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This paper presents the results of head rice yield research of rice varieties and genotypes grown in the Republic
of Macedonia, conducted within the period 2009—-2014. In the research, in total sixteen rice varieties and five geno-
types were included, among which were the following: three Macedonian varieties (Biser 2, Prima riska and Mon-
tesa), three introduced Italian varieties, the most widely used in Macedonian rice production (Monticelli, R-76/6 and
San Andrea), five newly introduced Italian varieties (Bianca, Galileo, Brio, Ellebi and Opale), five newly introduced
Turkish varieties (Kiziltan, Gala, Halilbey, Gonen and Pasali) and five newly bred Macedonian rice genotypes (P X
M, P2 x M, P x MM, MBL x M and MBL x MM). Laboratory milling (peeling or bleaching or processing) was per-
formed on a paddy processing machine to determine the head rice yield and by-products of milling: brokens, brans
and husks. According to the results obtained, the highest head rice yield (percent of whole grains after milling rough
rice kernels) of the domestic varieties was achieved with Biser-2 (54.01%), while the lowest one was shown by
Prima riska (49.38%). The highest head rice yield of the prevalent Italian varieties was 59,68% (Monticelli) and the
lowest one was 43.35% (San Andrea). Regarding the newly introduced Italian varieties, the values of the head rice
yield ranged from 35.4% (Galileo) to 64.46% (Ellebi). Among the Turkish varieties, Kiziltan showed the highest
head rice yield (62,67%) and Gonen the lowest one (43.34%). In the newly bred Macedonian rice genotypes, the head
rice yield ranged from 55.60% (P1 x M) to 63.77% (P x MM). The percentage of brokens, bran and husks (hulls) in
all investigated varieties and genotypes varied in different years of production.
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PAHIMAHOT KAJ HEKOU JOMAIIIHU U CTPAHCKH COPTU OPU3 (ORYZA SATIVAL.)
OAI'JIEAYBAHU BO PEITYBJIMKA MAKE/IOHUJA

Bo TpynoT ce mpe3eHTHpaHU pe3yATaTUTE O] CIIUTYBAmETO Ha paHIMAaHOT BO mepuonot of 2009 no 2014 ro-
IIMHA Kaj BKYITHO 16 cOpTH M 5 TEeHOTHUIIOBH Ha Opu3 oArieayBaHu Bo PenyOmuka Makenonuja. Toa ce: Tpu TOMaIHu
(MakemoHCKHN) copTH (6ucep-2, upuma pucka v MOHiteca), TpY HHTPOAYHUPAHHU UTAIHjaHCKH COPTH IIHPOKO 3acTare-
HH BO OPH30IPOU3BOJCTBOTO (MoHimuyenu, p-76/6 u can anopea), IET HOBOUHTPOLYUPAHH UTATHJAHCKH COPTH OpHU3
(buanka, tanuneo, bpuo, enebu W oiiane), NET HOBOUHTPOAYUPAHU TYPCKU COPTH (KusuiitiaH, tana, Xamnbeu, TOHeH u
flauianu) ¥ IeT HOBOCO31aAeHH JOMAIIHU TeHOTUoBy opu3 ([11 XM, 112 <M, [TxMM, MBJIxM n MBJIxMM). Panx-
MaHOT Ha OeNHOT OpU3 € OJApeneH Ha jJadopaTopucka JynwiHua. Crnopen JOOMEHHTE pe3yaTaTH € YTBPIACHO JeKa
HajBHCOK IPOCEYEH paHMaH (IPOLIEHT Ha Le/IU 3pHA) IIpU OEIEHETo Ha CypOBHOT OPU3 Kaj UCIIUTYBAHUTE JOMAIIHH
COpTH opu3 € 1o0ueH Kaj copTata bucep-2 (54,01%), a HajHH30K Kaj coprata npuma pucka (49,38%). Hajsucox
paHIMaH Kaj MHTPOAYHMPAHUTC HWTAIMjaHCKH COPTH OpPHM3 3acTAaleHH BO IOLIMPOKOTO OPHU3OHPOHM3BOICTBO BO
PenyOnuka Makenonuja e yTBpzicH kaj copraTa moniuuyenu (59,68%), a HajHU30K Kaj coprarta can anopea (43,35%).
Kaj ncriutyBaHuTe eT HOBOMHTPOIYHPAHH UTAINjaHCKU COPTH OPU3 HAajBUCOK IPOCEUCH paHAMaH pH OeliekheTo Ha
CYypOBHOT Opu3 ¢ JIoOHEeH Kaj coprara enebu (64,46%), a HajHu30K Kaj coprata lanuneo (35,40%). HajBucok
NPOCEUYCH paH/AMaH Kaj UCIIUTYBaHHUTE II€T HOBOMHTPOAYHPAHH TYpPCKU COPTH OpU3 € NOOMEH Kaj copTaTta Kuuiiian
(62,67%), a HajHM30K Kaj coprara lomen (43,34%). Kaj HOBoco3naJeHHMTE TI'eHOTHUNOBH Opu3 Bo PemyGimka
MakeioHMja HAajBUCOK ABETOAMIIEH IIPOCCUEH PaHAMAaH € YTBpAEH Kaj reHotunot I7xMM (63,77%), a HajHU30K Kaj
renotunot /71 xM (55,60%). @pakiunTe KpiieH opu3, TPUNU U IUIEBH Kaj NCIUTYBAaHUTE COPTH U TEHOTHIIOBU CE
Pa3INYHHU [0 COPTA ¥ TOANHA Ha IPOU3BOACTBO.

