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Abstract

The main aim of this study was to evaluate the germination behaviour of weedy rice, a problem-
\\ atic and persistent weed in Macedonian rice production. Seeds from six morphotypes and the cul-
\ > MACEDONIAN tivars San Andrea and Onice from which weedy rice was isolated were collected and stored in typ-
SOCIETY ical conditions (room temperature). The germination energy, total germination and germination
speed were examined at 2 weeks, as well at 4, 8, 12 and 16 months of storage. The seedling vig-
or index I, seedling length (root, shoot and total length) and vigor index II were examined af-
ter the release from dormancy in weedy rice. Weedy rice exhibited varied degree of dormancy at
the beginning of the study (total germination from 4% to 63%), while cultivated rice showed no
dormancy. Weedy rice had a significantly higher vigor index I (from 2092.78 to 2366.77 across
morphotypes), seedling length (21.46 cm to 24.96 cm) and root length (11.61 cm to 13.69 cm)
compared to cultivated rice (seedling length: 19.64 cm in San Andrea and 20.18 cm in Onice; root
length: 9.02 cm in San Andrea and 10.42 cm in Onice). Weedy rice exhibited significantly lower to
non- significant vigor index II (from 1939.19 to 2110.04) compared to cultivated rice (2788.03 in
San Andrea and 2112.26 in Onice). The vigor index II and dry seedling weight were in significant
positive correlation with the 100 grains weight of paddy.
The germination energy, total germination and germination speed in weedy rice had increased
values at 8 months of storage, that is the period when paddy fields are prepared for new sawing
in the next vegetative season. This information is useful for the application of good agricultural
practices for the control of weedy rice.

Keywords: germination energy, total germination, germination speed, seedling length, vigor index.

Bo oBaa cTyaumja 6ewwe ncnutaHa ‘pTaMBOCTa Ha AMBUOT OPU3 BO OPU30MNMPOU3BOACTBOTO BO Penybnunka
MakenoHuja. CeMeHCKM MaTepujan oA WwecT AMBUM MOPGMOTUMNOBU OPU3 U KYNTUBUPAHUTE COPTU O
kKon 6ea nzonupaHm San Andrea n Onice bGelwe KONEKTUPaH U OAPXYyBaH BO TUMWYHM YCNOBWU Ha
cknaamparbe (Ha cobHa Temnpatypa). EHeprujata Ha ‘prerbe, BKynHaTta ‘pTAMBOCT M H6p3nHaTa Ha
‘pTerbe 6ea MCnNUTaHM 3a BPEMEHCKW nepuop oa 2 Hepenu, kako n 3a 4, 8, 12 n 16 mMeceun oa
cknaampareTto. Buropot Ha cemeto (MHAekc I u mHaekc II), gonxuHaTa Ha MaaauTe pacTeHuja
(kopeH, cTebno n BKynHa) 6ea ucnuTaHn No NPEKMHOT Ha AOPMaHTHOCTa Kaj AMBMOT opu3. JusuTte
(hOopMKM Ha OpM3 NOoKaXkaa pas/IMYeH CTeNneH Ha JOPMaHTHOCT Ha MOYETOKOT Ha UCMUTYBarETO (BKYMHa
‘pTAMBOCT o4 4% fo 63%), AofeKa NaK, KyNTMBMPaHWOT OpMU3 He MoKaxa AopMaHTHOCT. Kaj ansmot
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opu3 6ea KOHCTaTMpaHW 3Ha4yajHoO 3rosieMeHn BpeAHOCTH 3a Burop-mHaekc I (oa 2092,78
[o 2366,77 kaj avBute opMu), AOMKMHA Ha pacTteHuneTo (21,46 cm to 24,96 cm) un
OOJ/MKMHA Ha kopeHoT (11,61 cm to 13,69 cm) Bo crnopenba CO KynTMBMPaHUOT Opu3
(momkuHa Ha pacTteHue: 19,64 cm kaj San Andrea n 20,18 cm kaj Onice; foMKMHA Ha
KopeHoT: 9,02 cm kaj San Andrea n 10,42 cm kaj Onice). Burop- nHaekcot II kaj ausnoT
opu3 (oa 1939,19 o 2110,04) nMalwe 3Ha4yajHO MOHUCKW 4O CTATUCTUYKM He3HaudajHu
pasnuku BO crniopenba co KyntuBupaHute coptu (2788,03 kaj San Andrea n 2112,26
kaj Onice). Burop mHaekcoT II n cyBaTa Maca Kaj MCNUTyBaHUTE NMpUMEpOoLM MoKaxkaa
3HayajHa no3uTMBHa Kopenaumja co Macata Ha 100 3pHa apna. EHeprujaTa Ha ‘pTerbe,
BKyMHaTa ‘pT/IMBOCT 1 6p3MHaTa Ha ‘pTerbe Kaj AMBMOT OpM3 MMaa 3rofleMeHn BPeAHOCTH
Ha 8 Meceuu 04 CKIaAMpaHEeTOo, a Toa € NepuoaoT Ha NpUNpeMa Ha Opu30BUTE MOJMHA
3a HoBa cenaba BO HapeaHaTa BereTaTMBHa ce3oHa. OBaa MHdOpMauMja € KOpuCHa o4
acnekT Ha NpMMeHa Ha NMpaKTUKK 3@ KOHTPOSia Ha AUBMUOT OpU3.

