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ABSTRACT 
Threshing oper ation is one of the important an d effective factors on quality  an d quantity  of  padd y. In this stud y, 

effects of four t hreshing methods namely power tiller-op erated (T1), axial-flow thresher (T 2), tractor-type thresher (T3) 
and combine harvester as a t hresher (T4) on unth reshed grain, shattering loss, damaged grain and broken ri ce at milling 
stage were investigated. The results showed tha t there was a significant difference between means of unthreshed  grains 
and shattering losses in different threshing methods. The highest value of unthreshed grain of 0.56% was in T4 and it was 
lowest in T 1 with the av erage of 0.46%. Th e highest shattering loss was obtained in T 2 with an average of 0.59 %. The 
amounts of broken and hulled paddy in T1, T2, T3, and T4 were 0.9, 1.59, 2.46 and 2.98%, respectively. The percentage of 
broken rice after milling of paddy obtained using T1 was lowest with mean of 17.15% and that of T4 was maximum value 
of 25.05%. The percentage of broken white rice using T 2 and T3 was 19% and 22 .28%, respectively. It can be concluded 
that the quality losses in different threshing methods were more determinant than quantity losses. 
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INTRODUCTION 
Rice is  th e m ain s taple di et of Iran. One o f the  

methods of increasing production is to increase cu ltivation 
area and introduction of high yielding varieties. In spite of 
efforts being made to incre ase cult ivation area and  
increasing yield per hectare, losses occur due to different 
factors during h arvesting and p ost harvesting. Harvesting 
and threshing ar e final stages of  rice production . In most 
part of Guilan and Mazandar an provinces northern Iran  
harvesting is carried out manu ally b y sick le. In  order to  
decrease moisture content of h arvested paddy, the crop is  
left in the field and then bundled and threshed.  As well as 
harvesting meth ods, the threshing operation an d ty pe of  
cylinder play a major role on the amount of rice losses and 
quality. The conventional th reshers have differen t 
cylinders. In Guilan provin ce at the moment four ty pes of 
thresher nam ely, power till er-driven cross-flow thresher,  
tractor-operated axial-flow t hresher, tra ctor-operated 
cross-flow thres her and com bine harves ter as  a  thres her 
are used. 

 

In recent years in northern prov inces of Iran  T25 and 
T30 thresher have lost their popularity in the small field s 
and tractor ty pe threshers and combine harvesters have 
replaced th em. Although high th reshing efficiency  is a 
major advant age of larg e thres her but m ost farm ers s ay 
that us e of  co mbine and  larg e thr esher h ave incr eased 
broken rice.  

Studies in Philip pine showed that amount of loss es in 
tractor, m anual, axial flow and  portable IRRI threshers 
were 8.11%,6 .82%,2.07% and1.97%  
respectively[1].Ichikawa and S ujiyama [2]  com pared th e 
effect of  two c ombines with a xial flow and  c ross flow  
threshers on amount of rice losses. The amount of losses 
of threshing un it for Indica Jap onica h ybrid v ariety with 
high threshing p otential was 0 .4 to 0.7 p ercent. Damaged 
grains (broken and hulled  grain)  in combine were 0.4% . 
They a lso showe d tha t thre shing losse s of Europe an 
combine with r adial flow thres her was nearly  10% and 
concluded that axial- flow thresher has better efficiency. 
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Sarwar and Khan [3] com pared field perform ance of  
wire-loop and rasp-bar thresh ing cy linders for threshing  
rice crop. The two cylinders were compared at three drum 
peripheral speeds and thr ee concave clearances. The rasp-
bar gave higher percen tage of hulled grain than wire-loop 
for all levels of peripheral speeds and at a ll three concave 
settings. At lower concav e clearance and per ipheral speed 
of 22.35m/s, the grain damage of rasp-bar was seven times 
more than wire-loop at dr y m oisture content and eight 
times at wet m oisture cont ent. However, this differen ce 
decreased as  the con cave c learance incr eased and  
peripheral speed decreased. 

Dilday [4]  showed that th e amount damaged gr ain is  
significantly affected b y m oisture cont ent and speed of  
cylinder. Increasing cylinder speed from 600 to 1000 rpm, 
the gr ain d amage in creases twofold. Also gr ain damag e 
decreased with an increase in grain moisture content. 

With regards to  affect of different threshing m ethods 
on the amount o f rice losses and  also field performance of 
these m achines, Gum mert et al . [5]  in their  s tudy on  the  
axial-flow thres her built b y international rice  research  
institute (IRRI) concluded tha t this t ype of t hresher is 
useful for threshing wet crop, if the threshing is carried out 
immediately af ter harves ting. The m ost s uitable lin ear 
speed of cylinder is 14 to 15m/s and increasing the amount 
of feed, losses and machine required power increases. 

