EFFECTS OF SOIL MULCHES ON SOIL TEMPERATURE, PLANT GROWTH

— ANDPOTATO YIELDS IN AN ARIDIC ISOTHERMIC ENVIRONMENT IN PERUY/

L.A. MANRIQUE*

Resumen

Se evalud el efecto de pldsticos v paja de cebadn usada como cobertira, sobre la
temperatiira del suelo v el crecimiento y rendimiento de variedudes de papa comercia-
les peruanas, durante las estaciones de invierno y verano {1975-1977) en el medio ari-
dico, isotérmico de la Aoling

Durante el invierno, la remperatira del suelo cubierto con plastico negro v blan-
co oscilo entre 18 v 26°C Bajo estas condiciones, los rendimientos de papa atimenta-
ron en g mavoria de las variedades fn el verano, las coberturas pldsticas elevaron la
temperatura sobre 30°C, desfavoreciendo of crecimiento de las plantas v la formacion
de tubércuos

El suelo cubierto con paja maniuvro ung temperatura optima v estable {inferior a
21°C) para la papa durante el invierno. ki el verano, la paja redujo considerableimente
In remperatira del suelo duranie el dia, pero en la noche siempre se mantuvo sobre los
20°C El rendimiento con este tratmmiento durante el verang solo alcanzo el 48% del
rendimiento de invierno. Los resultados indican que si bien se logra reducir la tempera-
rera del suelo con el uso de paja, el cambio no es suficiente para que la papa crezca

R MEYER*

bien en el verano

Introduction

ifferent types of materials (straw, polyethylene
plastic, gravel, and asphalt) have been used as
i soil mulches for different purposes Some
beneficial effects of soil mulches on soil temperature,
moisture coatent, nutrient availability, and disease
and weed controi have been reported (1, 2,3,4,5, 7,
&) Mulches have been used in extreme climatic condi-
tions, either to increase night soil temperatures or to
decrease day soil temperatures However, very littie
information exists on the effects of soil mulches on
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potato performance in tropical and subtropical envi-
ronments. The purposes of this paper are twofold: (1)
to report the effects of soil muiches on soil tempera-
ture, and (2} to evaluate the effects of soil mulches
on plant growth and tuber yields of non-heat tolerant
potato varieties in an arid coastal environment of La
Molina, Lima, Peru

Potato production in the central arid coastal zone
of Peru is limited to the winter season (June-Septem-
per) Maximum and minimum air temperatures during
this period are 22 and 12°C, respectively (Figure 1)
With good water management, yield production dur-
ing this season is similar to yields from high produc-
tive areas in the Andean region. However, no com-
mercial production is conducted during the summer
{December-March)

High temperatures and also high incidence of
diseases and insect attack increase greatly the risk of
erop failure during this season. Thus, potato produc-
tion during the summer is entirely conducted in the
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fairly favorable environment of the Andean region.
No or very little potato is grown in the Andean region
during the dry-winter season due to high risk of frost-
killing temperatures and also to lack of irrigation.
Thus, the potato production cycle in Peru is re-
stricted to the winter in the Coast and to the summer
in the Andean region.

Materials and methods

Experiments on soil mulches were conducted dur-
ing the winter season of 1975 and summer seasons of
1976 and 1977 in a nonacid, coarse loamy, iso-
thermic soil family of Typic Torrifluvents. The exper-
imental site was located at the La Molina Agricultural
Experiment Station, Lima, Peru.

Treatments of barley straw, and black and white
polyethylene plastics were included in experiments
conducted during the winter of 1975 (Experiment 1)
and summer of 1976 (Experiment 2) (Table 1). A
splitplot design was used with mulch treatments as
main plots and varieties as subplots. Peruvian com-
mercial varieties were planted in plots of two rows,
spaced 90 cm apart and 3 m in length. The plastic
mulches covered approximately 60 cm of the row
width, whereas the straw mulches covered the plots
completely. Plastic mulches were applied before
planting. Holes 5 cm in diameter spaced 30 cm apart
provided planting locations. Straw mulches were ap-
plied immediately after planting. In the unmulched
+ weed control treatment (control treatment), weed
control was made either by repeated hand weeding
(winter of 1975) or by application of the herbicide
Sencor (metribuzin) after planting and 20 days after
emergence (summer of 1976). The growth periods
(planting to harvest) during the winter of 1975 and
summer of 1976 were 110 and 93 days, respectively.
During the summer of 1977, barley straw mulch rates
of 5, 10, 15 and 20 metric tons/ha were applied in
plots of four rows, spaced 90 ¢cm apart and 6 m in
length (Experiment 3). The control treatment (0
metric tons/ha of straw) received similar application
of herbicide as the unmulched + weed control treat-

Table 1. Treatment and varieties included in mulch experi-
ments.

