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Abstract

The United Nations has set 17 Sustainable Development Goals (SDGs) for all
member, with SDG 12.3.1 set to minimise food loss throughout the supply chain.
However, there are lack information on the amount of food loss in Thailand. The
government, together with related parties, recently study food loss in important
crops/agricultural products in order to know the current quantity and causes of the loss
to determine suitable methods to decrease the losses. The loss of soybean and maize,
wear also assessed, covering activities from pre-harvesting, harvesting, post-harvest
management, transportation and storage. Consequently, focus group meetings, in-depth
interviews, actual measurement at field sites with stakeholders throughout the value
chain were a method for collecting quantitative data. The study found that farmers play
an important role in various steps of soybean supply chain together with harvestor,
collector and entrepreneur. The average loss of soybean throughout the supply chain
was 34.1%, divided into 9.7% of the harvesting (harvested by hands 1.91% and combine
harvester 17.67%), threshing 6.38%, after dried and stored at farmer's house 7.79%,
storage at collection point 5.63% and at raw material warehouse (before processing)
4.63%. Consequently, the harvesting is the most cost-provoking step, followed by
improper storage and threshing step, respectively. Thus, developing suitable method and
equipment for soybean harvesting, threshing, and storage are essential to decrease the
soybean loss in Thailand. In maize the results showed that stakeholders of main activities
throughout the supply chain of maize consisted of farmers, labors, drivers and collectors.
Four driving factors affected food loss in the supply chain of maize production were 1)
pre-production (pre-harvesting) 2 )harvesting 3) transportation and 4 ) storage factors.
Therefore, the two most critical points that caused the losses were harvesting and
storage activities as 3.89 and 2.25%, respectively. These factors significantly affected the
losses in maize supply chain. Therefore, a muti stakeholder collaboration among farmers,
labors, middle-man, private sectors, government institutions, is a key driver leading to
reduce the losses in a long term. The Equation to Rice Losses Assessment Caused by
stored product insects. The objective of study was get the accuracy multiple linear
regression models as a tool for analyzing paddy and milled rice losses. In the first year,
samples were collected paddy and milled rice samples from 10 locations. The 5 kinds of
data were collected such as period of time storged, temperature and humidity levels
inside the storage rooms, seed moisture of paddy and milled samples and the total
amount of insect pests found in the samples. The data were analyzed by stepwise
regression models to find the equation used to predict the losses of paddy and milled
rice. In the second year, the same kind of data were collected as in the first year in 10

locations. The data was obtained to determine the error of the equation. The accuracy



of the prediction when using one year from data to build paddy and milled rice losses

predicting equations by coefficient of determination (R?) were 75 and 91% respectively.
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Table 1 Soybean planting area, yield, and yield per Rai* in crop year B.E. 2562/2563

(classified by province)

16

Soybean (SB) Average
planting area (Rai)  Number of planting Average AvT—:‘rage Average
Provinces and SB area per SB  households area per yield yleld. price
area in Thailand cultivated  household (tons) pera (Baht)
(%) (rai) o
Thailand 104,193 (100%) 19,056 5.47 26,283.74 268.00 13.42
All Surveyed 77,774 (74.64%) 13,967 5.39 21,189.00 237.67 16.03
Provinces
Chiang Rai 6,046 (5.80%) 1,236 4.89 1,312 228 14.71
Chiang Mai 4,977 (4.77%) 1,069 4.66 1,243 250 16.81
Nan 7,664 (7.35%) 1,906 4.02 2,134 279 17.00
Mae Hong Son 45,381 (43.55%) 7,582 5.99 13,362 298 11.03
Lum Pang 1,825 (1.75%) 392 4.66 353 193 17.32
Khon Khan 2,877 (2.76%) 462 6.23 675 242 17.61
Nong Bua Rumpu 690 (0.66%) 179 3.85 124 192 16.96
Udonthani 1,073 (1.03%) 157 6.83 231 215 16.32
Sukhothai 7,241 (6.95%) 984 7.36 1,755 242 16.56

*1 Rai = 0.16 hectare

Source: Office of Agricultural Economics, 2563
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Table 2 Numbers of depth interview : farmers (n=137) and other stakeholders (n=7) in

soybean supply chain (classified by province)

Province/ Destrict/ Sub-destrict

Number of farmer

Number of stakeholder

Chiang Rai/ Chiang Saen/ Mae Ngern
Chiang Mai/ Mae Taeng/ Sun Pa Yang
Chiang Mai/ Mae Taeng/ Sop Perng
Nan/ Pu Peang/ Ta Now

