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ABSTRACT
 

Maize on-farm research in the District of Malang, East Java.
 

This paper describes principal results of the on-farm research
 

program (OFR) with a farming systems perspective (FSP) for
 

palawija farming systems in the District of Halang, East Java
 

Province, Indonesia, as conducted by the Malang Research
 
Institute for Food Crops (MARIF) in the period 1984-1986. The
 
work was carried out mainly in the regionally important maize
 
growing area on yodng volcanic soils.
 

The main objectives w re :
 
(I), to identify major constraints to crop productivity
 
(2), to carry out research, aimed at overccming these constraints
 

in farmer's fields, and
 
(3), to translate the principal results of this research into 

practical rer'ommendations for farmers. 
The program has been implemented by an interdisciplinary team, 
consisting of plant breeders, entomologists, plant pathologists, 
agronomists aid agro-economists. This team has cooperated closely 
with fai ners and extenqion workers in the study area. The 
approach with was folI owed had been developed by the 
International Maize and Wheat improvement Center (WIMIY') and was 
adapt.-d to loca l conditions. The salient aspects of t-his approach 
included; a close linkage between surveys and on-farm trials; a 
sequenitia I approach whereby each cycle of resea..rch act: i v\it 105 is 
planned in conjunction with the findings of previous research; 
formulation and testing ot explicit hypotheses on problems that 
Iimit productivity and their causes and interactions. The program 
was started in January 1984 with an e plcratovy survey. Since 

then, five crop cycles of on-farm trials, a maize production 
survey and other sarvey and research ac'tivit ies have been 
conducted. A sixth cycle of trials is underway (November 1986 --
February 1987). 

As a result of the research to date, major production problems
 
and their causes have been identified, together with interactions
 
between these problems within the context of the farming systems
 
parameters.
 
These include
 
- Shootfly infestatign 
- Severe overplanting and early season interplant competition
 
- Plant stand manipulation resultieg in low harvest densities 
- Nitrogen/phosphate nutrient imbalance
 
- In ft'eetive timing of fertilizer application. 

In addiLion, the following problems have been identified on 
tentat ive evidence:
 
- Lower yield potential of traditional maize varieties 
- Poor quality of farmer's maize seed 
- Availability of potassium and sulphur.
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Possible solutions for these problems were identified and tested
 
with the result that farmers cooperating .n the on-farm trials
 
have been able to increase maize yields from 1.8 to 4.8 tons of
 
dry grain per hectare. The recommended practices can be
 
iiplemented piecemeal, in a sequential adoption, or in a package.

The observed sequence for spontaneous adoption is for farmers to
 
adopt first crop protection methods, and lower plant densities,
 
usually, in conjunction with an improved variety, and
 
subsequently to adopt improved fertilizer management practices.
 

The recommended practices require only modest. increases 
in inputs

and simple changes in management. Their adoption is within the
 
scope of' most farmers in the study area, as all aspects of the
 
improved management practices were easi ly understood by
cooperating farmers, whose conditions were generally 
representative for the study area. 
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ACRONYMS
 

AARD - Agency for Agricultural Research and Development of the
 

Ministry of Agriculture, Jakarta
 

ATA 272 - Technical Cooperation Project between Indonesia and
 

The Netherlands
 
BULOG - Badan Urugan Logistik, Jakarta - the national logistics
 

agency
 
CIMMYT - Centro International de Mejoramiento de Maiz y Trigo
 

The International Maize and Wheat Improvement Center
 

Mexico
 
CRTFC - Central Research Institute VcFp Crops, Bogor 

CSR - Centre for Soil Research, Bogor 

DIPERTA - Dinas Pertanian - the provincial agriculture; services 
bureau
 

FSP - Farming Systems Perspective
 
MARIF - Malang Research Institute for Food Crops
 

OFR - On-farm research
 

DEFINITIONS
 

- palawija = non-rice food crops such as maize, soybean, other 

grain legumes, cassava and sweet potato 

- sawah = bunded land, water supply from man-made sources 
or rain dependent 

- tegal = unbunded land rain dependent, often with light 
textured soil, ranging from flat to slopy 

- urea = nitrogen chemical fertilizer with 46% N 
- TSP = phosphate fertilizer with 45% P2 05 

EXC11ANGE RATES 

Period : January 1984-September 1986 - US$ 1 = Rps 998 - 1125
 

after September 1986 - US$ 1 = Rps 163E.
 

MEASUREMENT SYSTEM 

the metric system.
All measurements are according to 
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1 INTRODUCTION 

; '<This:.,papersummarizes work co' ducte' to date in on-farm ' 

r e seaiii Ee-Ma'langi F o od61_TOFIf 77,by-"th R-esiearchi__Tlns-t-itiute- _fo6r Crops 
(MAR11.), locsited near Malang, East Java, Indonesia. 

The program was iniated in January 1984 in cooperation

Swith the. In'ternational Maize and Wheat Improvement Center
 

(CIMMYT) and the Agricultural. Technical Cooperation Project
 
between Indonesia and The Netherlands (ATA-272). The
 
interdisciplinary MARIF OFR team.consists of plant breeders)
 
entomologists, plant pathologists, agronomists and economists.
 

The objectives were 1. Try out OFR procedures on a pilot
 
basis in order to ascertain their appropriate role in MARIF
 
activities, 2. Develop useful recommendations that farmers in a
 
study area would rapidly adopt. Because of thve pilot nature of
 
the program, it was decided to restrict initially OFR activities
 
to one relatively homogeneous study area in Malang District. As
 
the program developed, OFR work started in other study areas as
 
well. However, the main body of this report only covers the
 
original OFR pilot effort.
 

The activities in the study area to date include an initial
 
exploratory survey, a,productlon survey, additional surveys on
 
specific issues, five crop cycles of on-farm experiments and
 
soil, analyses. Currently a sixth cycle of on-farm experiments is
 
underway (from October,1986 to February 1987). With two cycles
 
of experiments per year, research has been on-going for about
 
three years. These activities have been described in detail in
 
a series of nineteen working papers (see Annex 1).
 

The program is based on the procedures for "on- farm
 
research with a farming systems perspective (OFR/FSP)" developed
 
by CIMMYT, documented in BYERLEE, COLLINSON (1980) and numerous
 
other publications. The major steps in these procedures 
 are
 
diagnosis, planning, experimentation, assessment .and formulation
 
of recommendations. The guiding principles of the OFR/FSP
 
procedures are:
 
-A careful focus on important problems and possible solutions
 
- On-farm research under representative conditions
 
- A focus on defined groups of farmers
 
- Farming systems perspective
 
- Near-term solutions
 
- Participation of farmers and extension service
 
- Interdisciplinary cooperation among biological, and social­

scientists
 
- Feed-back between on-farm and on-station research.
 

This paper contains a synopsis of relevant information on
 
the study area, followed by a diagnosis of main problems and a
 
discussion of evidence on possible solutions, obtained from the
 
on-farm trials, and needs for further research.
 

r
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2.0 DESCRIPTION OF THE STUDY AREA
 

The pilot study area 
is located in the District of Malang,

East Java Province as shown in Figure 1.
 

Farmers in the District of Malang operate complex farming

systems, featuring an intensive use of a 
small land resource
 
base. Major enterprises include livestock, annual crops, home

garden and perennial 
crops. The object of the present research
 
was 
annual palawija cropping but interactions with livestock and
 
home garden enterprises will be indicated where relevant.
 

2.1 Crop production systems in the District of Malang
 

Crop production systems in the District of Malang 
 are

largely determined by Land-type (sawah versus tegal), 
 soil and
 
elevation. Sawah systems include 
irrigated and rainfed wetlands
 
with rice-based croppi'ng systems, 
 in which palawija crops are
 
generally grown after rice. 
 Tegal fields (rainfed, unbunded
 
,Irylands) are used for the bulk of palawija p roduction. A summary
of major croTp produetion systems is shown in Table I. 

The IegalI s yst- IIs oil young vo lean ic soil (system 2) was
chos en its the ['irsL OFI study area, as it represents it relatively
simple proiuctin system. A mor-e complicated system ,with maize, 
eassrrvn and other crops was selected in early 1984 for a second 
study ;Area. 'his s,,-oid ar'ea is riot discussed in this paper. 
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Figure 1. Map of Indonesia. 

