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ABSTRACT: The aim of the study was to compare three different methods that are used to measure harvest losses under
real field conditions for corn, soybean and cotton. A 1 m? frame parallel to the planting row spacing (Method 1: M1), 1 m? frame
perpendicular to the planting row spacing (Method 2: M2) and three quarter m? (Method 3: M3) were used to calculate harvest
losses. The M1, M2, and M3 methods were used to calculate the losses in the harvest of corn and soybean with combine harvester.
Then the M1 and M2 methods were used to calculate the losses when harvesting cotton with a cotton picker. Five grids were
established in the same field measuring 50 m x 50 m for M1, M2 and M3. The losses measured for corn at the end of the study were
2.8%, 3.4% and 4.7%; and 1.5%, 2.1% and 4.4% for soybean, according to the M1, M2, and M3 methods, respectively. The losses
measured for cotton were 4.7% and 4.6%, according to the M1, M2 methods, respectively. It was determined that losses calculated
from M1 to M3 increased and that there was a difference in the calculated losses of 59.6% between M1 and M3 for corn and 33.5%
for soybean. There was no difference between M1 and M2 for cotton.

Keywords: Crop losses, harvest machinery, shatter losses, corn, cotton, soybean.

Hasat Kayb Olciim Yontemlerinin Karsilastiridmast

OZ: Calismanmin amaci, bazi tarla bitkilerinde hasat kayiplarimn élgiilmesinde kullamilan farkli 6lciim yontemlerinin
karsilagtirdmasidir. Bu amag dogrultusunda, gercek tarla sartlarinda bicerdover operatorii ve tiretici inisiyatifi altinda yapilan
hasatlarda 3 farkl kayp 6lgme yontemi kullanilarak elde edilen sonuglar degerlendirilmistiv. Misir ve soyanmin bigerdoverle
hasadinda, ekim sirasina paralel 1 m? cerceve (1. yontem) , ekim swrasma dik 1 m? cerceve (2. yontem) ve iicceyrek m? (3. yontem),
pamugun ise pamuk toplama makinasi ile hasadinda ise 1. ve 2. yontemler kullanilarak hasat kayiplart hesaplanmigtir. Olgiimlerde
3 yontem icin ayni tarlada 50m x 50m ebatlarinda olusturulan 5 grit kullanilmistir. Calisma sonunda, misir icin 6lgiilen kayiplar
1, 2, 3. yontemlere gore sirasiyla %2,8, %3,4 ve %4,7, soyada %15, %2,1 ve %4,4 ve pamukta %4,7 ve %4,6 olarak
gerceklegsmistir. 1. yontemden 3. yonteme dogru hesaplanan kayiplarin arttigi ve misirda 1 ve 3. yontemler arasinda %59,6
oranminda, soyada ise %33,5 oraminda hesaplanan kaywplarda farkliik oldugu tespit edilmistir. Pamuk hasat kayiplar: ol¢iimiinde
ise 1. ve 2. yontemler arasinda bir farklilik tespit edilememistir.

Keywords: Uriin kayiplari, hasat makinalari, dékiilme kayiplari, musir, pamuk, soya.

INTRODUCTION mechanization practices is to increase productivity
(Kutzbach, 2000). The benefits of mechanization of
planting to harvesting of most field crops which has
taken place from the last century to the present have
manifested as increased planting areas, reduced
labor and costs. Harvesting is the last and important

Nowadays, the number of agricultural workers
continues to decrease and all conditions must be
modernized and mechanized to increase agricultural
productivity and reduce unit costs of inputs (Sotnar
et al., 2018). One of the main goals of agricultural
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stage in the agricultural production chain. Use of
harvesters must ensure that mechanical damage and
losses are kept at a minimum and vyield is
maintained. However, no harvester can provide
100% efficiency. The performance of a combine-
harvester is evaluated by ensuring that the grain loss
rates are within acceptable limits, which are used as
an important parameter (Chaab et al., 2020). It is
possible to increase the efficiency of the machine
and reduce mechanical losses by adjusting the basic
operating parameters of the combine-harvester and
other harvesting machines by monitoring the
harvest losses (Coen et al., 2008). In Tirkiye,
approximately 75-80% of cultivated areas consists
of cereals and approximately 75-80% of this area is
harvested by combine harvesters. It is known that a
significant part of the combine-harvester stock of
our country has reached the end of its economic life.
In this case, the grain losses are estimated to be
around 3-4% on average for wheat harvests. An
extra 1% loss in harvest corresponds to 180-200
thousand tons of product (Say et al., 2010). In
addition, these losses do not only decrease the profit
of the producer, but also cause problems by mixing
seeds with the soil and facilitating the proliferation
of weeds and pests for the next crops (Alonso and
Avila, 2011; Jones and Dalal, 2017).