Nan/ Muang Nan

Mae Hong Son/Mae La Noi/Mae La Luang
Mae Hong Son/ Khun Yuem/ Mae Ngow
Mae Hong Son/ Muang/ Pang Moo
Lam Pang/ Wang Nuar/ Wang Tai
Khon Khan/ Pu Pha Man/ Pu Pha Man
Khon Khan/ Chum Pae/ Non Hun
Khon Khan/ Chum Pae/ Chum Pae
Nong Bua Lumpu/ Suwankuha/ Ban
Kok

Udonthani/ Nong Wua Sor/ Nong Or
Sukhothai/ Srisumrong/ Banna

Sukhothai/ Sawankalok/ Pak Num

19
10
5

15
10
10
12
15

11

15

Total

137

Table 3 Soybean planting area of farmers samples (classified by province)

Planting area (Rai)

Province Number of Standard deviation
farmers Minimum Maximum Average
Chiang Rai 19 2.00 7.00 3.50 1.312
Chiang Mai 15 1.00 15.00 5.03 3.724
Nan 15 1.25 4.50 272 1.060
Mae Hong Son 20 2.00 6.75 4.00 1.390
Lum Pang 12 1.50 8.00 292 1.859
Khon Khan 15 2.00 8.00 3.62 1.834
Nong Bua Lumpu 11 1.00 14.00 8.64 5.045
Udonthani 15 2.00 10.00 a.67 2.476
Sukhothai 15 3.00 10.50 6.77 2.751
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Table 4 Impact of each step in the supply chain on the amount of soybean losses (data

from interviews of farmers and entrepreneurs; rated 0-5, with 0 = no loss and 5 = the

highest loss)

(S:;e:: n supply Score of loss SD N cv

Pre-harvesting a.Tr 0.501 137 0.1050
Harvesting 2.62 0.789 137 0.3015
Drying 0.46 0.569 137 1.2485
Threshing 3.88 0.774 137 0.1997
Transport 0.00 0.000 139 0.0000
Storage 0.03 0.170 139 5.7658
Before processing 0.00 0.000 139 0.0000

Table 5 Number of soybean sample randomly collected for loss actual measurement

from the planting area after harvesting, threshing point, farmer's house (after

drying and storage), collection point (agricultural produce shop and agricultural

cooperatives) and at processor warehouse

Province At planting At After drying At collection Processor
area after threshing  (at farmer's  point (shop and  warehouse
harvesting point house) cooperatives)

Chiang Mai - - 4 - -
Nan 1 - 1 5 -
Mae Hong Son - - - - 3
Lum Pang 6 - 6 - -
Khon Khan 6 - 3 2 -
Nong Bua 8 - 3 - -
Lumpu
Udonthani 7 - - -
Sukhothai 3 2 - -
Total 31 2 22 7 3
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Table 6 Moisture content (%), loss (%), protein and fat concentrations of soybeans after

dried and packed in plastic sacks (before being sold) at 3 sampling points viz.

farmer's house (after drying), collection point (agricultural produce shop and

agricultural cooperatives) and processor warehouse

Sampling Province Variety Moisture  Good Losses (%) : Protien Fat
Point content seed broken and (g/100g)  (g/100g)
(%) (%) infected seeds,
contaminated
pods and other
materials
Farmer’s Chiang Mai Chiang Mai 60 9.13 93.01 6.99 33.89 12.98
house Nan Chiang Mai 60 12.57 96.85 3.15 30.53 12.94
Lum Pang Chiang Mai 60 9.73 96.61 3.39 33.95 13.68
Khon Khan Sor Jor 5 11.72 83.29 15.43 35.81 11.41
NongBuaLumpu  Chiang Mai 60 10.62 95.72 4.28 34.19 14.28
Udonthani Chiang Mai 60 10.48 84.62 15.38 34.77 13.84
Sukhothai SriSumRong 1 13.02 92.65 7.35 34.51 10.82
Total average 10.54 92.04 7.79 34.23 13.05
Shop and Khon Khan Assorted 10.97 91.49 8.51 34.00 13.94
Cooperatives  Nan Assorted 12.36 95.52 4.48 31.23 16.56
Total average 11.96 94.37 5.63 32.02 15.81
Processor Mae Hong Son Assorted 12.64 95.37 4.63 32.27 15.71
warehouse*

