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FOREWORD

Green manure is plant material in the form of a growing crop which is
plowed into the soil. Becanse a major objective of manuring is to increase
the nitrogen supply, it is leguminous crops which are generally selected for
use as green manures. This Bulletir discusses the use of green manures in
the Philippines. Green manure crops include grain legumes such as cowpea,
perennial legumes such as leucaena, and non-grain legumes such as sesbania.
The contribution of various species to the nitrogen supply is discussed, and
their effect on the yield of the subsequent crop.

In spite of the fact that green manuring improves the physical proper-
ties of soils as well as soil fertility, the practice has not been widely adopted
by farmers in the region. The author discusses the reasors for this, and
ways in which the various constraints might be overcome.

The paper on which this Bulletin is based was first presented by its au-
thor at an international seminar on "The Use of Organic Fertilizer in Crop
Production", held in Suweon, Korea in June 1990, with the co-sponsorship of
the Rural Development Agency of Korea. It is one of a series of five Exten-
sion Bulletins (EB 311-315 irclusive) being published by the Center this year
on the use of organic materials as fertilizers for crop production.
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STUDIES® OM GREEN MANURING IN THE PHILIPPINES

W.C. Cosico
Dept. of Soil Science, College of Agriculture
University of the Philippines at Los Bafios
Los Banos, Laguna 4031, Philippines

ABSTRACT

This paper reviews the use of various types of green manure used in the Philippines, most
of them the cut leaves of woody legumes, on the performance and vield of annual crops.  In
many cases, the best results were seen when green manures were combined with chemical Jertiliz-
ers. Incorporating the green manure into the soil tended to give better results than spreading it

on the soil surface between rows.

The timing of application seemed 1o be an important factor.

The various constraints faced by farmers in using green manures are discussed, and the Suture

prospects.

INTRODUCTION

Green manure is a green or fresh plant
material which is incorporated into the soil,
usually at the stage when its nitrogen content
is highest, and which is allowed to decompose
to supply nitrogen to a standing crop or lo a
subsequent crop.  Green manuring in crop
production is recorded to have been practiced
in China as early as 1134 B.C. (Joffer 1955).
In developed countries, legumes are often
grown up to near the bloom stage, and then
ploved under to enrich the soil under fallow.
In poorer ountries it is known that the prac-
tice, though often recommended, has not
gained wide acceptance, probably due to the
opportunity lost in the use of the land, water
and the fond legume that could have been
harvested instead of Peing plowed under.

However, with the introduction of non-
food legunies as green manure, new options
for farmers have been opened.  The major
advantages of green manure as an organic fer-
tilizer are its high nitrogen content, low car-
bon-nitrogen ratio and easy decomposability.
Most green manures are also easy to propa-
gate, and the biomass produced is usually
high.  They can be grown in the same field
as the principal crop, and later plowed under
or grown as an intercrop of the main crop.
Green manures are a suitable alternative
source of nitrogen, especially for farmers on
low incomes. Where extra labor is available,
they are also a means of stretching the useful-

ness of ihe land, if a fallow period of one to
two months is available before the main crop
is planted.

TYPES OF GREEN MANURE

There are three general types of green
manure, namely grain legumes, woody or per-
ennial legumes, and non-groin legumes.  Ex-
amples of each type which are commonly
used as green manuwre are &s follows (Man
guiat 1988):

Grain legumes - cowpea (Vigna sinen-
sis), mungbean, soybean, peanut and pigeon
pea

Woody (perennial) legumes — Leucaena
leucocephala, Gliricidia sepium, Cajanus
cajan, Calliandra calothyrsus and Cassia sia-
meda

Non-grain legumes - Crotolaria,
Sesbania, Centrosema, Stylosanthes and
Desmodium

The important general characteristics of a
good leguminous green manure are (Manguiat
1988):

» Early establishment and good secedling

vigor;

¢ Tolerance to drought, flooding, shading

and adverse temperatures;

» Rapid growth, with a short duration

until maturity;

» High biomass yield and nitrogen accu-

mulation;

» Non-photoperiodic;



» Easy to incorporate into the soil;

» Resistant to pests and diseases:

» Seed germinates easily;

» Multipurpose; and

* High nitrogen-fixing ability

Grain legumes are highly suitable as
catch crops in rainfed lowlands following the
principal crop of rice, to exploit residual
moisture and nutrients.  They may also be
used in rainfed upland, irrigated lowland and
alley cropped upland. In developing countrics,
these legumes are grown for both food and
green manure purposes, but more often for
food. In practice, the grain is harvested first,
and the stover is then plowed under.