Y. VURARAK: A COMPARISON OF HARVEST
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Monitoring and controllability of losses during
harvest have also become an important issue for
precise and smart agriculture applications (Lian et
al., 2021). In parallel with this approach, control
services to reduce harvest losses have been
implemented in Tirkiye for many years. In
accordance with articles 32 and 40 of the Decree of
the Council of Ministers number 5326, controls are
carried out for many products every year within the
scope of the "implementation instructions on the
execution of control services in harvesting products
with combine harvesters". Provincial
Governorships allow mechanical harvest losses of
2-3% for corn, 3-6% for soybean and 5-6% for
cotton, and penal sanctions are applied when
necessary. Mechanical losses from harvesting
machines vary depending on many factors such as
harvest time, harvesting method and management,
mechanical settings, operator training, maturity
level of the plant, climate and topography.

According to statistical records, the grain losses of
Tiirkiye are given in Table 1 (TUIK, 2022).The data
reveal that the highest losses occur in barley, wheat,
corn, red and green lentils and soybeans, respectively.
These losses cover the losses incurred during
harvesting and transportation and do not include
damages such as breakage, peeling, cracking, and
crushing caused by harvesting machines.

Table 1. Production amount and harvest losses for some selected plant products (TUIK, 2022).
Cizelge 1. Secilmis baz bitkisel iiriinlerde iiretim miktar1 ve hasat kayiplar1.

Products Production

(Tonnes)
Barley 7,600,000
Wheat 19,000,000
Corn 6,000,000
Oats 265,000
Rye 310,000
Rice 600,000
Red beans 225,000
Red lentils 31,000
Chickpeas 630,000
G. lentils 43,631
Sunflowers 2,100,000
Canola 180,000
Cotton seed 1,320,000
Soybean 150,000

Area sown Harvest losses* Measured
(ha) (Tonnes) loss rate (%)
2,869,072 456,000 6
6,846,327 1,045,000 5.5
638,829 180,000 3
109,823 2,120 0.8
112,164 4,030 1.3
126,419 6,000 1
88,939 2,475 11
242,776 8,060 2.6
520,595 8,190 1.3
39,612 1,134 2.6
752,632 16,800 0.8
52,515 2,340 1.3
477,868 26,400 2
35,295 1,200 0.8

*Harvest losses correspond to the losses incurred during harvest including losses incurred during the transportation from the plot

to the seat of the holding.
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The most important measure taken to reduce losses is
the systematic controls made using some methods in
the field at the time of harvest. These methods are
known to be generally time consuming and can differ
according to the experience of the practitioner
(Bomoi et al., 2022). An examination of international
studies indicates that this experience is universal. For
example, Sotnar et al. (2018) reported that a 10.4 m
wide harvester table with a working width of 10.4 m
and 0.0961 m wide frames was used to complete 1
m? to determine harvest losses. They emphasized that
the measurements were carried out by placing the
frames in a perpendicular position to the planting
direction. Andrews et al. (1992) developed and
applied a method to measure losses for rice
harvesting. In general, a model has been established
for the most appropriate adjustment stages by making
separate evaluations for each part of the combine
harvester where losses occur. Zhao et al. (2011)
designed an instantaneous trackable grain flow
sensor to determine simultaneous harvest losses.
They determined that the error rate of the loss
measurement made by using the frame manually with
the sensor was 12%. Srivastava et al. (2006) and
Mairgyhany et al. (2018), on the other hand, reported
that calculations can be made using 50 cm x 50 cm
frames to measure various grain losses. Wang et al.
(2021) did a literature study and reported that the
measurement of harvest losses in the USA was
generally done with 1 m? frames, taking into account
the working width of the combine. Pre-harvest losses
were also calculated with the same framework before
harvesting losses were determined. The same study
reported that the Ministry of Agriculture in Brazil
had issued instructions to use a table width of 2 m?to
measure grain harvest losses, and calculate cob losses
on 30 m? based on table width. It is emphasized that
in China, controllers make measurements with three
replications according to the grain moisture values in
a2 m? area, again taking into account the width of the
mowing table to determine corn harvest losses. Liang
et al. (2015) reported that the measurement of rice
harvest losses was carried out by counting seeds in an
area corresponding to straw outlet width and 30 m in
length. These measurements are carried out by
overlooking the 5 m entrance and 5 m exit distances
of this area. Suismono (2012) determined the loss
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measurement method used in paddy fields in
Madagascar in his study. The biological yield was
calculated for 5 m x 5 m according to this method,
and the amount of loss was determined with nine
frames measuring 40 cm X 14 cm in size placed
randomly into the field before and after the harvest.
A guide was established for the controllers for
calculating harvest losses in rice practically by
establishing a conversion table. Different methods
are used to determine the loss amount (Siebenmorgen
et al, 1994), which is the most important
performance indicator of harvesters. However, the
differences between these methods are not well
known. In Tiirkiye, the three-quarter m? loss
measurement method is widely used especially in
wheat and barley harvests. At the same time, the use
of this method for controllers is facilitated with
various plates. Different methods have been used to
determine the harvest losses of other products,
however they have not been clarified.