* Note: Soybeans from a soybean processor, Khun Yuam District, Mae Hong Son Province, had a 100% loss. Thus, the average

was not taken into account

o O

£
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Figure 1 Drying the soybeans on nylon net in the shade



transportation to the processing plant
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-Processing

aperator

Figure 3 Soybean supply chain and stakeholders involved in the supply chain in

Thailand

Figure 4 Soybean pods and seeds fall in the field after harvesting by combine harvester
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Figure 5 Soybean seeds fall in the field after hand-harvesting (scythe)

Figure 7 Loss caused by infestation of soybean beetles (Callosobruchus chinesis L.) during storage
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Figure 8 Samupling of soybeans in planting plots after harvesting
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Food Waste index
SDG 12.3.2

Losses in the FBS
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Food Losses Index at the national level
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Figure 9 YauUlunvenviin1sgadueiminaeniisldguniuems (FAO, 2019)
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X1 A9 S¥8Lna1InIsiusnwIdn (Hew)
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X fo sedumutunelulsafivedeseiou (9%RH)
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$1au 2 f Wusaiudans fo fo Usunanudadenin 1000 wén wazUSunasiudni
meluvosnEatn 1000 win anthaisnduameddusugadonds (v,) waviesidus
51‘1/1%1&5@@@%&@58 (Y,) waglghadanms 2 slaummanuduiudiususaunisals
el

1.2.1 aumsussiudBanadadevasdraudenannuuasdngdAgy

Mnmsesatullasluiogddeniioldadisaunts anmun 10 159 wuuwas
ﬁmgﬁwm 8 iin 1dun Aidedden veadhiden draneding veauds veaitudes uen
d871 UOANWINYTY WazVITade ’Lumia%ﬁqaumﬂ%’ﬁwmw&aaﬁmgﬁwﬁagm?{aﬁy’wm 7 il
s usilsde SaduutamuindninnuaasliiinaudemeunwandnnUdentes wad
Usnauunnluunaiiud

sevefifududndnudonidade (v, smauduiusiuiuds X e 5 6 Tdun

X; fD SEezaNNsAusnw9 (Haw)

X, fie sesugamgiiniglulsafviededeiiou (°C)

X, Ao seduanuiumelulsaiuadssodou (%RH)

X, = sEAUANUTULERTIAandeg1aas (96MC)
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wudn Y, fienuduiusesefidedduiu Xo, Xo, Xe waz Xs Ineapnuduiusilade
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Ainsesiaguld 2 luwmadiflen R? agjsening 69-75% (Table 8) Fsluinafianunsaviunenasuys
Y, #@fan fe luiaadl 2 Aflfuys X Midunifertes 2 f Ao X, wag X, uwazilowan
Coefficients 910 Table 9 a@nsaadsduns il

Y 1= 51.607 + 1.333 X, - 1.706 X,

R* = 75%

Y, = wWeddudwdadndendeannmsdiiaisreuanais

X, = S¥eEnaIMRAUSIYG (Heow)

X, fie sesugamgiiniglulsafuiededeifiou (°C)

dunsAlETAn R2 Wiy 75% uansinsasnuds X, uay X, anunsaesunemsiasunlas
Ypedruuuandsld 75% 91nA1 coefficients WUIFILUS X; A X, @1119085U180NS
Lﬂﬁlammaaﬂ%mmﬁ;mﬁﬂLuﬁﬂﬁqm@alﬁaﬂwﬁﬁaﬁﬁm win1shaunsiifauudugilunis
yhunensudsuulaweutesidudmdndeldiiios 75% foinddiganntn mnsoenslilaen
mmLLJJueT’]ﬁLﬁuﬁuﬁﬂLﬁuﬁaﬂLﬁuﬁagaLﬁuLﬁaLﬁummmL%aﬁamaaamwﬂuﬁ’lﬁwialﬂ

122 aumsussdiumsgadeiutinvasdadenainuuasdng

| o = A ay vo = v = vy a - v A & v
f"’nﬁ\‘iLﬂ@aﬂ%u@ﬂi%?@ﬂ?qﬂquﬂﬁmaﬂGU'YJL‘Ua@ﬂlﬂﬂa Uill']mu’]ﬂummﬂqﬁliﬂﬂaﬂL@Ja@GU'TJ
a - Y =3

