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machinery depends on low cost, timeliness, and efficiency. The bottleneck
seems to be efficiency; thus better design is a keystone to economical
machinery,

The attached 1964 and 1965 annual reports of the IRRI Agricultural
Engineering Department are presented to indicate that enough work has been
carried out to waive the limitation imposed by paragraph 5, Article I-B of
Appendix B, Operational Plan. This will permit the agricultural engineer-
ing adaptation and design work to proceed. If approved, expenditures for
further development of the rotary tiller, anhydrous ammonia applicator,
drill row seeder, and stripper harvester will be charged to this project
instead of to IRRI funds.

Permission to purchase one 60- to 80-rated horsepower four-wheel
drive articulated tractor is also requested. The unit will cost about
$9000. Full details will be presented in a separate letter if the above
paragraph is approved.

Until staff members are available to further implement the project,
the September 21, 1965 work plan will continue to guide our efforts in
implementing the contract. Hopefully the staff and other positioms will
be filled by April, 1966, and from that date on, the project should pro-

gress as expected.

Loyd Johnson
Agricultural Engineer, IRRI






al Rice Research Institute

ines

1pp

1964 ANNUAL REPORT, The Interanation:

ing Address: Manila Hotel, Manila. Phil

Mail

Agricultural Engineering__

A FOUR-WHEEL DRIVE TANDEM UNIT, made by joining two 8.5-Rhp standard tillers, helps
eliminate bogging and keeps the operator from walking in the mud.
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Power EQUIPMENT FOR RICE PRODUCTION

F ACTORS associated with the use of
power equipment for rice produc-
tion absorbed a major portion of the
department’s efforts this past year.

Most tropical areas presently pro-
duce only one crop a year, although
temperature and other factors may
favor continuous cropping. Rice har-
vesting and threshing take from 2 to
4 months, so that the land is bare (and
dries out) during this period.

A second crop of rice, wheat, grain
sorghum, corn, or pulses will require
additional power for rapid harvest,
transport, land preparation, plantine,
cultivation, and irrigation. The energy
for transport and irrigation may be
supplied either directly, as in trucks
or pumps, or indirectly, as in the con-
struction of roads, reservoirs, and ca-
nals.

In all cases, however, additional
power must be supplied to complete one
crop season before additional days of
crop production are possible. This view
emphasizes the shortage of productive
power in Asia to utilize adequately the
available land resources. It contradicts
the generally accepted view of a lack
of land resources and a surplus of farm
labor.

These additional days of crop pro-
duction use solar energy and available
nutrients to produce 10 to 50 kilograms
of palay (rough rice) per hectare-day.
If properly used, this sunlight could not
only produce enough rice to pay for the
additional power required but also pro-
vide a surplus to develop resources
further. Additional exploitation of the
available solar energy should be encour-
aged and further exploitation of ma-
nual labor as a crude power supply,
discouraged. This requires that ade-
quate knowledge, energy, and materials
be available in applicable forms. Man’s
role, then, would be to manage the
plant to produce as much palay as pos-
sible on a hectare-day basis.

One missing factor is equipment for
efficient land preparation and harvest-
ing under wet soil conditions. Mechani-
cal power is available at low cost in
the form of engines and gear trains,
but a design for effective application
of this energy is lacking. More engi-
neering effort must be concentrated on
the selection and design of efficient
power equipment to increase productive
land time and decrease the cost of rice
production.

A starting point is to provide data on
some of the present uses and forms of
power,

Harvesting

Time studies were made of hand har-
vesting of two crops of variety BPI-76
at the Institute. The rice, spaced at
25 x 25 em, was harvested with a ser-
rated sickle, stacked into bundles, and
threshed manually. As detailed below,
this method of harvest requires about
225 to 345 man-hours of labor per hec-
tare and 68 to 116 man-hours per me-
tric ton of dry palay. The 2-hectare
family farm would thus have a full
work load at harvest for several weeks.

Man hours for operation

) Per metric
Operation Per hectare ton palay
Cutting with
serrated sickle 60--80 20-26
Carrying and
stacking 26-46 8-20
Threshing,
winnowing,
sacking 140-2%0 40-70
Total 2256-345 68-116
Threshers

The development of a thresher ap-
pears to be the logical first step in the
merhanization of rice harvest. This is
the part of.the harvesting operation
which has the greatest labor require-
ment. It is also the part of the opera-
tion where the problems of moving
equipment over the field are at a mini-
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Agricultural Engineering

mum. For these reasons development
continued on the cone thresher de-
seribed in the 1963 Annual Report. A
power take-off driven model with
more power and more screen area
for separation was built (Fig. 1). The
36-hp tractor stalled when the thresh-
er was fed straw and grain at rates
of 60 kg/min. The centrifugal nature
of the cone thresher resulted in in.
creased friction on the screen and
drag on the drum, creating a high pow-
er requirement. Threshing was com-
pleted, but even a 50-square foot screen
did not fully separate the grain from
the straw. The development of a com-
mercial thresher will require changes
in these weak points,

Land Preparation

After harvesting and threshing are
completed, the land must be prepared
for the next crop. In the Philippines,
carabaos ars the major source of power
for pulling plows and sleds, and a study

Fig. 1.
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was completed on the energy expendi-
ture and work capacity of these work
animals while pullings loads.

The test carabaos developed from
0.48 hp at a 40 kg load to 1.38 hp at a
100 kg load. Working under a high
environmental stress for 2 hours did
not affect significantly the animals’
horsepower output.

Intensity of loading did not change
significantly the speed of pulling.
Speed ranged from 3.64 km/hr to 4
km/hr for loads ranging from 40 to
100 kg.

The gross energy expenditure ex-
pressed in Cal/min varied linearly with
horsepower output within 0.48 to 1.38
hp (Fig. 2). The relationship was de-
scribed by the equation:

Gross energy = 8.04 + 39.18 hp

The net energy in Cal/min was given
by:

Net energy = — 0.54 4 39.6 hp

AL il L

A PTO-driven cone thresher.
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Ey®8.04 + 3918 hp
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Fig. 2. Relation between energy and horse-
power output of six carabaos pulling 40, 60, 80
and 100 kg loads under low environmental
stress.

Gross efficiency increased at a de-
creaging rate with horszpower. The
average maximum efficiency of 23.5
percent was attained at loads of 80 and
100 kg.

Net efficiency showed an average
peak value of approximately 28.5 per-
cent at horsepower ranging from 0.8
to 1.2 (Fig. 3).

Power Tillers

Studies of animal plowing and har-
rowing to prepare flooded rice soils in-
dicate that 30 to 60 man- and animal-
hours are required to plow and 40 fo
60 hours to comb harrow. In the Phil-
ippines, the operator’s wages and the
rental value of the animal are about
the same; therefore, the costs of land
preparation are about the same as 140
to 240 man-hours of farm labor or 1
horsepower-hour plus operator costs
apout the same as 2 man-hours.

In Asia, the 5- to 10-horsepower til-
lers now compete with the animal.
. Time studies made on an 8.5-hp tiller
. indicate that this machine may be ex-
pected to prepare a hectare of land
with 75 hp-hours plus 9 operator-hours

Agricultural Engineering

(Table 1). Although its power require-
ments are about the same as those of
the animal, it greatly :educes operator
time and shortens the period during
which the land is idle. The power tiller
would seem more economical if each
horsepower-hour costs less than 2 man-
hours of farm labor.

The major advantage of these power
tillers is their mobility in soft soils.
This is achieved by light weight con-
struction, special lug wheels, and spe-
cial roto-tiller blades which slash the
soil and also aid the forward move-
ment of the tiller.

The major disadvantages of these
tillers are the high cost per rated horse-
power and the fact that the operator
has to walk in the mud. Higher horse-
power, four-wheel drive, articulated
tractors seem to be the next step in
wet land farming. A small four-whesl
drive tandem unit was made by joining
two 85-Rhp standard tillers
The unit lacked power and weighed too
much in the rear. Improved designs of
this type with more power, lighter
weight, and better weight distribution
should prove commercially feasible.

Work continued to develop design in-
formation for four-wheel articulated

tractors. A hydraulic cylinder cable
20
29 |-
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S
car |
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Fig. 3. Relation between net efficiency and
horsepower output of six carabaos pulling 40,
60, 80 and 100 kg loads under low environmen-
tal stress.
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Fig. 4.

A hydraulic cylinder cable arrangement for determining axle torque required to
overcome rolling resistance and provide traction.

TABLE 1. Field performance of Iseki Model KIF-850 8.5-Hp tiller while rotary tilling
flooded clay soils, ®

Range Average
Plot size, sq m 312 - 2500 312
Soil plasticity index 25 ~ 38 32
Penetrometer cone index at 9” depth, psi 8-170 20
Depth of tillage, cm 9 - 28 18
Width of tillage rotor, cm 60
RPM of rotor 267
Velocity of forward travel, meters/min 25 - 4b 36
Time for 90° turn, seconds 4.6
Area, sq m, tilled per RHp-hr 100 - 162 134
RHp-hr/hectare 62 - 100 76
Operator hours/hectare 8 -12 9
Diesel fuel, liters/ha 10.7 - 21.6 16.4

n 44 trials.

arrangement was designed to deter-
mine the torque required to overcome
rolling resistance and to provide trae-
tion under flooded field conditions
(Fig. 4). This device should help in
evaluating the effect of sinkage, slip-
page, and wheel loads on the parfor-
mance of various cage wheel and tire
combinations (Fig. 5).

The larger tractors offer lower cost
per horsepower-hour and per hectare
of land preparation. Ultimately the
cost per hectare is most important.
Contractors may prepare land more
rapidly and at lower cost through the
use of larger, more efficient units than
any one small farmer can justify for

woo
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Fig. 5. Axle torque to overcome rolling re-
sistance of a tandem tractor agninst sinkage of
front wheels on flooded soils.
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his own needs. Presently, preparing 2
hectares of land with one animal takes
at least a month. The farmer and his
animal cannot speed up land prepara-
tion. The production lost from the
land is worth more than the cost of
preparing land with power equipmeant.

Other special projects on land pre-
paration included the fabrication of a
set of special auger wheels for a 5-hp
tractive type tiller (Fig. 6).

Agricultural Engineering
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Fig. 6.

A 5-hp tiller with special auger
wheels,

SoIL DEPTH EFFECT ON R.CE UNDER LOWLAND CONDITIONS

The literature on tillage indicates
that rice yields are enhanced by plow-
ing deeper than the conventional depth.
An experiment comparing nine depths
was initiated in July to gain basic in-
formation on the subject. Figure 7
and Table 2 show the relationship of

grain yield per hill of Tainan 8 at the
various depths. The available nitrogen
at shallow soil depths apparently was
inadequate for optimum growth and
grain production. The soil, straw, and
grain will be analyzed to dstermine the
amount of nitrogen withdrawn by the

30 p!ant.
. * TABLE 2. Effect of soil depth on yield per
hill of Tainan-3 variety, IRRI,
1964 wet scason.
‘E!D
H y Soil hl:l‘:l.\t Weight  Nymber Number  Grajn
3 denth of st:‘)xf\v B :.mflfrc welght
f (em) u(tcl;g\)v () tillers paniclea (g)
§o 4 656 5.8 52 34 8.2
8 67.7 11.6 6.1 5.0 124
12 70.2 13.7 7.5 6.4 18.2
16 724 18.6 9.9 6.4 20.8
\ . X ) 20 74.2 22.1 10.9 6.9 23.2
° 0 20 30 40 24 76.8 23.8 11.6 7.8 26.4
Soil Deoth (em) 28 78.8 217.9 12.7 8.1 27.9
. . 32 8.8 30.2 13.1 74 26.8
Fig. 7. Effect of soil depth on yield per
hill of Tainan 3 spaced at 30 x 30 cm. 36 9.6 2.9 13.7 8.3 29.8
PLANTING

Development of equipment for plant-
ing rice requires more basic data on
how the rice plant responds to various
hill and row spacings. An experiment
was conducted on row spacing of up-
land rice and two others on spacing of
transplanted rice.

