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ABSTRACT 

This paper is based on a series of field trial. in Central Luzon and Bicol regions 
from 1975 to 1977. One of the objectives of these field trials was to assess the 
factors influencing the physical and qualitative losses in rice postproduction 
systems. It compares the performance of IRRI-designed threshers and dryers 
with the traditional systems prevailing in the study area. Results show that the 
mechanized systems incurred lesser physical losses and produced bette, quality 
milled rice than did the traditional methods. Inferior quality characteristics such 
as cracked, fermented, damaged, and chalky kernels, and inipuriti~s were signifi
cantly associated with lower quantity, quality, and market grade of milled rice. 
Timeliness in performing postproduction tasks, as well as type of mlachine or 
equipment used, also influenced head rice percentage and grade of milled rice. 

By Zenaida F. Toquero, postdoctoral fellow, and Bart Duff, agricultural economist, Agri
cultural Engineering Department, International Rice Research Institute, Los Baxhos, Laguna, 
Philippines. Submitted to the IRRI Research Paper Series Committee August 1984. This 
report is based on the senior author's Ph D dissertation, "A critical evaluation of alternative 
rice pcstproduction technologies in Central Luzon and Bicol regions, Philippines." The, 
study examined the economic, technical, sociocultural, and other variables influencing tile 
choice of alternative technologies. 



PHYSICAL LOSSES AND QUALITY DETERIORATION IN
 
RICE POSTPRODUCTION SYSTEMS
 

The 	concept of averag3 loss levels is almost meaningless 

because postproduction losses are location- and season
specific. Because loss is multifaceted, it has no ggenerallylyan.r 
accepted definition. Loss may involve weight, quality, 
nutritive value, market value, etc. Each of these losses may 
vary in importance by country, culture, time and place, and 
method and conditions of loss evaluation. This paper 
assesses the factors influencing the quantitative and qualita-
tive losses in paddy and milled rice. Four postproduction 
systems were-studied in pilot trials in Central Luzcn and 
Bicol (Fig. 1). Each system was classified into specific tasks 
according to procedures, tools, and machines used. The trial 
results form the data base for this study. 

RESEARCH METHODS 

Loss assessment methodology 


The field trials were conducted by the Department of Agri
cultural Engineering of the International Rice Research 
Institute (IRRI) in Central Luzon and Bicol regions from 
1975 to 1977. Four villages of Nueva Ecija (Soledad, Sta. 
Rosa: Malapit, San Isidro; Polilio, Cabanatuan City; and Sta. 
Cruz, Zaragosa), 20 farmer-cooperators, and 190 plots were 
included in the Central Luzon field trials. Bicol trials in-
cluded 3 villages (Libon, Albay; San Jose and Buhi, Cama-
rines Sur), 17 farmer cooperators, and 151 plots (Tab!e 1). 

Quantitative losses 
Physical losses were measured in each pcstproduction 
operation from harvesting through drying (see Fig. 1). All 
yield am:d weight measurements were corrected for moisture 
content aod purity. In harvesting, the losses assessed 
included: 

a. 	 Shattering loss - the premature shedding or separa-
tion of sound and mature gains from the panicle, 
caused by wind, birds, rats, varietal characteristics, 
maturity, handling operations, etc. 

b. 	 Lodging loss - sound and mature grains that remain 
intact when the plants lodge or fall on the ground 
because of varietal characteristics or environmental 
conditions. 

c. 	 Standing crop loss - sound, mature grains left intact 
on the standing plants during harvesting because of 
oversight, carelessness, or haste. This is very common 
for border plants where tall grass or weeds grow ad-
jacent to them. 
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Harvesting loss was assessed using a 2-ni 2 sampling frame. 
Replicated crop-.ut and harvest samples were taken im
mediately after harvest to measure grain quality. All grains 
on tileground or left intact on standing as well as lodged 
plants within the area frame were manually gatheredof tile 
and weighed. 

To measure stacking losses, plastic or canvas sheets were 
used as underlays for harvested paddy hefore threshing. 
Stacking losses were counted as grains remaining on the 
sheets after bundles were taken to the threshing site. 

For threshing, loss components included: 
a. 	 Loose straw and chaff loss - sound and mature 

grains mixed with the straw or chaff and/or other 
impurities during threshing or cleaning. With mecha
nicAl threshers, this is called blower loss. 

b. 	 Scatter loss - sound and mature grains scattered on 
the ground during tlreshing or cleaning. 

c. 	 Unseparated grain loss - sound and mature grains 
remaining on or in tilestraw after threshing. In 
mechanical threshing this is usually called separation 
loss. 

Canvas or plastic sheets were spread on the threshing 
floor to retain all grain lost or scattered during threshing. 
When people gleaned or rethreshed the straw, the grain 
recovered by these gleaners (mambabarog)was considered 
part of the threshing loss. With mechanical threshers, tile 
threshed straw was manually rethreshed or recycled in the 
machine to determine separation loss. 

http:crop-.ut


4 IRPS No. 107, March 1985 

Table 1. Characteristics of villages included in p. stproduction trials, Central Luzon and Bicol region, Philippines, 1975-77. 

Location Season Cooperators Plots Av areap l(no.) 

Central Luzon (Nueva tIcija) 
Soledad, Sta. Rosa Wet 5 

Malap't, San Isidro 	 Wet 6 

Polilio, Cabanatuan Dry 	 4 

Sta. Cruz, Zaragosa Dry 	 5 

Bicol Region 
Libon, Albay Wet 3 

Dry 5 

San Josc, ('amiarines Sur Dry 	 5 

Buhi, Camiarines Sur Dry 	 4 

Grain lost during cleaning or winnowing was measured 
only in the traditional system using either the winnowing 
basket (bilao) or wooden winnower (hungkor'). Loss in-
eluded grain mixod with the chaff or straw during cleaning 
and not norma'ly recovered by farners. Canvas or plastic 
sheets facilitated recovery of scattered grains, 

Drying loss refers to spilling, improper or careless hand
ling; pilfering; consumption by birds, rodents, or chickens; 
and wind losses from either natural causes or from vehicles 
passing paddy drying on or beside a road. 

To derive handlin- loss, weights obtained before and 
after drying were first adjusted to a constant percentage of 
purity. The remainder consists of the paddy weight and the 
moisture in the grain. The moisture content, measured as 
wet weight, was taken before and after drying and con-
verted to dry weight using the Brooker et al (2) conversion 
scale. 

