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CENTRO INTERNACIONAL DE MEJORAMIENTO DE MAIZ Y TRIGO

INTERNATIONAL MAIZE AND WHEAT IMPROVEMENT CENTER

Londres 40, México 6, D. F.
Apdo. Postal 6-641
Cable: CENCIMMYT

July, 19717.

Dear Colleague:

Enclosed please find the information on the International Network of
Agronomic Trials on Maize as a model to be carried out in farmer's
fields, as agreed in the San José, Costa Rica, meeting on the 16th
and 17th of March, 1976.

We feel that the formation of this network of trials is a positive step
in the efforts to increase maize production in this region. It comple-
ments the international network of trials on experimental varieties
and progenies that have been developing in cooperation with national
programs in Central America and the Caribbean.

We will appreciate your prompt return of the enclosed field book re-
quest blank. Please indicate how many you would like to receive.
We kindly request you to send trial data and information as soon as
harvest is over.

Awaiting your news, we remain cordially yours,

Willy Villena D. Roberto F. Soza
Maize Breeding Maize Production

Enc.
WV/RFS:mept



REGIONAL MAIZE PROGRAM FOR CENTRAL AMERICA AND THE
CARIBBEAN |
INTERNATIONAL NETWORK OF AGRONOMIC TRIALS
GENERAL INSTRUCTIONS BULLETIN

.QEEEi Maize

Place: Farmer's field

~ Objective: The International Agronomic Trial Network is designed to test, ga
the;‘, ‘'share technical information, and to economigally raise maize yields in |
thev Central American and Caribbean countries. It pretends to standardize the
research system which is applied in the farmer's fields so that more efficient
and practical results can be spread quickly among the farmers with less tech-

nical training in each of the countries of the region.

Procedure: Annual work sessions will be held with scientists responsible for
- the national maize production and research in each country. The purpose will
be to exchange experiences, outline necessary research and plan the produc-

tion strategies which shall be followed.

In the meeting held in San José, Costa Rica, on March 16 - 17, 1976, scien-
tists representing each country agreed to develop production programs based
on the massive conduction of demonstrations and production research trials
on farmers' fields. This is by applying a standardized system to facilitate

_thel-conduction and later the exchange of results.

In accordance with the results obtained in the 1975 production program, scien-
tists approved the design and execution of the following demonstration and pro-

duction research trials at farmer's field:

1) Simple Demonstration Trial (Verification).
2) Evaluation Trial of Production Factors.

3) Superior Varieties Trial.



4) Fertilizers x Densities Trial.
5) Insect Control Trial.

6) Weed Control Trial.

7) No - tillage Trial.

8) Grain Storage Trial.

These trials are standardized acéording to the system; nevertheless, the tech-
nical details of the treatments must be formulated by the responsible national
scientists in accordance with the existing basic national research and the avail-

ability of production products in the markets in each country.

CIMMYT committed itself to prepare and distribute the field books in the a -
mount required by the national programs in accordance with the cofresponding
trials. So that summaries conclusions and recommendations can be drawn and
presented, we urge that cost and harvest report forms be filled out, in accor-

dance with the instructions, and be immediately sent to CIMMYT.

Following, trials are described indicating design and execution instructions

for each of them.



TRIAL NO. 1

Simple Demonstration Trial

(Verification of Technological Alternatives)

CroB: Maize

Place; Farmer's Field.

Objective: To compare grain yield and the net economic income per unit area
in accordance with three cropping methods: 1) Farmer's Practice, 2) Inter-
mediate Technology (Minimum Cost) and 3). Complete Production Technology.
In each of these three types of cropping methods, the performance of the Local

- Variety (Criollo) and the Improved Variety (Hybrid), which has been locally

: adapt'ed, is tested in order to quantify the advantages of the last one over the
first one: It is suggested that this trial be conducted in large numbers (over
100) m each country since this trial is in itself the key to the rapid and direct

. transfer of technology to the farmers. It is important that the demonstration

trials be distributed in an approximately equidistant manner in the area selected

for execution; this is so that the radius of separation amongst them will not be

too big, and, therefore, and effective technological influence will be exercized

on the area farmers.

Plot No. T REATMUEDNTS

Improved Variety (IV) with ''Intermediate Technology' (IT).
Local Variety (LV) with "'Intermediate Technology'' (IT).

Improved Variety (IV) with "Farmer's Practice" (FP).
Local Variety (LV) with ""Farmer's Practice' (FP).

Improved Variety (IV) with "Complefe Production Technology'' (CPT).
Local Variety (LV) with ""Complete Production Technology" (CPT).:

DU bW DN



DESIGN

OF SIMPLE DEMONSTRATION TRIAL

: I
Intermedilte Tech- Farmer's|Practice Complete lf’roduction
nology |(IT) (FP) Technology (CPT)
Improved Local Improved Local Improved Local
Variety Variety Variety Variety Variety Variety
(IV) (LV) (V) (LV) (Iv) (V)
150 m2 150 m2 150 m2 150 mg 150 m2 150 m2
Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6
&10 rows—)

Approximate area: 1000 m

2

The test plots are distributed in this manner so that farmers can easily see

the differences in color, plant development and yield differences at harvest

between plots cultivated with their production practice (plots 3 and 4 in the cen-

ter), plots 5 and 6 on the right, with the recommended technology, and plots

1 and 2 on the left, which follow the "intermediate technology''.

Plot's Size: Plots 20 m long by 10 rows wide and separation between rows of

75 cm; (150 m2 per plot). The area of plots 3 and 4 will depend on the distance

between rows used by the farmers, (from 90 to 120 cm).

Total area of the trial: Approximately 1000 m2.

20
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DESCRIPTION OF THE PLOTS

Plot Number Distanca bet-  Distance between Number of
No. Plot's Size m° of rows Rows' Length ween rows cm plants cm seeds per h§11 Thin to
1 150 10 20 75 50 2a3
2 150 10 20 75 50 2a3d
3 ‘I Depends on the 10 20 - | Dcpends on the - farmer's practice-
4 distance used - 10 20 1 distance used farmer's practice
by the farmer. } by the farmer.
150 10 20 75 50 2a3
150" 10 20 75 50 2a3

o s

PLANTING PROCEDURE AND DESCRIPTION OF FARMER'S PRACTICE,
INTERMEDIATE TECHNOLOGY AND COMPLETE
PRODUCTION TECHNOLOGY

Site and Soil Selection for the Trial.

Special care should be taken in the selection of sites for planting trials, so
climate, soil and topography characteristics be representative of each area.
Select easy access sites for local farmers. Plots must be flat or with uniform
slope without depresions, so that water will not stand there. Its texture, as
well as its structure, must be uniform. It should be sufficiently far away from
irrigation ditches or creeks that would present a flooding threat. They must
be away from fences and trees that would create shadows. It is advisable to
obtain soil samples before plantiﬁg so that a chemical analysis be conducted
with the purpose of determining the amount of nutrients and to correlate the
results from grain yield with the analysis: In order to obtain the samples, fol

low the instructions given by the soil laboratories of the respective countries.

A) FARMER'S PRACTICE (FP) (Plots 3 and 4).

1) First, plant the plots assigned to the farmer's practice; number them 3 and

4.

-

2) Place these two plots in the center of the area which was chosen for the trial.



3)

Proceed to plant these two plots in the way accustomed by the farmer.

It is very important that these plots be planted first so that the farmers

will not be influenced by the Intermediate or Complete Production Techno-
logies. This influence has been observed several times when plots assigned
with technologies were planted first. This would mislead the objetive and
the results of the demonstration trial. The "Production Specialists" who
are in charge of the trial should observe and take notes on the procedure
employed by the farmer. This will allow later comparison as well as eva-

luation on the advances in adoption of the recommended technology.

It is recommended that the "Production Specialists' physically participate in

planting these plots and that they carefully follow the guidance of the farmers

in order to show them that the test implies team work and cooperation in all

of its phases and that the success or failure of it will fall on both sides.

B) INTERMEDIATE TECHNOLOGY (IT) (Plots 1 and 2).

1)

2)

Once the plantmg of plots 3 and 4 has been finished, plots 1 and 2 should be
planted. Special care must be taken in explaining in detail.to the farmers
the procedures that they must follow and one must work beside them so mis

takes be avoided.

The "Intermediate Technology'' will be formulated in accordance with the
Farmer's Practice. Production factors will be improved in such a way
that they will not affect much the total costs, such as good plant density
and distribution, better manual weed control, use of an efficient insecticide
and intermediate application of fertilizers which will be between the dose
used by the farmer and the one recommended by the "Complete Production

Technology', this is 50 kg/ha of nitrogen and no phosphorous applications.

C) COMPLETE PRODUCTION TECHNOLOGY (CPT) (Plots 5 and 6).

This technology must be in agreement with the recommendations given by the

National Institute of Agricultural Research or by related agencies responsible



for research for specific areas in each country. The following is an example -

of this:

1) Soil Preparation:

Soil preparation for plots 1, 2, 5 and 6 must be done prior to the planting by B
the participating farmers to make sure that the soil is as level as pos"sible,
soft, and free of clods.

NOTE: It is recommended that some trials be run without soil preparation.
The objective is to evaluate and introduce the method of planting without soil
preparation (no-tillage) which could bring great benefits from the economic
point of view and time savings. One week before planting these trials, pro-
ceed to cut tall weeds and stubbles. Planting can be done immediately through
the use of a handspike or furrow plowed with either oxen or tractor. Then, a
mixture of 1.5 kg/ha of Gramoxone (18% Paraquat) and 1.5 kg/ha of Gesaprim
50 (Atrazine) should be applied. It is not recommended to burn the stubbles
and weeds since a layer of vegetative residuous (mulch) has demonstrated to
be an important factor for the no-tillage system. Drill furrow application of
ammonium sulphate or nitrate is recommended to avoid volatilization loses of
nitrogen. Urea can be used only when it is immediately covered with soil or
when there is enough rainfall after application. '

2) Fertilizers:

a) Nitrogen: 100 kg/ha of N; apply 50% at planting and 50% when plants reach
60 cm height (approximately 40 days after planting). If urea is used (46%
N), then the total appliéation must be around 218 kg /ha. Urea application
at planting should be well distributed along the furrow (preferably per hill
near the seed) and it should be covered with the soil edges of the furrows.
~ The second application of urea can be done by drill or hill placement between
the rows near the plants. Urea should be covered immediately in case of
no moisture available at the soil surfa‘ce.‘ The amount of each application

should be as follows:
. .

Urea Total Urea Urea Urea Localized
Application | Application Application Application |urea applica-
kg/ha per trial per plot per 20 m |tion per hill
kg kg long row (50 cm each)
: . gr gr .
At planting 109 3.3 1.6 163 o2 4
40 days after 109 3.3 1.6 163 =4
TOTAL | 218 6.6 3.2 326




NOTE: When handspike planting is done, fertilizers (nitrogen and phosphorus)
can be localized applied at planting in holes about 10 cm deep immediately be-
side the holes for the seed. The second dose of nitrogen can be also localized
applied in holes at 20 cm apart from the plant stem.

b) Phosphorus: 40 kg/ha of P205 applied at planting (plots 5 and 6). If triple

super phosphate (46% P2 5) is used, then the application must be approxi-

mately 87 kg/ha. This product should be applied well distributed along the

furrow and covered with soil.