Row Spacing of Upland Rice

Six rice varieties were planted at
nine row spacings ranging from 380 to

110 cm apart. The seed rate was -
approximately 100 seeds per linear
meter of row, and germination was 50
by two applications of DPA and two
to 90 percent. Weeds were controlled
hand weedings.

Yield declined with increased spa-
cing over 30 cm at the rate of 5 percent
for each increase of 10 cm as shown
in Fig. 8. Figure 9 shows the effect
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Fig. 8. The percentage of yield decreased as
row spacing increased from 30 to 110 cm,

in terms of yield in kilograms per hec-
tare. The data support-the hypothesis
that row spacings greater than 80 cm
decrease yields.

Peta lodged severely at the 80 cm
spacing. Lodging gradually decreased

0121 X (da4 — d,4)
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Fig. 9. Yield (kg/ha) decreased as row
spacing increased from 30 to 110 cm,

with increased spacing. The stem
height and diameter of both lodged and
non-lodged plants were ineasured. A
slender-column formula was used to
compute the straw strength. The for-
mula was simplified to

0.121 %X (d,4 — d,4)
1.2

in which J, is the inside stem diameter,
d. the outside stem diameter, d; the
diameter of the stem including the leaf
sheaf, and L the stem length. Table
3 lists the average values of straw
strength P,/E and P./E for 60 lodged
and non-lodged Peta plants for each
spacing.

The five other varieties did not lodge
but the closer spacing P/E values were
always lower than the wider spacing
values. This supports the observation
that wider spacing decreases lodging.

Hill Spacing of Transplanted Seedlings

Methods of planting on lowland
puddled soil should receive immediate

attention as the 160 to 200 man-hours
necessary to transplant a hectare is a
major labor requirement, while broad-
cast seeding requires only about 3 man-
hours per hectare. The value of pro-
duction and labor must be balanced to
decide which method is best.

Transplanting is normally at spacings
of 15 to 50 cm or 4 to 50 plants per
square meter, and broadcast rates are
usually adjusted to obtain 100 to 200
plants per square meter. A broad
range of spacing is indicated if the
yield gradient due to spacing is to be
identified.
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TaBLE 3, Average straw strength values of
lodged and non-lodged plants of
Peta variety for nine row spacings,
IRRI

Lodged plants *

Row Lodged Non-lodgec plants »
!

spacing Py/E Py/E Py/E P:/E
(em) (% mm? x 10-2 mmn? x 10-¢
30 96 3.3 11.2 2.8 7.5
40 93 4.2 14.3 2.8 8.3
b0 86 4.6 14.1 3.1 8.2
60 66 5.3 15.6 3.7 9.0
70 46 5.9 16.6 3.9 9.4
80 38 6.0 16.9 5.1 12.3
90 22 6.2 18.2 4.0 10.3
100 20 6.0 17.2 6.1 11.6
110 8 6.3 19.0 4.5 10.7

*»Each P/E value was ccmputed from
the average of 60 stem measurements,

In a preliminary experiment, 22-day
seedlings of variety PI 215936 were
transplanted at 37 spacings ranging
from 7 to 100 cm between plants or 1
to 200 plaiits per square meter (Fig.
10, top). Light intensity measurements,
taken October 28 at flower initiation
(Fig. 10, middle), showed that the per-
centage of light penetration declined ra-
pidly with populations up to six plants
per square meter (Table 4) or until
about 82 percent of the light was ab-
sorbad by the plants,

Plants began to lodge on November
9 at stand densities of 70 to 200 plants
per square meter. By November 9, the
plants at densities of from 12.5 to 200
plants per square meter were lodged
after a heavy rain. On November 12,
the lodging extended to the six plants
per square meter (Fig. 10, bottom)
after a heavy rain, No further lodging
occurred; the plots were harvested De-
cember 1 to 4.

Data are summarized in Table 4 for
total tillers, panicles, and grain weight
per plant. Grain yield per plant vs.
gpacing followed a sigmoid curve, ap-
proaching the maximum plant weight
of 128 grams at an 85 cm spacing (Fig.
11A). The same data converted to
grain yield per hectare ( Fig. 11B) show
yields to increase rapidly with closer
gpacing from 100 cm down to 28 em
between plants. Spacings from 28
down to 7 ¢m gave approximately the
same yield per hectare although lodg-

Agricultural Engineering

'Fig. 10. Changes in appearance with age of
rice variety PPl 215936 transplanted at 37 spac-
ings with 1 to 200 plants per square meter,

ing was more severe and earlier at the
closer spacings. The data would indi-
cate that transplanted rice may be
spaced up to 85 cm between hills with-
out seriously affecting yields and that
broadecast seeding up to 200 plants per
square meter should not reduce yields.

In Fig. 11B, the solid curve shows
the theoretical yield per hectare vs.
spacing from 7 to 100 cm between
plants. The dotted line indicates that
spacing below 7 cm would seriously
reduce yields if the theoretical sigmoid
curve values are extrapolated to cover
the range of 200 to 1,000 plants per
square meter. In field practice, how-
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TaBLE 4. Data on spacing experiment with variety PI 215936 transplanted Auglast 20-23 and.
harvested December 1-4, 1964, IRRI.

Hy

No. of iy Total Panicles weluht weih g

per m? p(l:,',',')' per plant per plant per pant (kg/ha) at ‘(k.;:,e ring
1.00 100.00 47.8 47,6 128.2 1282 60.2
1,25 89.44 45.6 46.2 126.6 1569 69.3
1.50 81.64 48.6 44.4 120.6 1809 54.9
1.76 76.69 42.3 424 116.7 2042 61.7
2.00 70.71 40.0 40.1 109.3 2186 46.5
2.6 63.26 317.8 38.0 103.0 2675 42,7
3.0 57.74 35.6 36.0 96.1 2853 374
3.5 63.46 32,9 33.6 87.9 3076 33.1
4.0 60.00 3156 31.6 81.0 3240 20,6
4.6 47.14 28.7 28.8 72,9 3280 25.8
5.0 44,72 274 27.6 65.7 3286 22.8
5.6 42.64 256.3 26.4 61.9 3404 214
6.0 40.82 24.0 23.9 55.8 3348 182
7.0 317.79 21.6 21,3 48.8 3416 171
8.0 35.36 20.2 20.1 471 3768 13.7
9.0 33.33 17.8 17.6 40.2 3618 12.6
10.0 31.62 16.0 15.8 35.6 3660 124
12.6 28.28 144 14.2 31.8 3976 12.1
15.0 26.82 12,2 11.9 25.8 3870 10.6
17.6 23.9 104 10,2 22.1 3867 9.6
20.0 22.36 9.6 9.0 17.9 3680 7.8
2b 20.00 8.1 7.1 144 3600 7.6
80 18.25 7.1 7.0 11.1 3330 6.9
36 16.91 6.6 6.6 10.2 35670 5.6
40 15.81 6.1 6.9 9.5 3800 6.4
46 14.90 6.1 4.8 7.7 3466 4.1
60 14.14 4.9 4.1 74 3700 4.1
&6 13.49 4.1 8 6.1 3356 4.1
60 12.92 4.0 3.7 5.7 3420 3.8
70 11.96 3.6 3.1 6.1 3670 3.2
80 11.18 3.2 8.0 6.1 4080 2.9
90 10.50 2.8 7 4.6 4060 2.6
100 10.00 2.6 2.3 3.6 3600 2.2
126 8.94 24 21 2.8 3500 1.9
160 8.16 2.2 1.8 2.3 3460 1.7
176 7.66 1.9 6 2.2 3850 1.6
200 7.07 2.0 6 1.8 3600 1.6

ever, excessively heavy seed rates and
a high percentage of germination
would be necessary to obtain more than
200 plants per square meter,

The dashed line in Fig. 11B indicates
that the yield would decrease at a de-
creagsing rate as spacing increases.

The yield at 200 e¢m spacing would be
25 percent of the 100 cm yield. Zero
yield would only occur at infinite
spacing. The sigmoid equation thus
provides a good fit for the 7 to 100 cm
range investigated and also reasonable
values when extrapolated to the ex-
treme values of zero and infinity,

FIELD MEASUREMENT OF EVAPOTRANSPIRATION

Water is depleted in the rice paddy
through seepage, percolation and eva-
potranspiration. Evapotranspiration
was measured under field conditions
from August 14 to December 2, 1964
on a 400-sq m plot prepared to keep
seepage and percolation losses at a
minimum, Near zero seepage losses

were achieved through the use of mul-
tiple metal levees. Previous percolation
readings made on the same plot were
very low.

Water depth inside the plot was
maintained at 50 to 90 mm. This level!
was recorded continuously with “Bel-.
fort” water level recorders modified to
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Fig. 11. Grain yield per plant (A) and
spacings frem 7 to 100 cm,

measure to 0.1 mm. In calculating eva-
potranspiration, data for days with
more than 5 mm rainfall were discard-
ed. Thus evapotranspiration was esti-
mated on 49 days during the vegstative
period and 18 days during the flower-
ing period.

Solar radiation was measured by an
Eppley pyrheliometer installed by the
Agronomy department atop the labo-
ratory building of the Institute. The
values of solar radiation and water loss
for both vegetative and reproductive
stages are shown in Fig. 12. There
were no apparent differences between
growth stages. The data for both
stages were combined to give the fol-
lowing regression equation:

Y = 0.156 - 0.01072X

The average values of solar radiation
and water losszs were 357 gin-cal/-
cm2/day and 4 mm per day, respective-
ly. The 4 mm per day value for eva-
potranspiration is approximately the
same water use that might be expected
from upland crops with the same solar
radiation.
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grain yield per hectare (B) of PI215936 at

The Y-intercept, 0.15 mm, may be
considered as the average value of seep-
age and percclation. Under most field
conditions losses through seepage and
percolation exceed evapotranspiration.
The measurement and control of levee
seepage remains an important and dif-
ficult problem which will receive more
attention in 1965.
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Fig, 12, The relationship of evapotranspira-
tion {o solar radiation. ‘
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Englneering is the design of componehts.intp:a'éystem tQ,adeguatéf
ly serve a need with minimum expenditure of emergy and materials, Althoqgh
increased: rice production is a pressing need to meet the increased human
energy requirements of Asia, an overall.decrease in human.energy used in
rice production is also necessary if the rice is to be sold at a price ac-
ceptable to the consumer and be profitable to the grower., Applied scien-
tific research should fill the gaps in our knowledge of rice production.
Agronomic and engineering design techniques may then be used to apply the
knowledge. In the absence of integrated knowledge, agronomists, engineers,
and farmers must rely on ART rather than SCIENCE. The results are low
production and high cost due to a shortage of talented practicing artists
(good farmers). This shortage is due to the difficulty of learning the
necessary operations which are not expressed explicitly or quantitatively.

Engineering design and economic and engineering systems analysis
should be combined with the applied biology - of the agronomists to make the
best use of the present climate, land, labor, capital, and material re-
sources of the rice farmer. At the same time future. systems of production
that offer maximum production and minimum costs must be explored.

In 1965, a contract was initiated with the United States Agency for
" International Development to investigate the farm and equipment power require-
ments for production of rice and associated food crops in the Far East and South
Asia., This project will permit the present agricultural engineering program to
be expanded to secure and integrate research knowledge into a system physical-
ly capable of increasing the production of rice and other food crops. The ex-
panded program will employ one person for operations.reseapég éﬂd”one for
engineering design.:

The AID project was not implemented during 1965 due to lack of staff

’
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to " inplément ‘the program ‘and continue’the projects-already undertaken. Thus,
%ﬁaﬁgéﬁéral“éﬁéﬁﬁééﬁiﬁé*prbgrém already’ in-progress. was:continued in the

fields of féfh”mééhinérj;“irrigétion,~and,bio-engineering'to obtain knowledge
on factors influencing:-land preparation, fertilization, planting, irrigation,
and harvesting of rice. Drying, 'storage, and processing were not considered
due'tﬁ‘laék of available staff. The search for personnel continues to fully
implemént the AID project and permit expansion of the present program.

