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MULCHES FROM TWO TROPICAL TREE SPECIES ERYTHRINA POEPPIGIANA (WALPERS)

O.F. COCK AND GMELINA ARBOREA ROX. AS NITROGEN SOURCES IN THE

PRODUCTION OF MAIZE {ZEA MAYS L.)

SUMMARY

An evaluation of prunings from the nitrogen~fixing Erythrina poeppigiana
{Legquminosae), and the fast-growing Gmelina arborea (Verbenaceae) for 5§e as
mulches was carried cout in the humid tropical site of Turrialba, Costa Rica
using Tuxpefio C~7 variety maize as an indicator crep. The maize was planted
at a density of 55,500 plants/ha in a randomized complete block design with
four replicates. Treatment differences were restricted to different sources
{mineral or mulch) and levels of applied nitrogen. Other management practices,
including fertilization with KCl1 and triple-superphosphate, were simnilar for
all plots.

Two cropping seasons were covered in the study: first from September, 1982

to February, 1983, and second from June to October, 1983, when most producg-
tion is expected in correspondence with the rainy season. The treatment
consisted of 12 combinations of N applied at two levels, 30 and 60 Kg/ha,
from two sources (NHdNO with either Gmelina or Eryvthrina mulch) in an incom=-
plete factorial, with EfXythrina and NHdNO3 applied separately as well. Mea-
surements were taken of the soil temperatire and moisture; gquantity of weeds
pre-contrel and at the end of the experiment; maize total biomass and N con-
tent at physiological maturity; ear yield in terms of quality, quantity,
weight and total grain weight at harvest.

Results of the first trial demonstrated some trends in treatment differences
in soil temperature (mineral + Erythrina having highest temperatures, mineral
+ Gmelina having lowest temperatures); whereas no significant difference was
found among soil moisture content values. No significant differences resulted
in final weed biomass and N content values. Although maize biomass and N con-
tent were similar, differences were noted in the quality of ears produced.

The presence of and addition of higher levels of mulch, particularly CGmelina
was associated with a greater number and/or weight of non-commercial guality
ears. Most ear damage was due fo mold.

Keywords: mulch, nitrogen-fixing trees, green manure, N mineralization, maize

viid.



In the second trial only Erythrina and mineral .zl .ocrz used as N sources. Both
sources were applied alone at two levels and Liwwulb.iaations at 60, 100, 160
kg N/ha along with a control without N. Periodic measurements were made of
the soil temperature and N-NHg4 and N-NO2+NO3 in.the soil solution. From
biweekly samples, .maize biomass and N contents were estimated.

vield differences appeared dependent primarily on the guality of ears pro-
duced. In this trial, however, highest production and lowest number of non-
commercial ears occurred with the high level of Erythrina mulch while the
lowest production and highest number of non-commercial ears occurred with
the lower level of Brythrina mulch. Bird damage was considerable.

A concurrent decomposition study using nylon net bags indicated that almost
half of the applied N remained in the Erythrina mulch 75 days after appli-
cation, when the maize was harvested. Even with this limited input, plants
contained adequate percentage of N and yields ranged from 2.7 to 4.1 Mg /ha.
Maize periodic samples related most closely to the final yield results.
Grain moisture content increased with the increase of mulch. Further inves-
tigation is needed to evaluate the mulches in nitrogen deficient soils and
other climatic conditions.

ix.



LAS COBERTURAS DE DOS ESPECIES ARBOREAS TROPICALES DE ERYTHRINA POEPPIGIANA

(WALPERS) O.F. COOK Y GMELINA ARBOREA ROY., COMO FUENTES DE NITROGENO

EN 1A PRODUCCION DE MAIZ (ZEA MAYS L.)

RESUMEHN

Se evalud el material podado del Pord (Erythrina poeppigiana) &rbol fijador
de nitrdgeno y Gmelina {Gmelina arborea), especie de ré@pido crecimiento como
cobertura. El experimento se localizd en Turrialba, Costa Rica, dentro de
una Area de clima tropical himedo. Se utilizd maiz (Tuxpefo C-7) como plan-
ta indicadora a razdn de 55,500 plantas/ha. EL disefio empleado fue de blogues
al azar con cuatro repeticiones. Los tratamientos consistieron en diferentes
niveles de N proveniente de la cobertura de ambas especies y una fuente mine-
ral. Las parcelas se cultivaron en igual forma, incluyendo una fertilizacidn
con KC1 y superfosfato triple.

El experimento se realizélen dos épocas, de setlembre (1982) a febrero (1983}
y de junio a octubre {(1983). En el primer experimento se aplicaron dos ni-
veles de N {30 y 60 kg/ha} comoc NHgNO3 y coberturas. Los tratamientos inclu~
yeron 12 combinaciones de N aplicado a dos niveles, proveniente de dos orige-
nes {(mineral vy cobertura) y dos niveles de cada cobertura en un arreglo facto~
rial incomplieto, incluyendo el Pord y NH4NO3 separadamente. Se midid la tem-
peratura y humedad del suelo; cantidad de malezas pre~tratamiento y al final
del experimento; biomasa total del maiz y el contenido de N hacia la madurez;
rendimiento de las mazorcas en calidad, cantidad, peso y peso total del gra-
30 a la cosecha.

En el primer ensayo se encontraron algunas tendencias debidas al tratamiento
en la temperatura del suelo (mineral + Pord con temperaturas mayores, mine-
ral + Gmelina con temperaturas menores). No se encontrd efecto sobre el con-
tenido de humadad en el suelo. No se encontrd diferencias para la cantidad
de malezas a la cosecha. No hubo diferencias para la cantidad de biomasa y
contenido de N en el maiz debido a los tratamientos. La calidad de las ma-
zorcas fue diferente significativamente. Las mazorcas de mepor calidad se a
asociaron con los niveles mds altos de cobertura especialmente de Gmelina.

La menor calidad de las mazorcas estuvo asociada, principalmente a danos cau-
sados por hongos. ‘

En el segqundo ensayo Unicamente se emplearon el Pord y W mineral como fuen-
tes de N. Ambas fuentes se aplicaron, separadamente, a dos niveles y combi-
nados en los niveles 60, 100, y 160 kg N/ha y un contrel sin N. Se regis-
trd periddicamente la temperatura y la concentracidn de N-NHgq y N-Noz+NC3 en
el suelo. Se estimd la cantidad de biomasa y contenido de N en el maiz, to-
mando muestras cada dos semanas.

palabras claves: coberturas, arboles fijadores de N, abono verde, mineraliza-
cién de N, maiz.



Un ensayo simulténeo de descomposicidn, empleando bolsas de malla de nylon,
mostrd que aproximadamente 50% del N permanecia afin en la cobertura, al
momento de la cosecha, 75 dias después de haber sido aplicado. El rendi-
miento del maiz varid de 2.7 - 5.1 Mg/ha. La concentracién del nitrdgeno
en las planas se considerd adecuada. El contenido de humedad en el grano
se incrementd con la aplicacidn de la cobertura. Se plantea la necesidad
de investigar este tipo de cobertura especialmente en suelos deficientes en
nitrégeno y otras condiciones climdticas.

®i.
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INTRODUCTION

Increases in malze producticn in the tropics have generally resulted
from the addition of land area to cultivation2q Under present social and
political conditions in Central America, however, the large portion of
arable land left unutilized is not available to the ;ow~capital farner
who is historically the pxovid?x for doﬁestic consumptianB.. Production
gains, therefore, must be sought through strategies which aim to obtain

higher yields from land alxeady in cultivation.gB.

With hiéh population growth on a land base artificially limited by the
presence of large estates producing export crops, long-term fallowing for
a natural recovery of fertility levels is no longer practical?% Accordingly,
mineral fertilizer use in Central America has increased sharply as illustrat-
ed Dby Costa Rica with a rise in nitrogen consunption from 28,488 to 45,200
Mg in only five years (1976~77 average to 1981-82 averagé%%. Most of this
fertilizer, however, has been applied to expori crops which provide a high
return for the invesiment in importing all mineral fertilizers. In contrast,
traditional crops have received a mere 20 percent of the region's fertili-

zer inputsa

Instead of seeking production gains for food crops through an increase
in the application of mineral fertilizers, and therefore in costs, farmers
in Costa Rica's Acosta ard Puriscal provinces have already opted to change

9

their land use decisions . Smaller farms are now planted in high value

crops and tobacco while larger farms are dedicated increasingly to cattle



productions. This trend away from traditional crops can be seen on the
national level in terms of a reduciion of hectares planted in maize from

58,000 {(1948-52 average} to 50,000 (19069-71 average) and to 45,000
32,33

-

(1980-82 average).31 The result is that Costa Rica now has the
highest maize importation costs for the region even though the crop plays

a relatively minor role in that country's diet’?. TIn other Central American
countries, where maize supplies over a forth of all calories consumed,
farmers have been more hesitant to abandon their traditional land use even

though maize production is similariy unprofitablezo'sa.

Increasing economic
pressures could change this. With limits in the availablie maize and 10 to
20 percent already being channeled to the moré affluent in the form of
meat and dairy products, the nutéitional status of the lower income Zamilies
will be severely affectedzo. On the national level, growing dependence on
external sources of grain is potentially detrimehtal to security as well as

Lo the economy?3;

To encourage domestic production of traditional fcod crops in Central
America, mulches from easily managed perennial woody species are being
investigated as alternatives to costly fertilizers. In the present study

prunings from the leguminous tree Erythrina poeppigiana and non-leguminous

tree Gmelina arborea are evaluated as nitrogen sources for the production

of maize., The objectives of the study are:

1. To guantify the mulches' contributions to the available nitrogen
supply throughout maize growth, based on nitrogen contents in
the soil scolution and maize plants, and to relate these values

to final grain yields;



2.

to further account for the results and describe the influences
of the mulches by measuring other soil factors, including tem-

perature and moisture; and

to estimate the pattern and amount of nitrogen input, based on

a decomposition study, of the leguminous mulch Erythrina poep-

pigiana.



LITERATURE REVIEW

Historical imnortance of mulching

Mulching, covering the soil surface with a natural or artificial ma-
teria124, has been higtorically important in many parts of the world. Pexr-
haps the earliest reports of using plant residues as a nutrient supply for
another crop come from Chinese texts dating back to ithe Chou dynasty (1134~
247 B.C.}. Writings from Greece and Rome dated around 280 B.C. and later
describe the use of leguminous cover crops plowed into the soil. 1In the
Middle Ages, similarly, the few references to the concept that have been

discovered refer to Southern France and Italy7“.

