Grain Losses Incurred During Different

Post-harvest Rice Systems.
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1. Introduction

Traditional paddy harvesting system in
Korea should be very primitive in the light
of the degrez of qualitative as well as qua-
ntitative inputs in the powered machinery.
There are involved ts> many processes from
They
are performed mostly by manual methods for

cutting operatisns to threshing ones.

an extandad period of time,



ARG B3R 2% 19784 128

Recently, however, this traditional system
is being faced with increasing modifications
with a view to accomodating to socio-econ-
omic changes and agricultutal technology
development. One of the illustrative and
serious problems is the shortage of rural
labor, conssquently, beiag accompanied by a
rapid incrzase of the farm wage. Farm mec-
hanization may be 2 present and final sclution
to the problem. But it will be difficult to
answer relevant questions such as what
kind and size of farm machinery may be
adaptable and adoptable in view of the pre-

ent situation and many years to come.

Another problem might be related to the
cultivation and production of High-Yielding
Varizties (H.Y.V.) of rice, now covering
more than 70% of the total paddy land of
Korea. The HYV requires a little different
technologizal innovations compared to those
involved with the Japonica-type because of
differences in their varistal characteristics.

Grain losses incurred during the post-
production period of the HYV may be a very
serious problem, especially when the harvest
technology is adopted with the traditional
one that has been long practised for traditi-
onal rice varieties, historically. The sources
and extent of the grain losses should be
clarified and determined to profitably serve
any efforts in modifying the present system,
to be replaced with by the new one. Acco-
rdingly, it may be pertinent to determine the
grain loss nst merely for the traditional
past-production system, but also for the new
system which may be developed by the
application of the modsrn farm machinery
in near future. For this, needless to mention,
a research must be conducted.

This study was conducted to experimentally

find out sourcss and extent of grain losses

incurred in the traditional pappy harvesting
system and some other modified systems that
would give a reduced grain loss and that
wouid solve the labor shortage consiraint.

I. Expenmental Methodology

1, Experimental materials and design

The experimental work was carried out in.
a farmer’s private paddy field located in
Anwha-Ri, Pyungtaik-Gun, Gyonggi province,
during the paddy harvesting season of 1977.

The paddy varieties planted were the AK-
IBARE(Japonica) and the SUWEON 251
(TONGIL sister-line). Agronomic data of the
two varieties are shown in Table (1).

Table (1). Agroncmic data of the rice varieties.

tested for the experimental harvesting

operation
Variety | AKIBARE !SUWEON 251
Sowing | April 17,1977] April 17,1977
Transplanting | May 29,1977 ‘ May 30, 1977

[Begin | Sept 23,1977 | Sept. 22,1977

Harvesting | ‘ i
’End I Qct. 17,1977 : Oct. 11,1977

As shown in Table (1), the two varieties.
were all sown in nursery field on April 17,
1977, and transplanted on May 29, and 30,
respectively. The experimental work for the
AKIBARE variety began from September 23
and finished on October 17, and for the
SUWEON 251 variety, from September 22 to
October 11.

The total area of the test fields was about
5, 000m? for the AKIBARE variety and 3, 000.
m? for the SUWEON 251, respectively. Test
fields were divided into equal blocks of the
size of 0.96m x 11.0m. So as to enable res-
earchers to conduct each experimental harv-
est operation without hinderance and to give
a free wide path for the binder and combine
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the field was opened up the plants in the

neighborh ood of each block.

Five harvesting systems as shoown in

Table (2) were tested for five grain moist-

Table (2). Five harvesting tested in this study.

System | Description
I 1 Traditional harvesting system to which the dry-material threshing was applied
11 ! Traditional harvesting system to which the dry-material threshing was applied
111 Binder harvesting system to which the dry-material threshing was applied.
1v Binder harvesting system to which the wet-material threshing was applied
A% { Combine harvesting system

ure levels at cutting.
For the convenience of comparison between
varieties and among harvesting systems,

following abbreviations were used in the

henceforth:
ATD: System I applied to AKIBARE
variety
ATW: System II applied to AKIBARE

Table (3). Specifications of the experimental equipment and measuring

instruments.
Nomenclature i Type/Model Capacity/Dimension [ Remarks
) . "Cutting width: 750mm Drum speed for
Combine ‘ Iseki TARO-700 Drum Dia:444mm paddy: 450rpm
|

Cutting width: 570mm |

Moisture Meter Kett SP-1

Range:11-30%

Electric Resistance

Smiths Industries

i

{

|

Binder { Suzue B260 A !
Venture ATHS ‘

Tachometer

Range: 0-10, 000 rpm

Type
i
I

variety
ABD: System III applied to AKIBARE
variety
ABW: System IV applied to AKIBARE
variety
AC : System V applied to AKIBARE
variety
STD: System I applied to SUWEON 251
STW: System II applied te SUWEON 251
SBD: System III applied to SUWEON 251
SBW: System IV applied to SUWEON
251
SC : System V applied to SUWEON 251
The moisture content of grains in plants
was measured between 1 and 2 P.M. each
day. The samples were obtained from various
sections within the block to be tested. The

moisture contents were taken from the

Gruin mojsture content  { % w.b.}
i i

oo AKILALE vanety
26t C-—-0 SUWEON 251 variety

F A 4 @ B Experimental harvest-date
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Fig. (1). Moisture variations of standing stallk
grains exposed to natural environment
during the rice harvesting season.
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average of ten times measurements. An
electric resistancz-type moisture meter was
used for the measurement of the grain
moisture content.

