy clay filr,;; very strongly acid; clear smooth boundary. (10 to 16
 
inche.s (25-41 cm) thick)
 

03 -- -- " few srall angular fragments of rock; weak medium and 

Cl -- 72-&6".-- Yn','wi7h red (SYR 4/) silty clay lotm; corvoor, fine strong brown (7;5YR

(185-220 cm) .5/16) cnd rc',Jish yollcv. (7.57R 6/6) mottles; massive but with some evidence of
 

orijlnal rock stru-ture; friable, slightly sticky, slightly plastic; very strongly

acid; gradual rr'coth boundary. (12 to 13 inches (30-46 cm) thick)
 

C2 -- 86-30" -- Saprollto with well defined rock stru;ture, similar incolor and texture to
 
(220-230 cm) Cl horizon.
 

Type Locatcn: Ctbuco SCO, Puerto Rico; 40 feet west of Highway 113, 80 feet south of road

Junction to houso.
 

Range InChnrncteristirs: Thic'nasc -)f the B horlz.-ns ranqns fro 40 to 70 Iches (100-180 cm)
nd that oF-3th tzt hor-z"ias from 24 to 44 inches (6i-110 cra). Colors of the 12 horizons are 
Inhues of ]OR or 2.5YR, in values of 4 or 5 and chroma of 6 through 8. Yellowish brown mottles 
are few or cox.Mn and cro mere evident in the upp3r B horizons. Grade of structure In the 82 
horizons r,nges from strong to ritodorate inclusivo. The soil Is strongly or very strongly acid. 
Cation oxchango caac-ty of tose soils ranrns frc-i 18 to 22 m9./l00 grems of clay in the argt/.l1rc..""
horlzon. The or 'nic czr~c;n conL.,rit in the uppor 6 inches (15cm) of the.ar9ill'c harTS" ns 
free1.0 to 1.6 irluive~~.."an annuoi1 t.s.roaturo, at 20 Jnchros-.. cni..roves from 72-tqo 

ComuntInn Series -.nd Theilr DIff.rctiae: These are Alonso series In the same femily and Daguao,
fl.Iaes, Lis,;, and .\ca jTEsaT The Alonso soils have darkel- colors with chron.as
of 3 or less. Da~,uao, H-umrtas, and Naranjito solos all have exchanut capacities inexcess 
of 24 meq. par ILO QrP-ms of clay. The Limones soils have wetter upper B horizons in hues 
of 7.5YR or yollc'-:or. 
V. 1. 0IfARIMLENT."MW.U.TUU. tOIL "C..SVATION09tIVIOg IT WotII. 19A 

W IIIAI I lg 

http:chron.as


Daguoy Series
 

Stt.n. The Daguoy soils occur on the rrore 
stable sloping sideslopos, rldgetops and footslopes
'oa
volc.ni c uplctnds with slope gradients ef 12 to 20 percent. 
 The soil forned infine taxttur-Cclrdu: froIU: Very hlighly wthcrcd basic volcanic rocks.Tho averog. annual precipitation Is85 Thc cilimte Ishumid troeico1.,,chs (215'6m) 'and the iAnn 'annual te' rno¥'
ro 76 F. 
PrinclIpal Acsocatrl Soils: 
 Thoses 
 are tha cor,.ctlng Hunatas soils and Consume so:is. The
sL' so c:cur
501 on stceper less stable surfacas and have thinner 8 horizons.
 
Drh'-o-', ,s
"Peri,-Cbl 
 ty Well drained; nradlun or rapid runoff dopending on the steepnoss of


the~~c-das;
dratc pormaability. 

Ua and VV.itation: Coffco, pasture and subsistence crops. Very small acreage Insugarcane.
 
Oisrib-tion and Extant: 
 Humid volcanic uplands of Puerto Rico. 
The series Isof limited
 

Series Established:' .Once 
 . o Rico; 1971.
 

2rrks: 
Those soils wore formerly classified In the Reddish Brown Latoritic great soil group.
 

