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INTRODUCTION

With the exception of coffee, cacnn, and tea, Lhere is hifle information
available on the effect of shade trees on (ropicad ervops. This informalion
could be useful i many ways, Tropical forests thinned in preparation for
planting shade-grown coffee, cacao, ov tea, could be planted to shade-
tolerant crops while the main ervop comes inlo production. Fven the classi-
eal “conueo” system of farming, in which a plot of land i eleared of (rees,
burned over, and cropped until soil fertility is deplefed, could be improved
through the use of shade-tolerant food crops. Instead of clearing the Tand
completely, desivable (rees could be left 1o reseed the avea after the land is
ubandoned, thus improving the forests on a long-term buasis while helping
to feed the rapidly inercasing tropical population. Information on shade
lolerancee is also important in developing economic systems of inlereropping,.

In Puerto Rico, thousands of acres of steep, shaded voffee plantings are
heing abandoned as production shifts to smaller, higher yielding, sun-grown
plantings. Il shade-tolerant erops could be grown under the existing shade
frees, ceonomie production could be combined with essenlial =oil profec-
tion on Lhese steep lands,

This paper presents the results of o study ou the effects of =hade trees
on yields of taniers, corn, plantaing, tobaceo, and bananas under typical
conditions 1n the Humid Mountain Region of Puerfo Rivo.

MATERTALS AND METHODS

The experiment was conducted duving 1963-64 near Jayuya, on a site
2,500 feet above sea level ind exposed (o the frade winds (NN exposure).
Amwal rainfall was about 73 foches, fairly well disteibuted throughowut
the yeur, exeept for a marked dry season from Junuary through Mareh,
Menn mnnual tempernture was about 72° 14, with maximum vaviations

U This paper presents the resulis of an experiment cavried oul cooperatively by the
Seil and Water Couservalion Research Bivision, Agricaltuwral Researeh Servied,
T'SDA, and the Agrieultural Experiment Station of the University of Puerto Rieo,
Appreeiabion is expressed Lo Mr. Lus AL Becerra, on whuose farm wear Juvuya the
ficld work was coudueted, :

T Project Supervisor, Soil Seientist, snd Agricultural Techpician, vespectively,
Soil and Water Couservation Reseaveh Division, Apricultural llescurel Serviee,
[SDA, siationed at the Agricultural Experimentd Station ol the University of Puerio
tieo, 1o Piedims, PLOL
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ranging Nom 55° to 837 17, .\ thiek growth of trees and shrubs covered the
Lad, Tormerly in shaded collee but essentially abandoned during the last
deeade.

The soil s Lox Guineos elay on a 40-pereent slope with the following
characleristics in the surface § inches:

P L e e 4.8
OrEanie Wl ber. oo e Poercont .. .. U |
Nitvomen. ... o o e s Do 3
Cation exehange capueily. ... oo oo Meq 100 g L 24.5
EFxehangeable ealeiwm, oo o Meg, 100 gin......... 3.8
Foxehangeable maguesiam. ..o oo Moeg., 100 gL 1.3
Ioxehangeable polassiwie, ... o0 Moeg, 00 gL .8
IMxehangeable manganese e e U L 0 P i

Exehangeable alominanm . 0 oo 000 o L. 1 R 121

Balle densliy . o I.}
Pores deaived at 15 atm of pressure. . .. oo s PORBIETE & o omon gy s 15.5

Al vegeladion was removed from the unshaded plots, but sufficient
hrees -moslly guavas (fnge inga (L)) were left in the shaded plots (o
provide about 30-percent shade which was maintained by periodie pruning.
Individual plots were 60 x 20 feet with 40-foot borders between plots,
The treatments were replicated three imes with each crop in a randomized
hlock design.

All erops were planted in the undisturbed =oil since Vieenle-Chandler
et al? have <hown that it ix nol necessary 1o Gl these soils. The crops
were managed according Lo the best practices, and pests and diseases were
controlled with the exeeption of the Sigatoka disease, o leaf spot cauxed
by Cereospora musae, ol bananas and plantains, This discase wax not
controlled, sinee spraying is not practiced at present in Pucrfo Rico because
of the difliculty of carryving out this operation on the steep mouutain lands
il the required 10- to 13-day mterval, Table T provides imformation on the
crops tested,

Crop yiekds were determined {or each plot. Average sunlight inteusity
in each plot was determined at noon on a elear day in July 1964, by making
10 mewsurements af random in cach plot, using & Weston Model G034 sun-
light meter.