Kny4yHu 360poBu: eHepruja Ha ‘pTemwe, BKynHa ‘pTAMBOCT, 6p3nHa Ha ‘pTeme, A0KUHA

Ha pacTeHue, BUrop.

Introduction

Weedy rice is a common and widespread
weed in the rice production region of the
Republic of Macedonia. This term refers to
populations belonging to the Oryza sativa L.
species exhibiting weedy characteristics, such
as seed shattering (Delouche et al. 2007) and
dormancy (Vidotto and Ferrero 2000, Gu et al.
2003), that negatively affect rice production
(Ottis et al. 2005, Xu et al. 2017). Due to
easy seed shattering (Akasaka et al. 2009,
Thurber et al. 2010), weedy rice forms seed-
banks in the soil and infests the rice fields the
next planting season, when they are prepared
and sawn with the cultivated rice (Zhang et.
al. 2014). The infestation of the rice fields in
the Republic of Macedonia with weedy rice
could be attributed to several factors. Rice is
generally cultivated in monoculture. Due to the
variable area under rice from year to year, on
some parts rice is grown in crop rotation, yet
this is done without professional analysis and
plan. (Ilieva 2015). The rice is direct seeded
in wet conditions- sowing is done manually by
broadcasting seed material in flooded paddy
fields (Andreevska etal. 2013). This conditions
are beneficial for the widespread of weedy
rice. While in the past, until the 1960’s weeds
were controlled by hand weeding combined
with regulation of the water bed in the rice
field, this practice nowadays is replaced with
herbicides application (Ilieva 2015). Weedy
rice is conspecific with cultivated rice (Ilieva
et al. 1998, Xia et al. 2015). Therefore,
the applied herbicides against the other
weed species in the rice field are ineffective
regarding weedy rice.

In order to determine important biological

features of the weedy rice, the current study
was performed in the main rice production
region. This is the first study regarding the
germination characteristics of Macedonian
weedy rice. The findings obtained in this
study will be useful for better understanding
of weedy rice persistence in this temperate
rice producing region and developing a good
agricultural practices and protocols for its
management.

Material and methods

The examined rice fields are located in the
Sredorek area in Kochani and belong to the
Rice experimental station of the Institute of
Agriculture Skopje . The fields were sown with
Italian cultivars Onice and San Andrea, whi-
ch are common cultivars in the rice produc-
tion of the Republic of Macedonia. The latter
is the most prevalent variety for cultivation.
Tested area is located within the main ri-
ce producing region representing the typi-
cal rice growing conditions in the country
and it is classified as the temperate continen-
tal-sub-Mediterranean region (Filipovski et al.
1996). Six morphotypes were identified on the
basis of the panicle and grain characteristics
(Table 1). At time of maturity, seed material
(paddy) was collected from the weedy types
and the cultivars in which they were found.

The paddy rice was air dried at moisture
content of around 14% and stored in typical
rice storing conditions (warehouse). The fol-
lowing parameters were evaluated: germina-
tion energy (GE), total germination (TG), ger-
mination speed (GS), root length (RL), shoot
lenght (SL) and total seedling length (root +
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shoot) (TSL), dry seedling weight (DSW), se-
edling vigor index I (VI-I) and vigor index II
(VI-II). The GE, TG and GS were examined at
two weeks, as well at 4, 8, 12 and 16 mont-
hs after collecting the material. The dormancy
present at two weeks and 4 months of stora-
ge resulted in high number of non-germinated
seeds in the weedy rice accessions. Therfore,
the vigor traits- RL, SL, TSL, DSW, VI-I and
VI-II were determined after dormancy in we-
edy rice was overcome (at 8, 12 and 16 mont-
hs of storage).