National Cooperative Soil Survey
 
U. . A.
 



SERIES: Torres 

General Chacterization 

Classification
 
Soil Taxonomy: Subgroup: 
 Orthoxic Palehumults 

Family: clayey, oxidic ?, isohyperthermic 
Status: tentativeFAO/UNESCO Legend: Humic Nitosols1938 Great Group: Reddish Brown Lateritic 

Loc,.Lion of Sample Site
Latitude: 18012' 3,N Longitude:" 66071 5 W Elevation: 450 m (1,470')General Description: Cornell Experiment Site "Cidra"; Soltero's Farm,highway 172, 10 Km (6miles) WSW of Caguas 

N of 

Caguas Quadrangle 

Climate 
' an annual rainfall: 200 cm (78")


M,,.n aniual temperature: .,23°C (73.5°F)

1*"T:Lfall .idstribution: 
 less humid in February and MarchThornthwaite type: BB'r - Humid mesothermal 

yVe, (:
1in "-.d a"nd Use 
INatural vegetation type: Tropical moist forest

Land use and crop: Experiment site - corn
 

Parent Material and Geology

JFarent material: 
 Highly weathered, fine textured sediments derived fromParent rock: predominantly volcaniclastic and plutonic rocks of LowerGeologic formation: Cretaceous age 

Geomor))hology 
Slope: 5r 
Aspect: N 
Landform: planar, adjacent to shoulder
Geomorphic surface: Probably a depositional surface of Pliocene age associated withthe "Caguana Peneplain", now undergoing dissection 

Additional Notes: 
Sampled in a pit 

Compiled by: F. H. Beinroth Date: 2/17/72 
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TORRES SERIES
 

The Torres 'series 	is a member of the clayey, oxidic, isohyperthermic family of Orthoxi
 

.-iehumults. These soils have dark brown, moderately fine textured, friable, acid A
 

horizons; thick, 	 yellowish red and yellowish brown, fine textured, blocky, friable, 

acid B horizons.
 

Typifying Pedon: 	 Torres silty clay loam-sugarcane
 
(Colors are for the moist soil)
 

Ap -- 0-11" 	 -- Dark brown (lOYR 4/3) silty clay loam with few fine distinct 
yellowish red (SYR 4/8) mottles; weak medium subangular blocky 

structure; friable, slightly sticky, slightly plastic; many fine
 

roots; common root channels; clay coatings along root channels; few
 

fine black concretions; few fine volcanic fragments; few krotovinas;
 

extremely acid; abrupt wa":y boundary. 8 to 111 inches thick.
 

Blt* -- '11-19" 	 -- Yellowish red (5YR 5/6) silty clay; mo.erate medium fubangular 
common
blocky structure; friable, slightly sticky, slightly plastic; 

fine roots; conmmon fine pores; thin patchy clay films on ped sur

faces and root channels; few fine volcanic fragments; few fine dark 
concretions; few krotovinas; extremely acid; gradual wavy boundary.
 
7 to 15 inches thick.
 

B22t -- 19-25" 	 -- Yellowish red (5YR 4/8) clay loam with common fine distinct red 
(2.5YR 4/6) mottles: weak fine subangular blocky structure; very 
friable, slightly sticky; slightly plastic; few fine roots; common 
fine pores; thin patchy clay films on ped surfaces and root channels 
common fine volcanic fragments; common fine black concretions; very 

strongly acid; gradual navy boundary. 6 to 14 inches thick.
 

B23t -- 25-34" 	 -- Yellowish red (5YR 1/8) silty clay with common medium distinct 
strong brown (7.5YR 5/8) mottles; weak fine subangular blocky struc
ture; friable, slightly sticky, p.lastic; very few fine roots; common
 

fine pores; very 	thin patchy clay films; few fine rock fragments;
 

few fine black concretions; few fine red concretions (2.5YR 4/8);
 
very strongly acid; clear wavy boundary. 8 to 15 inches thick.
 