AR : LAND PREPARATION -

Animal ‘Power oo L ‘

“ Land preparation is’thépmajovﬁuser of animal. power; quality and time-
liness of land préparation largely depends on adequate power. Animal power
is limited by the size of the power unit that .one man can handle -- one or
two animals “~ and the available -fuel supply, which is pasture or stray. In
areas wheve ‘land is 1imiting, the animals compete directly with man for food,
The straw or roughage used to maintain the muscle.power of mature animals coul
be equall&'wéll utilized for growing younger animals or producing milk, The
need for a complete analysis of the alternmate use of present man labor, and
the possibilities of using roughage for livestock production rather than work-
animal ‘maintenance, must be brought to the attention of spacialists in animal
husbandry, economics, ‘and policy planning groups. From an engineering point
of view the present animal power 'is inadequate and expensive, yet farmers and
policy makers are reluctant to consider machines which require money instead
of labor and straw.

Standard Tractors

Previous work reported in the 1963 and 1964 Annual Reports indicated
that about 70 to 140 Rhp-hrs of work were required for wet land.preparation,
‘*“equivalent to one rotary tiller pass, or two passes with.a:disc-harrow. The

cost of land preparation thus depends on the efficiency and cost of the



tillage power and .equipment, - The animal and small tiller units are fairly
efficient, but their original and operation costs are high per horsepower
and difficult to improve. Larger 40- to 50-hp tractors offer the opposite
choice: their original and operation costs are low per horsepower but.their
~efficiency is also low at the present time. The major problem with the
larger tractor is to obtain mobility .while providing power to a soil-working
 tool, Since these tractors and their equipment were designed for dry land
. -~ preparation, there have been-more failures than successes engountered in
-+ their:use in wet land preparation. However, design and development to
improve the performance of these tractors seem more promising than attempts
wurato lower the cost of the small tillers.

During 1965, work was concentrated on developing lug wheels and a
rotary tiller for the 40-hp tractor size, Fig. 1 shows a tractor with special
lug wheels mounted both inside and outside the tire. These wheels and an
offset rotary tiller were tested at Maligaya Rice Research and Training
Center, Table 1 lists the average results of 10 tests covering a total area
of 3,5 hectares. The area was a clay loam which had been flooded for.one
crop season. - Straw and weeds from the crop were still on the plots, The
tractor was used at maximum speed possible, 10th notch of 3rd gear, to. average
about 68 meters/minute forward. speed. The narrow rotary tiller width of 150
cm loaded the tractor at this speed.. The results were 84 Rhp~hr and 13 liters
of diesel fuel per hectare. Test of the 8.5-Rhp-Japanese tiller, reported in
the 1964 tests, were 75 Rhp-hr and 15.4 liters:. of diesel fuel per. hectare,

The 8.5-Rhp tiller operated at a slower, 36 meters per minute,.speed with a
60-cm wide rotary tiller. For ease of handling and efficient operation, the
8 cm width per rated horsepower, and be operated at a slower forward speed of

. 15 to 35 meters per minute,
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“Fabpication has been completed on a 300 cm rotary tiller (Fig. 2)

which uses Japanese rotary tiller blades'and design features.: Japanese

£iller blades are spiral mounted individually along the shaft with a distance
of 3.5 cm and an angle of 150 degrees between blades, while for most dry land
tillers 3 to 6 blades are -mounted on a hub and the hubs are 15 to 25 cm apart.
The cutting pattern of the Japanese blade results in narrow 3.5 cm wide slices
10 to 20 ‘cm long, whereas the otlier pattern results in slices 15 to 25 cm wide
and 3.5 to 7.0 cm long. These differences are significant when one considers
that in wet soil the: slice resultant force may be used to provide flotation
and traction while pressing under straw and puddling the mud., Manufacturers
of larger rotary tillers have been. encouraged to develop equipment for flooded
soils utilizing the Japanese design criteria.

The mobility of larger tractors increases with the use of rotary
tillérs which provide push and some flotation. However, when the tiller is
raised, the tractor must be mobile enough to cross ditches and levees with
the traction developed by the wheels alone. Ten types of wheels have been
fabricated and tested in an empirical effort to improve the performance of
tractors in flooded fields. Figs. 1 and 2 show lug wheels which provide both

flotation and traction., The wheel lugs are rubber tipped and extend the full

tire diameter for better traction. Cut-out:u45° triangle-shaped box lugs

provide flotation, yet permit the mud to escape between the lugs. (Wide

solid wheels create a wave of mud.) When mounted on both sides of a standard
tire, the lugs provide aggressive action for crossing or straddling levees.
Lugs are rubber tipped and mounted on the tire rim with a rubber pad to reduce

shock loads.

~Four-Wheel Drive Articulated Tractors,

. Further efforts were made .to interest manufaéturers in the four-wheel

drive articulated tractor, as this unit with a disc harrow should be competi-


http:should.be

poge s .
tive or superior to the rotary tiller and two-wheel drive tractor. Studies
were completed on the tractive performance of a 72-hp tandem tractor equipped
‘with 11 x 36 .rubber tires and 16" x 48" diameter cagewheels. -Cantilevered
weights were mounted at the rear to vary the front and rear axleloads, . A
tractor-mounted, hydraulic.cylinder-cable device was used for slow applica-
"tion-and simple measurement of axletorque. - Drawbar load was provided by a
- D=4 tracklayer. -

The torque required to steer the tandem tractor was alsoc measured on
the same soil. by using pressure gauges connected to the hydraulic circuit of
the steering cylinders.

Towing tests also were conducted. The rolling resistance (towing
resistance) of the tandem tractor was found equal to 1.58 times the self-
propelled axletorque of the four wheels, or the effective wheel radius was
1/1.58 or 0,63 meter.

The results of traction tests were expressed by multiple regression
equations based on data for two tires with cagewheels corresponding to either
the front or rear wheels of the tandem tractor.

487 + 0,206 W - 3,16 (C.I,)

3
@,
n

T, = 429 + 0,357 W - 1,62 (C.I,)
Pp = =291 + 0,377 W + 2,50 (C.1.) A
"Pg = =90 + 0,239 W + 2,44 (C.I,)

where . Tg = self-propelled.axletorque, kgnm

-3
]

maximum (full slip) axletorque, kg-m - -
P, = maximum, net tractive effort (measured), kg

P, = maximum, net tractive effort (computed as Ty - Tg
divided by 0.63 meter), kg

W = axleload for two wheels (1290 to 2740 kg)

C.I. = soil cone index (96 to 169 psi at 12" depth)



:A-highlyfsigﬁificanf increase.éffTs, Tins Pm,~ahd Po with aiieioa&
'“bfVWaiéht{indidates tﬂat the test soil has a pronounced frictional property
~and:thaf weigﬁtvmay‘be important in securing traction on flooded soils, This
contradicts earlier beliefs that on flooded soiié with deep mud, adding weight
| to the tractor would not increase net‘traction.

Self-propelled axleforque (rolling resistance) varied inversely with
soil cone index. At low cone index greater sinkage was encountered result-
iﬁgvin increased compaction and bulldozing resistance.
| Maximum axletorque also.was inversely related to cone index. At low
cone index the decrease in soil strength was offset by an increase in soil-
wheel contact area due to sinkage.

Net tractive effort increased with cone index. On firm soils (high
cone ihdex) conversion of axletorque into tractive effort was more efficient
as soil reactions were mostlv horizontal. |

The instantaneous torque to steer the taﬁdem tractor increased with
sinkage and steef angle.‘ Peak values of 850 kg-m, 950 kg-m, and 1000 kg-m
were obtained at sinkages of 20 to éS cm, 25 to 30 cm, and 30 to 35 cm, res-
pectively., Corresponding maximum steer angles were y50, 35°, and 25°, res-
pectively,

SIZES AND SHAPES OF FIELDS

Generally the field sizes and éhapes of iowland‘rice farms in the
Philippines were decided upon without foresight for the introduction of
farm machinery. Farmérs made small-sized fields,'ééfécially on lands with
high slopes and oriented them to incur the least earth work:for leveling,
which was performed with carabaos and ordinary impleméﬂts.

Farmers. are now realizing that farms with larger fields with ap-
propriate shapes are more accessible to.farm implements and more suitable

for operations such as plowing, harrowing, and applying irrigation water.
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Yet many still hesitate to reconstruct their farms due to the iérgéi
volume and cost of the earthwork required. The present sizes and shapes of
fields are limiting the usc of farm machinery on flooded rice farms; mechaniza~
‘tion can be effectively implemented only if the sizes and shapes of the fields
" and other conditions permit the tractor to have easy access within the field,
from field to field, and from farm to farm. Information on the existing
field conditions of lowland rice farms, such as sizes and shapes, levee dimen-
sions, and cone index values will help solve problems of using farm machinery
and implements.

During 1965, éleven rice farms around Calauan, Laguna, were surveyed
by the plane table method. Maps (scale 1:1000) were prepared of each farm
layout showing the shape of each field. Dimensions and arcas of the fields
were measured from the scaled farm map. Later, fifty levee dimensions and
field elevations were measured in the field with an improvised measuring
device and a dumpy level; the top and bottom width of the levees and their
heights at the upper and lower fields were measured, and the cone index of
the 50 fields on each farm at 6-, 9-, 12-, and 15-inch depths were determined
with a cone penetrometer. Percent slope of land was measured approximately
“by measuring distances between contour intervals.

‘The average field size was found to be 585 sq m. Field dimensions
' of the eleven farms ranged from 13 to 22.1 m wide and 20.3 to 39.4 m long.
Average dimensions were 19.14% m wide by 29.4% m long,

Thére was no definite pattern followed in laying out the fields with
respect to the slope of the land., However, in many cases the contour lines
were diagonal to the rectangular fields, and the length of the field was thus
controlled to some extent, whereas with contour levees the length could be
several times the width. (Fig. 3.)

Average levee dimensions were 19 cm top width, 33 cm bottom width,
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18*5%‘levee“height“on’ﬁpper‘fleld—sidefﬂ29&cm'1evee»hezght;ongowen;fleld side,

ahd an average differknce of 12 cm between: fieldsyi- In-general,, the, means varied
'“%Hi§ +3 om. Farmers on the 11 farms followed a similar pattern in making the

: Iaveeé;'withllittle’fegaﬁd'tO'sloﬁe or field size. The -average levee base width
"und ‘elevation difference would form a-hydraulic gradient of 0.33 slope with zero
watéf‘depth to almost 1.0 when fully flooded. Average levee areas would be
about 6 cubic meters per 100 lin.m so that earth work to build levees is a mini-
mum. The major problem in reshaping the field size will be to cut and fill to
combine adjacent fields. The average field size of 585 square meters, and ele-
vation difference of 12 cm, would require about 600 cu m cut and £ill per ha

to combine adjacent fields-and to double field size.

Soil bearing pressures were measured at 50 sites on each farm by taking
penetrometer readings at 6-, 9-, 12-, 154, and 18-inch. depths. Using a cone
index reading of over 35 psi at 15 inches as a criterion, approximately 84
percent of the farm area surveyed would permit mechanical land preparation.