The District of Malang: the study area 

0~~~1--0 Sulawesi 

?bluccas Irian Java 

Javausa Nus agara 

East Java Province 

IndianOceanIndian Ocean
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Table 1. Major crop production systems in the District of Malang
 

System Land Soils Dominant Altitude Physical area
 
No. type crops a.s.l. (A)
 

1. 	 tegal limestone maize < 600 

cassava
 
grain­
legumes
 
sugarcane
 

2. tegal young 	 maize 400-700 37
 
volcanic 	 dry seeded
 

rice
 

3. sawah alluvial 	 transplanted
 
& young rice
 
volcanic maize 
 400-700 15
 

4. 	 tegal young maize and
 
volcanic horticul­
& volcanic tural crops
 
ash 
 400-1500 5
 

Major characteristics of the selected system are: young
volcanic soils; tegal 
land type; medium altitude; maize-maize or
 
upland rice-maize cropping pattern. Maize is by far the most
 
important enterprise in 	 this crop production system. More
 
details on maize cropping 	patterns the
and role of maize in East
 
Java can be found in Monograph 2: Palawija Crops, chapter 3.1
 
(BROTONEGORO et al., 1986).
 

The selected system, henceforth referred to as the "study
area , covers about 30,000 ha of physical area in Malang 
or roughly 60,000 ha of annual harvested area, and includes an 
estimated 40,000 farms, 
 each operating on approximately 0.8 ha

of tegal farmland. Extrapolation to other districts within 
 East
 
Java with similar conditions for which these recommendations are
 
valid, results in an area base of approximately 150,000 ha, 
 or
 
10-15% of the total maize area 
in East Java, and would include up
 
to 200,000 farms.
 

It should be noted that 28% of farmers in the study area
 
operate on both tegal and sawah. 
 That is, they operate system 3
 
as well as system 2, as defined in Table leads
1. This to certain
 
system interactions, viz. increased labor scarcity in 
the early

stages of 
the first crop cycle, a lower dependence on maize as a
 
starch staple, etc . These interactions will be pointed out
 
again 
 in the relevant sections, when technology adoption is
 
affected.
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Apart from this, the farmers in the study area encounter
 
reasonably similar circumstenoes, problems and opportunities and
 
for most purposes would likely use similar kinds of new
 
technology.
 

2.2 Physical conditions
 

Cl inmate: The average rainfall in the study area amounts to 
2130 mm per annum with 5 to 6 wet months (over 200 mm rain/month)
and 2- - dry monthls ( I.ess than 100 mm o f rain/month) , which 
results in sufficient, moisture for two crops pet1 annum. The 
annual ra irifa II pattern, howeevet r, shows considerable variation 
hetween years ind 1ocaAti ons. Fi fteon year's' rainfall datalfor two 
locations 
 are present.e in Annex 2. The average temperat.ur'e is 
2,10 C wi t.h On tvi:rage miilmum of 18.60C and maximum of 25. 7a C 
The relatiwe hiumidi ty ranges from 77 to 85% (ANON., 198.1).
Accord irig to OLDEMAN (1975) this zone is class ifi ed ;is agro­
climatic zone C. 

Soils: The main soil categories occurring in the District of 
lalang are: young volcanic soils (36%), volcanic ash (18%},
limestone and lithosoits (37%) and alluvial (9%). The study area 
covers the young volcanic soils I;hich consist ot latosol s 
(inceptisols) (60%), regosuls (entisols) (26%) ard other soil 
types (14%). These soils are locally known to be low in organic 
matter and highly deficient in phosphate and other pl].ant
nutrients (potassium, sulphur and zinc). General characteristics 
of major soil types and their occurrence are presented in Annex 
4.
 

2.3 Economic circumstances
 

There are a number of soci o-economic circumstances
 
influencing farmer decision-making in the Malang study area. Of
 
interest are input markets, government price policy for inputs,
 
marketing, and consumption patterns and taste preferences. Given
 
the predominant position of maize in the crop production system,

economic circumstances that affect maize are highlighted. 

fnpn t ma'kets: Input markets in the Malang area operate 
reasonably well. Fertilizer and pesticides are readily available 
at highly subsidized prices. For example, a farmer in Malang can 
buy one kg of nit rogen or phosphate in the most readily available 
form (urea or TSP) in exchange for only 2 kg of mai ze. In 
contrast., a farmte' in Thailand can buy 
one kg of' nitrogen in the 
most readily available fo rm (21-0-0) in exchange for 9.5 kg of 
maize. In the past, improved maize seed wos not easily avs .lable 
to farmers in the study area. This situation has im.proved 
cons ide rably since 1983, when goverriment pol icy changed to 
encourage private firms to participate in sued production and 
marketing. Currently, two hybrids arid one improved variety 
(Arjuna) are commercially available. Other input markets, like
 
labor, animal traction, etc., are reasonahly efficient.
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Harke t Jn marketi ng of maize fo Cash sale is largely, ' 

in. hands of prite trars, who compete, to purchase !this 
*v crobp, 'in order, to meet. the rapidly expanding demand by feed-mil~Fin Surabaya. Ot'her maize is marketed through the government
 

___ marketing agency (BULOG).-

Consumption ,.patterns and taste pre.ferences a Maize 
production in Malang hstwo majoren uses: it isamajor 
starch staple, especially for low income producers, and an 

.imp.eortant ... of cash. About 70% of the maize, producedource 
is used for direct human consumption. Maize is the main non-rice 

staple inEastJava. the ystarch many farm fami-lies 2In study area 
consume more maize than-rice. The importance of maize as a starch 
staple raises some concerns about cooking and taste preferences, 
and how these'. might effect farmer adoption of new varieties. In 
East Java farmers prefer yellow varieties. Both traditional and 
improved varieties, such as Arjuna and the Cargill C-1 Hybrid, 
have a yellow grain colour. There are reports, however, that 
Arjuna is more difficult to crack than other varieties for the 
preparation of local dishes. These dishes rely on theboiling of 
maize cracked to resemble rice. 

2.4 Crop-livestock interactions
 

Crops and livestock interact in the study area' in three
 
major ways
 

- Cattle provide draft power for land preparation and weeding 
- Cattle manure is applied as fertilizer to selected fields 
- M"ize thinnings serve as one source of livestock feed. 

Saninure: In any given year about half of the farmers apply 
manure to their maize fields. This takes place before the first 
plowing for the rainy season crop. Those farmers who do not apply 
manure tend to be those without livestock, or those who use the 
manure ' for higher-valued crops. At least once every few years 
nearly all fields used for maize cropping receive manure, which 
is said to be one source of deficient,nutrients. 

Fodder: Only 25% of the farmers report using maize
 
thinnings as a major source of cattle fodder. Other fodde r
 
sources (including grasses and weeds) are reported to be more
 
important, even in the maize season. Furthermore, all farmers
 
with livestock report having sufficient alternative fodder
 
sources (MARIF, 1985).
 

2.5 Maize production practices in the study area
 

Taking into account thedominance of the maize enterpris in.

the-study area, selected maize production practices deserve some
 
description. Farmers in the study area follow fairly' similar
 

* practices. Some of these are listed in Table 2.
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Table 2. Maize produotion praotices in the study area, 

Pract ice Findings
 
Quantity Unit
 

-t-adtin~, unimproved-, va6rieitis 
Plant older improved varieties 29 
Plant modern improved varieties 23 
Use self supplied seed 75 
Average density at seeding(unimproved varieties) 150,000 seeds/ha 
Take out bad/ plants 83 % 
Applied manure last season 57 
Apply nitrogen 100 % 
Average nitrogen dose 162 kg N/ha 

Apply phosphate (only in specific villages) 30 %
 
Average maize yield,local varieties 1.8 ton/ha
 

Source: MARIF (1985).
 

Land preparation and planting dates: Farmers use fairly 
intensive land preparation practicea. They plow their maize 
fields 2-4 times, using cattle for draft power, then harrow and 
level the soil. In case manure is applied, it is spread during 
the dry season before plowing. The rainy season maize crop is 
seeded between September and November, depending on the onset of 
the rains. This crop is harvested in December-February. The post­
rainy season maize crop is - ideally - seeded immediately 
afterwards. However, excess rain at this time frequently forces 
some farmers to delay this planting for up to several weeks. 
Farmers, who grow upland rice as the rainy season crop (which is 
usually harvested after 120 days or more) automatically are 
forced to plant their post-rainy season meiize crop later. Thus 
seeding of their maize takes place several weeks after the main 
post-rainy season planting period. 

Varieties: Relatively few farmers use recently released
 
improved varieties (23%), although most farmers are familiar with
 
them (72%). Few farmers purchase now seed from stores, whether
 
certified or non-certified. Farmers indicate that yield and
 
tolerance to insect damage and lodging are important
 
considerations in selecting maize varieties. Few farmers
 
indicate that cooking quality is a major factor in varietal
 
selection. It should be noted, that the "farmer's variety" is a
 
complex mix of traditional varieties, like e.g.Goter and
 
Genjah Tongkol, improved varieties released more than a decade
 
ago, e.g. Iarapan, and a touch of the recently released improved
 
varieties, e.g. Arjuna.
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~ rtnr o h 	 grow atpulationandhining:~ h-mers maize quite 
high -densities, awith early plant stands sofabout 150,000
 
Plants/ha'. Farmers using improved varieties, e.g. Aruna, plant
P1!i,a~~te~n,&hols mate:b tionthinnin :teFa b 0drw. : S'f~6 !iiata somewhat lower denity around 105,oo0 - 110,000 plants/ha.
Most farmers (83%) manipulate their plant stands and remove


L poorly aatpliged niea d plangts eding,,isdoneobyhand,
either in holes made by sticks or in the plow furrow. Satial
 
distribu ,tion varies from 70 x 25 cm to 100 x 50 cm, according to
 
Variety and individual practices.
 