The woody legumes are most suitable
for alley cropping systems, in which they
serve as more or less permanent barriers to
runoft, besides providing green herbage as fer-
tilizer for the main crop. In an alley crop-
ping system, the wide spaces or alleys arc
planted in clean-tilled staples such as rice or
corn, and the boundary rows are planted
closely in leguminous trees.  These trees are
periodically pruned, and the leaves are ap-
plied to the principal crop as green manure.
Tree legumes may also be grown in a pure
stand, and the leaves are cut and carried to
where they are used as green manure.  This
poses some difficulty in handling and trans-
port because of the large bulk of material
needed.

Herbage Yield, Nitrogen Accumulation
etc. of Green Manures

Of the leguminous trees, Leucaena leu-
cocephala is the one which has been most
thoroughly studied. It gained widespread rec-
ognition in the Philippines as a “green fertil-
izer” in the early 1970s. Some of the major
features of leucaena (locally called “ipil-ipil™)
as a green manure are its rapid regrowth and
high production of herbage, high nitrogen con-
tent, and the speed with which its leaves de-
compose after they are incorporated into the
soil.  Curran (1977) estimated that in a pure
stand of leucacna driiled in rows and cut 1.5
m high every two months, about 120 mt/ha of
green foliage could be harvested cach year.
This contains approximately 1,000 kg N, 200
kg P,O, and 800 kg K,0. The nutrient com-
position of the leaves is as follows: nitrogen,
2.0-4.0%; phosphorus, 0.2-0.3%; potassium,
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1.3-4.0%; calcium, 0.75-2.0%; and magnesium,
0.6-10%. The pinnae and rachis of the leaf-
lets contain only 6.5-33.5% crude fiber. The
low fiber content and low C/N ratio of the
leaves contribute to their rapid decomposition
about two to three weeks after they are incor-
porated into the soil.

Stylosanthes is a perennial legume which
is popularly used as a pasture crop, but be-
cause of its high nitrogen content it is also
useful as a green manure. This legume is a
native of South America and was therefore
easily introduced into the Philippines. where
there are similar climate conditions.  Some of
the desirable characteristics of stylo are:

« It grows well even in acidic soils, and
is relatively tolerant of poor drainage
conditions and low soil fertility. (One
drawback, however, is that it is not
shade tolerant, and is therefore difficult
1o grow under coconut trees).

» It competes well with cogon  grass
(Imperata cvlindrica, a persistent weed)
in native pastures, where it performs
better than other legumes (Javier and
Mendoza 1974).

o It is an efficient user of soil phospho-
rus, and is able to grow where phos-
phorus levels are so low that other
legumes barely survive.

« It grows well even under a high rain-
fall level of 3,500 mm or more: at the
other extreme, it can withstand pro-
longed dry weather or a dry climate
with rainfall of only 900 mm per an-
num.

Stylo is an crect, sub-woody shrub
which grows about 1.5 m high. It becomes
100 woody (and hence unsuitable as green
manure) if it is allowed to grow too big, but
remains leafy and succulent if it is kept short.
Stylo can be propagated easily by secd sown
at a rate of 3-4 kg/ha. In the phosphorus de-
ficient, Aborlan soil of Palawan, Philippines,
the Schofield variety of stylo was reported 1o
produce 3) mt/ha of fresh herbage cach year,
even without fertilizer (Javier and Mendoza
1974).  Under more favorable soil ccnditions,
dry herbage yields may reach 2.5-10 mt/ha.
This pasture legume contains about 18% pro-
tein, 29% fiber, 44% soluble carbohydrates,
4.3% CaO and 0.6% P,0,. Townsville stylo
(Stvlosanthes humilis, a relative of Stylosanthes
guyanensis), has a nitrogen content of 4.5%.



A 10-year study revealed that Townsville stylo
contributed as much as 240 kg/ha nitrogen to
the top two inches of soil (Humphrey 1967).
The plant teps contain 2.8% N and (.22% P,
while the roots have 2.42% N and 6 20% P.

Other pasture legumes which may have
potential as green manures are Centrosema pu-
bescens, Siratro (Phaseolus  atropurpureus),
Desmodium intortum and tropical Kudzer (Pu-
eraria phascoloides).

Crotolaria junced L. is another green
manure crop which is traditionally grown as a
pasture crop.  When raised in a pure stand, it
can produce as much as 0841704 mt of
fresh herbage per hectare in just 30 days, at
sceding rate of 30-60 kg/ha.  This production
is equivalent to 140 10 242 st of dry mat-
ter. which has a nitrogen vield of 33 1o 44

kg N/ha.  When Manguiat er al. (1988) evalu-
ated various green manures, they noted that
Crotolaria  juncea was still succulent six
weeks after sowing.  In their field trials, it
produced the highest dry biomass (9.65 mt/ha)
and had the highest level of accumulated N
(196 kg Nfha) cight weeks after sowing., It
also had the carliest floweving (46 days) and
fastest growth rate. In his study, Lales (1983)
found that when crotolaria was intercropped
with com and allowed to grow until hilling
up (30 days after the com was planted), 2.38-
6.14 mt of fresh crotolaria herbage were pro-
duced, which conwired 13.5 to 33.4 kg N/ha
(Fig. 1).  However, it was observed that cro-
tolaria was adversely affected by being grown
together with corn plants,

Sesbania is an aquatic tropical legume

Grain yield (mi/ha)

90N + 0C 45N + 30C 45N + 60C 45N + 40C 45N + 207 45N + 0C
kg N/kg Crot

Fig. 1.