SO0IL DEPTH

The use of tractors instead .of animals in-land preparation usually re-
gults in a deeper soil profile over a periocd of years. The merits of this
deeper soil are not clearly understood ‘as the mixing of. infertile subsoil with
a fertile topsoil usually results in yield reduction for several crops. Yet,
jith deep' plowing' and the addition of fertilizer, the entire soil profile may
be improved and brought to a new state of equilibrium. Deeper soils offer a
' greater resérvé or holding capacity for water and nutrients. The management
or timeliness of water or fertilizer applications are obviously not as criti-
cal in a soil 50 cm deep, as in one only 10 cm decp. However, the relative
impdr%ance of the various intermediate depths- is not as clear.. , o,
Grain and straw of the Tainan 3 .variety, grown.in the 1964 wet season

‘expérimeﬂf‘on soil depth, were analyzed for nitrogen content, During the 1965
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dry season), the 80il"was'again:thoroughly -mixed ahd'placedi on:the 'sloping floors
to provide depths of 6 to 40 cms Variety=PIZ215936%respondedﬁfo‘theﬂsoilfdepth;
plantS“inlthe'déeﬁer'éénter;roﬁé WGre*faller; greener, and yielded more,.. (Fig. 4.)
& Slopingiboncrefé“giéorsfWebe‘placed in two additional: 5.4"x 8.4 meter
plots to provide depths ranging from 0 to 72 cm in each plot. Thoroughly’ mixed
Maahas clayisoil was added to each plot, and each plot was split: one half
‘fertilized (50'kg of N per ha) and the other not fertilized. The fertilized
‘plots showed a dramatic response in vegetative growth at all soil depths from 0
to 70 cm. However, the grain yield increased in only the 0 to 40 cm depths.
Grain and straw yield increased with increased soil depth in the form
of a modified exponential equation of the form, y = k + ab*. (Fig. 5.) How-
ever, total nitrogen recovered from the- grain and straw showed a linear trend
with'a sharp break at a soil depth of 40 cm. (Fig. 6.) The slope of the N
regression lines indicates that 32 gm of N were extracted per cu m of soil in
" the 0 to 40 cm range. From 40 to 70 cm soil depths the extracted N averaged
only 6 gm per cu m of soil, Total soil nitrogen recovered from the straw and
grain was apparently the same in both the fertilized and non-fertilized plots.
The additional 50 kg of N per ha. shifted the regression lines equivalent to a
"recovery of 40,7 kg of N in the grain and straw. - The fertilizer application
‘ 40,7
32

was thus ‘equivalent to an additional soil depth of = 12,7 cm. Grain

yields of the two plots sﬁow a similar shift as if soil depth were increased
by the nitrogen. Straw yields, however, show an upward shift due to..the-added
'N.  Additional experiments on the interaction between applied ‘N, soil depth,
‘and "time and depth of application should be conducted to allow one to predict
at what depth and time nitrogen should be added, and to what depth land prepara-
tion should incorporate straw and fertilizer to form a deeper profile.

' © The pesults to date indicate that applied Niis'largely reflected in:-

straw ‘weight. Yield increases of grain and §traw are more pronounced-in-soils

Lo B
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srless than: 30 cmi deep.. Fertile soil depths.up:to:40;cm:definite .y  increase ...
;gy;elds@mgSoi1 depthsaof¢less:¢han 40 cm,respond;more to fertilizen applica- ..
+ ,tions,,.-For uniformly mixed:soil less, than 40 cm.deep, the;yield response is:
almost;1inean:while¢qnvdeepen;soils-the;modifiedfexponential»trend?becomes
LAPPAYENLy. syt v L D w nh 0 e e e ey
»ir;sData in Tables.2;.3, and;wkdempnstrate,the'fuli;implication§~of soil:.
depth,: - The: values, of: k,; a;:b, 1 and. xiof the equation..y = k + ab¥'iare.given as
nWell, as the.solution of.the.equation for soil depths representing 90.and 95. per
cent, of maximum yield k. .The value, k, may be due to either solar radiation,or
a- Jimited supply of N,. Native,soil,nitrogen, taken. into the. plant.varied from
21.4 gm to, 32 gm per-cu m.. Thus, Maahas clay supplied the equivalent of 86 to
128 kg N/ha; from the top 40 cm of s0il.... Soil.profiles of 40 c¢m and over may be
impracticable because depth. limits. the movement of men and machines... Howeven,
depths.up to 30 cm are not a'problem. The present animal land preparation. has
created::a plow sole at depths of 10 to 15 cm which will undoubtedly be too shal-
low for the most efficient utilization of fertilizer, machines, and land in the
future. . - . L i

- wFERTILIZER-APPLICATION e

Anhydrous ammonia (82% N).is a promising fertilizer material for £lood-
ed 1. fields as_it-iézlbw in cost.and.rcadily.held in:the.wep soil, .The posi-
tivewpressurewand-gaseoué;or,iiquidufprm?allgw,preeise metering-and placement of
the nitrogen at.any desired depth .in,the mud.. ,

1. The .Agricultural Engineering- Department. fabricated. a knapsack: aphydrous
applicator for-use:by -the Agronomy Depaptment: .on.wet, puddled ;soils. , (Fig. 7).
-.This unit will contain 10 kg of N and;permitzplacqmant;of the N:at 0 to 20 zm
depths at rates; of. from 0 to 240.kg per has: Depth.control.is by means,of a
plat?,nandmrate»4s;gqntrolledﬁbykagpressnre»regplatop,ponificg,3aqd,by ground

§F¢§§-a;Dﬁtai;sgofxfabnication@and calibration.are;available, to ipterested.per-

sons,


http:npeans,).of
http:apbydrp.us
http:82%.N).is
http:depthsb.up
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An experiment was carried out in which the speed was maintained cons-

. tant and the pressure . was changed to obtain varying rates of N from 10 to 240

- kg/ha. Variety PI-215936 was transplanted at 5 x 45 cm spacing on August 16-17,
1965, Three replicates were fertilized on September 22-23 at rates yhich were
varied in 10 kg/ha increments between rows. The plants reacted vi§ually to the
application rate. Lodging started and was most severe at rates over 80 kg but

~ occurred at rates as low as 35 kg in one replicate. Yield of grain and straw
approached a maximum at 65 kg N/ha and gradually declined at.higher levels of N,
(Table, 5)+~ The solar radiation, rather than nitrogen, limited yields. The
plants were a healthy green and showed promise of maximum yield if adequate sun-
shine had been available,

There should be a use for the backpack applicator in applying anhy@rous
ammonia to extensive field demonstration plots. Farmers can observe the variable
rate and decide reasonably well at which point N application ceases to be impor-
~ tant. A commercial model could also be made for backpack use and supplied by
the fertilizer dealer on a rental arrangement.

SPACING

Mathematical equations to predict the effect of plant spacing and sun-
light on yield are necessary to make a final decision on the method of planting
to use, and the means to accomplish the operation. Adjustments in the method of
planting should improve either yields or labor productivity if the results are
even approximately predictable, High plant populations of over 50 plants per
sq m are best achieved by direct seeding eitﬁer by broadcast or drill rows.
Transplanting may be square or in drill rows but transplanting at more than 25
plants per square meter is prohibitive in labor requirements,

Rice yields should be proportional to the solar radiation intercepted by

the plant and converted to grain. Plant population or spacing is an important



variable influencing panicle number and the interception of solar radiation.
Sparsely‘'spaced-plants ‘da-not ‘fully.tiller to utilize:the sunlight, whereas over-
‘population-résults in‘light<weight panicles, death of  the :lower leaves, and ex-
.\ -cegsive vand-early lodging .of ‘plants. Prior knowledge of ‘the rice plant's recac-
“tion to ‘spacing would permit- adjustments to prevent excessive lodging yet adgorb
80 to 95 percent of the sunlight to obtain 80 to 95 percent of -theoretical maxi-
mum yields.,:

Square Transplanted

The results of the 1964 spacing experiment No. 1 were used to design the
dry season, 1965, éxperiments No. 2a and 2b, (Figs. 8 and 9). Replications
-were increased in No. 2a to increase precision at close spacings. Plant density
was increased to cover the range of 200 to 400 plants per square meter, Forty-
one spacings were used ranging from 1 to 400 plants per square meter. Experiment
No. 2b-was'a row planting versus square arrangement in which plants were trans-
‘planted 5 cm apart in a drill row, and 16 rows were spaced at distances ranging
from 5 to 144 cm., Transplants were also spaced with the same row distances and
a plant distance in the row equal to the row distance to form a square pattern.
Several additional experiments No. 3, 4, 5, 6, and 7 were made at intervals
throughout the-1965 wet season to gain information on yield in relation to solar
radiation, and to compare transplanting with direct seeding by brioadcast and
drill row methods. The percent of light penetrating to ground level, or the
light transmission ratio (LTR), was taken ai flowering time to estimate the ef-
fect of solar radiation adsorption on yield. The theoretical maximum yield for
any one planting would depend on the solar radiation during ‘the last few weeks
‘prior to harvest and the efficiency of conversion. Maximum yields for -all
spacings within an experiment may be estimated by a regression equation of
-y =@+ b(LTR), in which a is maximum yield if all sunlight were intercepted and

used as -efficiently:as it is -used by widely spaced plants., Maximum yields sel-
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dom occur as the yield curve breaks at LTR values of 5 to 20 percent, when mutual
shading and lodging becomes excessive. The 2 intercept-and the (-100b) of the
equation should be equal if the LTR is taken precisely, as at LTR = 100, no light
is intercepted. In practice, however, the adjustments of the light meters and
shadows cause the LTR values to be variable at widewspacéngs. Thus the a value
is a better estimate. of maximum yields and the =b value is the rate of change
from maximum yields as LTR decreases,

Summary tables 6 to 15 are presented rather than numerous. figures as
persons: interested in bio-mathematics can plot and compute for many combinations
of spacingy panicle number, panicle weight, LTR, lodging index, and leaf area
index, and attempt to find the best prediction equations. Adequatc data are not
yet available for a thorough analysis of the various relationships, but the
following statements secm to be justifiable simplications based on the present
experimental data:

1. Lodging. occurs when the LTR is less than 5 to 10 percent in

bright clear weather and 10 to 20 percent in cloudy weather.

2, Panicle number and leaf area index (LAI) determine LTR; yields
thus vary directly with panicle number until excessive competi-
tion occurs.,

3. Average individual panicle weight is 2lmost constant at wide

- spacings and is probably genetically determined, while at close
spacings the individual average panicle weight is reduced in
direct proportion to the area available.per panicle and the
solar radiation.~ Individual PI 215936 panicles require 40 to
60 sq cm for full development; while PI 215936 x CI 9214 pani-
cles require about 45 sq cm;- and Fujisaka #5 panicles about
25 'sq cm, - !

4; Panicle weight per sq m is determined by panicle number .and .
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dnduk sadw | ¥0gyerage’paniclesweighty Panicle:number-per sq -m.increases.

s7 ©. 1% papidly-with’plant:population from 1:to 10 plants per:sq:m .

-~

- in' the* form of a modified exﬁdnential!equafion:
e ‘«Yi'Panicles/m2 = k +-ab®* = k(1-b*)-
" ' in which'k = :g.and is the maximum fdlly developed panicle
nﬁmberﬂper sdtm, and X is the.nuﬁﬁer'of plants per sq m;
The two equations, Y = a + b(LTR) and k + abX give about
‘ thé éame results. o |
The approximate genetic maximum panicle size, and leaf
avea per panicle, should be reflected in the squareAcentimeters
reduired for full development of a panicle, while tillering

ability of the plant is reflected in Ei; theobetically, when

x =1, then b® = b, Tables 14 and 15 list prediction equations
for panicle number and yield in panicle weight per sq m. Yiéld
may.be converted to clean grain weight by multiplying by a
.factér of 0.85 to 0,90, Note that in Table 14, the Kk value
apbroximately eQuals the E_vaiue, especially for panicle’

number,

Drill Rows

The results from experiments No. 2b, 4, and 5 indicate that row spacings
may be wider than hill spacings., Tentative prediction equations are proposed

with the following forms:

square transplant Y = k(1 - bX)
drill row Y = k/l - b2%

Theséfate,based on the yield reéults of experiment No. 2b, and 2b, and the ob-
servedrlbdging:patterne Drill rows spaced.45 to 60 cm apart are probably simi-
lar in mutual shading to hills spaced 25 to 33 cm apart.“Yield,of drill rows

from 20:to .95 cm wasfalﬁosf eqdaliin“expebiﬁgnté”Zb,@u,:ahd'5.,.(Fig. 10).
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t“

Yleld _was apparently best near the last OV lodged whlch ranged from 45 to 75

[N . L ‘.)u

cm, However, yleld was about the same at 85 and 95 cm row spa01ngs. Addltlon-
al 1nformat10n from rows spaced 100 to 200 cm w1ll be necessary to predlct the
decllne of yleld at w1de 5pac1ngs on fertile 301ls. .