Weeding: Maize fields 	in the study area are rarely, weedy.
 
Weeding is generally done twice. Cattle are used for weeding

between rows, while weeding within the row is done by hand. The
 
first weeding takes place about 3.weeks after seeding and is
 
often combined with a fertilizer application and the commencement
 
of "thinning" in which weak or poorly developed plants are
 
removed. The second weeding, 
 at about 5 to. 6 weeks after 
seeding, usually takes the form of a "hilling-up. 

Fertilizer: All farmers, use nitrogen fertilizer with an 
average dose of 162 kg N/ha. Nitrogen, in the formlof urea, is 
usually applied twice, coinciding with the first and second 
weedings, These high doses are a reflection on the availability 
and low farm-level price of urea. Relatively few farmers use
 
phosphate, although phosphate as TSP is sold at the same

subsidized price as 
urea. It should be'noted that most phosgphate
 
users identified in the farm survey come from the same few
 
villages. Potassium is seldom used on 'maize by farmers in the
 
study area.
 

Table S. Fertilizer use by variety
 

Variable 	 Unimproved Modern All
 
varieties varieties v'arieties
 
and older
 
improved
 
varieties 

Farmers using nitrogen 100 % 100 % 100 %
 
Average N dose in kg/ha 158 168 162
 
Farmers using phosphate 19 % 50 % 31 %
 
Average phosphate dose
 

in kg/ha (users oily) 48 69 60
 
Farmers using potassium 0 % 20 % 8 %
 
Farmers using manure 64 % 47 % 57 %
 
Farmers using nitrogen
 

at seeding 8 % 33 % 
 18 %
 
Farmers using nitrogen
 

at 3 weeks after seeding
 
as first application 86 %. 66 % 78 %
 

2 Source : MARIF (1985) 

8
 



Pests, diseases and crop protection : Farmers are familiar
 
with many pests and diseavses, but report that these seldom reduce
 
yields seriously. Regarding crop protection, only 13% of farmers
 
report using pesticides, mainly Ridomil applied as a seed
 
treatment for Peronosclerospora maydis (downy mildew).
 
Researchers noted, however, severe and widespread infestations of
 
Atherigona spp.(shootfly) and Phyllophaga helleri (white grub)
 
particularly in plantings carried out several weeks later than
 
the main planting period and in the post-rainy season. 

Post harvest operations and disposal of produce : Maize is 
harvested by farmers 10 to 20 days after physiological maturity. 
Harvesting is done by hand. Ears are carried to the farm house 
and sun-dri d for several days. After drying the moisture content 
of the grain is still above 18%. Seed for the next planting is 
mostly selected from the last harvest. Selected ears or seed for 
planting are stored above the cooking place to prevent losses 
caused by storagt! insects and rodents. Only a few farmers buy new 
seed after the original purchase of a new variety. Most farmers 
in the study areu use their maize crop for home consumption, with 
ocoasional, sales of surplus quantities. 

Di fferences betw,,een rainy- and post-rainy season cropping: 
So far the discussion dealt with the rainy season and the post­
rainy season maize crops as beingmanaged in a similiar way.
 
lowever, differences between the two crops exist and are
 
indicated below:
 

- Land preparation is usually more intensive for the rainy season 
crop 

- Manure is mainly applied before seeding )f the rainy season 
crop 

- Throughout the study area, seeding of the rainy season crop
 
takes place more or less at the same time, that is immediately
 
after the onset of the first rains, and cover only a few weeks.
 

However, seeding of the post-rainy seasqn crop shows
 
considerable variation , and may cover a period of over one and
 
a half months.
 

- In most years, shootfly problems appear to be more severe in
 
the post-rainy season.
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3.0 DIAGNOSIS : PROBLEMS AND THEIR CAUSES
 

In this section problems are discussed associated with maize 
production in the study area. Initially, the team noted that : 

"Despite intensive management, including proper tillage 
practices, row planting, adequate weeding practices, high 
nitrogen and manure applications, maize crops in the 
domain, regardless of variety, show symptoms of spindly 
stalks, and discoloured leaves. Yields are low, with an 
average of 1.8 t/ha grain and only few farmers obtain 
yields above 2 t/ha. Yet on-station research indicates that 
5 t/ha can easily be obtained from Arjuna (MARIF, 1985). 

At first, attention was focussed on three factors: variety, 
plant popultt ion and ferti] izer management. However, it becamo 
evident dluring the field1 work that other problems required 
atteition, li ke :arly season insect damage. As researh 
cont. inued, the team gained a better appreciation of the 
interaction of these problems, and the particular causes or each 
of them. 

According to current knowledge the fol lowing factors 
adversely affect maize production : 

- Damage occurring during the early growth stage caused by 
Atherigona spp. (shootfly) and Phjyllophuga hel lei (white 
grub) , causing growth retardation and reduction of plant 
stands.
 

- The use of" excessively high seed rates, causing interlplant 
competition du:ing carly growth stages, and plant stand 
man ipulation that leads to low harvest densities. 

- Low fertilizer efficiency causing higher production costs. 
- The possible use or" low quality seed and of varieties with a 

lower yield potential. 

These problems aind some ot" their interactions are presented 
in Figure 2. Note that poor seed quality and shootfly damage 
eontribute to overplanting, and that overplanting contributes to 
a lower nitrogen fertilizer efficiency. 

Each problem and its respective causes are discussed in more 
detail in the following sections, 
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Figure 2 Components of the main problem
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. 1 Insect damage
 

Maize in the study area is often damaged in the early stages
 

of growth, by shootfly and white grubs. Major causes of this
 

problem include a high natural incidence of these insects, and
 

late planting of maize. In turn, late seeding of rainy season
 

maize is caused by uneven distribution of early rains and
 
Late seeding of the post
competition for labor with sawah crops. 


is caused by: (1) late planting of the
rainy season maize 

rainy season maize crop; (2) planting maize after rainy season
 

upland rice;, (3) excessive rainfall extending the turn-around
 

period between the two maize crops. The severity of insect
 
year to another. The rainy
problems varies greatly from one 


season maize crop usually suffers somewhat less from insect
 

damage than the post-rainy season crop. Interactions between the
 

insect problem and its causes are shown in Figure 3.
 

Figure 3 : Insect problems
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3.2 Plant population management
 

The farmers' practice of overplanting leads to severe
 
interplant competition in the early growth stages with plant
 
densities of about 150,000 plants/ha. This is particularly true
 
for traditional unimproved varieties. The practice of
 
systematically taking out bad plants, necessary in the absence
 
of pest control, results in low harvested densities of less than
 
50,000 plants/ha. There are a number or reasons for these
 
practices :
 

- To compensate for expected damage and loss of plant stand
 
due to shootfly and whitegrub attacks
 

- To compensate for i possible occurrence of downy mi [dew
 

- To compensate for expected low seed germination rates
 
and poor plant vigor, in turn caused by farm-level seed
 
storage problems (?)
 

- to provide fodder for livestock. It was originally 
thought that farmers overplant and thin their maize in 
order to obtain fodder for their cat.1e. However, as 
was seen in an earlier section (2.4 , farmers do not 
largely depend on maize as a fodder. 

Interactions between the plant population problem and its
 
causes are shown in Figure 4. 

Figure 4 Plant population management 

- Overplanting reduces yields
 
I(interplant competition)
 

,Cmpndt..ofr Po sed-17..
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L-­
occurrence
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'Farmer's seed I
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Farmer's seed
 
selection practicesr-­

1) Not supported by research results. 
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3.3 Fertilizer management
 

Farmers apply on average 162 kg/ha of 4 to 	 their maize
 
is explained
fields, but do not ontailn high yields. This problem 


as follows:
 

overpiunting: High plant populations during early growth 

are due to high seed rates. These high populations often lead to 

svere eampet ition between plants, causing a reduction of the 

grain production per kilogram of nitrogen applied. 

Nutrient imba!ance : Most farmers use only nitrogen 

fert il izers. They general ly do not use phosphate or potassium on 

their maize crop. though the soil analysis shows that most of the 

young volcanic isio ore duficient in both elements. One source 

of nutrients is mIan~ire, which during 1984 was applied by about 

half of the farmers.
 