In the Western Hemisphere, mulching appears to have been practiced
gquite early. Though documentation is scarxce, the remains of extensive drain-
age systems in Mexico and Guatemala suggest that the Mavan society had devel-

oped an intensive agricultural production which brobably utilized mulches

-

to maintain soil fertilitygb. A century later the first North American

colonists brought some knowledgé'of green manuring with them from Europe,
with .references to rotating with clover being written as early as 1794. A
review of mulching research carried out by North American enxperimental sta-
tions discusses several studies from throughout the 19th century, citing

maize as the preferred indicator cxop75.

With industralization the traditional practice of adding organic mat-
ter to the fields was generally replaced by a reliance on mechanized farm-

ing and mineral fertilizers. Popular campaigns for minimum tillage and



natural fertilizers coincided with World War energy shortageéﬂa.One repre-

"2% was more anecdotal

sentative book published in 1943, "Plowman's Folly
than scientific yet was promoted as a guide by agriculturalists from as
far away as Colombia74. Another literary soil scientist of the period
concluded that "leaving crop litter...at the ground surface in farming
operations is one of the most significant contributions to American agri -

cultnve"®?. such enthusiasm did not last, but mulching scils in dry and

windy parts of the U.S. continued to be common 48,

Presently, although less
than one per cent of the U.S. farmers use strictly organic methods, many

more leave crop residues or grow cover crops ag soil management, and minimum

tillage is once more gaining popularity97,

Effects of mulching

While the extensive literature from temperate climates demonstrates
that mulching can be detrimental by maintaining low soil temperatures during
early crop grawth%g?gs mest tropical research states that mu£ching and the
resulting lower temperatures are often beneficial in these hotter climates
Improved growth and yields of mulched maize, for example, were attributed
to lower soil temperatures when the crop residue was applied at planting.

Eight weeks after planting application of mulch had little effect on the

.2
maize .

Similarly, moisture stress can be greater in a tropical climate since
. . . , 12
maize transpiration often exceeds the open-pan evaporation rate . Mulch-

ing resulted in 38% higher maize yields in Nigeria by simply reducing

4959100



meisture stress due to 7 to 15 day dry periods which are particularly harmful

r

during the pre-~flowering stage of developmenﬁi

Weeds, which compete strongly with crops for light and nutrients, are
controlled with "“living mulches” in tropical plantation system§L7§. With
annual crops, materials such as rice hulls have proved effective in weed
control in Asia as well as Central AmericaL7?. Plastics and artificial ma-
terials used as mulches contrcl weeds not only by shading but also by heating

49

the soil to extremes at which weed seeds hecome inviable™~. Plant residues

can perform the same purpose 1Lf resupplied frequently and in quantity.

Soil erosion control is accomplishéd with mulches by lessening the impact
of the rain as well as by encouraging thé growth of a more superficial root
system capable of physically holding the soil in place. This factor is
noteworthy in Central America because crops are blanted after the rainy ssason
begins so that the initial heavy rains fall on freshly cultivated, bare soils

presenting a serious ercsion threat until the crop canopy can form in a few

week586.

Mulches have been used to improve soil fertility, as well, particularly,

mulches from leguminous plants with high nitrogen contents®? For this purpose,

cover crops are grown on the site or residues are incorporated into the soil
as green manure. Surface mulching, though often more practical, has varying

effects on soil fertility and must be considered in context of the natural

64

nitrogen fluctuations which oceour in high rainfall areas



Soil nitrogen in the humid tropics

In the humid tropics, natural seasonal increases in soil nitrogen are
related to reduction or abscence of leaching during the drier szason and,
in severe cases of soil drying, to the upward movement of nitrogen through

the soil profile‘“{ The accumulated nitrogen is lost over the rainy season

72

through leaching, denitrification, and ammonia volatilization Crop assim-

dlation and cultivation methods have empirically little effect on s0i.1

N02-N and NH4—N concentrations 90. Fluctuations are usually seen in NOBMN

levels which, over the course of the rainy season, dropped from 60 ppm to

i

less than 5 ppm in cropped soils in Trinidadéz. In addition to this seasonal
!

trend, immediate NO3~N fluctuations can occur on a smaller scale in accordance

with the rainfall of the previous fortnightSl.
when early rains are light, nitrate accumulated over the dry season can

still beassimilated by cropséB. deavy rainfall alone, however, can lead

to the loss of 50% or more of the mineral nitrogen from the onset of rains
until crop establishment. Leaching losses are greatest under maize in its

first weeks of growth. WNot until the sixth week are the roots sufficiently
developed to reduce leaching losses /2.

When excess water is present, mulching can augment nitrogen losses due

to leaching by reducing the surface evaporation rate and maintaining a

£ 64

higher soil moisture conten . When water is scarce, this same mechanism

directly increases nitrogen uptake by plants through diffusion €8 A balance

between the. input of nutrients from the mulch and the potentially



increased losses due to greater leaching under mulch must be sought. Small

Nigeria which showed nitrogen deficiency only in lower, wetter areas of the
experimental plotsso. The use of mulches is not expected to become counter-

productive, however, when species with high nitrogen contents and rapid

decomposition rates are employed.

In Sri Lankan tea plantations, Eryvthrina lithosperma trees were tradi-

tionally pruned two to six times per year to provide a NOB—N source through-

out the growing season 21, The greater amount and more egqual distribution of

N inputs which a perrenial N source provides may result in N inputs offsetting
leaching losses. Trees as mulch sources are now receiving more attention

throughout the humid tropics.

Tree prunings for mulch

Alley cropping,-the planting of annual or semi-perennial food crops
between rows of established trees, has been emphasized in research at

IITA in Nigeria. Trees chosen for alley cropping are generally shrubby,

easily established, fast growing and responsive to cutting or burningBUu

Although leguminous mulch sources, including Gliricidia sepium and Leucaena

leucccephala, have been employed in past trials; recently the focus of the

research has shifted to evaluating non-leguminous trees whose slower decompo-
sing residues should more effectively control weed growth47. This change

in attitude in Africa and the scarcity of related data from Central America
motivated the inclusion of both leguminous and non-leguminous trees in this

evaluation.



Although the trees and crop under study are spatially separated, they
s 2 . . :
are considered an agroforestry system‘Ba Both tree species in evaluation

haveé been incorporated into agroforestry systems previously. Gmelina arborea

Roxb. (Verbenaceae), commonly called Cmelina or Yemane, is a fast growing
timber tree native to Asian rain forests. Naturally a transitory species,
Gmelina does not establish well in acidic soils nor unfavorable climatesﬁl.
In Nigeria, Gmelina has been succesfully introduced and is used during its
first two years of gfowth in a taungya system including root crops, grains,

and vegetable567. Similar experiments have shown that after 18 months of

. - . 36
growth the tree's low, dense, canopy provides eifective weed contrel ~°.
{

*

In CATIE, yields of up to 3.9 t/ha of maize grain and 1.98 t/ha of
beans were obtained in an intercropping experiment without influencing
regular Gmelina growth.Qg. Such studies emphasize the tree rather than the
annual crop component since Gmelina is generally planted for timber and is

being encouraged for such use in Costa Rica.

-

The Erythrina genus has been included in agroforestry systems throughout

the world. Erythrina poeppigiana (Walpers} O.F. Cook {subfamily Papilionaceae),

used in this study, is commanly called Mountain Immortelle, Coral tree (for
its orange flowers) or, in Costa Rica, pord gigante. The natural range of

this species is from Panama to Bolivia and Peru, but the nitrogen~fixing tree

was introduced into Central America in the early 20th Centurle.

in Central and South America, Erythrina is commonly intercropped as a

13

shade tree in coffee and cocoa plantations Research on these systems

often emphasize production of the tree Sfal,ftheugh positive effects on



Fmt
f )
.

the cozoa tress have also been measuredlg'SD. Some studies on coffee also

demonstrate the crop's i mprowvad production in relation to coffee with

; : . 26,37, 12
Cordia alliodora trees, but contrel plots of coffee alone were not 1nc1udedzc';1”§

More recently, Ervthrina's infldence on pasture growbh has been measured
|
and the tree's foliage has been characterized putritionally for use as a

forage for ruminantsi6’27.

Although little has bean published regarding the tree's effect on annual
crops, results from intercropping Exythrina with coffee and a rotation of
rice, maize and peanuts in Northern Thailand were encouraging. Haize vields,
for example, reacﬁed 3.1 T/ha on 54% graded slopes where annual rainfall

5

is 1700 mm °° Field trials in CATIE alley cropping Ervthrira with a rotation

of maize, beans and cassava have also shown peositive xesults, particul

.

m

K

j—
et

in bean yield which was 1.31 T/ha as compared to 0.66 T/ha in control plotssvu

Evaluation of mulches

The present research was designed to measure the influence of Gmelina
and Erythrina tree prunings on a growing annual crop and its final yields
with emphasis on the nitrogen status. 8imilar studies have been carried
out to evaluate tree mulches' effects on annuel crops. For example, Leucaena

leucocephala has proven valuzble as a source of nutrients for production

19

5
of rice in Nigeria'”, Napier grass for forragegland sorghum in Guatemalag‘

Maize, however, is quite commonly planted in mulching trials due to its

popularity, wide growing range, and response to soil nutrient leveisq

Nitrogen supply affects maize grain yield by influencing leaf area

produced early in the growth season, therefore periodic biomass masurements



relate to the potential yeild, although other factors help determine the

' 42 - : . . .
actual values =~ . The effect of envirommental stresses during formation of
the embryonic grains, for example, zannot be reversed. In contrast, stress

during the grain filling can be overcome by assimilate translocation®?.

In maize, a third of the N uptake occurs during the dth to 8th week of
42 -
growth™ ™~ . Excess N can he taken up and stored but normally the average N
concentration from germination to knee~height of growth is 2% or more in

leaves and 1% or less in stems. After tasseling both parts average 1.2 to

54 . . : - ..
1.3% N°%. If lower concentrations are encountered, nitrogen might be limiz-

ing growth. Maize preferentially takes up N03~N, the form oi nitrogen
expected to result from deccmposing tree prunings if not under floodsd con-

ditions”+:9% | Extensive past research using maize a2s a biological indicator
P 2 g T

allows for better interpretation of results.

