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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 ¢ritical 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)
Table 2 Numbers of depth interview : farmers (n=137) and other stakeholders (n=7) in
soybean supply chain (classified by province)
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Table 10 The model summary of grain lesses of milled rice analysed by stepwise regression
method
Table 11 Coefficients of equation.for estimate grain losses of milled rice caused by major
stored product pests model
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Table 13 The model summary of weight loss of milled rice analysed by stepwise regression
method
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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)
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Table 1 Soybean planting area, yield, and yield per Rai* in crop year B.E. 2562/2563 (classified by province)

Soybean (SB) Average
planting area (Rai)  Number of planting Average Av.erage Average
Provinces and SB area per SB  households area per yield yleld. price
area in Thailand cultivated  household (tons) perra! (Baht)
(%) (rai) y 4
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 19 -
Chiang Mai/ Mae Taeng/ Sun Pa Yang 10 -
Chiang Mai/ Mae Taeng/ Sop Perng 5 -
Nan/ Pu Peang/ Ta Now 15 =
Nan/ Muang Nan - 2
Mae Hong Son/ Mae La Noi/ Mae La Luang 10 -
Mae Hong Son/ Khun Yuem/ Mae Ngow 10 2
Mae Hong Son/ Muang/ Pang Moo - 1
Lam Pang/ Wang Nuar/ Wang Tai 12 3
Khon Khan/ Pu Pha Man/ Pu Pha Man 15 -
Khon Khan/ Chum Pae/ Non Hun - 1
Khon Khan/ Chum Pae/ Chum Pae - 1
Nong Bua Lumpu/ Suwankuha/ Ban Kok 11 =
Udonthani/ Nong Wua Sor/ Nong Or 15 -
Sukhothai/ Srisumrong/ Banna 9 -
Sukhothai/ Sawankalok/ Pak Num 6 -
Total 137 7

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

Number of Planting area (Rai)

Province farmers Minimum Maximum Average standard deviation
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 2.72 1.060
Mae Hong Son 20 2.00 6.75 4.00 1.390
Lum Pang 12 1.50 8.00 2.92 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 4.67 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)

Steps in

supply chain Score of loss SD N cv
Pre-harvesting a7 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 area At threshing After drying At collection point Processor
after harvesting point (at farmer's (shop and warehouse
house) cooperatives)
Chiang Mai - - 4 - -
Nan 1 - 1 5 -
Mae Hong Son - - - - 3
Lum Pang 6 - 6 - -
Khon Khan 6 - 3 2 -
Nong Bua Lumpu 8 - 3 - -
Udonthani 7 - 3 - -
Sukhothai 3 2 - -
Total 31 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 (¢/100g)  (g/100¢)
(%) (%) 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

e
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Figure 1 Drying the soybeans on nylon net in the shade
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Figure 2 Soybean seeds in th
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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 Sampling of soybeans in planting plots after harvesting
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°

1.1.1 saumsuszdivdadevesirasanmadiviaisvesuuasdngdrAsy

v

v = Wesifudwdadeonde
NMSESNAUNITAWNNTIIANLAUNUSAUMUWUT X 911U 5 /2 A
X1 A8 srezlIaINIsiusnwmdn (Rew)

X, fio seiugaumndaelulsafuadedeieu (°0)

X; Ao svsuarutunmelulsafuinasdeiiou (%RH)

Xo = sEUmL LAt ansieg iy (%MC)

Xs = USinauuasdngdduesdnaisede (/41815 250 n3u)

¥
& v

TnefulsUsinausasiinsanuaslduuasdnsddgiimun 7 oin 1éud Aidednans sendhiuden fan
F1alne weawlls venfludos venas1y wazuenuInen Tu Table 1 wuAMLdURLSSEIINFIMUS Y Aufauds X,
Xo, WAz Xs og19fipddnnieaia Ineanuduiusiu X, uag Xs Wunruduiuslufaniadeaiuiudiuds Y diwu
ANuFUTUSTUFLUS Xo 18ulufienanssdufusiuls Y, Seaimnuduiusilads 824, - 658 uaz 933 muasU
uazidiodinsieaunsnnnosuuy stepwise regression alaluaatinuad luiaa (Table 2) Tnsnudrgnlaaaden R
gjﬂﬂél,ﬁmﬁ’ué’?uwi 87-92% mnidenluwnaiisian R 49 90% Fulvanursaidents 3 Tuma Ao Tuwnadi 2, 3 was 4 Fal
A1 RZ Wi 91, 92 way 92% Femuindanuunnaiefuiio 1% v tidlefiansansiuiuiuuslulumanui
TuiAa 2 F91UULUS X 31994 2 69 A Xs wag X; Jutaa 3 362uUs X 9199U 3 61 A Xs, Xkag X, dauliea 3 &
FUS X $112U 4§72 f Xs, X1, Xo WAy Xs TIFILUT Xo waE X AANUSURUSTUSILUS Y Teunin Xs uaz X, Fati
Avsidentuea 2 wasaun1sussiuaagydeaadnias dlosanlvien R, qﬂnéﬁﬁaﬂmLmaguLLaxﬁéfuLﬂi X 197
unAgdeaiios 2 ¢ 1lefinnsanan coefficiénts ¥aslaiaa 2 (Table 3) amnsaaiisaunisusziiuanugadeiudn
Fraans 1@l