Source: Lales 1983

which is a nitrogen-fixer and which has the
characteristics of high herbage yield and a
high nitrogen content in its tissues.  Some of
the popularly grown species are S. rostrata,
S. aculeann, 8. seshan, S, cannabing  and
S. speciosa. Sesbania grows well under a
varied range of agroclimatic  conditons, and
is resistant to drought. waterlogging and  soil
acidity and afkalinity. It is one of the most
efficient nitrogen-fixing legumes, with values
of more than 500 kg N/ha/year being
reporteG.  Seshania rostrate can  produce 15-

Effect of increasing rate of crotolaria on corn yield

22.5 mt of green herbage within six weeks,
with nutrient yields of 82 kg N, 11-16 kg
P,O,, and 23-31 kg K,0. The N content of
the variou: sesbania species ranges from 1.9
10 4.9%, with most of the species having a N
content of 3.4 to 3.8%.

An analysis by Manguiat er al. (1988)
showed that S, rostrata, which is 2 m tall,
has a dry biomass of 5.6 mttha, 34% of
which is leaves and 66% stalk. The N con-
tent of the leaves is 4.5%, and of the stems
0.77%. The total N accumulation was thus
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84 kg N/ha from the leaves and 28.4 kg N/ha
from the stems. Of the various kinds of
green manure studied over a period of 45-60
days, Manguiat (1988) reported that the high-
est N accumulation was exhibited by S. ac-
uleata (225 kg N/ha), and the lowest by
Cajanus cajan (33 kg N/ha),  In their studies,
Furoc er al. (1985) cited three species  of
Sesbania - Seshania  aculeata, Seshania  ros-
trata and Sesbania “China type™ - as particu-
larly suitable for the green manuring of
flooded rice, since all three were relatively re-
sistant to waterlogging,

Garrity (1989) has stated that the feasi-
bility of any green manure system is deter-
mined by the following agronomic issues:
green manure  stability, establishment methods,
mcorporation of the biomass, and seed produc-
tion/seed technology problems.  To these, Fu-
roc and Manguiat (1989) have added the prob-
tems of photoperiodismi, pest and diseases, and
socio-economic factors.  Garrity reported that
drought reduced the N contribution of 45-day
old Seshania rostrata 1o 18 kg N/ha.  With
the onset of more favorable conditions in the
wet season, seshania contributed 65 kg N/ha,
For good establishment of Seshania  rostrata,
he suggested that to accumulate at least 80 kg
N/ha in 40 days, 60 kg seed/ha should be
broadcast onto a saturated soil subject to shal-
low surface flooding after the sesbania be-
comes established.  With zero tillage, 15 kg/
ha of seed can yield 95 kg N/ha in 60 days.
Garrity pointed out that sesbania may easily
be incorporated into the soil, provided the
stand is not too dense and the crop is not too
old.  Incorporation of sesbania takes place af-
ter 30-70 days, and the stand may then ex-
ceed 20 mt/ha fresh weight.  Furoc and Man-
guiat (1989) suggested that sesbania and croto-
laria should be incorporated 45 days after
seeding, when the biomass is still succulent
and soft.  IRRI has developed power tillers
which cut and incorporate green manure bio-
mass in onc pass, while an animal-drawn im-
plement with a similar action is being used by
farmers in the Cagayan Valley, Philippines.
Garrity has stated that the following seed pro-
duction techniques for the on-farm seed pro-
duction of sesbania have been tested: inter-
cropping with rice; seeding or transplanting
along paddy bunds; and planting as an upland
crop in vacant areas. However, he says that
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in intercropping, the population of sesbania
must be kept low to avoid competition with
rice, while planting on bunds may cause the
shading of nearby rows of rice.

Manguiat er al. (1988) reported that in
rainfed lowland rice fields, 56-day-old
Seshania rostrata incorporated into the soil be-
fore rice was transplanted accumulated more
than 6 mt/ha of biomass and about 160 kg N/
ha. It improved rice yield by 1.8 mt/ha over
the control, and was equal to an application
of 60 kg N/a of inorgenic fertilizer. The
authors also indicated that Seshania rostrata
grown in the ficld during the dry season
needs rhizobial inoculation, and that stem-
inoculated S, rostrata could  substitute  effec-
tively for an application of 45 kg/ha of inor-
ganic. N. Inoculating the root, the stem, or
both, increased the N uptake of scsbania by
up to 69%.  Root and stem nodulation, bio-
mass production, N uptake and N fixation was
higher in sesbania grown on Sariaya sandy
loam (pH 6.6) than in sesbania grown on An-
tipolo clay (pH 5.5).