Qualitative losses 
To evaluate the inpact of postproduction technologies on 
the quality of paddy and milled rice, 750 g paddy samples 
were taken at each stage: (a) before and after harvest, (b) 
after threshing, (c) after cleaning, and (d) before and after 
drying. The samples were dried to 14'r in a sample dryer. 
Dried samples were then placed in plastic bags, labeled, 
sealed, and delivered to the National Food Authority 
(NFA) laboratories for analysis. 

To assess quality, samples collected during the fieid 
trials were evaluated using criteria prescribed by the Philip. 
pine Grades and Standards for paddy and milled rice. These 

/1 )(no.) (1 1 Variety 

80 771.4 	 IR20 
IR26 
IRi29 
IR1561
 

46 1423.2 	 IR26 
IR30 
IR579 
IR1529 
IR1561 

42 1242.3 IR26 
IR30 
C4-63G 

22 1350.27 IR747 
IR30 
IR20 

25 1209.197 C-4 
32 1739.392 (' 

IR26 
Peta 

55 1037.914 C4 
IR20 
1R26 
IR30 

39 1017.041 	 ('4 
IR26 

include: moisture content: presence of foreign material and 
other varieties; cracked, damaged, fermented, chalky, and 
immature kernels; red kerniels: head rice; brokens; and 
brewer's rice (Appendix I). In (he currezt procurement and 
pricing scheme for paddy, however, the NFA considers only 
two criteria, moisture content aad impurities. 

Limitations 
Timeliness must be considered in assessing losses because 
delays grLatly affect the results. A calendar for planning 
and monitoring farn operations was kept for each fanner
cooperator. Opt;:nal harvest dates (farmer-estimated) were 
recorded so all preliminary steps for operations such as crop
cutting were accomplished in advance. Because harvest 
dates can be earlier or later than the optimal time due to 
uncontrolled factors, field assessors had to check regularly 
with farmers for any changes in the calendar during the 
waiting period. Despite this, the team was sometimes not 
notified of harvest date changes, resulting in incomplete 
data. 

In assessing harvesting loss, recovery of fallen grains was 
hivpered by flooded or muddy fields during the wet 
season and by cracked soils during the dry season. Harvest 
loss data were, therefore, limited and probably under
estimate the real loss. Timing problems were also encoun
tered in farmer use of mechanical threshers. Farmers liked 
the axial-flow thresher SO Much that occasionally the 
schedule was not observed. Farmers who were supposed to 
have priority use of the machines had to wait 2-4 d because 
the threshers were being used by others. Lack of funds to 
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operate and maintain equipment further complicated Table 2. Average physical losses among alternative systems, Central 

timing. At times, fuel and oil were purchased only when Luzon and Bicol Region, Philippines, 1975-77. 

needed, prompting the field staff to make cash advances for Av loss (%) 

timely execution of the field trials. l'ostproduction systems 
Monitoring drying was complicated because some farmers Central Luzon Bicol Region 

needed cash immediately and so they sold their paddy Axial-flow thresher 1.1 0.5 
immediatel> after threshing without waiting for the full Threshing frame 2.4 1.6 
completion of data collection. Some farmers were willing to Flail and/or stick 1.2 

Winnoming basket thilao) 1.1 
dry only a portion of their crop. Others were reluctant to Wooden Mrinnower (hungkov) - 1.1 
use batch dryers. 	 Batch dryer 0.1 0.4 

Sun dryer 1.2 1.2 

FIELD TRIAL RESULTS 

Table 3. Mezns for threshing loss (T'ILOSS) by alternative groupings 
Physical loss in posiproduction operations, Philippines, 1975-77. 

The traditional system incurred losses two to three times ..... 

greater than the mechanical thresher (Table 2). This loss Item TIILOSSa l)ifferenceh 
(kg/a)


would be greater ifone includes the further cleaning required 

with traditional tireshers, to remove imputities mixed with IHarvesting 

1.I%needs to be added Tilliely harvest 623 athe grain (ti us the cleaning loss of •I)elayedhtarvest 	 849 b 226* 
layndlin hurdc, haul, stack)

to the threshing loss using threshing frame and flail or 

stick). The axial-flow machine threshes and cleans simu.l- Timely handling 711 a 

taneously, delivering clean threshed and commercially l)claycdMhandling 821 a 110 
Th reshing

acceptable grai, right after harvest. Between the two drying Axial-flow thresher 626 a
 
systems, sun drying produced greater losses, amounting to Threshing frarnme/flail or stick 856 b 230*
 

(leaning1.2%, compared to only 0.1 -0.4% loss with batch drying. 
Axial-flow thresher 640 a 

The analysis measured threshing loss as the difference Winno, ing basket/wooden winnoser 849 b 209* 
between the harvest yield and the threshing yield, expressed Comparative TIILOSS by region 
in kilograms per hectare. Harvest yield was based on the Central Luzon 695 a 

Bio ein764 	 a 69Iticol Region
potential yield obtained front replicated crop-cuit samples. 

Threshing yield is the total am1ount of paddy recovered lhreshng loss (TIILOSS) is the difference between potential 
harvest yield per hectare and the yield obtained after the paddy is

after threshing and cleaning, including gleanings. thresheu and cleaned. Treatment means with the same letter are not 
Timely harvesting reduced threshing loss significantly, jignificantly different from each other at .05 levelof significance. 

to delayed harvest differeice highly significant.increasing yield 226 kg/ha compared 

(Table 3). Further delays during field handling (including 
in-field drying, bundling, piling, and/or stacking) meant 
an additional loss of about 110 kg/ha. Between tiletwo nail and/or stick. The threshing frame performed slightly 

threshing system3, the axial-flow thresher significantly re- better than the axial-flow thresher. This is partly attributed 
duced threshing loss about 230 kg/ha. This grain s-.,ing is to the practice of threshing high moisture paddy with 

even greater if one considers the 209 kg/ha loss difference mechanical threshurs, reducing the percentage of head rice. 

during cleaning in favor of te mchanized system. With traditional systems, only lower moisture paddy call be 
threshed and cleaned effectively. 