Mechanical grain losses during harvest are affected
by many factors such as the combine-harvester
tune-up, the experience of operator, the structure of
the plants, harvest maturity, climate and
topographic conditions. In order to protect the
national wealth in agricultural production, some
countries monitor the shatter, grain losses during the
harvest period every year, and ensure that the
necessary measures are taken. Different methods
can be used to monitor, measure and evaluate these
losses in field conditions. However, differences in
the results of these methods have not been
determined. No study has been found among
previous studies which compare different loss
measurement methods. The aim of this study is to
compare different harvest loss measurement
methods used in harvest loss control and determine
the differences between them.

MATERIALS AND METHODS

Materials

The study data consist of measurements taken from
corn, soybean and cotton fields in Adana province
Cukurova Region. During the harvest, the operator
controlled the speed of the combine. The



measurements were calculated in field as 5
repetitions with grids of 50 m x 50 m. The averages
of the results obtained were compared on a product
basis according to the methods.

The measurements were taken in the production
areas where the DKC 6590 corn variety, Arisoy
soybean variety and Carisma cotton variety are
grown in Cukurova. Corn and soybean were grown
in second crop conditions while cotton was grown
in main crop conditions. Soybean and corn were
planted with 70 cm row spacing and cotton with 75
cm row spacing in the fields where the study was
carried out. Case 2555, John Deere 9970 and
Newholland TC-56 combines were used in cotton,
soybean and maize harvesting, respectively. All
settings of the combines were made according to the
operator's experience.

Method

Three different harvest loss measurement methods
for corn and soybean and two different methods for
cotton were compared. Evaluation results were
given as ratio and proportion. The methods and
application forms are represented in Figure 1.
Application of the measurement methods:

Method 1 (M1): A 1 m? frame was placed vertical
to the planted rows (corn, soybean, cotton); Method
2 (M2): A 1 m? frame was placed parallel to the
planted rows (corn, soybean, cotton); Method 3
(M3): The three-quarter m? method (corn, soybean).

M1: a 72 cm x 140 cm (1.008 m?) frame was placed
perpendicularly for maize and soybean and adjusted
to an average of 1 m? according to 70 cm row
spacing, and a 67 cm x 150 cm (1.008 m?) frame
was adjusted for 75 cm row spacing for cotton were
used. The amount of crop losses for cotton, corn and
soybean to cover 2 rows pre and post-harvest were
measured with these frames. The amount of soybean
seed/corn kernels/cotton bolls remaining in the
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frame was counted/weighed and used to make the
necessary calculations. Natural losses were
determined by using a 1 m? frame perpendicular to
the rows pre-harvest.

M2: a frame of 70 cm x 143 cm (1.001 m?) was
placed parallel to the planted rows spacing and
adjusted to an average of 1 m? according to the
distance between rows of 70 cm for corn, soybean,
and a frame of 75 cm x 134 cm (1.005 m?) between
the rows spacing of cotton planted with 75 cm row
spacing was used. Crop losses were determined for
1 row pre and post-harvest with this frame. The
amount of seeds or cotton bolls losses remaining in
the frame was counted or weighed and used to make
the necessary calculations. Natural losses were
determined by using a 1 m? frame parallel to the
rows pre-harvest.

M3 (the three-quarters m? method): The three-
quarter square meter method was used to determine
the losses corresponding to 1 m?. The three-quarters
m? frames measuring 50 cm x 50 cm were used for
corn and soybean, and the amount of crop losses
pre-harvest was taken into account in the loss
calculation.

The method used for the determination of post-
harvest losses was used to determine the amount of
loss pre-harvest. The frame sizes used to evaluate
the 1 m? area according to the distance between
rows and methods are given in Table 2. Since the
third method is generally used for cereals, it was not
used to determine cotton harvest losses.

Biological yield was calculated in 1 m? representing
each grid to determine the general average of the
field. (Sotnar et al., 2018). The number of cobs,
pods or bolls on the plants was taken into account
for the number of plants in 1 m? area for corn,
soybean and cotton for the calculations. The yield
calculation methods used according to the products
are given in Table 3.
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Post-harvest losses

Pre-harvest losses

XX 36 ¥ 3 X% XX XK X XK 0000000000
XXXXXXXXXXXXX 0000 0|0 0|00
XX XXXXXKXXXX X 0000 0|0 0|00
XXX XXXXPKXXX ) 0000 0|0 0|00
XXXXXXXKXXXXX ©0 000 0|0 0|00
XXXXXXXXXXXXX 00 00000O0COCO0

M1 72 cm x 140 cm frame for corn and soybean

67 cm x 150 cm frame for cotton
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M2 70 cm x 143 cm frame for corn and soybean

75 cm x 134 cm frame for cotton

X X X X X XX XXX x x|x 000000 0j00)
X X X X X XXX XXX X|X 00 0000 0|00|0
XXXXXXXXX XXX X 0000|0000 OO
XXX XXXXXX XX 000|000 OOO
XX EXXXXXXXXX ojloojo 000 O OO
XX EXXXXXXXXX olooloooo o oo

M3 Three 50 cm x 50 cm frames for corn and soybean

Figure 1. Representative images of measurement methods.
Sekil 1. Olgiim ydntemlerinin temsili gériintiileri.
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Table 2. Frame sizes used in the measurement of harvest losses according to the methods.
Cizelge 2. Hasat kayiplarinin 6lgmesinde yontemlere ve {iriine gore kullanilan gerceve ebatlart.