Winter 1975

Summer 1976

Summer 1977

Black plastic
White plastic

Unmulched +
weed control

Straw 5 metric
t/ha

Mulch treatments

Black plastic
White plastic

Unmulched +
weed control

Straw 5 metric
t/ha

Unmulched +
weed control

Straw 5 metric
tons/ha

Straw 10 metric

t/ha
Straw 15 metric
t/ha
Straw 20 metric
t/ha
Varieties (tbr x adg) +
Rv,A,Y,C,R,M Rv,M,Y,C,R A Y,C,MP
Experimental Design
Split-plot Split-plot Split-plot
(Rep. = 3) (Rep. =35) (Rep. = 4)

+ thr = tuberosum, adg = andigena, Rv = Revolucion, M =
Mariva, A = Antarqui, Y = Yungay, R = Ranrahirca, MP =
Mi Peru, C' = Cusco.

ment in Experiment 2. Half of the mulch rate was ap-
plied after planting and the other half after 30 days.
The growth period for this experiment was 105 days.

Each experiment received fertilizer rates of 160,
120 and 120 kg/ha of N, P, 05 and K, O, respective-
ly. Phosphorus and K fertilizers were applied at plant-
ing, whereas half of N fertilizer was applied at plant-
ing and half at 30 days after planting. Irrigation was
scheduled when the soil water tension (measured at
20 cm depth) exceeded 0.50 bars. Daily soil water
tension readings were taken using tensiometers instal-
led at 20 cm depth. Soil temperature data were
recorded using thermocouples installed at 5, 10 and
15 cm depths. Only soil temperature data for days
representing critical stages of the growing season are
included in this study. Emergence, plant height, num-
ber of harvested plants, tuber yield and tuber size
(data not included) were measured during the grow-
ing season and at harvest time.
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Results and discussion
Soil temperature

Variations in soil temperature (5 cm depth) during
the winter of 1975 (June 27-July 5) and summer of
1976 (December 24-February 21) are presented in
Table 2. Soil temperatures during the winter of 1975
were recorded approximately 20 days after planting.
Soil temperatures in straw mulched plots were below
21°C during the winter of 1975. Stable soil tempera-
tures (small difference between daily maximum and
minimum temperature) in straw mulched plots
contrasted with those high variable soil temperatures
in the unirrigated bare soil. Black plastic mulched

[e]
plots had soil temperatures between 22 and 26 C
whereas white plastic mulched plots had soil tempera-
tures between 18 and 25°C.

Soil temperatures during the summer of 1976 were
recorded approximately 20 days after planting
(December 1975), during early plant development
(January 1976), and during tuber initiation and early
tuber development (February 1976). The daily soil
temperature variation in straw mulched plots was
slightly greater than that found during the winter sea-
son and the night soil temperature always was main-
tained above 20°C, particularly in critical stages such
as tuber initiation and tuber enlargement. According
to Went (9), optimum tuber formation usually occurs
with night soil temperatures of 10 to 16°C and day
temperatures of 16 to 20°C.

In the summer of 1976, black and white plastic
mulched plots had day soil temperatures above 30°C
and night soil temperatures above 20°C in most days
(Table 2). The increase in soil temperature in plastic
mulched plots was more a consequence of the vapor-
barrier formed rather than differences in net radia-
tion. White plastic materials have a higher reflectance
than black plastic materials, therefore their net radia-
tion should be less. However, white plastics allow a
more effective entry of solar energy, producing a
greenhouse effect. The stable night soil temperatures
in irrigated inmulched plots during the summer of
1976, which were considerably lower than night soil
temperatures in the unirrigated bare soil, show the
effectiveness of irrigation in lowering soil tempera-
tures. The accompanying reduction in soil tempera-
ture is attributed to the increase in specific heat and
thermal conductivityof the soil with wetness and to
greater evaporative cooling from the wet soil (6).

