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[. HAYVYHU [IYBJIMKAILIMM B HAIIIM HAYYHU U3JTAHNUA

1.KoceB B. 2009. HacnensBane Ha mpu3HaIM CBbP3aHU ¢ MPOAyKTUBHOCTTA Iipu F; u Fy xubpuan
nposiereH pypaken rpax (Pisum sativum L.). PacrenneBbsaan vHayku, No5: 452-457.

Pe3rome: ExcriepuMmeHTamHOTO MpoydyBaHe € mpoBeaeHo mnpe3 nepuoga 2006-2008 ronnHa BBHB
Bropo onutHO mone Ha MHctutyr mo ¢ypaxuu kynrypu - rp.lneBen. B xuOGpuamzanuonHara
cXema ca BKIIOUYCHH YETHPH copTa mposeTeH GypaxkeH rpax (Pisum sativum L.) enuH ObaTapcKu -
IIneBen 4 u Tpu ykpauHcku — Pesonatop, XapkiBckuit 74 u MHTeHCHBHBIN 92. AHanu3upaHo €
HacJIeISIBAHETO HAa HSAKOM OCHOBHM KOJIMYECTBEHHM IMPHU3HALM HAa KPBCTOCKUTE OT IBPBO M BTOPO
xubpuaHo nokosenue (Fiu F»). 3a Bceku u3cieaBaH Npu3HaK ca ONpeesieHH XeTepo3UCceH e(eKT B
Fi - XunorerndyeH m UCTUHCKH, cTeneH Ha gomuHupane B Fi( hy,) u B F, (hy) 1 Bapnannonnus
koepurmment (VC,%). Ha ocHoBata Ha BapupaHeTO W HAcieIsBaHETO B paHHUTE XUOPUIHU
nokosenus (F; u F, ) ce npaBsaT u3BOAM, OTHOCHO LIEHHOCTTA Ha MOJIyYEHUTE XUOPUAM U THUIIA HA
Haclle/IIBaHe Ha aHAIM3UPAHUTE MPU3HAIM. Y CTAHOBEHO €, XuOpuauTe ¢ yyactue Ha copT [lneBen
4 xaro GamuHa (hopMa MOKa3BaT MO-BUCOK UCTUHCKU XETEPO3UC CIIPSIMO PELIUITPOYHUTE KPBCTOCKU
0 TIPU3HAIIMTE BHCOYMHA HA PacTEHHETO, Opoil 6000BE OT €HO pacTeHHe W TErJo Ha 3bpHATa OT
enHo pacteHHe. Hal-BHCOK IONOXKHUTENEH MCTUHCKM XETEpO3UCeH €(PEeKT € YCTaHOBEH IpHU
KpbcTockara Pezonatop x Ilnesen 4 (136.56% ) mo npusHaka Opoit 6000Be OT eqHO pacTeHue, a
Hal-HUCBHK OTPHIIATEICH MCTUHCKH XETepo3uc 1o Opoil cemMeHa B eauH 000 mpu IlmeBen 4 x
XapkiBckuit 74 (-40.56%). Hucwvk koeduuueHT Ha Bapupane B F| e ycTaHOBEH mpHu BHCOYMHA Ha
pacTeHueTo, cpelieH B Fy Mo chlys mokasaTena U BUCOK IIPH APYTUTE U3CIIEIBAaHU IPU3HALIU.

2.KoceB B., C. Cauvancku. 2010. CpaBHHUTEIHO TpPOY4YBAaHE Ha 3MMHH M TPOJIETHU COPTOBE
¢bypaxken rpax (Pisum sativum L.) PacrenneBbauu Hayku, Ne5: 428-433.

Pe3rome: Uscnensanero e mposeneHo mnpes nepuoaa 2007-2009 ronuna 6B BTopo onuTHO mnojie Ha
Nucturyr mo ¢dypaxuaute xynrypu - rp.llneBen. M3muTanu ca 3UMHU W TPOJETHH COPTOBE
bypaxkeH c¢ mpousxon oT bwiarapus um YkpaitHa. KoepuuueHTHT Ha paHO3pENOCT MO3BOJISABA
U3CIeIBAHUTE COPTOBE Ja ObJaT rpynupaHu Mo paHospesnocT. KbM rpynara Ha paHHUTE COPTOBE
Moratr na Owaat ompeneneHu Picardi, Amitie n XapbKOBCHKHI STaJIOHHBIM ¢ KOe(pUIMEHT Ha
panospenoct 1.00, Kepro u Ycarsiit 90 ¢ 1.11, dpyx6a ¢ 1.13, Kpucran ¢ 1.20, a kbM KbCHHUTE
[Tnesen 10 ¢ 2.00, Mup ¢ 1.75 u Becena ¢ 1.65. Copt XapbKOBChKHI1 3TaJJOHHBIN CE XapaKTepU3upa
C BUCOKA YCTOMYMBOCT Ha moJjsirade 28.61% u Moe Ja ce BKIII0YM B XUOPUAN3aAIIHs KaTo IOHOP Ha
TakaBa ycToWuuBocT. 3umHHTE coproBe Ilnesen 10, Mup n Becena ca BHCOKO NpOAYKTHBHU
(2062.7; 2342.5 n 2996.7 kg/ha), HO U ¢ MHOTO BHCOKa pa3MyKIMBOCT Ha 00OoBeTe Haa 25% (6an
1) u crenen Ha momsirane (66.47%, 63.77% wu 49.43%). OT nponeTHUTE COPTOBE C Hal-BUCOK
cpeneH noOMB Ha 3BPHO ca XapbKoBCchbkui dTanoHHbi (2071.7 kg/ha), Kepmo (2060.8 kg/ha) u
VYcareit 90 (2033.3 kg/ha), xoeTo maBa BB3MOXKHOCT BB3MOXKHOCT Ja OBJAT BKIIOYBAaHU B
CEJIEKIIMOHHU MPOTrpaMu MpH Ch37aBaHe Ha BUCOKOJIOOMBHH COPTOBE.

