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Model of high-productive varieties in forage pea
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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.

Keywords: peas, Pisum sativum L., productivity, quantitative characteristics,
regression, stability

Pe3iome

JInHenHo ypaBHeHWE Ha perpecusi € U3non3BaHo 3a YCTaHOBSIBAHE BIIMSIHUETO Ha
KONNYECTBEHN XapakTEPUCTUKN BbPXY NMPOAYKTUBHOCTTA Ha 3bPHO Npu OYPaKHUAT
rpax U cb3gaBaHe Ha MOAEeN 3a HyXauTe Ha cenekumsta. MogensT 3a pacteHue
rpax c BUCOKa NpoAyKTUBHOCT Ce XapakTepuanpa CbC cpegHa BucoumHa 60—70 cm,
obpasysa 8—-10 606a, 30—40 cemeHa n maca Ha 1000 cemeHa 160-260 g.
Mony4yeHuTe pesyntaty NoKa3eart, Ye BbpXy hopMUpaHETO Ha NPOLAYKTUBHOCTTA Ha
3bpPHO HaW-rONAMO Y MaTeMaTU4eCcKn JOKa3aHo BRMsiHWE oka3saT bpon cemeHa Ha
pacTeHue, BUCOYNHA Ha 3anaraHe Ha nbpeu 606 n maca Ha 1000 cemeHa. Kristal e ¢
BMCOKa €KONorMyHa NnacTM4HOCT M MOXe Aa ce pasrnexaa kato 6nmMsbk 4o ngeana
3a COpT, NOAXOAALL OTrnexaaHe B NO-LUMPOKKU ekonormyHm obnactn. CoptoeeTe
Pleven 4 n Rezonator ca onpegeneHn Kato BUCOKONPOAYKTUBHU N C HUCKA
ctabunHoct, Kerpo u Pikardi kaTo HACKONPOOYKTUBHU HO cTabunHu, a Druzba kaTto
HUCKONPOAYKTUBEH N HECTAOMNEH.

Knro4yoBu Aymu: rpax, KonmMyecTBeH NpusHak, ctabunHoct, Pisum sativum L.,

JOURNAL

Central European Agriculture 172
ISSN 1332-9049


http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Vol%3A16%2BNum%3A2
http://dx.doi.org/10.5513/JCEA01/16.2.1606

Kosev: Model Of High-Productive Varieties In Forage Pea
PaswunpeHo pestome

Mpoy4yBaHeToO € NpoBefeHO BbB BTOpO onnTHO Ha NHCTUTYTa No doypaxHuTe
Kyntypu-IneseH npes nepmnoga 2007-2009 rogmHa. Llenta Ha nanuteaHeTo € Aa ce
YCTaHOBM BIIMSIHUETO HA KONMYECTBEHN NPU3HALM BbpXY NPOAYKTUBHOCTTA OT 3bPHO
npy bypaxkHns rpax Ypes cb3gaBaHe Ha perpecnoHeH Moaen 3a 6baeLm
ceneKkuMoHHM nporpamun. PactutenHmaT matepuan o0ekT Ha uscrneaBaHeTo BKOYBa
LIEeCT copTa nponeTeH oypaxeH rpax ¢ HopmarneH Tun nucta — 6bnrapcku: Pleven 4,
Kristal, Picardi, Druzba n Kerpo; ykpaunHcku: Rezonator. CpaBHUTENHUAT NOSCKN
ONUT nu3BeaeH no 610KOBUSA MeTo B YETMPU NOBTOPEHMUS C roOfiEMUHA Ha OnuTHaTa
napuenka 5 m2. Centbata e nspbplLUeHa B onTumarHm 3a Kynrtyparta cpokose ¢ 120
KbIH. C.*m-2, Npy MmexaypeaoBo pasctosHue 11 cm u agbnboyvnHa Ha 3acsiBaHe 5
cm. Bbpxy 20 paHaoMmn3anpaHo B3eTK pacTeHUs OT BCEKM COPT (OT MbpBO M TPETO
NOBTOPEHWE) Ca aHanNn3npaHu Npu3HauuTe BUCOYMHA Ha pacTeHne, BUCOYMHA Ha
nbpBu 606, 6pon 6o60Be, cemeHa N hepTUNHU B3NN Ha pacTeHne, bpon ceMeHa B
606, maca Ha 1000 cemeHa u Terno Ha cemeHaTa OT pacTeHue. NonyyeHuTe
pesynTtaTu oT NPOBEAEHMSI aHanM3 NokaseaT, Ye NMIMHENHUST KOMMNOHEHT B
perpecusTa Ha NPo4YKTMBHOCTTA 3bPHO OT pacTeHMe No OTHOLLEHWE Ha
Npoy4BaHUTE KONMMYECTBEHM NOKa3aTenu € 3HaunTeneH n goctoBepeH. Ham-Bncok
OTHOCUTENEH Asn BbPXY NPOAYKTMBHOCTTA Ha 3bPHO OT pacTeHne okasBa NpPU3HaKbT
6pon cemeHa (+ 0.324) n 6pon hbepTUnHU Bb3NU Ha pacTteHune (+0.113). YcTtaHoBeHa
e ctabunHocTTa Ha aobuBa Ha 3bPHO Ha NpoyYBaHUTE COpTOBE. 3a YCrnoBMATa Ha
MneseH copT Kristal e Han-ctabuneH. CenekuMoHEH UHTepeC NpeacTaBngsa n copta
Rezonator, KOUTO € BUCOKO NPOAYKTUBEH.