Kiy4nu 360poBu: opu3; COpTH; TCHOTUIIOBY; PaHAMaH; KpIICH OpU3; TPULY, I1JI€Ba
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INTRODUCTION

Rice (Oryza sativa L.) is an important cereal
in the agricultural production of the Republic of
Macedonia. The rice production meets the demand
for the product on the domestic market, and con-
siderable amount remains for export [1].

The harvest of the rice plant results in obtain-
ing the product (paddy rice or rough rice) that is
not directly usable for human consumption. There-
fore, the harvest is followed by the post-production
during which the paddy rice is processed at facto-
ries (mills) equipped with special machines.

Unlike the other cereals, which grains are
milled into flour or animal feed while processing,
in rice the hulls, bran, and surface area of the endo-
sperm and the embryo are separated from the
grain, and the remaining kernel should remain
whole.

Aside from the paddy rice yield obtained dur-
ing harvest, the main interest of rice producers is
the white rice yield, which is an important varietal
characteristic determined by the head rice yield in
% of the whole grains of white rice after the mill-
ing of the paddy rice. High paddy yield of rice va-
rieties does not always imply high head rice yield,
and consequently high white rice yield. [2—4]. The
utilization of rice hulls obtained from hulling do-
mestic rice varieties was investigated [5]. The in-
vestigation on the physical properties and cooking
behavior of domestic rice varieties belonging to the
short and middle long grain and comparison to the
respective foreign rice varieties has pointed out
that Macedonian rice varieties are similar to the
Italian and Spanish rice varieties, while their iden-
tification with gliadin HPLC method has shown
their common origin and intercrossing [6].

In case of delayed maturation (like it hap-
pened several years ago), there is a risk of early
frosts that very often leads to deterioration of
paddy rice yield and quality. Later maturation is
also often caused when the irrigation after heading
is prolonged, or the drainage of the rice fields prior
to harvest is delayed [7]. Then, during the milling
procedure of the late harvested rice, very low head
rice yields have been obtaining.

The aim of the investigation of this paper is to
determine the head rice yield (% of whole grains)
of some local rice varieties and genotypes and for-
eign introduced rice varieties cultivated in the en-
vironmental conditions of the Republic of Mace-
donia from 2009 to 2014.

MATERIALS AND METHODS

The investigations on the head rice yield pre-
sented in this study are conducted in a period of 6
years (from 2009 to 2014). A total of 16 rice varie-
ties and 5 genotypes were examined: 3 domestic
(Macedonian) varieties (Biser-2, Prima riska and
Montessa), 3 introduced and widely cultivated Ital-
ian varieties (Monticelli , P-76/6 and San Andrea),
5 newly introduced Italian varieties (Bianca, Gali-
leo, Brio, Ellebi and Opale), 5 newly introduced
Turkish varieties (Kiziltan, Gala, Halilbey, Génen
and Pasali), and 5 newly bred domestic (Macedo-
nian) rice genotypes (PIxM, P2xM, PxMM,
MBLXM and MBLxMM). The investigated rice
varieties and genotypes were grown in the Repub-
lic of Macedonia (in the rice production region of
Kochani) with standard rice production technol-
ogy. The head rice yield, the whole grains and by-
products of the paddy rice processing (broken rice,
rice bran and husks) were determined by labora-
tory milling samples of each variety and genotype
on a paddy processing machine. The duration of
milling (peeling or bleaching) was 1.40 min. The
results obtained are shown in Tables.

