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Abstract. Analysis of the effect of meteorological factors on the yielding of pea cv. Fidelia
was conducted for the period of 1986-2005. The source material concerning the yields and the
weather conditions originated from three experimental and meteorological stations situated in north-
ern and eastern Poland. In the study the method of multiple regressions was applied, with the use of
linear and quadratic functions with stepwise selection of variables, and the created regression equa-
tions were evaluated by means of the coefficient of determination R%, adjusted Rzadj and the Cross
Validation procedure — Rzpred, as well as the F-Snedecor test. In the years of the study notable varia-
tion was observed in the weather factors in the individual stages of growth of pea, which had a
significant effect on the times of their beginning, on the duration of the growth stages, and on the
level of yields. The effect of the meteorological factors studied, i.e. solar radiation, air temperature
and atmospheric precipitations on the yielding of the pea cultivar was related to the location of the
station, stage of advancement of vegetation, and on the set of variables adopted for the analyses.

Keywords: meteorological factors, pea, yield, northern and eastern Poland

INTRODUCTION

The results of agricultural production depend, to a large extent, on the variabil-
ity of meteorological factors, particularly when they are of an extreme nature that
can lead to significant losses. Even slight but frequent deviations from normal con-
ditions (due to the moderate character of the Polish climate) can result in significant
yield fluctuations. This also applies to leguminous plants which have recently be-
came the focus of interest in view of their short period of vegetation, low soil re-
quirements, high utility value, role in crop rotation (Jasinska and Kotecki 2001) and
the important functions (fertilising, phyto-melioration and phytosanitary) they fulfil
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under conditions of developing ecological and sustainable farming (Ksigzak 2000).
They are cultivated in many regions of the world as well as in Europe and Poland
(Podlesny 2004). A valuable species among these plants is sowing pea which, de-
spite its high production potential, yields low and variably due to its sensitivity to
agrotechnical and habitat factors, particularly to weather conditions (Andrzejewska
et al. 2002, Grabowska 2004, Grabowska and Kuchar 2008, Grabowska et al.
2010, 2010a, Michalska 1994). The most important of these factors include: solar
radiation, air temperature and precipitation, often taken into account in regression
equations (Kuchar 2001, 2009). They shape the yield levels of individual cultivars,
affecting their growth and development.

The aim of this study was to create weather-yield models for pea of the fodder
cultivar, Fidelia, separately for two sets of meteorological factors in northern and
eastern Poland.

MATERIAL AND METHOD

Source materials concerning phenology, cultivation conditions and yielding of
pea cv. Fidelia, covering the period of 1986-2005, were obtained from COBORU
experimental stations in Biatogard, Gtodowo and Seroczyn (Tab. 1). Experiments
performed according to the instruction applicable in all experimental stations in
Poland were carried out mainly on very good (4) and good rye complex soils (5),
mostly of classes IIIb and IVa, b, pH 4.9-7.2. Cereals (spring wheat and spring
barley) were generally used as the forecrop, and the fertiliser doses were applied
depending on the content of soil components.

Meteorological data in the form of daily values of mean, maximum and
minimum temperature and the sums of precipitation originating from meteoro-
logical stations operating in the places of the experiments, were marked as:

SR1..4, TSR1..4, Tmax1..4, Tminl..4, P1..4
where:

SR — sums of total radiation (MJ m?),

TSR — mean air temperature (°C),

Tmax — maximum air temperature (°C),

Tmin — minimum air temperature (°C),

P — sum of precipitation (mm),

The number at the variable indicates the stage of growth as follows:

1 sowing — emergence, 2 emergence — beginning of blossoming, 3 beginning

of blossoming — end of blossoming, 4 end of blossoming — technical maturity.

Daily values of solar radiation SR, due to the lack of records at the examined
stations, were estimated with the use of the database concerning maximum and
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minimum temperatures, precipitation and solar radiation in upper layers of the
atmosphere according to the equation proposed by Hunt et al. (1998).

