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Limitations to Productivity of Some Ultisol and
 
Oxisol Subsoils 1, 2
 

K. Dale Ritchey and Richard lH. Fox' 

INTRODUCTION 

As pipulation and agricultural land use pressure increase, both erosion 
and land leveling eX)Ose more subsoil to potenlitil cultivation. Sibsoils 
are often thought of 'is being irremediably inferior to surface soil. Iii tile 
fight to increase worl1 food pirodution it is important to know where teIlle 
real limitations to prodution lite, and accordingly this study undiertook 
to ilivestigalte what liniits exist to subsoil ferilit.y ill ille ]luntid Tropics. 

Reported instlalies ot' cases whiere subsoil productivit y is lower than 
tei produetivity f the surface soil irllildf that of Abrif'a andt co-workers, 
(1) wllo foutl ill Plurko Hico plot ,xperillionts that toliae, yields oil 
(orozal sublsoil (Aqui' Troiudultl) were at least 23 e'critt lover than 
tihose on ('orozal chi'a surfac, soil at colarlable base satullrat ioll.s ild rales 
of applied fertilizer. 

Palgola grass growing on Alorso cl.y (( 'lhlioxic Tropouuiniilt ) subsoil 
at, Adjuntas gave a yield of 75 pere,t of that (obtained ,'I t'he surface soil 
(IF.Abruafia,personal communication). 

A ('olo subsoil (Tropepti' ll'aplorthox) at Isabela, altollu"l exposed 
for rnllv Years, rtmaindlPraticall *y barrn'. Th infertility (i the .ub­
soil w.as apllnltlvy dle to Zn thlficiClcy.. laizi pl:lris iot .qpravyed \ith 
zilt. stilf ' toplet grotwing after rl':llhin a li illt of 30 c.mi, while ZII­
sprayed planls in hit'e lleXt ro1w iatiulrd llorlally i). 

Ii greetIiose t tst on (o'atrre'las surfve al sihstoil (a T ,li'yie qropo­
hlunlult formerly calld Ill:tas), ald ('ialitos suirtawct and subsoil (Orth­
oxic Troptliumult), til' (ry weights of hean tops grown on the surface 

Manuscript sllltil (ed to Editorial Board ,hiint' 1:3, 11973.
 
.


2 Cornell Unliversity Agronomy Paper No. 101t2 This swh was part of Ilie work 
supplorted 1).h. U.S. Agen y for h(t vnlialiotl lDevelopment iuider grant ('SI)­
2834 und reseaitrch cilt 't'l (S]D-2190vilit ied: Soil Fertility IRiequiremews to At:in 
Ellcienl Productiol of Food (rop. on thI Extviesiw,, lleip, Well-l)rainid hut Pi'­
atiwely Infertile So.,ils (if the llt,,mid Tropics. 

I Formerly G;raduate I6-sea,'ch Assistnut, (iiirnell University, now Soil F.ertility 

Splecialisl, University of i.-onsin, .ldisou, \Wisconsin; .aod Assistant Professor (if
Soil Science, Cornell Ulivrsity, Ithat:a, New York, respectively. The althors wish 
to extend tlieir gral titide toui St of the Agritliur:al Experiment Station, Collegesaft 
of Agriculura .lSie.1(S, ('ampus, University of Puerto Hico, Wio Piedras,l:1v)gihlz 

P.R., wlere ithe. stidy was Carried out. 
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soils were twice those grown -)n the subsoils with complete fertilization 
including micronutrients (3). 

Lathwell et al. (9) studied the nitrogen-supplying l)otential of 10 tropical 
Ultisols miod ()xisols from luerto Rico. After fertilizing with N, 1), K, Mg 
an( mic.ronUt i.! S,the greeinhouse yield for five crops of corn and sorghum 
on the Ieast pr, '(oetive soil, Nilpv (T.*yNpic Acrorthox), was 42 lpercelit of 
that () t1h m, -l productiv e, Carreras (Typic TrIIl iumult); additional 
exl)eriim It Indulicated these 'esults; may have been due to high p, )sphortis 
fixing ea.pc: itv ini the Nipe soil (Lathwell, personal co(mmunication). 

This study Nv.s un(lertak nIfor the piuirpose of finding the fertility fac­
tors responsible for preventing maximum growth on some Puerto i ian 
subsoils. Ili addition to conventio1nal pot watering, a' new method f water­
ing which re(luces the possibility oif moisture stress was used to see if some 
previously reported depressed pot, yields on subsoils could be partially 
attributed to ineffective conventional pot watering tchiliques. 