The studies of Manguiat er af. (1988)
further showed that net mineralization occurred
two weeks after sesbania had been incorpo-
rated into the soil, and that green manuring
with the leaves alone was more cffective than
using the whole plant in increasing the num-
ber of tillers in upland rice. The peak of N
availability from S. rostrata appears to be four
weeks after incorporation (Fig. 2). Pre-sowing
S. rostrata and incorporating it 55 days after-
wiards gave better results than intercropping it
with comn,

Grain legumes such as mungbean and
cowpea (Vigna sinensis), aithough more popu-
larly used as food. may in some cases be
useful as a green manure (Fig. 3). Meelu er
al. (1985) reported that mungbean can attain a
herbage yield of 2.5 mt/ha (dry) in 60 days,
giving an accumulation of 50 kg N/ha. An
even higher N yield of 86 kg N/ha in just 40
days was noted by Morris er al. (1984).
Gonzales (1962) observed fresh biomass yields
of 9 mt/ha in the wet season, and 13 mt/ha
in the dry season, for mungbean grown for
40-50 days.  Rajbhandari (1984) observed a
fresh biomass yield of 13.3 mtha for 48-day
old cowpea (1.8 mt/ha dry). With a nitrogen
content of 1.91%, the N yield of the har-
vested cowpea was 32 kg N/ha.
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Grain yield (mt/ha)

Samanea Gliricidia Control

Vigna

Green menure (10 mt/ha)

Fig. 3. Effect of various green ma-
nures on rice yield
Source: Hernandes ¢r al 1958

GREEN MANURES: SOME RECENT
EXPERIMENTAL RESULTS

Use of Leucaena as Green Manure

The following are highlights of research
findings on the use of leucaena as a green
manure for various crops.  Unless otherwise
stated, all experiments were carried out in the
Philippines.

Paddy Rice

® Rice plants ferilized with enough leu-
cacna to provide 60 kg/ha N produced about

Control

(initially) |8

Fig. 2.
N content of soil 2 weeks after

incorporation of Sesbania rostrata
Source: Manguiat 1988

3 mt/ha more grain than unferilized plants,
under both flooded and non-flooded conditions.
There was no statistically significant difference
between the yield of rice fertilized with leu-
cacna and that given ammonium sulfate, cither
at 60 kg N or 120 kg N per hectare.  This
means  that the organic N fertlizer was as
good as the inorganic fenilizer as a nitrogen
fertitizer tor rice (Alferez 1978),

® In Zamboanga del Sur in Mindanao,
Alama (1983) showed in a field trial that the
grain yield and nirrogen uptake of rice fertil-
ized with leucaena were similar o those of
rice fertilized with urea applied by deep place-
ment.  Yield components such as the percent-
age of filled spikelets and the number of pan-
icles per hill were also comparable (Fig, 4)

8 When Lacuesta and  Laranang  (1983)
compared  various tree legumes as a green
manure for rice, they observed higher yields.
more productive tillers and greater 1000 grain
weight in [R50 fertilized with leaves from leu-
caecna, acacia (Samanca), madre de cacao or
Gliricidia sepium (kakawate) than in the con-
trol plots.  The highest return per dollar in-
vested was estimated o be from the use of
leucaena leaves as green manure.

® In his doctoral thesis, Lao-lao (1980)
further confirmed the effectiveness of leucaena
as a green manure for lowland rice.  His field
experiment on Maahas clay showed that at ei-
ther 60 or 120 kg N/ha, rice yields and nutri-
ent uptake of rice were about the same, re-
gardless of whether the nitrogen source was
leucaena leaves or ammonium sulfate.  Rice
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Grain yield (mt/ha)

Control Urea 28DBT 21DBT 14 DBT 7 DBT Zero DBT

Treatment

Fig. 4. Effect of timing of incorporation of leucaena leaves on rice yield

DBT = Days before transplanting
Source: Alama 1983

growth, the percentage of filled spikelets, and
the number of panicles per hill, were also
comparable in plants which received green
manure and those given ammonium sulfate.
Soil chemical properties such as pH, organic
matter content, available phosphorus, exchange-
able potassium and calcium were not affected
by the application of either organic or inor-
ganic fertilizer. However, the amount of am-
monium nitrogen and nitrate nitrogen increased
by four to six times beiween the 3rd-Sth and
the 10th weck after leucaena leaves were in-
corporated into the soil. The time at which
the green manure was incorporated, whether
this was done once ur split between three

weeks before transplanting and three weeks af-
ter transplanting, did not significantly affect
grain yield, nutrient uptake or chemical prop-
erties of soil. This indicates the ready availa-
bility of nutrients from the green manure.
Essentially, the same results (Fig. 5) were ob-
tained as in earlier tests (Lao-lao er al. 1978).
In 1980, San Valentin and Perez reported the
same effect from leucacna leaves used as a
green manure for lowland rice.  Gramn yields
wer: the same in rice to which either leu-
caena leaves and urca had been applied. No
significant effect was noted from cither the
rate or the timing of nitrogen application.

