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Abstract

In order to identify wheat cultivars most suitable for cultivation in organic agriculture, we tested 16
Romanian winter wheat cultivars in yield tests organized in South Romania at Fundulea and Valu
lui Traian during 2019-2022. Most of the yield variation was due to the variation of environmental
conditions, but cultivars also had a significant effect. Older cultivars yielded less than modern ones,
and highest average grain yields were obtained in the most recently registered cultivars, Ursita and
FDL Abund. Genetic progress for yield achieved in breeding programs performed in conventional
agriculture conditions was also reflected in the cultivars’ performance under organic agriculture.
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INTRODUCTION

Concerns about the impact of traditional
agriculture on the environment and human
health resulted in the development of
organic agriculture, despite of generally
lower yields, which raise questions about
its capacity to produce enough food for the
increasing world population (Murphy et al.,
2007).

In Romania, according to statistic data, in
2021 agricultural area used for organic
production was 468887 ha, of which about
28.6% was occupied by cereals
(Dunéareanu and Bonea, 2022). The share
of cereals, and therefore of wheat, was
smaller in the organic system than in the
conventional one.

Many experimental results showed that
yields under organic agriculture are lower
than those under the conventional one
(Carr et al., 2006; Hildermann et al., 2009;
Seufert and Ramankutty, 2017;

241

Grausgruber et al., 2022), which is related
to a reduced biomass accumulation (Petcu
et al., 2011). In Romania, Dunareanu and
Bonea (2022) obtained on average over
the testing period, 35% lower yields under
organic agriculture, than under
conventional one. There are many causes
of these smaller yields, one of these being
insufficient adaptation of cultivars to the
specific conditions. This is why Toncea
(2011) stated that wheat cultivars adapted
to organic agriculture may have a higher
positive economic impact than other crop
management practices. According to the
same author, best cultivars for yield and
bread making quality, which could be
recommended for organic farmers, are:
Glosa, Exotic, Izvor, Delabrad, Ciprian,
Gruia, Faur, Apache, Briana, Dor and
Miranda (Toncea, 2011).

Taking into consideration the continuos
genetic progress and the fact that organic


mailto:cristinamarinciu77@gmail.com

Analele Universitatii din Craiova, seria Agricultura — Montanologie — Cadastru (Annals of the University of Craiova -

Agriculture, Montanology, Cadastre Series)Vol. 52/1/2022

agriculture could contribute to mitigation of
climate change (Muller and Aubert, 2014),
the present paper aims at exploring
possibilities of improving the wheat cultivar
structure in Romanian organic farms.

MATERIALS AND METHODS

The yield trials analyzed in this paper were
conducted in two locations of South
Romania, i.e., at Fundulea (jud. Calarasi)
and Valu lui Traian (jud. Constanta).

At Fundulea, the trials were conducted by
the Agroecological Center for research,
inovation and technology transfer of the

National  Agricultural Research and
Development Institute — Fundulea. The
land of the institute is located in the

Eastern part of the Romanian plain, in the
zone separating the Vlasiei plain from
Southern Baragan, on the Mostistea river
(44°30’ N, 24°10’ E; 68 m a.s.l.). The land
is under organic management since 2011.
Climate is continental with annual average
temperature 10°C. The soil is a chernozem
with pH 5.7, Humus: 3.4%; PAL: 28 ppm P;
KAL: 203 ppm K.

At Valu lui Traian, the trials were
conducted by the Agricultural Research
and Development Station Valu lui Traian
located at between Podisul Dorobantului

and Podisul Topraisarului (44°11°30" N,
28°30°5" E; 70 m a.s.l.). The land is under
organic management since 2015-2016.
The climate is moderate continental, with a
specific given by the vicinity of the Black
Sea, which increases the air humidity,
mitigating the temperature contrasts. The
soil is a vermic chernozem, formed on
loess, with 3.5% humus content, and pH
7.4-7.8.

During the last years many winter wheat
cultivars were tested under organic
agriculture. At Fundulea, several
Romanian cultivars were included in a set
of 80 European cultivars tested in the
frame of the European research project
ECOBREED, and at Valu lui Traian 25
cultivars were tested each year. Sixteen
Romanian cultivars released were common
in all trials and were included in the present
analysis (Table 1). Crop management
measures applied are presented in Table
2.