RESULTS AND DISCUSSION

The results obtained for the head rice yield of
the examined domestic varieties are shown in Ta-
ble 1. According to them, the highest head rice
yield (percent of whole grains after milling of the
rough rice kernels) was achieved by the variety
Biser-2 in 2009 (61.00%). The highest average of
head rice yield for the examined period (2009—
2012) was also achieved by the same variety
(54.01 %). The lowest head rice yield by years
(42.90 % in 2012) and the lowest average (49.38
%) was determined with the variety Prima riska,
while the average head rice yield with the variety
Montessa is 50.31 %.

The results presented in Table 2 show the
head rice yield of the introduced Italian varieties
prevalent in the rice production in Macedonia. The
highest head rice yield (68.68%) was achieved by
the variety Monticelli in 2010. The highest average
was achieved by the same variety (59.68 %). The
lowest head rice yield by years (26.60 % in 2012)
and the lowest average of all years (43.35 %) was
determined with the variety San Andrea. The aver-
age head rice yield of the variety R-76/6 was 51.98
%.
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Table 1
Head rice yield of Macedonian (domestic) rice varieties (in %)
Varieties Year \;gionl: o Bro;(/:ns Total gr;;g;aivgilgliZns ?g}rl;lilrlg Rice bran  Husks
2009 61.00 2.85 4.87 7.72 68.72 0.59 14.04 16.65
2010 52.89 2.23 9.60 11.83 64.72 2.00 15.05 18.23
Biser-2 2011 55.33 3.31 6.74 10.05 65.38 0.77 15.90 17.95
2012 46.80 2.90 9.80 12.70 59.50 4.60 16.70 19.20
2009/12 54.01 2.82 7.75 10.58 64.58 1.99 15.42 18.01
2009 4451 1.98 18.02 20.00 64.51 1.09 14.80 19.60
2010 53.12 2.04 10.98 13.02 66.14 0.72 12.90 20.24
_ ) 2011 44 .42 1.70 19.17 20.87 65.29 0.27 14.89 19.55
Primariska 1 42.90 2.50 1590  18.40 61.30 1.00 16.80  20.90
2013 51.23 2.20 9.23 11.43 62.66 0.50 17.33 19.51
2014 60.10 2.50 5.10 7.60 67.70 1.87 10.96 19.47
2009/14 49.38 2.15 13.07 15.22 64.60 0.91 14.61 19.88
2009 52.85 1.84 3.64 5.48 58.33 6.4 14.03 21.24
2010 51.00 2.84 7.30 10.14 61.14 5.12 14.50 19.24
Montesa 2011 50.20 2.90 8.30 11.20 61.40 5.20 15.50 17.90
2012 47.20 3.50 9.70 13.20 60.4 6.20 14.90 18.50
2009/12 50.31 2.77 7.24 10.01 60.32 5.73 14.73 19.22
Table 2

Head rice yield of introduced Italian varieties widely used in Macedonian rice production (in %)

Varieties Year Wh.ole Brokens Tptal whole Cha} ky Rice Husks
grains 1/3 2/3 Total  grains +brokens  grains bran

2009 64.04 1.00 2.19 3.19 67.23 0.90 11.34 20.53

2010 68.68 0.89 1.00 1.89 70.57 0.00 12.10 17.33

Monticelli 2011 62.30 2.00 3.11 5.11 67.41 0.86 11.03 20.70

2012 43.70 3.10 10.80 13.90 57.60 6.50 15.40 20.50

2009/12 59.68 1.75 4.28 6.02 65.70 2.07 12.47 19.77

2009 53.23 1.99 11.26 13.25 66.48 0.90 11.58 21.04

2010 57.05 1.65 10.40 12.05 69.10 0.32 11.45 19.13

2011 52.53 1.39 13.56 14.95 67.48 0.00 12.48 20.04

k-76/6 2012 40.90 2.95 15.55 18.50 59.40 7.06 14.04 19.50

2013 59.12 1.85 2.10 3.95 63.07 2.63 14.80 19.50

2014 49.04 2.13 14.13 16.26 65.30 2.20 15.72 16.78

2009/14 51.98 1.99 11.17 13.16 65.14 2.19 13.35 19.33

2010 57.68 3.18 4.53 7.71 65.39 0.66 14.00 19.95

2011 45.30 3.20 15.90 19.10 64.40 1.92 15.64 18.04

Sun Andrea 2012 26.60 3.80 28.80 32.60 59.20 6.45 14.51 19.84

2013 36.90 3.30 25.10 28.40 65.30 0.90 14.00 19.80

2014 50.27 2.40 14.00 16.40 66.67 1.19 13.01 19.13

2010/2014 43.35 3.18 17.67 20.84 64.19 222 14.23 19.35
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The head rice yield is genetically determined
characteristic of each variety, however at the same
time it might be influenced of the applied produc-
tion technology and environmental conditions (cli-
mate and soil) of particular rice producing region
[3-4, 8].