Quality deterioration Timely drying with the batch dryer yielded 83% head 
Uncontrolled variables made it difficult to validly assess rice, significantly highei than delayed batch drying (77%) 
grain quality between sysiens. Rain between harvest and and sun drying (77% for tinmely and 76% for delayed) 
threshing often damaged stacked or bundled grain. Lack (Table 4). 
of timeliness in using mechanical threshers likewise affected Table 4 shows th.- influence of timeliness in handling, 
the results. Subsequent drying could do little to correct and threshing and drying method on the percentage of 
these effects. cracked, fermented, and damaged kernels in paddy and 

The quality deterioration analysis showed that timely milled rice. Samples from plots using timely handling had 
harvest produced significantly higher percentage of head significantly lower percentages of cracked and ferrmented 
rice, 83% compared to only 73% with delayed harvest kernels than those from delayed handling. 
(Table 4). No significant difference was observed between Of the threshing methods, the mechanical thresher (as 
timely and delayed handling, well as the flail and/or stick) yielded significantly less 

Among ,hieshing techniques, the threshing fraine foreign matter and impurities than the threshing frame, 
(hampasan) and the axial-flow thresher produced 82 and although most farmers thresh high moisture paddy using 
78% head rice respectively, significantly higher than the the axial-flow thresher. This practice, however, contributes 
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Table 4. Average percentage t4 head rice and other quality characteristics by alternative postproduction operations, Philippines, 1975-77. a 

Item tlad rice Cracked kernels Fermented kernels Damaged kernels 

larvesting
 
Timely 83 a
 
Delayed 73 b 

Handling
Timely 	 85 a 6 a 
Delayed 	 78a 9 b 

Threshing 
Threshing frame 82 a 	 3 a 
Axial-flow thresher 78 a 	 5 a 
Flail/stick 	 70 b 7 b 

Drying
Timely batch drying 83 a 	 3 a 
Delayed batch drying 77 b 	 6 a 
Timely sun drying 77 b 	 6 a 
Delayed sun drying 76 b 	 10 a 

aUsing Duitcan Multiple Range Test (DMR r) at 5% level of significance. 
from each other. 

to a higher percentage of fermented kernels in the axial-
flow thresher compared to the, traditional threshing frame. 
Threshing with the threshing frame gave less cracked 
kernels than the axial-flow thresher although the difference 
was not statistically significant, 

Alternative drying techniques did not produce signifi-
cant differences in the amount of' cracked and fermented 
kernels, partly because of the limited size of subcategorv 
samples. Among the four drying systems, however, timely 
batch drying gave the best Ferfortuance in ielative per-
centage values, followed by timely sun drying. Except for 
cracked kernels, delayed batch drying produced higher 
percentage values for inferior-quality characteristics in 
both paddy and milled rice than delayed sun drying. This 
can be attributed to the farmer's practice of using necha-
nical dryers only when sun drying is not possible and only 
batch drying Lan save the grain. 

LOSS R.LATIONSIIIIIS 

Loss relationships were estimated with linear models using 
results of the village field trials in Central Luzon and Bicol 
Region. Data from the 2 regions were combined to increase 
the sample size to 295 nbserv:'tions (145 from Central 
Luzon and 150 from the Bicol P,gion). 

The variables considered in the models were those ex-
pected to significantly influence physical and quality losses: 
a) postproduction input variables, b) inferior quality char-
acteristics of paddy and milled rice, c) variel:d characteris-
tics .and d ) interactiorts between pairs of independent varia-
bles. Threshing and drVing were the two postprotduction 
tasks considered in assessing physical and quality losses, 
Only these two were used, because preliminary results from 
Centra! Luzon indicated the itnfiuence of paddy and milled 
rice characteristics on phy'si.cal losse id rice recovery was 
more evident in threshing and drying. Physical loss responses 
and quality deterioration respottses were analyzed 
separately: 

0 a I a 
2 b Ia 

I a 1 a 
2 b 2 a 
2 b I a 

2 a I a 
3 a 2 a 
2 a 1 a 
3 a I a 

Treatment means with the same letter are not significantly different 

I. 	 Physical loss models. The physical loss models con
sidered two independent variables -- threshing loss 
(THLOSS) and total milling iecevery (MILLREC). 
(See Appendix 3 for a cotmpiete list of variable 
abbreviations. Thev are used to enable concise pre
sentation of results in the tables.) 

Threshing loss, in kilograms per hectare, is the difference 
between the potential harvesl yield from replicated crop
cutting and the actual amount of paddy ,ecovered after 
threshitng anl cleaning including gleaning. 

iarvest yield - threshitg yield 
THLOSS h pvel sie X 10,000. 

Plot si/e 
Total tnilling recovery is expressed in percent as a tieas

tre of milling yield rather than of milled rice. 
w1 ofutilled rice 

M ILLREC . .. .. .... . . . .. .. .. x 100wt of paddy sample _ wt oftuhulled 

used in hulling rice 

2. Quality' deteriorationfiuctions. The two dependent 
variables in the quality deterioration tttodels were percentage 
of head rice recovery (IIIDRICI), and numerical grade for 
milled rice (GRADE) as defined it the Philippines Standard 
Grade Requirenttts for utilled rice (Appendix 2). [lead 
rice recovery (IDRICE) was selected because the correla
tion between percentage of hed rice and brokens is almost 
- 1.0 (because tire percentage of brewer's rice was very small 
for all samples) which iteans ote measure acts as proxy for 
the other. The higher the percentage of head rice, and con
versely, the lower tire percent age of brokens and brcwer's 
rice, the highei the quality and the greater the value of 
milled rice. 

Tie grade of' milled rice (G;RADIE ) refers to the overall 
quality of' the grain expressed in total percentage points of 
head rice. brokens, brewers' rice or hinlid, damaged and 
chalky kernels, presence of other varieties, red kernels, and 
percentage of foreign tuatter, ie, 
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GRADE = head rice + brokens + binlid + damaged kernels Table 5. Summarized result of the functional relatien between 
+ chalky kernels + other varieties + red rice threshing loss (TIILOSS) and the combined explana: )ry variables, 
+ foreign materials. 	 Philippines, 1975-77. 

Using the Philippine Standard Specifications of Grades lxplaiatory variables b-value al 

for Milled Rice, three grade classifications were used in this Intercept 299.160 
analysis: Thresh (threshing method) 273.788 

- when total percentage points are less than or 	 Clean (cleaning method) -156.614 
Plot size 0.167** 

equal to 110. the millled rice is classified as Region (Central Luzon or Bicol) 24.421 
Grade I" MDIIVIIA (man-hours harvesting/lia) - 39.317' 

- when total percentage points are greater than 11IIV (hours elapsed from harvesting to 
threshing) 	 - 0.034

110 but less than or equal to 125, the milled I.'TII (hours elapsed from threshing 

rice is classified as Grade 2; to drying) - 0.039 
when the total percentage points are greater I.VTo (FITI V × 11TT-1) 3.3761:-05'*Blrokcns 	 28.816"* 
than 125, the milled rice is classified as Grade 3. Impurity 36.963 

Since the amount of head rice, brokens. and brewer's TIIRIIBROK (thresh X brokens) - 7.172 
rice sums to 100%, the residual above 100 reflects the total "lIRI 1IMwt (thresh X impurity) - 23.938 

R' 	 0.235** 
percentage points of the inferior-quality characteristics of I:-value 5.90 
milled rice. Therefore, a total percentage points of 110 or IPR > I 0.0001 
less means best quality rice and 125 or greater, the poorest. highly significant at .01 level, * signifkant at ,. iO level. 