The calculations were made with the application of the method of multiple re-
gression (linear and quadratic) with stepwise selection of variables. Determination
coefficient Rz, the adjusted determination coefficient Rzadj and coefficient Rzpred,
determined with the use of the Cross Validation procedure (Kuchar 2001), were
used as a measure of fit for the model. This is a strict measure of fit, disqualifying
some of the equations created. Its essence is a multiple division of the original
data into two subsets, of which one is used for estimating model parameters and
the other for its verification. The division can be made in such a way that the sub-
set used for estimation purposes is composed each time of n-1 elements and the
remaining element is used for verification. The F-Snedecor test was used to exam-
ine the significance of regression equations created for the successive periods of
plant development.

RESULTS AND DISCUSSION

The yield of the Fidelia pea cultivar, averaged for the multi-year period, proved
to be the highest under the conditions of Glodowo (3.7 tha™), in Biatogard it
amounted to, on average, 3.1 t ha™', and it was the lowest in Seroczyn (2.5 t ha'l).
Also in individual years, yielding was more varied in Gtodowo (2.1-6.6 t ha™) and
Biatogard (1.5-5.4 t ha) than in Seroczyn, where fluctuations ranged from about
1.0 to about 4.0 t ha™. The yield fluctuation coefficient ranged from 33% to 37%,
and standard deviation oscillated around 1.0 t ha™* (Tab.1).

As results from an analysis of Tables 2 and 3, seeds of this pea cultivar were
sown usually in the first decade of April and the differences between the extreme
dates of sowing reached a month, ranging from 20 March to 22 April. Emergence
was observed, on average, already in the latest pentade of April, i.e. about three
weeks after sowing. The beginning of blossoming fell, on average, on 10-11 June
and the end of this stage of growth was recorded at the end of the first pentade of
July; the period of blossoming lasted, on average, for 25 days. The longest stage
proved to be the time calculated from emergence to the beginning of blossoming,
which lasted, on average, up to 45 days in Glodowo and Seroczyn and 48 days in
Biatogard. The final designated stage in the plant growth (end of blossoming —
technical maturity) lasted from 14 days in Seroczyn to 22 days in Biatogard and
Gtodowo, ended the earliest in Seroczyn — on 17 July and a week later at the other
stations.



‘UAZ001dS — § ‘omoporn) — D ‘predojerd — g

¥00T ‘1661 1A 8T €00TIIA C1 1661 IA 0C S661 A9 S661 AI T

S

9661 IIIA 01 ¥00T ‘9661 L861 IIA9T L86T IA 1T L86T A ¥ 9661 A1 0T o 1591e] o)
€661 IIIA €1 €661 IIA ¥T 7661 IA €T 9661 A ¥ 9661 AL 0T qa
000CTIIA S 000T 1A 81 000T A 0¢ 6861 AL 91 6861 111 T S

o601 IIA ¥1 8661 IA TC 8661 ‘€661 IA ¥ 00T AI 81 0661 111 9¢ I} 1591710 A1)
€00T ‘T661 1A 71 661 IA TC 0661 IA T 0661 AL CI 0661 111 0T g
OA LT A v IA O AILT AL OT S

IIA ST A ¥ IATI AL 8C AL 6 o oSeroAe
ITA LT A 9 IATI AIST ALY qa

Aumew go1dwo) Suromopj Jo pug Suromopy Jo Suruuiog  UONBUILLION Jrep Suimos wid],

eI[opL "A0 Bad Jo saseyd [eoiSojouayd pue Surmos Jo swiId] g L

K. GRABOWSKA et al.

) ) . ) . Aorreq : e . S00T-6661 (SSoTT Y 10TS D)
€6€E 80 66'€ 01 0SC reoqm S ¥ QBALQIIl  9°9-0°S ‘0661-L861 UKZ0015G
. ) ) ) ) ; _ $00Z-7002 (r1.61Y 0S.2S B)
Korre - e -
wee STl 659 v1'T €L [1eq S ¥ ALQIIl  T'L6YF ‘2661-9861 0MOpOID)
. ) ) ) ) O £002-2002 (65T Y “1000tS D)
jeoUM - _ - :
S$9¢ Il or's 1S°1 LOE q Sy TLOS S661-2861 preSorergy
(%) (euy)  (eqy)  (egy (g domaog x91dwod Sse[o ad juowLiadxo jo uonwg
AD as XeN UL PPRIX [ros  Ajenb jlog S1e0 § .