Plant Row spacing (cm) M1 (cm) M2 (cm) M3* (cm)
Corn 70 72 x 140 70 x 143 50 x 50
Soybean 70 72 x 140 70 x 143 50 x 50
Cotton 75 67 x 150 75x 134 -
Placement of the frames Perpendicular to the Parallel to the row Intrarow and edge
row

*Conversion factor was used; M1: Frame placement perpendicular to planted rows; M2: Frame placement parallel to planted rows;

M3: The three-quarter square meter method.

Table 3. Equations used in calculating biological yield according to plant.
Cizelge 3. Uriinlere gore biyolojik verim hesaplamada kullanilan esitlikler.

Plant Biological yield Explanation Reference
MV: Corn yield (kg ha) A
: . nonymous,
Com MV = (KS x DS x DA)/1000 KS: Corn cob per m (cob m) _ 2011, Sotnar
DS: Number of kernels on the cob (kernels cob™) etal., 2018
DA: 1000 kernels weight (g)
SV: Soybean yield (kg ha?)
BS: Plant per m? (piece m2) Anonymous,
Soybean SV = (BSx BB xBD x DA)/1000 BB: Pod number plant (pod plant) 2011; Sotnar
BD: Seeds number per pod (seed pod-1) etal., 2018
DA: 1000 seed weight (g)
PV: Cotton yield (kg hal) Anonymous,
Cotton PV = KSx KA KS: Cotton burr per m? (pieces m2) 2007; Sotnar
KA: Burr weight (g) etal., 2018

The equations used in calculating the losses
according to each product and method are given in
Table 4.

RESULTS AND DISCUSSION
Harvest losses for corn

The measurements and calculations are given in
Table 5. The average biological yield for the second
crop corn was calculated as 9358 kg ha™.

Crop losses calculated according to the methods are
provided in Table 6. The trials showed no pre-
harvest losses in corn harvesting. Losses due to
combine harvesting were determined as 2.8% for
Method 1, 3.4% for Method 2 and 4.7% for Method
3. Comparison of methods showed a 59.5%
difference between Method 1 and Method 3. This
shows how high the margin of error rate can be

between the controller who prefers Method 1 and
Method 3. It is thought that it can be possible to see
these margin of error increase even more, especially
in harvest with high crop losses. In addition, it is
thought that Method 3 is generally used in the loss
calculation of grains such as wheat and barley,
which may lead to an overestimation of corn harvest
losses. Sessiz & Demirel (2021) measured harvest
losses in corn using 1.5 m? frames ina 3.5 m x 0.43
m area pre-harvest harvest in their study. They
placed the frames perpendicular to the planted rows.
Liangyu Hou et al. (2021) carried out a study to
determine the factors affecting corn harvest losses
in farmer conditions in China. They used 10 m long
rectangular frames covering 4-6 rows parallel to the
planting direction to determine corn harvest losses
in the field which was done by counting the kernels
remaining in this area.
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Table 4. Equations used in calculating losses according to plants and methods.
Cizelge 4. Uriin ve yontemlerine gore kayip hesaplamada kullanilan esitlikler.

Plant Harvest Losses Explanation Reference
Equations used to calculate losses for M1 and M2
K: Kernels loss (%) Anonymous, 2012;
E: Loss pre-harvest (piece kernel m2) Alizadeh and Allameh,
Corn K= ((S — E)xDAx100)/MV S: Post-harvest loss (piece kernel m2) 2013;
DA: 1000 kernel weight (kg) Sessiz and Demirel,
MV: Yield (kg ha) 2021
K: Seed loss (%)
E: Loss pre-harvest (seed m?) Anonymous, 2012;
Soybean K= ((S — E)xDAx100)/SV S: Post-harvest loss (seed m) Alizadeh and Allameh,
DA: 1000 seed weight (kg) 2013

SV: Yield (kg ha't)
K: Cotton bolls losses (%)
KK: Cotton bolls remaining on the plant (g)

K= MK: Cotton bolls losses on the ground post-
(((KK + MK) — DK)x 100/PV)  harvest (g)

DD: Natural losses pre- harvest (g)
PV: Yield (kg hat)
Equations used to calculate losses for M3

Corn K=(133x(a+b+c))/MV K: Seed/kernels loss (%)

a: Seed/kernels weight in the frame placed on
the left side of the harvester (g)

b: Seed/kgmels weight in the frame placed atthe i\ actava et al., 2006:
center point of the harvester (g)

. . Anonymous, 2011;
c: Seed/kernels weight in the frame placed on lakh et al )
Soybean K=(133x(a+b+c))/SV  theright side of the harvester (g) Aulakh et al.,2013;

MV: Corn yield (kg ha) Paixdo et al., 2017
SV: Soybean Yield (kg ha?)