Y. - 1564 + 561 % + .0917Xs

R* = 91%

v, = Weslduguwdadasduannisiivhatsvesuuanade

X1 = S8EnaMsAuinwing (Wew)

Xs = USunauuiasdngddyuasinansiade (fsediegatnd 250 n3u)

Fovunemudifauds X awnsavhuenisasuwlasUSinanudade (V) 16 91% wazdnszezinainisiiu
iy 1 WeulasUsunauasnsiosyiliivsinamdadofiutu 0.561% wavdwndiuuaufivduade 1 daly
Fogradnans 250 nfaulnefiszeznamsifiuinwadiasinaudemesewandnansifiuty 0.091% daumnll
Foemslriiusinmuudadoiuuniuamsdoshnismuauuinanuadid a1nan coefficients wudnfauds X, Xs

o w

aunsneduiemalsunlasiiuiumandsldedsived Ay
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1.1.2 aun1sussdiunsgeydeuninvesdnaasanmsdiiaievesusasdngddny

dwfuaunmsusuidumnuagidowdadnians vufertunsmaunsldvsedunnugadawindiias

= A

Ingldfuusmuluesiduiiminudngeydonde (Y, Jmaveswminuduiusszning dududs X deq wansily

°o v o

Table 4 Tagnuin Y, danudunuseg1aivednfunu Xo, Xo, kag Xs LAgA1AUEURUsAtaAe 710, -.375 way .637

AINEIRTU HANTIATIZRAUNTANABEUUY stepwise regression delalutnarianun 3 luna T6A1 R ag5ewing 50-58%
(Table 5) wuinlumaiianunsavinunenasdiwls Y, angaas luea 3 Fadwds X Aieatesdnuau 3 fauds fe X,

o

X, way Xs Wlafansanan Coefficients 910 Table 6 @11150@519aU01S LAGaTiAall

Y ,=-27.730 + 1.069 X, + .876 Xp+ .022 Xs

X
N
|

= 58%

s ¢8 o = & w o v &
Y, = Wesiumhmingadevesudntnieans 3nd1wiudnans 1000 wan
X fio svpzia1n1siuinwdn (Weuw)
X, fio svdvgamagiinglulsufiuadesediou (°0)
Xs = UTinaudasdnganAnyrestniansiade (§/413a15 250 nSu)

Tngaun1sntada R? winiu 58% 31nAn coefficients Wudawls X1, Xo, Xs @1315085u18n5tUasunlad
Usunanhminuéinfigeydeldegefidedfey mnfinnsanainda R vesaunswudifmuds X s 2 fanunsaannis

Auaydenasiauitanslaiiies 58% Fedadosun aradslilauasadiunldlalunmsyssfivanudemgluwg
BPERR

1.2 sunmsussfivanugadedraydananmsdiianevesuiasdnglulsuiu

dmsunisahsaunsussiliuanuagdetrideniiiusnululsaiu Tiedunn v $1uam 2 i
Wuierudans fe Ao Usunauu@adsain 1000 wée wazUSunaividniimelUveaudadnd 1000 waa antu
° ° s d & & a a s X &6 o I a a Yo I o o a
A Uesidudwdndainde (Y1) kezefidumhvdnudngnydonds (Y2) wayldimdunans 2 eliaum

v
Y Y o a

AMUFUNUSAUFILUTDU TIalA Aatl
1.2.1 aunrsussfiudBananudndevasdiaudenanuuasdngaidey

nMsaTaRtuktaduiegsdudenidialdasiaunts anvianun 10 159 nuulasdngnamue 8 iia laun
AidediUden weatrden mesastnalng weanls ueniluides wenaeu NoanuIng1 kagmmilsde Tunisadng
aunsldunuwuasingdfgaderioma 7 wia sniuwnmide Jaduuuawundninnuazneliinanudemeun

wasddentes uatiuinamnnluuneiui
devdedifudiwdndniudendewmds (v:) swnanuduiusiusiuds X v 5 6 dun
X1 A8 srezliaInIsiusnwmdn (Rew)
X, fio sedugamglinglulsafuiadesiadion (°0)