1000 Wwén nMswannsUsuuanugydetmvinuaaiigudetunismannisuszifiuaiy
andowda Tasldduvsmuduesiuddminudagadoinds (v) fwavosanuduius
5¥MIN9 AUAILUT X 6199 wanelilu Table 10

Tnenuin Y, Sauduiusesnafifed daiu X, Xo, Xe uae Xs Wngranuduiusiliae
813, -.771, .761 waz .715 aua10U NANISIATIEHEUNITONNDULUY stepwise regression W@
msiesziagUld 2 Tumadidian R? ogsening 66-73% (Table 11) Faluinaiianansayhunesas
w5 Y, Iifdian fe Tuwad 2 Afldauus X fdunieades 2 @ Ao X, waz X, uaziiletien
Coefficients 91 Table 12 aunsnadsauns Tiwsdl

Y, =27.478 + .633 Xy - .905 X,
R? = 73%
Y, = wWesiwuduminudatifengydsnnmadiriaieveiuaade
X, = S282naINsAUTNYIT (Hou)
X, Ao seaugaumginelulsaiuedesemou (°0)
d‘ ya Y a (Y a = a <@ % = a0 2
aunsntadanulndlAgeivaunisussiiuaugadeusunasuaatnaden taediel R
WINAU 73% LAAIINTIasnUS X, wag X, aunsaesutenisilasuluavesdiuiuandsls 73%
J - 1w a a a no’ £ & o
1nA1 coefficients WUIRLUT X; ey X, d1115095UN8N15 U8 ULUAIUIHIUUINUNLUEAN
goydeldegalifud Ay udrranuwiuglunisiuneifiss 73% dedndliaawnnidn Jaaisdes
udeyaifiviiieinannuundedovesaunistuddusely
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2. MSNAGFDUANNLRINZENVDIFNNTTUSTIIUA MU N8 UDI912

31NN15a31eaNNIsUTEIUAING YA Y0IU1 A1 TLATY1IURBNNY 4 JUNT YIS
nadavannITimuzauieltlun1suseiliu 72835015 Least Square Method laganni99

WHNgaNazilAIAUARIALATETENINAIFUNAYBIATRTS (Y) AuAIUsEIMNTAINaunIs (¥)
o = v o v A v & =
teeian doyaniunldnaasuaunishsteyaiiiulull 2564
= = A 2 o % Ao vy a U 1 vy ° %

nsiiguiiguAUSnaudadsvestinarsnialaats (v) duAnldainnisaiuiueiey
aun1saunsUsslivwaadevosinasanmadiiaevesuuasdngdidey (¥) wuirdaany

44' = W ] = = = a3 o o S vy a Y
ARALAGEUAALYINAY 2.6 daunsiSeuiisuUSinugyidedminvestiiansnialaese (v) fu
AnAunlianaunsUssliunsgadeuimtnvestiiasanmadiiaievesutasingdfy
(¥) nuinfidanueaiairfoundewindu 7.3 (Table 13) azdiulditaunisysafuusunaidn
deildrmnurainiadeulaeninaunisussidiuysunamtingeyde

o 1 a = v A o = ] ! a =3 =

dmivaunisuszdiuanuagdeludnwden sinsiUSeuiisuamuTunadaidsves
1ddeniialaasa (V) Aurildannisauuieaunisaunisussiduadadevesdnlion
NMsIdIatevekuasdngddey (¥) dAanuaainindeuiafgnian A 12.0 d3un13
Wigulgudsinagadedmidnvesdnideniialaasa (1) duamidwiuliannaunisussiiu
nsagdediminvestiadenainmisidinatgvesiasdnsddey (¥) dernunainndeu

whygNan Ae 39.9 (Table 14) nuinaunsUszliudunanudnidelirmnuaaiamdeuiosndn
aun1susziuTinadmingayde



Table 9 Correlations between average percentage grain damage of milled rice (Y1),
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storage period (X1), temperature (X2) and humidity (X3) inside the storage rooms,

grain moisture (X4) and average number of insect pests found in the samples (X5)