133: constant to convert three-quarter square
meter to 1m?

Cotton - - -

Gemtos and
Mygdakos, 1998;
Kazama et al., 2018

Cotton

Table 5. Measured parameters for biological yield calculations in corn trial fields.
Cizelge 5. Misir alanlarinda biyolojik verim hesaplamalari igin 6lgiilen parametreler.

Rep. Number of cobs per KS DS DA TDS MV
plant (cob plant?)
1 1 11 300 290 3300 9570
2 1 8 352 290 2816 8166
3 1 13 250 290 3250 9425
4 1 10 336 290 3360 9744
5 1 9 377 290 3393 9838
Ave 1 10.2+1.9 3234494 290 3223.84234.5 9358+679.9

KS: Number of plants per m? (plant m2); DS: Number of kernels per cob (kernels cob™); DA: Standard 1000 kernels weight (g);
TDS: Total kernels on the cob (kernels cob); MV: Yield (kg ha't).
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Table 6. Harvest losses calculated according to the methods in the corn harvest.
Cizelge 6. Misir hasadinda yontemlere gore hesaplanan hasat kayiplart.

Crop losses post-harvest

Rep E M1 M2 M3
S K S K S K
1 0 2.4 10 31 13 5.2
2 0 10 35 12 4.2 12 5.6
3 0 8 2.4 10 3.0 11 45
4 0 12 35 14 41 13 5.1
5 0 7 21 9 2.6 9 35
Ave. 0 9+2 2.8+0.6 1142 3.4+0.7 11.6+1.69 4.7+0.8

M1: Frame placement perpendicular to planted rows; M2: Frame placement parallel to planted rows; M3: The three-quarter square
meter method; E: Pre- harvest losses (Natural lost) (number m2); S: Number of lost kernels (number m-); K: Total crop Losses

(%).

Harvest losses for soybean

Considering the average of recurrences in second
crop soybean, the average biological yield was
calculated as 3310 kg ha. (Table 7).

It was determined that natural losses occurred in
soybean pre-harvest and the results of repeated
counting according to the methods are given in
Table 8. According to the methods, it was calculated
that the total crop losses from the combine harvester
were 1.5% for Method 1, 2.1% for Method 2 and
4.4% for Method 3, respectively. It was determined
that the crop loss rates are different for the three
different methods in soybean field just like in corn
field. In particular, it was determined that the
harvest losses calculated with Method 3 were at
least 50% more than the harvest loss amounts

obtained with other methods (Table 8). Loureiro
Junior et al. (2014) compared frames of 1, 2, 3m?to
determine soybean harvest losses and reported that
frame sizes did not make a difference in the loss
rates. However, the effects of frame placement style
differences on measuring harvest losses were not
examined in this study. Camare et al. (2007)
reported that 2 m? frames used in soybean harvest
were not sufficient to measure harvest losses and
that loss measurement data made with 3 m? frames
could be more precise. Paixdo et al. (2017) used the
3-quarter square meter method to determine the
effect of differences in parcel sizes on soybean
losses. They determined that the least loss occurred
with the rectangular shaped parcel. The frames were
placed perpendicular to the planting direction in all
studies.

Table 7. Measured parameters for biological yield calculations in soybean trial fields.
Cizelge 7. Soya alanlarinda biyolojik verim hesaplamalari i¢in dlgiilen parametreler.

Rep. BS BB BD DA TBB SV
1 18 55 2 160 110 3168
2 20 58 2 160 116 3712
3 23 53 2 160 106 3091
4 22 48 2 160 96 3379
5 20 50 2 160 100 3200
Ave. 20.6+1.9 52.843.9 2 160 105.6£7.9 33104248.2

BS: Number of plants per m? (plant m2); BB: Number of pods per plant (pod plant?); BD: Number of seed per pod (seed pod-1);
DA: 1000 seed weight (g); TBB: Total seed per plant (piece); SV: Yield (kg ha't).
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Harvest losses for cotton

The biological yield for cotton was calculated as
6597 kg ha? considering the repetition averages
(Table 9).

Pre-harvest losses were determined in cotton and
they were calculated according to Method 1 and
Method 2. A comparison of the harvest losses
caused by cotton harvesting when using the Method
1 and the Method 2 revealed that the total loss
amounts were 4.7% and 4.6%, respectively (Table
10). Kirk et al. (2020) reported that they measured
losses by using 2.4 m long frames covering 4 rows
and collecting what was left on the ground in the
center of the frames to measure losses from cotton
harvesters.