The General Linear Models used in the physical and 
quality deterioration loss futctions arc described in Appen
dix 3. Fable 6. Summarized result of the functional relation between total 

milling recovery (MILLREC) and the combined explanatory varia

bles in threshing and drying operation, Philippines, 1975-77. 
RFSULTS 

'[ot;,i milling recoverya
Physical loF functions (b-values) 

R2 was low [xplanatory variables
The value obtained from the TILOSS model 

Threshing l)ryingindicating that other relevant variables were not included 

(Table 5). The F-test for the entire model, however, showed Intercept 65.927 67.879 
significant results. Among the four groups of variables ex- Moisture 0.170 0.109 

ChalkyK (chalky kernels) 0.038 - 0.128* 
petted to influence physical lossh varietal characteristics did hnpurity - 0.839** - 0.630** 
not show significant relationship. Of the combined physical CrackK (cracked kernels) - 0.216 - 0.6 10** 
and quality deterioration factors considered to affect varia- FermentK (fermented kernels) 0.164 0.294* 

[)amageK (damaged kernels) - 0.064 - 0.164bility in the amount of THLOSS, ftir were significant -- Othervmr (other varieties) - 0.204* - 0.066 
plot size, man-hours harvesting, percentage of brokens, and IHarvest (tinoc!iness of harvest) 0.492* 0.157 
interaction between elapsed time from harvesting to thresh- Thresh (threshing method) 1.828 1.895 

Mt)TIIIIA (man-hours threshing/lia) 0.280* 0.110 
ing and threshing to drying (ETH[VTH). ITTII (hours elapsed from threshing 0.0004* 0.00013 

Except for man-hours harvesting (MDIIVI-IA), all othei to drying)
significant variables exhibited the expected sign (Table 5). MI)TIIIIA X 1TTII - 6.303E-n5 - 2..2491:-05 

[TTII x FecrttentK - 6.168E- . 1.8991:-05 
Man.hours harvesting may either be positively or negatively Clean x Impurity 0.138" 0.178*' 
correlated with THLOSS depending on whether the increase Thresh x CrackK - 0.103' 0.113* 
or decrease in labor input reflects changing efficiency in the Thresh X Brokens - 0.009 - 0.022* 

c Moisture X CrackK 0.019* 0.0 14" 
performance of the task or factors other than the harvester's Thresh X Moisture - 0.1009* - 0.114' 

R2skill. These factors include: a) the presence or absence of 0.423*4 0.390** 
immature or unfilled grains mixed with mature panicles I-value 9.19 7.690P'R> F 0.0001 0.0001 
which require more time and care in harvesting, b) tungro

infested plots which require careful selection of' healthy a., = highly significant at .01 level, * significant at ". 10 level. 
grains, c) weedy fields, d) bad weather resulting in muddy 
or flooded fields, e) harvesters' availability during p,'ak 
months and, f) harvesters' age, se;-, and skill. terms such as method of threshing by moisture content 

In the total milling :ecovery (MILLREC) model, iinpuri- (TlIRHMC) and by cracked kernels (TI-RHCRAK), 
ty and other varieties were signiificantly negatively associ- tnethod of cleaning by impurities (CLENIMPU), and 
ated with. variability in total milling recovery in threshing moisture by cracked kernels (MCRACK). 
(Table 6). Other significant variables include man-hours Except for timeliness in harvesting, all other significant 
threshing (MDTHHA), elapsed time from threshing to variables exhibited signs consistent with expectations. The 
drying (ETTH). timeliness in harvesting, find interaction sign for timeliness in harvesting can either be positive or 
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negative depending on the field conditions while the Table 7.Summarized result of the functional relation between head 
harvested stalk paddy is being bundled, piled, and/or rice recovery and combined explanatory variables in threshing and 

conditions may drying operations, Philippines. 1975.stacked waiting for threshing. These 	 eitler 

enhance or prevent grain cracking depending ol the rapid 	 Ilead rice recoverva 

moisture adsorption or desorption within arid outside tire Ixplanatury variables 	 (b-values) 
grain kernels (5). rhreshing Drying 

In the drying operation, impurities, and cracked, f'Crmen
ted, and chalky kernels were significantly associated with 	 Intercept 62.154 70.279
 

CrackK (cracked kernels) - 0.407** - 1.574*
reduction in total milled rice (Table 6). Except ftor fcr-	 DainageK (damaged kernels) 3.698 1.635 
mcited kernels, other inferior-qulalitv characteristics ex-	 ChalkyK (chalky kernels) 1.048* 0.167 
h ibited negative signs as expected. luteraction terms such FermentK (fermented kernels) 0.559 - 2.783*Monisture 0.670
 
as Method oft tlreshing y percentage of cracked kernels Ipritr - 0.129
 

('I ItRI IRAK ).broken kernels ('l lRI!lBlROK ), and moisture Ilarvest (timeliness in harvesting) - 1.796 2.381"
 
content 'ITRIEIM(), method of cleaning by percentage of Ilandle (timeliness in handling) - 1.608 - 2.067*
 

Thresh (threshing method) 8.421 0.504
impurities (C'l-NIMPIt), and moisture content by cracked Clean (cleaning method) 	 - 2.394kernels (M( IRACK ) were also significant. Of these variables, 	 Dry (method and timeliness of il r ing) - (.607
two IIIRI IICRAK and MC .RACK did not exhibit the 	 Region (Central Luzon or Iticol) - 2.946 5.564* 

MDJIVIIA (man-lrours harvesting/ha t 0.074 I,780* 
right expected signs. 	 NtI)1111A (man-hours threshitng/ha) - 0.509 

MI))RIIA (man-hours drying/ha) 	 29.687 
Quality deterioration functions tHIIV (hotrs elapsed trotm harvesting 0.0022 0.002
 

to threshing)
Variables exhibiting a significant association with variabiltty .:'tDR (hours ellpsed trm larestilrg (1.0009* 
in percenttage of' head rice (I IDRICE) in the threshing oper- to drying) 
ation included cracked and chalky kernels ard tile inter-	 MI)IIVIIA X larvest -- 0.1)01)36' - 0.00)3*