B24t -- 34-50" -- Yellowish brown (1OYR 5/6) silty clay with common medium distinct 
red (2.5YR 4/6) and common medium distinct yellowish red (5YR 4/8) 
mottles; weak fine subangular blocky structure; very friable, non

common fine pores! very few patchy claysticky, slightly 	plastic; 
films; few fine white grains; few finp black concretions; very
 

strongly acid; gradual wavy boundary. 10 to 20 inches thick.
 

*25 -- 50-62"+ -- Yellowish brown (lOYR 5/6) silty clay loaa with common medium
 

distinct red (2.5YR 4/8) and y-allowish red. (YR 4/8) mottles; weak
 

fine subangular blocky structure; very friable, nonsticky, slightly
 

plastic; many fin, pores; very strongly acid. 



m.vpe LocRtion: Bste SCD, Puerto lico; municipality of Juncos; 660 feet south and 25 

feet west of kilometer marker 12.1, highway 31. 

Range inChorcteristics: Thickness of the solum is more than 60 inches. Mean annua, 

soil teimperature at a depth of 20 inches moreis than 72*F and the difference between 

mean sunnaer and mean winter soil temperatures is less than 90F.. Mineralogy is oxidic. 

These soils are usually moist in all subhorizons. Base saturation (by sum of dations) 

is less than 35 percent at 50 inches below the upper boundary of the argillic horizon.
 

Organic matter content is 1.5 percent or more in the upper 6 inches of the argillic
 

horizon. CEC (by NH
4OAc) is less than 24 meq/10 grams of clay in the major part of
 

the argillic horizon. 
Reaction of the profile ranges from strongly to extremely acid.
 

S.lty clay loam and silty clay are the dominant types, The A horizons have colors in
 
hues of lOYR to 5YR, values of 3 and 4, and chromas of 2 and 3. The B2t horizons have 

te.xtures that range from clay loam to clay and are stratified. The colors are in hue.
 

f 1OYR to 5YR, values of 4 to 6, and chromas of 4 to 8. Mottles have bright chromas. 

Structure ranges from moderate to weak subangular blocky. Clay films vary from thin 
to very tnin patchy. Coarse fragments, fine volcanic fragments, vary from few to 

common, do not exceed 20 percent by volume. 

_Competing- Series and their Differentiae: These are the Aceitunas series in addition 

to the D.'guao, Ejemplo, Humatas, Naranjito, Los Guineos, Lares, Limones, Aibonito, 

Dguey, and Cialitos series. The Aceitunas soils have higher CEC values 
- more than
 

24 meg/100 grams of clay. The Daguao, Ejemplo, Humatas, Naranjito and Los Guineos 

soils have thinner argillic horizons and higher CEC values. 
The Lares soils have
 

mottles with chromas of 2 or less within 30 inches of the surface. The Limones,
 

AiOonito, Diguey and Cialitos soils have thinner argillic horizons.
 

Setting: The Torres soils occupy gently to strongly sloping dissected terraces and
 

alluvial fans with slope gradients of 2 to 20 percent. 
The regolith consists of very
 

-,ighly weathered, fine and moderately fine textured, stratified sediments of mixed 



-origin. The climate is humid tropical. The average yearly rainfall is from 80 to
 

90 inches. The mean annual temperatur is from 77 to 800F.
 

Principal A.sociated Soils: These are the competing Humatas, .. , 

Cialitcs series in addition to the Consumo and Catalina series. The Humatas, Dagucy 

and Cialitos occupy positions in the steep sideslopes of the volcanic uplands above 

t:ie Torres soils. The Lares soils occur in similar terrace positions but have low 

chroma mottles in their profiles. The Consumo soils occupy steep sideslopes positions 

and have argillic horizons thinner than 16 inches. The Catalina soils occur in side

slopes and have lower-CEC values - lower than 16.meq/°aO0 grams of clay. 

Drainage and Permeability: Well drained, medium runoff, moderate permeability. 

Use and Vegetation: Original vegetation consists of native grasses and shrubs. Most 

of the acreage is used for sugarcane and pasture. 