Timing, amount and met.hod of nitrogen application:
 
The majority (80%) of the farmers give the first nitrogen
 

applijat.ion between 2 to 4 weeks after seeding and che second
 

application at about 6 weeks after seeding.
 
Farmers, aware or" the damage caused by shootfly and white grub 

and of plant lo sse s due to poor seed quality, prefer to postpone 

fert.i l izer" application until a good plant stand is obtained. 

Somet ines replnting is required. Some farmers also have learned 

that fet'it lizer mixed with seed will burn the seed. They have 
littl,. experienoe with other application methods, e.g. fertilizer 

pl aed in ar adjacent hole, 10 Cm away from the seed. 
Approximately 20% of the farmers apply some nitrogen at 

.eeding. It t ',rt'tilizer is mixd with the seed, only 3-4 kg/ha 
of amemonium si. lphnto i'sused (< 1 kg N/hA). 

About 18% of the farmers apply all nitrogen at one
 
time only. 

The problem of fertilizer management and related causes are Lhown
 
in Figure 5.
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Figure 5 Fertilizer management
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3.4 Variety and seed quality
 

Another factor explaining low farm-level yields may be seed.
 
Regarding variety and yield potential, many farmers use improved
 
varieties released many years ago, such as Perta (1956), Harapan
 
(1964) and more recently Arjuna (1980). These farmers save from 
each harvest some seed for the next planting. Due to cross 
pollination with traditional varieties and land races, genetic 
ervosion occur.s. This results in a gradual decrease of varietal 
pu ity and possibly yieId potential. In some of the on-farm 
t rials, these older, improved varieties performed very well and 
yiulds . , r :, t. si In it i rant I y lower than those of"r f cen t. I y 
irt[roduc:tr' iinpuroverI varieties., grown under the same conditions of 
in, proved manag.m.1le t.. l. onwever, many ot.her farmers (48%) , rontinue 
to use tradi t i ona I, 'Ion.- iiproVed v;aT'i eries (Goter, Genjah 
rorigkol). .As yet there htve been few direct Comparisons of these 
latter mat.erials wit.h inproved alternatives. 

As caln be seen in Table 2, only 23% of the farmers plant. 
At'juna, the most recently released variety. Arjui, i matures 
in 95-100 days, other varieties have a maturity range from 85 to 
115 days. About 48% of f armers report using tradi t. i onal, 
unimproved varieties.
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Regarding 
 seed quality, farmers who experience low
 
germination rates and poor seedling vigor tend 
to ovrplant. This
 
was indicated by the outcome of the 
formal production survey in
 
which 42% of the farmers reported low seed quality as 
one i'eason
 
for overplanting.
 
Varietal and seed-related problems and causes are shown 
in Figure

6. 

Figure 6 Variety and Seed Quality
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1) Not supported by research results. 
2) Currently being investigated.
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,4
0 EVIDENCE FROM ON-FARM EXPERIMENTS
 

The problems disoussed in the previous chapter were examined
 
in the five cycles of on-farm experiments conducted so far. Some
 
-~experiments-served--to further-,-def ine -problems-.-while --other----­
experiments were aimed at finding possible.solutions. As will be 
seen, tie results of the trials are fairly consistent and tend to 
support- the hypotheses outlined in the diagnosis. It appears 
that farmer's maize yields can be doubled through simple 
improvements in management practices at a moderate increase in 
cost. The team conducted during five crop cycles altogether 
seventy-one on-farm trials in seven villages, with twenty-eight 
different farmers participating. Some farmers cooperated with 
only one trial in one season, other farmers participated during 
all cycles, but not necessarily with the same field. 

An overview of research activities is presented in Table 4.
 
In the following sections a summary is given of the on-farm
 
trials by subject. Details on treatments, lay-out, management and
 
findings of these trials are found in MARIF OFR Working Papers
 
(1984-1986) which cover the first to fifth cycle of on-farm
 
trials.
 

Table 4. Activities in the young volcanic study area
 

carried out in the period 1984-'86.
 

Activities Cycle
 

1 2 3 4 5 6 
1984 1984/85 1985 1985/86 1986 1986/87 

p-rainy rainy p-rainy rainy p-rainy rainy 

On-farm trials 
Exploratory , .. . . 
Variety * * * * * -

Fertilizer - * - * * 

Crop protection - - - * * -

Seed -- * * -

Farmers observation -- * -

Verification - - * * * 
Survey 
Exploratory * ... . . 
Maize production - * - - -

Seed storage - - * - - -

Shootfly - - * * 
Other activities 
Pot experiments * - * * * 
Soil analys.is * - * 
Field days - * - ­
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4.1 Plant protection
 

Conceivably early insect damage might be reduced by finding 
ways to eliminate late planting. However, intensive land use 
practices and actual rainfall patterns would prevent most farmers 
from planting earlier. A simpler and more effective way is the 
use of an appropriate insecticide. The major insect control 
treatment tested by researchers was the application of carbofuran 
3% granules in the hole at planting time, at the rate of 0.3 
kg/ha active ingredient. Evidence on attack was obtained from a 
number of research activities. These verification trials, which 
included t ('omparison of crop protection versus no protection, 
are shown in Tables 5 and 6. 

Table 5. Effect of plant protection. 
Verification trials 3rd cycle, yields in kg/ha ­
8 locations.
 

Location Crop protection 
No') Yes') Response 

Bambang 2049 2295 246
 
Kemantrin 1359 2513 1154 
Argosari 2109 3625 1516 
Randu Agung 1 2448 3560 1112 
Randu Agung 2 2217 2934 717 
Pakisjajar 2716 3095 379 
D)engko 1 3006 2724 282
SuLkoaryar 2666 4618 1952 

Average 2321 3171 850 

') This is treatment 5, the completely unmodified farmer 
practice. Crop cuts were made in non-experimental parts of 
the trial yield in a similar fashion as in the experimental 
parts of the field. 

2) Treatment. I. The only difference from treatment 5 is that 
carbofuran was appl ied at planting. Planting and all 
management was conducted entirely by farmers in the same way
 
as treatment. 5. 
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Table 6. Effect of plant protection.
 
Verification trials 5th cycle, yields in kg/ha ­
3 locations')
 

....................................................................
Fertilizer Crop protection 

management 2) No Yes 1) Difference 

Farmer 2887 3889 1002 

Improved 	 3856 4347 491
 

Average over
 
fertilizer treatments 3372 4118 	 746
 

1) Treatment combination shown, were all planted with Arjuna, 
and with the improved plant management practice. 
The yield tfor the unmodified farmer practice was 2442 kg/ha. 

2) TIhc farmer p'actice was selected by the farmer, usually 
N only, appli ed at the first weeding. The improved practice 
inclIu ded .16 - 92 - 0 NPK kg/ha tt plantinig, followed by 
92 kg/h Ldd i . ional nitrogen at. :30 days. 

3) 	Carbof'uran 3% granules in the hole at planting time, at 
a r'ut.e of 0.3 kg/ha ac-tive ingredient. 

Table 7 coritain, i a surmmary of the evidence on shootfly incidence 
and on yield lo.sses due to early insect attack obtained from four 

ye I s. 

The economics of the carbofuran treatment appear quite 
ft.vorable. Costs that vary ( insec L ic i de and app li cation costs) 
t-e only lp 3850 per ha (tJS$ 1 : Rp 1635) . Using the gove rnment 

minium guarantee prize for maize of 110 kg., breakl Rp per' the 
even yield incr-.ase is estimated to be only 35 kg/ha. Carbofuran 
is heavily sllby.idizod, due to its importance in rice cultivation. 

1, 1I y farmer adoption of plant protection measures was observed 
ard spontaneouts r-eductions in seed rate arid plant population ill 
villages , where OFR activities are regularly contiucted . The 
,cxt,(nl of this adopt ion will be quantified in a forthcoming 
su~vey . 
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Table 	7. Summary of findings on plant protection, 1984-1986.
 

Activity Cycle 	 Result
 

Exploratory trial 1 	 Trials were heavily damaged by 
shootfly. No control measures were 
used. ' Plantings were 2-4 weeks 
later than the main planting .|me. 

Verification trial 3 	 Use of the carbofuran treatment,
 
superimposed on the unmodified
 
farmer practice, resulted i% a 850
 
kg/ha yield response (8 locations)
 

Verification trial 4 	 The carbofuran treatment, super­
imposed on the improved practice, 
increased yields by 700 kg/ha.
 
(I location)
 

Shootfly survey 4,5 	 Observations were made on three­
week-old plants. 
Maize planted early in each season 
showed shootfly incidence rang i ng 
from 1 to 30% in the raniny season 
and from 8 to 51% in the post. rainy 
season. 1ia i z p1 antetd 3-4 weeks 
late r in each soaneon showed shootfly 
incidences of up to 80%. 
These records, however, do not 
include those plants that died and 
disappeared ir the 3-week period 
between seeding and record taking. 
Thus the incidence of damage may 
have actual ly been higher than 
recorded.
 