MI)IMIIA X Dry 	 - 0.0008*actio.i betwcen I man-lhor s harvesting and the elapsed time 	 Ilarvest X M:sture 0.172 
from harvesting to thieshing (MI)TIIV). Cracked kernels 	 Thresh X Moisture - 0.431 
exhibited a negative association with percentage of head 	 Thresh X l)amageK - 0.991lDry x F~ertnentK 0.892*
 
rice whereas chalky kertels which were expected to show a ITTI IX FerentK - 0.00016
 

negative relation, exhibited a positive h-value (Table 7). Dry X DamageK - 0.836*
 
In the IlDRICE model for drying, iore variables were Clean X Impurity 0.312
Thresh X CrackK 	 0.166 

considered because rying is the fimal step in postpriduc-	 Try x CrackK 0.229* 

R,2  tion before milling. (Farm-level storage was excluded front 	 0.310"* 0.398** 
this study because t' the short period of the field trials and .-Val 	 6.40 6.31 
the limited amounnt of' paddy stured for home cot

sumption.) Cracked and fetmented kernels were significant- , s highly significant at .0t level, = significant at t . 1Olevel. 
ly negatively associated with variahilitv in percentage of 
head rice during drying. Antong tie remaithing explanatory 
variables, timeliness itn harvestittg arid handling, arid total 	 in grade of milled rice (Table 8). Of the interaction terips 
elapsed time from harvest to drying (ETI)R), as well as considered, elapsed time from harvesting to threshing by 
region, were significant. Interact ion terims such as method elapsed time from threshing to drying (ETIIVTH ) and time
aid timeliness (fdrying by femiented kernels (1)RYFERK), liness in handling by moisture content (HANDMC) were 
damaged kernels (DRYDAM), arnd cracked kernels (DRY- significant. 

R2('RAK) were also significant (Table 7). All explanatory The value obtained ill the model was low indicating 
variables, except timeliness in harvesting, exhibited the that other relevant variables were omitted. Hlowever, the 
right signs. The sign Of this variable indicates )missiton of F-test indicates tile total model is highly significant. 
factors that might have contribted to early or delayed In drying, all postpi, lctioi tasks from harvesting to 
harvest other than crop Miaturity. 	 drying were significantly associated with grade of milled 

Compared to IllDRICE for threshing, the R2 valie was rice. Labor inputs art . delays itt the performance of sub
relatively higher for drying, indicatittg Ihat the impact of sequent postproduction tasks likewise had significant 
alternative postprodoctiot technologies olt percentage of impact ott grade. Aiong the interaction terms, degree of 
head rice is especially prinounced at tile drying stages. Tire fermentation atnd cracking combined wth alternative tasks 

R 2F-test for the entire model shows a highly significant significantly infltenced variability in rice grade (Table 8). 
value. The following variables showed positive association with 

It the GRAI)E iodel for threshing, moisture content, grade of milled rice indicating they contribute to an increase 
fermented kernels, timeliness itt handling, region, elapsed in numerical grade (which indicates reuhwcd market quality 
time Froum harvesting to threshing (ETIIV), and crop ofimilled rice): a) moisture content (MC), b) timeliness in 
maturity exhibiled significant association with variability harvestiig (harxesl); c) tan-hou rs drying (MDDRHA); 
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Table 8. Summarized result of the functional relation between grade 
of millecd rice and combined explanatory variables in threshing and 
drying operations, Philippines, 1975-77. 

Grade of milled rie a 


Explanatory variables (b-values) 


Threshing )rying 

Intercept 0.327 0.751 
Moisture 0.077** 0.053** 
CrackK (cracked kernel -0.033 
lcrrnentK (tereiented kernels) 0.084* 0.050 
Itarvest ttimeliness of harvest) 0.631* 
Ilandle (timeliness of handling) - 0.738* - 1.049* * 

Thresh (threshing method) 0.094 
(lean (cleaning method) - 0.047 
lry (method and timeliness 0.086 

of drying) 
Region ((entral L.uzon or Bicol) - 0.778** -0.692** 
MDItVII.\ Iman-hours harvesting/ha) - 0.005 -0.042 
",'IlIA(man-hours threshing/ha) 0.003 

I)DRIIA onan-hours drying/ha) 1.051 
FIHIV (hours elapsed frotn - 0.000t * -0.0001 

harvesting to threshing) 
iti I (htours elapsed from - 2.70L-05 -0.0002* 

threshing to drying)
IT)R (hours elapsed Irom 0.0002 

harvesting to drying) 
l.odge (lodging inIdex of variety) 0.036 
Ma,turity (maturity days) 0.010* 0.014* 
FTIIV X 11111 1.641:-08* 4.011:-08* * 
11IIV x I.TDR -2.55k-08*MDItVIIA × hlarvest 9.781-06 2.691-05* *,

MDTItIIA X Ha11s - 8.591-06** 

IHarvest X Moisture -0.028** 
Ilandle x Moisture 0.033* 0.044"* 
larvest X FertnentK 0.049* 

IHatndle X FerjnucoK 0.008 
ITtlV X FermentK -2.28E-05* 
E'ITtt X FcrnentK - 8.411 -06 
Dry x FermentK -0.037* 
Mtoisture X FernientK 0.008* 
Moisture XCrackK -0.003* 
Thresh X CrackK -0.020* 
Ilandle XCrackK 0.018* 
Dry x (rackK G.013* 
I0 0.394** 0.580** 
F-value 10.64 9.75 
PR > F 0.0001 0.0001 

a*= highly significant at .0t level, significant at <. tO level. 

d) maturity; e) moisture by ferntented kernels (MCFERK); 
f) moisture by cracked kernels (MCRACK); g) man-hours 
by elapsed time in harvesting to threshing (MDETI-IV); 
It) timeliness in handling by moisture content (HANDMC); 
i) timeliness in handling by cracked kernels (HANDCRAK ); 
and j) timeliness and method of drying by cracked kernels 
(DRYCRAK). 