Soil temperatures at different straw mulch rates
are shown in Figure 2. The effect of mulch rate on
night soil temperature was minimal but there was a
substantial decrease in diurnal soil temperature. No

differences in soil temperature were found between
straw mulch rates of 5 and 20 metric tons/ha, suggest-
ing that low rates can be as effective as high rates.
Although there was an overall effect of straw mulches
on soil temperature, the data in Figure 2 shows again
that night soil temperatures always were above 20°C.
Effective decrease in day soil temperature was also
found in irrigated unmulched plots.

Plant growth and tuber yields

In the winter of 1975, barley straw mulches
caused initial low emergence but later increased plant
height for all varieties (Table 3) and tuber yields for
Revolucion and Yungay (Table 4). This delay in
emergence was probably attributed to the physical
barrier effect of the straw layer. Black plastic mulches
initially caused a delay in plant growth, but the final
tuber yields for Mariva, Yungay, Revolucion and
Ranrahirca were significantly increased.

Visual observations taken during the summer of
1976 in some varieties showed important changes in
plant morphology. Varieties, which in normal habi-
tats, such as the winter season in the Peruvian coastal
zone, develop great plant canopy, vigorous stems and
large leaves, developed small plants with long and thin
stems, small leaves, profused root development but
few and small tubers during the summer of 1976.
Similar changes in plant morphology were observed in
potato mulched experiments conducted in an isohy-
perthermic Typic Taleudult at Yurimaguas (Meyer
and Manrique, unpublished data). These changes are
attributed to high soil temperatures, since other
limiting factors, such as water and nutrient availabili-
ty, were maintained at optimum levels. Such high soil
temperatures probably altered important physiologi-
cal processes such as water and nutrient uptake,
photosynthesis and respiration rate, which are
strongly reflected in the low tuber yields (Table 4).
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Fig. 2. Soil temperature variation (at 10 ¢cm depth) in straw
mulched plots (menas of six daily observations,
February 13-18, summer of 1977).
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Table 3. Effect of soil mulches on plant growth, Winter

of 1975.
Mulch Treatments

Unmulched +  Black
Varicties weed control  plastic Straw

Emergence {/7)*
Revolucion 750 900 85.0
Cusco 960 750 0o
Antargui 900 800 w0
Mean 850 8290 750

Plant height (cm)**

Revolucion 50 o 370
Cusco 136 276 3840
Antargui 280 260 KERY
Mean 287 2717 364

* Measured at 20 days after planting.
% Measured at 55 days after planting

Symptoms of N deficiency in some white plastic
mulched plots were also observed during the summer
of 1976. Sirnilar symptoms were reported in sorghum
plants grown in gravel mulched plots (1) The author
attributed such deficiency 1o radiation emitted from
the gravel which could alter the metabolic process of
N uptake and transiocation. Also, symptoms of stem
and leal damage by burning were observed in black
plastic mulched plots suring emergence These effects
reduced the final number of harvested plants (Table
53 Similar unfavorable effects were reported by
Clarkson {5}

In the summer of 1976, yields of straw mulched
plots were significantly superior to yields of other
muleh treatments (Table 4). Yields in straw mulched
plots, however, were only 48 percent ol yields in
similar plots during the winter of 1975 These results
reflect the inability of Peruvian commercial varieties
to perform in hot environments, even though a favor-
able decrease in soil temperature was obtained by the
use of straw mulches.