From each weedy rice morphotype and
cultivar, four replications of 25 seeds (total
of 100) were used. The seed was preso-
aked in distilled water for 24 hours befo-
re testing. Each replication was germinated
in Petri dish between filter paper wetted with
distilled water. The Petri dishes with seed
samples were incubated in a germination
cabinet at 25 °C. The germinated seeds for
each replication were daily calculated after
incubation until the end of the trial (day 14).
A seed was considered germinated when both
the coleoptile and the radicle were emerged,
and radicle was minimum 2 mm long. In order
to calculate the VI- I and VI- II, seeds from
each type and cultivar were germinated in
open Petri dish in the germination cabinet
along with the replications. The RL and SL
of 40 random seedlings from each type and
cultivar developed in dark conditions were
measured at the end of the trial (day 14).
After the RL and SL were measured, the SDW
was determined by drying the plants from
each type in air-oven at 100 °C to constant
weight.

The GE was determined on the fifth day,
while the TG on the fourteenth day after
incubation. These parameters were calculated
as % from the total number of inoculated
seeds in the Petri dish (Official gazette of the
Republic of Macedonia No 61/2007).

The GS was calculated according to Maguire
(1962) and AOSA (1983), by calculating the
germinated seeds every day from the first day
to the last day (day 14) of trial: GS = Sum (N,
seeds/ N, days), where i = 1 to 14; N, seeds
= number of seeds germinated on day Ni; Ni
days = number of days (1 to 14).

The seedling vigor was determined on the
basis of the vigor indexes (Abdul-Baki and
Anderson 1973):

Vigor index I: VI-I = Seedling length (cm)
Germination (%)

Vigor index II: VI-II = Seedling Dry Weight
(mg) Germination (%)

The results were statistically analyzed by
the analysis of variance (ANOVA) followed
by LSD test at 0.05 and 0.01 significance
level. Correlation analysis was determined
by calculating the Pearson’s correlation
coefficient.

Results and discussion
Germination energy

The results for GE of the weedy rice types
and the rice cultivars are shown in Table
2. During the study, cultivated rice showed
constantly high GE ranging from 89% to 98%
in San Andrea and from 92% to 99% in Onice.
This trait was not observed for the weedy
rice types, which showed significantly lower
GE at 2 weeks after collection (from 0% to
49%). At 4 months of storage, the values of
GE in weedy rice were still significantly lower
compared to the cultivars, ranging from 4%
to 58%. The GE values increased in time with
a peak at 12 months of storage (from 99%
to 100%). The differences in GE between the
weedy rice accessions and the cultivar San
Andrea were non-significant. The weedy
accessions WR1200234 and WR1321232 had

Table 1 Morphological and grain characteristics of the examined weedy rice accessions™.

Code PT MAA AP AC LPC Cs cc
WR1200234 1 2 0 0 2 3 4
WR3311234 3 3 1 1 2 3 4
WR1313632 1 3 1 3 6 3 2
WR1323232 1 3 2 3 2 3 2
WR1311234 1 3 1 1 2 3 4
WR1321232 1 3 2 1 2 3 2

* PT - panicle type; MAA - main axis attitude; AP - awns presence; AC - awns color; LPC - lemma and palea
color; CS - caryopsis shape; CC - caryopsis color. The numbers correspond to Descriptors for wild and
cultivated rice (Oryza spp.) by Bioversity International, IRRI and WARDA (2007).
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Table 2 Germination energy (%) of the examined weedy accessions and rice cultivars™.