, Although in Turrialba temperature and rainfall averages are above optimal
for maize pfoduction, the climatg would permit two successful crops annually
in BO% of the vears. In practice, however, the majority of‘grain production
is from the rainy season crop, planted between March and June. The first

7
week in June is recommended as the planting date for Turrialba's climate™ .

g

11.



MATERIALS AND HETHODS

Experimental Site

The study was carried out at the Crop Production Department's Experimen-
tal Station "La Montafia", CATIE, Turrialba, Costa Rica, Central America. The
research center is located at 9°50' latitude north and B83°20' longitude
west at 602 meters above sea level. This locality, classified as the numid
subtropical forest,46 experiences an average annual rainfall of 2,836.7rm
(42 yrs. data)and an average mean temperature of 21.7°C (25 vrs, data).
Although in Turrialba the drier months of January through April are ccn;idered

"summer", a severe dry season does not occur. Meteorological data taken at

CATIL substantiates this observation (Taizle 21},

The soil in “La Montada" is of alluvial origen with a loamy texture ir
the upper 15 cm. Classified as an Inceptiscl (sub-order Tropepts, grest
group Dystropepts, sub-group Typic Dystropepts and family fine, mixed iso-
thermic), the s0il is placed in the Instituto seriest Thé specific site used,
a half-hectare section in lot 11, is almost completely surrcurded by one-to-
two meter deep ditches which cause uneven drainage despite the relatively
even grade. Soil fertility data (Table 1)} is baséd on an August 1982 sampling
with three subsamples mixed together for each of the fo;r blocks. Methods

"used for soil analysis are presented in Table A2.



TABLE 1. 1Initial sojil fertility of experimental site

Rep. Dpth. . Organilc Extractable N P K
P matter acidity (ma/g) g me
(mg /qg) (meg/100 ml) 100 ml 100 ml
1 0-15 4.5 54.9 0.9 2.8 10.5 0.32
11 0-15 4.4 50.3 1.0 2.2 8.5 0.30
IIT 0-15 4.4 42.6 0.7 2.3 10.0 0.29
v 0-15 4.3 44.9 0.7 2.4 8.5 0.37

Experimental Work

The study covered both the drv and wet seascns witn the first experimeant
running from September, 1932 to February, 1983 zand the second from June to
Octeber, 1983. 1In both experiments the basic chijective remained the evalua-
tion of mulch for the production of maize. In the first experiment, however,

two types of mulch were evaluated whereas in the second only cone mulch is

tested.

EXPERIMENT I
A randomized block design with four replicates of twelve treatments
was used. Each plot consisted of 7.2 x 4.2 m of maize variety Tuxpeno-

Cycle 7, a white dent grain adapted to tropical lowlands.

Treatments were designed according to the total amount of N theoretically

contained in the source applied. For the mulches this was the average N
content for three-samples of prunings:- The mulch applied in the field was

calculated as:



“14.

dry weight x fresh wt. X {Chosen level of N kg/ha),
N % dry wt,

with 30 and 60 kg/ha being the chosen levels for Experiment I. Sample caleu-

lations for Gmelina and Erythrina mulghes at 30 kg N/ha are:

2l
0.5579 kg fresh wt. Gmelina/m”

It

kg dry wt. = 500 g fresh wt, x 30 kg ¥N/ha
1 8

1 =
0.01703 kg N 157. g dry wi.

1 kg dry weight ¥ 800 g fresh wt. x 30kg N/he =0,5000kg fresh wt, Erythrina/mz
0.0287% ko U 1D4.21 g dr
llches were cut from neighboring trees with similar ages in boih cases.
Leaves and small branches (< 4 com diameter) were cut from S-month-old Cmalina
arborea trees from the Finca Buenavista of Celulcsa, alivision of Scotv
Paper Ccmpany, located in the Pavones district, Canton Turrialba, aboui 19.5

km from Turrialba on the highway to Siguirres. The Erythrins posppigiana

milch came from a living fence in CATIZ's Animal Production Department's
Experimental Farm. These branchez had grown for six meonths, since the

previous pruning.

The mulches were applied 25-27 days after planting and the ammenium
nitrate 43 days after planting (Table 2)}. Hulches were applied earlier

based on the observation that after twe weeks in the field they had visibiy
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begun to decompose and, presumably, release N. For the treatments with
mulches, similar proportions of leaves, petioles and branches‘were we lghed
and distributed over the corresponding plet. In treatments with fertilizer
N, the ammonium nitrate was measured volumetrically and applied on a per nhill

basis. Treatments were positioned in a randomized arrangement (Figure 1}.

Further management of the site was uniform throughout both experiments.
Initially a one-~meter-square frame was used to visually estimate weed cover
per plot before the herbicide glypheszte was sprayed at 0.48 kg/ha. On
September 21, 1982 a dibble~stick was used on the unplowed site to plant
three seeds per hill at 0.6 m, or a density of 83,333 plants if germinatéon
had been perfect. Along with the seads, 05 g/hill of carbofuran or 13.9 kg/ha,
was added to combat soil peste. After 15 days, 110 kg Ky0/ha and 140 kg
P705/ha were applied in the form of KCl and triple-superphosphate. At 40

days of maize growth the insecticide phoxim was appiied, at approximately

1.0 kg/ha, on the upper whorl of each plant in granular form. Evidence of flea

beetles (Coleoptera: Chrysomelidae) and fall army worms (Spodoptera frugiperda)
was observed earller on some plants. Ten days later the fungicide metiram

was sprayed at 0.60 kg/ha to combat an infestation of Southern Corn Leaf

Blight (Helminthosporium maydis) found throughout the site.

When the maize had past physioclcgical maturity, the stalks were doubled
over to prevent rain from accumulating in the husks and encouraging ear rot.
' Ears were harvested the 16th to 18th of February, 1983 after 20 days of

drying in the field.



6 10 7 1

I I

—rmy

we  Access road

ot Drainage ditch

Figure 1. Field map of experiment 1.

Lot 3



The factors measured represented the soil conditions and the crop and
wead response. Soil temperature and moisture levels were recorded weekly at
13:00 using Scoiltest, Inc. MC310A nylon soil cells and an M~300B soil moisture-
temperature meter, measuring in Ohm and operating on batteries ({2205 Lee St.,
Evanston, Tllinois, 60202). The resistance of each cell was calibrated with
so0il moisture tension in a Soilmoisture, Corp. pressure plate apparatus (P.O.
Box 30025, Santa Barbara, California, 93105, U.S.A.) at 0, 0.33, 1.0, 2.0,

5.0 and 15.0 bars. fhe soil cells contain thermistors which report soil
temperature in °F directly on the meter without need for conversion factors.
To further verify the soil moisture readings, tensiometers were also used in

some plots.

At the physiological maturity of the maize the biomass and N content of
the stems, leaves, flowers and ears were measured in a sample of four plants
per plot using a modification (Table A2Z) of the semimicro-kjeldahl method

described by Bremmerls.

-

After another 20 days of drying in the field, the
ears from 32 hills were harvested and separated into commercially viable ears
and damaged or poorly filled ears. Ears were classified as commercial if
more than half the grains were still intact, full and disease-free at the

harvest time. The number of ears and their total weight for both groups were

taken, as was the weight of the shelled grain, from a sample of eight commercial

total weight of commercial ears
total number of commercial ears

ears whose weight equaled to x Blie. 8 ears

selected as representative). This latter wvalue, the grain weight, as a per-

centage of the total weight of the eight representative ears, is referred



to as the shelling percentage. Moisture content of a sample of grain was
measured with a Dole Model 400 moisture tester ( Eaton Corporation, Controls Di-
vision, 191 East North Ave., Carol Stream, Illincis, US.A. 60187). Yield was

then calculated with the equation:

ie i.ght " 2
field we;g‘ X 100 - & grain moisture » shelling % x 10,000 m /hea
of commercial "

85 : area harvestod
ears (kg/area in mo

harvested in md)

which standardizes the grain moisture at 15% and converts the data to a commel-
| .

cial ear grain/ha basis. Al%hough the healthy part left on the damaged ears

would not be discaréed, it is generallg not taken inte account in yield calcu-

lations and might be considered as compensation for the damagéd sections cf

the commercial ears which were counted a5 complete 21,

At the time of the maize harvest, weeds were alsc harvested from a two-
meter-square area in the center of each plot. Aerial bicmass was recorded.

The N content of subsamples was measured in the same manner as for the maize.

EXPERIMENT IX
Eight treatments (Table 3) in plots of 2 x 6m with four replicates
were placed in a randomized block design (Figure 2). Treatments were calcu-

lated by the same system as in Experiment I but only'Erythrina poepplgiana

mulch was included. The mulch was cut from 30-year-old trees intercropped
with coffee plants located on the road between CATIE's residential section 100
and the main entrance to "La Montana®. ‘Almost a year had passed since the

previous pollarding. The method of application of the mulch and ammornium
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Figure 2. Fleld map of experiment |l.



nitrate was as before; both were applied at 40 days after maize germina-

tion.

Site preparation consisted of raking aside and burning maize residues
from the previous trial. On June 7, 1983, after the delay of a temporary
drought, five seeds of Tuxpefio-cycle 7 maize were buried with the mentioned
amount of carbofuran (5G) at a 0.6 x 0.6 m spacing: Scon after germinating,
the maize was thinned to two plants per hill or 55,555 plants/ha. A month
later the herbicide paraquat was applied at 0.56 kg/ha and X-20 and P05 were
applied as befeore. Harvest took place the 17th to Z0th of October, 1933,

To more thoroughly document the environment of the crcp, several factors
were measured on a periodic basis from the time that mulch wrs apnlied through
the physiological maturity of the maize. For example, available N was dater-
mined from 2N KCl extracted soil solutions which had been taken as three sub-
samples per plot as 0-10 cm depth every twe weeksl Bnalysis using a steam

3

distillation procedure measgred NH4~N with MgC and then NOE—N and NOB—N with
Devarda alloy l%. Also biweekly,-four maize plants (two hills) were cut at
ground level, from the third row up to the fifth, for biomass and N content
determination. MNitrogen analysis was carried cut as above (Tahle A2). For
both factors a total of five sampling dates were reached before physioleagical

maturity and the doubling of the maize. Yields from the harvest were calcu-

lated, as in Experiment I, using plants f£rom 24 hills (48 plants).

Throughout this same time soil temperatures were reccrded hourly using

thermistors at 5 cm depth connected by cables to a Delta T chart-drive



8]
a2
.

system recorder galvanometer (Grant Minature Temperature Recorders medel
M-261, Grant Instruments, Ltd., Bulbeck Mill, Barringten, Cambridge CB2 50%,
United Kingdom}. A recharged battery replaced the one in thé field once-
a-week. After the experiment was completed, complete soil fertility analyses

were repeated on a mixture of three subsamples for each block.