3 Vieenle-Chandler, J., Caro-Costas, 11, and Boneta, B.Go High Crop Yields
Produced with or without Tilage on Three Typieal soils of the Homid Mountain
Reion of Puerfo Wico, .S, dgr. Univ, PR 50023 116-30, 1066,

L Trade numes and company namex e ineluded in this publiention (o provide
information to the reader, wied do uot Jmpky endorsement of the produel Disted by
the U8 Departroent of Apriculture or the Agriculiural Kxperiment Station ol {he
University of Puerto Rico, nor any elaim fur superiority over any other coneerns or

proehiets,
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RESULTS AND DISCUSSION

SUNLICGHT INTENSETES

The following tabulation shows the feot-candles of light in the shaded
plots: i.e., Measurements were made immediately above the crop:

Repiteale Average Muzimum vavialions seithin plols
A 3,40 (2,400 10.100)
B 7,070 (2,400 - 11,400
« 5,430 (2,100 -10.800)
Average {i,:320

Sunlight mtensity in 1he shaded plots was about half (hat in the unshaded
plots (11,700 ft.-c.) and varied greatly from one locution 1o another in
the sume plot.

Tanuw 1. - fnformalion on craps fesfod in His investigalion

) ; 1 | . %
Crop Variety : Plants por acre : Ferlilization

Nuniher Ly Jaereferep

!
H
i
|
!

Taniers | Morada 7,20 (3 x 2) T fon 10-6-20
Coru Mayurhela PO14,520 (3 x 1N Py tom 410
Plantains Maricongo : T2 (6~ 100 o1 ton 10-6-20
Tobaceo Olor C0,680 (3 x L'y A ton GH-10
Bananas Cavendish (22 (7' x 104 :

z : | i 2-43-16
(Monte Cristo vaviety) | and 871 (8" x lO’f B e e

TOBACCO

The following tabulation shows the effect of shade trees on pounds ol
cured tobacco produced per acre:

Replicate U ashaded Shadred
A 1,771 ' 1,GH
B 2,119 1,650
¢ 1,195 1,310
Avcrage 1,695 1,837

Similar high yiclds of cured tobaeco were produced both in Full sunlight
and under shade trees. Shading did not alfect appearance of the {obaeco,
which wa= all graded Cl.I7 or X117, 7.¢., of highe=f quality. This excellent
crop of tobacco was grown during the off-senson (Marclh -July).

TANIERS

The following tabulation shows the effeel of shade trees on pounds ol
tanicrs produced per acre:
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Replicair Yushuded Shaded
A 13, 1) 2. 100
u 12,500 3,000
¢ 7,800 3.0t
Average 11,133 2,906

Shade trees reduced 1anier yields to less than one-third of those produced
in full sunlight.
CORN ' o

The following tabulation shows the effeet of shade trees on pounds of
[reslt corn on the cob produced per aere:

Replicate U shaded Nhaded,
A 1,270 1,730

| B 13400
O 1,710 2,250
Avorage 4,470 1,980

Coru yields were severely decrensed when grown under shade trees.

PLANTAINS
The following tabulation shows the cffect of shade trees on pounds of
plantains produced per acre:

Replivate Unshoded Shaded

A 16,520 14,350

B 16,870 15,540

¢ 15, 190 11,900

Average 16,193 13,930

Fruits per aere 25,422 22,342

Fruits per bunch 36 32
Weight of frul (pousds) S Nt

Shade {rees shightly depressed plantain yields by decreasing the nuniber
of fruit per bunch. Frint size was not affected by shading.
- The following t(abulation shows thal shade trees almost prevented the
development of feaf spot (Sigatoka) disease on 7-month-old plantains:

Pereentage of heasily Dafected leaves

Replicate Ueshaded Shaded
A 17.7 0
B! 221 1.8
C 22.3 O

Avernyge 20.7 .04



http://Jir.pl

Fra, 1. A, Well-fertifized, headthy banauus growing in partial shade provided by
“Cwava™ {(Inge inga (L)) {rees. Note excellent protection afforded this steep soil
by the shade and banana trees aud by the eloke growing ground cover. I3, Shaded
Bananas {center buneh) yielded 12 tons of marketable fruit per aere compared to
only Gt tons, produced in Mall sunlight where damage by 1eal spotl olten prevented
full development of the fruit (gee lefl mud righf bunehes).
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BANANAR

Inereasing population from 600 to 800 plants per aere nwercased yvields
of marketable bananas by aboul 5,000 pounds per acre, hoth in full sun-
hght and under shade trees (table 2). Bunch-size was not appreciably
affected by population.

Twice as high yields of marketable hananas were produced under shade.
trees {fig. 1,A) than in full sunlight (table 1). Yields of over 12 fons of
{rait produced with 800 plants per acre under shade trees ave considored
excellent.