Land preparatlon,_fertlllzer appllcatlon, and direct seediné‘in ronsm
could be completed in one‘ooeration if'drill rows are 50 to 100 cm apart; while
stnippeg\hartestlng.ftom.standing nlants would eliminate the prcblem.of separat-

.1ng wet graln and straw. Additlonal investigation of yield response of varle-
ties direct seeded in drlll TOWS would enable the machine de81gner to take ad-
vantage of the{plant's inherent ability to compensate for spacing.

Individual Plants

An experiment was initiated to obscrve the plant's ability to compen-

sate for spacing. Seven widely different varieties were seleeted and inter-
spaqed hexagonally with one square meter per nlant. Approx1mately 150 plants
of each variety were grown in this manner so that each was a rcpllcate. Twen-
ty-five healthy plants (25 repllcates) were measured at harvest and the data,
_ summarized in Table 13 and Fig. 11, indicate that the product of leaf area
anq growth period is closely rclcted to yielo. This relationship conldihe'

explored further to enable estimates of ficld production to be made from

greenhouse experiments.,

1y

The leaf sprecad at the top of the plant is 80 to 128 cm, indicating
.. that row spaeing could be in this range before serious yield rednction occurred.
LODGING '

Work contlnucd on the use of the Euler slender column formula to corre-
latc inner and outer diameters and length of straw W1th 1ts strength Excess1ve
lodging often occurs for no appartnt reason in productlon plots grown.nnder uni-
form conditions, In order to test the sen51t1v1ty of the formula, 60 paired

el
) sample plants were taken from lodged areas 1n productlon plots of two varletles,

: ‘v' LY



Peta and Talnan 3. ‘The largest tlllers were selected from’ lodged plants and ad-
‘jacent non-lodged plantS° inner stem dlameter, outer stem dlameter, leaf sheath
leameter, and straw length nere measured and the P/E values computed by the

method reported in the 1963 and 1964 Annual Reports. Table 16 shows the average

b

values, standard error of the mean Sz and coeff1c1ent of varlablllty. The mix-
.ture of strong and weak straws in the two plant populations accounts for the
.great varlablllty. The non-lodged plant populatlon had the hlgher P/E values
but a large number of samples would be requlred to show differences at the .05
level. | | | |

It is generally recognized that planting density influences straw |
strength. The 1965 spacing experiment with variety PI 215936 again confirmed
this common observation. Table l shows the significant effect of spacing on
P/E values. The‘higher P,/E values confirm the importance of the outer leaf
sheath to lodging re31stance. Plants spaced closer than 28 cm lodged while
those at wider spacings did not lodge.

_ The manipulation of plant spac1ng seems a promlslng method to reduce
lodglng.“ Spa01ng could be varlcd in accordance w1th the fcrtlllty of the soil,
the seasonal llght 1ntens;ty, and the varlety or plant type. Square and row
spacings were observed to lodge in a patternhln the 1965 spac1ng experlments.

In general, lodging was severe for row spacings under 60 cm and square spacings
under 30 cm.
Nitrogen is the'second variable that has a predictable effect on lodging.
Flgs. 12 and 13 show the P/E values for two varieties grown with different rates
_ of N in the 1965 Agronomy experlments. Agaln the P2/E values indicate the
.importance of the outer leaf sheath.
| HARVESTING

hlllpplne farmers have objected to the introduction of hard-to~-thresh

rice varletles. To overcome these objectlons, extension personnel ‘have request-
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ed .IRRI to investigate simple threshers such as the pedal thresher, long used

..in-Japan and.Taiwan for similar varieties. One model, purchased in Taiwan:in

1962, was tried previously by IRRI laborers with little success. During their
 October 1965 visit to Taiwan, the agricultural engineer and his assistant had
the opportunity .to see the pedal threshér in use in Kaohsiung -county and.to.

. photograph the actual field operation. These observations indicated that the
important ‘points in using the pedal thresher were the addition of a box andi
. sereen to the machine, and the organization of the field crew. A leaflet is
‘being prepared to instruct farmers and extension workers on the use of the
‘'pedal thresher.

Cone thresher

A third model of the cone thresher was built, incorporating a serrated
" tpiarngular fan blade for entrance feeding and threshing. The feed rate and
threshing efficiency were satisfactory on dry grain and straw, but separation
of the grain from the 'straw was not satisfactory. From 30 to 50 percent of the
grain was blown out with the straw. The separation was clearly inadequate.
Sinae work on cage wheels and rotary tillers seemed to show greater promise,
work on the cone thresher has been discontinued for the present..

TRANSPCRTATION OF PALAY

Transportation -of the harvested rice crop is a major problem 'in areas
where there are no field roads and the grain must be carried manually. A time
" study was conducted to obtain data on the rate of such transportation .and on
the time involved in returning unladen. Under a contractual system of wage
payment of P10,00 per ton~kilometer which the laborers set themselves, six
laborers each.carried a 50-~kg load 12 kilometers and returned the 12 kilometers
unladen, thus transporting a total of 0.6 ton-kilometer in one day. Only two
men out of 8 were able to cavry the 50-kg load 15 kilometers.and return unladen

-to"transport 0.75 ton-kilometers in 6 hours. The men worked to exhaustion and
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fefusddfurther work ‘even: though permitted to:.sets their own ‘contract rates. : -
Table~17 is'‘a ‘guide for persons interested in rate of manual .transport:.of palay.
foweo o0t oo, " IRRIGATION

Irrigation projects in tropical countries have been designed mostly for
supplemental-irrigation of rice grown during the rainy season. The water re-
quired‘is supplied by effective rainfall and supplemental diversion irrigation.
Since the water usually is distributed free of charge, there is a tendency- for
the farmer to get more water than is actually needed.- The.total water required
by rice under flooded conditions miust be.estimated more precisely in the future
by designers of irrigation systems and others concerned with irrigation because
water costs for reservoirs and pumping are becoming the limiting factor in-dry
season rice production.

Due to limited research data, the designers of an irrigation system usual-
ly have to assume quanfitiéé'df water lost by evapotranspiration, by gravity, and
thé conveyance losse$ in canals.  Presently, the evapotranspiration is calculated
by ‘empirical formulas based on climatic data. The water losses by .gravity and
overflow in paddy fields are calculated as a percent of water requirement, Irri-
gation designers ‘often assume 1 cm pér day as the total requirement of rice, -

Evapotranspiration or consumptive use. A high correlation between solar

radiation and evapotranspiration was proved for rice at the Institute in 1963.

The measurements were made from a small tank, but similar results were obtained

in the field during the 1964 wet season (August to December) and reported in the
1964-IRRI Annual Report. "Additiondl measurements .of.solar radiation, pan evapora-
tioni and other climatic. indices of evapotranspiration from rice were made.on the
same experimental plot from January 5, 1965. (Figs. 14 and '15). Water.depth vas
maintained:at 60 to 90 mm; seepage losses were almost eliminated by using multi-

- ple metal lévees. Decrease in water level in the 400 sq m plot with 1 m buffer

-area ‘was regarded as evapotranspiration plus percolation. Three piezometers. were


http:measurements.of
http:transport,.of

page 18 .

installed to measurc the water table and study the effect of percolation..

Twenty-day old seedlings of PI 21?936 weig transplanted at 20 x 20 em
'spacing:.on January 5 and harvested 119 days later on lMay 3, Heavy rain fell in
January and early February, but under the influence of the northeast monsoon dry
season conditions prevailed in March and April. The temperature in January and
February was about 24°C .but rose to-a maximum of 29°C in April.

Evaporation and rainfall were measured from three metal tanks, size 2,40
X 2.40 x 0,60 meters, with closed bottoms., All tanks were installed with the
bottoms 40 cm below the soil surface. The soil which had been removed for the
installation of the tanks was caprefully placed in each tank up to the external
soil level, Water level was recorded to 0.1 mm scale division on a water level
recorder in one tank and checked by hook gauges in the others.

Gross solar radiation, mean air temperature, relative humidity, and wind
velocity were measured in the U, P. College of Agriculture Weather Station locat
ed 1 km south of the experimental plot. The data for 25 days were discarded be-
-cause of heavy rain, wind, or-irrigation disturbances, but accurate evapotyans-
piration measurements. yere obtained fior 94 days. -,

Assuming that theorctical evaporation in the rice field follows the
thermodynamic conditions, it takes 582 gm-cal to evaporate 1 cc of water at
26.5°C, thus 582 gm-cal per sq cm per day of solar radiation should evaporate

10 mm of water in the field, or ~ o

1
y = ——-58.2 X = 0.0172 X

mm of water

where vy
_and x = gm/cal/cm? . Lo
For the 1965 dry season, the relationship of pan evaporatien to gross
solan;raﬂiatipn was . S L g ey e
o ..y = -0,19 + 0,0098 x N

-with. r = 0,9035, In comparison with the theoretical evaporation.equation,
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the ratio,=:- v+ v eori e e ) } o
Lo -;%§2-= o =70.55

“indicates 'that-55% of the gross solar radiation was used in evaporation of water

- from the 2,40 x 2,40 % 0,60 meter sunken pan,

' The best estimate of evapotranspiration was obtained by subtracting the
night evaporation pan: losses from the 400-square-meter field night losses. The
difference of night evaporation pan and night field data was assumed to be gravi-
ty losses due to percolation and- seepage for one-half day. :The formula for.cal-

culating evapotranspiration. was

ET .= (ET + SP)q + 2E; - (ET + SP),

ET- = evaporation, mm/day

(ET + SP)a' =. evapotranspiration + percolation in the daytime, mm
Eh"= pan-evaporation in the nighttime, mm

(ET + SP)ﬂ = evapotranspiration # percolation in the nighttime, mm

" The relationship of evapotranspiration to gross solar radiation during
" vegetative and reproductive ‘stage was vy = 0,0108x. Thé ratio 0,0108/0,0172 indi-
cates that 63% of gross solar vradiation was used in evapotranspiration.

‘Solar radiation largely determines temperature and relative- humidity.
Thus these climatic elements are correlated with evapotranspiration, Fig. 16
shows the relationship between evapotranspiration to relative humidity and mean
air temperature., These climatic factors showed a lower correlation coefficient
than solar radiation. C

Fig. 17 shows the daily evapotranspiration from the field and daily
solar radiation. The cumulative evapotranspiration of 94 days in three different
stages of growth shows the:same slope as the regression equation for the daily
evapotranspiration values. (Fig., 18). Many researchers have:reported that:’

during heading the rice plant uses more water'than either before or after this

stage. In this experiment, ‘the difference betweéh the vegetative and reproduc-
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tive stages of growth were not significant. However, during the ripening stage
"when the leaves turned brown the rate was a little lower.:

Fig. 18 also shows the cumulative evapotranspiration compared with the
cumulative evaporation. The ratio between ET and E is almost constant'for
vegetative, reproductive, and ripening stages. Solar. radiation is.the major
factor in the vaporization of water from' the evaporation pan and ET from the
crop, and both were highly correlated with solar radiation.

Percolation. Deep percolation is the downward flow through a depth of
soil. Seepage is the lateral loss of water from a shallow depth of standing
water through' levees ‘and boundary soil profile. Under field conditions percola-
tion and seepage are major losses which may exceed the evapotranspiration. Per-
colation mainly depends on vertical permeability, porosity, texture and structure
of soil, depth of soil profile, pan formation, and ground water table.

The seepage and percolation rates of an experimental area of Maahas clay
were reported in the 1963 and 1964 Annual Reports as 0,50 and 0,15 mm/day. During
1965, additional measurements were made on the piezometric head with three piezo-
meters installed to depths of 50, 100 and 150 cm in the buffer area of the exper-
imental plét.. Percolation rates increased as ‘the piezometer heads and hydraulic
gradient increased. Soil permdability (k) was found to be constant at 2.2 mm/day
while seepage from the experimental ‘plot was found to be negligible due to the
metal levees and a buffer area in which water was maintained at the same level as
in the plot.