Concurrent with Experiment II, the decomposition rate of Ervtirina

;
".  Thres-mm  mesh was

jtes
I}

q

mulch was studied using the nylon mesh bag technique
. . 2 e X .
partially sewn into 0.25m" square bags which were closed comoletely using

fine wire after inserting 375 g of fresh mulch material. The filled bags

-

placed between maize plots in a completely rarndomized design, vars removed

four at a time on ten collection dates. First directly from the cutting

3

{(day 0), then at 4, 9, 13, 17, 21, 28

(43

[

B, 48, 82, and 78 davs aftar mulch

-

application and the placement of the fags. The interval betwssn oollection

dates increzsed frem 4 up te 16 days

fu

5 the Jeccmposition rate was observead
to have decreased and little change was noted in weight and ¥ contant of

already collected samples.

Analysis

n the following

¥R

All of the data taken in both experiments was recorded
files: Harvest information, Experiment I. and IT.; Physiclogical maturity
maize sample, exp. 1.; Weed presence, exp. I.; Soil temparature and molsture
exp. I,;>Soil moisture (one~week trial), exp. II.; Periodic maize samples,

exp. II.; Periodic soil N samples, exp. Il.; Decomposition of mulch, exp. II.

The data from the second experiment on soil temperature at hourly intervals



was not reccrded on the diskette for computer analysis but rather analvzed

f the large guantitv of

by calculator at the time of tabulating because o

numnbers.

Each set of data was subjected to a standard

{model~-treatiments, repetitions) and Duncan's Multiple Range Test. For the

files of harvest information, periodic maize and periodic W samples, cne

!

i
i)
Lt
©
[
44
3
rt
[
h

degree of freedom tests were made using the orthegenzl contrast

in Table A3.

24,



RESULTS

Complete soil analysis data from samples taken before experiment I (8/82)
and after the completion of experiment II (10/83) is presented in Table 1.
Although not directly comparable because of sanpling variation, apparentiy
organic matter, N, P, K, éa, Mg, Cu and Fe values declined over the two grow-

ing seasons whereas pH, extractable acidity, Zn and Mn increaszed.

EXPERIMENT X

Soil temperature

Averages from weekly soil temparature msasurenents in tresiments I N0D0,
4 (Me0G30), 6 (MB0OGeD), 8 (MGOE30), 10 {MO0EAD) and 12 (S07) awve recoried in
Table A3. Readings from representative treatments 2, &, 10 and 12 zre nre-
sented graphically in Figure 3. The highast individual reading (at 13:00)
from the mulch application til crop harvest was 27.78°C which cccurrsd in
treatment 10 (M60OE&0) 11 weeks after mulich application. The lowest tempera-
ture {(at 13:00}, 22.22°C, was registered from several tréatments on various
dates. On the whole, lower temperatures were encountered in treatment 6
(M60G60) until the last weeks of the studv when treatment 12 (EED) tempera-
tures dropped. Highest temperatures tendsd to result in freatment 10 (MICUH0) .
After the maize was doubled for drying (January 28), soil temperature-treat-
ment relationships diminished or altered. Previous patterns were never defi-
nite, however, neither in relationship to mulch cover nor to final masize vield,
which might have reflected the plant growth and therefore shading of the socil.

Often the same soil temperature was registered in several plots. Sig-

nificant differences did ocecur on three dates according to Duncan’s Multiple
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Range Test (DMRT} at o=0.05: the ist and 2nd weeks after mulching treatments
with Gmelina experienced lower average soil temperatures (at 13:00) than those
with Erythrina mulch; and on the 13th reading date treatment & (MOCGE0N) had &

higher soil temperature than both 4 (MG60G30) and 12 (E6Q).

S0il moisture

Soil moisture values, although showing wide variastion, were signifi-

cantly higher (DMRT o=0.05) for treatment 2 (M80) during the 11tk and 1Zth

1

weeks of recording with 34.00% and 32.00% in cemparison with treatment
i
{(M60OE30} which had 31.05% and 20.00% soil meisture contant for the r;spe:w
tive dates. Once more, in the 13th week after mulching, treatment 2 scils
had significantly higher moiéture than in treatments 8 and £ (MECG30) which
had 26.00% and 27.00% in comparison with 31.50% soil moisture content.
In the first weeks after mulching, treathent 10 (MGQEGD) ternded te have
~the highest moisture contents, being replaced in later weeks by treatment 2
{MG6Q). Treatments 4 (MAOG3I0) and 8 (MBOE3ID) were generally lowest in soil
moisture content. From individual readings the values were highest for treat-
ment 12 (E60) in the 8th week (49.75%) and lowest {for treatment 8 (MS&OE30) in
the 15th, or last week of recording (16.00%}.
Higher soil moisture percentages did not éonsistently ocour witp low soil
temperatures nor with treatments including mulch. The varving relaticonshins
'amosg treatments 2 (M60), 6 (M60G60), 10 (MBOE6C) and 12 (E60) are prasented

graphically in Pigure 4.

Weed indices

.

There was no significant relationship between the pre-herbicide weed
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cover in each plot by area aﬂd the final biomass of the weeds at the time
of maize harvest (PR>T 1.0001, ¥ = 0.3427). Regrowth was similar through-
out the site and, according to analysis of variance {ANCVA) and DMRT, was
not significantly affected by treatment differences neither in terms of

| . .
weed biomass nor weed N content at the sampling time.

In summary the treatment differences did not strongly influence the

[+1]
)]
P
T
[at

’
gsoil factors of temperiture and moisture content, nor the weed regrowth
the initial chemical control, nor the weed uptake of N which represents the

crop-weed competition to some extent. For the first experiment, therefore,

30.

effects of the mulches wers not sesn 1n the plant's grovth envirsnment Lub rather

in the maize crop itself.

Maize growth and production

At the time of the crop's phyvsioclogical maturity, some significant dif-
ferences were noted among the treatments' leaf, stem, flower and ear gsamples
in weights or N concentraticns. Notably, treatment 4 (M60G30) ~-~which later
had the highest grain yields-- produced significantly greater ear weight and
N content than did treatment 1 (M30), the lowest producer, according to a
DMRT at a = 0.05. Total plant dr; welghts and N contents were lower in
treatments with a mineral source of N at 30 kg/ha versus at GO kg/ha

(contrasts, 10%). The average N and drv welghts fcr maize plants are listed

in Table 5. fThe N concentraticens are listed in Table 6.

Harvest values --plants harvested, number and weight of ears, grain



TABLE 5., Dry weight and N for maize at physiological maturity (4 plants/plot,
4 reps, experiment I)*

Treatments Pryv weight N

(kg N/ha) (kg/ha) tkg/ha)
) b a
1. Mineral 30 501.42 63.90
2. Mineral 60 777.00% 93,402
3. Mineral 30 670.02%° 78.93%
Grelina 30 '
4. Mineral 60 | 766.35° 93,98°
Cmelina 30
; . ab a
5. Mineral 30 58902 71.30
Grelina 60
L ab a
6. Mineral &0 646,97 77.40
Grelina 60
7. Mineral 30 627.45%F 78252
Erythrina 30
8. Mineral 60 . 688. 42%0 © g2.48°
Erythrina 30
9. Mineral 30 605. 407 72,452
Erythrina 60
10. Mineral 60 773.57% 96.23%
Erythrina 60
11. Erythrina 30 584,027 76.25°
12. Erythrina 60 | 586. 3570 69.45%
cV. = 22.262 24.086

*N calculated as % N x dry wt. Values, in each colum, followed by the
same letter do not differ significantly at o = 0.05 based on Duncan's
Multiple Range Test.



TABLE 6.  Weighted average of N concentrations in maize at physiological
maturity calculated from the N contents of stems, leaves, flowers
and ears (4 reps, experiment I).

Treatment ' g N*
(kg N/ha) 100 g drv wt.**
1. Mineral 320 1.27
2. Mineral 60 . 1.20
3. Mineral 30 1.18
Grelina 30
4. Mineral 60 i.23
Guelina 30
5. Mineral 30 ' 1.22
Grelina 60
6. Mineral 60 1.20
Gmelina 60 '
7. Mineral 30 1.26
. Erythrina 30
8. Mineral 60 1,21
Erythrina 30
9. Mineral 30 1.22
Erythrina 60
10, Mineral &0 1.22
Erythrina 60
11. Erythrina 30 o 1.38
12, Erythrina 60 1.18

*Sum of N contents of stems, leaves, flowers and ears.

**Sum of dry weights of stems, leaves, flcxers and ears.



yields -- can be Ffound in Table 7. No differences were determined QNI
treatments using an ANOVA. With DMRT and contrasts (at 10%), Lreatment ©
(MBCG60)  was shown to have produced more non-commercial ears tha: treat-

ments 2 (MEO), 4(M80 G30)}) and 11 {E30), and a greater non-commercial ear
}
weight than treatments 3 (M30 G30) and 11. TIn broader terms, treatments

with some mineral N had fewer non~commercial ears than those with no mineral

4

N added. Furthermore, with & higher level of mineral N the addition of ei-

ther mulch was related to greater number of nen-commercial ears. The welght

iy

of these ears was higher in treatments with z lower level of minerzl N when

Gmalina was applied at its higher level than when addsd in <he iesser zmourt.