at 2 weeks at 4 months at 8 months at 12 months at 16 month

WR1200234 21.00 + 3.83b 51.00 + 10.00cd | 92.00 * 7.30bc 100.00 + 0.00b | 94 +4.00
WR3311234 49.00 + 8.25¢ 48.00 £ 24.66cd | 99.00 + 2.00d 99.00 £ 2.00ab | 96 £ 5.66
WR1313632 1.00 £ 2.00a 4.00 +5.66a 84.00 £ 3.27a 99.00 £ 2.00ab | 93 £6.00
WR1323232 1.00 £ 2.00a 36.00 +9.80bc 87.00 £ 6.00ab [ 99.00+2.00ab | 95%3.83
WR1311234 24.00 £ 7.30b 58.00 £ 12.44d | 95.00 * 2.00cd 99.00 £ 2.00ab | 95 +5.03
WR1321232 0.00 +0.00a 25.00+3.83b 98.00 + 4.00d 100.00 +0.00b |98 +2.31
San Andrea 92.00 +3.27d 89.00 + 8.87e 98.00 + 2.31d 97.00 £2.00ab | 96 £3.27
Onice 98.00 + 2.31d 98.00 £ 2.31e 99.00 + 2.00d 96.00 £ 3.27a 92 +3.27
LSD (0.05) 6.72 17.60 5.29 3.05 NS

LSD (0.01) 9.14 23.95 7.20 4.16 NS

* Means are average values of 4 replications standard deviation. Analysis of variance (ANOVA) followed by
LSD test at 0.05 and 0.01 levels of difference. The values in the column marked with different lower-cases

denoted significant differences at p<0.05 between samples.

Table 3 Total germination (%) of the examined weedy accessions and rice cultivars™.

at 2 weeks at 4 months at 8 months at 12 months at 16 month
WR1200234 40.00 +3.27c¢ | 61.00 +20.23bc | 98.00 + 4.00b 100.00 + 0.00b 94.00 + 4.00ab
WR3311234 63.00 * 6.00d 60.00 + 16.65bc | 99.00 + 2.00b 99.00 + 2.00ab 97.00 + 3.83ab
WR1313632 13.00+3.83b | 19.00+11.49a | 88.00+* 5.66a 99.00 + 2.00ab 95.00 + 3.83ab
WR1323232 5.00 + 2.00ab 50.00 + 7.66b 97.00 + 3.83b 99.00 + 2.00ab 96.00 + 3.27ab
WR1311234 36.00 £11.78c | 77.00 + 10.52c¢ 100.00 + 0.00b | 99.00 * 2.00ab 97.00 + 6.00ab
WR1321232 4.00 £ 3.27a 72.00 £ 10.33c | 98.00 + 4.00b 100.00 + 0.00b 98.00 + 2.31b
San Andrea 99.00 + 2.00e 97.00 + 3.83d 98.00 + 2.31b 97.00 + 2.00ab 96.00 + 3.27ab
Onice 98.00 + 2.31e | 99.00 + 2.00d 99.00 + 2.00b 96.00 £ 3.27a 92.00+3.27a
LSD (0.05) 8.21 17.46 4.83 3.05 5.90
LSD (0.01) 11.17 23.76 6.57 4.16 8.04

“Means are average values of 4 replications standard deviation. Analysis of variance (ANOVA) followed by
LSD test at 0.05 and 0.01 levels of difference. The values in the column marked with different lower-cases
denoted significant differences at p<0.05 between samples.

significantly higher values compared to Onice.
At 16 months of storage, GE in weedy rice
ranged (from 93% to 98%). In comparison
to the cultivars, the differences were non-
significant.

Among the weedy rice morphotypes,
significant differences in GE were found at 2
weeks, as well at 4 and 8 months of storage.
On the other hand significant differences in GE
among the morphotypes were not observed at
12 and 16 months.

Total germination

The TG in the weedy rice types and
cultivated rice followed similar pattern as the
GE. As presented in Table 3, the cultivars had
constantly high and similar TG values during

the storage period of 16 months, ranging from
96% to 99% in San Andrea and from 92% to
99% in Onice indicating no dormancy occurred
in cultivated rice. This pattern of germination
was not observed by the weedy rice types,
which showed varying degree of dormancy at
the first and second trial (Fig. 1).

Weedy rice found in temperate rice growing
regions exhibits diverse level of dormancy.
While no or low dormancy is reported in some
populations (Delouche et al. 2007, Xia et al.
2011) , high primary dormancy is found in
others (Fogliato et al. 2012). At the beginning
of this study (2 weeks after collection) weedy
rice showed significantly lower TG compared
to both cultivars ranging from 4% to 63%
across the morphotypes (Table 3). All tested
weedy morphotypes have a pigmented
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pericarp. According to Gu et al. (2011) the
association between pericarp color and seed
dormancy, arises from pleiotropy. The pleiot-
ropic gene expressed in early developing se-
eds promoted expression of key genes for bi-
osynthesis of abscisic acid (ABA), resulting in
an increase in accumulation of the dorman-
cy-inducing hormone; activated a conserved
network of eight genes for flavonoid biosy-
nthesis to produce the pigments in the lower
epidermal cells of the pericarp tissue; and en-
hanced seed weight.