Factors influencing threshing loss, rice recovery, and grade 
Ilan'est. Tie timing of harvest and die moisture content of 
paddy both determine tire ease with which rice shatters, 
Tile timing of harvest also influences prethreshing handling 
and milling, 

Handling. The fewer times paddy is handled -before 
threshing, tire lower the losses. Samson and Duff (8) noted 
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zero handling loss and low threshing losses when rice was 
threshed iunediately after harvest. They reported that 
each additional handling step embodied -2% loss partic

ularly for varieties with high shattering characteristics. 
Timeliness in harvesting atd handling. Early harvesting 

means a large percentage of immature and unfilled kernels. 
Delayed harvest, on the other hand, reduces yield due to 
shattering and attack from birds, rodents, and insects. It 

also reduces head rice recovery because the grain cracks 
wlide tie harvested stalk paddy is left itt tie field loose or 
bundled, piled, and/or stacked awaiting threshing. Accord

ing to K'inze and Calderwood (5), cracks are caused by 
rapid moisture adsorption or desorption through the grain 
surface readsorbing moisture from tile enivironmllent, and/or 

tie grain surface adsorbing moisture from the center of the 
kernel. Under certain cotiditions, temperature chantges may
lead to cracking. Cracked kernels usually break (luring liar

vesting, handling, and processing. 
As noted in Table 4, tiriely harvesti;ng and handling pro

duced significantly higher head rice recovery than delayed 

operations. 'Table 4 also showed significantly fewer cracked 
kernels front samples collected in timely operations.

Tle stacking method ,!so in.]uences1dyess of cut paddy 

in tihe field. Al experiment itt Surintatn (9) showed that 
harvested paddy spread ott the stubble dried very quickly 
and after 3 d resulted in a sudden decrease itt percentage of 
whole grains due to renmoistening during tile night. In com
parison, harvested paddy stacked upright in sheaves dried 
more slowly with practically no decrease in whole grain 

recovery even after 8 Ltof stacking. 
In a third stacking method, covered sheaves, (trying was 

so slight that after 8 d, moisture content remained far 
above tine critical point for stiff cracking. Consequently the 
percentage of' whole grains remained unchanged. 

These results partly explain the inconsistent behavior of 

timeliness in harvest;ing and ltandliitg as it relates to the 
amount of head rice. total milling yield, and milled rice 
grade. 

Threshing. The threshing method will contribute to 
losses if it results in grain cracking. Mechanical threshers 
may excessively break grain if used improlperly or fed with 
poor quality pa(dy. The field trials indicated this with sig
nificantly higher percenlage of head rice in systeirs using 
tie tlreshing fraie (haupasan) over that of the axial-flow 
thresher (Table 4). 

Interaction betwveen cleaning mettodaitdini.lrior-qrtaliti' 
characv'ristics. The farmer's practice of threshing high 
moisture paddy reduced percentage of head rice and total 
milling yield. The negative association between percentage 
of head rice in threshing observation and total inilling 
recovery in samples obtained (hiring Ihreshing and drying 
is captured by tIre interaction term, method of threshing 
by moisture content (TIIRIIMC(). Similarly, when low 
quality paddy is threshed by machine, a negative associa
tion is obtained between total milling recovery and the 
interaction between threshing itethod and broken kernels 
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(THRHBROK). The negative sign was significant for drying 
but not for threshing, again confirming the general ob-
servation that the impact of qualitative factors on the 
final product is most pronounced in the drying stage 
(Table 6). 

Moisture content. Milling quality is influenced by tile 
moisture content of paddy- at harvest, during drying and 
storage, and at milling (4). Rice with high milling quality 
inust be harvested at the right stage of maturity, properly 
dried, stored, and milled under moisture conditions 
optimum for least breakage. Tile optillUll moisture 
contelt for harvest is 21-24'4, and tile high value for sate 
storage and milling is 141', ( I ). 

In the field trials, thie moisture conteilt of newly liar-
vested paddy was 18-25',; (wet basis) during the dry season 
and 20-30%7( (with some samples exceeding 30% ) during 
the wet season. Under these conditions, paddy deteriorates 
quickly, losin, quality through damaged, discolored, and 
germinated kernels. 

Cracked kertnels. Cracked or brokeni grains, cautsed by 
intermittent drying and rewettming while ill stacks (7), 
rough handling, or improper drying, easily break durilg 
milling. Cracked kernels is usually inversely related to 

percentage of head rice anod total milling recovery, and 
directly or positively associated with grade of milled rice. 

Damaged kernels. Grains discolored or weakened by 
water, insects, heat, or aiy other means are classified as 
damaged kernels. This variable may exhibit either a positive
or negalive association with rice 
imlg Owite Source rceddegree of dadpagee 


Chalk' kerntels Chalkiness illthe rice graini can be caused 

by varietal and envriionmeital factors. Starch granules il 

chalky areas are less densely packed with more sp:ices in 

between the granules lha those inl translucent areas (3). 
These chalky areus cotrib.:te to grain breakage during 


milling becaumse they are softer than the translucent 

portilIs (6). Chalky kernels were negatively associated 
with variability in percentage of' ead rice and ilung yield 

and positively related to the nomerical grade of milled rice. 

The significant positive association of chalky kernels with 

percentage of head rice in both threshing and drying 

operations may, however, indicate a safe range of chalkiness 
tilat does not lead to breaking if grain is milled at the right 

moisture, temnperatu re, arad hnlling efficiency. 

Fet-mcnted kernelv. The results reveal divergent relation-

ships between flermented kernels and inand driivgl
In thirc:lhing, fermeted kernels sigmificantly po~sitively 

associated with percenuage of head rice aid total millit yvgy i efld . C on ve r s e l y . i l d ry i n g , 'r neet't~k er n e l sle. d a nd p e r -r 
centage of head rice anid total milling yield were meg:tively 
associated (Table 0, 7). [he values were also significant in 
both models for drying, indicating the impact of"fermeited 
kernels on head ri,ge,aid total milling recovery is especially 

pr otced iii the drying stages. 
Other varieties. Off-varieties which differ distinctly from 

the target grain variety influence variability in perLCentage 

of head rice. Uniformity illkernel size indicates varietal 
purity. Significant quantities of off-varieties may result in a 
higher proportion ofbrokens. 

hIpurities. Foreign materials such as straw, chaff, weed 
sCeds. ,dirt, stones, etc. get mixed with the grain in post
production stages. During harvesting, tall grasses in weedy 
fields are likely to be cut and get mixed with the paddy. 
Foreign materials get mixed in when cut paddy is stacked 
on the stubble, dikes, or levees without using underlays. 
These impu rities increase threshing loss. Stones and other 
shiarp objects can dailiage the threshing, cleaning, arid pro
cessing eqlipmellt. hiplrilies can, therefore, reduce the 
quantity of usable rice. lower its milling yield. and affect 
its nltritional value. 

Brokens. After paddy is cut, delays while the material is 
stacked ii l ire field may subject the grain to alternate 
rewetting and drying causing clacks. ('racked giaiiis break 
easily during milling. Although lie percentage of broken 
kernels is a iiieaisiire of quality rather thai qualtity, the 
variable scenis to tulct ion as a reasonable proxv for loss 
in quantity as well. The same unfavorable conditions and 
practices which lead to broken kernels during milling also 
contribute to physical losses during harvestingaimd threshing. 