Figure 3 shows the effects of straw mulch rates on
tuber yields during the summer of 1977, Except for
the variety Antarqui, which showed an almost linear
response (o mulch rate, significant yield response was
obtained up to 10 metric tons/ha only This response
was consistent with the small variation in seil temper-
ature at mulch rate higher than 5 metric tonsfha
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Fig 3 Lifect of straw muleh rates on tuber yield Summer
of 1977

Conclusions

Favorable soil temperatures {or potato growth was
found under straw mulches during the winter season.
The straw mulched environment promoted rapid
plant growth for al} varieties and high tuber yields for
Revolucion and Yungay During the summer, straw
mulches reduced considerably day soil temperatuse
and maintained a low daily variation, but the night
soil temperature always remained above 20°C, which
was significantly greater than the optimum reguired
to assure adequate tuber initintion and tuber enlarge-
ment

Dwing the summer, black and white plastic
mulches maintained high but also stable soil tempera-
tures which were not conducive {or {uber formation
Overali, the use of straw mulches holds better prom-
ise for increasing potato yields than plastic mulches,
especially during hot and dry seasons. However, the
favorable effects on soil temperature attributed to
the straw mulches are not sufficient to overcome the
inability of commercial varieties fo produce tubers in
hot environments such as coastal Peru in the summer

Summary

Polyethylene plastic materiais and barley straw
muiches were used on a potato field to evatuate their
effects on soil temperature, plant growth and tuber
yields of Peruvian commercisl varieties during the
winter and summer seasons (1975-1977) in an aridic,
isothermic environment at La Molina, Peru.

Turrialba Vol. 34, No. 4, 1984, pp. 413420
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Table 4.  Effect of soil mulches on tuber yields, Winter of 1975 and summer of 1976.
Muich Treatments
Unmulched* Black White Mean for
Season Varieties weed control plastic plastic Straw varieties
10? kg/ha

Winter 1975 Mariva 199 22.0 - % 1913 204
Cusco 270 233 - 2313 241
Yungay 15.9 19.7 - 171 176
Revolucion 279 324 - 315 306
Ranrahirca 14.0 223 - 14 8 i7.0
Antarqui 1t 217 - 175 202
Mean for mulches 21.0 234 - 20.6 -
L.8D (0.01) Means for varicties 33

Means for mulches 27

Summer 1976 Mariva 84 3.9 39 12.8 7.3
Cusco 50 10 0.9 92 4.0
Yungay 4.9 14 1.2 91 41
Revolucion 7.7 0.7 06 97 4.7
Ranrahirca 6.2 31 1.0 3.1 46
Mearn for mulches 64 19 i.5 98 -
1.8, (0.01) Means for varietics 25

Means for mulches 2.9

*  No available data.

Table 5.  Effect of soil mulches on the percentage of
harvested plants. Summer of 1976.
Mulck Treatments
Unmulched +  Black  White  Straw
Varieties weed control  plastic  plastic
%
Mariva 610 570 55.0 72.0
Cusco 40.0 24.0 10.0 48.0
Yungay 58.Q 220 350 72.0
Revolucion 670 390 340 65.0
Ranrahirca 58.0 460 110 70.0
Mean 580 376 322 654

During the winter, soil temperatures in black and
white plastic mulched plots ranged from ]8 to 26°C,
The soil environment under these plastic mulches dur-
ing the winter promoted relatively high tuber yields
in most varieties. In the summer, plastic mulches
significantly increased day soil temperatures above
30°C, resulting in a highly unfavorable environment
for plant growth and tuber formation

Straw mulches maintained optimum and stable soil
temperatures ( < 21°C) for economic potato produc-
tion during the winter. During the summer, straw
mulches reduced considerably day soil temperatures,
but the night soil temperatures always remained
above 20°C. Yields of straw mulched plots in the
summer were 48 percent of yields of similar plots in
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the winter The results indicate that straw mulches
significantly lowered soil temperatures, but may not
do so sufficiently to overcome excessively high soil
temperatures during the summer months
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Notas y comentarios

Premio Nobel de Quimica de 1984

Bruce Merrifield, de la Universidad Rockefeller, en
Nueva York, quien efectud roturas de frente cruciales
en la revolucion biotecnologica, gand el premio Nobel
de Quimica de 1984 Ln los primeros afios de [a déca-
da de los novecientos setenta, Merrifield tuve una
idea que revoluciond iz quimica de los péptidos e in-
vento el procedimiento que lleva su nombre, “la sin-
tesis péptida de estado salido™.