Significant differences among weedy types
were also observed. Even the TG of weedy
rice was increased at 4 months of storage
(from 19% to 77%), it was still significantly
lower compared to the cultivars. The weedy
morphotype WR3311234 with the highest TG
at the start (63%) showed similar value at 4
months (60.00%).

Depending on the morphotype, weedy
rice reached the highest TG values from 8 to
12 months of storage (from 88% to 100%
and from 99% to 100%, respectively). In
comparison to the cultivars, most of the
weedy morphotypes showed non-significant
differences in TG. Significant differences were
found for WR1313632 (lower TG compared to
both cultivars) at 8 months, and WR1200234
and WR1321232 (higher TG compared to
Onice) at 12 months of storage. At 8 months
of storage, the dormancy was completely
overcome in weedy morphotypes WR1321232,
WR3311234, WR1323232, WR1311234 and
WR1200234. Certain level of dormancy was
still present in WR1313632. The TG of this
morphotype (88.00%) was significantly lower
compared to the rest of the weedy accessions
and the cultivars. At 16 months of storage,
the weedy types had similar TG compared
to the cultivars ranging from (94% to 98%).
Significant difference was found between
WR1321232 with the highest TG (98%) and
Onice which had the lowest TG value (92%).

The varying degree of dormancy resulted
in significant differences in TG among
weedy rice accessions. Once dormancy was
completely overcome, the differences in TG
between the different weedy accessions were
non-significant.

The study by Vidotto and Ferrero (2000)
showed that environmental conditions
following the shattering affect the length of
seed dormancy in red rice.

The results for GE and TG suggested
that the examined weedy rice accessions
are characterized by seed dormancy,
which disables massive germination after
maturation. This could explain the persistence
of weedy rice populations in Macedonian rice
fields, as dormancy secures for a large portion
of the shattered seeds to remain dormant
in autumn, when favorable environmental
conditions for germination in the rice fields
still exist. The rice producing region has me-
an monthly, mean monthly minimal and me-
an monthly maximal temperatures for Octo-
ber of 14.7 °C, 6.9 °C and 20.4°C, respec-
tively (data obtained from the meteorological
station at the Institute of Agriculture Skopje-
Rice research station in Kochani for the period
1998- 2014). This also avoids subsequent
killing of the seedlings due to upcoming later
low temperatures and freezes. It should be
noted that the trial at 8 months of storage
when the weedy rice dormancy was naturally
broken overlapped with the time when the rice
fields are prepared for cultivation and sawn
with paddy rice (beginning of May).

Germination speed

The results for the GS are presented in
Table 4. The highest GS during the course of
the study was determined in the cultivar Onice
(from 8.08 to 20.10) and it was significantly
higher compared to the weedy rice, as well as
the cultivar San Andrea.

Figure 1. Varying degree of dormancy in weedy rice at 2 weeks of storage. Pictured at the
end of the trial: A- WR3311234, B- WR1323232, C- WR1200234, D- San Andrea

cultivar

Vol. 20, issue 1 - 2 (2018)
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Table 4 Germination speed of the examined weedy accessions and rice cultivars®.

at 2 weeks at 4 months at 8 months at 12 months at 16 months
WR1200234 1.90 £ 0.35b 3.38 £ 0.91bc 6.70+0.63c 11.58 +0.17bc 10.08 + 0.20abc
WR3311234 3.68 +0.33c 3.90+ 1.65c 6.53 +0.28c 12.33+£0.97c 9.85 + 0.84abc
WR1313632 0.41 +0.08a 0.74 +0.53a 5.13+0.35a 9.81 +0.69a 9.15+ 1.16ab
WR1323232 0.16 + 0.08a 2.57 £0.54b 5.79 £ 0.45b 10.79 £ 0.37ab 8.67 = 0.45a
WR1311234 1.92+0.49b 4.11 +0.53c 6.54 £ 0.24c 11.78 £ 0.27bc 10.24 £ 0.79bc
WR1321232 0.14 +0.14a 3.65 £ 0.52bc 6.44 +0.48c 12.17 £ 1.24bc 10.21 £ 0.80bc
San Andrea 6.74 +£0.51d 6.26 +0.32d 7.39 £ 0.20d 10.83 £ 0.41ab 10.81 +0.88c
Onice 8.08 +0.19%e 8.11+0.17e 10.80 £ 0.34e 20.10+1.94d 17.40 £ 2.00d
LSD (0.05) 0.48 1.13 0.50 1.45 1.49
LSD (0.01) 0.65 1.54 0.69 1.97 2.03