Total TSP TSP TSP Application | TSP Localized
TPS Application Application | per 20 m long Application
Application per trial per plot row per hill
kg/ha kg kg gr gr
87 2.6 1.3 130 3.2

NOTE: If soil analys1s or previous expemence with £ ertilization trials show
that theére is no respenge to phosphorus apphs,atmn, then ni’cregen only should

be used. It is advisable to previously prepare measuring cups per plot and
- rows so that the application of the fertilizers (N and P_O_) be facilitated. It
is convenient to use plastic cups trimmed to hold the correct volume. Cups
should be marked to identify them. If the fertilizer is applied per hill, then
calibrated plastic spoons can be used.

3) Insect Control:

a) Soil Application: Granular Aldrin at 20% (1 kg/ha a.i.) could be applied at

the bottom of the hole where the seed is planted.

Total Total Aldrin Total Aldrin Total Aldrin Total Aldrin
Aldrin per trial per plot per 20 m row per hill
kg/ha gr gr gr gr

5 150 75 7.5 ~0.2

If systemic granular insecticides such as Furadan or Cytrolane are available
in the local markets, then it will be preferable to use them because they are

more effective in controlling insects than contact insecticides. Furadan or
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Cytrolane should be applied per hill next to the seed. Application dose for
these insecticides is 500 gr/ha (a.i.). This represents about 25 kg/ha of the
commercial product when the active ingredient is 2% (the amount to be used

is 1/4 of a tea spoon or 1 gr per hill with a separation between hills of 50 x

75 cm).

b) Foliage Application: To control foliar insects, such as the "Fall Army

Worm" (Spodoptera Frugiperda), it would be convenient to apply to the

blé.nt's whorl one of the following products in its granular form and in ac-
cordance with its availability and cost: Sevin,  Dipterex, Birlane, Cytrolane
and Furadan. The application dose for these products, taking in consider—
ation a 2% concentration of the active ingredient, should be approximately
12.5 kg/ha of the commercial product (1/8 of a tea spoon of the granular
product or 1/4 gr per plant when the population is about 50, 000 pl/ha'). In
afeas of high incidence of foliage insect, two applications are advisable;

the first should be two or three weeks after planting and the second one two
or three weeks later. It is very important to constantly identify the pre--
sence of insects and the degree of foliage damage during the first stages of
the crop's development. Application of the insecticide must be done as soon

as damage is first detected in 2 from each 10 plants (20% attack).

4) Planting:

PIa_nt 2 or 3 seeds per hill by using a stick or a handspike. They should be at
-a depth of about 5 cm or down to where humidity is available. Planting can al-
so be done by opening the furrows every 75 cm with an oxen plow or with a

tractor, placing the seed in the bottom of the furrows.

Distance Distance Total hills Number of Final number Number of

between between per 20 m seeds per of plants per plantg per
rows hills long row hill hill m~
- cm cm

.75 o0 41 2-3 2 + 5
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If thinning is needed, this must be done when hill plants are about 15 to 20 cm
high, two plants should be left per hill or three plants in the adjacent hills in

the case of lost hills.

The final expected population is around 50, 000 plants per hectare. This re -
quires approximately 0.6 kg of seed per plot. The total amount of seed re -
quired of improved variety is 2 kg for plots 1, 3 and 5. It is assumed that the
farmer will provide seed of the local variety needed for plots 2, 4 and 6, which |

will also require 2 kg per trial.

Before proceeding with the planting, it is necessary to prepare markers to de-
termine the distance between the rows and over the rows. A practical way of
doing this is to use a metal frame made from two pipes which are both rigid

and light weight (wooden frame can also be used).. They should be 3.2 m long
each, joined by four 1/ 4 inch nylon strings 20 m long and tied to the pipes with
a 75 cm separation. Each nylon cord carries visible marks each 50 cm to de-
termine the placement of seed, insécticide and fertilizers. On one side of the
string the seed can go next to the insecticide and on the other side the fertilizer
can be placed. The frame is fixed to the ground by means of 4 iron spikes to

keep the strings taut.

5) Weed Control:
a) Herbicides: Apply 2 kg/ha (a.i.) of Gesaprim 50 (Atrazine), or 4 kg/ha of

the commercial product in a 400 1t/ha water solution. This represents 60
gr/plot of Gesaprim 50 diluted in 6 liters of water. The total amount of
Gesaprim for the trial (plots 5 and 6) is 120 gr. If the farmer has crop
rotation, which includes crops which are susceptible to Gesaprim, then
Gesaprim-Combi should be used in the same proportion. The advantage of
this product is that it has a lesser residual effect (about two months) than
that of Gesaprim 50. Gesaprim-Combi contains 40% Atrazina and 40% Ter-

butrina.
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b) Cultivation: No cultivation or furrow opening is advised since any soil dis-
turbance eliminates the effect of herbicide and weeds start germinating. If.
it is difficult to obtain the suggested herbicides or if their application has
no effect on some of the weeds (Cyperus sp- ) then it will be necessary to
eliminate them manually or mechanically. In that case the first >017_11tivation.

-~ could take place 10 or 15 days after planting. A second cultivation could
be done from 30 to 40 days after planting. This will depend on the amount
of weeds, however, it is recommended that no weeds be allowed in plots 5

'and6.

6) Harvest:

After the plants have gone past their physiological maturity (black layer form-
ation), theitwo central rows in each plot must be harvested and the. ears weighed
without leaves. Ten ears should be kept to determine moisture. Grain yield
should be calculated and reported in kg/ha at 15% moisture. No compensations

for lost plants should be made.

Additionally, a sampling of the farmer's commercial plot should be taken in
order to determine the real yield obtained normally in his fields. It has been
observed in many trials that the plot where the farmer's practice was used

was ofter_l superior in comparison with his corrvlmercial field. This shows that
the farmer was making a greater effort taking‘ care of this plot. In other words,
the farmer was competing with the technician to show him that he also knew How
to grow maize. With this sampling it is possible to identify and quantify the
existing differences between his regular field and this test plot. The sampling
consists in harvesting two adjacent 20 m long rows. This operation is repeated
three times in areas randomly chosen in the farmer's field. Then an average
of the data is made.

NOTE: It is necessary to measure the distance between row in order to deter-
mine the size of the plot. '
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FORMULA TO CALCULATE GRAIN YIELD (15% MOISTURE)

Cﬁ‘;‘::ﬁi: Effective
Harvested _ Number of bet row = 30.75 2
Areax rows (2) T ooweenx length #** »fom
row (20.5 m)
(75 cm)
Field 9
Grain _ weight x 10,000 m 9 x (100 - Moisture %) x 80 (shelling %) _ 100 koK
Yield Harvested area (30.75 m") 100 100 *785
Field 2
Grain _weight x 10,000 m 100 - Moisture % _ 80 _ kg/ha
Yield Harvested area (30.75 m ) X 100 X85

Dry Matter % = 100 - Moisture %

CONDENSFD FORMULA

Grain Yield

(15% Moisture) Field weight x Dry Matter % x 3.06 (Factor) = kg/ha

* The size of the harvested area for plots 3 and 4 will depend on the distance
between rows used by the farmers.

** The effective row length is equal to the distance between the first and last
A plants plus an average distance between plants.

##%k Calculated factor to express yield at 15% moisture basis.,

ACTIVITIES TO BE CARRIED OUT: ;
Field days: Special emphasis must be given to conducting numerous technical

visits and field days with neighbouring farmers. These farmers must follow
the development of the crop and observe the differences among the treatments
as they take place. They should also cooperate with routine trial work. The

following dates are suggested for organizing technical visits and field days:
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TRIAL NO. 2

Evaluation Trial on Production Factors

Crop: Maize
Place: Farmer's Field.

Objective: The purpose of this trial is to quantitatively evaluate the production

factors which have greatest effect on grain yield and on the economic returns.

This trial has a base, the Complete Production Technology (CPT) which cons-
titutes the first treatment. The remaining treatments are formed by substrac{c;
ing a production factor each time in the manner later outlined. The Farmer's
Practice is the last treatment used as a check in order to have a point of refer

ence of the actual situation of production in the area under study.

The number of trials to be conducted could be 10% of the total number of demons

tration trials conducted in each cotintry.

These trials should be conducted simultaneously in all the program's produc-
tion areas as well as,in an exploratory manner, in those areas not considered

in the production program.

It is important to mention that the yield reduction effect of the production fac-

tors are not considered additive.

TREATMENTS

1) (CPT) Complete Production Technology (in agreement with the informations
given by the National Agricultural Research Institute. See the CPT exam-
ple shown in Trial No. 1).

2) (CPT) less Fertilizers (F).

3) (CPT) less Nitrogen (N).

4)' (CPT) less Phosphorus (P).
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5) (CPT) less Insecticide (I).
6) (CPT) less Herbicide (H). (Weeds are controlled with the farmer's own
" custom). | |
7) (CPT) less Plant Density and Distribution recommended (PD). Planting
“ is cOnducted in accordance with .the farmer's customs. |
8.) (CPT) less Improved Variety (IV) . (The 'farmer's; variety is used). |
9) (CPT) less soil preparation (SP). *
10) Farmer's Practice (FP). |
* f’lémting with no soil preparation (Zero-tillage). For more information for

this planting method refer to Trial No. 7.

Experimental Design: Complete randomized block design with four replications.

Size of the Plot: Plots with six 10 meter long rows with 75 cm between them.

The two 'centrallrows are harvested.

Plot's Distribution: The distribution of plots in the first repetition can be ar-

"ranged in the same order in which the treatments previously described appear.
This will facilitate observations on the field. In the remaining replications,

the distribution of plots will be at random in each block.
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DISTRIBUTION OF PLOTS AND TREATMENTS

EXAMPLE:
1 40 | 39 | 38| 37 ] 36| 35 | 34 '33 32 | 31
41 ] 6] 9] (9 A(B) (0 { (2)] (10) | (1)
l @elolelolele! ol e ol
21 22 | 23| 24 | 25 | 26 | 27 | 28] 20 | 30
20 [ 19 18| 17 | 16 | 15 | 12 131 12 | 11
916G | Q)] @] @ a0 @] (1] (6)
()*1(2) { 3] (4 | (5] (6 | (7) (8)r,(9) (10)
1%%| 2 3 4 5 6 7 8 9 |10
< 45 m >

. % No. of Ti‘éé’gmént.

*x No. of Plot. -

10 m

N
=

10 m

10 m

44 m

Replica--
sion IV

Réplica-
tion III

‘Replica-

Repliea~
tion ‘I



. SUMMARY TABLE
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1) Trial Area: 10 treatments with 4 replications.