Grain yield (mt/ha)

AM suifate
(120 kg N/ha) (120 kg N/ha) (60 kg N/ha)

Leucaena Leucaena

Treatment

Fig. 5.
Response of rice to leucaena
Snurce: Laolao er al. 1978

Control



Upland Rice

Even in upland rice, Hardjosuwignjo
(1980) demonstrated in a field experiment that
grain yield of IR36 rice variety fertilized with
10 mt/ha of leucaena leaves was comparable
to that of rice fertilized with inorganic fertil-
izer at a rate of 80-30-30. This effect was
noted whether leucaena was applied 25 days
before seeding or split, with half at seeding
and halt 25 days after seeding, implying :he
ready availability of nitrogen from the green
manure.  The other beneficial effects observed
from the green manure were:

a. reduction of bulk density of the soil;

b. increase in soil organic matter con-

tent, cation exchange capacity. avail-
able phosphorus and exchangeable po-
tassium at maximum titlering stage;
and

increase in the soil population of
bacteria and actinomycetes when the
" rice was ready for harvest,

(e}

Corn

® As an interrow crop and malch for
corn, Dofeliz and Nesbitt (1984) found that
leucaena leaves applied at a rate of 7-10 my/
ha/crop increased corn production by up to
300%. The leaves were applied alongside the
comn rews as a mulch betore hilling up, and
again when the corn reached the tasseling
stage.  The leaves of leucacna were cut from
hedges growing within the corn crop, or
hauled from a nearby source.

®» [n his Ph.D. dissertation, Herrera
(1980) reported that corn fertifized with leu-
caena leaves, and com which received ammo-
nium sulfate, had a comparable yicld of both
dry matter and cars of marketable com. The
effect of green manure was the same whether
it was applied as a mulch, or mixed in the
furrow between the corn plants.  The peak of
ammonium nitrogen released by the decompo-
sition of leucaena leaves occurred during the
third week after application.

® In Zamboanga del Sur, Magana (1980)
observed in wet and dry season tests that
grain yields of com were better after the com-
bined application of leucaena and inorganic
fertilizer, than from organic fertilizer alone.
Green manure alone gave a higher yield than
that of the control. Leucaena leaves were ap-

plied air-driec, at a rate of 2,564 kg/ha in the
wet season, and 1,935 kg/ha in the dry sea-
son. The rate of inorganic fenilizer used was
60-40-60. The best combination appeared to
be 2/3 inorganic fertilizer plus 1/3 of leucaena
leaves.  This combination, and the treatment
using inorganic fertilizer alone, were found to
be the most profitable.

® In his green manuring trials in areas
cleared by logging, Manguiat (1988) reported a
cumulative increase in the grain yield of com
with the application of green leucaena leaves.
In the first year (1985). the yield increment
over control plots was +8.3%: in the second
year, +15.1% and in the third vear, +27.2%.
Green manure was applied at a rate which
supplied the equivalent or 45 kg N/ha.  The
com yield from the application of ammonium
sulfate  was  markedly superior to that from
leucaena in the first year, but in the third
year the yields from the inorganic and organic
fertitizers were nearly the same (Fig. 6).

Grain yield {(mtha)

Leucaena Gliricidia Samanea AMsulf Control
{45 kg N/ha)

Treatment

Fig. 6. Effect of various types of green
manure on corn vyield, 1987 WS
Source: Manguiat 1988

® Mabbayad (1981) rcported in his
study on methods of applying leucacna leaves
on corn that both incorporating the leaves into
the soil and furrow placement gave consis-
tently better results than surface application, in
terms of grain yield, nitrogen uptake and re-
covery by corn plants,

® Results of ecarly experiments in
Hawaii in 1976 showed that the use of
leucaena leaves as a green manure produced
3.5 mt/ha/year of corn.  Corn intercropped
with leucacna gave a 23% higher yield than
the control plots, although the efficiency of
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leucaena compared to urea was only 38%. It
was also found that when the legume tree was
cut to a height of I m from the ground
three-month intervals, the total vield was 500-
600 kg/ha/year of green manure (Guevarra
1976 and cited by Moomaw ¢r al.)

Sorghum

® In experiments on sorghum (Andrope-
gon sorghum (L.} Brot.) Mendoza (1969)
found that a combined application of leucacna
leaves and ammonium sulfate significantly in-
creased grain and stover vyields.
green manure did not affect other agronomic
characteristics of the sorghum plants. nor did
it appear to change the physical and chemical
properties of the soil.  This study, it must be
noted, was conducted over only a single Crop-
ping season.