*Means are average values of 4 replications standard deviation. Analysis of variance (ANOVA) followed by
LSD test at 0.05 and 0.01 levels of difference. The values in the column marked with different lower-cases
denoted significant differences at p<0.05 between samples.

Table 5 Vigor index I of the examined weedy accessions and rice cultivars.”

after 8 months after 12 months after 16 month Average
WR1200234 2020.76 + 82.48b 2418.00 + 0.00c 1839.58 + 78.28bc 2092.78
WR3311234 2202.75 + 44.50cd 2585.88 + 52.24d 2085.50 + 82.34d 2291.38
WR1313632 2135.76 +137.29¢ 2885.85 + 58.30f 2038.70 + 82.19d 2353.44
WR1323232 2173.77 £ 85.82c 2908.62 + 58.76f 2017.92 + 68.65d 2366.77
WR1311234 2293.00 + 0.00de 2805.66 + 56.68e 1835.24 + 113.52bc 2311.30
WR1321232 2349.06 + 95.88e 2887.00 + 0.00f 1851.22 +43.62c 2362.43
San Andrea 1757.14 £ 41.41a 2272.71 + 46.86b 1686.72 + 57.38a 1905.52
Onice 1931.49 + 39.02b 2103.36 + 71.56a 1759.04 + 62.45ab 1931.30
LSD (0.05) 108.72 77.83 115.87
LSD (0.01) 147.98 105.93 157.71

*Means are average values of 4 replications standard deviation. Analysis of variance (ANOVA) followed by
LSD test at 0.05 and 0.01 levels of difference. The values in the column marked with different lower-cases
denoted significant differences at p<0.05 between samples.

Figure 2. Seminal root system of seedlings. A: Weedy rice. B: cultivated rice

24

Macedonian Journal of Ecology and Environment



Germination behaviour of macedonian weedy rice

In comparison to San Andrea, the weedy
types had significantly lower GS from the
beginning of the study to 8 months of storage.
Afterwards, most of the weedy types showed
non-significant  differences compared to
San Andrea, except for WR3311234 at 12
months of storage (significantly higher GS)
and WR1313632 and WR1323232 at 16
months of storage (significantly lower GS).
The germination speed of both weedy and
cultivated rice was lowest at the start of the
study and increased over time with a peak at
12 months of storage.

According to Cho (2010), seed germination
speed of Korean and Southeast Asian red rice
is increased with increasing the temperature.

Vigor index I and seedling length

After dormancy was overcome, the VI-I of
weedy types ranged from 2135.76 to 2349.06
at 8 months, from 2418.00 to 2908.62 at
12 months and from 1835.24 to 2085.50 at
16 months of storage, as shown in Table 5.
Generally, weedy rice showed significantly
higher vigor index I compared to cultivated
rice. The WR1200234 at 8 and 16 months
and WR1311234 at 16 months showed non-
significant differences compared to Onice.

The results for the total length of the
seedlings incubated 14 days at 25 C in dark

conditions are given in Table 6. At 8 and 12
months, the weedy accessions generally
developed longer seedlings compared to
the cultivars, except for WR1200234, which
showed similar results to Onice at 8 months
and to San Andrea at 12 months. At 16
months, WR3311234, WR1313632 and
WR1323232 had statistically higher values for
seedlings length compared to both cultivars,
while  WR1200234 had significantly higher
seedling length compared to Onice. The
seedling length in weedy rice was positively
correlated with the root length (Table 9).

The results for the root and shoot length
are given in Table 7. The weedy rice had
longer roots (from 11.61 cm to 13.69 cm
among morphotypes at 8, 12 and 16 months)
compared to cultivated rice (9.02 cm in San
Andrea and 10.42 cm in Onice). The weedy
rice seedlings had visibly longer and thinner
(finer) roots compared to the cultivars, which
had shorter and thicker roots (Fig. 2).