TRIAL NO. 2

" Row Distance: | No. of rows Plot Replication Total Areca
Length|between rows| per plot Area Area (without alleys)
' 2 2 2
10 m 75 cm 6 45 m 450 m 1800 m
2) Planting:
l Distance Distance Hills No. of Seeds Final No. of Plant Density
between rowsibetween hillsj per row per hill plants per hill per ha
75 cm 50 cm 21 3 2 + 50,000
3) Nitrogen Application: 100 kg/ha of N as Urea (46% N)
Urea per Urea per Urea per Urea per Urea per
ha Trial Plot 10 m long hill
row (each 50 cm)
1 At planting 109 kg 13.7 kg 489 gr 82 gr 3.9 gr
40 days after 109 kg 13.7 kg 489 gr 82 gr 3.9 gr
TOT A L 218 kg 27.4 kg
4) Phosphorus Application: 40 kg/ha of P‘)O5 as Triple Superphosphate (TSPh)

0
(46 /o of onsf

TSPh per ha | TSPh per Trial ~TSPh per Plot TSPh per TSPh per hill
10 m long (each 50 cm)
row
87 kg 11.00 kg 391 gr 65 gr 3.1 ¢gr




' 5) Insecticide Application:

18

A) Soil: Granular Aldrin 20% (1 kg/ha a;i.)

Aldrin per ha Aldrin per Trial Aldrin per Aldrin per Aldrin per hill
Plot 10 m (each 50 cm)
row
5 kg 720 gr 22.5 gr 3.8 gr (0.18)gr220.2 gr

- Granular Furadan o Cytrolane 2% (500 gr/ha a.i.)

Furadan per ha Furadan per Furadan per Furadan per |Furadan per hill
Trial Plot 10 m (each 50 cm)
row
25 kg 3.6 kg 112.5 gr 19 - gr (0.89)gr 22 1 gr

B) Foliar Application: Sevin, Dipterex, Birlane, Cyirolane, Furadan, etc.

(granular) 2% (250 gr/ha a.i.)

Sevin per ha Sevin per Sevin per Sevin per 10 m Sevin per plant
Trial Plot row (+ 50,000 pl/ha)
12.5 kg 1.8 kg 56.5gr 9.5gr 2~ 0.25gr

6) Herbicide Application: Gesaprim 50 (Atrazine 50%) 2 kg/ha (a.i.) or 4 kg/ha

of commercial product in 400 1t water solution.

Gesaprim per ha

Gesaprim per Trial

Gesaprim per Plot

4 kg
(400 1t water)

276 gr
(57.6 1t water)

18 gr
(1.8 1t water)

7) Harvest and Yield Calculation: Harvested area:

2rows x 0.7 cmx 10.5 m =
15.75 m2,

ai
5

ﬁr

» Moisture

Yield = }?‘ield Weight x % Dry Matter x 5.98 (factor) =

kg/ha
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TRIAL NO. 3

Superior Varieties Trial

CroE: Maize

Place: Farmer's Field
Objective: To determine performance in grain yield and agronomic character
istics of the national superior varieties (or introduced ones) and of local varie

ties (criollas) under the farmer's normal production conditions.

TREATMENTS

No. Variety Name , : Origin

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)

Experimental Deysign: Randomized complete block design with four replications.

Plot's Size: Six rows 10 meter long 75 cm apart.

Planting: Plant three grains each 50 cm on the row. Thin to 2 plants 10 to 15
days after planting.
Plant Density: Approximately 50, 000 pl/ha.

Production Technology: Follow the technical recommendations given by the Na-

tional Agricultural Research Institute. (See the exam
ple from the Complete Production Technology as shown
on Trial No. 1). It is suggested to make some variety
trials by levels of technology, using the Compiete Pro-
duction Technology (CPT) and the Intermediate Techno-
logy (IT) as per description of Trial No. 1. The expe-
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rimental design would be split plots, considering the
variei;y as principal plot and the technology levels as

sub-plots. This kind of trial is éonvenient to deter-

mine the performance of the varieties under different
technological levels. In this case it is convenient to

reduce the number of varieties that are tested.

Obtention of Data: Follow the general instructions. Fill out the report forms.
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SUMMARY TABLE TRIAL NO. 3
1) Trial Area: 10 treatments with 4 replications.

Row Distance No. of rows Plot Replication Total Area
Length|between rows| per plot Area Area (without alleys)
10 m 75 cm 6 45 m2 450 m2 1,800 m2

2) Planting:
[ Distance Listance Hills No. of Seeds Final No. of Plant Density
lbetw cen rows;between hills} per row per hill plants per hill per ha
~ 75 cm 50 cm 21 2-3 2 + 50, 000
3) Nitrogen Application: 100 kg/ha of N as Urea (468% N)
Urea per Urea per Urea per Urea per Urea per
ha Trial Plot 10 m long hill
row (each 50 cm)
At planting 109 kg 19.6 kg 489 gr 82 gr 3.9¢r
40 days after 109 kg 19.6kg 489 gr 82 gr 3.9gr
TOT AL 218 kg 39.2kg
4) Phosphorus Application: 40 kg/ha of P O5 as Triple Superphosphate (TSPh)
(46% of PO )2
275
TSPh per ha | TSPh per Trial TSPh per Plot TSPh per TSPh per hill
' ) 10 m long (each 50 cm)
row
87 kg 15.7 kg 391.5¢gr 65 gr 3.1 gr
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5) Insecticide Application:
~ A) Soil: Granular Aldrin 20% (1 kg/ha a.i.)

Aldrin per ha Aldrin per Trial Aldrin per Aldrin per Aldrin per hill
' Plot 10m (each 50 cm)
row
5 kg 0.9 kg 22.5gr | 3.8gr (0.18)grac0.2 gr

- Granular Furadan o Cytrolane 2% (500 gr/ha a.i.)

Furadan per ha Furadan per Furadan per Furadan per | Furadan per hill
Trial Plot 10 m (each 50 cm)
' row
25 kg 4.5 kg 112.5 gr 19 gr (0.89)gr =1 gr

B) Foliar Application: Sevin, Dipterex, Birlane, Cytrolane, Furadan, etc.
(granular) 2% (250 gr/ha a.i.)

Sevin per ha Sevin per Sevin per Sevin per 10 m Sevin per plant

Trial Plot row (+ 50,000 pl/ha)
12.5 kg 2.3 kg 56.5 gr 9.5gr ~r 0.25 gr

6) Herbicide Application: Gesaprim 50 (Atrazine 50%) 2 kg/ha (a.i.) or 4 kg/ha
of commecrcial product in 400 1 water solution.

Gesaprim per ha Gesaprim per Tiial Gesaprim per Plot
4 kg 720 gr _ 18 gr
(400 1t water) (72 1t water) (1.8 1t water)

7) Ilarvest and Yield Calculalion: Harvested area: 2rowvs x 0.7 em x 10,55 =
15.75 m2.

?ram Yield = rlc‘ld W(‘lﬁht x % Dry Maftter x 5.98 (factor) = kg/ha
15 % Moisture —_—
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TRIAL NO, 4

Fertilizers x Plant Density Trial

Crop: Maize

Place: Farmer's Field ‘

Objective: To determine the performance of a superior variety or hybrid, un-
der different fertilizer levels and plant density. This trial serves to obtain
information on soil fertilizer requirements of different regions. It also shows
to the less technified farmer the benefits derived from using fertilizers at the

appropriate type and dose. )

Experimental Design: Complete randomized block design with four replications.

The experimental unit is composed of 6 rows 10 meters
long, using the tworows of the center in the obtention of
yield data.

Fertilizers: a) Nitrogen is the element of major importance, especially un-

der low tropical s0il conditions.

Suggested Nitrogen Levels:

N 0 kg/ha
N  50kg/ha
N 100 kg/ha
N 150 kg/ha

b) Phosphorous must be tested in regions where soil analysis
and previous research have shown that exists defficiency to
this element. This generally occurs in the high and cold re-
gions.

Suggested Phosphorous Levels (PZOS):

P 0 kg/ha
P 40 kg/ha
P 80 kg/ha

NOTE: The more economic levels of N and P O must be determined in rela-
tion with research experience as obtained in d21fferent environmental conditions
and soil characteristics. In many cases it has been determined that the sole

addition of 50 to 100 Nitrogen units has been translated into a drastic increase
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in maize production. Response to Potasium is exceptionalv and it is only pro-
duced in very few soils lacking this element and in the presence of high Nitro-
gen and Phosphorous doses.

Plant Density: Plant density as aceustomed by farmers varies from region to

region. The degree of technical development is of major influ-

ence; for less development there is a corresponding smaller

plant density. Plant density of 50,000 pl/ha has generally gi-

ven best results and this is obtained with two plants per hill of

50 cm apart and at a row distance of 75 cm. |

: . :

To simpiify and reduce the size of trial No. 4, it has been divided into two trials
(4A and 4B). Nitrogen at 4 levels and 3 levels of phosphorous aré te‘sted in trial
4A. Plant density is kept constant in this trial. Trial 4B consist in testing 4
levels of nitrogen and 3 levels of plant density. Phosphorous levels are kept

constant. Follows the description of trials 4A and 4B.
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TRIAL NO. 4A

Nitrogen x Phosphorous

Plant density is maintained constant at 50,000 pl/ha in this trial.

TREATMENTS

No. N (kg/ha) ‘P205 (kg/ha)
1 0 0
2 0 40
3 0 80
4 50 0
5 50 _ 40
6 50 80
7 100 0
8 100 40
9 100 80

10 : 150 , 0

11 ~ 150 40

12 . 150 80

*13 Soil Laboratory's Recommendation

* Treatment No. 13 should be only included when National Soil Laboratory's
recommendation greatly differs from the proposed treatment levels, or

‘when this recommendation shows the need of applying Potash.

Area of the Trial: 2, 340 m2 (4 replications without considering alleys).
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NO. 4B

Nitrogen x Plant Density

Nitrogen levels are 0, 50, 100 and 150 kg/ha. Phosphorous is kept constant

at the level of 40 kg/ha.

Suggested Plant Density:

Distance | Distance Trial Approximate
between between Number Number Number number of
Densities rows hills of hills | of seeds of plants plants
Number cm cm per row per hill per hill per ha
1 75 100 11 2-3 2 25, 000
-2 75 50 21 2 -3 2 50, 000
3 75 50 21 3-4 3 75, 000

Thinning should be done when plants reach 15 to 20 cm plant height. To compen

sate in case of missing hills, do not thinn adjacent hills.

coooqo:'cn.hwt\vulcz,

—_ e
N = O

TREATMENTS

N (kg/ha)

0

0

0
50
50
50
100
100
100
150
150
150

Densidades No.

[

W N =W N = W N = W
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Area of the Trial: 2, 160 m2 (4 replications without considering alleys).

General Observations-

Choosing of the parcitipating farmer: This trial must be conducted with farm

ers who are technically able and responsible. These characteristics should
have been previously demostrated by their participation in the production pro-

gram.

Selection of the trial soil: Special care must be taken in the selection of the -

trial soil site. Soil must be uniform in texture and structure and in the pre-
vious crop rotation in order to avoid differences in fertility which, if existant,
wouid confuse the effect of the treatments. In addition, the site must be level
and depression free in order to avoid the fertilizers from washing down or the
water from accumulating.

The trial site must be at least 10 meters away from roads, ditches and trees
in order to avoid the negative influence of these elements. The trial site must

be protected with a fence to avoid animal damagés.

Trial's Production Technique: The technique and the production factors must

be in accordance with the inforination available in the national research insti-
tutes. (See the example of the Complete Production Technology (CPT) as it
appears on Trial No. 1).