Para comprender muches procesos biologicos, el
cientifico debe trazar la secuencia de aminodcidos de
una proteina Debe saber cdmo duplicar esa secuencia
parz manipular sus componentes en su investigacion
Antes de Merrifield, los bidlogos demoraban meses
y aln afios para sintetizar una cadena péptida Las
secuencias de aminodcidos no debiz ser variada, pues
ella era la que determinaba fa clase de proteina resul-
tante La estrategia era poner las moléculas cuidadosa-
mente en efapas. Después de cada paso, el producto
deseado era aislado, trasladade a otra etapa, se efec
tuaba [z nueva reaccidn, el nuevo producto se aislaba,
y as{ sucesivamente. El tiempo empleado era enorme
y los rendimientos muy pobres

Las ideas de Merrifieid irrumpieron en la escena en
1963 con una smtesis ficil de la bradikinina, una hor-
mona péptida de nueve aminodcidos (nonapéptida).
Lo que asombrd 2 los quimicos ese afio fue el alto
rendimiento y rapidez de la nueva sintesis: 68 por
ciente en solo ocho dias. Biadikinina era {a gran favo-
rita como causa de la trasmision del dolor, y parz in-
vestigarla se necesitaban grandes cantidades de la sus-
tancia. Para 1968, esas investigaciones demostraron
que no existia tal papel importante para esta hormo-
na.

Pero Merrifield no se habia quedado quieto; tenia
ofras sorpresas sintéticas. Habia fabricado ribonuclea-
sa, con su secuencia de hasta }24 aminodcidos. Habia
sutomatizado el procedimiento, y con la ayuda del
computador, los rezctivos requeridos se podian agre-
gar a intervalos predeterminados, y retirarios cuando
habian cumplido su misién. Y esto se reatizaba sin pa-
rar, dia y noche, en un solo recipiente La ribonuclea-

sa es importante como medicamento y para investigar
estructuras de dceidos nucleicos y de cadenas prote fni-
Cds.

La idea concebida en 1961 era simple. kn vez de
separar la creciente cadena péptida después de cada
paso de su sintesis, jpor qué no adherirla a un sopor-
te insoluble? De esta manera, cualquier subproducto
indeseable, y ias materias que no reaccionaron en ca-
da paso, podrian ser lavados, dejando al protegido
péptido pegado af soporte

Para su soporte, escogié un pldstico que era un co-
polimero de estireno y de divinilbenceno, en el cual
alguncs anillos bencénicos habian sido funcionaliza-
dos con grupes quimicos reactivos. El primer ami-
nodcido se introduce al sistema y reacciona con un
grupo funcional de la resina, quedando pegado aella
El grupo es extraido y se introduce el segundo ami-
nodcido La cadena péptida se va extendiendo en una
serie de pasos, lavando bien después de cada uno de
eflos v dejando la creciente cadena pegada en el so-
porte. Al final, se separa et péptido sintetizado de Ia
bolita soporte. Este prototipo complicado se mejord
hasta liegar a modeios controiados por el computador
programado para realizar todas estas operaciones. En
ningtn momento de la operacidn se separaba un pro-
ducto intermedio y se purificaba, algo parecido a un
acto de herejfa quimica

La técnica de Merrifield acelerd drdsticamente la
sintesis de péptidos, en especial cuando lue entera-
menie automatizada. Actualmente, Merrifield en Ia
Universidad Rockefeller y Bob Sheppard en el labora-
torio de Biologia Molecular de Cambridge, han mejo-
rado sustancizlmente sus resinas y las condiciones pa-
ra despegar los péptidos al final Esto conduce a pép-
tidos y proteinas grandes. de gran pureza, los que de-
ben, por lo menos, ser tan buenos como Jos obtenidos
por injertos de genes de la biotecnologia

Ya se estd especulando sobre la aplicacién, en el
futuro, de esta téenica a otros grandes polimeros del
mundeo orgdnico, los dcidos nucleicos tales como el
DNA y el RNA Esto seria otra revolucion en la bio-
tecnologia ¥ en Ja ingenjeria genética Merrifield pro-
bablemente seria el iltimo en reclamar crédito por es-
tas proyecciones de largo alcance de su idea. Modeste
y de habla suave, su fortaleza de cardcter es evidente
en la larga batalla personal que é! sostiene contra el
cincer de la piel Adalberto Gorbitz