At 8 months of storage, WR1323232 and
WR1321232 had significantly higher seedling
shoot length compared to Onice. WR1313632
had significantly higher shoot length compared
to both cultivars, while WR1311234 had
significantly lower shoot length compared to
San Andrea. At 12 months, in WR3311234,
WR1313632 and WR1321232 significantly
higher shoot length values were determined in

Table 6 Total seedling (root + shoot) length (cm) of the examined weedy accessions and rice

cultivars.”
at 8 months at 12 months at 16 month Average

WR1200234 20.62b 24.19bc 19.58bcd 21.46
S 3.60 5.13 4.23

WR3311234 22.25c 26.12c 21.50e 23.29
S 3.63 5.70 4.51

WR1313632 24.27e 29.15d 21.46e 24.96
S 5.01 6.67 4.29

WR1323232 22.67cd 29.39d 21.02de 24.36
S 3.70 5.21 3.65

WR1311234 22.92cde 28.35d 18.92ab 23.40
S 3.18 3.94 3.59

WR1321232 23.97de 28.87d 18.89ab 2391
S 3.68 4.49 3.64

San Andrea 17.93a 23.43ab 17.57a 19.64
S 1.70 4.30 2.34

Onice 19.52b 21.91a 19.12abc 20.18
S 3.55 3.98 3.98

LSD (0.05) 1.59 2.20 1.69

LSD (0.01) 2.09 2.90 2.22

*Means are average of 40 samples per weedy rice morphotype/cultivar; S - standard deviation, CV - coefficient
of variation. Analysis of variance (ANOVA) followed by LSD test at 0.05 and 0.01 levels of difference. The
values in the column marked with different lower-cases denoted significant differences at p<0.05 between

samples.
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Table 7 Root and shoot seedling length (cm) of the examined weedy accessions and rice

cultivars.”
Seedling root length Seedling shoot length
8 months 12 months 16 months 8 months 12 months 16 months
WR1200234 10.72bc 12.92b 11.19c 9.90ab 11.27a 8.39ab
S 3.03 3.80 3.41 1.68 2.47 1.35
Average 11.61 9.85
WR3311234 12.13de 11.88ab 11.39¢ 10.12abc 14.24c 10.11d
S 2.81 4.11 3.81 1.47 3.78 1.38
Average 11.80 11.49
WR1313632 12.63de 13.12b 10.47bc 11.64e 16.03d 10.99%e
S 2.93 3.71 2.95 2.94 4.88 2.42
Average 12.07 12.89
WR1323232 11.84cd 15.92cd 11.46¢ 10.83cde 13.47bc 9.56¢cd
S 3.09 3.68 3.54 1.92 2.94 1.83
Average 13.07 11.29
WR1311234 13.27e 17.00d 10.79bc 9.65a 11.35a 8.13a
S 2.65 3.42 3.21 1.36 2.24 1.20
Average 13.69 9.71
WR1321232 12.89de 15.00c 9.73ab 11.08de 13.87c 9.16¢
S 3.24 4.23 3.01 1.60 2.86 1.43
Average 12.54 11.37
San Andrea 7.23a 11.25a 8.59a 10.70bcd 12.18ab 8.98bc
S 1.35 3.86 1.62 1.00 2.25 1.40
Average 9.02 10.62
Onice 9.69b 10.37a 11.22c 9.83a 11.54a 7.90a
S 2.70 3.19 3.24 1.77 2.19 1.40
Average 10.42 9.76
LSD (0.05) 1.22 1.66 1.39 0.83 1.36 0.70
LSD (0.01) 1.61 2.18 1.83 1.10 1.79 0.92

*Means are average of 40 samples per weedy rice morphotype/cultivar; S - standard deviation, CV - coefficient
of variation. Analysis of variance (ANOVA) followed by LSD test at 0.05 and 0.01 levels of difference. The
values in the column marked with different lower-cases denoted significant differences at p<0.05 between

samples.

comparison to both cultivars. WR1323232 had
significantly higher value compared to Onice.
At 16 months, significantly higher values were
determined in WR3311234 and WR1313632
compared to both cultivars and WR1323232
and WR1321232 compared to Onice.
WR1311234 had significantly lower value
compared to San Andrea. As shown in Table 9,
the shoot length in weedy rice was positively
correlated with the 100 grains weight of paddy.
Significant positive correlation between these
characteristics was also reported by Zhang et
al. (2017).