X5 Ao seauAnudumelulsaiuedusaiiiou (%RH)

a2



Xq = SEAUANLTULEATLURBNFIDEREY (%MC)

Xs = USinauuasdngddguesiiiddenade (/41idden 250 niu)

v v v ¢

WU Y1 Sanuduiusagnatidadnduiu Xo, X, Xa wae Xs Wneainnudunusilens .830, -.775, .765 way

<

4

719 muadiu (Table 7) Wevinn133msneii stepwise regression nan133wnseviasule 2 lunanilen R egsening

69-75% (Table 8) Fsluaafianunsavinenadiuls Y1 taanan fAe luwadl 2 Nldwus X Mdwwiertes 2 f fe X

way Xo waziileian Coefficients 310 Table 9 @nunsaas 9a@un1s asadl

Y = 51.607 + 1.3337X; - 1.706 X

R? = 75%

Y: = Wosiudwdntnasnidsainnisiinvinangvasladang
<@ (Y] v =

X1 = 5288LAINNTAUSNEI91 (HBw)

X, fio svdvgamagiinglulsufiuadesediou (°0)

° I3

aUNsNLAAAT R? WU 75% Wanganniasikls Xi kag X, @1115aasuienislasuniasasinuiuadnidsle

P d\ly ' P

75% 271nA1 coefficients WUINFILUT X1 war X @a1u15aesuienisilagunlasusinaiminudaiandelsasged

o

o w '

o ‘=|' a ) ° a s & ¢ & a Yy a A 1wy
UgaIneY LLG\ﬂ’]iV]ﬁllﬂrlillﬂhlﬂ']r]llLLlluEJ’]I‘Uﬂ'TﬁV]’]u’]EJﬂ']iLUafJuLL'UaQSUENLﬂ@ﬁLéﬁumLN@@]L?{‘EJ»L@LWE’N 75% ﬂ@'ﬂqﬂﬁ‘lmﬁjﬂmqﬂ

1in mndesslildmaruwiugdaduiwdudeaiudeyaiiisiiieiuauundeiievesaunisludiusely

v
a ©°

1.2.2  aunsuszdiunisgydeumtnvestiadenannuuasdng
Adunednuliniliinnnugaydevesituddantdfe Usunanhwidniivmeluveaudadin 1000 wan nsm
auni1sUseifiuanugydsimidnuasriiguifeaiupismannisusedivanugaydswin Ineldduusniudu

o]

Wesidwilminwdaagdende (Y2) Twavesenuduiusszning Auduus X dne uandlilu Table 10

o

TRNUI Y, dpuduiubesslitedAyiu X, Xo, Xa wag Xs lngarnudunusilane 813, -.771, .761

WAz 715 ANUEIRY NANITIATISRENNITANABULUU stepwise regression Han15Aszviasula 2 Tuwmaiifian R og

9

Ao

I 66-73% (Table 11) Falumaniaunsavinerasiiuls Y ladvige fe lunaf 2 Nlidwds X Adhuniieites 2

i Ao X: uaz X, wazliletaAn Coefficients 910 Table 12 anunsaadnsaunis Tased
Y .= 27478 + 633X, - 9057
R = 73%
Y, = wesdumihninudadmdengydennnadivharsvesuuauads
X1 = 528aImsiusnwdn (Wew)

X, fio svdvgamgiinglulsufiuadesediou (°0)

aunsfiladanulndifesivaunisussidiunnuagdeUSinauindaden tnefian R? winiu 73% waned

TAILUT Xy hag X, aunsnesuign1sildsundasvesiruiuudaidals 73% a1naAn coefficients WuINAILUS X1 ey
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a = a S o 2 A = Y 1 aw o o ' I o ° P
X2 afllniﬂaﬁnur]EJﬂ’ﬁLUaEJuLLUaﬂU?lI’]mquuﬂLNaqumLaﬂlﬂaa’NNuﬁlaqﬂ@ LL(ﬂﬂ’W’n’]llLL@JuEJ’ﬂuﬂ’]ﬁVﬂu’]EJLWEN 73%

fohdlidgunnin fsmsdeaiudeyaiiuiemuauindeiiovesaunisludiusely

2. NMSNAFIUAMIUANIZANVDIENNITUsZIRIUANUEE BBV T2

NnNsaiaunsUssEiuaNugydsvesia ez UGN 4 aun1s imsmaaeuaun SN aLive

A A

Talunnsusziiiu Aae35n13 Least Square Method TagaunsiiuzauazilaAIuAaInARe IZ I NATEINATDIAIDT