GENERAL MFTHODS 

Soils w'ere ,olleted from exlrimental plots4 near .ayuya (Los Guinos 
soil series), Manafi (Pifia soil series), Barranquitas (Catalina soil series at 
two field sites), and at the, Corozal Substation (Carreras soil series, formerly 
called Humatas). The samlee of the Nipe soil series was (ollcted from 
Las Mesas ntear \ayIoagfiz. Surface soils were collected from the plow 
layer (0-20 (m) and the sbsoils from 20 to 50 em depth. The soils ar( 
described in tables 1 and 2. 

The thoroughly mixed air-dry soils w'ere ground in a Quaker City Mill 
to 4 mm or less, mixed with liming materials and fertilizers, and placed in 
2,000 and :3,000 ml capacity white plastic pots with 4 holes in the bottom 
(diameter of pot tops 15 or 20 cm). Where density of the soils differed 
gr,,t ly, equal volumes ralther than e(qual weights oIf soil were used. A layer 
of fiberglass was used to line the bottoms of the pots. 

Alodifications of the wvick-watring ii, 1o( of I)olar and Keeney (5) 
were used omi a number of pots (lithey and Fox (10)). A hole was melted 
through the bottom of the hot with a red-hot, 1.4-cm diameter iron pipe. 
A wick was inserted which exten(lde halfway up through lie center of the 

pot and down into a container of water below the pot. A preliminary trial 
of the method using USIP cotton fiber for wicks was made in Experiment 

'These field plots are part, of a collaborat ive soil fertility research project 
of Cornell University, the University of Piterto Rico Agricultural Experiment Station 
and the U.S. Department of Agriculture. This project is supported iii part by the 
U.S. Agency for International Development. 
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TABLE 1.-Chemical properties of soils used and their classification under the U.S. 
Soil Taxonomy 

Soil Depth pill ON N Ca Mg K At 

CmI Percent Percent -eloo.fe/OO Me/goo Agltgoo 

r-. 2 g 2 g 

Carreras (AIic Tropoi - 0-20 5.0 -1.88 0.14 6.10 0.86 0.32 1.54 
mult;clayey,kaolinitic, 33-43 4.5 1.80 .09 1.59 .35 .20 7.54 
isohypeort hErmic) 

Los Guincos (Epiaquic lu- 0-15 5.0 10.6 .65 4.86 1.71 .37 1.06 
moxie Tropoltumttlt; 17-35 5.0 5.27 .27 2.36 .99 .1) 1.40 
clayey, kaolinitic, iso- I 

thermic) 
Pifia (Psammentic Jlt'plor- 0-15 5.3 1.81 .07 1.00 .18 .08 .37 

thox; sandy, isohyper- 20-40 4.75 2.03 .06 .48 .24 .03 1.06 
thermic) 

Catalina ('roelptic Hap- 0-12 5.8 6.04 .31 5.48 .68 .42 0 
lorthox; clayey, oxidic, 20-50 5.4 3.60 .22 3.72 .88 .6- 0 
isohypert herinic)

Nipe (Typic Acrorthox; Exposed 4.8 3.22 .14 2.28 1.31 .19 0 
clayey, oxidic, isohyper- sub­
thermic) soil 

11:2 soil:watcr. 
2 Exchangeable Ca, Mg and K with ammonium 'cel ate; exchangeable Al with 1N 

potassium chloride. 

T.%HMLi2.-Atvailablc zinc, utailoble phosphorts anl phosphortus rcquirements 
of soils used 

Available zinc 
Soil Double1 TI.. Ip.a P require.

merit' 
JICI acid TEA 

Ppm Ppll I'pm Ppm 0gig 

Carreras Surface 0.6 1.0 0.4 1.8 100-150 
Sub .4 .7 .1 4.2 .140-480 

Los Guineos Surface 2.2 3.5 2.1 6.3 740-800 
Stub .6 1.8 650-700 

Pifia Surface .6 .8 .3 133 0 
Sib 53.9 0 

Cat alina Surface 2 2.8 2.8 -1.2 -
Sui Site A 2 1.41 610-860 

Nipe Exposed subsoil 1..t 750-S50 

t 0.05N IICI pls 0.025N II.SO4. 
2 0.005.11 diet hyleitet riitinepenta:tcet it acid, 0.01.1! CaCIl, and 0.1M triet hanoi­

amine. 
3 Availalle phoslhorus by 13ray No. 2. 
4Mg P per g of soil necessary to obtain 0.2 )ppi P in equilibrium solution after 6 

days by method of Fox and Kamprath (.7). 

http:0.005.11
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I. For the remaining experiments fiberglass wicks 27 cm long and 1.3 cm 
in diameter were used.' 