Vigor index II (VI-II)

As shown in Table 8, the cultivar San
Andrea showed significantly higher vigor index
II (VI-II ) (2628.70 to 2933.14), compared
to the weedy rice accessions (1980.00 to
2031.54 in WR1200234, 1945.35 to 2270.07
in WR3311234, 2012.10 to 2168.10 in

WR1313632,1981.98t02264.95inWR1323232,
1860.46 to 2088.00 in WR1311234, 1975.00 to
2345.14 in WR1321232) and the cultivar Onice
(2024.00 to 2200.77). In comparison to Onice,
WR1200234 and WR1313632 had significantly
lower vigor index II, while WR1321232 had
significantly higher index at 8 months of
storage. At 12 month of storage, the weedy
types had significantly lower index compared
to Onice, except WR1313632. At 16 month of
storage, the differences between the weedy
accessions and Onice were non-significant,
except WR1311234 with significantly lower
index.

As shown in Table 9, both the vigor index
IT (VI-II) and the seedling dry weight were in
significant positive correlation with the 100
grains weight of paddy. The results for the dry
seedling weight are given in Fig. 3. Significant
correlation between the 1000-seed weight
and seedling dry weight has previously been
reported by Zhang et al. (2017).
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Table 8 Vigor index II of the examined weedy accessions and rice cultivars.”

at 8 months at 12 months at 16 month Average
WR1200234 2031.54 + 82.92a 1980.00 + 0.00b 1983.40 + 84.40ab 1998.31
WR3311234 2270.07 + 45.86¢d 1945.35 + 39.30b 2002.08 + 79.05b 2072.50
WR1313632 2048.64 + 131.69a 2168.10 + 43.80c 2012.10+81.11b 2076.28
WR1323232 2264.95 + 89.42cd 1981.98 + 40.04b 2083.20 + 70.87b 2110.04
WR1311234 2088.00 + 0.00ab 1869.12 + 37.76a 1860.46 + 115.08a 1939.19
WR1321232 2345.14 + 95.72d 1975.00 + 0.00b 1987.44 + 46.83b 2102.53
San Andrea 2933.14 £ 69.12e 2628.70 + 54.20d 2802.24 + 95.33c¢ 2788.03
Onice 2200.77 + 44.46bc 2112.00 £ 71.85c¢ 2024.00 + 71.85b 2112.26
LSD (0.05) 114.62 66.70 126.93
LSD (0.01) 156.00 90.78 172.76

“Means are average values of 4 replications standard deviation. Analysis of variance (ANOVA) followed by
LSD test at 0.05 and 0.01 levels of difference. The values in the column marked with different lower-cases
denoted significant differences at p<0.05 between samples.

Table 9 Correlation analysis of the root length (RL), shoot length (SL), total seedling length

(TSL), dry seedling weight (DSW), 100 grains weight of paddy (W100), seedling vigor
index I (VI-I) and seedling vigor index II (VI-II) of the examined weedy accessions and

rice cultivars.”
RL SL TSL DSW W100 VI-1 VI-II

RL 1
SL -0.310 ns 1
TSL 0.362 ns 0.774 ns 1
DSW -0.370 ns 0.909 * 0.645 ns 1
W100 -0.578 ns 0.917 ** 0.515 ns 0.870 * 1
VI-1 0.531ns 0.593 ns 0.935 ** 0.453 ns 0.382 ns 1
VI-lI -0.283 ns 0.758 ns 0.555 ns 0.893 * 0.825* 0.514 ns 1
df = 4; Critical values: 0.811 (a 0.05); 0.917 (o 0.01)

*df- degrees of freedom (n - 2); a 0.05, a 0.01- levels of probability. Significant correlation at 0.05 level (*)

and at 0.01 level of significance (**).

Figure 3. Seedling dry weight (mg) - average of the results obtained at 8, 12 and 16 months
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Conclusions

Macedonian weedy rice exhibits variable
degree of seed dormancy, which allows the
persistence of weedy populations in rice
fields by inhibiting the germination process
during favorable autumn conditions. After
dormancy was overcome, the weedy rice had
a significantly higher Vigor index - I, longer
seedlings and significantly lower Vigor index -
II. The germination energy, total germination
and germination speed in weedy rice had
increased values at 8 months of storage. This
period overlaps with the time when the paddy
fields were prepared for new sawing in the
next vegetative season. This information is
useful for the application of good agricultural
practices for the control of weedy rice.
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