Data taking: Follow the general instructions. Fill out the accompanying re -

port forms.
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1) Trial Area: 13 treatments with 4 replications.

TRIAL NO.4 A

Row Distance No. of rows Plot Replication Total Area
Length|between rows| per plot Area Area (without alleys)
2 2 2
10 m 75 em 6 45 m 585 m 2340 m
2) Planting:
Distance Distance Hills No. of Seeds Final Nb. of Plant Density
belween rowsibetween hillsi per row per hill plants per hill per ha
75 cm 50 cm 21 2-3 2 + 50,.000

3) Nitrogen Application: According to the treatments. Urea 46% N. (Without con-

sidering treatment No. 13).

Treat- | Urea per} Urea per Urea per | Urea per| Urea per
ment ha Trial Plot - 10 m hill-
row - each 50 cm
Planting * N50 109kg | 5.9kg 489 gr 82 gr 3.9 gr
Planting N100 109 kg 5.9 kg 489 gr 82 gr 3.9 gr
» 40 days after 109 kg 5.9 kg 489 gr 82 gr 3.9 gr
Dlanting N150 163 kg | 8.8 kg 734
. gr 122 gr 5.8 gr
40 days after_ 163 kg 8.8 kg 729 gr 122 gr 5.¢ gr
TOTAL 35.5 kg .

* ITitrogen application of 5C kg/ha should be done in one dose at planting time.

4) Phosphorous Application: According to treatments. SFT 46% of P205. (Without

considering treatment No. 13).

Treatments | TSPh per | TSPh per TSPh per | TSPh per TSPh per  hill
ha Trial - "Plot 10 m (each 50 cm)’
row
P40 87 kg 4.7 kg 391 gr 65 gr 3.1gr
P80 173.9kg | 9.4 kg 783 gr 130 gr 6.2 gr




5) Insecticide Application:
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A) Soil: Granular Aldrin 20% (1 kg/ha a.i.)
Aldrin per ha Aldrin per Trial Aldrin per Aldrin per Aldrin per hill
' Plot 10 m (each 50 cm)
row
5 kg 1.2 kg 22.5 gr 3.8 gr (0.18)grZ20.2 gr

- Granular Furadan o Cytrolane 2% (500 gr/ha a.i.)

Furadan per ha Furadan per Furadan per Furadan per | Furadan per hill
Trial Plot 10 m (each 50 cm)
row
25 kg 5.9 kg 112.5 gr 19 g¢gr (0.89)gr &< 1 gr

B) Foliar Application: Sevin, Dipterex, Birlane, Cytrolane, Furadan, etc.

(granular) 2% (250 gr/ha a.i.)

Sevin per ha Sevin per Sevin per Sevin per 10 m Sevin per plant
Trial Plot row (+ 50,000 pl/ha)
12.5 kg 2.9 kg 56.5 gr 9.5¢gr 2=~ 0.25gr

6) Herbicide Application: Gesaprim 50 (Atrazine 50%) 2 kg/ha (a.i.) or 4 kg/ha

of commercial product in 400 1t water solution.

Gesaprim per ha

Gesaprim per Trial

Gesaprim per Plot

4 kg
(400 1t water)

936 gr
{93.6 1t water)

18 gr
(1.8 1t water)

7) Harvest and Yield Calculation: Harvested area:

2 rows x 0.75 cm x 10.5 m =
15.75 m2,

rain _Yield =
15 % Moisture

Field Weight x % Dry Matter x 5.98 (factor) =

- kg/ha
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SUMMARY TABLE TRIAL NO. 4B
1) Trial Area: 12 treatments with four replications.
Row Distance No. of rows Plot Replication Total Area
Length|between rows| per plot Area Area (without alleys)
: 2 2 2
10 m 75 cm 6 45 m 540 m 2160 m
2) Planting:
Suggested Plant Density:
Number |Final num-jApproximate
Distance Distance Hills per lof seeds ber of {plant number
Densities [between between row per hill | plants per per ha.
No. rows cm | hills cm hill
D 75 100 11 2-3 2 25,000
2 75 50 21 2-3 2 50,000
3 75 50 21 3 -4 3 75,000

3) Nitrogen Application:

According to the treatments. Urea 46% N.

Urea per
Treat- Urea per Urea per Urea per | Urea per hill each

ments ha Trial Plot 10 m row 50 cm
" Planting * N50 109 kg 5.9 kg " 489 gr 82 gr 3.9 gr
Planting N100 109 kg 5.9 kg 489 gr 82 gr 3.9 gr
40 days after 109 kg 5.9 kg 489 gr 82 gr 3.9 gr
Planting N150 | 163 kg | 8.8 kg 734 gr 122 gr 5.8 gr
40 days after 163 kg 8.8 kg 734 gr 129 gr 5.8 gr

TOTAL - TR

* Ivitrogen application of 56 kg/ha chould be done in one dose at planting'time.




4) Phosphorous Application:
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According to the treatments,

TSPh 46% of P 05.

= 2
Treat- TSPh per TSPh per | TSPh per TSPh per TSPh per hill
ment ha trial plot 10 m row each 50 cm
P40 87 kg 18.8 kg 391 gr 65 gr 2.1gr
5) Insecticide Application:
A) Soil: Granular Aldrin 20% (1 kg/ha a.i.)
Aldrin per ha Aldrin per Trial Aldrin per Aldrin per Aldrin per hill
. Plot 10 m row each 50.cm .
5 kg 1.1 kg 22.5¢gr 3.8 gr (0.18)gr ~ 0.2 gr

- Fura_dan or Cytrolane granular at 2% (500 gr/ha a.i.)

Furadan per ha

Furadan per
trial -

Furadan per
Plot

Furadan per
10 m row

Furadan per
hill each 50 cm

25 kg

5.4 kg

112.5 gr-

19 gr

(0.89)gr == 1gr

B) Foliar App11cat1on Sevin, D1pterex, Birlane, Cytrolane, etc.
(granular) at 2% (250 gr/ha a.i.)

Treat- ‘Sevin per ha Sevin per Sevin per Sevin per 10 Sevin per
ments Trial Plot m row plant

25, 000 6.25 kg 450 gr. 28 gr 4.7gr 0.2 gr
50 , 000 12.5 kg 969 gr 0.5 gr e.agr 0.2 gr
75, 000 18.75 kg 1,85G gr 84.5 gr 14.% gr 220,3) gr
ITOTAT 2, 7CC gr :

6) Herbicide Application: Gesaprim 50 (Atrazine 50%) 2 kg/ha (a.i.) or 4 kg/ha
of commercial product in 400 It water solution.

7) Harvest and Yield Calculation:

Gesaprim per ha

Gesaprim per Trial

Gesaprim per Plot

4 kg
(400 1t water)

864 gr
86.4 1t water

18 gr

(1.8 1t water)

15.75 m2.

Harvested area: 2 rows x 0.75 cm x 10.5 m =

§

srain_Yield =
5 9% Moisture

}«He;d Weight x % Dry Matter x 5. 98 (factor) =

kg/ha
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TRIAL NO. 5

Trial on Insect Control

Crop: Maize

Place: Farmer's field

Objective: To determine a more practical and economical insect control un-
der the normal conditions in which the farmers commercially produce maize

crops.

General Guidelines to formulate the Trials: When insect control trials are to

be formulated, the following factors should be considered:

1) Time of Planting. Spring plantings generally have less problems with in-

sects than latter ones.

2) Evaluation and Selection of Insecticides. A constant program must be con-

ducted at a national research level for evaluating and selecting the available
insectieidesfin-'th.eﬂn’aj;iegel market. The purpose is.to find the most efficient
and relatively less expehsive insecticides. It is convenient to include in the
evaluation some products which eventhough may not be available then, could

later be obtained through importation, in accordance with their usefulness.

Those insecticides which are highly toxic to humans and might present a hazard
in their application procedure, must be discarded. (Those with very low LD50).

3) Type of Insecticides and Formulas. Planting application of systemic insec

ticides, because of their characteristics, give good protection to the plants in
their early development stages. When these insecticides are later applied to

the foliage, their systemic action is reduced and they act as contact insecticides.
Generally systenﬁc insecticides are more expensive than contact ones. When
there is a high population of soil insects, it is hecessary to apply contact insect
icides (Aldrin) in such a way that there will be a protective barrier around the

seedlings which will avoid damage from cutting insects.

Granular formulations, either for the systemic insecticides or for the contact
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ones, are more practical for applying then than the liquid or powder ones.
This is particularly true when trying to control fall army worms (Spodoptera
frugiperda) because the granules, due to their density and weight, easily
penetrate to the bottom of the whorl of the plant. This is where the larve gen-

erally is causing the greatest damage to the plantA.

4) Application Doses of Insecticides. General recommendation doses general-

ly given by the manufacturers are, with some exceptions, close to the following:
for soil application 500 gr/ha of the active ingredient (a.i.) and 250 gr/ha (a.

i.) for the foliage. It is assumed that the national research program will de-
termine the best doses for different insecticides by testing to evaluate and select
these products. The commercial dose recommended by the manufacturers
should be compared to half the doses and also with the dose increased by 50%
(50%, 100% and 150% of the commercial dose.)

Experimental Design: Complete randomized block design with four replications.

Plot Size: Plots with six 10 m long rows. To obtain the data on insect damage

and grain yield, the two central rows must be used.

Treatments: The following treatments are suggested:

No. DESCRIPTION
1 Control (without application of insecticide).
2 Seed treatment with 500 gr/ha (a.i.) of Furadan (according to des-

cription on page 41.

3 Soil treatment with 500 gr/ha (a.i.) of granular Furadan or Cy-
trolane applied together with the seed (per hill).

4 Seed treatment with 500 gr/ha (a.i.) of granular Furadan, accord
ing to accompanying description plus foliar application of 250 gr/ha
(a.i.) of Sevin or Dipterex, in granular form, 2 or 3 weeks after
emergence.

5 Soil treatment with 500 gr/ha (a.i.) of granular Furadan or Cy-
trolane applied with the seed (per hill) plus a foliage application
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Soil treatment of 1 kg/ha (a.i.) of granular Aldrin applied at

‘planting.

Soil treatment of 1 kg/ha (a.i.) granular Aldrin applied during
planting plus foliar application of 250 gr/ha (a.i.) of granular
Sevin or Dipterex 2 or 3 weeks after emergence.

Soil treatment with 1 kg/ha (a.i.) of granular Aldrin, applied at
planting, plus two foliar applications 250 gr/ha (a.i.) each of
granular Sevin or Dipterex at 2 or 3 weeks and 4 or 5 weeks af-
ter emergence.

Foliar treatment of 250 gr/ha (a.i.) application of granular Sevin
or Dipterex 2 or 3 weeks after emergence.

Foliar treatment of two applications of 250 gr/ha (a.i.) of granu-
lar Sevin or Dipterex 2 or 3 weeks and 4 or 5 weeks after emer-
gence.

Foliar treatment with a 250 gr/ha (a.i.) application of granular
Furadan or Cytrolane 2 or 3 weeks after emergence.