St\INIARY AND ('NCHt SIONS 

Improved postprdicat tech nology using axial-flow 
tlreshers and mechanical dryers prdiced lowe, physical
lh ice recoveries than did
traditional systems. In the loss respoise ftiiictions, iimferior

quality ciaracteristics such as levels of iiiipurities, aiid 

cracked, fermented, damaged, anld chalkv kernels were asso. 

ciated with lower quantity, quality. aid narket grade of 

Milled rice. Timeliless iii pei foiig posttioductioi tasks, 
as well as the type of' macihine or eqitiplielit used. also 

inluenced rice recovery arid gr. 

Although the validity of the results re restricted to 

Central Luzon arid Bicol Regioi, they do permit general 

cncls about postprodtction systeili other regions. 

Fach operation in tie potprodUCtioii chain can influence 

physical loss aiid quality deterioration of paddy/or milled 
rice. Timeliness is a critical factor coiiditioiii postprodtuc
tion losse.;. "Inpreserve qu~antity and qtuality of grain,
cull pracTceserte q i ndo ahot th erind 

betwecum harvestilig aiid Storage. iennediate postharvest 
machineries such as thresiers and dryers can reduce physical
loss and quality deterioratiOn ii grain. Fiially, in view of 

the complexity and interdelpendency of operaition, modifi
ti element of the system is normallycation in more than one 

e u ed t ma i z e b n f s f om h s e c n g . 
reqtuired to maximize benefits from these changes. 

AIAS FOt :IIuI*. RI;SIARCII 
J lie present analysis of r.2ysical and quality losses is con

fined only to variables identified and measured during Bicol 
and Central Lu/on field trials. It fails to captture all sources 
of variation iii postharvest losses because the research ad



dressed only those items within the management control of 
the farmer. Other variables were excluded from the analysis
due to data limitations and thne and manpower constraints. 
These include effect of adverse weather conditions, alter-elevels of efficiency anid management of other pnative l2. 
production systems, farmers' attitudes toward losses, and 
the trade-offs between loss reduction and other factors, 

Research should also include variables affecting post-
harvest performance related to genetic modification in the 
rice plant itself. Such research at IRRI falls under the 
mandate of the Genetic Evaluation and Utilization program,
sp'.ecifically under Grain Quality. The major objective of 
this research is to explore differences in varietal characteris-
tics which lead to improved grain quality and nutrition. 
Major variables in this area and their possible effects on 
postharvest perfornance are listed below: 

Variable Hi'pothesized ef cts 

Reduce % immature grain Increased head rice and milling 
recovery 

Reduce 7( hull weight Increased grain yield and 

miltling recoveryReduce hull thickness Increased grain yield 

Reduced resistance to insect 
infestation 

Increase hull thickness/ Increased varietal resistance 
grain hardness to stored rice insects 

Improve resistance to Improved head rice and milling
fissu ring recovery

Reduce chalkiness Reduced brokrns and increase 
head rice recovery

Raise protein content Increased milling and head rice 
recovery due to improved 
grain resistance to abrasive 
milling 

Iligh yielding varieties lave undoubtedly increased total 

grain production, but with some trade-offs. The short 

season, p)hotoperiod-insensitive varieties Jerini t multi ple
s 

cropping with increased yields per hectare 
 atd per year. 
The photoperiod insensitivity of these varieties, however, 

mneans 
 they will iature during tie wet season when the 

environinet for postharvest handling 
 is often suboptimal. 

Cotnditions are present which 
 produce crackitng, fermenta-

tion, yellowing and subsequent grain spoilage, and low 

miilliig and head rice recoveries.Inprovenents iii techniques atd hardware cait only 

partially mitigatetiethesearleig cnproblomis.il bneit ucetan.Geetce ad In addition, the costs to 
the farer can be high and the benefits uncertain. Genetic 
improvements which build in improved characteristics lead-
ing to higher milled and head rice recoveries would great t y
completent the efforts of engineers anid may sotnelimes 
even be a necemsity for overcomting second generation plost-
harvest problems. 

IRRI's strength in varietal itnprttvetent should be 
harnessed and exploited to fully ensure that the higher
yield aid quality potentials of the improved varieties reach 
the consumers' table. 
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Appendix I. Criteria prescribed by thL Philipphne Grades and Stand
ards for paddy ind milled rice. 
Moisture content, the amount of water hld by the grain. Moisture 

content isusually expressed as a masq of water per unit mass of 
wet grains (wet weight basis) or mass of water per unit mass of 
dry grains (dry weight basis). Moisture content wet weight ha :.is,
which is usually used in trade and industry, was used ill this 
study. 

Foreign material, all impu rities other than rice which include weedseeds. strw, chaff, stalks, stone, sand, dirt, etc.
 
Other varieties, rice kernels of varieties other 
than the one being 

analyzed.
 
Cracked kernels, kernels that have seed 
coats cracked by mechanical 

means or Iy dr, ing too lapidly With excessive heat.
 
Damaged kernels, kernels 
or pieces of kernels of rice Mhich are 

distinctly discolored or damaged by w:ater, insects, heat, or any
 
other means.
 

Fermented kernels, yellowish milled 
 rice di~e to fermentation or 
ChltrIky kernels,Cleaanrdt. irmria ture kecrnels tthat are itnrdevel oped , shtri

velled, and with 50% or ,iore white portion. TIre chalky spots
 

rmay be referred to as while he/"r white core, or white huck 
dependiig on the location of chalk on the kernel. 