3.KeptukoBa /I., Keprukos T., B. KoceB. 2014. Biausnue na npemnapara ,,Exopun P’ Bbpxy
HSIKOW KOJIMYECTBEHH M KQ4eCTBEHU MapaMeTpH MPHU MPOU3BOJICTBOTO Ha pypaxkeH Tpax copt Mup.
[TouBo3HaHKE, arpoXxuMus U exoiorus, 1: 62-68.
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Pe3some: Ilpe3 mepuoma 2011-2013 r. e mpoyueHo BiausiHHMETO Ha Ouonpenapata ,.Exodun P”
(PAB) BbpXy HAKOM KOJIMYECTBEHH M KAUECTBEHH IMapaMeTpH IMpH MPOU3BOJCTBOTO Ha 3UMYBAIIL
¢bypakeH rpax coptT Mup. YcTaHOBH ce, 4e NMPH M3MOI3BAaHETO HA KOHBEHI[MOHAIHATA TEXHOJIOT S,
MOJIy4EHUAT 100MB cyxa maca € ¢ 6,30% Mmo-BUCOK OT TO3M MOJIyYeH MPHU OTIJICKIAHETO Ha rpaxa
no OuonormueH MeTox M ¢ 5,65% Mo-BUCOK OT 100MBa IMOJNyYyeH MPU TPETUPAHETO HA IOCEBA
,Exodpun P”. Benpekn BHcOkaTa CTENeH Ha MOJSTaHe JTOOMBBHT HA 3bPHO € Hal-BHCOK (204,87
kg/da) npu oTrnexxaane Ha rpaxa 1o craHAapTHA TEXHOJOTH. B To3u BapuaHT, 3aryouTe Ha ceMeHa
ca Hal-BUCOKH, nocturaiiku 52,67 kg/da. Haii-uucbhk npoueHT 3apaBu cemeHa (68,67%) ciuen
npubHpaHe ce OTYMTA NPU BapuaHTa TpeTupax ¢ ,,Exopun P”.

II. HAVYHU ITYBJIMKALIMN B MEXAYHAPOJHU HAYYHU U3JJAHUA

4.Koces B. 2012. /luaneneH aHanu3 Ha copToBe rpax (pisum sativum l.) mo mpu3HaLuTe TErjio Ha
3ppHa W Terjio Ha pacteHue. Journal of Mountain Agriculture on the Balkans, vol. 15(5): 1111-
1123.

Abstract: For the inheritance of pea varieties and gene effects structure are investigated for two
quantitative traits in two limits. Were ussed a full diallel fashion of four parent — Kerpo, Pleven 10,
Mir and EFB33. The results of the analysis of combinative ability of the investigated traits showed
influence of additive gene actions. Kerpo was found to be the best general combiner (7) for weight
plant, E.F.B.33 for seed weight per plant (9). On the contrary Mir exhibited highly negative
combinative ability for both traits (-11; -5). For increase weight plant perspective crosses with high
positive SCA effect (5) are P1 x P3 and P2 x P4, for seed weight per plant P2 x P3 and P1 x P4.
Prevalence of overdominance was observed for seed weight per plant and additive gene actions for
weight plant. The fraction of hy/H, indicated that at least one group of genes controlled dominance
for both traits. In inheritance of weight plant prevail dominant, in seed weight per plant recessive
genes. As genotypes with exhibited dominant alleles for weight plant are found Mir, Pleven 10 and
E.F.B.33, for seed weight per plant Pleven 10 and Kerpo.

5.Kosev V,'I. Pachev. 2010. Correlations among Some Characteristics in Field Pea. Field Veg.
Crop Res. 47: 473-478.

Abstract: Pea grain yield is a quantitative character affected by many genetic and environmental
factors. The trial was carried out during the period of 2007-2009 in the Research Institute of Forage
Crops, Pleven, Bulgaria, including seven spring fi eld pea lines. The line L-12AB had the greatest
average values of both plant height (116.90 cm) and fi rst pod height (56.12 cm). The largest 1000
seed mass was in the line L-470-16 (273.33 g). The winter cultivars had the longest growing season
(239 days). The highest seed weight per plant was in the line L-12AC (8.54 g), while the highest
seed yield was in the line L-12AB (2970 kg ha). Seed weight per plant was in the highest positive
correlation with both number of pods per plant (r = 0.908) and number of fertile nodes per plant (r
= 0.901). The highest positive correlation were between plant height and growing season (r =
0.990).

6.Kosev V, 1. Pachev. 2010. Genetic Improvement of Field Pea (Pisum sativum L.) in Bulgaria.
Field Veg. Crop Res. 47: 403-408.

Abstract: Field pea attained greater importance as a cultivated plant in Bulgaria at the beginning of
the 20th century. Until 1964, only breeding for forage was in use, with developed winter varieties
Ne5 and Pleven 2. Recently, field pea achieved the greatest increase (283.3%) in the sown areas,
since the variety structure was updated annually. There are 10 registered varieties in total, with 7
spring and 3 winter ones. The composition of the Bulgarian Pisum collections is highly variable,
with accessions of diverse status. The greatest efficiency is obtained in a combination of bulk
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method in the early generations and certain features of pedigree, single seed method, with possible
modifications and inclusion of the mutational variability.

7.Mikié¢ A., V. Mihailovi¢, B. Cupina, V. Kosev, T. Warkentin, K. McPhee, M. Ambrose, J.
Hofer, N. Ellis. 2011. Genetic background and agronomic value of leaf types in pea (Pisum
sativum). Field Veg. Crop Res. 48: 275-284.

Abstract: Pea (Pisum sativum L.) has a compound leaf like many other legume species. The ‘semi-
leafless’ pea (afaf TLTL), with all leaflets transformed into tendrils, is considered one of the most
important achievements in pea breeding, due to a significantly enhanced standing ability and
equally efficient dry matter production in comparison to normal-leafed genotypes (AFAF TLTL).
‘Semi-leafless’ cultivars provide high and stable grain yield and are dominant in the modern dry pea
production worldwide. There are also ‘semi-leafless’ cultivars that are autumn-sown and those for
forage production. The genotypes with all tendrils transformed into leaflets (AFAF tltl), called
‘acacia’ or ‘tendril-less’, are extremely prone to lodging and may have importance in breeding for
forage production. Little is known about the potential agronomic value of ‘acacia-tendril-less’ (afaf
tltl) genotypes.

8.Kosev V, Pachev I, Angelova S, Miki¢ A: 2012. Inheritance of quantitative traits in crosses
between two Pisum sativum subspecies with particular reference to their breeding value. Russian
Journal of Genetics, vol. 48, (1): 41-46.