Foliar treatment with two applications of 250 gr/ha (a.i.) each
of granular Furadan or Cytrolane 2 or 3 weeks and 4 and 5 weeks
after emergence.
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SUMMARY TABLE

Treatments 'SEED -~ soL ' FOLIAGE
1 Control Control Control
2 Furadan = =  |s===-e=cscccnccccnac | cecrcncacaanonane
500 gr/ha (a.i.) . '

3 | eemme-- FuradanorCytirolane | =-e=-eseccccaua-"

500 gr/ha (a.i.)

4 Furadan v : 1 application of
500 gr/ha (a.i.)| ===-==ccececcacaan Sevin or Dipterex

250 gr/ha (a.i.)

.3 s-emm—- FuradanorCytrolane | 1 application of
T Sevin or Dipterex
500 gr/ha (a.i.) :
: 250 gr/ha (a.i.)

6 | ememe-- : Aldrin === ] ==eececcccccca--
1 kg/ha (a.i.)

1 ——————— Aldrin 1 application of
1 kg/ha (a.i.) Sevin or Dipterex

250 gr/ha (a.i.)

.8 ] mmmeee- Aldrin 2 applications of
" : 1 kg/ha (a.i.) Sevin or Dipterex
250 gr/ha (a.i.)
each
9 . emmee i iy 1 application of

Sevin or Dipterex

250 gr/ha (a.i.)

10 | eocemeee ] cceccccmnncaccana- 2 applications of

Sevin or Dipterex

250 gr/ha (a.i.)
each

11 | cce-- | mececcccacaccccnee- 1 application of
Furadan or Cytro-
lane

250 gr/ha (a.i.)

12 - B L T 2 applications of
Furadan or Cytro-
lane 250 gr/ha (a.
i.) each . :

NOTE: Seed treatment procedure is according to the description from page 41.
Soil and granular insecticides used should be in granular form.
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Plant Density: Plant exactly two seeds each 50 cm on the row and 75 cm dis-

tance between rows. This gives an approximate density of 50,000 pl/ha. Spe
cial care must be taken to use seed with high germination percentage so that
soil insect-damage can be detected.

Production Technology: Follow the technical recommendations given by the Na

tional Agricultural Research Institute. (See the example shown in trial No. 1).

INSECT EVALUATION

The observations must be taken from the two central rows inleach plot. The
objective is to determine in particular the damage of cutworms, borers and
fall army worms insects to evaluate the degree of protection provided by the
different treatments. The following observations should be taken:
- Initial counting of live plants and foliar damage caused by fall
army worm before the first application of foliar insecticide.
- One week after the first application of foliar insecticide, count
the number of live plants and plants with damage in the 3 or 4
new leaves of the whorl.
- Repeat the same count, before the second application of the fo-
liar insecticide.
- Repeat the same count, one week after the second application
of the insecticide.
In the case of attack by other insects, it is convenient to evaluate the damage

caused by Diabrotica, aphids, and stunt symptoms caused by Dalbulus sp.

Determine, at harvest time, the damage caused by borers (Diatraea sacchara-

lis F'.) Count the total number of internodes in each plant and determine the
number of internodes that have been damaged. To clearly observe the damage,
it is necessary to peal the stalks in such a way that holes made by borers can
be seen. Damage is expressed as a percentage of internodes that were perfo-

rated.

In addition, the total number of ears must be counted as well as the number of
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ears damaged by the ear worm (Heliothis) and by borers. In the case of field

infestation of weevils (Sitophilus), a counting should also be made.



SUMMARY TABLE
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1) Trial Area: 12 treatments with 4 replications.

TRIAL NO. 5

No. of rows

Row Distance Plot Replication Total Area
Length | between rows| per plot Area Area (without alleys)
2 2 2
10 m 75 cm 6 45 m 540 m 2,160 m
2) Planting:
Distance Distance Hills No. of Seeds Final No. of Plant Density
between rows|between hills| per row per hill plants per hill per ha
75 cm 50 cm 21 2 -3 2 + 50,000
3) Nitrogen Application: 100 kg/ha of N as Urea (46% N)
Urea per Urea ner Urea per Urea per Urea per
ha Trial Plot 10 m long hill
: row (each 50 cm)
| At planting 109 kg 23.5 kg 489 gr 82 gr 3.9 gr
40 days after 109 kg 23.5 kg 489 gr 82 gr 3.9¢gr
TOT AL 218 kg 4T kg )

4) Phosphorus Application:

)25

40 kg/ha of P_O_ as Triple Superphosphate (TSPh)
(46% of P205 :

TSPh per ha | TSPh per Trial TSPh per Plot TSPh per TSPh per hill
‘ 10 m long (each 50 cm)
row
87 kg 18.8 kg 391 gr 65 gr 3.1¢gr




5) Insecticide Application:
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A) Soil: Granular Aldrin 20% (1 kg/ha a.i.)

Aldrin per

Aldrin per ha Aldrin per Trial Aldrin per Aldrin per hill
' ‘ Plot 10 m (each 50 cm)
row
5 kg 270 gr 22.5 gr 3.8 gr (0.18)gr~0.2 gr

- Granular Furadan o Cytrolane 2% (500 gr/ha a.i.)

Furadan per ha Furadan per Furadan per Furadan per |Furadan per hill
Trial Plot 10 m (each 50 cm)
row
25 kg 900 gr 112.5 gr 19 gr (0.89)gr~ 1gr

B) Foliar Application: Sevin, Dipterex, Birlane, Cytrclane, Furadan, etc.

(granular) 2% (250 gr/ha a.i.)

Sevin per ha Sevin per Sevin per Sevin per 10 m Sevin per plant
Trial Plot row (+ 50,000 pl/ha)
12.5 kg 1.8 kg 56.5gr 9.5 gr 2~ 0.25gr

6) Herbicide Application: Gesaprim 50 (Atrazine 50%) 2 kg/ha (a.i.) or 4 kg/ha

of commercial product in 400 1t water solution.

Gesaprim per ha

Gesaprim per Trial

Gesaprim per Plot

4 kg
(400 1t water)

864 gr

(86.4 1t water)

18 gr
(1.8 1t water)

7) Harvest and Yield Calculation: Harvested area: 2 rows x 0.75 cm x 10.5 m =

15.75 m2,

i}rain Yield =
15 % Moisture

Field Weight x % Dry Matter x 5. 98 (factor) =

- kgr/ha
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DESCRIPTION OF SEED TREATMENT

Method for tfeating 1 kg of seed:

Materials:

20 gr. of lacquer flakes
20 cc. of Ethyl Alcohol at 95%
100 cc. of acetone
25 gr. Furadan (Carbofuran) wettable powder.at 75%
2 gr. Arasan (Thiram) wettable powder at 75%

Procedure: Disolve the lacquer flakes in the alcohol and acetone solution.
Stir‘r”for an hour or let it dissolve overnight. Add afterwards the indicated
amounts of Furadan and Arasan and stirr until everything is completely mixed.
Treat the seed by moisting it completely in the solution and allowing the excess
liquid to di‘ain. To do this, use a container with a fine mesh on the bottom. It
should retain the seeds and allow the draining of the solution. Since the mix-

ture dries very quickly, it will be necessary to stirr the container during dry-

ing time.

Precautions: Since Furadan is a systemit insecticide and when it is used in

a high concentration (75%) is toxic to humans. Gloves and a mask should be
used during seed treatment. In case there is skin contact, the affected region

should be washed with acetone, soap and water.

The lacquer fixes the product to the seed very strongly, therefore, planting

can be done manually without risk.

PREPARATION OF INSECTICIDE BAITS

Insecticide baits are often used for controlling cutworms because a bait requires
less insecticide per hectare, and may be the only feasible method of administ-

ering sufficient insecticide to kill a large cutworm larva.

Ingredients per hectare:

1.5 kg carbaryl (Sevin) 80% W.P.

45 kg wheat bran



Mixing:

Application:
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5 large oranges or lemons
7.5 litres molasses

10-20 litres water

Make 2 mixtures, one containing ins'ecticidé and bran, the other
of molasses + water + mashed fruit.

Add the liquid mixture slowly to the insecticide/bran mixture,
stirring it constantly, until a pasty texture is obtained. Wear

gloves during mixing.

Wearing gloves, sprinkle freshly made, moist bait in the field

during the hours of darkness.

PREPARATION OF GRANULAR FORMULATIONS OF INSECTICIDE

A wettable powder formulation can be made into a simple granular formulation

to permit application without the reed of a sprayer and a large quantity of wa-

ter. However, these granules will not have the advantage of slow release of

insecticide which is a characteristic of some commercial granules.

Method of making 2% carbaryl (Sevin) granules from 80% W. P.

Small-grained sand is required; if it is dirty, wash it and allow
to dry. _
Make a concentrated solution of sugar in a small quantity of water.

In order to make 1 kg granules, weigh out
1000 _2 100 _ 25 or
* 700 * 780 &

insecticide, and 1000 - 25 = 975 g sand.
Place the dry sand in a covered container (e.g. glass jar with

screw top).

Add a small quantity (1-2 ml) of sugar solution, shake to mix
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It is important not to apply too much moisture; after shaking, the
"sand should feel slightly damp when rubbed between the finger
tips and only a slight amount of moisture should be left on the fin
gers.

Then place the insecticide in the jar and shake again until the sand
is completely coated with insecticide.

Remove from the jar and spread out to dry.

NOTE: If the right amount of sugar solution is used, prolonged drying will not
be necessary. If excess is used, the insecticide will become lumpy and the
sand will be poorly coated. ‘ :
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TRIAL NO. 6
Weed Control Trial

Crop: Maize

Place: Farmer's field

Objective: To determine the most practical and erconomic way of controlling
weeds under the normal conditions in which farmers commercially produce
their maize crops.

When designing trials on weed control, the following factors must be considered:

1) Type and Concentration of Weeds. It must be considered the type and con-

centration of weeds which are predominant in each area. Broad weed leaves,

narrow leaves, annuals and perennials usually require different systems of

control.

2) Evaluation and Selection of Herbicides. A constant program at a national re-

search level of evaluation and selection ot available herbicides in the local mar
kets must be conducted. The obj ective is to determine which herbicides will
be more effective and relatively l'ess costly. It is convenient to include in the
evaluation some products, which even though are not available in the market

at the time, could be later obtained through importation, depending on their ad-
vantages. ’

'3) Type of Herbicides. Many commercial herbicides are available today for

controlling weeds in the maize crop. The classification of these herbicides is .
not rigid since many of them can belong to more than one group. The general
classification criteria is based on the following: a) Crops selectivity and kind
of weeds that control. b) Period of application. ¢) Type of action.
a) Herbicides are closely related to crop's selectivity and type
of weeds that control. Crops and weeds can be classified accord-
ing to their leaves characteristic. That is broad leaves and nar-
row leaves (gramineous). According to this classification, her-
bicides can be classified as selective and non-selective. Select-
ive herbicides can be specifically for broad leaf weeds or for

narrow leaf weeds and, at the same time, indicated for certain
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kinds of crops. Non-selective ones control all kinds of weeds as
'well as for all kinds of crops; that is, if certain precautions are

not taken to avoid that their application reach the crop. The sel~
ective herbicides can operate as non-selective if a high dose is

used in their application.

b) Herbicides can be applied in the following periods related to
the stage of the maize crop:

Pre-planting: Herbicides can be applied to the weed's

foliage before soil preparation (Glyphosphate, Paraquat)
or to the soil (mixed in) either during or after soil pre-
paration (Sutan).