KnrouyoBu AymMu: NpoayKTUBHOCT, perpecuoHHa 3aBUCMMOCT, aganTUBHOCT

Introduction

Peas (Pisum sativum L.) are grown for forage, grain (feed and food) and vegetable
purposes. Consequently, peas have been differentiated in distinct types including for
forage and grain (Cousin, 1997; Bilgil, 2010). Among legumes,the pea is the second
most important grain legume crop in the world, which is widely used in human
nutrition and as fodder (Cristou, 1997). In the past, plant breeding programs were
focused mostly on developing high yielding cultivars. Recently the development of
cultivars which are adapted to different environmental conditions is ultimate aim of a
plant breeder in the crop improvement programs (Muhammad, et al., 2003; Mulusew,
et al., 2009; Pratap and Kumar, 2011).

Despite the enormous success in this direction the need and the opportunities for the
more farther improving and selecting of new cultivars continue being main task,
under continuously changing conditions of cultivation and the absence of suitable
cultivars for them (Sood and Kalia, 2006; Togay et al., 2008).

For increasing the productive potential of the pea is needed to be developed models
for selection of genetic substantial characteristics. Their combination in breeding
process will bring to desired genotype. The information for the mutability and
interaction of the quantitative characteristics in the plants population have
exceptional meaning for increasing the effectiveness of the selection work. One of
the popular methods for clarifying the concrete type of investigated relationships in
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biological objects is carried with the methods of regression analysis, which give
opportunity for prognoses (Mosjidis, et al., 1981).

The yield performance of plants is controlled by the genetic capacity of a plant, the
environment and their interaction. High and stable seed yield performances are the
main objectives in plant breeding programs (Tan, et al., 2012). The genotype must
show good performance across a range of environments to be widely accepted. The
genotypes respond to changes in the environmental conditions such as temperature,
rainfall, soil type (Fehr, 1993; Mustafa, et al., 2012).

The objectives of this study were to determine the influence of quantitative
characteristics on the grain productivity in forage pea varieties through development
of the regression model for future selection programs.

Materials and methods

The investigation was performed during the period 2007-2009 in the second
experimental field of the Institute of Forage Crops, Pleven, Bulgaria, situated in the
Central part of the Danube hilly plain. The field comparative variety trial was carried
out by the block method in four replications and plot size of 5 m2. Each plot included
11 rows with a row spacing 20 cm and sowing rate 120 germinable seeds per m=.
The sowing was made by hand at depth of 5 cm. The forage pea is grown by
approved technology of the Institute of forage Crops, Pleven. The object of the study
were six varieties of spring forage pea (Pisum sativum ssp. sativum L.) with normal
leaves type from of our collection — Pleven 4, Kristal, Picardi, Druzba, Kerpo
(Bulgarian varieties) and Rezonator (Ukrainian variety). As a standard variety was
used the Bulgarian variety Pleven 4 officially acknowledged by the State variety
commission in Bulgaria. The follow traits were studied: plant height; first pod height;
number of pods per plant; seed number per plant; fertile nodes per plant; seeds per
pod; 1000-seed weight; seed weight per plant. In the technological maturity were
analyzed 20 plants (10 plants from first and third repetition). For the stability analysis
was used coefficient of variation (VC,%) as stability parameter (Francis and
Kannenberg, 1978).