As shown in Fig.(1), average reductions
per day in the grain moisture were 0.44%
for the AKIBARE, and 0. 40% for the SUW-
EON 251 variety, respectively. There was
no rainfall during the test period, but a
dense fog was encountered three times.

The specifications of the equipments and
measuring instruments uszd are shown in
Table(3).

2. Experimental Methodology

A. Classification of Grain Losses and Col-
lection:

For ths classification of grain losses known
to occur during harvest processses, standar-
-dized methods of measuring techniques have
not been yet established in Korea, bzcause
not many research undertakings similar to
this study have bzen conducted in the past.
A comparison of some domsstic reports (5)
(7) (8) and the Japanese standard methods
produced some differences in classification
of grain losses and methods of the measure-
ment. Therefore, in this study, the classifi-
cation of grain losses and the method of its
measurement were rationally determined
with special refersnce so the domestic
reports and foreign standards available.

1) Traditional harvesting systems: Grain
lossas incurred during traditional paddy
harvesting systeam were classified into sev-
eral categories: (a) the cutting loss by the
impact force of sickle, (b) the handling loss
during bundling and shocking processes, and
(c) grain loss incurred during threshing
operations. This classification is schemati
cally presented in Fig. (2).

Only the drum loss, sand-witched loss, and

dust-outlet loss weare included in threshing
loss items. In a study conductad in Japan(12),
stalk-outlet loss was included as one of thr-
eshing loss items, but in Koraan traditional
harvesting operation the stallk-outlet loss can
be recovered by spreading straw-mats or
vinyl sheet around the threshing site. Acco-
rdingly, stalk-outlet loss was excluded from
containing in this study as an item.

The dust-outlet loss was colllection-wise
measured by counting the number of grains
blown off from the dust-outlet of the thresher
with the draff which was treated twice in
the thresher as Korean farmers customarily
do.

The transporting loss may vary according
to the employed methods, distances, etc. In
this study, the measurement of the trans-
porting loss was not possible simply because
the threshing operation was carried out in
the field. To make free from the transport-
ation loss while being hauled within the test
field, the bundles of stalk paddy were wra-
pped in vinyl sheet.

After the cutting operation simulated by
a well exparienced farmer on the test block,
three small plots with one square meter in
size were selested at random and the fallen
grains within the plots were collected. The
grains collected were regarded as the cutting
loss. The numbzr of collected grians was
converted into the weight in kilograms per
hectare by comparing it with the weight of
1,000 sound grains measured at the 14%
moisture content on the wet basis.

In order to ciarry out the experiment using
the wet-material threshing method, the cut
plants were threshed right after the cutting
by transporting it to the threshing site.

For the experiment of the dry-material
threshing, paddy bundles were shocked wit-
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Fig. (2). Classification of grain losses occuring during the traditional harvesting
system with dry-marerial threshing and wet-material threshing, respectively.

hin the test plots for about three to seven
days of the sun-drying in the field. The
drying was continued until the bundles dried
down to have about 14% of the grain mois-
ture, depenidng upon the moisture of grains
at cutting. An area of one square meter was
selected at random within a test block to
-collect grains lost during the bundling ope-
ration. After removing bundles from the
selected area, lost grains were collected.
And the number of collect kernels subtracted
by the number of grains collected for meas-
uring the cutting loss was regarded as the
bundling loss. The number of grains thus

.obtained were converted into the weight of

the loss per hectare.
After the
hauled to the threshing site, grains fallen on

shocked plant bundles were
the site of shccking operatisn were collected
to get the number of grains lost during the
shocking process. The number of counted
grains was converted into the weight in
kilograms per hectare. This grain loss was
regarded as the shocking loss.

Grain losses occurred during the threshing
operation of both dry and wet materials were
identified and measured in the same way.
During the threshing operation, three thres-
hed bundles flowing out off from the thres-
her were sampled at random for an evalua-
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tion of the drum loss and sand-witched Ioss,
respectively. Grains thus collected were cou-
nted and the number of counted grains was
converted into the weight in kilograms per
hectare.

The field yield was determined based on
the weight of threshed grains from each
block. And it was converted into the weight
per hectare based on the 144 of the grain
moisture content. The sum of field yield and
total grain losses was defined as the total
field yield.