Miah et al . [6]  in their res earch s howed tha t 
percentage of grain damage an d unthreshed grains are 
significantly aff ected b y the threshing method. Their  
results also showed that germ ination rate and s torage life 
depend on the method of threshing. 

Pinar [7] carried out a research on the affect of  
cylinder types on paddy threshing properties and showed 
that grain losses at harves ting were 6.6 to 9.1% an d 
concluded th at conven tional threshers wh ich wer e 
imported in previous  years ar e obs olete and are not  
suitable for harvesting rice. They recommended those new 
machines that are s uitable for l ocal cond itions must be  
designed and manufactured. 

There has been  no research pub lished on comparison 
of amount of losses for diffe rent threshing methods in 
Northern provinces of Iran. Therefore the aim of this study 
is to compare different thr eshing methods in terms of  
amount of qu ality losses and  damages to paddy in  
threshing operation and also their effects on the amount of 
broken rice at milling stage. 

 
MATERIALS and METHODS 
This s tudy was  carr ied ou t a t the R ice Res earch 

Institute of Ir an (RRII), Rasht, Iran. Th e padd y variet ies 
used in this  s tudy were Has hemi and Khazar which are  
local and impr oved varieties, respectively. In  order to  
reduce moisture content of paddy and straw, the harvested 
crop was left in  the field for 24  hours and then bundled 
and tr ansferred to suit able stora ge. The m oisture con tent 
of the grains and stems were determined by standard oven 
method drying at 105℃ for 24 hours.  

The moisture content of Hashemi and Khazar paddy at 
harvesting were 20.3 and 20.7% (w.b.). 

The threshing methods used in this study were: Power 
tiller-driven cro ss-flow thresher (T 1), Tr actor-operated 
axial-flow thresher (T 2), Tractor-oper ated cross-flow 
thresher ( T3) and Com bine har vester as a  thre sher (T 4). 
The main specifications of the threshers are given in Table 
1.  

Table 1. Specifications of threshers used in the study 

 
Threshing drum  s peed and  th e cl earance be tween 

drum and concave in each ty pe of thresher were adjusted  
based on operator' s manual of threshers. F or measuring 
drum speed (rp m), a digital tachometer (Lurton  DT-2236) 
was us ed. F or each expe rimental run , f ive bu ndles of  
harvested crop were m anually fed into th e threshing  
chamber at a u niform rate and  the tim e requir ement for  
threshing was  r ecorded. Th e t hreshing cap acities were  
measured by collecting grains in all outlets of the thresher. 
The p ercentages of unthresh ed grain, shattering  loss and  
broken and hulled grains were  calculated by the following 
equations [8]: 

 

100
A
HUG     

     (1) 
Where; 

 UG : Percentage of unthreshed grain  

H : Weight of unthreshed grain at all outlets (kg) 

A : Total grain input by weight (kg) 
 

100
A
GLG     

     (2) 
Where; 

LG : Percentage of shattering loss  

G : Weight of wh ole gr ain, broken and hulled  grain 
and unthr eshed grain scattered at ch aff and s traw outle ts 
(kg) 

A : Total grain input by weight (kg) 
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100
A
EBG     

     (3) 
Where; 

BG : Percentage of broken and hulled grain    

E : Quantity  of br oken and hulled  grain collected at 
all outlets (kg) 

A : Total grain input by weight (kg) 
 
For measuring the percen tage o f fissured grain, three 

samples of 100 g padd y were randomly selected before 
and after thres hing. In each sample, fifty  g rain were  
picked and pre cisely p eeled b y h and and p laced on a 
fissure tester [9]  to id entify the number of fissured grain.  
In order to evaluate the ef fect of threshing method on the 
percentage of broken milled rice, grains were cleaned by a 
vibratory scr een, while th e unfilled grains were removed 
by aspiration. From the clean ed samples, 200g of padd y 
were hulled with the use of a laboratory rubber-roll huller 
(Satake r ice m achine, THU-35A). After hull ing, in ea ch 
replication,120g brown ri ce were polished  using a  
laboratory rice whitener machine (McGill miller, No:2)for 
duration of 45 seconds. Th e broken rice in milled samples 
was separated by hand-sorting. A kernel having equaled to 
or more than 75 % intact was considered as whole kern el. 
The p ercentage of broken  ri ce wa s de termined by  t he 
following relation:  

 100
m

b

W
W

BP      

   (4) 
Where; 

BP : Percentage of broken rice   

bW : Weight of broken kernel (g) 

mW : Weight of milled rice (g) 

  
The exper iment was  carried out with four treatments 

and four r eplications in r andomized complete block  
design. Al l da ta were  sta tistically analyzed by using  
analysis of variance (ANOVA). 