Abstract: The experimental study was conducted during the period of 2008-2010 at the
experimental field of the Institute of Forage Crops in Pleven. The hybridization scheme included
direct and back crosses covering four varieties of forage pea (Pisum sativum L.), namely two spring
ones, Usatii 90 and Kamerton from Ukraine, and a winter one from Bulgaria, Pleven 10. There was
analyzed the inheritance of quantitative traits such as plant height, height to first pod, pod number
per plant, seed number per plant, seed number per pod, seed weight per plant and number of fertile
nodes per plant of parental components (P; and P,) and both first (F;) and second (F,) hybrid
generations. The cross Usatii 90 x Pleven 10 showed the highest real heterosis effect for plant
height (8.26%), pods per plant (158.79%), seeds per plant (272.16%), seeds per pod (42.09%), seed
weight per plant (432.43%) and number of fertile nodes per plant (117.14%). The cross Pleven 10 x
Usatii 90 had the highest real heterosis effect height to first pod (11.06%). In F, plants, the strongest
depression for plant height (5.88%), seeds per plant (57.88%), seeds per pod (55.93%) and seed
weight per plant (55.99%) was in the cross Usatii 90 x Pleven 10, for height to first pod (1.47%) in
the cross Kamerton x Pleven 10 and for number of fertile nodes per plant (15.91%) in the cross
Pleven 10 x Usatii 90. The highest positive degree of transgression for number of fertile nodes per
plant (165.64%) and seed weight per plant (162.10%) was in the cross Pleven 10 x Kamerton and
for pod number per plant (102.54%) and seeds per plant (99.13%) in Kamerton x Pleven 10. The
stability of the characters was determined. Low variability in F; and F, was found in plant height
(3.97 — 6.85%). Variability of number seeds per plant in F; was highest (11.86 — 33.23%). For all
other traits, the variability varied from average to high. A lower narrow-sense heritability
coefficient was observed for plant height, height to first pod, pods per plant, seeds per plant and
seed weight per plant (from 0.001 to 0.230). In few cases, such as in fertile nodes per plant (0.39
and 0.81) and seeds per pod (0.44), the coefficients of broad-sense heritability were higher.

9.Kosev V., A. Mikié. 2012. Assessing relationships between seed yield components in field pea
(Pisum sativum L.) cultivars by correlation and path analysis. Spanish Journal of Agricultural
Research, 10 (4): 1075-1080.

Abstract: An analysis was carried out during 2007-2009 on nine spring-sown Bulgarian and
Ukrainian field pea cultivars.Strongest positive phenotypic correlations were observed between
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number of fertile nodes per plant and numbers of pods (» = 0.97) and number of seeds per plant (» =
0.97) and between number of seeds and pods per plant (» = 0.94); between seed weight per plant
and number of seeds (» = 0.83) and fertile nodes per plant (» = 0.77). High genetic correlations were
found between plant height and first pod height (» = 0.89), between number of pods per plant and
seed weight per plant (» = 0.91) and number of seeds per plant (» = 0.96) and between seed weight
per plant and number of branches per plant (» = 0.92) and number of fertile nodes per plant (r =
0.89). The strongest and direct positive effect on seed yield was found in branch length (17.70),
1,000-seed weight (5.92) and number of seeds per pod (4.93). The highest positive indirect
contribution was in branch length to number of seeds per pod (2,214.8), number of fertile nodes per
plant (1,258.0) and number of seeds per plant (708.70). Based on the trait association and the path
coefficients for seed yield and its components, it can be concluded that field pea breeders should
pay attention to traits such as branch length, 1,000-seed weight and number of seeds per pod when
selecting highyielding genotypes in field pea.

10. Miki¢ A, Mihailovi¢ V, Kosev V. 2012. The role of the TENDRIL-LESS (TL) gene in
enhancing the agronomic performance of forage pea (Pisum sativum) lines. Pisum Genetics 44:9-
12.

Abstract: The results of our research demonstrate that the introgression of the TENDRIL-LESS
gene may provide the ‘acacia’ pea cultivars with considerable potential, in terms of higher forage
dry matter yield, higher forage dry matter leaf proportion and higher forage dry matter crude protein
yield compared to the traditional forage pea cultivars with wild type leaves. Further testing should
focus on studying forage yield components and the issue of standing ability of an ‘acacia’ forage
pea stand as the main potential obstacle in sustainable and reliable forage production.

11. Kosev V. 2013. A brief study on the combining abilities of quantitative traits in field pea
(Pisum sativum). Pinnacle Biological Sciences, Vol.1 (1): 1-5.

Abstract: The objective of this research was to investigate and estimates of the general combining
ability (GCA) and specific combining ability (SCA) for the yield-related traits (plant height; height
to first pod; number of pods per plant; seeds per plant; seeds per pod; number nodes per plant;
inter-node distance; seed weight per plant and 1000 seed weight) in forage pea varieties for
identifying suitable parents for pea — breeding programs. The 12 F1's and 12 F2's progenies of four
divergent parents (Pleven 10, Mir and EFB33) mated in full diallel scheme. The results of the
analysis of combinative ability of the investigated traits showed high significant variance of SCA
for all traits both generations with the exception of 1000 seed weight in F1 and seeds per pod in F2.
High significant variance of GCA is showed from 1000 seed weight in F1. The additive gene effects
play a more importantce a role in the inheritance of seeds per pod, seed weight per plant and 1000
seed weight, in F1 and seeds per pod and inter-node distance in F2. Whereas for the traits plant
height; height to first pod; pods per plant; seeds per plant; nodes per plant; fertile nodes per plant in
both generations have an influence on non-additive genetic interactions, where SCA was observed
to be of higher magnitude than GCA. The parent Mir was found to be good general combiner for
traits - plant height, pods, and nodes per plant, Kerpo for seeds weight per plant, Pleven 10 for 1000
seed weight and E.F.B.33 for inter-node distance. The best hybrid combinations due to their desired
SCA effects were identified crosses P, x P4 for number pods, seeds, nodes and fertile nodes per
plant, P3 x P;for plant height, height to first pod and 1000 seed weight and P; x P; for number seed
per pod. These findings can be utilized further in selection program to enhance the yield potential of
pea genotypes.

12. Miki¢ A., V. Mihailovi¢, M. Dimitrijevi¢, S. Petrovi¢, B. Cupina, V. Pordevi¢, V. Kosev, B.
Milosevié, T. Jovanovié, T. Milovac. 2013. Evaluation of seed yield and seed yield components in
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red-yellow (Pisum fulvum) and Ethiopian Evaluation (Pisum abyssinicum) peas. Genetic Resources
and Crop Evolution. Vol. 60,(2): 629-638.