In the dry-material threshing system, five
kilograms of threshed paddy was sampled
and it was redried in the sun. The same
amount of the wet paddy was dried in the
batch-type mechanical dryer with the heated
air temperature of 37°C until the average

grain moisture content reached to about

Operations

Uncut Loss

142%. The paddy samples thus dried were
used for the milling test.

2) Binder harvesting systems

Loss items of binder harvesting systems.
are different from those of traditional harve-
sting system because both cutting and bun-
diing operations are conducted mechanically.
But, loss items and measuring technologies
after bundling process were identical to those
of the traditional harvesting system.

Loss items of the binder harvesting system
were specified in Fig, (3).

The average forward operating speed for
the binder was kept for about 0.91 meter
per second with the second gear setting.

Cutting loss and uncut loss were evaluated
as in the traditional harvesting system.

To measure the number of the grains lost
during the cutting action of the binder, a

Loss Items

Cutting _[‘

: Cutte bar L. Cutting -
: : Loss ; Loss F—_”
! 5 ' i
’, | 2] Kicking Loss !L |
: ‘ i
' o
;I Temporary !
= sun— drying :
g ;
72 ; N |
& o : Haandlin ) T L
:; 1 Shocking L_.__ Shocking Loss g . otal Loss
E | — Loss !
@ ' :
5o | 7= Drum Loss [ :
'ﬁ: t ! | - : h h‘ 1
S | Threshing F=f= Sandwitched bt T Iz;gs ing L.
= : Loss 55

Losas

Dust —outlet

N

Heated drying

Fig. (3). The classification of the grain losses occuring during the binder
harvesting system with dry-and wet-threshing.
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polyethylen sheet, 3.6mx3.6m in size, was
spread beside and along the row of standing
plants to be cut before the operation of the
binder. The plant bundles which were kicked
-off from the binder were removed from the
vinyle sheet and the grains fallen on the
sheet were collected. The number of collected
grains was converted into the weight per
hectare., This category of grzin loss was
regarded as the Kicking loss of iths binder.

3) Combine harvesting system

The sources of grain losses incurred dur-
ing the combine operation were classifizd
into two major categories; the cutting loss
.and the threshing loss. The threshing loss
included the following; (1) the drum loss,
(2) the sandwitched loss, (3) the stalk-outlet
loss, and (4) the dust-outlet loss. Cifferently
from the traditiona! harvesting system, the
stalk-outlet loss by the combine should be
regarded as a loss item because the grains

lost from stalk-outlet can not be recovered

while the combine moves through.

Two helpers in the combining fsllowed
with a vinyle sheet on beside the operating
combine to take an armful of threshed plants
flowing cut off from the combine and the
threshed grains flowing out off from the
stalk-outlet, respectively. Accordingly, the
stalk-gutlet loss could bz made recovered,
but it could not be discerningly separated
out from the sandwitched loss. Thus, in this
study, the sum of the stalk-outlet lsss and
the sandwitched less were regarded as the
sand-witched loss.

Loss items incurring during combine ope-
ration were classified as shown in Fig. (4).
Collecting methods of the lost grains were
same as used in the traditional and binder
harvesting systems, respectively.

Atter combining and collecting the lost
grains, fizld yields were evaluated. The wet
paddy was dried in a baich-type dryer till

the average grain moisture reached at the

Operation Loss Items
Cutter—bar Cutting
— Loss Loss
| Combining Sandwitched Total Loss
Loss _
Threshing 1
Loss

Dust-outlet
— Loss

T

] Heated drying

—

Fig. (4). The classification of the grain losses occuring during the
combine harvesting system.
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15% wet basis. About five kilograms of the
dried paddy were sampled and used for mil-
ling test.

I. Results and Discussion

The grain loss could be presented either
in the absolute amount in terms of the wei-
ght of the grain lost per unit area, or in the
relative amount as the percentage of the
grain loss for a given area to the total yield
for the same area. The former may be inco-
nvenient in comparing the grain losses bet-
ween varieties which may have considerable
difference in yield due to different harves-
ting systems or operations.

Thus two indexes were all used in this
study in discussing the grain losses, paying
a major attention to the covenience of com-
parison operations.

AKIBARE variety: The relation between
grain losses and grain moistures at harvest
were shown in Fig. (5) to Fig. (9). Total
grain loss of the AKIBARE vairety incurred
during the traditional dry-threshing operati-
ons showed little differences at each graia
moisture at harvest, respectively.

The total amount and the percentage of
were 50.15-58. 24kg/ha and
0. 80-0. 86 %, respectively, and the average

grain losses
grain loss for five grain moisture levels was
54.27 kg/ha and 0.80%, respectively.

The average percentages of the cutting,
handling and threshing losses were 0. 10,
0.23, and 0.47%,
about 609
threshing loss. The total grain loss deter-

respectively, presenting

of the total grain loss as the

minded in this study was much smaller when
compared to that of the 1.32%
Kim, et al. in 1972 (8), and corresponded
to about half of 98.4kg/ha by Kang, et al.

reported by

(5) tested for the same variety and methods
in 1976.