When all the data were evaluated together, it was
determined that the losses caused by harvesting

machines differ according to the measurement
methods used (Table 11). Considering the average
yields, it was determined that a controller using
Method 1 for corn harvest lost 261 kg/ha, a
controller using method 2 lost 318 kg/ha and a
controller using Method 3 incurred harvest loss of
439 kg/ha for corn. In this respect, considering that
the acceptable total loss in corn harvest is 3%, only
the controller using method 1 will incur total loss
below this value. The same can be said for soybean
where methods 1 and 2 are very close to each other
and Method 3 incurs a high loss rate. The losses
calculated for cotton with Methods 1 and 2 are
similar. The difference between the methods will
become more evident in harvests where losses are
very high. However, it is absolutely necessary to
carry out studies under controlled conditions to
determine the method by which the actual loss
amount is measured.

Table 8. Harvest losses calculated according to methods for soybean.

Cizelge 8. Soyada yontemlere gore hesaplanan hasat kayiplari.

Crop losses post-harvest

Rep : M1 M2 M3
M1 M2 M3 S K S K S K

1 20 26 21 49 1.46 62 1.81 55 2.28
2 11 10 17 30 0.81 43 1.42 63 2.63
3 4 7 9 35 1.27 53 1.88 118 5.94
4 22 30 17 61 1.84 82 2.46 66 3.08
5 5 6 9 43 1.90 68 3.10 133 8.26
Ave.  12.4+83 15.8+11.3 14.6+5.3 43.6+12.1 1.5404 61.6+14.8 2.1+0.6 87.0+£35.7 4.434+2.5

M1: Frame placement perpendicular to planted rows; M2: Frame placement parallel to planted rows; M3: The three-quarter square
meter method; E: Pre- harvest losses (Natural lost) (seed m2); S: Number of lost seed (piece m); K: Total crop Loss (%).

Table 9. Measured parameters for biological yield calculations in cotton trial fields.
Cizelge 9. Pamuk alanlarinda biyolojik verim hesaplamalari i¢in 6lgiilen parametreler.

Rep. KS BS KA PB PV
1 7 15 5.79 86.85 6079
2 8 16 4.32 69.12 5529
3 9 19 4.25 80.75 7267
4 9 16 5.16 82.56 7431
5 8 17 5.06 86.02 6682
Ave. 8.2+0.8 16.6+1.5 4.9140.6 81.50+7.1 6597+800.0

KS: Number of plants per m? (plant m2); BS: Number of burr per plant (piece plant?); KA: Average balls weight per burr (g balls
1); PB: Single plant burr yield (g plant); PV: Biological yield (kg ha't).
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Table 10. Harvest losses calculated according to methods for cotton.
Cizelge 10. Pamukta yontemlere gore hesaplanan hasat kayiplart.

Post-harvest losses

Rep bb M1 M2

M1 M2 MK KK K MK KK K
1 19.3 17.1 40.49 8.10 3.9 33.52 6.70 3.8
2 20.1 18.2 26.79 10.18 3.1 44,72 10.25 6.6
3 18.1 9.2 35.04 28.89 6.3 27.44 20.12 5.3
4 7.3 8.4 38.09 8.72 5.3 21.27 10.19 3.0
5 22.8 19.1 49.41 7.90 5.0 40.22 9.70 45
Ave 17.5+£5.9 14.4+5.1 37.96+8.2 12.75+9.0 4.72+1.2 3343494 11.39+£5.0 4.6x1.3

M1: Frame placement perpendicular to planted rows; M2: Frame placement parallel to planted rows; DD: Pre-harvest losses
(Natural lost) (g m); MK: Left on the ground (g m?); KK: Remaining on the plant (g m); K: Total loss rate (%).

Table 11. Mechanical harvest losses calculated according to plant and methods.
Cizelge 11. Uriinlere ve yontemlere gore hesaplanan mekanik kayiplar.

Method Corn Soybean Cotton
Calculated loss Total loss Calculated loss Total loss Calculated loss Total loss
(%) (kg ha) (%) (kg ha'*) (%) (kg ha)
M1 2.8 262 15 49 4.7 310
M2 3.4 318 2.1 69 4.6 303
M3 4.7 439 4.4 146 - -

M1: Frame placement perpendicular to planted rows; M2: Frame placement parallel to planted rows; M3: The three-quarter square

meter method

CONCLUSIONS

In conclusion, it was determined that there is a
difference between measuring grain loss rate with 1
m? frames used in corn and soybean on the row and
parallel to the sowing direction (Method 2), and
measuring the grain loss of frames perpendicular to
the rows (Method 1). Furthermore, it was
determined that the grain loss rate obtained with the
three-quarter square meter method (Method 3) used
in soybean and corn incurred grain loss rate more
than the other two measure grain loss methods. It is
suggested that a grain collecting tent cover be used,
which is fixed with magnets or another mechanism
that provides grip under the combine harvester table
to obtain more accurate results in the calculation of
mechanical losses in corn and soybean.