Abstract: Red—yellow (Pisum fulvum Sibth. et Sm.) and Ethiopian (Pisum abyssinicum A. Br.)
peas have become of increasing interest to breeders in the last decade, as they have been found to be
partially or completely tolerant to various biotic stresses, such as to attack by pea weevil, mildew
blight or rust. A trial was carried out at the Institute of Field and Vegetable Crops at Rimski Sancevi
from 2005 to 2007, with 13 accessions each of red—yellow and Ethiopian peas sown at 100 viable
seeds m™, in plots of 0.5 m?. Seed yield per plant in red—yellow pea was significantly and positively
correlated with seed number per plant (r = 0.881**), pod number per plant (r = 0.839**) and
number of fertile nodes (r = 0.820**). The highest positive correlation among the agronomic
characteristics in Ethiopian pea was between number of fertile nodes and number of pods (r =
0.937**). Seed yield in Ethiopian pea was highly significantly correlated with number of seeds (r =
0.807**), pods (r = 0.692*), and fertile nodes (r = 0.638*). The results suggest that plant
morphology of the progenies between red—yellow or Ethiopian peas and grain-type common pea
could not differ significantly from that of individual parents. That means that it could be possible to
develop hybrid lines that could keep the desirable morphological traits of grain-type common pea,
such as lodging-tolerance and high seed yields, and to make an introgression of a specific resistance
from wild pea taxa, especially by back-crosses with the former. However, one must always be
aware of unpredicted outcomes as a result of rather different genetic basis of individual seed yield
components.

13. Kosev, V. 2013. Genetic studies in earliness and vegetation period in pea (Pisum sativum 1.)
varieties. Banat’s Journal of Biotechnology, IV (8): 35-41.

Abstract: A full diallel cross of four—parents was used to study gene action involved in the
inheritance of earliness and vegetation period in forage pea (Pisum sativum L.) and estimation of
general and specific combining ability effects. The genotypes used in the present study were Kerpo,
Pleven 10, Mir and EFB33. The results of the analysis of combinative ability of the investigated
traits showed influence of additive gene actions. The Vi/Wr graphs confirm the previous analysis
that these traits were controlled by partial dominance. Kerpo was found to be the best general
combiner for earliness (—30.06) and short duration of the vegetation period (-30.68). On the
contrary, Pleven 10 exhibited highly negative combinative ability for both traits (13.06; 12.06). For
decrease of the duration of periods days to beginning of flowering and technical maturity
perspective crosses with high negative SCA effect were P2 x P3 (-10.56; —9.56) and P1x P3 (-7.31;
—9.31). Partial dominance and additive gene actions were observed for both traits. The fraction of
h2/H2indicated that at least one—two groups of genes controlled dominance for these characters.
Mir, Pleven 10 and E.F.B.33 were found as genotypes with exhibited dominant alleles, but with
recessive alleles Kerpo. Broad and narrow sense heritability were ranged from moderate to high for
the studied traits. The parental form used in the present study Kerpo possessed favorable genes for
the studied traits, which could be utilized in the breeding programs designed to improve these triats
of the forage pea.

14. Tlieva A, V. Kosev. 2013. Evaluation of spring forage pea varieties by quality-related
characteristics. Banat’s Journal of Biotechnology, IV (8): 54-58.

Abstract: In 2008-2010 in the Second Experimental Field of thelnstitute of Forage Crops —
Pleven, a comparative field trial was carried out with 6 Bulgarian and 3 Ukrainian varieties of
spring forage pea (Pisum sativum ssp. sativumL.).VarietyPleven 4 wasusedas a standard. A
biochemical assessment of the aboveground biomass of the varieties was made by following
characteristics:content of crude protein, crude fiber, calcium, and phosphorus and water soluble
sugars. The results of the study showed that, in comparison with standard, Bulgarian varieties
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Amitie, Pikardi, Kerpo and Kristal had the best values of the analyzed characteristics in the
aboveground biomass. These varieties were distinguished for comparatively high content of crude
protein and water soluble sugars and low content of crude fiber. At both phenological stages
(budding and full maturity) statistically significant correlational relationships were established—
positive between the content of crude protein and phosphorus (r=0.503; r=0.436) and negative
between crude fiber and crude protein (—0.419; r=0.721), between crude fiber and water soluble
sugars (r=0.573; r=0.723) and between calcium and phosphorus (r=0.522; —=0.536).

15. Kosev V. 2014. Seed yield as affected by the ecological stability of the field pea (Pisum
sativum) cultivars". Banat’s Journal of Biotechnology, V (9): 45-50.

Abstract: A small-plot field trial was carried out from 2007 to 2009 including seven field pea
(Pisum sativum L.) cultivars from the Ukraine and Bulgaria. The ecological stability in tested pea
cultivars was determined in relation to seed yield. Stability parameters were determined by
regression analysis according to methods by Eberhart and Russell and Tai. The analysis of variance
proved that influence of factors genotype, environment and genotype x environment and seed yield
had a very high level of probability. The cultivars Kerpo from Bulgaria and Usatii 90 from Ukraine
could be considered close to an ideal type (bi=1.04, Ai=11.08; bi=1.05, Ai= 1.12), suitable for
growing in different environments. On the other hand, the Bulgarian Mir (bi=1.56, 1i=49.41) and
Ukrainian Harkovskii Etalon (bi=1.28, Ai=95.88) were identified as unstable (bi>1), but with good
response that provide them with high seed yields in certain environments. The cultivars Vesela
(bi=0.77, Mi=6.77) from Bulgaria, Pleven 10 (bi=0.71, Ai=59.49) from Bulgaria and Rezonator
(bi=0.68, 1i=35.07) from Ukraine were assessed as stable (bi<1), but with a low adaptability except
for Vesela. In conclusion, cultivarsKerpo, Usatii 90 and Vesela may be regarded as suitable for
including in future hybridisation programmes and developing novel field pea lines with high and
stable seed yields in contrasting environments.

16. Kosev. V., V. Vasileva. 2014. Some studies on the Selection of Forage pea (Pisum sativum L.)
to increase the Symbiotic nitrogen fixing Potential. International journal of pharmacy and life
sciences: 3570-3579.