All other pots were watered conventionally. They were brought to field 
capacity by sprinkling water on the surface one to three times daily. 

Distilled water was used in all experiments except Experiment I. 
In all experiments ammonium nitrate, potassium nitrate and mono­

calcium phosphate were used as sources of N, 1), and K, except in Experi­
ments III and IV, where potassium sulfate was used. 

Split applications of nitrogen fertilizer through the growing period were 
made by injecting concentrated ammonium nitrate solution into the wicks 
with a hypodermic needle or adding it to the conventionally watered pots 
with irrigation water. 

Ten to 12 seeds of maize (Zea mays L. cv. Pioneer Tropical Hybrid 
X-306) were planted and thinned to 4 plants per pot. In some of the trials 
an effort was mnad' to reduce fungus infection (especially severe in Car­
reras subsoil), by using seeds which had been germinated between moist 
paper towels. 

The plants were grown in the greenhouse under natural light. After 2 to 
3 weeks of growth (measured from the initiation of germination), plant 
tops were harvested, dried to constant weight at 70 C, and weighed. 

EXPERIMENT I 

This experiment was designed to see if the soil prod-ctivily differeihces 
between Nipe subsoil and Carreras surface soil wh)ich were observed by 
Lathwell et al. (9) would persist at high phostphorus rates and continuous 
water supply. 

METHODS 

Treatments of 0, 600, and 1,800 ppm P (600 mixed in1)lus 1,200 spot 
placed) were applied to 2,000 g Nipe subsoil, and a treatment of 600 ppm 
P was al)lied to 1,600 g Carreras surface soil. For spot placing, the mono­
calcium phosphate was (livided into six larts. One part was placed in the 
center of the pot anid the other five placed in 2-cm long glass tubes of 6; 
mm insideh diameter and distributed around the p(; .at a depti of 6 emi, 
in order to provide a concentrated phosphorus source with a minimum 
possibility of soil fixation. The soils were limed to pH 5.5 to 6.0. Each soil 
received 200 ppm K, :300 ppm N and a micronutrient solution smoplying 
10 ppm Mn as MnCI2 .4H.O, 5 ppm Fe a,3s(Jdium ferric diethylenetrlamine 

5Type 4608, Atlas Asbestos Co., North Wales, Pa. Product and company name 
included for specific infoinnation only and does not imply any endorsement or pref­
erence for the product by the Agricultural Experiment Station of the University of 
Puerto Rico over other products not mentioned. 
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pentarcetate, 2.4 ppm B as 113B0 3, 0.5 ppm Cu as CuSO 4 .5H 20, 5 ppm 
Zn as ZnSO 4.7H2O and 0.1 ppm Mo as H2MoO 4 H20. 

To test the feasibility of using wick-watering methods and because the 
Nipe soil has a low available water content, two treatments using wick­
watering were included: Nipe with 1,800 ppm P and Carreras with G00 
ppm P. 

IESIULTS AND DISCUSSION 

The oveit-dry veights of the plant tops which were harvested 24 davs 
after planting are shown in table 3. When water supply was alequate 
(wick-watering) and high amounts of phosphortus were added, the pro­
durHivity of the Nipe subsoil equalled that of the Carreras surface soil. 

TABLE, 3.-Yield and foliar phosphorus contcn of maize grown on Nipc subsoil and
 
Carreras surface soil al rarious phosphorus rates with corliuhonaland
 

wick watcring in Experimcnt I
 
Soil Applied P Watering Replica- 1161d Foliar P 

lions 

Ppm g/pol Percent 

Nipe 0 Convent ional -1 2.72a 0.12 
Nipe 600 Conventional .t 10.42 1) .391 
Nipe 1800 Conventional .1 10.48 ) .7.1 
Nipe 1800 Wick 2 13.00 he .45 
Carreras 600 Wick 3 11.57 be .5.1 
Carreras )00 Convent ion:l . 12.82 e 

Yields not followed by the same lot ter are significantly different at the 5-percent 
probability level according to Duncan's Multiple Range Test as modified by Kramer 
for unequal replication (11). 