It is thought that this condition can facilitate the
process. A comparison of the calculated results for
mechanical losses for cotton with Method 1 (Frame
placement perpendicular to planted rows) and
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Method 2 (Frame placement parallel to planted
rows) displayed similar results. However, it has
been observed that these two methods are
challenging for the controller in terms of
application. There is a need to establish different
methods in which alternative technological features
are included in these commonly used methods for
the measurement of losses. It can be said that there
is a need for more detailed studies under controlled
conditions to determine which grain loss
measurement method should be used to achieve the
most accurate results on a crop basis.

ACKNOWLEDGEMENT

This study was carried out and reported in field
conditions within the scope of the "Technical
Instructions for Harvest Loss Measurement
Methods™ of the General Directorate of Crop
Production, The Ministry of Agriculture and
Forestry.



ANADOLU 33 (1) 2023

REFERENCES

Alizadeh, M. R, and A. Allameh. 2013. Evaluating rice losses
in various harvesting practices. International Research
Journal of Applied and Basic Sci. 4 (4): 894-901.

Alonso-Amelot M. E., and J. L. Awvila-Nufez. 2011.
Comparison of seven methods for stored cereal losses
to insects for their application in rural conditions. In
Journal of Stored Products Research, 47(2): 82-87.

Andrews S. B., and T. J. Siebenmorgen, D. H. Loewer.1992.
Combine test system for determining harvest loss in
rice. Trans. ASAE 8 (6). 759-763.

Anonymous. 2007. Registration instruction: Cotton (Gossypium
Sp.) agricultural values measurement trials. Retrieved in
May 13, 2022 from tarimorman.gov.t/BUGEM/
TTSM/Belgeler/Tescil/Teknik%20 Talimatlar/Endiistri
%20 Bitkileri/pamuk-tdo-talimati-2007son.pdf?Mobile=
1&Source=%2FBUGEM%2FTTSM%2F _layouts%2F1
5%2Fmobile%2Fviewa%2Easpx%3FList%3De%e3a72
-7¢3e-4acd-9cd7-7292c8a6463f%26View%3D29b0dad
4-04d1-4b8h-bb2452e7d33f9f10%26RootFolder%3D%
252FBUGEM%252FTTSM%252FBelgeler%252F Tesc
i1%252F Teknik%2BTalimatlar%252Fend%25u00fcstri
%2BBitkileri% 26wdFCCState%3D1 (In Turkish). Date
of Access : 01.01.2023

Anonymous. 2011. T.C. Milli Egitim Bakanligi Tarim
Teknolojileri; Bicerdoverle Hasat. Ders Kitabi No:
525MT0253. Basim yeri Ankara. http://megep.meb.
gov.tr/mte_program_modul/moduller_pdf/Bi%C3%A
7erd%C3%B6verle%20Hasat.pdf. (In Turkish). Date of
Access: 21.04.2022.

Anonymous. 2012. Grain loss detection methods in maize and
sunflower harvest with a combine. lecture notes,
TAYEM Adana (In Turkish).

Aulakh J., A. Regmi, J. Fulton, and C. Alexander. 2013.
Estimating post-harvest food losses: developing a
consistent global estimation framework. In Proceedings
of the 2013 Annual Meeting. Washington. DC. USA.
4-6 August 2013.

M. 1., N. M. Nawi, S. Abd Aziz, and M. S. Mohd
Kassim. 2022. Sensing technologies for measuring
grain loss during harvest in paddy field: A review. Agri-
Engineering 2022. 4. 292-310. https://doi.org/
10.3390/agriengineering4010020

Camara F. T., R. P. Silva, A. Lopes, C. E. A. Furlani, D. C. C.
Grotta, G. N. Reis. 2007. Influéncia da area de
amostragem na determinagdo de perdas totais na
colheita de soja. Ciéncia e Agrotecnologia. Lavras.
v.31. n.3. p.909-913. maio/jun. 2007.

Chaab R. K., S. H. Karparvarfard, H. Rahmanian-Koushkaki,
A. Mortezaei and M. Mohammadi. 2020. Predicting
header wheat loss in a combine harvester. A new
Approach. Sci. Journal of the Saudi Society of
Agricultural Sciences 19 (2020): 179-184.

Bomoi

74

Coen T. A. Vanrenterghem, W. Saeys, and J. De
Baerdemaeker. 2008. Auto pilot for a combine
harvester. In Computers and Electronics in Agriculture,
63(1): 57-64.

Gemtos T. A., and E. Mygdakos. 1998. Losses incurring during
cotton mechanical harvesting. In Central Greece
Proceedings of the World Cotton Research Conference-
2. Athens, Greece. September 6-12. 1998. pp.1133-
1136.

Jones A. R., and R. C. Dalal. 2017. Enrichment of natural 15 N
abundance during soil N losses under 20 years of
continuous cereal cropping. In Science of the Total
Environment 574: 282-287.