In the traditional wet-threshing system
(ATW), the total grain loss was 30.68-60.
13kg/ha, which corresponded to 0.46-0.869%

320y
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Fig. (5) Tetal threshing, handling, and cutting
losses of AKIBARE variety by the
tranditional harvesting system to which
dry threshing was applied. Moisture
contents of grains were measured at
the time of cutting operation.
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Fig. (¢) Total, threshing, and cutting losses:
of AKIBARE varietv by the traditional
harvesting system to which wet-thres-
hing was applied. Moisture content of’
grains were measured at the time of’
cutting operation.
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Fig. (7) Total threshing, handling, and cutting
losses of AKIBARE variety by the
binder harvesting system to which dry-
threshing was applied. Moisture content
of grains were measured at the time
of cutting operation.
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Fig. (8) Total threshing and cutting losses of
AKIBARE variety by the binder harve-
sting system to which wet-threshing
was applied. Moisture content of graing
was measured at the time of cutting
operation,
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Fig. (9) Total threshing and cutting losses of
AKIBARE variety by the combine har-
vesting svstem when combining was
performed at different levels of grain
moisture content.

of the total field yield. The loss was decreased

to about half of the initial loss as the grain

moisture content at harvest reduced from

26.8 to 16.9% . This result was considered

to be attributable to the fact that the thresh-

ing loss proved to be the major factor of
the total loss, was considerably decreased as
the grain moisture get reduced, and that the
cutting loss was gradually increased as the
grain moisture at harvest reduced.
Comparing the harvesting loss between the

ATD and the ATW systems, the grain loss

of the ATD system at the grain moisture

content of 26.8% This finding
may be explained by the fact that the

threshing and separation functions of the

at harvest.

thresher could be lowered at the kigher
moisture contents. The result was consistant
with that of the study by Ikihara (1972)
(17) et al., which reported that the grain
loss of the ATW system was minimum at
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the grain moisture range of 19-22%.

The total grain loss of the ABD system
began to increase at the moisture content of
grains at harvest lower than 19%. And it
ranged from 39.66 to 50.65kg/ha, 0.56-0.
792% of the total field at the grain moisture
level applied.

The increasing trend of the total loss for
the ABD system was found resulting from
a large amount of reduction of the threshing
loss, as the grain moisture centent at harvest
reduced in contrast to a slight increase of the
cutting and handling loss, respectively.

The total loss of the ABW system, which
decreased as the grain moisture content at
harvest reduced, ranged 31.21-63.54 kg/ha,
and 0.44-0.94% of the total field yield for
the varied grain moistures at harvest. The
threshing loss was the major component
accountable for the total loss of the ABW
system, and it was decreased significantly
as the grain moisture at harvest was reduced.

In Korea, not many research papers rese-
arched to determine the grain loss of Japonica
varieties for the ABW system. Kim et al.
(1972) conducted a similar study to this one
on the ABW system as defined in this study.
However, he did not include the sandwitched
and throwing losses in the measurement of
the grain loss. Therefore, a direct and im-
mediate comparison of the two research
results may not be made meaningfully and
realistically. When compared the common
items of the losses, the cutter-bar loss and
the drum loss, respectively, of the two
studies, the present study showed a greater
amount of grain losses than that found by
Kim, et al. quoted in the above.

Differences of the average loss witkin the
limits of drum speed and grain moisture
applied which could be ascribed to the diffe-

rences between the ATD and ATW systems,
1.7 kg/ha and those between the ABD and
ABW systems were 6.98kg/ha. These two
summary findings of the threshing loss in
physical terms, were less than 0.1%, res-
pectively.

The total grain loss of the AC system
ranged from 90.87 to 120.89%g/ha, which
corresponded to from 1.31 to 1.81% of the
total field yield. This loss was found much
more than those of the ATW and ABW
systems, respectively, and showed consider-
able differences when comparing it to the
one reported by cther researchers (5) (8).

The total loss of AC system was decreased
as the grain moisture at harvest reduced.
The total loss was mainly affected by the
threshing loss rather than the cutting loss.
The range of reduction of threshing loss as
the maturity of grains progressed was wider
than that of the increase in the cutting loss.

In Fig. (10), total losses of grain having
different moisture contents at harvest for
five harvesting systems tested were shown.
The AC system of these five systems had
the highest grain loss of all, and had the
same tendency as the ABW system. The
three remaining systems showed little diffe-
rent trends, that is, the total loss of the
ATD, the ATW, and the ABD system dec-
reased as the grain moisture reduced and it
began to increase when the grain moisture
reached at arcund 19%. And the total loss
of the ABW and the AC systems decreased
as the grain moisture at the grain moisture
at harvest reduced.