RESULTS AND DISCUSSIONS 
The m ean valu es of thres hing capac ity for diff erent 

threshing methods are given in Fig.1. The averag e 
threshing cap acities of T 1, T 2, T 3 and T 4 thres hers were 
5.54, 1 .81, 0.90  and 0 .77 t/h, respectively. The threshing 
capacity d epends on crop conditions and  machine 
operational p arameters as well  as the fe eding rate of  
materials into  the threshing  cham ber [6] .Threshing 
capacity is an i mportant factor that effects the duration of 
threshing per he ctare and ther efore influen ces h arvesting 
costs. 
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Fig.1. Average threshing capacities for different threshing 
methods  
 

The mean valu es for shattering and unthreshed losses 
of the two v arieties ar e shown in tab le.2.The highest 
shattering loss of Hashemi (0.62%) and Khazer (0.56%) 
were obtained b y T2. The least shattering losses Hashemi 
(0.46%) and Kh azer (0 .43%) were obta ined by T1. Grain 
losses occur at  s ieve and s traw outlet and also due to  
unsuitable adjustment of fan speed, drum speed  and drum 
and concave clearance. Fu rthermore crop  condition 
especially p addy m oisture con tent and f eeding rate to  
threshing unit is also e ffective factors in sha ttering losses. 
In general shattering losses in  different threshers were 
about 0.5% which is much higher compared with losses 
occurring due to broken and hulled grain.  

 
Table 2. Comparison of per centage of  shatterin g loss  

and unthreshed  grains broken  for differen t threshing 
methods 

 

 
Numbers in colum ns followed b y sim ilar le tters ar e 

not significant, p>0.05, Duncan’s test 
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The results showed that threshing methods  
significantly (P<0.01) affe cts damaged gr ains. Table 3 
shows that the least amount of  broken and hulled grain for 
the two varieties were obtained by T1 and the highest were 
obtained b y T 4.This s ame tren d can also be seen for  
fissured grains. In this research threshing drum speed and 
drum and conc ave clearance were ad justed based o n 
manufacturing recommendation  and permissib le linear 
speed of drum (approximately  15 m/s) for threshing rice. 
The amount of damaged grain has affected th e price of  
paddy in th e m arket, s o that ri ce thres hed b y T1 is 5%  
more expensive than T4.  

 
Table 3.  Comparison of percentage of broken and  

hulled g rain an d fissured grain in differen t threshing 
methods  

 
Numbers in colum ns followed b y sim ilar le tters ar e 

not significant, p>0.05, Duncan’s test 
 

Fissures created in grain are dependent on factors such 
as moisture absorption and deabsorption during harvesting 
time and mechanical damages sustained b y gr ain during  
threshing process. Harvesting  condition for the two 
varieties of Has hemi and Khazer were the s ame in all  
threshing metho ds experiments, therefor e the r eason for 
increased percentage of fissured is associated to method of 
threshing. The f issure created in  grain  is th e main reason 
for broken rice in milling process.  

The effect of different threshing methods on breakag e 
of m illed r ice i s shown in Fig.2.The h ighest amount of 
broken ric e of Hashemi and Khazer v arieties belongs to  
T4.The percentage of broken ri ce (mean of two varieties) 
for T 3, T 2, T 1 were 22.28 , 19 and 17.15% , r espectively. 
Regardless of the ty pe of thresher being used, mean value 
of broken grain s of Has hemi and Khazer var ieties were  
21.16 and  20.58%, resp ectively and th ere was no  
significant d ifference. Th erefore in  additio n to the 
environmental effect of creating fissures in grain, 
mechanical da mages to grain (fis sures creat ed during  
threshing) also affects amount of broken rice during  
milling process. The results of this study correspond to the 
research carried out by Ali et al [10]. 
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Fig.2. Ef fect of differ ent threshing method s on 

breakage of milled rice  

 
CONCLUSION 
The results of this  research showed that r egardless of  

type of varieties, threshi ng meth od significan tly affected  
percentage of q uantitative and qualitative losses. So that  
the highest percentag e of losses (broken and hulled grain  
and fissures grain) were attributed to com bine harvester 
(used as a thresher) and the least percentage of losses were 
attributed to po wer tiller operated thresher. However with  
regards to low threshing capa city of power till er operated 
thresher (5.54 h/ton), axial flow thresher is reco mmended 
in order  to  ach ieve op timum threshing capacity and least 
losses. 
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