With Nipe the addition of 1,200 ppm spo,-placed lhoslpllorus to the 600 
ppm P mixe(l in had no effect on yield, but there was a considerable in­
crease in l)osphorus content of the leaves. 

The previously reported low yields on Nip subs il in greellhoilse eXl)eri­
ments were I)ro1)'aly due mainly to insutihieent ap)llicat ion of 1hosl)horus. 
Phosphorus adsorption isotherm Ineastirenients [using the intthods de­
scribed by lox and Iamprath (7)] sho wed that aplproximately ,00 mg 
P/g of soil were necessary to maintain an equilibrium solution concentra­
tion of 0.2 ppm P (table 2), regarded as sutiicient for l)lant growth in pots. 
In this experiment 600 ppm a)parently providted stlfficient 1 in the pots, 
as 1,800 ppinl gave no higher yields. 

The rates of 1) applied to satisfy phosphorus requirements of plants 
grown in pots are far higher than those necessary in the field. Baker and 
Woodruff (2) observed in pot experiments with Imize that a disprop)or­
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tionately large increase in rates of P fertilization was necessary 'As pot size 

was decreased. Fox and Kamprath (7) attributed this to interception of 
plant roots by the container w'alls causing "piling-up" of the roots which 
results in reducing their effectiveness for plhosl)horus uptake. Because of 
this observed amplification of P requirements in pots, one can expect to 
reach plateau levels of P rsponse in the field with much lower levels of P 
fertilization than were necessary' here. 

Use of the autonmatie wick-wat ering method to maintain a contimuons 
supply of easily available water (lid not significantly increase tile yield in 
the fertilized Nipe. 

EXPEIIMENT I! 

In a nitrogen experiment described by lox (6), marked differences in 
productivity at the same level of nitrogen had been observed oi different 
areas of a field of Carreras soil. It appeared that yields t!-,rtsed as the 
amount of subsoil mixed in with the surface soil increased. 

A preliminary experiment on surface soils, a partially exposed cropped 
subsoil, and a subsoil from the field showed that the yield relationship 
observed in the field could be reproduced in the greenhouse. All the soils 
received 300 pipm N, :300 ppm P, 200 ppm K, 50 ppim Mg and the micro­
nutrients d(eseribed in Experiment I. The yield oin the subsoil was only 
69 percent of the yield on the surface soil. Yillds were proportional to both 
soil organic matter content and Bray No. 2 available 1). In tile preliminary 
experiment the addition of 2 percent organic matter in the form of dried, 
partially decomposed coffee leaves inervas(l yields oil the subsoil by 18 
percent. Foliar analysis indicated that Mg, Zn, and P might be insufficient. 

Experiment Il was -uried out to see if the, reduction in productivity of 
the Carreras subsoil cjuld be eliminated with mineral amnendments or if 
organic matter additions were also necessary. 

METHODS 

Three levels of phosphorus (100, 200, and 300 ppm ') were applied to 
1,600 g Carreras subsoil receiving zero or 36 ppm Zn. An additional treat­
ment receiving 300 ppm l), 36 ppIm Zn and 1 1)erent ground, dried, par­
tially decomposel coffee leaves was included. For comlparisoni, Carreras 
surface soil with and without added Zn was included. All soils were limed 
to pH 5.1 to 5.5, fertilized with :300 ppm N and 200 ppIm K, and all but 
Treat me t 10 received 100 ppm Mg as magnesiumnulfate. Three replicates 
per treatment, all wick-watered, wvre arrange(d in Randoim Complete 
Blocks, and the exl)(rimenit was harvested 24 days after the initiation of 
germination. 
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RESULTS AND DISCUSSION 

The results (shown in table 4 and fig. 1) iiidica i that when 300 )pm
P and 36 ppim Zn were a(lded to the subsoil, thei( ield was as high as that 
obtained on surface soil with Zn or on subsoil phis organic matter. Appar­
ently 5 ppm Zn, as supplied 1 Ihe nieroiitritl sollition used ill the 
preliminary expelrinlit, wN'as lot sufticieit . To r-sliimise to Zn1, part('1­
larly at high phosplhorts level, wvas strikinig, vx(etdig 1(10 aie0l1t (fig. I).
There was also a marked rspolis' to the application of Zn in til surface 
soil. It i' "hvar that both Zn and I are tieded to n:axilize yiIelds ill Car­
reras surfa( and subsoil. 