Red kernels, kernels with any degree of redness. The red seed coat 
(pericarp) is usually a firrmly adhering ban. 

itoh'Ilead rice, k% kernels ard those not less than 3/M of tihe size of ah hole kernel.
 
okens, milled rice smaller than head 
 rice but larger than brewers' 

rice or hitt/id. 
Brewer's rice or hinMid, portions of a kernel that will pass through a 

4/64 sieve (1.587 min). 
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Appendix 2. Standard grade requirements for Philippine milled MSCRACK = moistu e by cracked kernels 

rice. MICFRNI I NT = iloisture by fermented kernels 
CLINIMPUL clean by inipuritie, 

Premium Grade Grade (;rade OVARLD other varitic, bs, red rice 
Item grade 1 2 3 DANMCIIAILK danaged kernie, by chalky kernels 

(<;) (<:) (W) (%) 111111: RK = elapsisd tiie Iroin threshing to drying by 
fermented kernels 

Head rice 95 in 85 in 75 nin 65 rin F:TIIVFIRK= elapsed time from harvesting to threshing by 
Brokens 4 max 12 mx 20 max 28 max fermented kernels 
Brewer's rice I max\ 3 max 5 nlax 7 max DRYFIRK dry by jerroented kernels 
Yellow and damaged 0.5 max I mna.v 2 max 4 max TIIRIICRAK= toresh bNcracked kernels 
('halky and ioMature 2 max 4 mnax 6 na\ 8 max IIANDCRAK- ha,,dtc by cracked kernels 
Paddy (no./100 g) none I nlax 2 max 3 max 1)RYCRACK dry by cracked kermels 
Other varieties 2 max 4 intx 6 mnax 8 imax D RYI)AM = dir by damaged kernels 

Red kernels none 0.5 max 1.0 iax 1.5 max IIARVMC = harvest by ,noisture content 
[orciign matter nene 0.25 nlax 0.5 max I max IIARVFIRK = harvest b'. :erniented kernels 
Moistue content Not greater than 4, TIIIRI IMC = threh by nois re content 

tIIAll).NI = thrlesh b\ daiiaged kernels 

IIANDMC handle by iiioistiire content 
IIANDI IIRK= haidle b ferniented kernels 
TIRIIBROK= thresh by broken kernels 
TIIRIIIMI'T = 	 thresh by imllplrities 

ued in the physical and quality
Xppendix 3. Definitions of variables used in the Io's response The general Linear Models 


deterioration loss response irllnctioiis \\ etc 
of the forms 
flctliitns, 

(4-I)TIILOSS 	 fI'1 I. MDVIIA, lJIIV, LTTII, thresh,1 NI 
To analyze tle Iss fui':tions. the in odels considered : conbination clean region, 1111TIII, brokens, impurity, 
of quantity- and quiality-orientted variables. Four measures were IIIRIIIIROK, TIIRIIINMI'T) 
used as dependent variables in each model: threshing loss, total (4-2) IIDRICI (Threshing) = f (crackK, damageK, chalkyK, 
imilling recovery, percentage of head rice, aid milled rice grade. ferintciiK, MC. harves t, handIc, threslh, region, 
These variables are defined as follos: MIDNIVA, II)TIIII, TIV, ItARVMC, 

TIIILOSS maniount of threshing loss per hectare, in kg; TIIRIIM(', TIIRIII)AM, MD:TIIV) 
MILLRI C total milling recovery expressed, in percent; (4-3) IIDRICE (Drying) = I (ChalkyK, inipirrity, crackK, 
IIDRICI = percentage of head rice in ormiled product; and fcrnimtK, damigeK, harve.t, handle, thresh, 
(;RAI)l = numerical market gi:ide of milled rice. clean, dry, region, MI)IVIIA, MDDRIIA, 

TItV, ITI)R, \I)ITIIV, MDIFTDR, DRY-The independent variables considered ii the model include pnst-
prodiltion inputs, inferio'-quality characteristics of paddy and F-RK, lfHIFLRK. DRYI)ANI, ('L1NIMIU, 
tilled rice, varietal characteristics, awl interaction terms. TIIRIICRAK, DRYCRAK) 

(4-4) MILLRI:.([ 	 (Thresling) = '(M C, chalkyK, inmpurity, crakK, 
lnt'riorq taitv cih r'act'risticV i lt*d e ferntentK, dainageK, othervar, harvest, thresh,

.1('Illll~ltrcclnten, il perentII)TIIIIA, ITTII, NI)ITrTII, [I.l-IFE.RK, 
%II FT IlllA , I II,(m m ,AK, i iAN C RK,

Crack K 	 percettatiC of cracked kernels 
CILNINITP, TI IRI ICR AK, I IANDCRAK, 

0Othervar 	 pcrcintage of other varieties of rice mixe-l with TIIIRIIIROK. \(CR('wK. TIIRIImC) 
the grain fnder (4-5) (Drying) = f II(M, clalkyK. impurity. crackK,considerationl 	 MILLRI'C 

I-erinlit percentalge of erninted kernels fernieitK, (d :ti:age K, otlervar, harvest, thresh,
 
l)ai-'geK percentage oftlaniaged kernel, MI)TIIIIA, 11111, MNIITTII, FTIIIRK,
 

Chalk:'K percentage of chalky kernels CLINIMII, TIIMII(RACK, TIIRItIIROK,
 
Redkernels = percentage of red kernels NICRACK, IIRIIIC)
 
I nuiIi rity = sui of percentage of chaLff and weed seeds (4-6) GRADI" (Threshing) = f ( IC, fernentK, handle, clean,
 
lBrot:ens = percentage of broken kernels in milled rice region, MI)IIVIIA, ITIHV,I FTTII, inaturity.
 

FTIIVTI I, MDII IIV, IIANI)IC, IIANDlosiproductioi input rari,bt's inide 
ILTSIZI1: 	 area of plot included in the trials, in square II RK, ITTIFI. RK 

ireter (4-7) GRADI (l)rying) = F (MC. crackK, fermentK, harvest, 
man-hours, harvesting per hectare handle, thresh, dry. region, MDIIVIIA,NI1)11 II 1A --


MDTIIltA inar-hours threshing per hectare MIDTIIItA, MDIIDRIIA, LTIIV, ITDR, lodge,
 

NID)RIIA = iit-liours drying per bectare maturity, I(CRAK, M(ITINI.NT, [TIVTIl,
 

FTIIV = hours of elapsed time from harvesting to 	 IITIIVI)R, MDTIIV, MI)[T:TII, IIARVNIC, 
IIARVFtRK, ETIIVIIIRK, DRYFI:RK, TI4threshing 

hours of etapsed 	 time front threshing to drying RIICRACK, IIANDCRAK, DRYCRAK)ITI I = 

ITI)R = hours of elapsed tine froii harvesting to drying
 
I larvest = tiieliness in harvesting
 
Thresh = alternative methods of threshing (mechanized
 

vs traditional)
 
landle = timeliness in handling
 

Clean = alternative niethodIs of cleaning (traditional vs
 
mechanical)
 

Dry = timeliness and mtethod of drying
 
Region = Central Luzon or Bicol Region
 

Interactiots betivnce tio inde'peidcnt ariabl'sinclude 
1:TI 'lV)R = delay in harvest by delay in drying
 
[TIIVTI I = delay in harvest by delay in threshing
 
MDFITII = man-hours threshing by delay in threshing
 
MDIITIIV = inan-hours harvesting by delay in harvesting
 
MDITDR = nan-hours drying by delay in drying
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