Pre-emergence: The application is generally done im-

mediately after planting by spraying the soil completely
and leaving a film on it that will prevent the germination
of weeds, (Atrazina, Simagzina, etc). The soil must be
well prepared, free of clods. The herbicide must be ap-
plied with sufficient water in order to facilitate its action,
(200 to 400 1t/ha of water).

Post—emergénce: An'application can be made to both the

crop and the weeds (Atrazina), or by spraying directed
oniy to the weeds (2, 4D), it all depending on the growth
stage of the crop. o
c) "Type of action. The herbicides can enter through the leaves or
through the roots. According to this, they can be divided as fol-
lows:
Contact: These herbicides are generally effective both
on broad weed leaves and on narrow ones (Paraquat, ke-
rosen, etc.) They work on contact, affecting only the
portion of the foliage that was reached by the product.

If weeds are already well established and the roots have
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enough food reserves, regrowth will occur. These her-
bicides have an-action similar to prunning. To use con-
tact herbicides in a selective manner, it is necessary to
make directed applications, using protective screens in
order to protect the crop, or through applications during
periods when the crop will tolerate them. Late applica-
tions of Paraquat, when the maize stalk is already devel-
oped, will not affect the plant unless the application is
directed toward the leaves.

Translocation: Translocation or systemic herbicides are

~ absorbed by the plant and they move through the plant
vascular tissue. These herbicides are particularly use-
ful in controlling perennial weeds. The action is generally
restricted to one of the two kinds of weeds (either broad
or narrow weed leaves). These kind of herbicides must
not be mixed with the contact type due to the fact that the
foliage destruction action of the contact ones prevents

plant absorption and therefore their effect is lost.

Soil action herbicides. These herbicides can act as sterilizers

(non-selective) when they are applied in high doses. In normal
doses their action is selectiVe. The soil texture considerably af- .
fects the action of these herbicides. Soils with a high clay con-
tent, ror organic niatter, tend to partially deactivate the herbicides
due to absorption. In these cases higher doses of herbicide should

be used.

Soil action herbicides (Atrazina) require high amounts of water so
that their application can be done effectively (400 1t/ha of water).
The amount of water can decrease in case the soil is humid or if
there are rainfalls afterwards. Volatile herbicides must be incor-

porated by mixing them with the soil to prevent loss by volatili-



47

zation (Sutan).

4) Herbicide Application Dose: The doses recommended by the manufacturers

must be tested in the following manner: 50% of the commercial dose, the com
mercial dose (100%), 150% of the commercial dose and 200% of the commer

cial dose. (A check or control should be included).

Experimental Design: Randomized completeblock with four replications.

Plot's Size: Plots with six 10 meter long rows. To obtain the data on weeds

and grain yield, the center two rows should be used.

Treatments: The following treatments are suggested.

No. D E S €C R I P T I O N

1 Control (without the application of herbicide). Weeds are not con
trolled in order to determine the kind and quantity of weeds and
their effect on grain yield.

2 Normal weed control as practiced by the farmer.
3 Total manual or mechanical weed control.
4 Pre-emergence application of Gesaprim-Combi (50%) in a dose

of 2 kg/ha (a.i.) with 200-400 1t/ha of water.

5 Pre-emergence application of Gesaprim 50 (50%) in a dose of 2
kg/ha (a.i.) with 200-400 1t/ha of water.

6 - Pre-emergence application of mixture of Gesaprim 50 (50%) in a
dose of 1.5 kg/ha (a.i.) + Lazo (alachlor) in a dose of 1.5 kg/ha
with 200 - 400 1t/ha of water.

7 " Pre-emergence application of Gesaprim 500 Flowable. This pro
duct comes in a 5 1t container which serves as tank for the pum;.
It is disolved in water in the proportion of 2:3. A mixture of 5 1t

 is enough for half an hectare application.

8 Application of 2, 4D to the foliage of the weeds in the following
manner: ‘ — B
a) Spray the field with 2,4D in a 1.0 1t/ha (a.i.) dose with 200 -
400 1t/ha of water immediately after the emergence of the weeds
or just before the maize plants have 4 leaves.
b) Spray 2,4D ina 1.0 1t/ha (a.i.) dose with 200 - 400 1t/ha of
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water directed to the weed's foliate, between the rows, when
maize has 30 to 40 cm in height.

NOTE: Pass of cultivator should not be done on treatments 1, 4, 5, 6, 1,
and 8. : '

~ Plant Density: Plant three seeds every 50 cm over the row with 75 cm sepa-

ration between rows. When the plants are 10 - 20 cm height, leave two plants
pér position only.

Production Technology: Follow technical recommendations given by the Nation

al Agricultural Research Institute. (See the example shown in trial No. 1).

Data Taken: Follow general instructions. Fill out the attached report forms.
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TRIAL NO. 6

1) Trial Areca: 8 treatments with 4 replications.

No. of rows

Row Distance Plot Replication Total Area
Length { between rows| per plot Area Area (without alleys)
2 2 2
10 m 75 cm 6 45 m 360 m 1,440 m
2) Planting:
Distance Distance Hills No. of Seeds Final No. of Plant Density
etween rows|between hills| per row per hill plants per hill per ha
75 cm 50 cm 21 2 -3 2 * 50,000
3) Nitrogen Application: 100 kg/ha of N as Utea (46% N}
Urea per Urea per Urea per Urea per Urea per
ha Trial Plot 10 m loug hill
row (each 50 cm)
{ At planting 109 kg 15.7 kg 489 gr 82 gr 3.9 gr
40 days after 109 kg 15. 7 kg 489 gr 82 gr 3.9 gr
TOT A L. 218 kg 31.4 kg )

4) Phosphorus Applicationﬁ 40 kg/ha of P_O_ as Triple Superphosphate (TSPh)

5
(46% of ons)z

TSPh per ha | TSPh per Trial TSPh per Plot TSPh per TSPh per hill
10 m long (each 50 cm)
row
87 kg 12.5 kg 391 gr 65 gr 3.1 gr
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A) Soil: Granular Aldrin 20% (1 kg/ha a.i.)

Aldrin per ha Aldrin per Trial Aldrin per Aldrin per Aldrin per hill
: Plot 10 m (each 50 cm)
row
5 kg 720 gr 22.5 gr 3.8 gr (0.18)gr~20.2 gr

- Granular Furadan o Cytrolane 2% (500 gr/ha a.i.)

Furadan per ha

Furadan per

Furadan per

Furadan per

Furadan per hill

Trial Plot 10 m (each 50 cm)
row
25 kg 3.6 112.5 gr 19.7 gr 0.94 gr ~~ 1 gr

B) Foliar Application: Sevin, Dipterex, Birlane, Cytrolane, Furadan, etc.

{granular) 2% (250 gr/ha a.i.)

Sevin per ha | Sevin per Sevin per Sevin per 10 m Sevin per plant
Trial Plot row (+ 50,000 pl/ha)
12.5 kg 1.8 kg 56.5 gr 9.5 gr A~ 0.25gr

6) Herbicide Application: Gesaprim 50 (Atrazine 50%) 2 kg/ha (a.i.) or 4 kg/ha

of commercial product in 400 1t water solution,

Gesaprim per ha

Gesaprim per Trial

Gésaprim per Plot

4

(400 1t water)

kg

72 gr

(7.2 1t . water)

18 gr
(1.8 1t water)

2,4 D (50%) 1 1t/ha (i.a.)or 2 it/ha of the
commercial product in water solution of:

Application] 2,4 D per ha 2,4 D per Trial 2,4 D per Plot
First 21t 36 cc 9 " cc.

I Second 2 . 36 cc 9 ‘cc
TOTAL 41t 72 cc 18 cc

7) Harvest and

Yield Calculation:

~— 4

Harvested area: 2 rows x 0.75 cm x 10.5 m =
15.75 m2,

Y

rai
?1 5 % Moisture

jeld =

}vield Weight x % Dry Matter x 5.98 (factor) =

kg/ha
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WEED EVALUATION

Observations must be taken in the two central rows in each plot. The object

is to deternﬁne the kind and quantity of weeds in order to evaluate the effect-
iveness of the treatments. To effect the count it is convenient to use a wire

frame, 50 x 50 cm, throwing it at random in the plots.

- Initial count before the maize has 4 leaves. Determine the num
ber of each kind of weeds (broad leaf, narrow leaf) and express
the amount as percentage. Idenﬁfy, if possible, the name of
predominant weeds. _

- Count before passing of cultivator (treatments 2 and 3). Do the
same as above and cut the weeas inside the wire frame to de-
termine their weight as dry matter.

- Count at the time of flowering. Same as above.

- Count at harvest time. Same as above.

From the practical point of view, it is recommended that a visual evaluation be
conducted estimating the percentage of the plot's area which is covered by weeds.
(5 - 20 - 50 or 100% coverage)‘. At the séme time an estimate of broad and nar-

row weed leaves percentage can be done.
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TRIAL: NO. 7

No-Tillage Planting Trial

Crop: Maize

Place: Farmer's field. _

Objective: To determine differences in grain yield, time and labor cost bet-
ween systems of "traditional planting' and ''no-tillage planting" (Zero-tillage).

Background: No-tillage planting is a very old system. Primitive farmers use

to plant without tillage. Low technified farmers, specially those with scarce
economical resources and with excessive slope soils, are still planting with-
out soil preparation. Once farmers obtain more resources and flatter lands,
soil preparation or tillage increase noticeable with not necessarily increases

in yields due to this fact.

Soil preparation has evolved in both directions through history. From no-til-
lage, originally, to a large number of tillage operations with the development
of modern tractors and implements. Afterwards, with the use of efficient her-
bicides, tillage operations have been reduced largely. So new systems for
planting were developed, first minimum tillage and later no-tillage. Scientists,
when eliminating tillage operations, have had the objective of reducing time

and cost of crop production to a maximum extent without affecting yield levels.

Efficient herbicides, today available, have been a key factor for the no-tillage
planting system development. Any type of tillage could be avoided by using a
contact herbicide (Gramoxone) to destroy already developed weeds and with
systemic herbicides (Gesaprim) to prevent new weeds from emerging. A layer
of vegetal matter (mulch) is formed on top of the soil with the chemical weed
control method. This layer protects soil from erosion and losses of moisture,
also it reduces the germination and growth of new weeds.

Plot Size: To facilitate the planting of the trial, 10 rows of 20 m long plots
without replications are used. To obtain grain yield the two central rows on

each plot are harvested.
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Treatments: The following treatments are suggested:

NO.
1

10

DESCRIPTION

Control. Planting with the traditional soil preparation method
used by the local farmers. Weeds should be controlled according
to what farmers normally do.

Cut stubble and weeds from 10 to 15 cm above soil level about a
week before planting.

Cut stubbles and weeds from 10 to 15 cm above soil level about a
week before planting. Leave the vegetable cutting scattered all
over the soil surface. Make furrows each 75 cm and plant cover-
ing the seed with the feet. Apply immediately after a mixture of
Gramoxone (1.6 kg/ha a.i.) and Gesaprim (1.5 kg/ha a.i.).