Distribution and Extent: Humid volcanic areas. The series is of small extent. 

'eries Established: Soil Survey of Puerto Rico, 1942. 

Remarks: The Torres series was placed in the Reddish-Brown Lateritic soil group of
 

the 1938 Soil Classification. There are no available laboratory data for t.hese so.ls.
 

Low exchange capacity is assumed because of the stability of the land forms in which
 

the soils occur.
 

National Cooperative Soil Survey
 
USA
 



Cidra (Torres) Ap 

Sand, 11.0% ; Silt, 23.8% ; Clay, 65.2% 

Mineral Composition (untreated soil) 

inerail. . .1O0 mesh Clay <2jam) 

Chlorite 1-10% 10-25% 

Kaolinite 10-25% > 40% 

Gibsite 1-10% 10-25% 

Goethite 10-25% 10-25% 

Quartz 25-40% 1-10% 

1lera ti te 1-10% detected 

Magnetite 1-10% detected 

Unpublished.."data of R. C. Jones, W. Sakai, and W. Hue-"" 
Agronomy and Soil Science, University of Hawaii 



Cidra (Torres) Ap
 

Discussion
 

The shape of the chlorite XRD peak indicates a poorly crystalline material 

n the less than 100-mesh soil. However, the chloite XRD peak for the clay 
raction was sharp. Thus, the well crystallized chlorite are concentrated in 

,he clay fraction. 

Virtually all kaolinite (K)was found in the clay fractior. Since the 
aolinites do not exhibit a hexagonal morphology, it is concluded that the 

oil has undergone extensive weathering. 

Iron oxides (I)appear as dark clusters. Since only goethite was detected 
i the clay fraction by XRD inappreciable amounts, it must be concluded that
 
iese features are mostly goethite. 
The other oxides which are present in the 

ay fraction were not detected by XRD in any discernible abundance because of 
311 particle size and/or poor crystallinity. 

The saturation extract of the Ap horizon (0-10 cm) contained 8.1 ppm
 
!icon as compared with 1.4 ppm silicon for the B21t horizon (10-30 cm).
 
cc.lp rison of the micrographs of these two horizons reveal that the particles
 
erlap and the oxide clusters appear much less distinct for the Ap horizon. 
ese observations indicate the presence of gel surface coatings; the source of
 

E silicon in the saturation extract.
 

Unnublished data of R. C. Jones, W. Sakai, and W. Hudnall, DepartMent
of Agronomy and Soil Science, University of Hawaii 



Cidra (Torres) B21t
 

Sand, 6.0%; Silt, 15.8%; Clay, 78.2%
 

Mineral Compostion (untreated soil) 

Clay (<2 4m)Th'neraF 	 <100 mesh 

Chlorite detected 	 1-10%
 

25-40%
Kaolinite 25-40% 


1-10%
1-10%
Gibbsite 


25-40%
10-25% 


10-25%
 

Goethite 


Quartz 25-40% 


1-10%
1-10%
Hematite 


Magnetite 1-10% 	 1-10%
 

W. Sakai, and W. Hudnall, Department cUnpublished data of R. C. Jones, 

Agronomny.and Soil Science, University of Hawaii
 



Cidra (Torres) 821t
 

Discussion
 

As seen in the micrographs, particle boundries and overlap in this
 

horizon are much more distinct than those in the Ap horizon. 
The former
 

suggest thin gel surface coatings.
 

The lack of hexagonal morphology in the kaolinite particles (K). suggest
 

extensive weathering of minerals. 
These kaolinites can not be distinguished
 

from chlorite, which normally exhibits no definite morphology.
 

Although goethite is the major X-ray crystalline iron oxide in both the
 

whole soil 
and the clay fraction, the XRD peaks of hematite and magnetite
 

were much sharper in this horizon than in the Ap horizon.
 

Quartz was not discernible in the micrographs of either the Ap or the 

P21t horizons. 