SeeEage."Seepage through edrth levees urider field conditions is a major
- source of water loss. Seepage is affected by soil permeability, soil cracks, and
insect tunnels. Darcy's l.aw may be applied for calculating rate of seepage due
" to permeability which varies with the hydréulic gradient,- However,--turbulent
floW'ﬁay oceur through small channels and exceed laminar flow. Thus, the condi-

" tion and age of the leveé affect the rate of seepage. The turbulent flow varies



‘:ftohbplaceuto,place”along the.levee. . Several methegs;fgr\measgriggnseepageéye?e
compared in an attempt. to develop. a simple method, applacable for use on Jrriga-
tion projects, to estimate re-usable water that. may, seep; out. of hlgher fields

into dower fields. . ... o, oo wl oooou ol oouran 0T wnn oo e e sl g

..., Seepage through 10-meter long.levee.u;?hiswfipsthexgepimept:gas,eepggpted
to measure seepage through representative strips of levee 10 m long, Seven, sites

were selected and metal levees installed.

cer e

_.-The regression equations for seepage and depth of water,were 81gn1f1cant

eeer e

for.;;.-the.f;-.follawins..sitesz, S T S o

Site No. 1: vy, = ~5,801 + 1,915x, . 1 20,741
.+ .,8ite No, 2. vy, = ~7.871 + 1.510x, . .r = 0.748
. Bite No. 5.y, = =04338 + 5:367x . r = 0,949
.Site No..6. VY. = +2,629 + 1.196x, r = 0,650 .
Site No. 7 .y, 3 -2,183 + 2.815x, r = 0.661 , .

. To. check the overall accuracy of the 10-meter strips,, two water level
,,geeen@ers,were installed to record water level of comp;eteﬂplots, 'Onebplot gave
.. reliable data on the seepage rate through a 168‘meter_levee...The equation,
Y@~‘jf9’"68 + 4,322x with r = 0,942, was obtainedwfor the ne}atioasptp of, rate

. of seepage of the entire.plot‘to,depth of water,

The regression equatien of18§te_§o. 5 pepresents seepage fpom levees

__ bordering ditches, while Sites Nos. 6 and 7\represent the.seepage from levees”
between plots. Using average weighted y values the rate of seepage from the

= 04136 + 2.526X. This differs from y8 and indicates

V5,647 Ve
.. that three 1 x 10 meter plots when used as seepage meters would only approxlmate

Eﬂentlre plot was:

}he rate of seepage.

. Lateral seepage into drains. A secepa expepiment was cogdgeted to esti—

A

,smate the seepage whlch reappears in surface dltches or streams and is avallable

g

,.£0 lower arecas. If re-used, the seepage losses from hlghev elevatlons would not
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beiloStﬁfindﬁtheﬂséépégeffﬁbm\théfpérimeferﬁlevees?couldﬁbe%ofﬁéconOmidﬂimﬁoﬁd

~'tance Tfrom-a water ‘conservation point .of viewsi i s o 00 Locanidnl o? winop -

-AccubétéUMéasurémentrofﬂeacﬁfindividudl'lEngth:bf:lcveeiis“notﬂpractiba-

¢:bley but ran .approximate estimate can be ‘made by measuring ‘the water which re-
-appearu-in surface -ditches. - A -3-inch throat Parshall flume ‘was- installed+and °

watér ‘flow from-a 1540 m ditch drain measured daily. . R R T

Flow rates for rainy days were higher than for dry:.days.- (Fig. 19).

- During the ‘first period after rain, the.flow through levee openings and from the

road bed gave a high discharge rate. -The flow then decreased- gradually until

stable. The steady flow rate on rainy days wes usually higher than on dry days;

“:thus, two regression equations were chosen to best fit the data.

Re~usable seepage water from this 1540-meter road ditch averaged 5.4

‘lit/hr/lin'm  on dry days and 13,6 lit/hr/lin m on wet days. The flow of water

“--increased 1.6 to 4.7 lit/hr/lin m per cm increase in average water depth, These

values may serve to estimate perimeter seepage losses from other projects with
similar levees. Field engineers may check these values by setting up a similar
experiment on drains which are near boundary lcvees.

Re-usable water from higher fields. A third study was conductod to esti-

mate the flow from upper fields through levees to lower fields. Metal levees
along the side levees adjacent to drains minimized seepage from the plots to the
road drains, thus the water lost from one plot entered directly into the next
lower plot.,

In the first of the experiments the average levee thickness was 30 cm at
the top and 40 cm at the base. The natural grade was 0.7%, and the average dif-
ference in elevation between plots was 18 cm., Seepage from the highest plot was
maintained at a rate sufficient to irrigate four lower plots.  The computed water

requirement of the lower plots was based on a 6 mm/day rate of P + ET, ‘To_sypplytf'

this requirement, total excess water from the .highest plot was'cqmputgd't97
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lit/pr‘/li'n“m_.»:.,x;sThe_; amount-of .seepage through one meter ,o\f,.;;lev,ee: was -to _,he*-‘.qde,-gr
quate to irrigate a 104 m étrip below the -levee, . To maintain the ngceSSary,;:rate,’
thex depj:hu;of water ':.‘in “the ‘high plot was maintained at. s;about :545=6:0..cm,
‘ < ;@'éf>3Affe;~.::the‘high,es,t,:plo‘c, had been flooded ;fo,za ;.,depthveqf;,»,a_‘g‘pm, :water- seeped
to,.d:he\z,'il’_o-w,ezix;p.Lo,ts;; ‘hydrograph patterns displayed a.sharp ipeak»~indiéa,ting;ragid
movement J’.nto the first plot,: but patterns were smoother. fon ;lowe,rf;,ones_;f.";and sthe
fourth plot®hydrograph was almost static. -:. ...
vt o0 ‘In’ the second:experiment, the natural ‘grade was:0..5%, and ‘the: plots.dif-
fered:in ielevation by an average .of 6 cm. The seepage:rate .in the highest :plot
sdth-a.depth .of 10 cm of. water, was .only .5 .1it/hr/lin m .-~ sufficient to maintain
| the water requirement..of 0,6 ‘cm/day foran area of 20 :§q my-on.only a 20-m strip
below: the levee. -A parallel pattern was given by the hydrograph. ... .
cwfod o i The last two-experiments-thus:indicated that the ‘rate of seepage.through
-aniearth. levee may be-used to supply a 20 to 100 m strip of lower land:when water
levels;-are 1-to 10%cm.deeper ' , . . ool i e C Ao

ot
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Table 2. Effect of soil depth on yield of Tainan 3. 1964 Wet: season (spacing 30 x 30

cm non-fertilized). o . e e
I ST & RUTE T PN S ) uwcahzs e ¥ g ponamtnoliva LHEpt 0 f addd

Soil Straw:Np..of +i Now. of g meter: ! t:an:COntenE“(§37§§; m.) !

Dept:. Ht. Tillers Panu:les
cm o oecmi o uper. m? per.m ¢ Panicle Straw Grain Plant Straw Grain Plant
4 66 58 38 99 64 91 163 39 1.2 1.51
8 68 .. ‘° 68 Le56 - ki1 153 129 138 282 - 697 '1.58112,27
12 70 83 71 223 152 202 375 76 2,29 3.05
16 Je i - w10 S .. ' 256 206 231 462 148 27071 4,18
20 74 121 77 285 246 258 531 1.62 3,72 5.34
24 37+ #2129 87 340 264 293 604 -*"1,96° '3.89+'' 5,85
28 79 141 90 363 310 310 673 2,20 4.42 6.62
32 w79 - LB teg2 -t 341 336'- 299 677 2,53 " 4NV14' U 6.67
36 80 152 92 383 332 331 715 2.59 5.10 7.69
27 PP Wt ' FERTRICTIL LR VPP SRS B A I D
k 89 175 96 433 539 356 924 4.23  6.46 10,57
a «24 =129 =53 -339 -468 -272 -763 -4,05' ~5,55 '-9.48
b 882 .805 734 - .798 .890 .767 845 889 857 .869
LA VI N YN L S s ‘
Cent:imeters soil depth est:.mated for 90 and 95 percent of maximum value k.
Yy=o0.9k 46 ' 40 28 40 78 35 ' 54 81 60 67
Y=0.95k 61 . 53 38 52 102 45 70 . 122 .18 88
Y Average, soil N = 21.4 gm/cu. m. or 86 kg N/ha to 40 cm depth,.. .. ., ... |
Valugs- of coefficients.in formula Y = k + ab®; x = Soll Dipfh - 4 it

) e Ee an e e G w m m A e e e M R A e e M em mA e w e o 4 S e mm e W = m % e e e e e w m m = =
= B & B S = S S = =22 S 8 S 2 =2 2 28 st o memEm o %omeEmem s e m oamoem om om oes am oo e o o= o= e
[T — R A~ I — R~ ~ A - T — e — A — AR A — A~ — A — - R T A

Table 3. Effect of &oil depth on yield of PI-215936. 1965 dry season.
o . £Spacing 15 x 20.cm, non-fertilized,) ..

S T K N P R R e R T LI

Soil  Straw = No. of  No. of Weight, gm/m2 N _Content, gm/m?
Depth- Ht. ' Tillers * Panicles '
c¢m . cm  per m¢ . per m° Straw Grain Plant Straw. . Gram Pgnt
8 48 88 83 122 122 244 81 147 2.28
14 50 116 116 ° ° 193 192 382 ° 1.09 2.48 3,57
20 56 149 145 294 284 578 1.57 3.54 5.11
26 60 185 178 405 384 788 2,16 . ..4.,98'. 7.14
32 64 208 187 461 446 906 2,59 5.81 8.40
38 68 232 216 546 575 1121+ - 3433 .+ 7480:711.13

Average N removed by plant from ‘Soil = 29.3'gm/cu. m. or117:kg N/ha'to:%40 cm depth.

PV B I SR L .J""’il""f‘. el eyt
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Table 4., Effect of soil depth on yield of PI 215936, 1965 dry season. (Spacing 15 x 20 cmj; non~fertilized (NF) and
fertilized (F) 50 kg K/ha.) :

Soil  Straw Ht. No. per Sq. M. Welght gm/sq. Me N Content, sq. m, 1 e
" Depth cm Tillers Panicles Straw Panlclg €rain Plant Straw Grain Plant
em N E N F N F N F N E NI E N F N F N F NE .. E

10 56 66 168 305 151 218 283 605 261 455 229 400 544 1060 1.33 3,42 2,09 3.88 5‘&5' 7.30

o e

20 66 75 259 316 196 221 496 751 406 503 356 ;auz.u*sog 1256, 3,89 75,62 ,°3,96 14,97 s 45 140,78 . .
30 76 81 268 337 208 231 653 905 485 5337 426 468 1136 1438 .90 8.05 5.14 6.02 9.3u‘iu 07 3
IR 3

40 77 82 274 31 207 233 688 918 553 595 536‘5522 1241 1513 5.53  9.42 6.40 7.32 11.95 16,72 f 3
50 81 83 272 3u4 209 237 679 915 590 604 518 519 1268 1519 5,92 9,94 7,21 7.35 13.13 17,29 :

60 81 82 274 343 217 234 745 925 610 622"535; 508 1355 1547 6.80 10.21 7.42 7,53 14,22 17,74 P o

70 80 83 281 348 212 245 769 1008 598 675"'525; 570 1367 1683 6.88 1078 7.35 8.29 14;23 19.07 ;

.

k 83 83 280 349 214 244 772 956 663 680 552 573 1368 1664 7 66 10 78:- 7 78 8.12 15 02 13 57 3
a -28 -19 -97 -51 -58 -28 -505 -397 -396 —228 —322 -177 -833 -6u6 -6.75 -~-7.82 -5,78 -4.5#-12:54-12.09 "Z.
s

b .539 .333 ,373 ,513 4 .,693 ,515 401 .661 .759 608 717 .532 649 ,697 .576 «65 .,626 605 577 i,xﬂi

Centimeters soil depth estimated for 90 and 95 percent of maxmum value k

¥Y=0.9k 30 18 22 16 21 1% 38 26 53 54 . 45 44 .40 41 70 46 57 47 52 ‘muy

¥0.95k 41 24 30 26 28 33 49 33 70 79 "60 - 65 ' 50 57 (90) 58 73 62 6% »57~"“

- o :

2]
‘
.