Abstract: The trial was carried out during the period of 2011-2013 on the experimental field of the
Institute of Forage Crops, Pleven, Bulgaria. Populations of P1, P2, F2 and F1 of the crosses
Shtambovyi x Pleven 10 and Rosacrono x Pleven 4 were investigated. It was found the performance
of heterosis effect in regard to characteristics studied in F1 hybrids. Shtambovyi x Pleven 10
showed the highest positive true heterosis in regard to fresh weight of aboveground mass, nodule
number and root length. Rosacrono x Pleven 4 shoved the highest positive true heterosis in regard
to fresh weight of aboveground mass, seeds weight and fresh root weight. Plants from the two
hybrids were the most depressed in F2 in regard to fresh weight of root and aboveground mass. The
traits root length, fresh weight of root mass and seeds weight per plant in both crosses inherited
positively over dominantly. There were dominated genes determining longer root system and higher
dry weight, as well as higher seeds weight. As a result of prevailing negative epistatic interactions
to reduce the degree of phenotypic expression of these characteristics in comparison to their full
additive inheritance can be expected. Positively correlation interactions between specific nodulating
ability and nodule weight per plant (=0.957), and root length and fresh root weight (0.858) were
found. Fresh root weight and root length had a maximal direct effect on fresh mass and grain
productivity. The mass selection for seed weight, nodule weight, aboveground fresh weight and
nodule number could start in F2-F3 for Shtambovyi x Pleven 10. For Rosacrono x Pleven 4 the
mass selection for phenotype of the characteristics studied will be more effective if started as early
as in F6-F7 or by multiple individual selection applying.
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17. Kosev V. 2014. Inheritance type of the leaves and productivity in deferent genotypes of pea
(Pisum sativum L.). Cenexis 1 HaciHHUITBO, Vol 106: 57-63.

Abstract: The way of inheritance type of the pea leaves is study in this investigation. Bulgarian and
foreign varieties and their hybrids with different quality and quantity traits are used. Biological and
agronomic characteristics are done of them. In genotype's crossover between acacia and afila type
of the leaves is observed double recessive inheritance on pleiofila and monogenetic recessive on
afila type. Do not established inter-allel interactions of the genes determined type of the leaves in
investigated forms. A large diversity for different traits is received in hybrid populations. The
pleiofila hybrids represent selectional interest due to their high productiveness of pod and seeds per
plant that is prerequisite for future selection work.

18. Kosev V. 2014. Heterosis and degrees of dominance of quantitative traits in pea hybrids
(Pisum sativum L.). Banat’s Journal of Biotechnology, V (9): 23-29.

Abstract: The experimental study was conducted during 2007-2009 period in second experimental
field of Institute of Forage Crops, Pleven. The hybridization scheme including direct and back
crosses covered four varieties of forage pea (Pisum sativum L.), spring—Rezonator and Harkovskii
etalon from Ukrainian, winter Bulgarian varieties Vesela and Mir. Inheritance of quantitative traits
was analysed—plant height, seed number per plant, pod number per plant, seed number per pod and
seed weight per plant of parental components (P1 and P2) and crosses of first and second hybrid
generation (F1 and F2). Heterosis effect in Fl-hypothetical and true and degree of dominance in
F1 (hpl) and inF2 (hp2), depression,degree (Tn) and frequency of transgressionin F2 and variability
(VC %) were determined for each studied trait. Highest realheterosis effect was found in crosses
Mir x Rezonator for plant height (60.24 %) and seed number per pod (—0.05 %), Harkovskii etalon
x Mir for pod number per plant (58.88 %) and seed weight per plant (51.92 %), Rezonator x Mir for
seed number per plant (7.39 %). In F2 with strongest depression are plants from cross Mir x Vesela
for number seeds (43.53 %), number pod (47.03 %) and seed weight per plant (46.55 %) and Mir x
Rezonator for plant height (28.71 %) and seed number per pod (18.59 %). Cross Harkovskii etalon
x Mir is with highestdegree of transgression for traits plant height (24.10 %), pod number per plant
(64.49 %) and seed weight per plant (69.62 %). Low variability in Fland F2 was found at plant
height (3.06-15.14 %). Highest is variability for seed weight per plant in F1 (19.08-76.45 %).

19. Kosev. V. 2014. Breeding evaluation of forage pea varieties and hybrids by the traits number
seeds and seed weight per plant. Banat’s Journal of Biotechnology, V (10): 12-16.

Abstract: Proved is the influence of the factors “genotypes” and “individual measurements” on the
variability of the components of productivness weight of seeds and number seeds per plant in
investigated varieties and hybrids forage pea. Vastly is the influence of the factor “genotypes” in the
common variation of the traits - weight of seeds and number seeds per plant as in parents so and in
F; and F, hybrids. The highest productiveness of weight and numberf seeds per plant is obtained in
the hybrids Kerpo x Mir from F; and Mir x E.F.B.33 from F, that surpass parents.

20. Kosev. V. 2014. Breeding and genetic assessment of some quantitative traits in crosses forage
pea (Pisum sativum L.). Open Journal of Genetics, Vol. 4,(1): 22-29.

Abstract: The trial was carried during 2011-2013 on the second experimental field of the Institute
of forage Crops — Pleven, Bulgaria. Populations of P, P, F, and F, of the crosses Shtambovii x
Pleven 10 and Rosacrono x Pleven 4 and their reciprocals were investigated. Heterosis for the
investigated traits was found in the hybrids of F; generations. The cross Rosacrono x Pleven 4 had
the highest positive true heterosis for plant height (31.54 %), height to first pod (15.44 %) and pod
length (17.11 %); the cross Shtambovii x Pleven 10 - for nods per plant (56.10 %) and pod width
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(20.38 %); Pleven 10 x Shtambovii - for 1000 seeds mass (14.65 %) and Pleven 4 x Rosacrono - for
number of seeds per pod. In F, the plants from Rosacrono x Pleven 4 had the strongest depression
for plant height (28.26 %), height to first pod (27.74 %) and pod length (18.13 %); Shtambovii x
Pleven 10 - for 1000 seeds mass (32.22 %) and number of seeds per pod (13.87 %). The stability of
the studied characters was determined. Their variation in F; in the hybrid combination between
Shtambovii and Pleven 10 was higher than F; of Rosacrono and Pleven 4. For more traits in direct
crosses_variability was found to be lower in relation to the reciprocal crosses in both combination.
The genetical part in phenotipycal expression for height to first pod (Pleven 10 x Shtambovii), pod
length and number of seeds per pod (Pleven 4 x Rosacrono) was relative high and existed
probability for selection of homozygous genotypes in the generation F, and F3. The mass phenotype
selection for other traits can implement and will be more effective if it starts in later hybrid
generations (F¢-F7) or through individual selection.