Apply Gramoxone (1.5 kg/ha a.i.) a week before planting. Plant

with a handspike and apply Gesaprim (1.5 kg/ha a.i.) immediate-
ly after.

Apply Gramoxone (1.5 kg/ha a.i.) a week before planting. Make
furrow each 75 c¢m and plant covering the seed with the feet. Ap-
ply Gesaprim (1.5 kg/ha a.i.) immediately after. '

Apply 2,4D (1.5 kg/ha a.i.) a week before planting. Plant with
a handspike and apply Gesaprim (1.5 kg/ha a.i.) immediately af-
ter.

Apply 2,4D (1.5 kg/ha a.i.) a week before planting. Make furrows
each 75 cm and plant covering the seed with the feet.

Plant with a hand spike and apply a mixture of Gramoxone (1.5 kg
/ha a.i.) and Gesaprim (1.5 kg/ha a.i.) immediately after.

Make furrow every 57 cm and plant covering the seed with the
feet. Apply a mixture of Gramoxone (1.5 kg/ha a.i.) and Gesa-
prim (1.5 kg/ha a.i.) immediately after.

Cut stubbles and weeds according the farmer's procedure. Plant
with a handspike and manually control weeds.

NOTE: Treatments 2, 3, 4, 5, 6, 7, 8 and 9 should not have any weed control
or/and deep cultivation after planting so natural soil conditions are not affected.

Herbicide applications (Gesaprim, Gramoxone and 2, 4D) should be done with
200 to 400 1t/ha of water.
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SUMMARY OF TREATMENTS

Furrow,
oxen,or
Treat- Handspike tractor HERBICIDE APPLICATION *
ments Cutting* Planting planting = Gramoxone Gesaprim 2,4D
1 TRADITIONAL SOIL PREPARATION.
2 Before X After After
Planting Planting planting
(mixture) (mixture)
3 Before ’ X After After
planting planting planting
(mixture) (mixture)
4 X ‘ Before After
planting planting
5 X Before After
planting planting
6 ‘ X After Before
planting planting
7 . After Before
planting planting
8 X After After
planting planting
9 X After After
planting planting
(mixture) (mixture)
10 X X MANNUAL CONTROL

* When cutting before planting or apply herbicide before planting is indicated,
this should be done a week before planting.

NOTE: This trial could be reduced to 6 treatments when only handspike or only
furrow (oxen or tractor) planting is done in the area. This will depend on the

most generalized planting method in each region. .

Production Technology: Follow the technical recommendations given by the

National Research Institute (as reference see the example shown in trial No. 1.)
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Data Taken: Follow general instructions. Fill up the attached report forms.
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TRIAL NO. 8

Grain Storage Trial

Crop: Maize

Place: Farmer's field. ,

Objective: To compare the grain conservation efficiency of the traditional type
of storage used by farmers with improved grain storage methods.

Background: Farmers face a series of adverse factors during the maize crop

development, such as diseases and insect attacks, weed's competition, drought,
ete. , which caused drgstic decrease in grain yield. Once harvesting is com-
pleted, losses do not stop there, to the contrary, during the storage of the pro-
duct, losses continue reaching levels of 20, 50 and even 100 percent of the grain.
This is because storage used by farmers is generally very inefficient since they

do not protect the grain from insect damage and rottenness due to moisture.

Metalic grain silos from the type used in Guatemala represent a good solution
for grain storage. (Refer to the article '"Asian Farmers Can Adopt Guatema-
la's Low-Cost Metal Silos'" which is reproduced on page 59). Insecticide appli-
cations to the ears recently harvested, such as Lindano, Malathion, etc., could
prevent large grain losses.

Procedure: First of all, determine the type of grain storage commonly used in
the area of the program. Identify some farmers which are willing to partici-

pate in this trial.

Treatments: When designing the treatments it is suggested to consider the fol-

lowing possibilities:

1) Farmer's traditional storage.

2) Metalic silo system (reference: Guatemalan Metalic Silos). Grain is treated
with insecticides which are described next.

3) Strong or heavy plastic sacs sealed hermetically. 7

4) Cages made of chickenwires used for placing ears with or without leaves

and treated or untreated with insecticides before leaving them in the normal
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grain storage of the farmer. Cages should be made with a capacity of 25

ears each.

Insecticides to be used:

a) Grain or ear application.
- Malathion 1000E in a dose of 3 cc diluted in 1 1t of water per 100 kg
of grain or 60 kg of ears.
- Malathion (1% a.i.) in powder formulation applied in a dose of 120
g per 100 kg of grain.
- Lindano (0.1% a.i.) iﬁ powder formulation applied in a dose of 120

g per 100 kg of grain.

b) Fumigants.
- Methil bromide in a doseof 48 g per ton of grain per 1 day.
- Phosphine (Phostoxin = Aluminium phosphide) in a dose of 2 to 5 ta-
blets ,per;ms,,,.pﬁer 800 kg.of grain.per 4 to .5 days.
- Carbon tetrachloride in dose of 0.6 1t per 1, 000 kg of grain per 14
days.

NOTE: Both insecticides and dose to be used for grain treatment must be in
agreement to the regulations given by the official authorities of each country.

According to the previous considerations the following example of possible treat

ments is described:

NO. DESCRIPTION OF TREATMENTS

Farmer's traditional storage.

Metal silos. Treat the grain with a previously indicated fumigant.
Plastic sacs without insecticide.

Plastic sacs with insecticide.

Wire cages with ears with leaves without insecticide.

Wire cages with ears with leaves treated with insgcticide.

Wire cages with ears without leaves without insecticide.

O =3 O U B W N e

Wire cages with ears without leaves with insecticide.
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Data Taken: To proceed to take data, it is necessary to determine the follow

ing information:

- What is the average time that the farmer keeps the grain for consumptioh
and for seed? |

- For how long the farmer would like to keep the grain for consumption and
for seed? |

- According to the farmer's criteria, which type of damage would be light,
medium or total?

Once these questions are answered, data taken should be adjusted to the real

storage requirement of farmers.

It is suggested to take samples every two months when the farmer storages the
grain for long time (more than 4 months) and one sampling when he storages for
short time (less than 4 months). Special care should be taken when sampling
metal silos or plastic sacs to avoid the entrace of insects when these deposits
are opened. Samples hould be, in these cases, of about 100 grains to determine

easily the percentage of grain damage (rotten or perforated by insects).

When wire cages are sampled it is convenient to number ears {from 1 to 25)
with indeleble maker to determine the advance of the grain damage. To deter-
mine the degree of damage of the ears an scale from 1 to 5 could be used (re-

fer to the rating scale for ear damage which appears in page 66).
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ASIAN FARMERS CAN ADOPT GUATEMALA'S LOW-COST METAL SILOS
by Steven A. Breth *

Possibly the best system of small-farm grain storage in the tropics is the one
used by farmers in the hills of eastern Guatemala. Few farmhouses there can
be found without three, four or five small metal silos under the eaves or locked
into a grain room. The silos are locally made by village blacksmiths with sim
ple methods and inexpensive materials, so even farmers who till as little as
three hectares can afford them.

Blacksmiths construct the silos by bending and soldering together flat galvan-
ized steel sheets. The silos range in capacity from 225 to 1, 100 kilograms.
To fill the silo the farmer funnels grain into a small opening in the roof of the
silo; he removes grain through a small opening in the side of the silo near the
base. Caps made of sheet metal fit snugly over the inlet and outlet openings.
Farmers usually fumigate grain in the silos with an inexpensive chemical, but
farmers in one locality get good results with no fumigant at all.

No one knows who invested the silos but they have been in use around Jutiapa
for perhaps 40 years. Good grain storage is vital in the area because of perio
dic drought and high insect populations. Jutiapa usually gets 2000 mm of rain
a year in a double-peak pattern, but about one year out of four the second peak
fails, and so does the maize crop. Farmers hedge against the risk of periodic
drought by interplanting sorghum with maize. Thus in drought years they are
able to harvest the earlier maturing sorghum even if the maize withers up.
They also try to store more maize than they consume in one year in case the
following year is bad. This goal would be futile with traditional storage me-
thods.

Another incentive for good grain storage is the constant threat of storage insects.
With its year-round high humidity and high temperatures (annual average 20°C)
Jutiapa has ideal conditions for rapid multiplication of insects. Farmers say
that in cribs made from maize stalks -the traditional sterage method in Guate
mala- maize on the ear is destroyed by insects within six months. The local
metal silos, however, can protect maize for two years and perhaps more.

The design of the silo varies little from blacksmith to blacksmith: a slightly
conical top with a 10 cm opening in the center, and another 10 cm opening in the
side of the silo about 4 cm from the bottom. Each opening can be closed tight
ly with a sheet metal cap which looks like an open tin can. -

The silos are constructed from standard (2.5 x 1 m) flat galvanized steelsheets.
The seams and joints of the silo are soldered. One silo-maker says he offers

g

* Science writer at CIMMYT (International Maize and Wheat Improvement
Center) in Mexico.
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customers the choice of 26 or 30 gauge sheet, depending on how much they want
to pay. Although silos up to 1, 100 kilos capacity are available, the most wide
ly purchased are the 550 and 800 kilo silos. A silo that holds 800 kilos of maize
measures about two meters high and 80 cm in diameter. It takes three galvan
ized steel sheets. A silo that holds 500 kilos takes 2.5 sheets. -

Small silos have a 5 cm wide metal band around the center to strengthen them.
Large silos have two bands, one about a quarter of the way from the top and
the other a quarter of the way from the bottom.

The cost of the silos is rather uniform: US$2.25 per 100-kilos capacity for si-
los ranging from 450 kilos to 1, 100 kilos. The unit cost of smaller silos is
somewhat higher.

While ears stored in an open crib can have a fairly high moisture content be-
cause circulating air will dry them, grain placed in a silo must througﬁly dry
(not more than 13% moisture) to prevent mold from developinh.

To speed the drying of the grain, farmers in Guatemala, like their Mayan fore
bears, snap the maize stalk below the ear at maturity so that the ear hands ug
side down. In this position the husk gives better protection against rain while
the ear is drying out. After harvest, farmers who have metal silos dry the
ears further on mats in the sun, then they shell the ears and pour the grain in-
to the silos. Some farmers temporarily place ears in maize-stalk cribs if
they don't have enough room to dun'dry their harvest all at once.

Farmers wisely keep their silos under roofs-out of direct sunlight. In silos in
the sun, migration of moisture ir the grain would cause molding. When sun-
light strikes one side of a metal grain storage structure, it heats the grain near
that side and moisture from the grain moves to the side away from the sun which
is cooler. Even if the grain has been well dried before it was placed in stor-
age, the movement of moisture may raise portions of the grain to 15 or 16 per
cent moisture, causing mold.

In Jutiapa, when a silo is filled, farmers fumigate it with carbon disulfide.
They half-fill a one-eighth-liter bottle (brandy bottles of this size are easy to
find) with carbon disulfide, stuff a dry maize cob (i. e. a shelled ear), whittled
to fit, in the mouth, and place the bottle on top of the grain. They then close
the silo with a tight-fitting metal cap. Since carbon disulfide fumes are heavier
than air, they move from the top of the silo to the bottom. Farmers say a half
bottle (i.e. 60 milliliters) of carbon disulfide is enough to fumigate a silo hold
ing 800 kilos of maize.