Y1 x1 x2 X3 x4 x5
Pearson Correlation 1 824" -658" -191 -.084 933"
Y1 Sig. (2-tailed) .000 .000 071 430 .000
N 90 90 90 90 90 90
Pearson Correlation 824" 1 -732"7 -.156 .004 744"
x1 Sig. (2-tailed) .000 .000 141 968 .000
N 90 90 90 90 90 90
Pearson Correlation -658" 732" 1 -207 -250° -539"
X2 Sig. (2-tailed) .000 .000 .050 017 .000
N 90 90 90 90 90 90
Pearson Correlation -191 -.156 -207 1 356 -.185
X3 Sig. (2-tailed) 071 141 .050 001 .080
N 90 90 90 90 90 90
Pearson Correlation -.084 .004 250" 356 1 -173
x4 Sig. (2-tailed) 430 968 017 .001 .103
N 90 90 90 90 90 90
Pearson Correlation 933" 744" -539" -.185 -173 1
x5 Sig. (2-tailed) .000 .000 .000 .080 103
N 90 90 90 90 90 90

**_Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

Table 10 The model summary of grain losses of milled rice analysed by stepwise

regression method

Model R R Square Adjusted R Square Std. Error of the Estimate
1 933° 871 870 1.80641
2 954" .909 .907 1.52648
3 957° 917 914 1.47068
4 959° 921 917 1.44467

a. Predictors: (Constant), x5

b. Predictors: (Constant), x5, x1

c. Predictors: (Constant), x5, x1, x2

d. Predictors: (Constant), x5, x1, x2, x3

e. Dependent Variable: Y1
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Table 11 Coefficients of equation for estimate grain losses of milled rice caused by

major stored product pests model

Model . o Standardized
Unstandardized Coefficients -
Coefficients t Sig.
B Std. Error Beta
(Constant) -1.564 362 -4.315 .000
2 x5 .091 .006 717 14.826 .000
x1 561 .093 291 6.020 .000

a. Dependent Variable: Y1

Table 12 Correlations between average percentage weight loss of milled rice (Y2),

storage period (X1), temperature (X2) and humidity (X3) inside the storage rooms,

grain moisture (X4) and average number of insect pests found in the samples (X5)

Y2 x1 X2 X3 x4 x5
Pearson Correlation 1 7107 -375" -207 -192 637
Y2 Sig. (2-tailed) .000 .000 .050 071 .000
N 90 90 90 90 90 90
Pearson Correlation 710" 1 -7327 -.156 .004 744"
x1  Sig. (2-tailed) .000 .000 141 968 .000
N 90 90 90 90 90 90
Pearson Correlation -375" 732" 1 -207 -250° -539"
x2  Sig. (2-tailed) .000 .000 .050 017 .000
N 90 90 90 90 90 90
Pearson Correlation -207 -156 -207 1 356 -.185
x3  Sig. (2-tailed) .050 141 .050 001 .080
N 90 90 90 90 90 90
Pearson Correlation -192 .004 -250° 356 1 -173
x4 Sig. (2-tailed) 071 968 017 .001 .103
N 90 90 90 90 90 90
Pearson Correlation 637 744" 539" -.185 =173 1
x5  Sig. (2-tailed) .000 .000 .000 .080 103
N 90 90 90 90 90 90

** Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Table 13 The model summary of weight loss of milled rice analysed by stepwise

regression method

Model R R Square Adjusted R Square Std. Error of the Estimate
1 710° 504 499 2.58925
2 741° 550 539 2.48218
3 758" 575 560 2.42501

a. Predictors: (Constant), x1

b. Predictors: (Constant), x1, x2

c. Predictors: (Constant), x1, x2, x5

d. Dependent Variable: Y2

Table 14 Coefficients of quation for estimate weight losses of milled rice caused by

major stored product pests model

Model Standardized
Unstandardized Coefficients
Coefficients t Sig.
B Std. Error Beta

(Constant) -27.734 9.314 -2.978 .004
5 x1 1.069 183 759 5.836 .000
x2 876 292 310 3.000 .004
x5 .022 .010 .239 2.270 .026

a. Dependent Variable: Y2
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Table 15 Correlations between average percentage seed damage of paddy rice (Y1),

storage period (X1), temperature (X2) and humidity (X3) inside the storage

rooms, grain moisture (X4) and average number of insect pests found in the

samples (X5)