In view of these relationships between mulching and low guality ear pro-

duction, it is notewsrthy that the main czuse of damzge in the Jirst Ffield

trial was Diclodia ear rot, orebably in zssccizbticr with

EXPERIMENT II

50il temperature

Although scme of the soil temperature data was lost during the studsy
due to a wild dey attack on the cables connecting the thermistors to the
recording unit} enough values were collected for valid statistical analyvsis,
No significant differencez occurred amcong the representative treatments 1
{121), €(M21EG0) and 7(M21E120), but tendencies were noted. The mean tempe-~
rature for each hour, calculcted from a sample of 30 éayé, Was an average
of 0.11°C higher for treatment 7 {M21E120) than for 1 (M21) in the first

repetition (Gn_l:0.12) Daily mean soil temperatures were also higher



TARLE 7. Harvest data (4 reps., experiment I}

TREATMENT Nunber of Nunber of ears®* Field weiq‘ﬁt* Camercial
(kg N/ha) plants Cormarcial Non Commercial Non grain yieldf
7 ivor sample) (per sanple) {kg/ha) {15% moisture)
{kg/ha)
, a aby a 1o ) a
1. Mineral 30 74.25 42,002 26.%50 3.64 0.98 2,260.6
2. Mineral 60 75.25 45.00% 24.25° 3.79%  1.05% 3,273.9%
3. Mineral 30 76.00 14.00%  24.50°  3.89%  0.83° 3,173.5°
Gmalina 30
4. Mineral 60 83.75 18,252 29.75%° 4.2 1.26%° 3,709.6°
Grelina 30
5. Mineral 30 81.75 46.00%  29.50%°  3.862  1.27%° 3,094.6°
Gmelina 60 *;
6. Mineral 60 84.75 48.00% 36,25 3.98% 1.19% 3,213.4%
Gmelina 60 :
7. Mineral 30 81.75 41502 32.50%°  3.36%  1.10%° 2,772.5°
Erythrina 30
8. Mineral 60 80.75 87,252 28.00%  4.12%  1.22% 3,366.9°
Erythrina 30
9. Mineral 30 75.75 46.25%  27.00%°  4.05%  1.16%° 3,387.3%
Erythrina 60
10. Mineral 60 80.25 47,752  28.75%° 4152 1.10%° 3,395.2%
Erythrina 60
11. FErythrina 30 72.50 16.50% 22,750  3.91%  0.92° 3,242.5%
12. Erythrina 60 81.50 47.25%  26.50%  4.082  1.04%  3,474.3°
c.V., = - 15,38 22.08 19.23 © 29.74 19.51

*Values in each columnfollowed by the same letter do not differ significantly at
a = 0.05 based on Duncan's Multiple Range Test.



in treatment 7 than in 1 in the first repetition by an average of 1.29 °(C
{C 1=4.22 n=22 days cof 24 hours each). Averaging the data from both
n-

repetitions lowers this difference to only 0.0616°C (Un_lﬂOuBY n=22 days).

The highest individual reading, 45.5°C, which occurred in all treat-
ments, might have been related to disruption of the equipmeni; but even the
second highest value, from treatment 7 (M21E120) repetition 2, reacned 41.0°C.
The lowest temperature registered was 20.4°C which also occurred at the same

time and date in all treatments. Most values were between 20° and 30°C,
; .

i

. {

S0il moisture

Readings taken thrice daily for one week were nct sigrificantly different

{2

for the representative treatments 1 (M21), E(MI1EE0) and 7 (M21E120). Values
were consistently higher, however, in treztment 7(§=36.35%) than in 6
(§=33.93%) and 1 (§=33u51%)» This correspends with lower bicmass procauction
in 7 and, presumably, less water assimilation by the crop. There was very
little differcnce among scil moisture contents measured at &ifferent times

of day.

S$nil nitrogen

S$oll nitrogen data appears in Table 8. Clear patterns 4did not result

in relation to treatmenrt ;' effect on N-NH. or N-NO_+NO. . Statistically

4 P 3

significant differences determined using orthogonal contrasts are presented

in Table 9:

;35
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TRABLE 8. N-NH, and N-NO,+ NO, in extracted soil solutions over the maize growing
FA

period. (4 reps., experiment II)*

TREATMENT Sample: 1 2 3 4 5
(kg N/ha) Days after mulching: 0 14 32 43 57
N-NH, 30,12 33.4%  27.6%° 26.9° 36.6%
1. Mineral 21
N-NO IO, 23.5 22.1  20.8  23.5  21.8
N-NH, ‘ 34.7% 33.9%  37.0°  42.2%  27.0°
2. Miperal 42
N-NO+NO, 25.9  22.9  18.0  28.5  19.3
N-NE, 31.1% 33.28 32,47 20,77 45.9%
3. Erythrina 60 ‘ ”
N-NO, O, 24.8 22.5  21.0 21.2  20.4
N, 35.42 30.1%  36.22  28.7°  26.6°
4. Erythrina 120
-NO+NO, 23.9  20.9  20.5  28.7  19.3
Mineral 10.5 N-NH, 36.6% 23.8%  25.9°  32.1% 2g.9P
5.,
Erythrina 120 N-NO, O, 35.8  24.6  19.7  21.3  20.5
Mineral 21 N-NH, 30,22 28.0%  27.0%° 28.7° 31i3ab
6.
Erythrina 60 N-NO,HNO, 27.1  28.0  20.2  20.8  20.2
Mincral 21 N-NH, 30,92 28.4% 277 27.2°  95.1P
7.
Erythrina 120 N~NO2+NO3 24,2 18.8 20.6 20.8 21.8
N-NH, 16.12 35.2%  33.3% 30.2°  27.6°
8. Control 0
N-NOLHYO, 0.3 22.5  28.9  22.4  1.83
N-NH, 18,04 29.11 19.88 25.18 33.21
. CVe = a0, 45.76 21.75 32,21  22.14 15.45

*Micrograms/gram of soil at field capacity.

) *EN-NHg values in each column followed by the same letter do not differ significantly
at « = 0.05 based on Duncan's Multiple Range Test. N-NO2HNO3 values showed no signifi-
cant differences. Mulch was applied on the 40th day of maize growth.



TABLE 9. Significant differénces in soil nitrogen values based on orthogonal
contrasts (experiment II}*

Soll Sanple*® Sigmificant conitrast Significance
level
N-NH
4 |
1 None -
2 B.2 Low total: one source »mix 10%
3 A.3 Malch, high N: with <without mireral 10%
A.3 No mulch: high » iow ¥ %
B.3 High total N: one source »mix i0%
C.1 Mineral <none 5%
C.3 (122) » (RIR120) 5%
d 2.3 Mo mulch: high » icw W 1%
B.5 High total ¥: mineral »oulich 5%
C.2 Mineral: (L121) < {11=2) 10%
C.3 (11:2) = (M21E120) iz
5 A2 Malen: Righ < low ¥ %
A,.d Mulch low N: with <vithnout mirersl 10%
B.l Total N: high <icu . &
B.2 Low total N: one soures »mix 10%
C.6 BErvthrina: (260) » (E120) &
N~-NQ., + NO
2 3
1 A.7 No rulch: mineral »without 5%
B.6 Total p: 141 <0 5%
C.5 Brvihrina slone < control 5%
2 None -
3 A.7 No mulch: mineral <without %
B.6 Totzal N: 121<0 10%
B.7 Total N: medium < evtremas 10%
C.5 Eryvthrina alone <control 1G%
4 .3 Mulch, high ¥: with <without mineral %

1 Total N: high > low 10%
3 High total N: one source >mix 5%
L3 (B42) > (M21E120) : 5%
6 Erythrina 60> 120 5%

5 None -

*Contrast matrices appear 1n Table A5,
**Sample times listed in Table £.

~
.
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Maize growth andéd nitrogen

Significant differences in pericdic maize biomass and N content data

are noted in Table 1. Contrasts (Table 11} ccnfirmed that, throughout

the season,

the maize in treatmént & (M21EEC) generallv had greater biomass

and N conternt values while treatment 7 (M21E120) presented relatively poor

growth indicators.

although N concentrations did vary,as shown in Tzble 12
Maize production

Harvest parameters for the second tyial apresar in Table 13, The only
significant difference wzs ketween the high weight of non-commercial pars

from treatment ¢ (MIZ1EE0) and the low weilght Zrom treatment 4 (E120) (DMET

¢ = 0,05).

Although experiment I had more ears, the mean weights of o

categories of ears were grazter in experimant II and the resulting grain

vields were

higher. Moisture content in the grain ranged Zrom 10.3 to 14,33

in the first trizl wherezs in the second the wvalues wers between 18.2 ani

23.0%,

HMulech decompositicn

Results from the decomposition study are shown in Tigure 5. The date

of recollection of the sample bags was highly significant (ANOVA, 53) for

fresh and dry weights as well as N contents. Replications were also sig-

nificant for dry weight and N content. The variation becemas more appar -

ent by applying Duncan's Multiple Range Test to the values recorded. Decompo-

sition parameters do not always proceed in chronological order. Fresh weights

were particularly ewratic because of the fluctuating moisture contents in

the muleh.

The overall trend, however, is a decrease in dry weight and N

Grezter dry welghts usually correspond to highexr N levels

L

38.
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TABLE 10. Dry weight and ¥ for maize over the grosing pericd (4 plants/plot,
4 reps., exveriment II)¥*,

TREATMENT  Sample: 1 4 5
(kg ¥/Ha) Maize age (davs): 41 52 6+ 79 93
t sl
1. Mineral 21  Drv wt. 1,387.3%  3,028.5%  6,273.8% 5,474.0% 12,345.0°
=~ - F “ =
N 30.60° 65.39" 91.49%  111.44'9 147,327
= G 3 ak
2. Mineral 42  Dry wt. . 1,567.8%  3,423,97  3,586.0% 9,867.07 13,997.0%
N 33.80° 71.227 59.06°  108.79°9 171.3:1°
2. Eryvthrina 60 Dryv wt. 1,573.0%  3,189.7%  5,976.3% 10,915.0% 11,599.0%
N 31.57" 61.70° 91.28°  126.59°9 131.07°
4, Erythrina 120 Dry wt. 1,382.0%  2,108.2%  6,877.6°  9,528.0% 12,190.0°
r} - - - -
N 31.83" 70.20" 93,74~ 102.81%  154.90°
= = = = 2y
5. Mineral 10.5 Dry «t. 1,264.0%  2,707.9%  £,223.1%  9,214.07 13,916.0%°
. ; ) .
Erythrina 30 N 29.28" 53.99° 58.33°  100.€3%  174.26"
6. Mineral 21 - Dry wt. 1,637.3%  2,975.65  3,267.0° 11,763.07 18,019.¢°
Erythrina 60 ¥ 7.695  e1.22° 90.01°  148.20° 213.61F
7. Mineral 21  Dry wt. 908.0%  2,252.8°  1,839.7°  9,119.0% 12,620.0°
Erythrina 120 N 22.33% 53,745 82.23%  115.79%9 1501t
ry
8. Control Dy Wit 1,387.3%  2,644.8%  5,8:9.8°  8,976.0% 13,737.0%°
N 28.62° 50.57°  82.35° 98.379 133.73%
cv. = Dryv wi. i4.67 31,63 22.58 19.21 23,13
N 14.68 30.75 28.51 21.32 39.49

*all values in kg/ha. N calculated as % N x drv wt.