. . - ’ R, oo ‘:
Average soil N = 32 gm/cu. m. or 128 kg N/ha to 40 cm depth.. - . = ; . = 1 I .- S L LE
VYalues of coefficients in formula - Tl T " ‘_":"
Y = k + abX e T
Soil Depth - 10
10

X =

T earee ®

v
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| -3§g§i§;gé Variety PI-215936 grain, straw, and total plant weight
o for anhydrous ammonia application rates of 5 to 235 kg N
per hectare,t - . . - T , -

Applied Nitrogen . Grain . Total Dry Matter !
' o Panicles + Straw*: -
Kg N/hectare - gm/sq. ma .-+ .gw/sq.m.

5 433 : 844
15 © . 480 . . . . . 907
25 ’ ;513 . 1025
33 518 1029 -
45 . . 515 . . . - . 1e71: .
55 548 - 1157 :
65 546 1140 ,
5 < sK9. . . . 1106 -
85 ’ . 518 - 1061
95 523 1153
105 536 o 1106 i
115 o o521 1147 -
125 : © 519 1255
135 | : 459 1059
145 . 7 480 1101
155 472 . 1087 .
165 434 1026
Average 175 to 235 ' 486 1070 :

fHarvested Nov. 29, 1965. - This was a wet season crop in which' the

gross solar radiation during the eight weeks prior to November 28

was as follows (in order from last week before harvest) - |
1930: 2010; 2119; 1803; 2413; 1899; 1959; 2785 ---
Total, 16918 gm-cal/sq. cm. Lo

o
1,



Table 6., Experiment No.,l - Plant density, panicle number, panicle
_!-,., .;we;ght and light t;ansm1asion rate (LTR) at flowering of
.- -yariety PL 215936. Planted Aug. 22, 1964 &nd hayvested
Dec. 1, 1964. 'Location: Plot M~5(b) fer;1iizer rate
100-40-30 NPK kg/ha. '

No. of ‘No. of Panicle ' " LIR
Plants Panicles Weight ‘ SRR
per m? + per m? pm/m? R
1.00 ¢ v 47 2 , . 143 ?, . . 602
1.25 . 58 A ¥ [N , 59
1.50 U Y A ..o 202, . . 55
1.75 v 14 226 , 52
2,00 . 0 ) 243 .. 40
2,50 95 : . yAH S 43 ,
3.00 108 . 31+ . 37 ,
3.50 117 . 347 33
4.00 - 126 : : 365 . . 30
4,50 . 13 : n 26
5,00 137 _ 376 23
5,50 . 140 385 21
0.00 < 143 1 3g¢ 3 cl
7 . 149 : 395 17
{ o 16l 437 . N
Y . 157 420 12
10 ... 158 41% . .12
12.5 177 463 12
15° 178 : 454 4 11
17.5 178 455 - .. 1o
20 S X1 : 4286 - - Y
25 192 . 432 8
30 210 411 . 7
3% : 224 . (glgl, ‘ (v
4 236 ' 468 5
45 210 . 427 4
50 - 235 . 455 h
55 S0 . 412 4
o0 - : 222 414 ... 4
70 - 217 . 427 3
) 2000 A 3
90 243 . . . 464 2
110 23y . A30 2
125 ' 262 -, 437 . 2
150 . 255 4ns 2
175 1. 455 . 2
200 3o, 4a, W 2 .
250 . o '
300 . o o
350. . ‘e . ;
400 . i '
1 jast roi: lodged _ I AT
2 porder effect 1 planglggg'&;“was outier'row. i et 0 e

N A P EEEL I I
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Table 7. .“Expuruucnl. lu. &u - Pl.mt‘ dunsuy pmuclo numbc.r pﬂm.clc
B ~_w¢1ght, au 11~ht. ermmvwmu rute (L'l'!-) of v.)r:u.t:y PI 215930
at. tlowcrlug., Planted . Fob., 4 and hutvcatcd Nhy 18 1965,
location Plot M 5(b), fortilizer t.n:u 100" /oﬂ 30 Kg/ha.

Ll

No. of Nl of Panicle, . .. LTR leaf Areq P,/E Lodped at
Plants  Panicles  Weight - . Dndex . . Narveat
perm?  per w? w/m PR TR ¢ 75 N, g
1.002 | 662 1882 80 2 0.59 2 50 2 "0 2
£.25 79 237 . 76 L.00 " 45 L
1.50 . 93 276 771 083 ° 50 -0
L.75 . 163 213 oo 1.03 51 w0
2.00 ' 108 333 b4 0.95 37 - Lo
2.50 128 408 58 1.43 49 0
3.00 ., 143 472 51 2.4 25 0
3.50 | 152 58 = 853 1..98 26 "o
4.00 169 564 1 41 2.60 ' 38 0
4.50 172 593 37 2.07 L 23 "0
5.00 2 208 ? 690 2 26 2 1.52 © 34 0
5.50 201 670 19 2,76 ° 33 ‘0
6.00 . 203 681 21 3,11 - 28 0
7.00 215 707 13 J.06 30 0
8.00 228 729 11 2.35 2/ 0
9.00 238 744 3 1.45 T2l 0
10 232 703 8 .67 24 3
12,5 250 749 ¢ 6 2,97 21 25
15 © 2521 749V 5 3,261 .. 28! 75 .
17.5 ', 2u8 755 5 4,95 A 19 75 .
20 242 41 4 2,13 "+ 23 .78
25 "~ 265 781 3 3,90 23 8l
30 276 757 ° 2 2,71 D17 97
35 " 308 792" 2 2,30 12 97
40 320 816" 2 3,54 14 97,
45 310 773" 2 3.13 13 97
50 325 772 2 3.83 11 100
55 330 780 2 4,04 10 100
60 330 763" 2 1,96 . 12 100
70 . 357 788 1 3.66 - 11 100
80 . suy 756" - 1 2,52 ! 8 100
90 360 783" 1 3,44 5 100
100 360 751 1 5.20 Y 100¢
125 412 805, 1 4,86 5 100
150 435 805" 1 4,54 5 100 -
175 455 772 1 1.96 2 100 :
200 460 752 1 4,86 6 100
250 525 800 1 4,87 2 100
300 540 798 1 5,61 2 100
350 560 871 1 5,10 3 100
400 Y45 675 1 3,06 2

100.

1 Last row lodged.,
2 Border effect 1 replicate with 1 plant/sq. m,. outer row and 3
replicates with 5 plants/sq. m. as outer row,
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Table 8¢ " ‘Experiment No.!.2b - Comparison of' yields.from rice -,
“'EransplanteGMS cm apart between: -hills -within rows "*'
et 'and ‘dquare transplants.’ .Variety PI-215936 trans-
3 [ ﬁfanted Feb. 4 dnd harvésted: May ¥B,. 1965, Loca-

ki “tion's Plot M<5(b); fertilizer irate: lOO 40~-30- NPK kg/ha.
Row x Plant Distance Panicles’' ' Panlcle Weight
cm . . _perm® gm/m?
144 (5) 2 ST s 2 T 5102
116.5 - (5) == == 156 " 564,
89 . =4 (5) ' e 206 751
72 (5) 231 ' 813"
55 .. (5) . 267 N 833
44,5  (5) 1 285 ! 809’
3 (5) 332 _ 895
27.5  (5) 358 ' 762
21 - (5) ‘ 369 715
17 (5) 411 749
13 . (5) . 454 | 782
10,5  (5) 386 ’ 579
8 . (5) ; 488 . 725
6.5 (5) 487 o 738
5 . (5) . 502 , 753
5 (5) 2 707 2 1117 2
5 .y (5) 2 - 800 2 . . 1168 2
6.5 (6) 2 615 2 1067 2
8 .. (8) Y 453 , 8oy
10.5 (10) 400 881
13 -:(13) .. 361 , 874
17 (16) ) 301 ’ goy'
21 (21) 1 283 1 925 1
27.5 (26) 259 881
s . (34) 239 _ 806
uu,5  (42) 186 715
55 . (55) 157 - 588
72 (68) ' 117 ‘ 429
89 (89) , 84 , 288 |
116.5 (110) 56 183
iy (1u4) . 35 . 108

1 Last row lodged -
2 Border effect

\ che Ay, !



‘Table®9.® Experiment No. 3. ~ Plant density, panicle.number,: ..
— i panicle weight, and-light transmission rate (LTR)" '~
..ii-at flowering of variety PI 215936 x CI 9214; planted
-4 July 12 and harvested. Oct. 10, .1965. Location: Plot
esfvi i 49 No, G-27, subplots 4 & 5. Fertilizer rate: 60-0-0 NPK

- kg/ha. No lodging.

.. No.'of .. No.of ~ ° . Wt. of  (? Lfﬁ'f;"ff{ff
Plants Panicles Panicles Z
per ‘m2 per m¢ - gm/m2 .

5.0, 76 1 298 ! 571
5,5 % 378 46
6 ) 402 " 32
7 118 | 458 28
8. 125 478 2
9 139 518 20
10 125 g 450 " 14
12.5° 157 - 539 12
15 181 608 1
17.5 161 | 522 11
20 169 ’ 536 9
25 188 ’ 553 © 10
30 206 : 580 9
35 206 562 B
40 234 612 8
45 25 563 8
50 194 489 - 8
100 236 s50 7

! Border effect.



Tabi%f;@' Experlmént NoO 2y Comparlson of ‘direct seeded‘rows’ (200 seeds/linscmeter: roy).y,

i e, moa e

and sguare trahsplanted” low’ tlllerlngxrice vardiety ‘PI 215936"x CI;9214. Loca- -
“#ion: Piots  Nos: €-28(11) and €=28¢12), - Fertilizer rate 60-0- O NPK kg/ha.

\1' qQ° N Lt

Row Ave.\ ) Expt. No. 4a Plot 11 Bxpt. No. u4b Plot 12
Distance - '—No ----- of%- ~-«No.wof Wt of. ... No. of .2:Wt. of:iiLight. . Transmission Rate
Aveﬁége Plahts ﬁanlcles ' Panlcles . Panicles Pahicles Octh.15/65 Oct. 26465,
cm - pér m? '\cf ‘per m¢ - gm/m tilon pep mé gmfm? -« -'%-" %
RO S e ot el RATEE e :
95 R “1us 395 7 7 160 U y5 19 4%
85 0 C 19y " 78 v 235 382 ¢ 40" 16 .-
75 w 186 ! 411 218 1 390 1 28 Lodged 1!
65 " 196 TS | : 227 326 18 "o
55 8 260 407 179 277 11 "
50 e 278 o3 v 208 313 T o9 "
45 e 275 . 340 259 350 8 "
40 d 266 ' 347 g 219 sl 7 "
35 e 303 334 226 315 6 n
3¢ il d 344 Y 306 ‘ 355 343 6 "
25 2u0 262 199 196 Y "
20 350 34 . 258 257 a. "
20 ,, 667 2 1219 2 598 2 887 2 3 "
' ' t : T .
T ., 25 108 3 275 2 102 2 258 2 24
r 25 155 2 -7 u25 3 105 2 250 2 ' 25
a o 25 230 642 162 415 22
n 16 ' 158 Couy3 o 149 36 " 16
w o 11611 145 438 142 323 12
8 8.16 104 o 3us 121 243" - 18
| 6425 88 - 321 91 216 28
1 4 494 77 B 1Y - S 73 171 31-.
a 4400 60 . 192 82 210 3
n 3.30 62 ©To19s - 64 146 38 -
¢ 2437 42 116 54 126 36
1.78 40 121 33 79 54
e 1.38 33 - 93 T 31 94 : 4Bl
d - “1.11 " 23 “ 64 - - 22- - 57 . . .65
1 Last row lodged I

2 Border effect

Drill row: Plot 4a planted July 23, harvested Oct., 28, 1965
" 4b Aug. 6, " Nov. 8, 1965

Transplant: Plot 4a " Aug, 13 " Nov. 8, 1965
" 4 " Aug, 28 " Nov. 19, 1965
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Table-1l.::Experiment .No. 5:;- Comparison of broadcast and. direct. seeded rows (200 seeds?
Uiy o, perslinemes tow) :Variety Fqusaka '#5... Planted: Aup. 13, 20, 1965, Hakrvest=

N e

i+, eds Nov.. 8,9, 1965 . Location: Plot C—28(26) and C-28(25) Fert1l1zer rate:
100-0-0 NEK kg/ha.

e i

;;Expc.~No- ‘5a Plét C-28(26) -i?vfggpc.fubWJSb'pioc Cc-28(25) ?