Y1 x1 X2 X3 x4 x5
Pearson Correlation 1 830" 775 -012 765" 7197
Y1 Sig. (2-tailed) .000 .000 907 .000 .000
N 90 90 90 90 90 90
Pearson Correlation 830" 1 732" -156 836 801"
x1 Sig. (2-tailed) .000 .000 141 .000 .000
N 90 90 90 90 90 90
Pearson Correlation 7757 732" 1 -207 -688" -649"
X2 Sig. (2-tailed) .000 .000 .050 .000 .000
N 90 90 90 90 90 90
Pearson Correlation -012 -156 -.207 1 227 -223"
X3 Sig. (2-tailed) 907 141 .050 031 034
N 90 90 90 90 90 90
Pearson Correlation 765" 836 -.688" -227 1 975"
X0 Sig. (2-tailed) .000 .000 .000 031 .000
N 90 90 90 90 90 90
Pearson Correlation 719” 801" -649" 223 975" 1
X5 Sig. (2-tailed) 000 .000 .000 034 .000
N 90 90 90 90 90 90

**_Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

Table 16 The model summary of seed damage of paddy rice analysed by stepwise

regression method

Model R R Square Adjusted R Square Std. Error of the Estimate
1 .830° .689 .685 3.43194
2 865 749 743 3.09907

a. Predictors: (Constant), x1

b. Predictors: (Constant), x1, x2

c. Dependent Variable: Y1




Table 17 Coefficients of equation for estimate grain losses of paddy rice caused by

major stored product pests model
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Model ) o Standardized
Unstandardized Coefficients -
Coefficients t Sig.
B Std. Error Beta
(Constant) 51.607 11.898 4.338 .000
2 x1 1.333 .186 .566 7.179 .000
X2 -1.706 373 -.361 -4.574 .000

a. Dependent Variable: Y1

Table 18 Correlations between average percentage weight loss of paddy rice (Y2),

storage period (X1), temperature (X2) and humidity (X3) inside the storage rooms,

grain moisture (X4) and average number of insect pests found in the samples (X5)

Y2 x1 X2 x3 x4 x5
Pearson Correlation 1 813" 771 -.003 761" 715"
Y2 Sig. (2-tailed) .000 .000 979 .000 .000
N 90 90 90 90 90 90
Pearson Correlation 813" 1 732" -.156 836 801"
X1 Sig. (2-tailed) 000 .000 141 .000 .000
N 90 90 90 90 90 90
Pearson Correlation 771 732" 1 -207 -688" -649"
X2 Sig. (2-tailed) .000 .000 .050 .000 .000
N 90 90 90 90 90 90
Pearson Correlation -.003 -.156 -.207 1 -227 223
X3 Sig. (2-tailed) 979 141 .050 031 034
N 90 90 90 90 90 90
Pearson Correlation 761" 836 -688" -227 1 975"
x4 Sig. (2-tailed) .000 .000 .000 031 .000
N 90 90 90 90 90 90
Pearson Correlation 715" 801" 649" -223" 975" 1
X5 Sig. (2-tailed) .000 .000 .000 034 .000
N 90 90 90 90 90 90

**_Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).
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Table 19 The model summary of weight loss of paddy rice analysed by stepwise

regression method

Model R R Square Adjusted R Square Std. Error of the Estimate
1 813° 660 .657 1.80363
2 .853° 727 721 162507

a. Predictors: (Constant), x1

b. Predictors: (Constant), x1, x2

c. Dependent Variable: Y2

Table 20 Coefficients of equation for estimate weight losses of paddy rice caused by

major stored product pests model

Model . Standardized
Unstandardized Coefficients o
Coefficients t Sig.
B Std. Error Beta
(Constant) 27.478 6.239 4.404 .000
2 x1 .633 .097 534 6.506 .000
X2 -.905 196 -.380 -0.626 .000

a. Dependent Variable: Y2
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Table 21 Compare between predictive values and actual values of losses of milled rice