TAiLl:A .1.-7"rceahnc rind yields (i Carrers surfucci awl .sub,.eils in Exp( rimclit 11 

Trea t mi ITreatment number .. . .. .. . Y..icldZn 1, Cu 

1pm J'p,g Ppii g/rot 

Subsoil 
1 0 1(H) 21 4.60a 
2 0 200 21 5.60a 
3 0 300 21 6.97a 
4 36 100 21 6.63a 
5 36 200 21 11.23 b 
6 3(6 300 21 1.23 be 
72 :36 300 21 13.33 bw 
8 31 300 0 15.27 c 

Surface soil 
9 0 300 21 7.70st 

10 36 300 21 11.301 b 

Yields not followed by t e saone let ter are signi fivantI ly di fi vi at:i It( 5-1ercent 
probability level by I he Dincan's New .Millipl Range Test. 

2 Plus 1-percent coffee leaves. 

The subsoil showed no -igniiivit respoillse to added Cu tuor itothe addi­
tion of 1 l)'reelit (hi'ied ground partially decomlposed co.ffee leaves whelen 
adequate Zn and 1) were )resent. 

The results of folirtr analysis are shown iii t.ll)h, i. These emission slc­
troscopy mevasureiments were, Iiiil-'llicttidI so tlie imssihility 4t'eNi. r cannot 
be eliminated. The hlohsplhorus v(nteit was erratic ill Iliw zini'-deficient 
pllants but in the zinc-suflicient treatiniits 1Pcont viit increased with 
apl)plied phosl)iiris to 0.:30 l)uliceit P) at :300 11111 ) adiid, which is within 
the sullieint range fori'maize accirliiig to .hmias (,). Ziic coitniti was 
d(eficienlt at 'll levels of I)hlosl)liiius wielii no ziii' was applied, hut when .36 
1)1)111 Zl was applied thI plant zinc conttnt was siflicievit il I ht, 200 and 300 
p1)1 1)treatments. 
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Fia. 1.-Relationship between phosphorus applicatiin and dry matter yield of 
maize with and without added zinc. 

In spite of the addition of 100 ppm Mg as magnesium sulfate the mag­

leSlUfiu content was unusually low in all the subsoil treatments. The plants 

from the highest yielding treatment, No. 8, contained 0.04 percent Mg 

which is in the deficiency range for maize according to Jones (8). At these 

low levels of Mg, however, the results of emission spectroscopy are not 

extremely accurate because the precision of the instrument is only =0.02 

percent for Mg. Unusually low magnesium contents in Pioneer X-306 

maize growing in field plots have been observed by the authors and other 

workers in Puerto Rico (1. Abrufia, personal communication). 



ULTISOL AND OXISOL SUBSOIL PRODUCTIVITY LIMITATIONS 205 

EXPERIMENT III 

The differences in productivity thus far tested had disappeared corn 
pletely with sufficient mineral fertilization. In an (ffort to find additional 
cawes where a marked difference in productivity exist td, the following 
were compared: Surface and subsoil of Los (luinco' (l'piaquie Ilunioxie 
Tropohumult); surface soil of ('arreras (Aquic Tropoliumult); surface and 
subsoil of IPifia (lsammentic Ilaplorthox); and surface and two .ubsoils 
of Catalina (Typic Haplorthox). 

TABM1 5.-Fuliaranalyscs of maize plants from l'.Xpritmct 11 
Treat- pCu I A 

ment Yield I' Mg Ain inumber N P Ca Fe Cu Zn Al Mo 

I/put Per- Percent P ten Percentt Percew ntcent I"' s ]p il 1 P--PrPppPi
i p Ppm Ppm pmI pm 

2 .31 0 .0517 l36619 1061 8 8 S11 4.025.{60f 3.5 0.*12 4.69,4.7011 0.65 10o 57 5 1 10 G 2.J2.'2 
3 6.97 3.2 .20 5.79 .5 , .01 51 •I 9 4 7 1 I 1.8 
4 6.63 2.7 .09 3.86 .25 <0.01 21 3 12 a3 1.7:,G I 3 
5 11.23 2.3 .19 3.77 .62 .(;1 57 93 15 12 5:; 71 2.1 
6 14.23 2.0 .30 3.39 .35 .1 .t1 69 11 10 16 .18 2.1 
8 15.27 2.1 .21 3.43 .-16 .0-1 -16 72 12 9 51 -is 1.8 