**Values in each column followed by the same letter do not éiffer significantly at
a = 0.05 based on Duncan's Multiple Range Test. Mulch wes apolied on the 40th day
of maize growth.



TABLE 11. Significant differences in maize production values based on
orthogonal contrasts {experiment II)*

Soil Sampler#* Significant Contrast Significant
level
Dry weight
1 None -
2 None -~
3 A.3 Malch: high N with > without mineral 10%
4 A,2 Malch: hich < lcw N 5%
B.3 High total N: one scurce <mix 10%
5. A.4 Mulch: low N with »>without mineral 1%
B.3 High total N: one sourcs <mix 5%
C.4 M21 <M21E60 5%

N contant

1 None o
2 None -
3 ©  None ' -
4 A.2 Malch: high < low N 5%
B.3 High total N one source <rmix 1%
C.4 M2] <M21E60 54
5. A.4 Mulch: low N with >without mineral 10%

*Contrast natrices appear in Table AS.

**Gample times listed in Table 19,



TABLE 12, Weighted averace of N céncentrations in maize at different sampling
dates calcvlated franm the N contents of the stems, leaves, flowers and
ecrs (4 reps, experiment IIV.

aqN*
100 g dry we.**

TREATRENT SAMPLE: 1 2 3 o 8
(kg N/ha) Maize age(days): 41 52 64 73 93
1, Mineral 21 2121 1.99 1.51 1.12 118
2. Mineral 42 2.15 2.08 1.68 1.1¢ 1.24
3. Erythrina 60 2.00 1.93 1.53 1.1¢ 1.15
4,  Eryvthrina 120 2.30 2.06 1.40 1.08 1,24
5. Mineral 10.5 . \ R
. .32 . .4 1.03 25

Erythrina 30 2.3 1.99 1.42 03 1.25

6. Mineral 21 . _

§] 2.06 1. o2 19
Ervthrina 60 2.30 2.06 1.71 1.26 1.19

7. Mineral 21 . : ;
2 2

Erythrina 120 2.46 2.28 1.70 1.27 1.21

8. Control 0 2.056 1.91 1.41 0.99 0.97

*Sum of N contents of stems, leaves, Fflowers and sarg,

**gum cf dry weights of stems, leaves, flowers and ears.



TABLE 13. Harvest data (4 reps, experiment II)

TREATMENT Number of Number of ears® o ield weight®  Commercial
(kg N/ha) plants - Commercial  Non - Coueercial HNon  grain yield#
(per sample) (per sample) {(kg/sample) (15% moisture)
{kg/ha)
1. Mineral 21  47.25 3757 14252 5800 119 4,716,907
2. Mineral 42  46.75 32,75 13,002 6.052 1,07 4,917.8%
. . b a a ab a
3. Erythrina 60 47.75 25.75 16.50 4,51 1.13 3,626.3
4. Erythrina 120 47.50 35,259 11.50%  6.22° 0.83°  5,118.3%
5. Mineral 10.5 46.75 31.00%°  12.508 5.547 1.03%°  4,531.6°
Erythrina 30
6. Mineral 21  46.25 29.75% 15002 5.88% 1.38%  4,750.5%
Erythrina 60
7. Mineral 21  46.25 30.00%  14.00% 5.18%¢ 1.11% 4,275.1%
. Erythrina 120
8. Control 0 47.00 29.00%° 14,252 4.98% 1.00%  4,056.9%
C.Vv. = 15,31 28.20 22.11 25.67 21.75

*Vaiues in each column followed by the same letter do rot differ significantly at
a = 0,05 based on Duncan's Multiple Range Test.
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DISCUSSION

Mulching is often practiced to improve soil physicazl properties and
increase the organic matter content. In this experiment, however, two seasons
of applying mulch did not result in an increase but rather a decrease in soil
organic matter. This loss is considered to be a temporary response to the
increased microbiological activity. With further additions of organic mulch

. . . oy o 3
materials a long term increase in the soil's content would probably occur
Predictions can not be made, however, from the results of only one yezr of

mulching, i

The significant rise in the pH of the experimental site's socil agrees with
results from mulching experiments in Tanzanian and Kenvan coffee soils where
banana leaf and Napier grass were applied and from Nigerian coffee scils mulched

= J

: . ; 17,770 . e .
with leguminous covey crops.”’ ’SDBurnlng caused a similar effect on Peruvian

o . s 4
soils which experienced a change in pH of 4 to 4.5,5

In the same study exchangeable Al dropped immediately after the burn but
had risen to previous levels in ten months because of the release from Al-organic
complexes which began to decompose rapidlyf?'4 The same mechanism could explain
the rise in extractable acidity (approximately 75% AE+++) in the present study.
This would also be consistent with the rise which occurrcd"in Mn. Althouéh
other muiehing studies show a drop in Mn in tropical climates, it was associate-
ed with‘increased soil moisture caused by mulching with crop residues, paper
and other materials which differ from the relatively fast decompcsing tree

leaves.69'73’8?



Most elements in the soil decreased over the i1esearch period. This could
be attributed to plant uptake, losses from leaching, and a response to the pH
change although the vise in pH appears inconsistent with the conditions.

Soil microcroanisms are algso reporied to contain & large portion of the soil

mitrients, particularly N and P, For instance as wuch P was found in the soil

v

. . . . . .. A5 .
microflera as in the standing vegetabion per hectare in one study. With

the decomposition process, levels of K, Mg and Ca tend to drop, as occurred in
. ¢S
this study, until the inputs from decomposing matter balance with the losses.

Once more, the long term effect could not be determined using only one veax's

data.

the rise in Zn values was almost surely duve to the application of a Zn-
based fungicide during the first experiment. Decreases in P and K despite the
fertilizations indicate that the mulches can not supply suflficient guantities
of thoze elements. This deficiency in P had been noted érevious]y in Eryvthrina

species and has caused accumulated deficiencies in agro-forestry systoms studied

over sevaral years.s

Clear effects of mulch applications can be seen in sowme cther variasbles
which would bz expected to respond more rapidly tc mulch correlation than soil
natural levels. In the first trial, scil temperatures appear te have been
influenced by the type of mulch material during the first weeks after applica-
tion. Treatments with Gmelina had lower temperatures at that time. ﬁy the end
of the experiment, however, no relationsnhip was observed between the trealtments
and soil temperatures. Earlier conclusions that applying higher levels of mulch
on the soil surface results in lower maximum temperatures woere not confirmed.

Perhaps higher levels would be necessary before this effect could be noted.

a6,



plant growth rather than mulckh cover way have bzen the praimarv influence
undaer these circumstances. In the 13tk weak when treatment 4 @obdzd) had the
lowest average soil temperature at the reading time {13:00), it altzo had low
soil meuisture content, The interpretation that plant growth and iherefore
shading with greater water ubtake, affected the soil environment rore is also
sugported by the high uwumber of ears and theiv N content in treatment 4. It
appears that treatment 4 had produced more growth by phvsiological maturity and

9.

perhaps lower soilwater content while also shading the plots to lower the

temperatures. Mot all differences in the experiment ¢ nfirm that interpret .-

tion, however, ,

The meximum temperaturs reached in experiment I was 27.78°0 in treatment

(MOOGED) , even though over time that {reatwment tended Lo have lower £oil Lemper-

atuxes. The miniman of 22.22°C ceccurred in several plots, supportcing the cob-
servation that differences in crop management resulted in variation among the

maximum soil temperatures rather than the minimum temperaturesf” Tilling the

site would have probably resulted in more significant differences amony the

treatments.100

i

In experiment II scil temperatures fluctuated morc widely, in correspoendelce

to the alyr temperatures. The highest temperatures reached, although not common

and ceccurring for less than an hour apparently, were above the level optimal

for maize growth. Scil temperatures above 35°C can damage the crop if occurring

- . G
over much time or in early development.5j The trend among those treatments

studied was for treatment 7 (M21E120) to have higher temperatures than treatment

.’.‘
1 {M21}. 1In Table 9°the difference in these treatments' maize growth is pre-

sented, with treatment 7 havihg.lbﬁér bicmass production up til the last



sanpling date at 93 deys of maize growth, Although not significantly different,
thie Lrend supports the theory freom the Ffirst experiment that the higher tem-
peratires are were closely related to low crop produciicn than to the amount
of mulch cover. This is further supported by the trend for treatment 7 to

3
have slightly higher moisture content in the scil in comparison to treatments

6 and 1. With lower production being the significant influence, less water

would be taken up by the crop leaving higher moisture contents in the soil.

In the first ewperiment the soil moisture readings showed wider variation

=t any one dote than did the temperatures (see Ficure 4). Scil moisture averages
gre generally not as significant in humid areas but distribution problens can
cause short term plant stress which would only‘bg noted in more frequent readings.
Weekly readings were not conclusive in terms of seszsonal differences either.

Those readings itaken in erperiment IT were even more limited in represaentation

cf the actual dynamics of the soil moisture over tire according to scil manage-

ment.

weed growth

Results in the earlier trial that no significant differences existed IURONY
the plots in terms of weed presence at the time of harvest do not indicate
that mulches had no effect on the weed population. An earlier weed sampling
at the critical growth pericd of the maize is needed to draw conclusions on
the crop-weed competition. Presumably, however, the differences at the beginning
of the experiment did not contribute significantly to variations in the maize

yield.



Mailce oUtsivion

e maize plants in the first trial had sufficient N (expressed as con-
coentration) at physiclogical maturity, or beiween 1.2 and 1.3% N in the dgoy
material.SQ Exceptions ware trestment 3 (M30G30) and 12 (EGO) which had
plants with an average of 1.18% N concentration. Treatment 11 (E30} plants
reached i.38% N, surpassing the necessary concentration, but did not produce

highey grain vields. The dry weight and N conent in thes ears at physislogical

mnaturity seemed to ralote were closely to the final outcome.

Becauss N nuitrition is rortant for leal area produection at

-

|
an early stage of maire development, periedic samples, as were taken in the

i

second tricl, would be more useful for identifying influences on the crop

Eoey

vield.™~ Indeed, the valuss from malze sanp

ot

es in experiment 1L do relate

nore clesely o the yields that followed. The dry weight variations show
little relationship but the N content and te a lesser extent the weighted

zverage of ¥ concentrations are refiected in the harvest. Yet this is true

only for the first samples, particularly the sample taxen at 52 days after the

maize was planted which corresponds to the sarliest flowering.