Shootfly trial 4 	 Carbofuran treatment gave a 900 
kg/ha yield response (t location on­
station) 

Verification 5 	 Yield response of 746 kg/ha to 
carbol'uran application (3 locations) 

Source : MARIF, 1984-1986.
 

N.B. 	 Trials were planted early in cycles 4 and 5, leading to 
levels of shootfly infe,3tation lower than observed for 
neighboring farmers. 
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4.2 Plant population
 

Farmers overplant and thin largely due to their concern
 
about damage caused by shootfly, other insects and perhaps
 
because of other factors, e.g. seed quality and the p3ssibility
 
of a recurrence of downy mildew. Far-mers, who plant non-improved
 
varieties, typically employ very high plant densities, often in
 
excess of 150,000 plants per ha. Virtually all farmers,
 
regardless of variety, manipulate thuir plant stands (remove
 
damaged, diseased oi spindly plants) and usually harvest fewer
 
than 50,000 plants per ha. A number of OFR activities have
 
generated data on the issue of plant population. These are
 
summarized in Table 8.
 

Table 8. Summary of findings on plant population, 1984-1986.
 

Activity Cycle Result
 

Exploratory trial I A reduced initial plant stand from 
150,000 to 90,000 plants/ha 
increased yields by 700 kg/ha 
and reduced costs (5 locations) 

Verification trial 3 Increased plant stand at harvest 
from 55,000 to 70,000 plants/ha 
increased yields by 400 kg/ha, at 
reduced costs (11 locations) 

Verification trial 4 Increased plant stands at harvest 
from 53,000 to 61,000 plants/ha 
increased yields by 700 kg/ha at no 
increase in costs (1 location) 

Plant population 
study 

5 Increased plant stand at harvest 
from 55,000 to 71,000 plants/ha 
increased yields with 400 Kg/ha at no 
increase of costs (3 locations) 

..---------------------------------------------------------------


Source: MARIF, 1984-1986.
 

Results indicate that higher yields at lower costs are 
feasible through improved manipulation of the plant stand, 
including the use of a lower seed rate together with shootfly 
contr'ol. The yield can be further increased by ommission of 
thinning thus resultiNg in a higher plant stand at harvest. 

)etails of the results of the cycle 1, exploratory trial, 
containing data on the contribution of lower seed rates to yield 
improvement are shown in Table 9. 
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Table 9. 	 Effect of seed rate.
 
Exploratory trials 1st cycle, yields in t/ha ­
4 locations
 

Location Treatment 1) 
1 2 3 4 

1 	 2.5 1.9 2.4 2.4
 

2 	 4.1 3.9 5.1 5.5
 

3 	 2.8 3.9 5.0 5.0
 

4 	 2.4 2.1 2.3 3.3
 

Average 	 3.0 3.0 3.7 4.1
 

Marginal contribution 
at lower planted 
density 0.7 

) 	 Treatment I is the farmer practice, as selected and managed 
by the farmer. Treatment 2 adds on the ncw variety (Arjuna) 
to the farmer, practice. Treatment 3 adds on a lower planted 
density (90,000 plants/ha, thinned to 60,000 plants/ha at 3 
weeeks) plus the n,:w VII r iety. Finail y, tc.mLent. 4 adds t,o 
the above improved f'e'ti I izer management prect ic' (earlier 
nitrogen application, a]ong with a lower. niLrogen dos i of 
only 138 kg,ht, plus a phosphate app) '2 ion P O, of 90 hg/ha, 

4.3 Fe,-.ti 	I ; zer monagement 

I t %,_i'-, ob1 erved luring the exi)oratLorv survey and producLi.on 
survy i tI i,1 1984, that farmer's Yzyields were general] yma i 

hI-aessA /h:i despite high inputs ofl it t rogen chemical 
fert i Ii (:tn n, 1.c.ct of' manure. Under farmer ' praci i ce, the 

l)i i a amount-; ,,bout and weeksri 	 Itrogn il equal at. 3 6 

af ten se- .if' (.i>e k ttiolS in the field h,r4, 1i d;.i c I oured 

I,:ave du **I t 91'roe0th Vreqtuellt 10i ai,'l , si .e lodging spindly 
pl ants Al I th se ee tors poi nit? to arn iIiha I "n!e!I ut rien t 

(i" at, ci t. Ffrte, i I i zecI nsagemeoi. ,eLn med the 

foI ow irg q I ,e ,t' a, es t o the farmer' i r: iL :ce 1..' Tabl In 10., 
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Table 10. 
 Comparison of farmer- and alternative practices.
 

Factor 
 Farmer's Practice Alternative
 

N dose 
 162 kg/ha 9'1-138 kg N/ha
 

N timing 1/2 at 20 days 1/3 
at planting
 
1/2 at 40 days 2/3 at 30 days
 

P dose (-0-) 60-90 kg PaO/ha
 
-


A large number of OFR activities 
 were used to study
fertilizer issues. During the second cycle of experimentation, a
NPK factorial trial was conducted at four locations. In thiL 
same trial, observations were also made on 
the timing of nitrogen

application. Soil 
 samples from 5 locatiors in the study area,
 
were used for chemical analysis and for 
a fertilizer experiment

in the greenhouse. During the fourth and fifth cycles, the 
response of maize to combinations of nitrogen and potassium was
studied over Locations and seasons, while the response to
p1tassium applied in combination with nitrogen and potassium was
separately studied in the field. To thesupport fertilizer

studies in the field, greenhouse re.:!earch was also conducted.

The method of 
 the "double pot" technique (JANSSEN, 1974; BRUNT,
1982) was employed to examine 11 nutrients using soil from 5
locations. Responses of maize grown at similar, NP lcvels in other
trials, such as the varietal trial, were compared 
to maize grown

in fertilizer trials. 
 Detailed results 
 of these research

activities are given in the working papers. 
 A summary of OFR
 
results is given in Table 11.
 

Some of the individual fertilizer 
 trial results warrant
further description. In the cycle 2 
 fertilizer trials, for
 
example, responses to nitrogen and phosphate, and early iitrogen

application, were observed despite 
a prolonged drought.

Curiously, phosphate and potassium 
appeared to 'be good

substitutes in this trial 
set as each element only raised maize

yields in the absence of the other element. (See Tables 12 and
 
13).
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Table 11. Summary of findings on fertilizer management,1984-1986.
 

Activity Cycle 	 Results
 

Exploratory trial 1 	 Reduction in nitrogen dose from
 
farmer practice to 138 kg N/ha did not
 
result in a yield reduction.
 
Application of phosphate with
 
90 kg PO/ha increased yields
 
with over 1 t/ha (5 locations).
 

Fertilizer trials 2 	 Yield response of 700 kg/ha waen
 
nitrogen increased from 46 to 138
 
kg/ha. Yield response of 150 kg/ha
 
to phosphate') dose (drought during
 
this cycle). No effect of potash on
 
yields, in thc presence of phosphate.
 
Change in nitrogen timing gave yield
 
increase of 350 kg/ha compared to
 
later application (4 locations)
 

Verifications 3 	 Improved fertilizer management
 
increased yields by 1100 kg/ha
 
(11 locations)
 

Fertilizer trials 4 	 Reduction in N from 138 to 92 kg/ha
 
led to no yield decline. Application
 
of 45 kg POs/ha led to 420 kg/ha
 
yield increase. No strong nitrogen
 
phosphate interaction (2 locations)
 

Verifications 4 	 Improved fertilizer management
 
lower nitrogen dose, earlier
 
nitrogen and phosphate application
 
led to 1.7 t/ha yield increase.
 
(1 location)
 

Fertilizer trials 5 	 Reduction in nitrogen from 138 to 92
 
kg/ha did not result in yield decline.
 
Application of 90 kg P2 05 /ha led to
 
360 kg/ha yield response (2 locations)
 

Verifications 5 	 Improved fertilizer management increased
 
yields by 490 kg/ha (3 locations)
 

Source: MARIF (1984-1986)
 

1) Deep placement of the 	phosphate chemical fertilizer is of 
importance. A placement deeper than 10-15 cm below the soil
 
surface level is optimal, and can only be obtained by deep
 

ploughing or by application with a tractor. Farmers in the
 
study area do not have access to these alternatives in the
 
foreseeable future and will continue to use the plant stick
 
for phosphate application. However, after weeding and hilling
 
up is carried out at three weeks after seeding, the phosphate
 

is covered by 5-15 cm of soil.
 

23
 



Table 12. 	 Effect of fertilizer levels.
 