.. (i
0 7.70 2.9 .3t 2.73 .75 .29 119 2316 1.1 19 1' 61 11.(
1
10 14.30 2.5 .24 1.61 .34 . 2i . , .157 '2.1 

METIODS 
The basic fertilizer treatment applied to each soil (1,600 g per pot) 

included Zn where a zinc deficiency was suspeced, 270 ppit N, 200 ppnm 1 
and 350 to 400 ppm 1) (table 6). Pifia surface and subsurface soi! (2,000 g 
per pot) received 320 ppm N and 200 ppim K but no 1'.Nt blanket mi.ro­
nutrient treatment was al)pli(.d. Whtere neessary, soils were limed to a itIl 
between 5.1 and 5.7 with ain (quiiniolh' nixt ure of inlagitNsition and calcium 
hydroxides. Two watering regimes were used to enisure adequate wafer 
surlply. Three wik-watered e rentitmally wat ittd ptls perand flhr1ctt 
treatment were arraged in a ('ompletelel lyRandom e)sign. 

Because of the variable eatrgei (e due to itadhqutat, initial wat ting 
of the soil, the plants were harvested 13 days after tile averag, plant heighit 
per pot reached 13.2 cot (20 to 22 days after the initia tion of gel inina t ionl).
At harvest the plants were 50 to 71 eta high. This procedure allowed growth 
rate to be measured and eliminated the effect of initial eintrger.e differ­
ences. 
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RESULTS AND DISCUSSION 

Table 6 shows that all the soils in this survey except Catalina subsoil 

at site A and Catalina subsoil at site B produced yields which were within 

15 percent of, and not significantly differeni from, the Los Guineos surface 

soil yield (which was the highest yielding), under the watering regime 

most effective for that soil. The yields from the wick-watering method 

replicates were as good or better than those on the conventionally watered 

pots except on the Carreras surface soil, where low hydraulic conductivity 

cand 
surteyed in Experiment III 

TAnL: 6.-I'alering method, fertilizer treatmcnt yield of mnaize on eight soils 

Treatment 
Yield2 

P Zn Lime'
Soil 	 Watering 

Ppm Ppm Ppm g/pot 

Los Guincos Surface Wick 350 0 1906 15.33 g 
Conventional 350 0 1906 12.73 cdef 

Carrerax Surface Conventional 400 18 1119 14.73 fg 

Wick 400 18 1119 11.27abcd 
Pifla Surface Conventional 0 18 241 14.00 efg 

Wick 0 18 241 13.30 defg 

Sub Wick 400 18 1906 13.67 defgLos Guineos 
Conventional 400 18 1906 9.30a 

0 18 393 13.37 dcfgPifla Sub Wick 
Conventional 0 18 393 19.43abc 

Catalina Surface A Wick 400 0 0 13.07 defg 
Conventional 400 0 0 12.87 def 

400 0 1184 12.63 cdefCatalina Sub B 	 Wick 
Conventional 400 0 1184 11.67 bode 

Wick 400 0 659 9.80aCatalina Sub A 
Conventional 400 0 659 9.17a 

t Equiniolar mixture of magnesium hydroxide and calcium hydroxide. 

2 Yields not followed by the same letter are significantly different by Duncan's 

New Multiple Range Test. 

at low moisture contents may have reduced the availability of water 

during high transl)iration periods. 

EXPEI1MENT IV 

TRIAL ONE 

A further experiment was made comparing the lowest and highest 

yielding of the eight soils surveyed in the previous experiment. 

Methods 

Four levels (0, 300, 300 banded, and 600 ppi) of phosphorus were 

applied to 1,600 g of the lowest yielding, the Catalina subsoil location A. 



ULTISOL AND OXISOL SUBSOIL PRODUCTIVITY LIMITATIONS 207 

Since the Catalina subsoil had not previously received any zinc, 36 ppm 
Zn were added to each treatment. Two levels of phosphorus (300 and 600 
ppn) were applied to the highest-yielding soil of the previous trial, the 
Los Guineos surface soil, to see if phosphorus feirtilizat ion was optimal. 
The soils were limed with an equimolar mixture oif Ca(Oi1). and Mg(OH) 2 
to pH 5.4 to 5.7, and received 360 ppm N and 100 ppm K. All were wick­
watered. The plant tops were harvested 23 days after planting. 