Comparing the total loss of each harvesting
systems, the following concluding points may
be noticed: the total loss of the ATD and
the ATW systems, respectively, were almost

same when the grain moisture at harvest
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was kept relatively higher. But it showed
sizable differences as the grain moisture at
harvest reduced. The total loss of the ATD
system was not affected so much as on the
ATW system by the reduction of moisture
content of paddy at harvest. And the diffe-
rence of the total loss between the ABD and

@—0 The ATW System
I ©O——O The ATD System
A——&8 The ABW System
&= The ABD System
S—& The AC System

- T
E Gl pr
N
i :
. ‘
2 § ~ -0
3 % e
-, \:\\L\)\- % a
g - S N \——” A
&

L_l__:_‘_ s L 1 I L | 1

z7 B 23 o1 19 17

irain moistrce content at cutting { %, w.b.)

Fig. (10) Total losses of AKIBARE variety in
accordance with five harvesting systems
which operated at different grain moi-
sture levels.

the ABW system was almost the same at
each of the five grain moisture levels at
harvest, respectively.

There were also some differences of the
total loss between the ATD and the ABD
system and between the ATW and the ABW
system, the major effect of which seemed to
come from the throwing loss of the binder.
In view of the significance of the problem
and few or no available research studies in
Korea, further studies on the prevention of
the throwing loss of the binder should be
made as soon as possible.

An analysis of variance for the total loss

of the AKIBARE variety showed that the
differences among harvesting systems, mois-
ture levels and the interaction of the two
were statistically kighly significant.

SUWEON 251: As shown in Fig(11)-Fig.
(15) grain loss of the STD system was varied
from 183.24 to 304.10 kg/ha for the grain
moisture at harvest tested, parcentage wise,
it accounted for 2.02-3.34¢ of total field
vield. The loss was increased as the grain
moisture reduced because of a notable increase
in the handling loss, while cutting loss and
the threshing loss decreased slightly, respec-
tively, due to the reduction of the moisture
content of paddy at harvest. The reason as
to why the handling loss was so high could
be explained in terms of the shattering
characteristics of SUWEON 251. This was
much more sensitive when handled the
material in the dried state. On the other hand,
the threshing loss was decreased as the grain
moisture reduced. This was because of the
decrease in the drum loss and sandwitched
loss, which consisted of the major portion of
the threshing loss. In addition, it was found
that the threshing and separation performance
were greatly improved due to the reduction
of the moisture content.

The total loss of the STW system, of
which, the handling operations were practi-
caily omitted, was 81 kg/ha on the average
for the grain moisture levels tested. Of the
total field yield, this corresponded to about
0.92;. The loss was decreased slightly due to
the reduction of the moisture content of
paddy as shown in Fig. (12). The threshing
loss and cutting loss in the STW system for
the varied grain moisture at harvest had
about the same trend and amount as those
for the STD system.

The dust-outlet loss of the STW system
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measured and reported by Choi (1973) (7) et
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Fig. (11) Total, threshing, handling, and cut-
ting losses of SUWEON 251 variety by
the traditional harvesting system to
which dry-threshing was applied,
Moisture content of grains were meas-
ured at the time of cutting operation,
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Fig. (12) Total, threshing, and cutting losses
of SUWEON 251 variety by the traditi-
onal harvesting system to whch wet
threshnig was applied.

Moisture content of grians were meas-
ured at the time of cutting operation.

al. was about two times bigger than that of
this study. But the collecting method of grain

loss through the dust-outlout was different
from each other.

The total threshing loss of the STD and
the STW systems werz 45.21 kg/ha and
50.23 kg/ha in average of five moisture
levels, respectively.

As seen in Fig. (13), the total loss of the
SBD system was greatly increased from
235. 22kg/ha to 504. 44kg/ha, or from 2.60%
to 5.56% of the total field yield, as the
grain moisture at harvest reduced from 2. 38
to 16.32%.

The composition of the total loss of the
SBD system was 51% for cutting loss (incl-
uding the cutter-bar loss and throwing lass),
37% for handling loss, and 12% for threshing
loss, respectivly, whizh showed that the
cutting loss proved tu be a major portion of
the total loss. Moreover, the average throw-
ing loss for the grain moisture levels tested,
was 130. 98kg/ha composing of about 76 of
the cutting loss and 36% of the total loss,
was found to be cne of the major loss items.

Paik (1978) (1) observed that the cutting
loss and throwing loss of binder were 0.77-
0.82% and 1.83-2.01%, respectively, and
Kang et al. (1977) (5) reported that they
were 0.33-1.21%, 1. 30-2.89%, respectively,
showing a Ittle higher grain loss when com-
pared to those of this study of 0.56% and
1.419%, The threshing loss, 61.57kg/ha at
the grain moisture at harvet was almost the
same as that reported by Kang et al. (1977)
(7), 76.5kg/ha, showing no notable differe-
nce. But the difference was much conside-
rable as the grain moisture at harvest
reduced.