by equation for estimate grain loss and weight loss of milled rice caused by

stored product pests

Equation for estimate grain losses of milled rice caused by major | Equation for estimate weight losses of milled rice caused by major
sample stored product pests stored product pests
actual (Y) predicted( ¥) Y-¥ (Y-¥hr2 actual (Y) predicted(¥) Y-¥ (Y-¥)n2
1 1.2 3.3 2.1 4.5 2.2 4.7 -2.5 6.4
2 2.3 5.5 -3.2 10.2 2.8 4.5 -1.7 3.0
3 8.2 9.4 -1.2 1.4 6.8 8.7 -1.9 3.7
4 10.3 10.4 -0.2 0.0 6.9 10.2 -3.3 10.9
5 13.1 12.0 1.1 1.3 8.9 8.8 0.1 0.0
6 3.3 1.2 2.1 4.4 1.5 3.3 -1.8 3.3
7 4.5 4.0 0.5 0.2 2.2 3.8 -1.6 2.5
8 11.7 12.3 -0.6 0.4 7.4 7.5 -0.1 0.0
9 15.4 14.1 1.2 1.5 9.5 8.0 1.6 2.4
10 22.8 20.9 1.9 3.7 11.5 11.0 0.5 0.2
11 1.7 1.2 0.5 0.2 0.7 2.5 -1.8 3.4
12 2.9 3.3 -0.4 0.2 1.0 3.1 2.1 4.3
13 8.8 8.2 0.6 0.4 3.5 6.6 3.1 9.8
14 10.0 8.9 1.1 1.2 4.1 7.4 -3.3 10.9
15 12.1 9.5 2.6 6.6 7.7 8.1 -0.4 0.2
16 0.8 3.7 -2.9 8.2 6.8 3.8 3.1 9.5
17 1.1 6.7 -5.6 30.9 6.9 4.6 2.3 5.2
18 9.9 9.3 0.6 0.3 9.0 7.4 1.6 2.7
19 11.0 10.2 0.8 0.6 9.7 8.3 1.4 2.0
20 12.1 11.0 1.1 1.2 11.1 8.8 2.3 5.5
21 0.8 0.8 0.0 0.0 6.4 3.4 3.0 8.7
22 1.1 1.6 -0.5 0.2 6.8 3.5 3.3 11.2
23 2.1 4.1 -2.0 3.8 8.2 6.0 2.3 5.2
24 2.2 5.0 -2.8 7.8 8.6 6.4 2.2 4.8
25 2.4 6.2 -3.9 14.9 9.1 7.6 1.5 2.2
26 1.6 0.8 0.8 0.6 8.0 3.4 4.6 21.0
27 2.7 1.9 0.8 0.7 9.0 3.6 5.4 28.9
28 8.5 7.0 1.5 2.1 9.9 6.5 3.4 11.3
29 9.6 9.3 0.3 0.1 11.7 7.6 4.1 16.9
30 12.7 11.0 1.6 2.7 12.4 8.8 3.5 12.6
31 1.1 0.5 0.6 0.4 2.9 2.1 0.8 0.7
32 1.4 1.6 -0.2 0.0 3.1 2.4 0.7 0.5
33 6.2 5.2 1.0 1.0 4.2 5.4 -1.2 1.5
34 7.1 7.6 -0.5 0.2 4.4 6.9 -2.5 6.1
35 9.2 8.4 0.8 0.7 4.9 8.0 -3.0 9.2
36 2.3 2.7 -0.4 0.1 6.8 3.2 3.6 12.8
37 4.7 6.1 -1.4 2.1 6.9 3.8 3.0 9.3
38 12.1 9.9 2.2 5.0 8.2 6.7 1.5 2.4
39 16.8 16.0 0.7 0.6 8.4 8.3 0.0 0.0
40 22.9 21.4 1.5 2.3 8.5 11.2 -2.7 7.4
41 0.9 1.0 -0.1 0.0 5.2 3.9 1.4 1.8
42 1.8 1.8 0.0 0.0 6.5 4.3 2.2 4.9
43 7.0 7.3 -0.3 0.1 8.3 7.2 1.1 1.1
44 8.0 8.8 -0.8 0.7 8.5 8.1 0.4 0.2
45 10.4 9.5 1.0 0.9 10.1 8.5 1.6 2.6
46 1.3 1.5 -0.2 0.0 0.2 2.4 -2.3 5.1
a7 2.5 2.7 -0.2 0.0 0.4 2.7 -2.4 5.7
48 6.5 5.1 1.4 1.9 1.3 5.3 -4.0 15.7
49 7.7 7.1 0.7 0.4 1.4 6.4 -5.0 24.6
50 9.4 8.6 0.8 0.6 1.8 8.4 -6.6 43.1
sum 346.3 345.7 0.6 127.7 312.4 303.2 9.2 363.4
average 6.9 6.9 0.0 2.6 6.2 6.1 0.2 7.3
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Table 22 Compare between predictive values and actual values of losses of paddy rice

by equation for estimate grain loss and weight loss of paddy rice caused by stored