Results and Discussion 

Table 7 presents the results of the comparison at. higlwr P rates of the 
highest and lowest yielding soils of the prevoiu. experiment. Yields on 
both soils still exhibited a strong response 1o phosphorus. Banding the 300 

TAuli.t 7.-'reahnenlsand yiclds of maize on Catalina subsoiland los Guinros surface 
soil in Experiment 11", Trial O,,, 

Soil 
Numbe, 

of 
Treatment 

Yield­
replicates P Zn 

PIll IPppm g/pot 

Catalint subsoil 3 0 31; 3.20 
300 30 12.57 1) 
3 3(X)' 3f 13.33 1) 
3 600 36 1.77 c 

Los Guineos surface soil 4 300 is 16.90 e 
4 G(M) 1S 21.15 d 

Phosphorus was banded. 
Yields not followed by tie same letter are signifiantly differtit at the 5-percent 

probability level according to 1)unean's New Multiple Rlange Test as modified by 
Krnmer for unequal replication (11). 

ppm phosphorus application was no more effetiv( than mixing. The yield 
of Catalina subsoil receiving 600 ppm was almt idenlical 1o that of the 
Los Guineos surface soil receiving 300 ppm 1', but significalitly less than 
the Los Guineos with 600 ppIm 1). 

TRIAL TWO 

Results of the pI v tOus Irial i i at t,( that vihlds i bot If soils were 
still responding to phosphorus 'pi)llicat ittt:,. 

Methods 

Another trial was therefore run, as part of a lairger experilent, using the 
same soils, which were dried, poold, antd repoltted after the addition of 
205 l)pm K and 47 ppm Mg to the Catalina subsoil and 226 ppi K and 
52 ppm Mg to the Los Guineos surface soil. Two levels of additional phos­
phorus were applied to each soil (56 ppni and 1,132 ppim to t he Catalina 
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subsoil and 520 ppm and 1,025 ppm to the Los Guincos surface soil). The 

520 ppm P treatment Catalina subsoil also received 0.6 ppm B. Each 

treatment consisted of four replicates, all of which were wick-watered. 

Rcsulls awl Discussion 

Results of this trial, given in tab!( 8, showed that response to phosphorus 

in both soils was now at or near plateau level, and that the yields on the 

two soils were not significantly different. 
This demonstrated that the previously low subsoil yield could be brought 

highly fertile surface soil by the addition of phosphorusto the level of a 
and zinc. 

T LE 8.-'Treatment and yield of maize on Catalina subsoil location F and Los Guincos 

surface soil in Experimcnl IV, Trial Two 

P added Yield'Soil 

Ppm g/pal 

520 20.22aCatalima subsoil Site A 
1025 20.70a
 

566f 20.71.aLos Guineos surface soil 
1132 21.59a
 

I Yields followed by the same letter are not significantly different at the 5-percent 

probability level according to Duncan's New Multiple Range Test. 

CONCLUSION 

This study shows that liffert(,es in productivity of soils observed in 

previous experiments were not due to inherent, limitations of the subsoils, 
but arose because of their higher requirements for phosphorus, zinc and 

availal)le water. 
As the requirements of mechanized agriculture increase the amount of 

land-leveling and sut)sequent exp)O,;tre of sul)soils in the Tropics, there is 

a growing need to he able to obtain maximum yields on these soils. The 

results of this study indicate that with careful water management, liming
the Oxisol and Ultisol srfaceaul fertiiizattio (with P and Zn especially) 

and subsoils tested caa all be equally productive. It, will be necessary to 

eontduct field experiments to (letermine how high the rates of P fertilization 

mnust be to reach niar-maxinium yields but it, can be assumed it will be 

less than the 1000 ppm P required in the greenhouse pots. 

SUMMARY 

Greenhouse experiments with maize were carried out to see if the reported 

infertility of some subsoils could be improved with mineral fertilization 

and eflicient watering. 