~+  MNo. of ~ Wt., of . . No. of ., . Wt. of Light Transmission Rate

Panicles Panicles . .. Ppanicles  Panicles ~Oct. 15/65 Oct. 26/65"‘

__(:jf_ U per 52 - "g’m/'ni?" w Sl per me- _2“‘_/“‘2 O 4 , . 9. .
95 263 398 | 177 239 . 58 ' 56
P 306. b3y o 370 . u7 . su 47
75 L 325 1 us, * ; 221 270 T L 30
65 32 Wik, o ass Y wos ' 33 Y

55 . 382 u§3 , 373 418 22 . Lodged

50 n 456 "y . 402 436 16 "
us 382 353 434 430 12 "
40 ;| 407 343 e 372 393 8 "
35 Wl 366 409 403 8 "
30 503 389 - 407 346 5 "
25, 447 380 { 501 560 ' 2 "
20 3 797 2 922 2 - 576 2 527 2 33 "
Broadcast 350 371 | 367 287 4 "

1 Last row lodged
2 Border effect

o
FIFEY Nt P " ., » - . -
FCL Lt e Lwrmeeran L8 wipt v T R I
iy w b " ’ . "
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Tabie:lz. Experlment No. 6 - Yleld of variecy PI 215936 x CI 9214 transplanced at
5} 25 x 25 ‘em, four planting dates,”eight y1e1d samples of 10 plants each.
4q Non—fert111zed plots 0-27(7) (8), (9) and (10).

S
PR .

iy

D ata ST ?,  2. 3 | . 5 6 - i? g g R
Panxcles per_sq. m. : | . :A o ) é ; ' ! ,} ,
c-27(7) 1347 162 147 166 141 112 - 174 - 173 j210 151
c-27(8) 1547 168 130 174 150 139 130 146 1190" 149
c-27(9) 138 © 126 136 112 115 128 128 152 1035: 129
c-27(10) 160 174 174 178 166 147 198 176 1374 172
Panicle wt., gm/m? ‘
c-27.(7) 53 507 613 640 605 440 656 683 4770 .596
c-27(8) 717 714 581 770 610 616 514 613 5133 642
c-27(9) 576 590 566 496 509 574 522 552 4384 548
c-27(10) 613 581 654 630 618 485 592 730 4902 613

Weekly solar radiation
in weeks prior to
harvest, gm-cal/cm?

C-27(7) _ 2971 2187 1820 3268 2590 2968 1747 2235 19786
C-27(8) 2139 1924 3338 2671 2785 1666 2153 2268 18944
c-27(9) . : 2107 3128 2943 2448 1846 2110 2356 2644 19582
C—?7(10Y 2713 3160 1930 2015 1975 2555 2620 2237 19205
Planting and Harvesting Dates
Transplanted Harvested
052117) : ) June 3, 1965 Sept. 12, 1905
C-27(8) May 27, 1965 Sept., 4, 1965
C-27(9) May 24, 1965 Aug. 27, 1965

Cc-27(10) . May 13, 1965 Aug. 16, 1965
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Table 13. Experlment No. 7 - Phy31cal“d1mens1ons and y;eld components of seven varieties of widely diffaring.v
o growfh hab:ts when- 1nter3paced hexagonally 1 plant péb’é@ﬁare meter. ,

(25 plant samples.)

e L BN y Tcl‘él‘mﬁng PI 215935 Ik 9-60 ~ BPI-76  Century 81B-25  Chianung
L ! Natiye;1 non-photo- Patna 242
;% ~ : -s:;f sensitive 231 .
ﬂéﬁéi&ianted’ 2 Mayi '38 - May 18 May 18 May 18  May 18 May 18 May 18
Harvested S . Sept. 14 Sept. 15 “ Sept. 8 Sept. 15 Sept. 15 Oct. 6 Sept.~1§
No. of days in the £ield (from. = T

transplantlng to harvestlng).'“ 120 - 121, 114 135 121 1yy 120
Pan:.clee per plant  © == "% - 158 700 UA26 noiro113 46 9 54
Panlcle weight, gramslplant eyrm 348 ‘:‘4§6Vl ;3584;;?;,€j'536 13y 325 143
Graln and chaff, gramS/plant o 320 -_iﬁB | 353f‘:-f“;'500 118 300 122
Cleanjgraln, grams/plant ~— 287 133 336 77 ueo0 98 267 9g
He.'l.ght of plants, Hmax m a8 97 (T - 116 106 159 97

R T 70 3T 90 91 131 76
Ra :us.of tlller,_wpﬂ-a em i 75 ;;ﬁg} iﬁfss.--.‘ - 105 97 136 83
Dia.. of leaf spread above D . om 11y o1 Ti2g: o 12 79 a1 80
Hlll base-dia. below Dy, cm - S 18 i ’12 17 1g 12 17 12
Total tillers per plant L 172 .?ﬁxgﬁ 146 121 59 107 75
Plant area®* sg.em-. - ;.ﬂi._.ir..:¥tf".“~‘1o,2o7 - f‘%',%f)ﬁ‘« 12,868 12,469 4,902 6,504
Plant area.x No. of days m rx.gay 122 T 147 168 59 au




Table 14. Prediction equations of panicle number (Yl),qqd}péniélq weight
RNy \

e (Y5 ) Pt squaré meter ‘when.plahts-per raquard!meter: (x)iardiviried.

Expt VIR B ing T sitd D fuitmel .§Kn&ﬁkﬁT bl " fide x
.

= + =
No. . Y, =k +ab Y, = k + ab
et B b etriste b

' 611)"!(.
ST T a b ;
gt ree 1168 -+1166(0.721)% 754 - 921(0.658)%

Tl

AL e ©.6 252 %250(0.756)% 433 - 426(d:6

{h$j2b1 squafgézransplghéﬂ o ? 850 - 850(§§;f)x
E&a'ﬁ,sz drﬁifuéaw tr;gg;i;nt e " 850/T = (0.71)2%

v, st 01 U h2(0.896)% V578 - 594 (0.818)%
e ' 0 157 917(0.907)% 638 - 618(0.94)%

e e, 4 0 At 5 Coareadet

B R R M s e m m m m oww e ev o o e Er o e e M m e ee e A e we as  ew  ew s  am e
"R R D mEmm wm e om m oem o o= oEm o= me == S 2 2 R S S S =sE2Ss s T mEZmams=
T~ — - — R~~~ T T - - — -~

L SEUEN R SR (s
Table 15. Prediction equation of panicle number (Y;) and panicle weight (Y32)
VEI per:m- when the Light Transmission Ratio .(LTR) is measured at
flowering.

‘
[ L

Expt. Y, = a + b(LTR) Y, = a + b(LIR) '

._No. ..
W . S5 FeL el T

R T

576 (LTR)
723(LTR)
520(LTR)
492(LTR)
77(LTR)
174(LTR)

R L AR T ) =~ 226(LTR) ' ' 519
2a i 258 - 228(LTR) 818
3 LN 226 = 319(LTR) .. 599
4 (transplant) 164 - 224(LTR) 377
4 (seeded drill row) " 228 = 297(LTR) 377

5 (seeded drill row) ‘" 459 - 385(LTR) 430 -

. '|’ '_‘ ! .

oy i1}
¥

TR 2 Al

¢4 fong

v T

t L' ""»;-

RN S

Yop {30 f

chadeduarctane ob0 tuen ampdnt B
4, N
peline tauy bete oot lag wotane Mol araateal aeld

I R RSt I



G % ;] Juxn % v SRy
.:AMQrage straw strength. :

’ Peta and Taznan 3. Computed from '60 paired” samples.v,we__,,f
N *Nonalodged planfs ‘Lodged planfs:
SRS 2V) A rzln "Py/E P2/E

R mm2 .( 10 mm2 X 10

oAt

'ﬁ;,a 7.4 18,4 5.6 14.0

.i‘:“':} O T TR T

oz 0.325 o 92 0. 323 . “,¢ 0.665

y: "‘ X n ,y P fl ht :"';"-'

R ra e cv(x) P L 3608 4491 36.73

» )'."A;r‘.’g AT ERAISSL 1' Y

.v(R)

I Sou Ny A { wh 4 1‘2 5.12 5.78 . l;.73
.".,:xl' -““,.1-:-,: - ';f ~g*( . " ,é

5
e
3
B
3
w
H]

x 3.5 8.5 l 8 4,3
ss 06l 0.88 0106  0.32

 cvix) 95.96  57.04 3276 41.39

. , ; 4 T dm
A. ’l 4_n| . i o ‘v","u,_.‘\ .;x .

; Y
Ll agien, '.ué
N AR AP

AT O RN 199 ¢ R 5;98ﬁ” R N

-a‘ﬁfnon-lodged plants of

B M m m m W W m m mr e S e Ee S e e e e m = e mm = = o m e e m = EmER oSz = =
B M m wm e M e W Em S m E M W m e e m e aa o m e @ o M e @ e m .o ma=8

Foer ozl K . ; co » FE-
[ : ; . N g s
‘.'.{- ] . ,'s f‘" : RN

~Tab1e 17? ~Rate of manual transport based on T = 340 W 24?31\ (1yo-
¢ . way travel .on emooth grassed shoulders of earth road.)

2 s
o .:“.- . ‘.‘:-
PR RINE o Weight, kg M;nhours/Ton—km
’ FI ' ¢ ,.’:f.‘ , PR
I G Y i e
R . LI B R ey
Wit 4 iy 15 :

; 53 S

* Values over 50 kg extrapolated.
Also increase for narrow paths, and poor walking
conditions.
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Fig. 1. Special lug wheels mounted inside and outside the tires
permit a 40-Rhp tractor to use a 60~inch rotary tiller
in soft soils.

'a.?""

Fig. 2. A 300-cm rotary tiller with Japanese rotary tiller blades
for use with 40~ to 0 Rhp tractors.
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Fig. 4. Fcrty-seven day old PI-215936 seedlings planted in plot
with soil depth shallow on edges and deep in the center.
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Flg. 5. Effect of soll depth and nitrogenous tertilizer (50 kg/ha) on straw and
grain yleld.
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Fig. 6. Effcet of soil depth and nitrogenous fertiizer on plant nitrogen content,
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Fig. 8. Experiment No. 2a - Square transplanted PI 215936
at flowering, April 6, 1965.

Fig. 9. Experiment No. 2bj and 2by - Variety PI 215936 square

transplanted and transplanted drill rows at flowering,
April 6, 1965,



Fig. 10. Experiment No. 4 - Variety PI 215936 x TI 9214 direct
seeded in drill rows (left) and square transplanted

(right).
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Fig. 11. Plant area multiplied by days in the field explain yield differences of seven
widely differing varieties in Experiment No. 7.
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Fig. 12, Effect of the amount of nitrogen on P/E of PI 215936,
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Fig., 14, Evaporation was recorded from a 2.40 x 2.40 x 0.60
meter sunken pan.

Fig. 15. Evapotranspiration and.percolation were obtained
from a 20 x 20 meter field plot by use of a water
level recorder and piezometer tubes.
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Fig. 16. The relationship of evapotranspiration in vegetative and reproductive
stage of mean air temperature and relative humidity.
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Fig. 17. Rélationship of evapotranspiration in vegetative and reproductive

stage to gross solar radiation.
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Fig.' 18. Cumulative water losses from the field related to cumulative gross
solar radiation.
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Fig.’ 19 Relationship of rate of seepage to depth of water in the field,

L bl . measurement of seepage into drains of Plot B.