product pests

Equation for estimate grain losses of paddy rice caused by major Equation for estimate weight losses of paddy rice caused by major
sample stored product pests stored product pests
actual (Y) predicted(¥)  Y-¥ (Y-¥hr2 actual (Y) predicted(¥)  Y-Y (Y-¥)A2
1 0.6 0.2 0.5 0.2 0.6 0.0 0.7 0.4
2 1.0 4.7 -3.7 13.6 1.0 2.3 -1.3 1.7
3 3.4 7.8 -4.4 19.4 34 3.7 -0.3 0.1
4 5.4 8.6 -3.2 10.4 5.4 4.1 1.3 1.7
5 8.8 15.2 -6.4 41.2 8.8 7.5 1.3 1.6
6 2.8 1.9 0.9 0.8 2.8 0.9 1.9 3.7
7 7.0 5.4 1.6 2.6 7.0 2.7 4.3 18.8
8 10.7 11.6 -1.0 0.9 10.7 5.8 4.9 24.2
9 12.8 14.6 -1.8 3.4 12.8 7.3 5.5 30.5
10 14.6 15.1 -0.5 0.3 14.6 7.4 7.1 50.6
11 6.7 35 3.2 10.4 6.7 1.7 5.0 24.8
12 10.0 6.5 3.5 12.4 10.0 3.2 6.8 45.6
13 16.2 11.3 4.9 23.6 16.2 5.6 10.6 112.4
14 17.5 13.4 4.1 17.0 17.5 6.6 10.9 118.7
15 18.2 15.4 2.9 8.2 18.2 7.6 10.6 113.4
16 0.6 2.2 -1.6 2.7 0.6 1.0 -0.5 0.2
17 5.5 5.1 0.3 0.1 5.5 2.5 2.9 8.7
18 14.0 10.5 35 12.5 14.0 5.1 8.9 78.6
19 15.0 12.2 2.8 7.8 15.0 6.0 9.0 81.4
20 16.3 14.8 1.5 2.2 16.3 7.3 9.0 81.0
21 0.4 1.5 -1.1 1.3 0.4 0.7 -0.3 0.1
22 1.7 5.0 -3.2 10.5 1.7 2.4 -0.7 0.5
23 5.0 10.7 -5.7 32.7 5.0 53 -0.3 0.1
24 5.8 13.4 -7.6 58.1 5.8 6.6 -0.8 0.7
25 9.8 14.9 -5.1 25.8 9.8 73 2.5 6.1
26 0.3 1.5 -1.2 1.5 0.3 0.7 -0.4 0.2
27 3.7 4.8 -1.0 1.1 3.7 2.3 1.4 2.0
28 12.5 11.0 1.5 24 12.5 5.4 71 50.5
29 18.1 13.1 5.0 24.7 18.1 6.5 11.6 135.2
30 24.5 14.7 9.8 97.0 24.5 7.2 17.3 299.8
31 5.1 3.9 1.2 1.3 5.1 2.0 3.1 9.8
32 8.4 7.0 1.4 1.9 8.4 35 4.9 23.8
33 12.3 12.3 0.0 0.0 12.3 6.1 6.2 38.6
34 14.2 13.7 0.5 0.3 14.2 6.8 7.4 55.5
35 17.5 15.1 24 5.6 17.5 75 10.0 100.7
36 3.8 2.7 1.1 1.2 3.8 1.3 2.5 6.1
37 5.1 6.3 -1.2 1.5 5.1 3.2 1.9 3.7
38 10.0 12.0 -2.0 4.1 10.0 6.0 4.0 16.4
39 12.1 14.8 -2.7 7.5 12.1 7.4 4.7 22.2
40 13.0 14.9 -1.9 3.6 13.0 7.3 5.7 32.0
41 0.7 0.8 0.0 0.0 0.7 0.3 0.4 0.2
42 24 3.4 -1.0 1.0 24 1.6 0.8 0.6
43 6.0 9.7 -3.7 13.5 6.0 4.7 1.3 1.7
44 7.6 11.9 -4.3 18.4 7.6 5.8 1.8 3.2
45 9.2 14.6 -5.4 29.0 9.2 7.2 2.0 4.1
46 2.8 3.7 -0.9 0.9 2.8 1.9 0.9 0.9
47 6.2 6.8 -0.6 0.4 6.2 3.4 2.8 7.7
48 14.2 12.5 1.7 2.9 14.2 6.2 8.0 63.8
49 17.0 14.4 2.6 6.5 17.0 7.2 9.8 96.6
50 21.8 14.5 7.4 54.1 21.8 7.1 14.7 216.3
sum 458.2 465.5 -7.3 598.5 458.2 229.0 229.1 1997.0
average 9.2 9.3 -0.1 12.0 9.2 4.6 4.6 39.9
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