21. Kosev V. 2014. Breeding potential of field pea (Pisum sativum) cultivars and their progenies.
Journal of BioScience and Biotechnology. Vol. 3,(3): 219-226. (Universal Impact Factor =1.16).

Abstract: The inheritance and gene effects structure were investigated for ten quantitative traits in
field cultivars by a full diallel model of four parents — the cultivars Kerpo, Pleven 10, Mir and
EFB33. Overdominance was prevalent for most of the traits in both hybrid generations (F; and F)
except for 1000-seed weigth. A non-additive gene action appeared to be more predominant for the
inheritance of most traits studied. The fraction of h,/H, indicated that at least one group of genes
controlled dominance for all the traits, namely for seed weight per plant (6), seeds per pod (3). The
H,/4H, ratio was close to the expected value of 0.25 for seeds per plant and seed weight per plant,
indicating a symmetrical distribution of dominant and recessive genes. Dominant alleles were more
frequent in parental forms for the inheritance of most traits except seeds per pod in F;. In the case of
seeds per pod (F;) and 1000-seed weight (F; and F;) a comparatively low difference was established
between the coefficient of heritability in narrow and broad sense, indicating that the selection in
early generations may be effective. The genotypes with exhibited dominant alleles were EFB33 for
plant height, first pod height, internode distance and fertile nodes per plant, Mir for pods per plant,
nodes per plant and 1000-seed weight and Pleven 10 for seeds per plant and seed weight per plant.
Kerpo had recessive alleles for all the tested traits except seeds per pod.

22. Naidenova 1., V. Kosev. 2015. Composition, digestibility and feeding value estimation of
forage pea (Pisum sativum L.) varieties and hybrids. Agricultural Science and
Technology,7(3):293-302.

Abstract: Composition and digestibility are studied and potential forage feeding value is
estimated of eight breeding spring and winter forms — two Bulgarian and two Russian varieties and
their four hybrids, presented as Component A - winter forms and Component B — spring forms.
Forage quality is evaluated in three vegetative stages of plants, grown in Competitive variety trial
(2011-2013) on the Second Experimental Field of the Institute of Forage Crops, Pleven: budding
stage; beginning of flowering stage and full pod formation stage. The parameters of principal
composition (Weende analysis), plant cell walls fiber components content (Van Soest detergent
analysis), enzyme in vitro digestibility of dry and organic matter (method Aufrere), potential energy
and protein feeding value by different systems are analyzed, determined and estimated. The
correlation relations between parameters are established. The highest values for the crude protein
content breeding forms demonstrate in budding stage: CP 23,55+7,75% and the highest average
digestibility in the full pod formation stage, which is a stage of technological maturity of varieties
and hybrids: Digestibility of dry matter (IVDMD) 70,00+3,32% and Digestibility of organic matter
(IVOMD 71,28+3,06%). Potential energy feeding value of the forage biomass average for all
breeding accessions is the highest at full pod formation stage and protein feeding value at budding
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stage. Genetic advance is evaluated by Principal Component Analysis, Cluster analysis and
heritability (broad sense) is established.

23. Vasileva V., Kosev V. 2015. Root biomass accumulation in some varieties and hybrids of pea
(Pisum sativum L.) Journal of BioScience and Biotechnology. Vol., 4(1): 51-56.

Abstract: Root biomass accumulation in spring and winter varieties and hybrids pea was recorded
in field experiment in the Institute of Forage Crops, Pleven, Bulgaria (2011-2013). Spring
(Shtambovyi and Pleven 4) and winter (Rosacrono and Pleven 10) varieties and their hybrids
(Shtambovyi x Pleven 10 and Rosacrono x Pleven 4) (in first and second generation, F1 and F2)
were investigated for fresh and dry root biomass accumulation at three phenological stages of plant
development (budding, beginning of flowering and maturity). It was found that the tested varieties
and hybrids pea accumulated different amount root biomass at the different stages of plant
development. Pleven 10 (67.5 kg/da fresh and 11.28 kg/da dry root biomass) and Rosacrono x
Pleven 4 (F1) (68.7 kg/da fresh and 14.8 kg/da dry root biomass) accumulated the greatest amount
of root biomass at the budding stage. Winter variety Rosocrono accumulated the greatest amount of
root biomass at the beginning of flowering (59.04 kg/da fresh and 16.20 kg/da dry root biomass). In
this stage, hybrids Rosacrono x Pleven 4 formed significantly more root biomass in both
generations, in F1 reached to 108.0 kg/da fresh and to 26.10 kg/da dry root biomass. At the maturity
Pleven 10 formed 20.88 kg/da dry root biomass and the hybrid Shtambovyi x Pleven 10 (F1) -24.96
kg/da, respectively. The genetical part in phenotypic expression for investigated traits in Pleven 10
x Shtambovyi was relative high and existed probability for selection of homozygous genotypes in
F3 and F4 hybrid generations. The data for root biomass accumulation at different phenological
stages could be used as parameters for characterization and differentiations of samples, hybrids and
lines in this crop.

24. Vasileva V., Kosev V. 2015. Evaluation of nodule related components and forage productivity
in pea (pisum sativum 1.) genotypes. International journal of pharmacy and life sciences, 6 (2):
4230-4237.

Abstract: An analysis was carried out during 2011-2013 on eight field pea genotypes. Strongest
positive phenotypic correlations were found between aboveground/root mass (weigth) with plant
height (r=0.9237) and aboveground/root mass (length) (r=0.5517); between Root length and plant
height (r=0.8802); aboveground/root mass (weigth) (r=0.7955); stems fresh weight (r=0.7593) and
root dry weight (g) (r=0.6442). The highest genetic correlations were determined between plant
height and aboveground/root mass (weigth) (r=0.9418) and root length (» = 0.9439), between root
length and stems fresh weight (r=0.8808), stems dry weight (r=0.8793) and aboveground/root mass
(weigth) (r=0.8354). The strongest and direct positive effects over aboveground fresh weight
(leaves + stems) productivity were by root dry weight (4804.946), stems dry weight (1218.927) and
nodule weight per plant (1153.314). The highest positive indirect contribution were in stems dry
weight via root fresh weight (8118.055), stem fresh weight (6350.61) and root length (4558.788).
Based on the trait association and the path coefficients for green mass and its components, it can be
concluded that field pea breeders should pay attention to the traits such as root dry weight, stems
dry weight and nodule weight per plant when selecting high-yielding genotypes for green mass.