Unpublished data of R. C. Jones, W. Sakai, and W. Hudnall, Department ofAgronomy and Soil Science, University ofHawaii 



TORRES SERIES - Orthoxic Palehumults 

Horizon I Depth Extractable Silicon 
cm SO 4 S Saturation 1:10 Water 	 1:10 Phospate 

kg/g soil Extract I 
_ Si. ppm. solution Si. A'g/g soil 

II 
Ap 	 0-10 280 8.08 2.54 159.4
 

B21t 10-30 819 1.38 .78 95.5
 

B22 30-50 740 
 .96 .64 76,4
 

B23 50-90 589 .86 
 .70 	 102.5I[ 

B24 90-125 537 	 1.01 
 1.02 	 102.1
 

Unpublished data of R. L. Fox, Dept. of Agronomy and Soil Science, University of Hawaii 

*) 	 Repeated extraction (4 times) with 500 ppm P (CaH2PO4 ) 
Soil: Extracting solution ratio was 1:5 for each extraction 
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TROPICAL SOILS INSTITUTE 

Puerto Rico, July 10 - August 4, 1972 

PIELD TRIP 5 - "SAN TUAN" 

Third Day : "El Yunque" 

Date 

Objective 

.Route 

Soil pit 

Main Topics 

: 

: 

: 

: 

: 

Sunday, 7/30/72 

To see a tropical rain forest and a soil of this area 

San Juan - El Yunque - Luquillo - San Juan - Arecibo -
Mayaguez 

Epiaquic Humoxic Tropohumult (Picacho Series) 

Ecology of a tropical rain forest; soil formation; soil
forest nutrient. cycles; land use 

FHB/5-72 



TROPICAL SOILS INSTITUTE PUERTO RICO, July 10 -August 4, 1972 

SAN JUAN
 

El Yunque 

MAGUEZ
 

Field Trip 5 - "SAN JUAN" 

Third Day: "EL YUNQUE" 



Toposequences in the El Yunque Subtropical Rainforest
 

Mean annual rainfall : 400 - 500+ cm. (160 - 200+ in.)
 

Mean annual temperature : 20 - 21 * C (68 - 70 *0)
 

lange in elevation : 700 - 1070 m. (2200 - 3500 feet)
 

Volcanic Area 

.- Volcanic Rockland 

Typic Palehumults (Yunque) 

(Guayabota)Lithic Tropaquepts 

and Volcanic Rockland 

Granitic Area 

'Granitic Rockland 

<-- Aeric Umbric Tropaquults (Ciales) 

SEpiaquic Orthoxic Tropohumults (Picacho) 

Typic Humitropepts (Utado) 

and Granitic Rockland 

FHB/72 



SERIES: Picacho 

General Characterization 

Classification 
Subgroup: Epiaquic Humoxic TropohumultsSoil Taxonomy: 
Family: clayey, kaolinitic, isothermic 
Status : tentative 

Humic AcrisolsFAO/UNESCO Legend: 
Red and Yellow Podzolic1938 Great Group: 

Location of Sample Site 
65047? 30" W Elevation: 750m(2, 460')

Lati.tudeiT87'T5' N Longitude: 
("El Yunque"), 15 m (45') W

General Description: Luquillo National Forest 
of km. 15.7 on highway 191. El Yunque Quadrangle, Mtwicipio de Rfo Grande 

Climate 
Mean annual rainfall: 450 cm (,180") 

° 
l-aM.nl temperature: 	 ~21 C (70°F)
 
less humid in January
 

X.Mean 
12%ainfall distribution: 


AB'r - wet mesothermal
Thornthw aite type: 

Vegetation and Land Use 
Natural vegetation type. Subtropical rain forest 

national forest, + virgin vegetationLand use and crop: 

Parent Nlaterial and Geology 
Parent material: Strongly weathered saprolite 

Parent rock: Quartz diorite 
Geologic formation: Late Cretaceous / Eocene 

Geomorphologv 
Slope:20/ 
Aspect: SW
 
Landform: shoulder
 

surface: Small bench - like surface in strongly dissected andGeomorphic 

steeply sloping upland
 

Additional Notes: 

Samples from road cut 

Date: 2/14/72Compiled by: F.H. Beinroth 



Established Series
 
Rev. RAB:LHR
 
8/69
 

P'ICACHO SERIES
 

The Picacho series is a member of the clayey, mixed, isothermic family of Aquic Tropohumults.
 