The higher yields produced under shade vesulted from the production of

Toasrs 2. The effect of shade trees and plant population un ponnds per vere of
bunanas produced al Jajyo

Unshaded , Shaded
Replicute ‘ :
} 600 plants per acret | 8O0 plants per acre! 3 (;{ji'il’ilf‘"‘f‘ "“:2]!:31':1(1‘*
A ‘ 9,360 (14,760) | 12 480 (15,320} J 21,060 23,200
£ ETL R (12,480) & 12,16¢ (16,180} | 16,800 ; 21, 160
¢ 8,880 (13,920 : 14,400 (19,4140} . 20, 520 l 27,360
Average R®,560 (13,7205 ¢ 13,013 (18,080) | 11,440 24,907

Average weight perbuneh, ¢ 4.3 (22.9) 163 (22.6) 324 3t
pottds i :
( PIRRS AT P R Sl R e e R T it ? iy IR R BN " Wl
Average hands per buneh, = 3.6 (6.3) LN BN (S fil i1
wumber |

P Rigures in parentheses are for tolal vields. Al hamas produced under shade
were marketable,

heavier buuches due 1o betfer development of (he Frait (Gg. 1,B). This,
in {urn, is explaived by the lower incidence of leal spot as shown in {he
following Labulation giving the percestage of banava leaves severely dam-
aged by leal spot when the plavting was 7 moni h= old:

Replicate Unsiaded Shaded
A at.0 16,1
B 30.0 2.2
¢ 477 32.7

Average .4 25.0

Leal spol damage inereased =o rapidly a~ the plants madured, that many
of the =un-grown plants had no heatthy leaves wd all and were incapuble
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of doveloping the lower hands (fig. 1,13). The atlenuat ing offeet of the shade
trees on leaf spot s appavently related to reduced dew formation on the
shaded banana leaves,

The shaded bananax matured somewhat later and at a morve unilorm rate
than those growing in full sunlight. Ounly 38 pereent of the shaded bananas
were harvested during the sixteenth and seventeenth wmonths alter planting,
compared to 65 pereent of those grown in full sunlight. The high elevation
accounts for the vather lnte maturity in both cases,

The production of high yiclds of bunanas under shade (rees, in loeations
where spraying for control of leal =pol ix impractieal beeause of sfeepuess of
the land, small size of holdings, lack of trained personnel, ete., lias important
imphications. Under such conditions, Lhe production ol bananas under shade
trees ecould be a practical and profitable enterprize. In =ome cases (L might
be possible to improve tropical forests by thinning to leave only desirable
trees to resced the aven, aud planting banauas ax a tewporary cash or food
erop. In Puerte Rico’s Mountain Region, thousands of acres of shaded
coffec plantations are heing abandoned as produetion shifts (o smaller,
higher yielding, intensively managed, sun-grown planlings. There are
few alternative uses for this land, much of which, with shade trees extant,
could be put into profitable, stuble production by planting to hananas,
Cost of bringing an intensively managed, lightly shaded banana plantation
into production over a 1-yeur period ix estimated al S200 per acre, with o
net profit of $100 to £200 per acre yearly thereafter.

This system of producing bananax allows for excellent ecvosion control
i the steep mwountains which are the main souree of the Island’s limited
waler supply. Part of the tree cover is retained, the bananas are planted
directly in the undisturbed soil and the natural ground cover is maintained.
Since bananas bBear for many years the soil i protected coutinuousty by
the combination of ground cover, banana and shade trees (hig. 1,A),

SUMMARY

The cffeets of trees, providing about 50 percent of shade, on yields of
tobacco, corn, tanicrs, plantains, and bananaz were determined in the
Aountain Region of Puerto Rico, with anuual vainfall of about 73 inches
and a mean annual temperature of 72° 1,

Shade trees severcly reduced yields of taniers and con, reduced those of
plantains only slightly, and did not affect yields of tobaceo,

Bananas produced twice as high yields of marketuble fruit under shade
than in full sunlight beeause of reduced damage by leat spol (Sigaloka)
disease. The possibility of couverting abandoned, shaded colfee plantations
to high producitivity, fogether with conservation, by growing bananas
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in undisturbed sol with naturad ground cover under shade Grees js promis

ing.
RESUAEYN

Se determing el efeeto de uva sombra de aproximadavente 50 por ciento
producida por drholes, sobve los rendimientos de tabaro, mais, yautia,
plitanos y guineos cn la Regidn Montatosa de Puerlo Rico, con Huvia de
73 pulgadas anuales y una temperature media de 72° I8,

La produceion de maiz ¥y yaulias se redujo mareadamente a la sombra
y la de pldtanos muy levemente. Sin embargo, la somlwa no fuve efecto
sobre la produecion de fabaco.

La produccidn de guineos para el mercado Tué dos veees mayvor o la
sombra que a pleno sol, debido 2 una menor ineidencia de la mancha de
las hojus (Sigatoka) cuando se sembraron a la sombra. Se discute Ja posi-
bilidad de producir guineos hierativamente en plantaciones de café aban-
donadas, dejando pora sombra y la vegelueidn cobertora natural, parn
proteger ol suelo contra o erosidn,




ERRATA

The four itlustrations which appear as figure 6, Journal of Agriculture
of the University of Puerto Rico, Vol. L, No. 4, OGctober 1966, should
be identified as follows: upper on page 328 as Taiwanica, lower on page
328 as Mexicany upper on page 329 as Parson Brown, and lower on page
329 as Changsha.