The total of the SBW system increased
more than twice as much as the amount of
the grain loss at 23.8% of moisture content

at harvest as the moisture content reduced
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to 16.3%.
portivn of the total loss, which was about

Throwing loss was again the main

55 ¢ of the total loss. The cutting loss inc-
reased heavily while the threshing loss decre-
ased slightly due to the reduction of moisture
tontent of paddy grains at harvest.

These ressarch findings could be referred
(¢ with many reports published in Japan (16)
(17) (19).

A comparison of the SBD with SBW system
showed that threshing losses for both systems
were decreaszsd as the grain moisture reduced.
But the decreasing rate of the SBD system
was much greater than that of the SBW
system.

The total loss of the SC system was ranged
from 179.74 to 244.07kg/ha, for the grain
moisture levels tested. In other words, it
occupiad 2.02¢% to 2.67% of the total field
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TFig. (13) Total, threshing, and cutting losses
of SUWEON 251 variety by the binder
harvesting system to which dry-thres.
hing was applied.

Moisture content of granis were measu-
red at the time of cutting operation.
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Fig. (14) Total, thresihug and cutting losses of
SUWEON 251 variety by the binder
harvesting system to which wet-thres-
hing was applied.

Moisture content of grains were meas-
ured at the time of cutting operation.

yield. The total loss increased slightly as
the grain moisture at harvest reduced. This
increasing tendency might be accounted for
the increase in cutting loss which was more
than 50% of the total loss. On the other
hand, the threshing loss decreased slightly
as the grain moisture levels at harvest
reduced.

The cutting loss for the SC system ranged
from 53. 84 to 171. 86kg/ha, which correspo-
nded to 0.61-1.88% of the total field yizld
as the grain moisture reduced from 23.8%
to 16.32%. In addition to the cutting loss, a
considerably high threshing loss was also
incurred by the SC system.

Fig(16) shows the experimentally deter-
mined relationships between the total field
loss and grain maturity at harvest for five
different harvesting systems selected for this
study.

As far as the grain loss is concerned, it
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harvesting system when combining was
performed at different levels of grain
moisture centents of harvest.
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Fig. (16) Total field losses of SUWEON 251
variety in accordance with five harves-
ting systems which operated at diffe-
rent grain moisture contents at harvest.

is very clear that the worst system is the
SBD system and the best, the STW. It was

Noticed that the SBW system had a compar-
able degree of the totzal grain loss with that
of the STD and the SC systems, respectivaly,
througheut the grain maturity tested, in
spite of its great cutting loss incurred.

Considering the fact that the throwing loss
of the SBD and the SBW systems which
composed of a major portion of the total
loss of the two systzms, it may be desirable
to conduct additional and follow-up studies
on the improvement of the throwing mecha-
nism of the binder with a view to reducing
grain Ilosses when the paddy be harvested
by binder.

An analysis of variance for the total loss
of SUWEON 251 rice varisty showed that
the difference among harvesting systems and
grain moisture levels at harvest were signi-
ficant and the interactions of the two vari-
ables were also highly significant.

Summary of Research Results on Grain

Losses,

In the previous sections, major sscurces
and extents of grain losses incurred during
the operation of five different harvest syst-
ems were experimentzlly datermined in rela-
tion to the grain maturity at harvest. The
data on grain losses obtained would, of course,
be subject to change to some extent under
other conditions than ths present study. Ho-
wever, thess data would give sufficiently
enough information necessary for assessing
the actual harvest systems similar to the
tested ones, and for giving approximate
estimates of the grain losses for actual sys-
tems. Moreover, the information may also be
useful in preasenting a possible direction for
the improvement of actual systems which
would result in reduced grain losses.

With a view to serving these purposes,

an effort was rendersd to summarize all the
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Table (4). Summary of grain losses, in percentage of the total field yield,
incurred during field harvest operations.