ULTISOL AND OXISOL SUBSOIL PRODUCTIVITY LIMITATIONS 209 

It was shown that the Nipe soil series (Typic Acrorthox; clayey, oxidic, 
isohyperthermic) exposed subsoil was as productive as the Carrera, series 
(Aquic Tropohumult; clayey, kaolinitic, isohyporthermic) .;urface soil 
when N, K, micronutrients and 600 ppm P were added and the pots were 
watered by means of wicks. 

Carreras subsoil, when limed and fertilized with N, K, 300 ppm 1', 100 
ppm Mg and 36 ppm Zn produced as well as Carreras surface soil, even 
though it contained only about one-third as much organic ma"I vr. 

A comparison among eight surface and subsoils showed fliat yields on 
limed, liberally fertilize(d, well-watered Los Guineos serics (Epiaquic 
Hurnoxic Tropohumult; clayey, kaolinitic, isothermic) surface soil, Carreras 
surface soil, Pifia series (I'saminmntic Haplorthox; sandy, isohy uerthermic') 
surface soil, Los Gui os subsoil, Pifia subsoil and Catalina series (Tropeptie 
Haplorthox; clayey, oxidic, isohypertirmi,.!) surface soil wer, not signifi­
cantly different. However, the yield on the leastnr.:xluctive of two Catalina 
subsoils was only 64 percent of the yield on the Los Guineos surface soil. 
But with the addition of Zn and slightly over 1,000 ppim 1', greenhouse pot 
yields on the two soils were essentially the same. Field experimewnts will 
be necessary to determine optimum P rates under field conditions. 

It Nuas concluded that the productivity in greenhouse pots of surface 
and subsoils of the Ultisols and Oxisols studied can all be brought to the 
same high level, provided adequate mineral fertilization (including Zn 
and high P rates), lime and water management are used. 

RESUM' EN 

Para comprobar si es posible corregir mediante el abonamiento y elriego adecuado 
Ia infertilidad que so iinformado respecto a algunos subsuolos, so Ilevaron a cabo 
experimentos con nialz ni un invernadero. 

Se encont r5 quo el subsuolo expuesto d on sulo do I scrie Nipe (Acrort hox Iipico; 
arcilloso, oxidico e isohipertdrmico) era tan productivo como un sucl) superficial do 
Ia soric Carreras (Tropohumult dcuico; arcilloso, caolinitico e isolipert6rinico) 
cuando so le afladieron N, K, Plcmentos menores y 600 ppm do P, y los tiestos so 
regaron por medio de mechas. 

El subsuelo Carreras, cuando se encal6 y se abon6 con N, K, 300 ppm de P, 100 
ppm do Mg y 36 ppm do Zn fue tan productivo como lItcapa superficial, 't pesar do 
contener solo una tercera parte de lImateria orgiinica. 

En un estudio comparativo entre ,,lwo sulos superficials %ysubsulos so obsorv6 
quo los rendimientos de un suelo superficial encalado, bien aI)onado y regado ade­
cuadainente do ]a sorie Los Guincos (Tropoliumult epizicuico hun16xico; arcilhoso, 
.aolinitico e isotdrniivo); uno superficial do ia sorie Carreras; otto superficial (ie]a 
sorie Pia (Ilaplorthox psamntico; aronoso P ishipcrtdrmico); un subsuelo Los 
Guineos; otro subsuolo do lIserie Pifia; y uno .uperficial de liaseric Catalina (Ila­
plorthox trop6ptico; arcilloso, oxidico e isohipertiitmico) no eran significativamente 
diferentes. Sin embargo, el rendimiento del mencs productivo do los dos subsuolos 
Catalina solo fue 64 por ciento del rendimiento del suelo superficial Los Guinoos. 
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Pero al afiidirselh Zny tin poc'o mis de 1,000 ppn de P, el rcndimient ode anihos snlos 

on invernadero fue casi igoii. Para detcrininar la cantidad 6ptinia de P quc debe 

aplarso Clticii 11105tdo calill)O sC, lnece,',-1i5 I v0r .I'al)o exl)eriiii itos d(e caml)o. 
Se coicluy'6 que lit productividad de Io.; stilos sulerfiviales y,los subsuelos de los 

Ulisoles y Oxisi hes pit so estudi irlol Cn iest os en invernadoro puede elvarse al 
nisio nivel alto s aholai cnminer:ile, (iliciiyendo Zn y aplicaciones elevadasse (ll 

de P) , se oiiialan " 51' lyi gvilleodecadailtnite. 
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