Results of yield trials with wheat cultivars
under organic system conditions presented
in this paper refer to the years 2018 to
2022. In 2020 the trial at Valu lui Traian
was lost because of extreme drought.

Table 1. The wheat cultivars tested in yield trials under organic agriculture conditions

Nr. Cultivar Genealogy Originating Year when

Institution released
1 Al15 Selection from Tenmarq ICAR 1933
2 DACIA Bucurestil/Skorospelka3 NARDI Fundulea 1971
3 ALEX Flamura80/Fundulea29 ARDS Lovrin 1994
4 GLOSA F135U2-1/F508U1-1BUCUR NARDI Fundulea 2005
5 IZVOR KARL/F201R2-111//F508U1-1 NARDI Fundulea 2008
6 LITERA ERYT26221/F96869G1-1//GLOSA NARDI Fundulea 2010
7 MIRANDA FDL ERYT26221/F96869G1-1//GLOSA NARDI Fundulea 2011
8 PITAR 02555GP2/00099GP2 NARDI Fundulea 2015
9 ADELINA ARDS Simnic 2013
10 SEMNAL 05511GP4/LITERA NARDI Fundulea 2017
11 VOINIC OTILIA/MIRANDA//OTILIA/02870G NARDI Fundulea 2020
12 URSITA 00628G34-1/2*GLOSA NARDI Fundulea 2021
13 FDL ABUND 00628G34-2001/2*OTILIA NARDI Fundulea 2022
14 UNITAR M1 1IZVOR/M1 00628G34 NARDI Fundulea Under
testing
15 MURGA/03124G//06213GP4 NARDI Fundulea Under
FDL AMURG testing
16 ARDS caracal Under
CARO testing
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Table 2. Crop management measures

Fundulea Valu lui Traian
Yield trial design Randomised blocks Balanced square lattice
Harvest plot area 5m° 7m’
Preceding crop soybeans soybeans

Fertilizers

0.25 kg/ha NATURAMIN, every
year in early spring
375 kg/ha BIO-FER-NATUR
/01.11.2021

Sowing density

550 germinating seeds/m”

550 germinating seeds/m”

Soil preparation

Disc, Chisel, Combinator

Ploughing 20 cm,
Disc + combinator

Planting date

15-28 October

20 October-8 November

Table 3. Weather conditions of the testing years at Fundulea

Year October November December January February March April Ma June July
AvgT | Rain [AvgT | Rain |Avg.T | Rain |Avg.T | Rain |Avg.T | Rain |Avg.T | Rain |Avg.T | Rain |Avg.T | Rain |Avg.T | Rain |Avg.T | Rain
22%11% 134 | 108 | 52 | 23.0 |-0.1 43 -1.2 | 538 | 3.8 | 214 | 93 | 224 | 11.2 | 51.4 | 17.2 (1242 |23.6 |74.6 |23.0 87.4
22%12% 128 | 38 10.2 | 33.2 | 4.0 16.2 | 0.9 2.0 52 | 166 | 83 | 29.8 | 123 | 140 | 17.0 | 58.0 | 21.7 68.4 (25.1 34.2
22%2201 147 | 286 | 6.1 | 20.0 | 39 |77.6 16 | 770 | 32 | 162 | 51 59 9.7 | 31.0 | 17.2 | 57.6 |21.1 135 |25.3 21.2
22%2212 10.2 | 564 | 7.7 | 338 | 26 | 376 | 2.1 4.8 4.7 54 44 | 123 | 12.1 | 476 | 179 | 30.1 {226 | 59.6 | 25 29.2
Table 4. Weather conditions of the testing years at Valu lui Traian
Year October November | December January February March April Ma June July
AvgT | Rain |AvgT | Rain |Avg.T | Rain |Avg.T | Rain |Avg.T | Rain [Avg.T | Rain |Avg.T | Rain |Avg.T | Rain |Avg.T | Rain [Avg.T | Rain
22%11% 15.4 4.2 6.4 51 1.1 31 1.2 | 381 | 38 | 155 | 89 17 10.2 | 448 | 175 | 46 257 | 2.7 235 38
22%2201 16.1 | 18.6 6.2 | 232 [6.18 | 696 | 3.4 | 986 | 20.2 | 202 | 47 | 708 | 93 | 758 | 16.3 | 82.0 (20.3 | 118.0 |24.3 33.8
22%2212 11.1 | 1016 | 86 | 39.8 | 412 |834 | 2.04 | 134 | 43 | 282 | 2.8 | 312 | 11.3 | 31.0 | 16.1 | 21.2 |21.2 33.6 [24.1 254