; \\\é%isrce‘i Cutting Loss | Handling Loss | Threshing Loss
- | Cutting{Cut- Kicking | Binding | Shocking “Sandwitched Dust-Outlet
Svstems™. terbar) Loss | Loss Loss Loss Drum LOS’§ Loss [ Loss
| 0.10-0.11%¢ | | 0. 11-0. 13%*% 0.07-0. 10%*, 0. 31-0, A% 0. 04-0. 06**
(0. 09-0. 12)***, (0.11-0.18) (Q.07-0.11) | (0. 42-0. 52) (0. 03-0. 05)
ATD | | i
| 0.c2-0.12 0.16-0.20% ~ 0.30-0.33 | 0.25-0.42% | C.21-0.30% | 0.13-0.15%
1(0.02-0. 1% | (0. 16-0. 24) (0.29-0.50) (0. 36-0.44) {(0.24-0.41) | (0. 04-0.16)
0.09-0. 1 ‘ : ' 0.25-0. G7%* | 0.03-0. 04%x
(0. 08-0. Z0)** ; | (0. 31-0.75) (0. 03-0. 06)
ATW ‘ i !
0.04-0.85 i |
(0. 03-0. 92)* i t |
0.07-0.CE%% 0. 02-0, 03%! | 0.09-0. 10%* 0. 35-0. 57%* 0. 03-0. 05**
. 2.07-0.07)  (0.01-0.05) (0. 07-0.11) (0. 31-0. 54) (0. 03-0. 05)
ABD ‘ :, f
1 0.01-0.67% | 0.08-0.18% | 1.10-1.42% | 0.52-0.65* | 0.14-0.37% | 0.03-0, 06*
(0.01-0.75) (0. 08-0. 36) (1.21-1047) (0.73-0.99) (0. 14-1.09) | (0. 03-0.07)
| 0.07-0.08%x | 0.03-0. 0] i | 0. 49-0. 52%* | 0.04-0. Q5%+
o (007018 (0.06-0.10) | ‘ (0. 40-0. 65) ‘ (0. 03-0. 05)
ADBW i . ! !
1001256 | i j
(12-1.45) | | i
B i [ |
lo.ro-0.1e | } 0. 64-0, B2¥* | 0.56-0.78%¢
o (00701 | (0. 64-0. 66) | (0. 54-0.78)
) 10.14-0.78 | 0.25-0.43 | 1.71-1.78 | 0.37-0.74*
(0.14-C.50) | } r (0. 49-0.66) 1(1.29-1+79) | (0.37-1.30)
| 0.29-0.35%% 0. 45-0. 64%* 0, 63-1. 55%* 0. 59-1. 50%* 0. 04-0. 05**
<10 (0.29-0.28) (0.45-0.84) = (0.63-1.81) (0. 59-1.63) (0. 04-0. 05)
 C.43-0.65% | 1.95-2.0% | 0.71-0.70% |0.15-0.21% | 0.£9-0.65% | 0.03-0.04%
(0.29-0.78) | [(1.96-2.87) 1(0.51-0.68) (0. 31) (0.49-0.65) | (0.03-0.04)
oy 1 0-30-0.41%x J ‘ 0. 49-0,70%% 0.03-0. 06%*
Vol0.30-0.47) 1 (0. 40-0.77) (0. 03-0. 05)
0. 37-0.Qn¥x | 0, 54-1,32%% | 1.13-1.43 0. 40-0. 64%* 0.03-0, 04**
cs0 (C.32-1.25)  (0.60-2.22) | (0.92-1.96) (0. 18-0. 54) (0. 02-0. 04)
BD . I .
0.27-0.42% | 1,42-1.21% | © 2.89-2.74 | 0.20-0.28% | 0.45-0.54% | 0.05-0,07*
(0.31-1.28)  1(1.34-1.47) | (2.85-4.72) |(0.21-0.28) (0. 45-0.64) | (0.06-0.07)
| |
gy 0-32-0.73%% | 0.65-1.42%% 0.52-0,73%* | 0.04-0, 05%*
(0.31-1.21)  [(0.09-2.21) l (0. 49-0.74) | (0.04-0.05)
| 0.77-1.57%% ? 0. 55-0, 72%* | 0.35-0. 64%x
. (0. 61-1. €8 (0. 54-0.75) 1 (0. 25-0. 66)
SU ' '
2.02-2.10% ; 0.42-0.56% | 0.75-0.79% ! 0. 13-0. 14%
(1.81-3.84) : (0. 41-0.58) |(0.57-0.78) | (0.15-0.17)

*  Refer to Refernece (3)
**  Data obtained in this study
*x% Range of grain loss in parenthisis denotes the grain loss within the optimum range of harvest
time. Refer to reference (1)
available data on grain losses obtained by other researchers in the past in connection

this study as well as those published by with the post-harvest systems in Korea. Table
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Fig. (17) Schematic diagram showing the pro-
portion and amount of grain lesses
classified by each of major grain less
sources. (a) the STD system and (b)

the STW system.

(4) shows the summary of the dita classified
according to harvesting systems, varieties
and sources of grain losses.

As seen from the table, the HYV has much
greater grain losses than the traditional
variety in each of the comparable loss sour-
ces. To better understand the critical feature
of grain losses in the HYV, the proportion
of grain losses attributable to each of loss
sources are analyzed and shown schematically
in Fig. (17) to Fig. (19).

From Figures, (17), (18), and (19), it is
very significant to nots the following points;

First, about 30-50% of the grain loss in
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{b) The SBW system

PFig. (18) Schematic diagram showing the pro-
portion and amount of grain losses
classified by each of major grain loss
sources, (a) SBD system and (b) the

SBW system.
the STD system came from thsz shocking
operation. And all the handling loss, that is,
bundling plus shocking loss, is from 52 to
729 of the total loss.