Kazama E. H., R. P. Silva, F. M. Carneiro, D. B. Teixeira, W.
G. Vale , and P. T. Peregia. 2018. Crop Production.
Acta Sci. Agron. 42. 2020. Retrieved in May 12, 2022
from https://doi.org/10.4025/actasciagron. v42i1.42587

Kirk K. R., M. T. Plumblee, B. E. Teddy, B. B. Fogle, and L.
A. Samenko. 2020. Cotton yield, losses, and quality as
a function of harvesting ground speed. Paper and poster
presentation at the 2020 Beltwide Cotton Conferences.
January 8-10, 2020. Austin, Texas. Retrieved in July
15, 2022 from https://www.cotton.
org/beltwide/proceedings/2005-2021/data/conferences/
2020/paper/20055.pdf#page=1 Date of Access:
20.01.2023

Kutzbach H. D. 2000. Trends in power and machinery. In
Journal of Agricultural Engineering Research, 76 (3):
237-247.

Lian Y., J. Chen, Z. Guan, and J. Song.2021, Development of a
monitoring system for grain loss of paddy rice based on
a decision tree algorithm. Int. J. Agric. Biol. Eng., 14:
224-229.

Liang Z., Y. Li, Z. Zhao, and L. Xu. 2015. Structure
optimization of a grain impact piezo electric sensor and
its application for monitoring separation losses on
tangential-axial combine harvesters. Sensors 15: 1496—
1517.

Liangyu Hou L., K. Wang, Y. Wang, L. Li, B. Ming, R. Xie,
and S. Li. 2021. In-field harvest loss of mechanically-
harvested maize grain and affecting factors in China. Int
J Agric & Biol Eng., 14 (1): 29

Loureiro Junior A. M., R. P. Silva, M. T. Cassia, A. M.
Compagnon, and M. A. Voltarelli. 2014. Influence of
the sample area in the variability of losses in the
mechanical harvesting of soybeans. Engenharia
Agricola, 34 (1):76-85.

Mairgyhany M., A. Yahya, N. M. Adam, A. Suhaizi, M. Su, and
S. Elsoragaby. 2018. Quality of performance and grain
losses of two type of rice combine harvesters. Agric.
Res. Technol. Open Access J. 2018. 19. 556085.

Paixdo C. S. S., A. F. Santos, M. A. Voltarelli, R. P. Silva, and
F. M. Carneiro. 2017. Times of efficiency and quality
of soybean crop mechanical operation in geometry
functions of plots. Engenharia Agricola, 37(1): 106-
115.



Say S. M., A. Ince, S. Ugurluay, and A Soysal. 2010.
Comparing the performance of conventional and
stripping headers in wheat harvest. Journal of
Agricultural Sciences 16(4): 242-253 (In Turkish).

Sessiz A., and 1. Demirel. 2021. Determination of grain losses
in corn harvest with combine-harvester. Journal of
Agricultural Machinery Science 17(1): 34-41 (In
Turkish).

Siebenmorgen T. J., S. B. Andrews, E. D. Vories, and D. H.
Loewer. 1994. Comparison of combine grain loss
measurement techniques. T. ASAE 10(3): 311-315.

Sotnar M., J.Pospisil, J.Marecek, T.Dokukilov4, and V.
Novotny. 2018. Influence of the combine harvester
parameter settings on harvest losses. Acta Technologica
Agriculturae 3: 105-108; DOI: 10.2478/ata-2018-0019

Srivastava A. K., C. E Goering., R. P. Rohrbach, and D. R.
Buckmaster. 2006. Engineering principles of agricultural
machines. American Society of Agricultural and
Biological Engineers Retrieved in July 18, 2022.
https://ftripleis.org/wp-content/uploads/2019/11/epdf.
pub_engineering-principles-of-agricultural-
machines.pdf

75

Y. VURARAK: A COMPARISON OF HARVEST
LOSS MEASUREMENT METHODS

Suismono M. 2012. Method of paddy losses measurement for
post-harvest In Madagascar. Final Report. On Project
for Productivity Improvement in Central High land in
The Republic of Madagascar. Third Country Expert
ITCE Post-Harvest Technologies. August 2012.
Retrieved in April 20, 2022 from https://www.jica.
go.jp/project/madagascar/0700698/materials/ku57pg0
001ynwlc-att/postharvestPADDY LOSSESen.pdf Date
of Access : 18.01.2023

TUIK. 2022. Production amount and harvest losses for some
selected plant products. Retrieved in October 15, 2022
from https://data.tuik.gov.tr/Kategori/GetKategori?
p=tarim-111&dil=1 15.01.2023

Wang K., R. Xie, B. Ming, P. Hou, J. Xue, and S. Li. 2021.
Review of combine harvester losses for maize and in
fluencing factors. Int. J Agric & BiolEng., 14(1): 1-10.

Zhao Z., Y. Li, J. Chen, J. Xu. 2011. Grain separation loss
monitoring system in combine harvester. Computer
Electron. Agric. 76: 183-188


https://www.jica.go.jp/project/madagascar
https://www.jica.go.jp/project/madagascar
https://data.tuik.gov.tr/Kategori/GetKategori?p=tarim-111&dil=1
https://data.tuik.gov.tr/Kategori/GetKategori?p=tarim-111&dil=1