Fertilizer trial 2nd cycle, yields in kg/ha ­
4 locations
 

N level (A&/ha) 	 P and K level'' (kg/ha)
 

P 0 P 135
 
K J K 50 K K 50
 

N 46 3100 3406 3428 3348
 
N 138 3790 4079 4165 4042
 

Nitrogen response over levels of phosphate and potassium
 
699 kg/ha of maize.
 
Phosphate response over levelk of nitrogen, in the absence
 
of potassium : 350 kg/ha of maize.
 
Potassium response over Levels of nitrogen, in the presence
 
of phosphate : 102 kg/ha of maize.
 

1) 	P(phosphate) and K(potassium) appear in this trial to
 
be good substitutes. The reason for this is not clear.
 

Table 13. 	 Effect of nitrogen application timing.
 
Fertilizer trials 2nd cycle, yields in kg/ha ­
4 locationa
 

Treatment Description 1) 	 Yield
 

I 	 One third of the N applied at planting,
 
the rest at 30 days after planting (DAP) 3790
 

2 	 Half of the N at 21 DAP,
 
the rest at 42 DAP 3434
 

Difference 	 356
 

I) 	 Fertilizer dose for both timing treatments was 
138 - 0 - 0 NPK (kg/ha). 

In the fertilizer trials in cycle 4, a reasonably good
 
response (420 kg/ha of maize) was observed to a fairly low dose
 
of phosphate (only 45 kg/ha of P 20S) at two levels of nitrogen
 
application (Table 14).
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Table 14. Effect of phosphate applications at two levels of
 
nitrogen. Fertilizer trials 4th cycle, yield. in kg/ha
 
2 locations
 

P dose N dose
 
(kg/ha) (kg/ha)
 

N 92 N 138 Average
 

P 0 3560 3590 3575
 

P 45 4055 3935 3995
 

P 90 3755 4010 3883
 

P 270 4490 4240 4365
 

However, the most convincing evidence of the effect on 
yields of the whole package of improved fertilizer management 
practices (less nitrogen,, more phosphate, earlier split 
application) comes from the verification trials. Table 15 
presents the effect on yields, by location, of improved 
fertilizer management for three cycles of research. It shows that 
the improved fertilizer management practices results in an
 
average yield increase per hectare of over one ton. 

Summarizing these results, the evidence obtained so far indicates
 
that farmers can profitably use less nitrogen. Improved timing of
 
nitrogen application also seems quite important. Financial
 
resources previously used for high doses of nitrogen may
 
profitably be spend on phosphate application. The need for
 
potassium and sulphur on maize in the long terr seems likely.
 
However, so far not enough evidence on the profitability of these
 
elements has been obtained. It should be noted that the response
 
of maize to fertilizers was studied in trials where shootfly
 
control and improved plant population were uniformly 
implemented. This approach anticipates the likely path of farmer 
adoption, whereby adoption of plant protection measures and 
improved plant population management will probably preceed 
innovations in fertilizer management.
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Table 15. Effect of improved fertilizer management.
 
Verification trials cycles 3-5, yields in kg/ha ­
15 locations
 

Location No. Cycle Improved Improved Increase 
(village) of practice plus practice plius in 

trial farmer - improved - yields 

t'ertitizer fertilizer 
management 1) management 2) 

................................................................. 

Sukoanyar -1 3 2570 4097 1527 
Sukoanyar -2 3 1647 3587 1940 
Dengkol -1 3 4796 4942 146 
Dengkol -2 3 4007 5612 1604 
Pakisjajar -1 3 2463 3493 1030 
Pakisjajar -2 3 4772 5617 845 
Pakisjajar -3 3 1911 3887 1976 
Randu Agung -1 3 3105 4433 1328 
Randiu Agung -2 3 3897 4860 963 
Argosari 3 3933 3696 237 
Keman t r in 3 2143 3671 1528 
P>ak Lsjajar ,4 4405 5445 1040 
Pa k i sja .j ar -1 5 2783 .1002 1219 
Pil sjajar -2 5 5283 4876 407 
Sumb-rv-ekar 5 3504 .1165 661 

Average 10I1 

t Farmer pract. ice, plus Arjuna seed, the improved plant 
population monageme)t, and c[-op prot.ection (carlofuran). 
The farmer's fertilizer management. practice varied from 
locat ion to location, but typically incluied high n i trogen 
(loses (in (!xccss of 150 kg/hn) appl i ed in two equal dose-s, the 
firsi, of wh ich oo in i ded qi t.h the first weeding at. about, three 
weeks .t 'tel' s",' ding ci t'hout any phosphate and the second ahout 
SiN ( s a tliIf see ding.
Tht i r) ov 'd fe r ti,i I Z er ) ra c s e1 kg/hamanagerien t t.L ic ised 46 
rit. roqfen ,nd 92 kg/ha 11oa1phate ippl ied at seePding und an 
addit ional 0 k.g/ha ni.trogen applied at 30 days after se,.eding. 
Other ,irat i.:-s the; a ie. 

The et0 n orl i cs of i p11)rov ed fert i Ii zer managemen t arn, 
reasonably attract i ve. Costs that vary are as follows: 
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Table 16. Comparing cost t.:at vary of fertilizer applications
 
(Rp/ha)
 

Category 	 Farmer's practice Alternative
 

Nitrogen dose 162 kg/ha 92 kg/ha
 

Nitrogen fertilizer 44,000 25,000 ')
 

Phosphate fertilizer (92 kg/ha) 0 25,000
 

Additional labor cost
 
for fertilizer application 0 	 2,000
 

Total 	 44,000 52,000
 

I)1 kg urea (46 % N) Rp. 125 
1 kg TSP (45 % P205) 1p. 125. 

The inrascd costs of Rp. 8,000 can be recovered with an 
ins ign ifi cant, yield increase of 73 kg/ha, taking a maize f'ield 
price of Rp. 1 10 per kg. Agronomic data indicate, however, that 
the expected response is of,.en over 1 t/hn. ; see Tahle 15. 

4.4 Variety
 

Variety trials were conducted in four of five cycles. A 
Lotal of 19 trials were planted, with I to 2 locations per cycle.
 

The Objectives of the variety trials were: 1) to study the 
performance of i mproved varieties under representat. ive 
conditions an1 2) to compare these improved variet.ies with 
var ie ties wj;ed by farmers. Improved management practices were 
used throughout. ILay-out , management and observations for each 
of these trials were roughly similar over all crop cycIes and 
are described in detail in the working papers. Arjuna from the 
seed stock of the MARTF was used as reference for all cycles. A 
summary of these results is presented in Table 17. 

Tabl e 17. Comparison of varieties. Variety trials cycle 
1, 2, .1 & 5, yields in kg/ha - 1.1 locations 

Entry Cycle
 
1 2 4
 

Muneng Synthetic 5108 4130 3479 4689
 
Suwan 1 
 5045 1065 - -

Arjuna (MARIF) 4835 4064 3975 5087 
Hlarapan ( farmers) 4963 3680 - -

Malang composite - 3978 3401 5302 
Hybrid C-I - 1243 4336 4696 
Hybrid CP1-I - - 4027 4995 

No. of locations 4 5 3 2
 

'J 	 Data on trial management and layou., and statistical
 
significance can be found in the individual working papers.
 

27
 



-----------------------------------------------------------------

-------------------------------------------------------------------

Experimental data from individual trial sets indicate 
 thatthere is little yield difference between hybrids, recently
released improved varieties (Arjuna), improved varieties released
 more 
than a decade ago (liarapan), and experimental materials riot.yet released. 
 There is as yet insufficient evidence to make 
 a

direct comparison 
between local, unimproved varieties (Genjah
Tongkol, Goter) and any of the improved materials.
 

4.5 Verifioatione
 

Verification trials 
 with large plots and replicated over
farmers, were conducted in cooperation with extension workers in
cycles 3, 4, 5. The objective of 
these trials was to double-check
tha consistency of yield responses and net benefits for the
alternative practices described in previous seet ions.Treatments, lay-out, management and observations for each cycleof these trjials are described in detail in the relevant working 
papers. 

Verification trial. treatments were changed between cycles 3aod 5, as researchers improved their understanding of farmers' 
)roblems and likely solut ions. Treatments that were common to
hoth (!)-c Ies of trials and their corresponding yields, 
 are 

summari zed in Table 18. 

Table 18. Comparing farmer practices with alternative practices
Verification trials cycles 3 and 5, yields t/hain ­
14 locations 

Treatment') 
 Dry grain yield

No. V P F C 
 Cycle 3 Cycle 5
 

(11 locations) (3 locations)


1. F F F F 
 2.2 
 2.4
 
2. I I F I 3.2 
 3.9
 
3. I I I I 4.4 
 4.4
 

V)V = variety F = farmer's practice

P = plant population I = "improved" alternative
 
F = fertilizer
 
C = crop protection
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An economic analysis of these verifications has been carried 
out. The marginal rates of return of the increased investment 
increments are shown in Table 19. 