The data were processed statistically by classical analysis of variance (ANOVA) with
using of software STATGRAPHICS Plus for Windows Version 2.1.

Results

The results of carried out analysis showed that the linear component in the
regression of grain productiveness from plant in respect of the investigated
guantitative traits is significant and reliable (Table 1).

From the complex study of the traits is obtained model (1) which demonstrated the
complexity character of the change of productivity depending on the variation of
investigated quantitative traits.

The common type of the obtained equation of regression was:

(1) Y =-3,29791 - 0,0984322* X1+ 0,0684032* X2- 0,217038* X3+ 0,324777* Xa+
0,113865* Xs- 0,0964969* Xe+ 0,0202564* X7
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Table 1 Regression analysis (ANOVA) of the grain productivity per plant in regard to
the quantitative traits

Tabnuua 1 PerpecroHeH aHanu3 (ANOVA) Ha NpoAyKTUBHOCTTa Ha 3bPHO OT
pacTeHue No OTHOLLEHWE Ha KONnYecTBeHUTE nokasaTtenm

Dispersion df SS MS F Signif. F
Regression 7 449,3588 64,19411 267,7985 1,46E-10
Residual 11 2,636815 0,23971

Total 18 451,9956

Where: Y — is seed weight per plant; X1 — plant height; X2 — first pod height; Xs —
number of pods per plant; X4 — seed numbers per plant; Xs — fertile nodes per plant;
Xe — seeds per pod; X7 — 1000-seed weight;

The applied analysis showed that for formation of the grain thehighest influence had
the numbers of seed per plant (0.32) and fertile nodes per plant (0.11), followed by
first pod height (0.068).

The plant height in pea was in relationship with the mechanized agriculture; therefore
varieties with average high stem and with lodging resistance are for preference.

Above determinate parameters too great plant height had negative influence on the
grain productiveness — prolong time for ripening, which make difficult the gathering of
the harvest. This could be provided in varieties with short and great number of
internodes per plant, which secure minimum permissible distance between the first
pod of the plant and the land surface. In the regression equation (1) the dependence
between the productivity and plant height was with negative value i.e. every
increasing of the plant height led to decrease in the productivity by 0.098 g. Reverse
of the considered indicator the increase of first pod hight led to increase of the
productiveness by 0.068 g. The highest relative share on grain productiveness had
the indicator of seed numbers per plant. The individual productiveness is increased
by nearly 0.32 g. if the number of seeds is increased by an unit.

Weaker influence had the indicators: number fertile nodes per plant (0.11), 1000-
seed weight (0.020) and seeds per pod (-0.096), as for the last indicator the
coefficient of regression was negative (Table 2).

The graphical representation of the relations between the productiveness and the
investigated quantitative components allowed by enough approximation to be
obtained theoretical results and to determine the basic regularity between studied
traits (Figure 1).

The seed productiveness of plant decreased at plant height above 60—70 cm and first
pod height above 30 cm. The optimal value for fertile nodes per plant was 5-6.
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Table 2 Regression coefficients of the grain productivity per plant in regard to the
guantitative traits

Tabnuua 2 PerpeCMOHHI/I KOG(*)I/ILI,MGHTI/I Ha NpoAyKTUBHOCTTa Ha 3bpPHO OT pacTeHne
Nno OTHOLUEHNEe Ha KOoJNMM4eCTBEHUTE NoKa3aTesrun