® In a later experiment, Quilang (1981)
reported that incorporating enough  feucaena
leaves into the soil ten days betore planting 10
supply 75 kg N/ha gave yields comparable to
applications of ammonium sulfate at the same
nitrogen rate.  Grain yields fell when green
manure was incorporated too carly e, 2030
dgays before planting.

However,

Vegetables

® Deanon (1983) stated that teucacna
could be a promising fertilizer for tomato
plants.  In one trial. he obtained a tomato

yield of 22-24 mt/ha after applying 12 kg of

leucaena leaves per 5 square meter plot
(rquivalent to 24 mit/ha of leaves).  These re-
sults are compurable to those using inorganic
fertilizer at a rate of 120-90-90. The amount
of leucaena applied. 24 mttha, seems very
large, but an economic analysis showed that
the green manure, which cost P1.200/Mha, gave
a gross income of PLLTI0-120.090/ha.  The
leucaena had the lowest production costs, in
terms of fertilizer application, and the highest
returns compared to the other treatments.
Furthermore. it was demonsirated in two ex-
periments that infection with bacterial wilt in
all tomato cultivars nsed was reduced in the
treatments in  which leucaena leaves alone
were applied.

© Villanueva and Briones (1983) also
reported a good response in another vegerable,
Chinese cabbage, to the application of len
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caena and Gliricidia sepium as green manures.
An application rate of 5 mt/ha of green ma-
nure gave the best cabbage growth and yield.
Applications of leucaena at o rete of 5 mtha
also gave the highest return per dollar in-
vested.

® In experiments  using  cucumber,
Villegas (1982) reported that a combination of
fresh Jeucacna leaves, chicken manure and
urea gave the highest yield and greatest num-
ber of laterals.  This combination also in-
creased the soil pH, available phosphorus, po-
tassium and calcium. Lencaena leaves applied
alone gave a higher percentage  germination
and  better yields than cither chicken manure
or urea apphied separately,

" As an ntercrop of cassava, leucaena
appeared to compete intensely with the princi-
pal crop for light and space (Fscalada 1981).
The formanon and development of cassava tu-
bers seemed to be inhibited as a result of the
rapid growth and development of the periodi-
cally: pruned levcaena irees. For better tuber
vickds, a planting distance of ar least 3 m x
15 em for the leuciena was sugpested.

# Urdaneta and Jinvier (1980) found that
sweet potato plants fertilized  with ammonivm
sulfate gave higher taber vields than ihose fer-
tilized with levcaena ar the same nitrogen rate.
Nevertheless, when enovgh levcacna was ap-
plicd to give 60 kg Nha, the wber yield was
3 mt/ha, which was higher than in the unfer-
tilized plots.

Tobucio

® Ramirez (1984) reported from his
studies in Isabela in the Northern Philippines
that teucaena leaves. applied alone or com-
bined with inorganic fertilizer, gave a signifi-
cant increase in leat length, lamir v-midrib ra-
tio, specific leaf weight, cured leaf yield and
the quality index of cigai-filler tobacco,
These results were noted at a rate of 120-90-
SO kg/ha inorganic fertilizer, and at 100-120
kg N/ha from leucaena leaves (with or without
phosphorus or potassiim).  The results also
indicated that the best time 10 apply the fertil-
tzer seemed to be 14 days betore transplant-
ing, since this produced the highest cured leaf
yield of 2.06 mt/ha,

® Tartao has reported from another ex-
periment that lencaena leaves used as fertilizer
on Virginia 1wbhaceo had effects comparable to



those of inorganic fertilizer, in terms of the
size, color, texture, burning rate and chemical
properties of flue-cured tobacco leaves. It
seemed to make little difference whether the
green manure, applied at a rate of 500-1,500
kg/ha, was applied on the soil between the
rows, or incorporated into the soil.

Sugarcane

® [n 1984, Saliendra, Mendoza and Ro-
sario reported perhaps the first attempt to inte-
grate leucaena culture into sugarcane produc-
tion. The objectives of the study were to de-
termine the proper spacing between the sugar-
cane aud the leucaena, and to discover the
best way of establishing leucaena along with
sugarcane. The spacing found to be adequate
was two rows of leucaena spaced at 0.5 m,
and then four rows of sugarcane 0.75 m apart,
with un interval of 4 m before the next two
rows of leucacna.  With this system, about
1.2 mi/ha of dried leucaena leaf was produced
which contributed 52 kg/ha of nitrogen to the
sugarcane.