RESULTS AND DISCUSSIONS

ANOVA for grain yield of wheat cultivars
tested in organic agriculture shows that
most of the variation in yield was due to
environmental conditions of the two
locations during the testing years (Table 5).
The effect of the cultivars was also just
significant when tested against the
cultivar*environment interaction.

Average yields of wheat cultivars tested
under organic system were low, as a result
of many unfavorable conditions that
differentiate  this system from the
conventional one. Although data allowing
an exact comparison between the two
systems were not available, we made an
approximate comparison between cultivar
yield trials performed not far away under
the two different agricultural systems
including fertilization and chemical weed
control (Table 6). According to the
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approximate data in the table, average
yield of the cultivars tested in organic
agriculture were between 29 and 87% of
the yield of the same cultivars grown in
nearby plots with conventional crop
management. Obviously, these vyield
differences cannot be due entirely to the
agricultural  systems, because many
studies showed that grain yields under
organic agriculture are generally 14-40%
lower than under conventional agriculture
(Méader et al., 2007; Seufert et al., 2012,
Seufert and Ramankutti, 2017). Results
obtained at Fundulea, especially in 2020,
were clearly affected by other factors than
those associated with the agricultural
system.

Yields obtained by the 16 cultivars in the 7
testing environments varied from 1261
kg/ha for cultivar Izvor in 2020 at Fundulea,
to over 5900 kg/ha for cultivar Unitar in
2021 at Valu lui Traian. Averaged over all
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conditions the cultivars’ yield varied from
2533 kg/ha for Al5, to 3631 kg/ha for
cultivar Ursita. Yield stability, characterized
by the coefficient of variation coefficient
(CV%) varied from 33.6 for cultivar
Miranda FDL to over 52% for cultivar
Glosa. It is interesting to note that cultivar
Miranda FDL was also identified by
Dunareanu and Bonea (2022) as having a
superior  yield stability in  organic
agriculture. All tested cultivars had lower

Table 5. ANOVA for grain yield of wheat cultivars
tested under organic agriculture

Souce of variation DF MS F P value
Cultivars 15 502060 1.78* 0.05
Environment (Years*Locations) 6 2282872280.81** < (0.001
Error 90 282230
Total 111