Lower Upper
Trait Coefficients St. Error t Stat P-value 95% 95%

plant height,cm - 0,098432 0,036403 -3,76049 0,003152 -0,21702 -0,05677

height to first pod,
cm 0,0684032 0,022414 3,528573 0,004727 0,029756 0,128421

pods number per
plant -0,217038 0,308698 -1,42202 0,182751 -1,11841 0,240466

seed number per
plant 0,324777  0,059624 7,430428 1,31E-05 0,311799 0,574262

fertile nodes per
plant 0,113865 0,286713 -0,03457 0,973045 -0,64096 0,62114

seeds per pod -0,096496 0,244907 -2,49216 0,029921 -1,14938 -0,07131

1000 seed
weight, g 0,017571 0,003634 4,835319 0,000523 0,009573 0,025569

In the represented graphic the influence of the 1000-seed weight was significant
although it was very low. Its parameter were in limits from 160 to 260 g. In this
interval each increase led to rising of the productivity.

In this study the number of seeds per pod had action with opposite direction in
comparison with 1000-seed weight, which probably was at the expense of average
size of seed.

The economic importance of stability for cultivation of a variety was recognized in
1917 by Roemer (in Becker, 1981), who used the variance across environments for
yield stability. Francis and Kannenberg (1978) proposed the use of the coefficient of
variation (CV) as a measure of genotype stability. In this procedure, stable genotypes
had a low CV and show biological (static) stability (Dehghani, et al., 2008).
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Figure 1. Dependence between the grain productivity per plant and quantitative
traits

durypa 1. 3aBUCUMOCT MeXay NPOAYKTUBHOCTTA Ha 3bPHO OT pacTeHue u
KONMYeCTBEHUTE NPU3HALM
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The distribution of forage pea varieties in regard to their grain productiveness and
stability (expressive by the variation coefficient - VC) is represented on Figure 2. The
mean values of productiveness and VC separate the coordinate system of four
guadrants. The varieties with high ecological plasticity (Kristal) are situated in first
qguadrant. They are the most suitable for the selection. Varieties from second
quadrant (Pleven 4 and Rezonator) are also Interesting because they have high
productiveness and low stability (high variability).
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Figure 2. Stability (according Francis and Kannenberg, 1978) and distribution of the
varieties in regard to grain productiveness

®urypa 2. CtabunHocT (cbrnacHo Francis and Kannenberg, 1978) n pasnpeaeneHue
Ha copToBeTE NO NPOAYKTUBHOCT Ha 3bPHO.

They are responsive only under favorable conditions. The varieties from third
quadrant (Druzba) are low productive and ecological unstable. The varieties in fourth
guadrant (Kerpo and Pikardi) are low productive but stable.

Discussion

Similar results are reported from Mosijidis, et al., (1981), Kalapchieva, (2013). They
used the regression coefficient for predicting the time for pea harvesting. According
them the time for gathering could be established through the morphological traits:
number of fertile nodes per plant and pods per fruit stalk.

In analysis of the parental components Fi1 and F2 generations Sharma et al., (2000),
Srivastava et al., (2000) reported that themain yield components in pea were:
number of pods per plant, seeds per pod and average size of seed. In our models the
traits pods per plant and seeds per pod were less considerable. The variant which
will have the highest productive is the plant with 8-10 pods situated mainly by to per
fruit stalk, with 4 seeds per pod and with 30-40 seeds per plant.

Ardelean, et al., (1989), Dev, et al., (1995) and Ranalli, et al., (1997) determined the
trait seed per pod as the most stable component of the yield. According to these
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authors in the choice of initial selection material must take an attention not only the
average seed numbers per pod but and maximal numbers of seeds per pod.

The models for selection of high productiveness varieties in forage pea showed that
the productive can be raised by increasing seed numbers per plant and 1000-seed
weight.

The obtained linear equation of regression gives notion for the main indicators which
must take into consideration in the choice of selection material in the breeding
programs and optimal combination of the wanted qualitative in a new variety forage
pea. The obtained results demonstrate that the model for pea plant with high
productivity is characterized by average height from 60-70 cm, 8-10 pods, 30-40
seeds per plant and 1000-seed weight in limits 160-260 g.

The field pea cultivar Kristal showed high ecological plasticity and could be
considered close to an ideal type, suitable for growing over a wide range of
environments. Pleven 4 and Rezonator were determined as varieties with high
average productiveness and low stability, and Kerpo and Pikardi - as low productive
but stable. Druzba was identified as unstable and low productive.
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