Table 19. Comparing marginal rates of returns between t reatments 
Verification trials cycle 3 and 5, at 1986 p-ices 

Treatment Change 
Marginal 

Cycle 3 
Rate of Return in 

Cycle 5 
% 

Ti -­ > 2 150 725 

Tz -- ) 542 167T3 

See Table 18 for treatment descriptions. 
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5.0 DEVELOPMENT OFRESEARCH THEMES AND PRIORITIES . " .
 

'Research priorities have not remrained static during the
 
three years of research in the study area. Some themes thought
 
to be of importance were dropped; other topics, initially under
 
rated, have taken their place. This is a natural consequence of a
 
continuously improved understanding of farmers' cir--umstances and
 
problems. Salient features of this evolutionary process include:
 

Variety
 

In early research cycles, variety was thought to be a key
 
factor. Research data show, however, that under improved
 
management conditions on representative farmer's fields, many old
 
recommended varieties perform equal to ArJuna and the commercial
 
hybrids. The relative performance of unimproved local varieties
 
remains to 'be checked. Hence variety is receiving a lower
 
research priority.
 

Shootfly and seed quality
 

The' importance of the shootfly and seed quality and their
 
effects on plant population and fertilizer efficiency, were
 
ini.tially under-rated. The shootfly problem recognized as
 
important from cycle 2 onwards, has been fairly well studied, and
 
is now declining in importance. Possible seed quality factors
 
were recognized later and are presently pursued.
 

Fertilizer: nitrogen and phospate
 

These factors were recognized early and' subsequently
 
thoroughly studied. Research activities as such are now about to
 
be finished al'though verification and farmer assessment continues.
 

Fertilizer: other nutrients
 

Soil test data and greenhouse experiments indicated
 
deficiencies of potassium, sulphur, zinc and magnesium,
 
However, the application of potassium, sulphur and zinc in the
 
field has not led tor significant increases in yield.
 
Consequently, the research attention on the role of these
 
elements has declined in priority.
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6. METHODOLOGICAL ASPECTS
 

The present maize on-farm research activity in the District
 
of Malang is the first OFR conducted at MARIF. In line with the
 
principles of OFR, the main objective is to develop practical
 
recommendations for the target group of farmers. Considering the 
pioneering role of the present research efforts, a second
 
research objective was included: "To try out OFR procedures in 
order to acertain their appropriate roe within the mundate of 
HAR IF". 

The present study, as indicated in the introduction 
(chapter 1 ) , generally follows the on-farm research method-logy 
developed by CIMMYT. It goes withouLt saying, however, that 
detailed solutions had to be worked out, that were adapted to 
local condtitions. 
In this chapter four issues will be discussed, which required 
special attention : 
- The diagnostic process 
- Statistical analysis of on-farm trials 
- Cooperation with farmers in on-farm trials 
- Interactions between surveys and experimentation. 

The diagnostic process 

The diagnostic proc'ess is based on the analysis of previous 
r'esearc h finad i ngs f'rom experimentation and surveys and is carried 
out after each crop cycle. An essential aspect of this diagnostic 
process, is the use of diagrams. For each problem identitfied, a 
diagram is coisL ructed showing the relationship be tween the 
problem and its possible eauses and solui tions. others are used to 
show the relationship between various problems, The use of this 
tool al lows Lhe t eam to quick ly review progress to date and set 
priorities for future activities. 

Statistical analysis of n0-farm trials 

An analyt i cal problel is the stia ist. iCi i antalysis over ('cop 
cycles. Some research Lopics requi red att.ent ovl c'er several crop 
cyclesw. The experience obtained rrom a particular crop cycle led 
in a iumbe r o)f c'ases t o adjasL1.nt.11t of a spec i "i(e 1.reatillel I. o' 
to a redesign of the t. ria in the subsquenLt c'yc9le. This had led 
to r'epercussiors on stat is tical analysis, because imbaLan-ed 
designs had t.o be analyzeld over crop cycl s. A second problem 
exp-rienced is It .heneed1 to o()r2 .cc. varian1lces0 oni the basi.s of' 
Barlet 's testL for homogn,.i ty )rIvar'innce !see COCHRAN and COX, 
1957; and SNEDECOR and COCHRAN, 19O), when 'omparing ata over 
locat ions tand crop ,-ycles. 

Another issue is that particular topics were studied in 
more then one trial set.. For example, a particular f'ertilizer 
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dose was studied in specific fertilizer trials as well as in sets
 
C vxerifioation trials. 

In these cases only main trends can be given when comparing such 
sets of tr ia]s over locations, seasons or with di fferent plot. 
sizes. 

Cooperation with farmers 

Cooper-atiion with farmers in joint on-farm triO l w-as 
airanged along the fol lowing sequence of steps: 
- ni'rmu[ating hypotheses, on the basis4 of previous findings 
- S Ilect ing representat, ive villages and contact persons ini these 

v I I I 
-- Se]viig thr .> Or, - onta"L persons up to Six falmer's pei 

vi Illage who were w 1 1 ing to cooperate and whose farms were 
relsretnt.;v, for the study area 

- ak i ng an or ! arrangement w i th each toorera Ling f'armer, to work 
together on the basis of mutual benefitCi , i.e. without 
financial chnrge, by one party to the other. 

The cooperating farmer: 
- to contribute his land and Iabour 
- to carry out all management steps as usual: land preparation 
- to receive the benefit of the yield after final observations 

have been carried out. 
The MARIF team to:
 
- contribute seed, fertilizer and chemicals as required by the
 
specific trial design 

- plant the trial together with the farmer 
- carry out those management aspects, as required by the specific 

trial design e.g. fertilization, crop protection, or 
thinning in cooperation with the farmer 

- carry out the observations as indicated in the trial design, in 
cooperation wihl the farmer, including the weighing of the 
harvest. 

- compensate for crop failures caused by the inplementation of 
the trial. In over seventy trials, this was only once required 
for a particular crop protection trial. 

Interactions between surveys and experimentation
 

An important choracteristic of an OFR program is the close 
relationship between surveys and experimentation. Yet this does 
not imply that findings between surveys and experiments will be 
always consistent . A case in point is the shootfty problem as 
experienced in the pre aent program in Malang. 

The reason for this arrangement is that the farmer maintains a 
direct interest, in the result of the trial, ie will keep 
this int.rest in mind ,judging the result of the alternative 
technologies tested.
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The initial exploratory survey indicated that farmers were
 
familiar with the occurrence of shootfly, but were of the opinion
 
that this had not much impact on yields. This issue was followed
 
up in the formal maize production survey. In this survey it was
 
found that only 15% of the respondents believe that shootfly
 
occurrence reduced yields.
 

Initially, we ware unprepared for the heavy shootfly damage
 
and consequently heavy yield losses occurred in the trials in
 
crop cycles I and 2. During the third trial cycle, when problem
 
was tackled, the verification trials showed a large yield
 
difference between untreated and treated fields for sho'tfly.
 
This result was substantiated in later trial cycles, and has been
 
discussed in chapters 3 and 4.
 

Further shoofly surveys contributed to the researchers' 
understanding of the frequency and severity of shootfly attack, 
for early versus late plantings, and by crop cycles rainy vs.
 
post-rainiy season. 

33
 



7. FUTURE RESEARCH
 

As outlined in the previous chapters the MARIF 
maize OFR
program hPs resulted in develoument of recommendations 
 for maize
production. These 
 recommendations enable farmers 
in the study
area to double roughly maizetheir yields, while requiring onlymodest increases in terms of inputs and simple improvements inmanagement practices. isIt believed, that abovethe yieldincrease is wit. hin the scope of most farmers, as all aspects ofthe improved methods were easily understood H{y the cooperatingfarmers whose conditions are representative for the study area. 

Yet research is never completed and in the following a briefoutline is presented of topics currently given attention: 

Future activities in the present study area in the young volcanic 
soils: 

- t'o comp Iete ontheLresearch outstanding issues, including
variety and rcop protectionl problems- to expand veri fication of the new recommendations 
 in
cooperation iL h extension workers, eventually covering theentire recommendation domain outside the Malang District.- assessment by farmers of the al ternative management practicesdeveloped through study of early adopters of theserecommend.,ations new

in the villages of the cooperating farmers.- extrapolation of the results obtained from research in thetarget study are. otherLo district in East Java with similar 
physical socio-economic conditions. 

Initiation 
 of OFR research 
in other 
areas with other crops and
different physical 
and soeio-economic conditions.
 