These soils have dark yellowish brown, silty clay loam A horizons; yellowish brown and red
dish yellow, mottled, very strongly acid, clay B horizons over mottled saprolite.
 

Typifying Pedon: 	 Picacho silty c1iy loam - forest.
 
(Colors are for moist soil.)
 

A] 0-9" -- Dark yellowish 'brown (IOYR 4/4) silty clay loam; weak fine subangular
 

blocky structure; firable, slightly sticky, slightly plastic; many fine
 
through coarse roots; few fine pores; common fine silvery fl.kes; few fine
 
dark minerals and quartz grains; very strongly acid; clear smooth .boundary.
 
(6 to 12 inches thick)
 

B21t *" 9-19" -- Yellowish brown (I0YR 5/4) cay; common fine distinct gray and yellowish 
red mottles; weak coarse and medium subangular blocky structure; firm, slightly 
sticky, slightly plastic; few fine pores coated with brown; thin patchy clay 
films on ped surfaces and In root channels; few krotovlnas 3/8 of an inch in 
diameter; common fine quartz grains; few fine dark minerals and silvery 
flakes; very strongly acid; clear wav' boundary. (S to 12 inches thick) 

822t -- 19-28" -- Strong brown (7.5YR 5/8) clay; common fine distinct olive gray mottles; 
weak coarse and medium subangular blocky structure; firm, slightly sticky,
 
plastic; few fine and medium roots; few fine pores; thin patchy clay films
 
on ped surfaces and in root channels; many coated quartz grains; common fine
 
dark minerals; few fine silvery flakes; few krotovinas; very strongly acid;
 
gradual smooth boundary. (6 to 12 inches thick)
 

83 -- 28-35" -- Reddish yellow (7.5YR 6/8) clay; weak fine and medium subangular blocky 
structure; firm, slightly sticky, plastic; few fine pores; thin patchy clay
 
films on ped surfaces and In root channels; common fine quartz grains and
 
silvery flakes; few krotovinas; very strongly acid; clear smooth boundary.
 
(6 to 10 inches thick) .
 

Cl 35-48" -- Yellowish red (5YR 5/6) clay loam; weak coarse and medium subangular
 
blocky structure; friable, nonsticky, slightly plastic; few fine roots; few
 
fine pores coated with dark material; many silvery flakes and coated quartz
 
grains; very strongly acid; clear smooth boundary. (10 to 16 Inches thick)
 

C2 "- 48-65" -- Yellowish :-ed (5YR 4/6) silty clay loam; few fine faint red mottles; weak
 
coarse subangular blocky structure; friable, nonsticky, slightly plastic; few
 
fine roots; few fine pores; many silvery flakes; many fine quartz grains; few
 
fine dark minerals; very strongly acid; gradual smooth boundary. (15 to 20
 
inches thick)
 

C3 -- 65-72"+-- Mottled, vary pale brown (IOYR 8/3), reddish yellow (7.5YR 6/8, 5YR 6/8) 
and red ()OR 4/8) saprolite of loam; massive; texture; very friable, nonsticky, 
nonplastic; many silvery flakes and quartz grains; very strongly acid. 

Type Location: Este SCD, Puerto Rico, El Yunque National Forest, 125 feet south and 50 feet
 
east of kilometer marker 15.7 of Highway 191.
 