25. Kosev. V., Ilieva A. 2015. Evaluation of quality-related characteristics and yield in winter
forage pea varieties. Banat’s Journal of Biotechnology. VI (1): 54-60.

Abstract: In 2010-2011 1. the Second Experimental Field of the Institute of Forage Crops - Pleven,
was carried out field trial with seven (Mir, Pleven 10, Fenn, Austrian winter pea, E.F.B.33,
Uzbetskij 71 and Chlumecka fialova) winter pea (Pisum sativum L.) varieties from the pea
collection. Variety Mir 4 was used as a standard. A biochemical assessment of the aboveground
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biomass of the varieties was made by the following characteristics: content of crude protein, crude
fiber, calcium, phosphorus and water soluble sugars. The results of the study showed that, with the
highest green mass yield and crude protein in phenological stage - full pod formation stage are
varieties Pleven 10, E.F.B.33 and Chlumecka fialova and grain yield and crude protein Fenn and
Austrian winter pea. At both phenological stages of the development of the plants Chlumecka
fialova was characterized with high content of crude protein and low of crude fiber. The highest
content of the water soluble sugars in aboveground biomass was established in variety Uzbetskij 71.
At phenological stage the full pod formation were established correlational relationships— positive
between crude protein and phosphorus (r = 0.653) and negative between crude protein and crude
fiber (r = -0.589), phosphorus and crude fiber (r = -0.585).

26. Kosev. V. 2015. Model of high seed productiveness in forage pea varieties. Journal of Central
European Agriculture, Vol. 16, (2). 172-180.

Abstract: A linear equation of regression was used for establishment of the influence of
quantitative characteristics on the grain productivity in forage pea and for development of a model
for breeding work. The model for pea plant with high productivity was characterized by average
height of 60—70 cm, 8-10 formed pods, 30—40 seeds per plant and 160-260 g in regard to 1000-
seed weight. The obtained results showed that the greatest effect on grain productivity had the seed
number per plant, first pod height and 1000-seed weight. Kristal variety had high ecological
plasticity and could be considered as close to an ideal type, suitable for growing under wide range
of environments. Pleven 4 and Rezonator were determined as high-productive varieties and with
low stability, Kerpo and Pikardi - as low-productive but stable varieties. Druzba was identified as
unstable and low-productive variety.

27. Kosev V. 2015. Genetic analysis on some yield traits of pea (pisum sativum 1.) crosses. Journal
of BioScience and Biotechnology, Vol. 4, (2). 149-156.

Abstract: The trial was carried on during 2011-2013 on the second experimental field of the
Institute of forage Crops — Pleven, Bulgaria. Eight generations (P;, P, F;, F,, RC; and each
reciprocal generation) from a cross between the Shtambovii and Pleven 10 varieties were sown for
the this study. Five traits were evaluated: number of pods and seeds per plant, seed weight per plant,
plant weight and number of fertile nodes per plant were used as components of yield. Positive true
heterosis for the investigated traits was found in all hybrids of F, generations. At FBC -
Shtamboviii x Pleven 10 was observed negative heterosis effects for number of pods and seeds per
plant and seed weight per plant and F;BC - Pleven 10 x Shtambovii for plant weight and number of
fertile nodes per plant. In F, the plants from Shtamboviii x Pleven 10 had the strongest depression
for number of seeds per plant and from Pleven 10 x Shtambovii for plant weight. High level on the
indices of transgression was found for all traits. All traits except plant weight and number of fertile
nodes per plant had epistatic gene effects. The results showed that for plant weight selection will be
more effective if it starts in later hybrid generations. Traits number of fertile nodes and seeds per
plant were the characteristics with the highest values for selection.

28. Kosev V. 2015. Multivariate analysis of spring field pea genotypes. Banat’s Journal of
Biotechnology, VI (1): 23-29.

Abstract: An analysis was carried out during 2011-2013 on eight field pea genotypes. On the basis
of the obtained results, the following conclusions may be drawn and used for further research on the
quantitative traits on forage pea and its application in breeding and the development of new
varieties: Analysis of variance showed significant differences among genotypes for all traits. The
results of coefficient of variation analysis showed that the genotypic coefficient of variation was
higher than the phenotypic coefficient of variation. For all traits studied were found high
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heritability, indicated that these traits could be improve through selection procedure. For plant
height and seeds per plant, line Nel15 and Ne9A were classified as high general adaptability to
environment. The cultivars Kerpo and Kristal were classified as high general adaptability for seed
weight per plant. For almost all traits line Ne29 was classified as having specific adaptability to
unfavorable environment.

29. Kosev V., 1. Naidenova. 2014. Heritability of qualitative traits in forage pea (Pisum sativum
L.). KObOuneiina mexayHapoaHa Hay4YHa KoH(epeHIus: ,,70 TOAWHU HHCTHUTYT 1O TIOTIOHA H
TIOTIOHEBUTE u3aenus’’, 13-14 noemspu, 2014. ISBN 978-954-702-103-7.

Abstract: In breeding process of forage pea (Pisum sativum L.) inter variety crosses between two
Bulgarian: Pleven 4 (spring form) and Pleven 10 (winter form) and two Russian: Rosacrono (spring
form) and Shtambovyi (winter form) varieties were effectuated in field crop experiment during
2011-2013 on the Second experimental field of the Institute of Forage Crops, Pleven, Bulgaria.
Populations of Py P, F, and F; of the crosses Shtambovyi x Pleven 10 and Rosacrono x Pleven 4
were investigated. The aim of this study is to establish the inheritance type of some forage quality
parameters as protein, fiber components and digestibility between intervariety hybrids of forage
pea. For the hybrids of F1 are estimated changes of heterosis effect. The cross: Shtambovyi x Pleven
10 is characterized with the highest positive real heterosis effect for CP content and the cross:
Rosacrono x Pleven 4 have the highest rate for CF, ADF and ADL. The parameters CP and CF for
the both crosses are inherited positively overdominantly. Digestibility in vitro dry matter (IVDMD)
is inherited negatively overdominantly as the qualities of varieties Pleven 10 and Rosacrono are
predominated. In the second generation F2 for almost all parameters for Shtambovyi x Pleven 10 a
negative depression is estimated. According to the estimated values for the parameter CP content
the plants of the two hybrids are depressed most strongly. Because of parameters CF, NDF, ADF
and IVDMD for the cross Shtambovyi x Pleven 10 a greather percentage of transgressive plants
could be anticipated as it counts for CP for the cross Rosacrono x Pleven 4. As aresult of
predominating negative epistatic interaction of cross Shtambovyi x Pleven 10 for CP, NDF and
ADL a regression of the degree phenotype exhibition of these signs in comparison with the full
additive inheritance is anticipated. It is established that there is a high inheritance coefficient in both
crosses for the parameters CP, CF, NDF and [IVDMD.