The rate of carbon disulfide that farmers use -7.5 milliliters per 100 kilos of
grain- might seem inadequate. FAO recommends 20 milliliters of carbon di-
sulfide per 100 kilos in a silo kept sealed for seven days. Nevertheless, since
the effectiveness of a fumigant is determined by both the rate used and the time
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that the grain is exposed to the fumigant, a dose of 7.5 milliliters per 100 ki~
los in a silo kept closed for 20 days would be equivalent to the rate FAO rec-
ommends.

Pharmacies in Jutiapa stock carbon disulfide solely for use as a grain fumig-
ant. A 1-liter bottle of carbon disulfide costs US$1.90. One liter is enough
to fumigate 17 silos that have a 800-kilo capacity at a cost of about $0.10 a si
lo. Pharmacists are willing to sell even as little as 10 cents worth of carbon
disulfide.

In Jutiapa farmers fumigate maize, sorghum, and dry beans which are kept in
metal silos. Rice, however, is kept in the hull in open drums and is not treat
ed against insects.

Tablets of aluminum phosphide are available from agricultural supply stores,
but farmers say they use them only if they find moths flying in the silos. Alu-
minum phosphide tablets are sold in tubes of 30. This is probably a disadvant-
age for the small farmer. The farmer may need only five or six tablets to fu
migate his silos, but once the tube is opened the unused tablets cannot be saved
for the next crop.

To store maize for more than one year, one farmer said that he uses a double
dose of carbon disulfide. He places one bottle in the silo when it is half full of
maize, then he fills the silo and places-ancther bottle onthetop of the grain.
Another farmer said that if he wislies to keep grain for more than one year, he
removes the grain from the silo at the end of the first year, cleans out what -
ever grain dust may have accumulated, replaces the grain in the silo, and then
puts in a new bottle of carbon disulfide before closing the silo.

Farmers in San Martin Jilotepec, a town 200 kilometers west of Jutiapa, rare-
ly use a fumigant. But then they fill a silo they seal the inlet and outlet open-
ings by taping the edges of the metal caps to the silo with plastic tape. San Mar
tin is quite different from Jutiapa. It is at 2000 meters elevation, cooler (an-
nual temperatures average 17 to 18°C), and although the rainfall is only 1000
mm a year it is evenly spread out and realiable. Like Jutiapa the area is hu-
mid. Silos have been used in San Martin for only the last eight years.

At the high elevation of San Martin, storage insects may be less of a problem
than in Jutiapa, making fumigants unnecessary. On the other hand, storage
scientists have shown that sealing a container air-tight can control insects by
suffocating them. While no one has studied the sealed silos of San Martin to
find out if they are air-tight, farmers in San Martin (and Jutiapa, too) are sharg
- ly aware of the need to keep the silos closed until the contents are about to be
used. Farmers willingly allow grain in opened silos to be examined, but they -
refuse to permit examination of grain in full silos because, they say, "if the air
gets in the silo, insects will grow in the grain."
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DRUM :BINS

In San Martin one farmer uses oil drums to store grain, a system similar to
metal silos, but less practical. His grain bins are made from two 50-gallon
0il drums welded together. Like metal silos the drum bins have an inlet open
ing at the top and an outlet opening on the side near the bottom. Both openiné_s
can be sealed.

One drawback of drum bins is that they are more expensive than metal silos.

A two-drum bin holds only 300 kilos of maize and costs US$12.50, or about
$4.00 per 100 kilos of capacity. Another drawback is that, as a system, drum
bins are rather inflexible. For different sizes of drum bins, only the height
can be varied because o0il drums come in only one diameter. A 900 kilo capacity
bin would require six drums and would be 4 meters high.

The metal silos can store grain perfectly. In Jutiapa and San Martin, an inform
al survey, conducted 10 months after the last harvest, uncovered no grain in -
metal silos that smelled of mold or had more than a few discolored kernels per
handful. There was little sign of insect damage -kernels with holes were rare
and no silos had dust at the bottom. A grain dealer showed maize that had been
placed in storage 22 months earlier with carbon disulfide. It looked as good as
if it had been just harvested.

No one seems to know where the idea of metal silos came from, but they have
been in the Jutiapa area for well over 30 years. A pharmacist who has been in
business since 1941 says that he has sold carbon disulfide for grain storage for
the entire time. The grain dealer still uses one metal silo that her husband
had before their marraige -30 years ago. '

Metal silos have been sold in San Martin since about 1966. At that time mar-
chants began the annual practice of bringing a silo inaker to San Martin from
Jutiapa to construct silos for sale to local farmers.

Sales of carbon disulfide suggest how widespread the use of the silos is. Two
phramacies a block apart in Jutiapa each said they sold 75 gallons pf carbon
disulfide in the 3-month period after the last harvest. That's enough to treat
2, 400 silos holding 800 kilos each or 2, 000 metric tons of maize. And Jutiapa,
a town of 10, 000 has many pharmacies.

Sales of new silos move at a fast clip, too. One silo-maker in Jutiapa who has
a capacity of four silos a day says he sold 100 silos during the three months
following the last harvest. Another silo-maker in Jutiapa who has a six-silo-a-
day capacity says he sold 450 silos in the four months after the last harvest.

In San -Martin, a cooperative organized by World Neighbours sold 150 silos to
its members in 10 months. A merchant in San Martin says he sold 200 silos

in the same period. He estimates that he has sold 1, 000 silos in the last seven
Years.
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Especially in Jutiapa, farmers tend to have more than one silo; five or more are
not uncommon. Three 800-kilo~capacity silos hold enough to feed 13 adults 500

- grams of maize a day for a year. Since most farmers say they sell little or no
maize, it appears that many farmers try to store more maize than their families
consume in a year, even if some silos are used for sorghum and beans.

Silo makers estimate that with care a silo should last 15 years. Silos that are
20 or 30 years old are not uncommon in Jutiapa. Probably the most frequent
cause of damage is moving the silo from place to place. Two men can carry an
empty 800-kilo-capacity silo with little effort, but silos are easily dented when
empty. Farmers keep the silos under the eaves of their houses or inside storage
rooms so rust is no great problem. Because the base of the silo is an unrein-
forced piece of sheet metal, the silos must be placed on a flat surface to keep
the pressure of the grain evenly distributed. Farmers put the silos on cement
floor or wooden platforms. A slightly raised platform makes removing the grain
easier. :

Assuming that the average life of a silo is 10 years, the cost of storing maize
in the metal silo is $0.22 per hundred kilos per year plus about $0.01 per hun-~
dred kilos per year for carbon disulfide, if used.

Carbon disulfide is a dangerous chemical. All fumigants are poisonous, but car
bon disulfide is also explosive. Like gasoline, carbon disulfide has a low flash

point (20°C). But among a dozen farmers and pharmacists questioned in Jutiapa,
none could recall ever hearing of anyone being hurt while using carbon disulfide.
Carbon disulfide can be made less flammable if it is mixed with carbon tetrachlo
ride, a chemical which is itself a fumigant.

Not every area in Guatemala is using small metal silos to store grain, but the
silos are spreading. Aside from San Martin, the silos are popping up in reset-
tlement areas such as La Maquina on the south coast. Many of the residents of
resettlement projects are from Jutiapa, which is densely populated, and they
have taken along the idea, if not the silos themselves.

Since the smallest silos require an investment of only $6.00 or $7.00, silos are

a technological advance that even farmers with little capital can try. If the farm
er likes his first silo, he can add whatever storage capacity he can afford when-
ever he wishes. It seems like an idea that farmers in many countries could pro-
fit from.
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INSTRUCTIONS FOR DATA TAKING

Each field book includes report forms to facilitate the record of data and to ob
tain the necessary information for the analysis, evaluation and drawing of con

clusions for each trial.
The analysis of the data will be done through computer, therefore, we request
that the filling out of these report forms be done with legible handwriting in or

der to avoid mistakes when the cards are punched.

Data Taking: The metric system, percentage and scales (1 to 5) should be used

er each of the cases indicated below:

1) Days to flower: Number of days from planting to the presence of 50% of the
stigmas. '

2) Number of tillers: Total number of tillers of more than 30 cm in height.

3) Plant height: Average height of a 10 plant random sample, from the soil

level to the base of the tassel (male inflorescence), expressed in centime-
ters.
4) Ear height: From a random sample of 10 plants, the average height is mea

sured from the highest ear node insertion, expressed in centimeters.

5) Lodging at harvest:
Root: Number of plants with an inclination of more than 30° with
respect to vertical.

Stalk: Number of plants with broken stalk under the ear.

6) Field Weight: Weight of harvested ears expressed in kilograms per plot.

Round off to one decimal. (i.e. 5.8 kg).

7) Plants harvested: Total number of plants harvested, including barren plants

(without ears).

8) Number of ears harvested:

Total ears: Total number of ears harvested including those rotten.

Rotten ears: Grade the degree of rottenness with a 1 to 5 scale as

follows: 1:healthy; 5:totally rotten. Register only
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whole numbers. (Refer to page 66 Rating Scale for
Diplodia and Fusarium ear rot.)

9) Moisture Percent: From a 10 ears random sample, report the percentage

of moisture and round it off to one decimal (i.e. 38.2%).
10) Diseases: Register and grade the major foliar diseases with a 1 to 5 scale.
(1: healthy, 5: very sick). Some of the major diseases are: Rust (Pucci-

nia sorghi or polysora); Blight (Helminthosporium turcicum or maydis);

Stunt (Phyllachora maydis); and Mildew (Sclerophthora sp.). In the report

form there is space for three diseases.
11) Insects: Register and grade the amount of damage, from the major type of
insects, on a similar scale to the one for diseases. Some of the more im-

portant insects are: Fall army worm (Spodoptera frugiperda); Borer (Dia-

traea saccharalis) and Ear Worm (Heliothis Zea).




RATING SCALE FOR Diplodia EAR ROT

. Escala de calificacién de Pudricién de la mazorca por Diplodia .
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RATING SCALE FOR FOLI»AR. DISEASES

Escala de calificacién de Enfermedades foliares



TRIAL:

GENERAL INIFORMATION AND PRODUCTION

COSTS OF MAIZE

COUNTRY:

LOCATION:

Distance between rows:
Distance between hills:

Plant Density:

cm

cm

pl/ha

Maize Price:

Yield:

TYPE OF
TECHNOLOGY:

kg/ha

Total Costs:
Net Income:

Gross Income:

(R ]

OPEURATIONS

1

N P U T S

TRACTION

HAND-LABOR

GENERAL

DESCRIPTION

Type

Armount Price

Cost

Operations

Price

Cost

Man-days

Price

Cost

COSTS

Soil Preparation

Plow

Disk

Planting
Seed

Manual

Mechanical

Fertilizers
Nitrogen

Phosphorous

Insect Control

Weed Control

Harvest
Bending

Harvesting

Drying

Shelling

Sacs

Transport

General Costs
management

Interests

Renting

TOTAL COSTS
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