Range in Characteristics: Thickness of the solum is26 to 46 inches. Reaction of all
 
hc izons ranges from extremely through very strongly acid. The A horizon is brown (lOYR 4/3,
 
7.5YR 4/4), or dark yellowish brown (IOYR 3/4, 4/4). Texture Is from clay loam, silty clay
 
loam or clay. The B horizon has dominant colors in hues of IOYR through 5YR, values of 4
 

through 6 and chromas of 4 through 8. Gray mottels are common In the upper B and decrease
 

with depth. Texture rang,!s from clay to silty clay. Structure of the 82 horizons ranges
 
from weak to moderate and from medium to coarse subangular blocky; The C horizon has colors
 

U. 6. DEPARTM0NT OF i'CfICULTUR4 SOIL CONSERVATION IERVICE.FORT WORTH,79AAS 
UISDASCIIOAT UomT, 11. ill 



Plcacho Series
 

Gray mottles
 
in hues of 5YR and 2.5YRivalues of 4 through 60and chromas of 4 through 8. 


are comnon In the upper B and decrease with depth. Texture ranges from clay to silty clay.
 

ranges from weak to moderate and from medium to coarse 
subangular


Structure of the B2 horizons 

Tha C horizon hrs colors In hues of 5YR and 2.5YR, values of 4 through 6,and chromas
 blocky. 
 Texture of the
 

of 4 through 8. The lower C horizons have variegated 
colors of the saprolite. 


C horizon is loam, clay loam, or silty clay loam.
 

are Cialitos, Corozal, Daguao,
Cam'esino S,rics rnd their Diffcrnntiae: These the Aibonito, 

series. Albonito, Cfalitos,
C J2'/,-urf,3L, LareZs, Ll"rznes, Los Guincos, and Naranjito 

or less 
D guay, andL; soils have argillic horizon with exchange capacity of 24 meq 

inthan 1.5 percent org'anic matter content 
per 100 gaiams of clay. Corozal soiis have les-

Daguao, Humatas, Los Guineas, and Naranjito
the upper 6 inches uf the argillic horizon. 


soils lack mottles of chromas 2 or less within 30 inches of the soil surface. Lares soils
 

hav soil temperaturcs of more than 72°F.
 

The Picacho soils occur on steep upper sideslopes of strongly 
dissected uplands.


Setting: 

The regolith consists of weathered residuum
 STopegradients range from 20 to 50 percent. 


Near the type location the
 The climate is that of tropical rain forest.
of igneous rocks. 

inches and the mean annual air temperature Is 72°F.
 

average ahnual precipitation is 185 


These are the Los Guineos soils of the com.,eting series and
 
Principal Associated Soils: 


Clales soils have argillic horizons with gray
TaleIs, Guayabota, Utuado, and Yunque soils. 


colors. Guayabota soils have dominant low chroira colors and are shallow 
to hard volcanic
 

lack low chroma mottles and Utuado soils lack argillic horizons.
 
rock. Utuado and Yunque soils 


Runoff Is medium to rapid. Permeability

Drainane and Permeability: Moderately well drained. 


T d nrteiy s0w. 
Use and Veetotion: These soils are In hardwood forest.
 

The series is of minor extent
 
Distribution and xtent: Tropical rain forests of Puerto Rico. 


1942.
Series Established: Puerto Rico; 


This revision of the Picacho series restricts the concept to soils that have solo
 
Remarks: 


These soils were formerly classified In the Lithosols great
thickress of 26 to 46 Inches. 

soil group.
 

National Cooperative Soil Survey
 
U. S. A.
 



PICACO SERIES - Epiaquic Humoxic Tropohumults 

Horizon Depth 
cm 

Extractable 
SO 4 S * Saturation 

Silicon 
1:10 Water 

~g/g soil Extract 

/E Si. ppm. solution 

I 
A 0-18 0 2.16 .80 

B21 B118-35183 1A 0 2.05 .86 

B22 35-60 60 2.88 1.06 

B3 i 60-85 i 340I .74 .66 

C1 1 85-130 1 597 1.09 1.47 

C2 130-165 392 1.09 .99 

University of Hawaii
L. 	 Fox, Dept. of Agronomy and Soil Science,

Unpublished data of R. 