One of possible measures to reduce such
grain loss may be to adopt the STW system.
If it could be done, about 55 to 63% of the
grain loss known to be incurred in the STD
system could be reduced. Howerver, the
technological transfer from the STD to STW
system would require the dissemination of

ntew hreshers capable of performing the wat-
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Fig(19). Schematic diagram showing the propor-
tion and amount or grain losses classi-
fied by each of major grain loss sources,
(a) SC system and (b) the ATD system.

matz-ial threshing, and they can be easily
moved from field to ficld. In addition, a
modern technology of grain drying should
be adopted to replace the present sun-drying
by the shocking operation,

Second, a majority of grain losszs in the
SBD system were incurred by sho:kiag and
kicking losses which were amounted to about
35 to 40% and 27 to 40% of the total loss,
respectively.

Substitution of the binder in the cutting
and bundling operations of the STD will
increase the performance rate greatly. But

the SBD system could result in more total

grain loss by 26-30% than the STD system.
This fact should be assessed as the most
critical point in the SBD system. For the
bindzr to be used successfully in the harvest
operation of the HYV, it is urgently needed
to develop a new kizking device such that
the kicking loss could be reducad.

Third, if the technological transfer from
the STD system to the SBW one is underta-
ken, about 10 to 17% of ths total grain loss
in the STD system could be avoided. Furt-
hermore, an additional amount of grain loss
is also expected to be reduced, should the
improvement on the kicking mechanism be
made. As in the case of the STW, however,
new threshing and drying technologies are
necessary in getting the STD system replaced
by the SBW system.

Fourth, the transfer from the STD systam
to the SC one may generally reduce the
overall grain loss by about 0 to 20 percent
usually iacurred in the STD system. The
major grain loss item in the SC systzm is
the cutting loss which ranges from 30 to
602 of the total loss. Tkis item may not be
expected to be reduced unless the readily
shattering charactaristics of the HYV be
improved.

In summary, the STD system should be
improved with a viaw to reducing the grain
loss. As proven clear from this study, the
appropriate technology to be replaced by the
STD system should be either the STW system
or SBW one. A further study relating to
implementing the tachnological transfer is

urgnetly needed.

V. Summary and Conclusions

In this study. rice harvesting losses were
determinded for two rice varicties and five
harvesting systems for each rice varijety. Rice
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varieties used for the experiment were the
AKIBARE(Japonica-type) and the SUWEON
251 (high yielding TONGIL sister-line vari-
ety). The harvesting systems studied by the
experimental work of this study were trad-
itional system with both the wet-material
and dry-material threshing, system by use
of binder with both the dry-material and
wet-material threshings, and system by use
of combine. All the possible sources of grain
losses known to incur during each of these
harvesting systems were identified and me-
asured under actual operations, respectively.

The results may be summarized as follows:

1. The harvesting loss of the AKIBARE
variety was the highest in the combine har-
vesting system of the five systems tested.
The total harvesting loss for the five systems
were generally decreased, as the grain moi-
sture content at harvest decreased, respecti-
vely. Within the range of grain moisture
varied in this experiment, the average total
grain loss was 0.80% for the traditional
harvesting system with the dry-material
threshing, 0.59% for the traditional harves-
ting system with wet-material threshing,
0.689% for the binder harvesting system with
the wet-threshing, and 1.51% for the com-
bine harvesting system, respectively. A sta-
tistical analysis of the total loss showed that
levels of the grain moisture at harvest,
harvesting systems, and the interaction of
the two, respectively, proved highly signif-
icant at 12 level.

2. Within the range of the grain moisture
varied in the study, the average total loss
of the SUWEON 251 was 2.72% for the
traditional harvesting system with the dry-
material threshing, 0.91% for the traditional
harvesting system with the wet-material
threshing, and 2.24% for the combine har-

vesting system,-respectively.

3. The kicking loss incurred during the
operation of the SBD and SBW systems
ranged from 27 to 40 percent and 40-64
percent of their respective total loss, respe
ctively. This fact should be taken as a criti-
cal point for both of the systems. To succes-
sfully apply the binder to these systems, it
is urgently needed to improve its kicking
device so that a high impact force exerted
on bundles could be reduced.

4. The higher loss of wet-material thres-
hing systems compared to the dry-material
threshing was resulted in when the wet
paddy was threshed. This should be ascribed
to an inadequate separating performance of
the thresher under wet-threshing conditions.

5. To reduce field grain losses incurred
during the operation of the STD system,
technological transfer toward either the STW
system or the SBW system is strongly recom-
mended. Under the assumption that the har-
vest operation is accomplished within the:
optimuin period, the STW system could save
58-67 percent of the grain loss incurred in
the STD system. And the SBW system is
expected to save about 29 to 32% of the
grain loss incurred in the operation of the
STD system.

6. In implementing the STW and SBW
systems, technologizal innovations on the
threshing and drying operations are essential.
The thresher, for éxample, should be capable
of parforiming the wet-threshing with ease

mobility from field to field.
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