[II. HAYYHU ITYBJIIMKALIMNY B CBOPHUIIN OT MEXAYHAPOIHN ®OPYMU

30. IMayes H., KeprukoB T., Koces B. 2007. BiusHMETO Ha MUKpoeleMeHTa Zn IpHU
MPOM3BOJICTBOTO Ha CEeMEHa OT mposieTeH QypaxeH rpax copT ,llmesen 47. Hayd. Jloxn.
MEXIyHapoAHa Hay4yHa KoHgpepeHiuss 60 roxn. HMucer. mo mousosznanue ,,H.Ilymkapos™-
[TouBO3HAHHMETO — OCHOBA 3a YCTOMYMBO 3€MEJEIUE U Ola3BaHE HAa OkoyiHaTa cpexa’, 13-17 maii,
Codus, c. 392-396.

Pe3ome: Llenta Ha mMpoy4yBaHETO € Ja C€ YCTAaHOBM BIUSHHMETO HAa MHKpPOEJIEMHTA IUHK BBPXY
no0uBa ceMeHa Ha MPOJIETeH PypaxeH rpax coprt ,,[lneBeH 4” B OJICKH yCIIOBUSA. 3a PEIIaBaHETO U
npe3 nepuona 2004 — 2006 roguHa ce 3a10%u MOJICKK onuT Ha Btopo onutHo nosne Ha UPK npu
HETIOJIMBHU YCJIOBUS Ha TOYBEH THN ciabo minyxeH depHo3eM (Haplic chernozems (CHha). B
YCIIOBHSTA Ha EKCIIEPUMEHTA Ce YCTAaHOBH, Y€ M3BBH KOPEHOBOTO TPETUPAHE C MUKpOEIEMEHTa Zn
OKa3Ba TOJIOXKHUTEIHO BIMSHUE BBPXY CTPYKTYPHHTE EIEMEHTH Ha TOOMBA TPU MPOJIETEH PyparkeH
rpax peKoITHpaH 3a 3bpHO. TpeTupaHeTo ¢ Zn yBenu4aBa BUCOYMHATa HA pacTeHUETO ¢ 34.2 cm,
BHCOYMHATA Ha paslojaraHe Ha IBppBU 000 ¢ 7.7 cm, yBennuaBa Opost Ha O00OOBETE Ha €IHO
pacrenue ¢ 7.4 Oposi, Opost Ha cemeHarta B efuH 000 ¢ 1.3 cemena u macara Ha 1000 cemenac 7.1 g.
Haii-iepcriekTHBEH OT H3CIIEABAHUTE IET KOHIEHTPAIMH Ha IIMHKOB TOP IMPH H3BBHKOPEHOBO
TpeTupaHe Ha rpax ca pazrBopute ¢ konmeHtpauuu 0.1, 0.3 u 0.5%. Ilocouenure KOHUEHTpaUU
MOrar Jia ce Mpernopbhyar 3a BKIOYBAHE B TEXHOJIOTHATA 33 H3BBHKOPEHOBO TPETHUPAHE Ha Tpax 3a
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ceMmeHa. Hali-Bucok no6uB cemeHna oT rpax - 602.5 kg/da e momydeH IpH BapHaHTa TPETHpPaH C
0.1% pa3tBop Ha Zn, cnensad oT BapuanTa Tpetupat ¢ 0.3% pastBop - 570.1 kg/da.

}V. HAVYYHHU ITY BJIMKAITMHN B KHUT'U

31. Mikic A., V. Mihailovic, B. Cupina, I. Lejeune-Henaut, E. Hanocq, G. Duc, K. McPhee, F.
L. Stoddar, V. Kosev, D. Krstic, S. Antanasovic, Z. Jovanovic. 2012. Developing fall-sown pea
cultivarg as an answer to the challenges of climatic changes. Peas: Cultivation, varieties and
nutritiogal uses. Chapter 4, pp.107-124. .

Abstract: Pea is considered rather well adapted to wide temperature ranges, with seedlings able to
survive even -20 °C. From a physiological viewpoint, pea becomes tolerant to frost if first exposed
to low non-freezing temperatures, causing the so-called cold acclimation. Delayed floral initiation
helps some forage pea genotypes to escape the main winter freezing periods, as susceptibility to
frost increases during the transition to the reproductive state. The oldest winter pea cultivars carry

the dominant allele, Hr, although some bear hr. They are generally characterized by prominent .

winter hardiness and a long growing season, from sowing in early October until either cutting for ™

forage production in late May or harvesting seeds in mid-July. The average forage yields in the
winter forage pea cultivars often exceed 45 t ha-1 of green forage, 9 t ha-1 of forage dry matter and
1700 kg ha-1 of forage crude protein. Modern dry pea cultivars have advanced winter hardiness and
enhanced dry grain production. They are already in use in other temperate regions in both Europe,
especially France, and the USA. One of the strategic advantages of fall-sown dry pea cultivars of
fjcent release is their significantly improved earliness. These cultivars are regularly at least one

eek earlier than winter barley, providing many farmers with the novel opportunity of not having to
choose between pea and cereals, since many have only one combine harvester available and give
briority to their cereals. Furthermore, fall-sown dry pea cultivars may have increased grain dry
matter crude protein content and it is possible to merge winter hardiness and low content of anti-
nutritioﬁal factors. Low thousand seed weight, not exceeding 200 g, and a population density of 75-
80 planits m-2 provide inexpensive sowing. All these outcomes should result in an increased area
and production of dry pea in many temperate regions. In the end, growing winter-hardy pea
cultivars also mean a significant shift into the wetter half of the year and thus mitigating more and
more prominent and unpredictable effects of spring droughts, demonstrating an efficient answer to
the challenges of climatic changes.
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