(CaH2PO4 )*) 	 Repeated extraction (4 times) with 500 ppm P 

Soil: Extracting solution ratio was 1:5 for each extraction 

1:10 Phosp-i,-te 

i. /g/g soil 

34.0 

47.3 

52.3 

',156.0 
1 

157.7 
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TROPICAL SOILS INSTITUTE 

Puerto Rico, July, 10 - August 4, 1972 

FIELD TRIP 6 - "aLATAS" 

Date : 

Objective : 

Route : 

Soil pits : 

Main Topics: 

Wednesday, 8/2/72 

To study geomorphology, genesis, classification, and manage
ment of Vertisols 

Mayaguez - Cabo Rojo - Llanos Costa - Lajas Agr. Experiment 

Substation - Mayaguez 

Typic Calciustoll (Aguilita Series) - Llanos Costa Udic 

Chromustert (Fraternidad Series) - Lajas 

Geomorphology, morphology and classification of P.R. Vertisols; 

management (irrigation and drainage) of Vertisols; paddy rice 

experiments 

FHB/5-72 



TROPICAL SOILS INSTITUTE Puerto Rico, July 10 -August 4, 1972 

MAYAGUEZ 

* Lajas Substation 

Field Trip 6 - iLAJAS" 



Occurrence of VERTISOLS in Puerto Rico 

YHB/68 



Fraternidad clay - Udic Chromustert (formerly classified as Grumusol)
 

Location
 

On Lajas Agricultural Experiment Substation located on kilometer 20.9 on
 
highway No. 101; about 400 m (1,200 feet) ENE of headquarters; approxi
mately 32 km (20 miles) SE of MayagUez. Elevation is about 30 m (100

feet) above sea level. This is the type location of the Fraternidad series.
 

Setting
 

The Lajas soils occur mainly on the nearly level to gently undulating

(1-5%) higher terraces in-the Lajas Valley in SW.Puerto Rico. This
 
valley is an elongated depression about 28 km (17 miles) long and 5 km
 
(3miles) wide. It is cut in rocks of Cretaceous age-and filled with
 
unconsolidated alluvial, deltaic and lagoonal deposits of a maximum
 
recorded depth of 65 m (200 feet).
 

Climate
 

The climate is moist to subhumid tropical. The average annual precipita
tion is 112 cm (44 inches) and the mean annual air temperature 250C (770F).
 

Principal Associated'Soils
 
Inaddition to the slightly alkaline Cartagena soils which are inthe
 
same subgroup, these are the Santa Isabel, Aguirre and Guanica soils
 
(Chromudic Pellusterts) which occur on low-lying parts of the valley.

Further associated with the Fraternidad soils are the San Ant6n soils
 
(Cumulic Haplustolls) that are found instream channels and the Jacana
 
soils (Vertic Haplustolls) which occur on the footslopes of the mountains
 
bordering the valley to the north.
 

Distribution and Extent
 
Fraternidad soils occur only inthe semi-arid south of Puerto Rico. The
 
series isof moderate extent.
 

Use
 
Most of the Fraternidad soils are irrigated and planted to-sugarcane;
 
some areas are Inrain-fed crops such as sorghum or inpasture. Land
 
capability class is Ilie.
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Zur Kcnntnis des Gilgai-Rclicfs 

Von F. H. Beinroth*) 
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" f" Trocienrisse \ Scherflchen R71 CoC03
I . 'I. Konkretionen 

Abbildung I 
Schemacsches Qucrprofil cincs wclligcn Gilgai-Reliefs 

(Nuba Mts. District, Provinz Kordofan, Sudan) 
Sdicmatic cross section of wavy gilsai 

Erosion Erosion 

Trocienrlss mlt eingeschwemmtem . Scher

und elngebrcckeltem goddnmaterial * sponnungen 

Richtung der Bodenbewegung 
Abbildung 2
 

Skizze zur Kinemazik des welligen Gilgai-Reliefs
 

Sketch showing the kinematics of wavy gilgai
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