In January 19t82 ,ork was init iated in a second study area withcrop associations 
 of maize, cassava 
 and grain legumes on
limestone soils in land below 60(0 metres a.s.1.An exploratory survey was conducted in January 1986 followed byexploratory trials during cycles 5-6 aimed at fertilizer andvariety problems. A maize cassava production survey hasplanned for January 1987 and will be 
been 

followed by further
experimentation. 

1) 
During the course of the 
5th and 6th OFR trials a new yield
reducing factor was observed being 
causer by Peronosclerospora
maydis (downy mildew). At present the scope of the problem ischecked and further research will be conducted as required.Note that practically no downy mildew damage was observedduring crop trial cycles I to 4.
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Systems Perspective. 
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Malang 65101, Indonesia. 
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MARIF MAIZE ON-FARM RESEARCH PROGRAM WORKING PAPERS
Annex 2. 


Status
Number 
 Title

of 


Completed Planned for

Paper 


1. 	 Joint Proposal for the MARIF
 

On-Farm Research Programme for
 
Jan. 1984
Maize, 	5 pp. 


A Maize 	On-Farm Research Pro­

gramme - Development of a
 
Apr. 1984
 

2. 


methodology, 52 pp. 


3. 	 Trials results of the MARIF
 
Maize On-Farm Research Pro­

gramme -1984 
First Dry Season,
 
Sept.1984
17 pp. 


4. 	 Report on study tour to
 
Sept.1984
Thailand - August 1984, 12 pp. 


5. 	 Synopsis: The MARIF On-Farm
 

Research Programme for Maize
 

based farming systems, 12 pp. Jan. 1984
 

the MARIF
 

On-Farm Research Programme for
 

Maize based Farming Systems,
 
Mar. 1985
 

6. 	 An Introduction to 


20 pp. 

7. 	 Report on the Trial Results -


Series no.2 Rainy season
 
May 1985
1984/85, 24 pp. 


8. 	 Report on the Maize Survey -

May 1985
December 1984, 40 pp. 


9. 	 Report on the Trial Results -


Series no.3 Dry Season 1985,
 
June 1986
18 pp. 


10. Note: The Shootfly Issue, 24 pp. 	 Aug. 1985
 

11. 	 Notes : On-farm maize seed
 
June 1986
storage, 7 pp. 


12. 	 Notes : Inputs in maize on-

June 1986
farm trials, 5 pp. 


13. 	 Costs and Benefits of On-Farm
 
Jan. 1986
Research, 12 pp. 


14. 	 Report on a study tour to
 
August 5-14, 1985, Sept.1985
Thailand ­

Sept.1985
18 pp. 

15. 	 Report on the Trial Results
 

Cycle 	no. 4 -Rainy season
 
June 1986
1985/86, 20 pp. 


Downy Mildew Issue, 12 pp. May 1986
16. 	 The 

May 1987


17. The Second 	Shootfly Report 


18. 	 Report on the exploratory survey
 

in the limestone area with
 

maize/cassava based farming
 
May 1987
systems 	- Jan.1986/Feb.1987. 


19. 	 Report on the Trial Results
 
May 1987
Cycle no. 5, Post-rainy season 


1986.
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Annex 3. CLIMATE
 

Weekly rainfall data over the period 1967-1985 for the
 
subdistricts 
 Singosari ard Wajak are presented in Figure 7.

The figure shows the 75%, 
 50% (median) and 25% rainfall 
probabilities and the average weekly rainfall. Palawija cropping
on tegal requires on average 25 mm rainfall per week. At 
S ingosari, the croppitng period generally starts at the end of
Octoibet' with the onset or" rains and terminates by mid May. During
this period of appro'ximntely 200 days with sufficient rain'aiw,
the anrmers can cultivate two maize crops maturintg in 95-100 
daysSi. However, once in two years (median), the rains may sLart in 
mid Nov ember, bt aIsa may stop in early May. Under these 
wealhe r dit. ions, the cropping periad is reduced from 197 days
with sufficiont rainfall to 165. After cultivation of a rainy 
season maize Prop maturing in 95-105 days, rainfal for a post.­
rainy season crop is sufficiient up to flowering. Consequently,

this crop only 
 can matLure on residual moisLure and largely
depends for g raira product,ian on the water -holding capacity of
 
the sail. 

At Wajak ttv growth season generally startLs by the end of 
October and terminates by the end of June. Once in two years the
 
growth 
 season may start not before mid November, wlhile rains
 
could abrupt;ly cease between mid and the 
end uf may. Under those 
condi t ions, the average grow th period is reduced from 240 days
with sufficient rainfall to 190, which is still enough to 
cultivate two subsequent crops. Unfavourable weather conditions,
do occur once in four years (75%) and may further reduce the 
growth period to only 120 days with sufficient rainfall. This
situL, ion , severely hampers the grain filling of tihe post-rainy 
season crop in such years.
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Figure 7. 	 Average weekly rainfall data and 75, 50 (median) and
 
25 percent probabilities in the study area.
 
Compiled i'rom data
rainfall from the subdistrict
 
extension office of Singosari and Wajak (1967-1985).
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Annex 4. SOILS
 

In the District of Malang, four major soil types can be
 
distinguished, as shown in Table 20.
 

Table 20. 	 Dominant soil types in the District of Malang
 

Soil type Occurrence
 
(%) (ha)
 

Alluvial 	 9 33,775
 
Young volcanic 36 135,115
 
Volcanic ash 18 	 67,555
 
Limestone and
 
Lithosol 	 37 138,870
 

Total area 	district 375,315
 
Tota] agricultural area 	 221,200
 

Source: ANON. (1984
 

The table indicates that the area with young volcanic soils 
'ompr'-s:s 135,115 ha of which about 105,00( ha is for tegal 
crop:s. I this, 80,000 ha is annually used for maize pruduction.
'[he j,'uiert :study area covers 30,000 ha from this area. Soil 
type and extens ion in the young volcanic area nre presented in 
Table 21 . 

Table 21. 	 Soil type and occurrence in the young volcanic area
 
in Ma 1ang.
 

Soi Ltype') Occure nce Soi l taxonomy2 

(%) tha) 

Latosol 60 62,620 Inceptisol
 
Regosol. 26 27,865 Entisol
 
Mediteran 7 7,715 Alfisol
 
Brown forest 6 6,180 Inceptisol
 
Others 1 1,340
 
Total. 	 100 105,720 

11 SRI (1978).
 
2) USI)A/SCS (1975).
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The Inceptisol and Entisol make up the major part (with over 85%) 
of the land in the young volcanic area. A general characteriza­
tion of the main soil types is as follows: 

rNCEPT[SOL (LA TOSOL) 
These soils Rre often called "laterite soils". Geogrnphically 
they a1. situated between volcanic a.h soils (Andosols, occurring 
at higher elevation > 1300 in) and Medi reran soils, and are 
,derived from volcanic tuff and rock. Latosols have good physical 
properti, s, R good naturalI drainagt' are deep and tClernnt to 
erosion. They hnv't a well developu A--Bc2-t profile, a loamy to 

clayey txture and a low organic matter content.. Trhe soil 
fertility, how, ,.,er, is medium to low. The agricultur al potentiai 

may inc tease coic iderab13, by the use of chemical fertilizers, 
munukor'e and irr i got ion. Their' rvsponse to iii trogen and phosphate 
fort ilizatiun is good. Often they are deficient in phosphate and 

)otassium1) a in such sulphur,an l ethernutrients as magnesium, 
ic and Fe r rum, 

Inceptisls are suitable for the cultivation of dry-seeded rice 
and pal awi ja crops, but also for cash crops such as tobacco and 
fruit crops. Under conditions of limited water availability, 
forest tropti ing dotminates. 

ENTSOL fREGOSOL) 
The Regosols are found in undulating hilly areas and imiddle 

slopes of mountains. They commonly have a weak developed A-C 
prof'i Ie, a light soil texture (sandy) and high permeability. 
Consequently, the water-holding capacity is low. Their low 
agricultural potential is due to a low organic matter content, 
low availability of phosphate and potassium and a high 
susceptibility to drought and erosion. Regosols are only 
marginally suitable for dry-seeded rice and palawija crops. Often 
the post-rainy season crop can be characterized as a risk crop. 
Due to the risks involved in food crop production, the entisols 
are often used for forestry. 

ALFISOL (MED7ITERAN) 
Al.fisols occur on the Foot-hills of the mountains and itt rolling 

hilly areas. They are geographically situated between the 
Alluvial and Latosols and are derived from volcanic material and 
limestone. Alfisols texture are medium (sandy-loam), subject to 
erosion, have a medium soil fertility and are used for tegal 
farming. With supplementary irrigation, one rice crop followed 
by one or two palawija crops can be grown. Without irrigation 
rice-plawija or palawija-palawija cropping patterns are 
possible. Due to the sometimes limited waterholding capacity, 
Alfisols are also used for forestry. 
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