£

(v) fiuAszanaunisnnaunis (Y) weeiign deyafithulivagevaunisfedeyadiivlul 2564

q

mMslSeuiisuAUSunanuandsveatniasidalaass (Y) fuadildainnisauiusigaunisaunisuseaiiu

o W

wandsvestnransannisidinatsvesuuasdngdrfny (Y) nuinfiAiaunainadoutadowiniu 2.6 d9unis

Y

|

Wisuilsulsinagadeuininvesinarsnialaass (v) duamfidiuldainaunisusediunisgaydedinidnues

Faasannisdiihaneveswasingddey (Y) wuihdrmanuaaiaeiowadowindu 7.3 (Table 13) aziiulddnaunis

a

UszidiuUinandadedaanuaaisaioutosnitaunsussduuinanihmingeyde

dwsuaunmsusaidiuenugadsludiidden vinsieuiisuamUinanuanderesiiaudeniiinlaasa ()

o '

AuAdilaannasauumesaunsaunsussfiundnderesdildenainnisidvitarsvesuiasdnsdidgy (Y) fian

Y

TS '
o o Y a oA

ANUARIAAGRULRREATIAR Ao 12.0 drunsiieuiisuuTunuagdeiininuestinddenitinlaase (V) dudii

=
o o

Auuldanaunisuseiliunsgyidsumdnvesdidenainmisidayiatgveasiuasdngddey (Y) fidiany
AaRARDUIRGLENTIgR fie 39.9 (Table 14) nutaun1sUsuliudSuiasudndedanunainadoutieanitaunis

UszilluuTunandmingayide

aq



Table 9 Correlations between average percentage grain damage of milled 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 1 824" -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" -.156 .004 a4
x1 Sig. (2-tailed) .000 .000 141 968 .000
N 90 90 90 20 20 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 20 90
Pearson Correlation -084 004 -.250" 356" 1 -173
x4 Sig. (2-tailed) 430 968 017 .001 103
N 90 90 90 90 20 90
Pearson Correlation 933" 744" -539" -.185 -173 1
x5 Sig. (2-tailed) .000 .000 .000 .080 103
N 20 20 20 20 20 20

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

Table 11 Coefficients of equation for estimate grain losses of milled rice caused by major stored product

pests model

Model Unstandardized Coefficients | Standardized Coefficients
t Sig.
B Std. Error Beta
(Constant) -1.564 362 -4.315 .000
2 x5 .091 .006 q17 14.826 .000
x1 561 .093 291 6.020 .000

a. Dependent Variable: Y1

a6







Table 12 Correlations between average percentage weight loss of milled rice (Y2), storage period (X1),

number of insect pests found in the samples (X5)

temperature (X2) and humidity (X3) inside the storage rooms, grain moisture (X4) and average

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 20 90 ) 90 20
Pearson Correlation 710™ 1 -732" -.156 .004 744"
x1 Sig. (2-tailed) .000 .000 141 968 .000
N 90 20 90 90 90 20
Pearson Correlation -375" -732" 1 -.207 -.250" -539™
x2  Sig. (2-tailed) .000 .000 050 017 .000
N 90 20 90 20 90 20
Pearson Correlation -.207 -.156 -.207 1 356" -.185
x3  Sig. (2-tailed) .050 141 .050 .001 .080
N 90 20 90 20 90 20
Pearson Correlation -192 .004 -.250" 356" 1 -173
x4 Sig. (2-tailed) 071 968 017 .001 103
N 90 20 90 20 90 20
Pearson Correlation 6377 744" -539" -.185 173 1
x5  Sig. (2-tailed) .000 .000 .000 .080 103
N 90 20 90 20 90 20

**_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 Unstandardized Coefficients .| Standardized Coefficients

t Sig.
B Std. Error Beta
(Constant) -27.734 9.314 -2.978 .004
x1 1.069 183 759 5.836 .000
3

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 -012 765 719”
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 775 732" 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" -221 1 975"
x4 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).
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Table 16 The model summary of seed damage of paddy rice analysed by stepwise regression method