Response of Crops to Sesbania

Sesbania is another green manure which
appears to be a promising organic fertilizer
substitute or supplement for some crops. The
following are highlights of some studies on
the use of sesbania on crops:

Paddy Rice

® Que of the eurly attempts to study the
potential of sesbania was an experiment con-
ducted by Bronson (1983) in a field trial on
paddy rice at the IRRI farm. The results
showed that green mauuring with Seshania
rostrata and cowpea significantly improved all
rice parameters except the number of produc-
tive tillers.  Rice yield following the incorpo-
ration of sesbania was 3.59 mt/ha, while that
of cowpea was 4.01 mt/ha. Nitrogen yields
were 30.9 kg N/ha from the cowpea, and 184
kg N/a from the sesbania. From a regres-
sion analysis, Bronson concluded that cowpea,
sesbania and corm were similar in efficiency
when used as green manure. Nineteen kg of
rice grain were produced per kg green ma-
nure, against 17 kg grain per kg of inorganic
N fenilizer.

® In his M.Sc. thesis, Rajbhandari
(1984) found that Sesbania aculeata and
cowpea (Vigna unguiculata L. Waly) used as
green manure for paddy rice gave 20.6% and
14.4% higher yields, respectively, than the
control (Figs. 7 and 8). The yield response
of rice to cowpea and seshania incorporated
48 days after sceding was cquivalent to the
grain yield produced by applying 85.4 and
97.7 kg N, respectively. The rice yield fol-
lowing the incorporation of sesbania was 3.5
mt/ha, while the yield after cowpea was only
3.3 mt/ha. The green manure crops were in-
corporated into the soil two days before the
rice was transplanted.

= In his assessment of various kinds of
green manure used for rice, Singh (1984)
stated that of the green manures cultivated in
situ, sesbania has been found most suitable for
rice in numerous trials.  He reported that in-
corporating sesbania into the soil one day be-
fore planting rice has yielded as much as 90
kg N/ha.

Grain yield {mtha)

Sesbania, Soabania, Cowpes, Cowpea, B0 kg N/ha Control
laavas whole plant  laaves whale plant

Treatmont

Fig. 7. Effect of cowpea and sesbania
on rice yield
Source: Rajbhandari 1984
80
= 60
2
o 40
3
B
> 20
0

Sesbania, Sesbania, Cowpea, Cowpea, 80kg N/ha Control
leaves  whole plant leaves  whole plant

Treatment

Fig. 8. Effect of cowpea and sesbania

on N added
Source: Rajbhandari 1984



® In a recent experiment at IRRI, Furoc
et al. (1986) indicated that the incorporation
of Sesbania rostrata ino paddy soil increased
the grain yield, total dry matter and nitrogen
yields significantly, compared to surface appli-
cation of the green manure.  The highest rice
yields were obtained when the green manure
was applied at rates of 7-14 mit/ha of fresh
herbage, regardless of the application method
used.  Their results indicate that the higher
yields when the sesbania was incorporated was
more than enough to pay for the higher labor
cost of plowing the green manure into the
soil,

® In carlier experiments, Furoc er ul.

(1985) noted that the N substitution effect of

6(-day-old seshania is about 60 kg Na, in
terms of rice yield.  The same result was ob-
served in farmers™ fields. " hese workers also
reported  that 60-day-old  sesbania yielded  sig-
nificantly more N than 45-day-old  sesbania.
Although sesbania is  generally considzred 10
be tolerant of  waterlogging. tlooding  reduced
the total dry matter vield and nitrogen accu-
mulation by about 204

® More recent experiments at IRRI by
Furoc er al. (1989) have indicated that inter-
cropping cowpea and  sesbania with rice can
be profitable (Fig. 9.
cowpea and seshania rows, in the proportion
of 3:1, resulted in o net profit of US$593/Ma.
This is nearly twice the income gained by us-
ing inorganic nitrogen fertilizer at 120 kg N/
ha, which gave a net profit of US$330/ha.
The marginal rate of return from green
manuring was US$0.24, while that from inor-
ganic N fertilization was only US$0.12.

14000
12000
10000
8000
6000
4000

2000

Net benefit (Pesos/ha)

0

75% CP:
25% SR 0% SR

Treatment

100% CP: 120 kg N/ha ON

Fig. 9. Net benefit from use of green ma-
nure on rice
Source: Furoe and Manguiat 1989
Note: 1 US$ = 21 Philippine Pesos
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A combination of

= Another very recent report by Becker
and Ladha (1989) indicated that the vyield of
rice (IR 64/66) ferilized with sesbania or
Aeschynomene afrasfena was comparable 1o, or
even slightly better than, that of rice fertilized
with prilled urea at a rate of 60 kg Niha.
The same results were obtained in two  sites,
when green manure was used 6 and 8 weeks
after sowing (Fig. 10).
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No N Urea  A. afrasfera S. rostrata