The results obtained for the head rice yield of
the 5 newly introduced Italian varieties in 2009 and
2012 are shown in Table 3. According to them, the
highest head rice yield (percent of whole grains
after milling of the rough rice kernels) was
achieved by the variety Ellebi in 2010 (64.96 %).
The highest average of head rice yield for the ex-
amined period (2010-2011) was also achieved by
the same variety (64.46 %). The lowest head rice
yield by years (33.66 % in 2010) and the lowest
average one (35.40 %) was determined with the
variety Galileo. The average head rice yield of the
other 3 varieties was as follows: 50.31% of Bianca,
59.73 of Brio % and 41.47 % of Opale.

The results obtained for the head rice yield of
the 5 newly introduced Turkish varieties examined
in 2013 and 2014 are shown in Table 4. According
to these results, the highest head rice yield (percent
of whole grains after milling of the rough rice ker-
nels) was achieved with the variety Kiziltan in
2013 (64.00%). The highest average of head rice

Table 3

Head rice yield of newly introduced Italian rice

yield for the examined period (2013-2014) was
also achieved with the same variety (62.67 %). The
lowest head rice yield by years was determined
with the variety Halibey (42.10 % in 2013), while
the lowest average one in the two-year period
(43.34 %) was determined with the variety Gonen.
The average head rice yield of the other 3 varieties
was the following: 55.09% of Gala, 52.00 % of
Pasali and 45.65 % of Halilbey.

The results obtained from the investigations
of Andov et al. [9] on the head rice yield of some
Turkish rice varieties grown in the environmental
conditions of Macedonia and Turkey, have pointed
out that on the head rice yield (which is a variety
characteristic) strong influence have also the cli-
mate-soil growing conditions. The average head
rice yield of the Turkish rice varieties grown in
Republic Turkey was 57.97% being 9.45% higher
in comparison to the head rice yield of the same
varieties which were grown in Republic of Mace-
donia (48.52%)).

A previous investigation showed that under
the climatic conditions of Edirne region in Turkey,
the highest head rice yield was achieved when the
harvesting has been conducted 49 days after the
flowering at 25% of grain moisture content [10].

varieties grown in R. of Macedonia (in %)

Brokens
Varieties Year Whole grains : Total whole Cha.l ky Rice bran  Husks
13 2/3 Total  grains+ brokens grains
2009 52.92 1.45 13.00 14.45 67.37 0.31 12.85 19.47
Bianka 2010 47.70 2.88 16.41 19.29 66.99 1.40 11.97 19.64
2009/10 50.31 2.17 14.71 16.87 67.18 0.86 12.41 19.56
2009 37.14 4.70 22.92 27.62 64.76 1.20 14.13 19.91
Galileo 2010 33.66 7.94 24.60 32.54 66.20 1.20 10.44 22.16
2009/10 35.40 6.32 23.76 30.08 65.48 1.20 12.29 21.04
2010 58.63 0.80 9.60 10.40 69.03 0.77 9.25 20.95
Brio 2011 60.82 0.93 6.04 6.97 67.79 0.00 10.77 21.44
2010/11 59.73 0.87 7.82 8.69 68.41 0.39 10.01 21.20
2010 64.96 1.07 2.92 3.99 68.95 0.86 13.00 17.19
Ellebi 2011 63.95 1.77 2.66 443 68.38 0.62 14.00 17.00
2010/11 64.46 1.42 2.79 4.21 68.67 0.74 13.50 17.10
2010 36.43 11.30 19.50 30.80 67.23 0.27 10.80 21.70
Oval 2011 44.97 1.72 20.89 22.61 67.58 0.52 12.30 19.60
ale
s 2012 43.00 3.90 11.80 15.70 58.70 3.60 15.80 21.90
2010/12 41.47 5.64 17.40 23.04 64.50 1.46 12.97 21.07
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Table 4

Head rice yield in the newly introduced Turkish rice varieties grown in R. of Macedonia (in %)

Varieties Year th)le Brokens Total whole Cha} ky Rice Husks
grains 1/3 2/3 Total grains + brokens  grains bran

2013 64.00 1.30 3.90 5.20 69.20 1.00 9.80 20.00

Kiziltan 2014 61.33 2.60 5.70 8.30 69.63 0.77 9.30 20.30
2013/2014 62.67 1.95 4.80 6.75 69.42 0.89 9.55 20.15