Table 6. Average yield of wheat cultivars tested

under organic agriculture as compared with yield

obtained in trials performed in nearby plots under
conventional crop management

coefficients of variation than Glosa (most Average yield (kg/ha) _/% donal
. . B organic/conventonal
widely grown, both in conventional and Under Under
. R organic convention
organic agriculture), and four of them gave agricultur al
also higher yields Experient e agriculture
) Fundulea
2019 2561 5634 45.4
Fundulea
2020 1752 6000 29.2
Fundulea
2021 2167 5849 37.0
Fundulea
2022 3937 5689 69.2
Valu Traian
2019 2644 6894 38.4
Valu Traian
2021 4974 5683 87.5
Valu  Traian
2022 4197 6357 66.0
Table 7. Yields of cultivars tested under organic agriculture in 7 environments
Cultivar Fundulea| Fundulea |Fundulea|Fundulea| V.Traian |V.Traian|V.Traian Average | CV% Difference
2019 2020 2021 | 2022 2019 2021 | 2022 9 °_|from GLOSA
URSITA 2886 1897 2305 | 4786 2773 5077 | 5689 | 3631 41.6 +334*
FDL ABUND 3240 2131 2114 | 4851 2823 4920 | 4619 | 3528 35.5 +232
UNITAR 3051 2220 2749 | 3359 3012 50953 | 4243 | 3512 35.3 +216
VOINIC 2877 1748 2159 | 4109 2692 4457 | 5413 | 3351 39.9 +54
GLOSA 2295 1550 1668 | 4355 2433 5820 | 4951 | 3296 52.1 0
LITERA 2309 2117 2270 | 4220 2692 5577 | 3535 | 3246 39.5 -50
ALEX 2726 1650 1877 | 3107 2917 5273 | 4810 | 3194 43.1 -102
FDL AMURG 2292 1616 2527 | 2698 2612 5673 | 4928 | 3192 47.0 -104
CARO 2651 2017 2085 | 3540 2722 4980 | 4224 | 3174 35.2 -122
SEMNAL 2620 1902 1964 | 4209 2683 5583 | 3066 | 3147 42.1 -149
IZVOR 2535 1261 2323 | 4867 2428 4053 | 4174 | 3092 41.6 -204
DACIA 2178 1300 2542 | 4527 2187 4430 | 4025 | 3027 42.4 -269
ADELINA 2701 1691 1907 | 3905 2727 4350 | 3755 | 3005 34.1 -291
MIRANDA FDL 2375 1945 2437 | 3699 2703 4872 | 2753 | 2969 33.6 -327°
PITAR 2681 1543 1708 | 3279 2400 5765 | 3061 | 2920 48.3 -376°
A15 1559 1441 2039 3474 2507 2802 | 3907 2533 36.9 -763%
Average over cultivars| 2561 1752 2167 3937 2644 4974 4197 3176 40.5
disadvantages of old cultivars in
comparison with modern ones. Some

A largely debated subject regarding the
choice of wheat cultivars for organic
agriculture is about advantages and
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authors stated that old cultivars could be
more suitable for organic agriculture
because of their superior capacity for
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symbiosis with arbuscular mycorrhiza that
favor plant nutrition under unfavorable
conditions, because they have better
competitiveness with weeds and have
higher grain protein content (Stalenga and
Jonczyk, 2008). OIld cultivars are
supposed to be more robust and therefore
might better face climate changes,
including under organic agriculture
(Migliorini et al., 2016; Carranza-Gallego
et al., 2018).

On the other hand many researches
demonstrated the vyield superiority of
modern cultivars in comparison with old
cultivars, including in organic agriculture
(Hildermann, 2009; Carr et al.,, 2006;
Seufert and Ramankutty, 2017,
Grausgruber et al., 2022).

Results of our study demonstrated that
cultivar A15, the oldest of the tested
cultivars, gave the lowest yields in 4 out of
7 analyzed conditions and the lowest
average Yyields over all conditions. The
cultivar Dacia, that was next in age, also
gave an average yield lower than average.
These results were confirmed by the
results of the European research project
ECOBREED, where the lowest vyields
were observed in the old cultivars (Bankauti

1201, Al15, Slovenskd 200 and
Radosinska Karola from  Hungary,
Romania and Slovakia, respectively)

(Grausgruber et al., 2022).

The highest average grain yields in our
study were obtained in the most recently
released cultivars Ursita and FDL Abund,

which outyielded the cultivar Glosa,
recommended based on previous
research findings for organic farms

(Toncea, 2011). This demonstrates that
the genetic progress in yield, obtained by

breeding programs  working  under
conventional  agriculture, was also
reflected, at least partially under organic
agriculture.

It is worth mentioning that in studies
performed in the frame of the European
research project ECOBREED cultivar
URSITA was found to have also other
characteristics that are important for
organic agriculture, such as resistance to

many bunt races, including the ones
prevalent in Romania (Pfatrisch et al.,
2022) and a higher capacity to exudate
compounds with allelopatic effects on
some weeds (Hussain et al., 2022).

CONCLUSIONS

Multi-year testing of several Romanian
winter wheat cultivars under organic
agriculture in two research centers of
South Romania, showed that modern
cultivars gave higher grain yield as
compared with old cultivars. Most recently
released cultivars (Ursita and FDL Abund)
can be recommended for organic farmers
in Romania.
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