Model 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

Model 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
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Table 18 Correlations between average percentage weight loss of paddy rice (Y2), storage period (X1),

number of insect pests found in the samples (X5)

temperature (X2) and humidity (X3) inside the storage rooms, grain moisture (X4) and average

Y2 x1 x2 x3 x4 x5
Pearson Correlation 1 813" 771 -003 761" 715"
2 Sig. (2-tailed) .000 .000 979 .000 .000
N 90 90 90 90 90 90
Pearson Correlation 813" 1 732" -156 836 801"
1 Sig. (2-tailed) .000 .000 141 .000 000
N 90 90 90 90 90 90
Pearson Correlation 771" 732" 1 -.207 -.688" -649"
2 Sig. (2-tailed) .000 .000 050 .000 .000
N 90 90 90 90 90 90
Pearson Correlation -.003 -.156 -.207 1 -227 223
3 Sig. (2-tailed) 979 141 .050 031 034
N 90 90 90 90 90 90
Pearson Correlation 761" 836 -688" -227 1 975"
i 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° 127 121 1.62507

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 Unstandardized Coefficients | Standardized 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 -4.626 .000

a. Dependent Variable: Y2

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
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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-¥ (Y-Y)r2 actual (Y) predicted(VY) Y-¥ (Y-Y)A2
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 1.1 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 R 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

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
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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-¥ (Y-Y)r2 actual (Y) predicted(V)  Y-¥ (Y-Y)A2
1 0.6 0.2 0.5 0.2 0.6 0.0 0.7 0.4
2 1.0 a7 3.7 13.6 1.0 2.3 13 17
3 3.4 7.8 4.4 19.4 34 3.7 0.3 0.1
a 5.4 8.6 3.2 10.4 54 a1 13 17
5 8.8 15.2 6.4 412 8.8 7.5 13 1.6
6 2.8 19 0.9 0.8 2.8 0.9 1.9 3.7
7 7.0 5.4 16 2.6 7.0 2.7 43 18.8
8 10.7 11.6 -1.0 0.9 10.7 5.8 4.9 2.2
9 12.8 14.6 -1.8 3.4 12.8 7.3 5.5 305
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 17 5.0 2.8
12 10.0 6.5 35 12.4 10.0 3.2 6.8 456
13 16.2 11.3 a9 23.6 16.2 5.6 10.6 1124
14 17.5 13.4 a1 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 15 2.2 16.3 7.3 9.0 81.0
21 0.4 15 11 13 0.4 0.7 0.3 0.1
22 17 5.0 3.2 10.5 17 2.4 0.7 0.5
23 5.0 10.7 -5.7 327 5.0 53 0.3 0.1
24 58 13.4 7.6 58.1 58 6:6 0.8 0.7
25 9.8 14.9 5.1 25.8 9.8 7.3 25 6.1
26 03 15 1.2 15 0.3 0.7 0.4 0.2
27 3.7 48 -1.0 11 3.7 2.3 14 2.0
28 12.5 11.0 15 24 12,5 54 7.1 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 97.0 245 7.2 173 299.8
31 5.1 3.9 12 13 5.1 2.0 3.1 9.8
32 8.4 7.0 14 19 8.4 3.5 4.9 238
33 123 123 0.0 0.0 123 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 56 17.5 7.5 10.0 100.7
36 38 2.7 11 1.2 38 13 25 6.1
37 5.1 6.3 “1.2 15 5.1 3.2 1.9 37
38 10.0 12,0 2.0 a1 10.0 6.0 4.0 16.4
39 12.1 14.8 2.7 7.5 12.1 7.4 4.7 222
40 13.0 14.9 19 3.6 13.0 7.3 5.7 32.0
a 0.7 08 0.0 0.0 0.7 0.3 0.4 0.2
a2 24 3.4 -1.0 10 2.4 16 0.8 0.6
a3 6.0 9.7 3.7 13.5 6.0 a7 13 17
a4 7.6 11.9 43 18.4 7.6 5.8 1.8 3.2
a5 9.2 14.6 -5.4 29.0 9.2 7.2 2.0 41
46 28 3.7 0.9 0.9 2.8 1.9 0.9 0.9
a7 6.2 6.8 0.6 0.4 6.2 34 2.8 77
as 14.2 12.5 17 2.9 14.2 6.2 8.0 63.8
a9 17.0 14.4 2.6 6.5 17.0 7.2 9.8 96.6
50 218 14.5 7.4 54.1 218 7.1 14.7 216.3
sum 458.2 465.5 73 598.5 458.2 229.0 229.1 1997.0
average 9.2 9.3 -0.1 12.0 9.2 4.6 4.6 39.9
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