2013 58.20 3.80 10.80 14.60 72.80 0.00 8.20 19.00

Gala 2014 51.97 3.90 16.10  20.00 71.97 0.13 8.30 19.60
2013/2014 55.09 3.85 13.45 17.30 72.39 0.07 8.25 19.30

2013 42.10 3.90 2430 2820 70.30 0.40 9.50 19.80

Halilbey 2014 49.20 3.80 16.76  20.56 69.76 2.10 9.41 18.73
2013/2014 45.65 3.85 20.53  24.38 70.03 1.25 9.46 19.27

2013 44.40 2.80 2120 24.00 68.40 1.95 9.95 19.70

Gonen 2014 42.27 3.90 2446  28.36 70.63 1.14 9.60 18.63
2013/2014 43.34 3.35 2283  26.18 69.52 1.55 9.78 19.17

2013 53.90 2.90 17.50  20.40 74.30 0.00 8.70 17.00

Pasali 2014 50.10 3.60 17.70  21.30 71.40 0.00 9.90 18.70
2013/2014 52.00 3.25 17.60  20.85 72.85 0.00 9.30 17.85

The results obtained for the head rice yield of
the 5 newly bred domestic genotypes in Republic
of Macedonia are shown in Table 5. According to
them, the highest head rice yield (percent of the
whole grains after milling of the rough rice ker-
nels) was achieved by the genotype P x MM in
2013 (63.90%). The highest average value of the
head rice yield for the examined period (2012—
2013) was also achieved by the same genotype

Table 5

(63.77 %). The lowest head rice yield obtained by
years was determined with the genotype P2xM
(54.30% in 2013), while the lowest average value
for the two-year period (55.60 %) was determined
with the genotype PIxM. The average head rice
yield of the other 3 genotypes was as follows:
56.58% of P2xM, 58.45 % of MBLxM and
62.55% of MBL xMM.

Head rice yield of newly bred Macedonian rice genotypes grown in R. of Macedonia (in %)

Whole Brokens

Total whole Chalky

Genotypes Year . ) . Rice bran  Husks
grains 1/3 2/3 Total  grainst+brokens grains

2012 55.00 6.30 10.20 16.50 71.50 0.51 10.59 17.40

PIxM 2013 56.20 2.40 4.80 7.20 63.40 1.10 16.40 19.10
2012/13 55.60 4.35 7.50 11.85 67.45 0.81 13.50 18.25

2012 58.86 3.67 7.97 11.64 70.50 0.28 10.14 19.08

P2xM 2013 54.30 2.50 7.40 9.90 64.20 1.90 16.00 17.90
2012/13 56.58 3.09 7.69 10.77 67.35 1.09 13.07 18.49

2012 63.64 2.20 5.70 7.90 71.54 0.30 12.10 16.06

PxMM 2013 63.90 1.10 2.50 3.60 67.50 1.90 11.60 19.00
2012/13 63.77 1.65 4.10 5.75 69.52 1.10 11.85 17.53

2012 61.69 3.22 5.97 9.19 70.88 0.30 11.66 17.16

MBL>xM 2013 55.20 3.10 6.60 9.70 64.90 0.60 16.00 18.50
2012/13 58.45 3.16 6.29 9.45 67.89 0.45 13.83 17.83

2012 61.59 3.40 6.30 9.70 71.29 0.50 11.83 16.38

MBLxMM 2013 63.50 1.00 2.90 3.90 67.40 1.20 13.10 18.30
2012/13 62.55 2.20 4.60 6.80 69.35 0.85 12.47 17.34
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CONCLUSIONS

On the basis of the investigations conducted
and the results obtained regarding the head rice
yield of the afore mentioned rice varieties and
genotypes, the following conclusions can be done:

The highest head rice yield (percent of the
whole grains after milling of the rough rice ker-
nels) of domestic varieties was achieved by the
variety Biser-2 (54.01%), while the lowest one was
obtained by Prima riska (49.38%).

The highest head rice yield of the prevalent
Italian varieties was 59.68% (Monticelli) and the
lowest was 43.35% (San Andrea).

The highest head rice yield of the newly in-
troduced Italian varieties was achieved by the vari-
ety Ellebi 64.46%, while the lowest one was
achieved by the variety Galileo of 35.40 %.

Among the Turkish varieties, the variety
Kiziltan showed the highest head rice yield
(62.67%) and the variety Gonen the lowest one
(43.34%).

Among the newly bred Macedonian rice
genotypes, the genotype PxMM showed the high-
est head rice yield (63.77%), while the genotype
P1xM the the lowest one (55.60%).

The percentage of the brokens, bran and
husks with the all investigated varieties and geno-
types varied during different production years.
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