{60 kg N/ha)
Treatment

Fig. 10. Effect of two green manures on

rice yield
Source: Becker and Ladha 1989

® Another experiment showing that
sesbania  gives results comparable to  those
from inorganic fertilizer is that conducted by
Ventura er al. (1987).  Sesbania applied at a
rate of about 3 miha gave rice yields in three
croppings which were the same as, or even
slightly higher than, those from rice plants
which had received wrea (Fig. 11, Plants
treated with sesbania atso exhibited higher ni-
trogen recovery than those fertilized with urea.
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Seshania Azolla Urea No N
Treatment

Fig. 11. Effect of two green manures and
urea on rice yield
Source: Ventura 1987



Upland Rice

® With regard to upland rice, Manguiat
(1988) reported that the stem-nodulating
Seshania  rostrata gives better results  than
Sesbania  sesban. lu terms of rice yield,
incorporating S, rostrata into the soil was

equivalent to applying 0 kg Na (Fig. 12),
while the same amount of 8. seshan was
equivalent to only 30 kg N/ A combina-
tion of S. rostrara and inorganic N gave bet-
ter results than the application of inorganic N
alone,

Grain yield (mt/ha)
F-N

0

Fig. 12,

Effect of sesbania
on rice vyield

Source: Manguiat 1988

SR+90N 90N SR+60N 60N SR+30N 30N SR+0N ON

Tre~tment

Corn

® With regard to com, Manguiat er al.
(1988) found that inoculated S. rostrata can
substitute for up to 45 kg N/ha (Fig. 13), and
increase grain yield by more than 650 kg/ha
over uninoculated 8. rosrrata. Field experi-
ments also showed that either S. rostrata or
Phascolus  calcararus (rice bean)  significantly
increased the yield of grain, stover, cob and
total dry matter compared to the control.
Substantial yicld increments were also obtained
when green manure was combined with inor-
ganic nitrogen fertilizer.  Green manuring with
S. rostrata increased the fresh weight of mar-
ketable ears by 90% compared to the control,
and with P. calcaratus by 130%.

GREEN MANURES: FUTURE PROSPECTS

Green manuring improves soil fertility as
well as the physical properties of soils.  Thus,
it offers a good alternative to chemical fertil-
izers, in terms of sustained soil productivity,
The use of green manure has not yet been
widely adopted by farmers, especially in de-
veloping countries, due to the constraints men-
tioned above. Nevertheless, numerous studies

have already shown that it is a technically
and economically feasible technology.  Wnat
is needed is a more aggressive educational
and promotional campaign. so ihat more farm-
ers become aware of the practice and are pre-
pared 1o aceept it

Grain yield (mt/ha)
N

0
P. calcaratus S. rostrata AS Farmer's
{30 kg N/ha)  practice *
Treatment
Fig. 13. Effect of green manures on corn

yield 1988-89

*45 kg/N applied but minimal management
Source: Manguiat 1988
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There may still be some gaps in the
technelogy, but many of the major questions
have already been answered. The other areas
that need further research are:

* Evaluation of various green manure
crops in terms of their adaptation to
different climatic and soil conditions:

+ Determination of various combinations
of green manures, and also of green
manures and inorganic fertilizers, for
optimum crop production;

+ Determination of the best methods and
timing of application;

* Determination of the long-term effect
of green manure on soil fertility and
soil physical properties;

* Determination of the most economical
and practical green manuring technol-
ogy.
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DISCUSSION

Q. (A.S. Karama)

When sesbania was used in corn p.oduction, was it grown in a pure stand or as an inter-
crop?  When you compared the effects of chemical and organic fertilizers, what was your
basis of comparison: was it the amount of N per hectare?

A.  The use of sesbania with corn was not my experiment, but I seem 1o remember that it was

used as an intercrop.
sesbania contained 4% N.

Q. (). Bay-Petersen)

Yes. the basis of comparison was the level of N, assuming that the

Green manuring seems to be more common where farmers use machinery for land prepara-
tion. I wonder if there may be some difficulty in using draft animals to plow under the
green manure. In the Philippine experiments, were draft animals or tractors used?
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Water buffalo were used to heap up the soil and plow under the green manure. Sesbania is
not a woody plant, and it can easily be cuvt by either draft animals or machines. If green
legumes are allowed to grow too old, they may hecome woody and difficult to cut.

(K. Abdul-Rattir)

When you plant green manures as an intercrop etc., how do you determine the percentage of
the area to be planted in green manure: do you assume 10% or 20%, for example? Or is
the area calculated on the basis of the nutrient requirements of the crop and the N produc-
tion of the green manure? Some cropland will be lost 1o the green manure: what percentage
is it?

Generally, the crop is planted according to its regular spacing before the green manure is
planted as an intercrop. Some experiments, such as that with sugarcane, recommend a modi-
fication of two rows of green manure in place of the crop, but usually the plant population
of the main crop is much the same as if no green manure is used. There is not much loss
of cropping area, especially since the green manure may be grown for only 40 days.