Other research has established that from 38 to 52 davs after emergence

the mairze takes up around 30% of the seascon's total N assimilation. Excess N

taken up at that time can be stored for later translocation but deficiencies

A4
=y e

can nolt always be compensated.” ™ To the eéxtent that distinct anatomical parts
of the plant wary in their optimum N concentrations, the weighted averaue of

N concentrations does not repregsent clearly the state of N nutrition after

the earliest stage of development. The first sample, for example, was primari-

1y leaves which should contain approximately 2% N in the dry welght at that time.
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In fact, all semples d4id contain 2.00 £ M or above. By thHe second sampla,

however, the stems which should contain only 1% N weould have influenced the

. .

.o ] . o~y

wholae plant's average. Averages did drop {see Table 12} with the N concen-
trations of stem samples ranging from .98 to 1.75% and of leaf samples from

2.2C to 3.04%. Care must be laken to obtain a representative sample since

plant te plant variations related te siight differences in the growth environ-
. . - 12 N

ment can obscure or minimizo matritional differences. These Tactors. limit

the applicability of such measurements to predict final yields.

{

Another manner of viewing the treatment variation is as percent eifficien-
. {
cy in ¥ recovery by the crop. In the first experiment this compariscen is not
possible withoun lhe presence of a contrel treatment with no application of M.

st is noteworthy, however, that the amcunt of N in the maize in kg/ha varies

between treatments which thecretically provided the same amount of N,

For instance, an increase in mineral N applied was closely reflected in
the N recovered in the maize (30 with 63.90 kg/ha versus MG0O with 93.40).
Increasinrg the mineral N by 30 or 60 kg N/ha of Gmelina, however, did not
affect the N recovery as dramatiéally. At the highest levels (&0 GBO) the
combination actually caused a decrease in N recovery as compared to mineral

N alone (MGO).

The same depressing affect occurred with Erytbrina (MEDE30 compared to
MG0) although at the highest level (M60E®0) the N recovery was unaffected by
the mulch. For both fypes of mulch the best efficiency in N uptzke by the
crop occurred at the lowest levels (M30G30 and M30830). This was the case for

Erythrina alone as well,  In fact, treatment IT 1E20) resulted in higher N
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uptake by the maizs thon 3id treatment T (#30). sSince the highest values

for maiza N

&1l similax, the maize may have been limiting the

¥
i)
@
-+
o
=t
fi

Iad
s

expression nf further variation.td?d

Tha percent efficiency of N recovery is piesented for experiment II in
Table 14. In this case it becomzs obvious that treatment 3 {EG0), which
resulted with cnly G.006 kg N in the maize per kg N apélied, has suffered
some serious loss of nitrogen in the last stages of development which is also

related Lo the low grain yields. Up to the last sample the averags ¥ recovery

remained high with a recovery of 0.622 kg N/kg N applied, only iwo uecks gariier

than that sample shown in the table. This sudden drep is concurvent with a
high grain loss due to bird damage. One might speculate that the sarlier,
highar N content ears in plots with fhe EGO treatwent were selected bv the
Lirde while cther plots! ears were damaged less. No observation was made as

to other factors such as the condition of the husks in relationship to Eryvthrina

mulch,~ therefore this observation is not concluszive.

Values for the other treatment with muich alene (E120) were also low,
althougn this reflect2d a trend from ecarlier samples as well and was asso-
ciated with the highest vield in that trial. Adding some mineral N {MZ1E120)
did not sigrificantly affect the efficiency in recovery of N put 4id produce
a negative difference of almost 1 Mg/ha in grain vield. Highest N recoverf
resulted from combinaticns of mineral 1 with Erythrina {(HM105830 and M21EG0)
which seems to confirm other researchers' conclusion when using Leucaena with

maize

]
35, that mulch needed some mineral N input in order te substain nigh

yields. The proporticns are definitely important, however, because N from

I



TARLE 14, Eificiency of nitrogen recovery by maize at physiological
maturity under various N fertilization managements.
{1 reps, experimant IT)F

‘J(J]P?gij;z)l‘ Rg N remxrera-ﬂ/'z\.g N applied

i. Mineral 21 . 0.647

2. Mineral 42 0.966°

3. Erythrirna 60 0.0Gs

4. Frythrina 120 0.176

5. Mineral 10.5 1.001 ,
Erythrina 30 |

6. Mineral 21 0.986
Erythrina 60

7. Mineral 21 0.135

Erythrina 120

~*N recovered is calculated by subtracting the N content in treatnent
8 (control) maize from the N content of the other treatments
(values in Table 10). Thig amount is then dirzided by the level
of applied N to shos the efficiency of recovery. '



the mulch for example (M21E120) was not & readily available. Despite a rela-
tively low efficiency of nitrogen recovery. Also mineral N appears to be
more efficient in preduction of grain yields as seen in the case of treatment
1 (M21). These comparisons are based on the amounts of N applied in the
different forms. Econcmic cemparisons would reveal the mulch as the more

efficient N source.
AY

Altbough statistically significant differences did not result, final
gfain vields in experiment I were higher for plots with Erythrina alone than
with ammonium nitrate alone {treatments 11 and 12 vs. 1 and 2). For combined
sources of N, Gmelina mulch with mineral N related to higher production than
did Erythrina with mineral N (comparing treatments 3-6 with 7-10) even though
at the higher level of application Gmelina lost its advantage. All treatments

resulted in relatively high vields compared to regional averages.

Differences were significant in the number and weight for the ears and
their classification as commercial or non-commercial guality. In Nigeria the
type of mulch applied affected the number of ears and the shelling per cent

2 This effect occurred in the plots

(grain weight per whole ear we_ight).6
with Gmelina mulch which had lower grain yields than might be expected from
the ear production because of higher meoisture content in the grain and a lower

shelling pexr centage. The advantages of a slower decomposing mulch could be

diminished in a humid enviromment such as found in Turrialba.

S0il nitrogen )

In experiment II the soil N—NH4 and N~NOZ, NwNO3 levels fluctuations,

showed no clear pattern. Other investigators have encountered that chanjes~



in the N--NH4 and N~N02 in the soil were minor. Fertilization affected the NO3

. ; 90 . , ,
values more, causing them to rise on a whole.”  For maize the forw of N is

signifiicant since with age and increased concentration of HO_ in the soii,

3

more NO3 is absorbed relative to other forms.94 Not all loss of N03 is due
to plant absorption, however, and many of the other causes of loss would be

the same for all forms of N (eg. leaching from heavy rainfall). Studies with

Cliricidia sepium, another high N containing mulch source (3.3% N dry weight

in leaves), showed an increase in all forms of N over a period of seven weeks

in incubation, Tield trials were not carried out, however.99

Muloh decomposition

The deceomposition of the Erythrina was studied using the litter bag method
which is the most accepted method even though it subestimates natural decompo-
si*lcion.89 The method, thgrefore, cogld have contributed to the variation in
the results. Further studies on this source of mulch are recommended becanse

they would be applicable to many areas since the decomposition rate and pattern)

2 50

is less affected by soil types 3% ana microclimate, than by soil temperature
regimes on a regional scale. Table 15 presents an extragolation of the field

data which suggests that only half of the N contained in the nulch was released
by the time th2 maize ceased to accumulate M from the soil. This would explain
the low recovery of N from muich. %The litter bag method tends to underestimate

decomposition rates, however, zo mwre studies are needed hefore forming a

recommendation regarding the best date for mulch application.

Several factors are presented in Figurs 6: N in the crop, M released from

the muleh, W levels in the soils and rainfall. The W released from the Frythrina



TARLE 15. ‘Erythrina deccnposition values extrapolated

Rate of o

U
it

Sample ?)aysie%fta'ar N co?tent r@nz?.in'j__ngj* N rreu}.ea}sed"‘l*_ Rate of N
application (as % of calculated at 60 kg N/ha release at
initial content) {kg/ha) 60 kg N/ha
(kg/ha/day)
at application 0 (93.3) {9.61}
1 4 117.4 ~10,44 ~2.61
2 9 91.3 5.22 3.13
3 13 99.6 0.24 -1.25
4 17 73.4 15,96 3.93
5 | 21 80.5 11.70 -1.05
6 28 61.7 22,98 7.6l
7 33 59.6 - 24.24 0.13
8 46 54.9 2'5;.06 0.35
9 62 54.6 27.24 0.01
10 ! 40.9 35.46 0.51

*N content is calculated as § N x dry weight of material remaining in the
hags at the corresponding collection date, divided by the N content, as
above, but at the time of application according to earlier analysis of

foliage samplas,

* relessad is (100-%2 of initial) [previous column] maltipled by 60 for a

hypothatical ecquivalence.
gives the rate of N release.

Dividing these values by days between sangling
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and N=NO. - NO,. levels en- .

mulch dees not relate directly to the sequential N"NHQ 5 3

countered in the extracted soil solution. Neither do the soil nitrogen values
cleariy indicate what content of N would be expected to result in the maire tissue'
samples. Whether these relationships are obscured by the‘passage of time bhetween
measuraments or by other factors influencing the N balance, such as the rain féll
intensity or leaching, which weére not measured, cannot be determined without fur-
ther studies. Presumably part of the N released by the muich is absorbad by micro~
organisms which would initially lower the socil N levels before contributing to the
availabkle N through decomposition of the mulch as well as already present organic
material. Since N levels were sufficiently high in the control plot's soil to al-
low for high maize yields, it is difficult to conclude what additional*N was actual~
ly being supplied and from what source. Data from this study only bhegins tco reveal

the complexilty of the maize-mulch system and its nitrogen balance.



CONCLUSIONS AND RECOMMENDATICONS

Conclusions

1.

High maize yields, statistically similar teo these vesulting with the appli-

cation of mineral nitrogen, occurred when Gmelina arborea or Erythrina poeppi-

giana mulch was also applied.

Other soil factors, principally temperatures and moisture contents, were as-
sociated with the plant growth rather than directly with the amount of fulch

applied.

Ervthrina mulch, applied after a month of maize growth, experienced rapid de-
composition and N loss yet retained as much as half of the original amcunt
of N when the maize had already passed maturity and presumably was no longer

assimilating M.

High initial levels of N and organiec matter in the Experimental Station's \
soil prohably obscured any potentially significant diffexences in relation

to the variocus N levels and sources.

Periodic maize N contents were most representative of the final grain yvieclds,

especially values taken early in the crop's development.

Grain yield differences were due primarily te the rweber and weight of ears
considered non-commercial rather than to any wide difference among total pro-

duction values.
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Recommendations

1.

Carry out similar studies in nutrient poor soils and under varying climatic

conditions, on farms if possible.
e

Test higher levels of mulches, continuing to consider several possible
limiting factors to the crop yields (e.g. N supply, moisture stress, weed

competition).

Include simple decompostion studies in mulching trials and quantify the
influence of changing the mulch application date in relation to the crop's

planting date and the season,

Limit measurenents to those of the biclegical indicator or increase the
depéndent variables to be measured to provide a more complete representa-
tion of the N cycle, including leaching, soil mineralization potential,

microbiological activity and N volatization measurements.

Observe causes of ear quality loss and guantify any relationship to N levels

or sources.

Include economic equivalents of labor involvad in mulching to compare with

fertilizer costs and differences in market value of final yields,

Encourage small-scale producers of traditional annuai crops to adept milching

as a management practice while iwproving domestic marketing and price scales.
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11.

12,

13.
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TABLE Al. Meteorological Data for the Dxperimental Area,

Temperature GE) Precipitaticn {rm)
MONTH mean absolute monthly avg. # daysr
max. min, avg. max. min, 0.1lmm or more
January 25.7 16.4 20,5 31.0 10.0 169.8 18.4
February 26.0 16.4 20.6 38,5 10.4 _ 133.4 15.1
Maxrch 26,9 17.0 21.4 31.5 10.5 78.2 13.6
April 27.2 17.7 21,9 31,7 11.8 122.4 5.1
May 27.9 18.6 22,5 32.0- 13.5 227.2 23.0
June 27.7 18.8 22,4 31,5 15,2 282,.4 22,1
July ‘ 27,1 18.6 22.0 31.5 14.1 279.7 25.4
August 27.4 18.4 22,1 30.2 14.9 242 .4 24.5
Septemper ~ 27.7 18.3 22.2 30.8 14.8 246.6 22,8
Cclober 27.4 1B.3 22,1 31.0 14.5 254 .1 22,2
Novearber 26,4 18.1 21.5 32.0 13.7 278.1 22,1
Decerber 25,7 17.1 20.7 29.9 10.6 322.4 21.5
TOTAL —_ - - - = 2636.7 245.8
MEAN 26,9 17.8 21.7 — — 219.7 20.5
YEARS '1959~1983 (25) 1944-1984 (42}
Sunlight Monthly Relative Monthly
(hrs.) - radiation humidity (3)  evapotranspiration
‘ (cal /cm) ' {itm)
TOTAL: ‘ e 153,255 . 1,193.7
MEAN 4,6 12,771 87.5 99.5
YEARS: 1959-1983 (27) 1965~1993 (19)  1957-1983 (25)  1968-1983 (16)

-

*Prepared by F. Jiménez O,, and R. Salaz D., Meteorolcugical Station, Crop
Production Department, CATIE.



TABLE A2, Methods used in analysis of soils and plant tissue for both

experiments.
S01L
Total N . Bremrer, 1965 a, persomal commu-
nication, Diaz-Romen, CATIE®
Organic Matter Saiz del Rio and Bornemisza,
1971
P, K, Ca, My, _ Diaz-Romeu and Hunter, 1978
Microelements, pH
Extractable acidity
PLANT TISSUES
Nitrcgen - Miller, 1961
Microelements Diaz~Romeu and Hunter, 1978
\
P, K, Ca, My Johnson and Ulrich, 1959

*Methcd described by Bremmer, 1965a, modified as explained:

Recomerndad Zml. of H20 was not added; input of acid was raised froum 2 ml
to 5 ml; digestion was carried cut for 2 hours rather than the reconmend-
ed 5. These modifications are based on a series of tests to assure that

they do not influence results.

0



TABLE A3. Average weekly soll temperature readings in °C using nylon resistance
cells at 15 an depth

(2 reps, exp I.}*.

2 4 6 8 10 12
Date Treatment: M60 M60G30 MeOGH0 M60E30 M60E60 B&0
12/11/82 - 22,22  22.2° - 22,787 24.44%
18/11/82 23.80% 2417 23.37% 2419 20408 3.0
26/11/82 23.33% 23.33%  22.96%  23.33° 23.89%  23.:3%
3/12/82 24.72% 24.72%  23.52%  24.72° 24,72% 20,727
10/12/82 23.61% 24.17%  22.96% 23.61° 24.44%  23.89°
17/12/82 23.33° 23.33%  22.59%  23.06% 23.61%  23.33%
24/12/82 24,442 23.89%  23.33%  23.89% 24.44%  24,17°
31/12/82 23.06" 22.78%  22.59%  23.06° 22.06°  23.06°
7/1/83 25.28% 25.56%  24.07%  24.72% 26.39%  25.00°
14/1/83 23.33°2 22.78% 22,227 22.78% 23,332 22.78%
21/1/83 26.94% 26.11%  25.56%  25.83% 27.78%  25.00%
28/1/83 24.17% 23.33%  23.89% 23.617 24,172 22,987
4/2/83 23.80%° 23,060 24.46% 23.61%  23.61%  22.78°
11/2/83 23.89% 23.33%  22.22%  23.61% 24.44%  23.06%
19/2/83 26.112 26.67%  27.04%  25.83° 26,677 24.44%

Walves reading across, followed by the same letter do not differ significantly
at ¢ = 0.05 uging Duncan's Multiple Range Test.

Data converted from °F to °C.



TABLE Ad. Average weekly soil moisture content readings in per cent using nylon
resistarce cells at 15 cm depth (2 reps., exp. I)*

_ 2 4 6 8 10 12
Date Preatments:  M&0 M60G30  MEOGG0  MBOE30  MGOE6OD EGO
12/11/82 - 35,50 44.25 - 35,00 35.00
18/11/82 34,752 33.90°  35.83%  33.45%  43.00° 36.002
26/11/84 34.50%  41.00%  44.00%  32.50%  46.90% 29.75%
3/12/82 34.60%  33.00%  33.677 32.50%  41.75% 34.00%
10/12/82 36.75% 34,507 39.50%  41.25%  43.00° 36.50%
17/12/82 37:10%  34.50%  36.50%  34.15%  43.00° 39.50%
24/12/82 36.90%  34.50%  34.77%  33.85%  43.00% 34.75%
31/12/82 45.00%  35.00%  40.67%  38.90%  47.50° 49.75%
7/1/83 38.00%  35.00%  37.00%  34.75%  43.00%  36.50°
14/1/83 41.90%  34.50%  37.67°  34.55% 135,002 36.107
21/1/83 37.75% 34,00 3467 33.50°  34.50% 34,25
28/1/83 34,00 32.00%° 32,67 31.05° 33,75 33.00%°
4/2/83 32.00%  30.00°  26.83%°  20.00°  26.00%  23.50%
11/2/83 31.50%  27.00%  23.67%  26.00°  20.00% 30.2
18/2/83 33.60%  34.00%  32.67% 16.00%  33.50° 31.50
*alues, reading across, foliowad hy the same letter do not dlffe]‘lSlC_]TLL{lC‘Emi ly

._n...\!

at a = 0.05 using bDuncan's Multiple Renge Test.



TABLE A5.  Matrices for Orthogenal Contrast Analysis

TREATHEMNT

i 3. 4 5 6 7 8 9 10 i1 12
1. Mineral vs. none + 4+ 4+ o+ +1 4 #1141 o+l M -3 -5
2. DMNene: high vs, low N 0 0 0 0 0 0 0 0 0 0 +1 -1
J. Hinerals highs vs. 5 4y 4 g .1 4 -1 # -1 4 0 0
low N
4. Low mineral: muleh 4 o 43 ¢ 43 0 s« 0 € 0 0 0
vs. without
5. ILow mineral: Gmelina
. R 1 ]
vs. Erytheina malch 0 0 1 0 - 0 0+ 0 0 0
G. Icw mineral: Exrythrina 0 0 0 0 0 0 -1 0 ' 0 0 0
hign vs. low N
7. Iﬂ:)‘.ﬂ mineral: Gmelina 0 0 -1 0 41 0 0 0 0 0 0 N
high vs. low N
8. Highmineral: muleh o 4 o 4 0 4 0 4 0 4# 0, 0
vy, without
9. High mineral: Gmelina ~
va, Drythvina mulch 0 0 0 -1 0 1 0+ 0+ 0 0
10. High mineral: ~
Erythrina vs. low M 0 0 0 0 0 0 0 1 0 + 0 0
11, High mineral: Grelina 0 0 0 -1 0 41 0 0 0 0 0 0

high vs. low N

[

~1



TABLE A5,

{continued)

EXPITRIMENT IT.

CCONTRAST

TREATMENT

i 2 3 4 5 G 7 8
A) 1. Mudch ve. no malch -5 -5 +3 T3 +3 43 +3 -5
2. Mulch: high vs: low N 0 0 -1 +1 0 ~1 +1 0
3. Mulch: high N with B ‘
vs. without mineral 0 0 0 1 0 v 1 0
4, Mulch: low N with
vs. without mineral 0 ¢ -1 0 0 +l 0 0
5. No mulch: high vs. low
N +1 ~1 0 0 0 0 0 0
. Mulch vs. MIQ.5830 - 0 0+ o+ -4 +1 0+l 0
7. Mo nuilch: mineral vs., B}
without —_ +1 +1 0 0 0 Q 0 -2
B) 1. Total N: high vs. low -1 41 -1 +1 ~1 +1 0 0
2. Lowtotal ¥: one scurce vs. ~1 0 -1 0 +2 0 0 0
Tnix
3. High total N: one sourcevs. : _ \
i 0 -1 0 1 0 42 0 D
4. Lowtotal N: mineral vs. +1 0 -1 0 0
mulch ) T
5. High total N:mineralwvs., 0 +1 -1
mulch - '
6, Total NM: L4l vs, O 0 0 0 0 +1 ~1
7. Total N: mediunm vs. +1 +1 41 41 41 +1 -3 -3
extremes ‘
C) 1. Mineral vs. none -3 -3 A5 +5 -3 -3 -3 +5
2. Minexal: 21 vs, 42 -1 +1 -1 +1
3. M2 vs, M21E12D 0 -1 { 0 +1
4. M21 vs. M2IE6C -1 0 0 +1 0
5. Erythrina alons vs. ~ ~
control g 0 L 1 0 0 0 +2
6. Hrylthrina &0 vs., 120 0 ) ~1 +1 0 0 0 0
7. Mixed scurces: higher -1 1 a 0 + -1 -1 0

vs. lowesh N
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