318

BI[opI] A0 €ad Jo s1ojowrered [eonse)s oIseq pue sJUSWLIdAXe JO SUONIPUOd [10S *T AqeL



RELATIONSHIP BETWEEN YIELDING OF PEA 319

Table 3. Descriptive statistics of interphases duration of pea cv. Fidelia /days/

Period Mean duration Max Min
B G S B G S B G S
1 22 20 18 33 29 25 14 11 11
2 48 45 45 66 53 50 39 38 37
3 26 24 25 49 36 38 7 18 17
4 22 22 14 31 32 24 11 16 7

B —Bialogard G — Glodowo S — Seroczyn

Stage: 1 sowing-emergence,
2 emergence-beginning of blossoming,
3 beginning of blossoming-end of blossoming,
4

end of blossoming-technical maturity.

Table 4 presents statistical characteristics of the sums of total radiation, mean
temperature and sums of precipitation calculated for the examined experimental
stations for the agro-phenological sub-periods designated for the needs of this
study. Calculated meteorological parameters provided the vegetation background
for the Fidelia cultivar. As results from data presented in the Table, the values of all
analysed factors were the lowest in the stage between sowing and emergence and
the mean sums of solar radiation ranged from 258-275 MJ m™. In the subsequent
stage (the longest stage counted from emergence to the beginning of blossoming)
they ranged from 790 to about 950 MJ m™, in the blossoming stage amounting to
almost 430 MJ m™ and in the stage of the end of blossoming — technical maturity —
274-433 MJ m™. The values of mean air temperature in the sowing-emergence
stage increased from the north-west (7.7°C) to the south-east (9.1°C). Similar
growth trends persisted in the following growth stages: emergence-beginning of
blossoming (13.2-14.2°C), blossoming (16.3-17.4°C) and end of blossoming-
technical maturity (17.7-19.5°C). The average sums of precipitation in the first pe-
riod of growth fluctuated around 20 mm. In the next stage (emergence-beginning of
blossoming) they amounted to 66-91 mm in the blossoming stage to 55-73 mm, and
in the last time bracket: 31-59 mm. The author obtained similar parameters by cal-
culating the sums of solar radiation, precipitation and mean temperature for indi-
vidual growth stages of several cultivars of edible pea (Grabowska 2004) and of
a fodder pea cultivar — Kormoran (Grabowska at. al. 2010).
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Table 4. Basic statistical parameters of meteorological factors in growth period

Average Min Max SD CvV
Variable -
Biatogard
SR1 275.2 198.2 390.0 52.0 18.9
SR2 947.7 786.3 1139.7 98.6 10.4
SR3 438.1 135.9 865.5 178.8 40.8
SR4 433.4 179.6 582.6 108.5 25.0
TSR1 7.7 43 12.5 2.1 273
TSR2 13.2 9.2 16.5 1.8 14.0
TSR3 16.3 13.9 19.2 1.5 9.1
TSR4 17.7 16.0 21.6 1.8 10.1
P1 19.6 0.4 51.7 15.0 76.3
P2 90.7 41.6 191.7 43.0 47.4
P3 73.1 0.0 292.6 84.5 115.6
P4 58.5 2.8 129.3 41.7 71.3
Gtlodowo
SR1 266.5 190.1 3424 56.5 21.2
SR2 829.4 726.0 950.9 66.2 8.0
SR3 429.6 341.3 619.5 82.4 19.2
SR4 400.0 312.0 549.9 58.3 14.6
TSR1 8.8 4.9 12.4 2.0 22.5
TSR2 13.5 10.9 16.5 1.6 11.8
TSR3 16.5 15.2 17.9 0.9 5.2
TSR4 18.0 15.0 21.3 1.8 10.3
P1 17.8 0.0 51.2 15.1 85.2
P2 66.4 29.6 114.1 27.1 40.8
P3 55.4 5.5 1344 34.7 62.6
P4 49.2 2.4 104.4 26.5 53.8
Seroczyn
SR1 257.6 176.2 384.7 48.4 18.8
SR2 791.5 686.9 881.1 54.2 6.8
SR3 432.0 321.3 680.0 104.4 24.2
SR4 274.3 134.2 441.6 76.6 27.9
TSR1 9.1 6.0 13.6 2.4 26.5
TSR2 14.2 12.1 17.4 1.7 12.0
TSR3 17.4 15.5 19.5 1.2 6.8
TSR4 19.5 14.2 22.9 2.6 13.6
P1 20.6 0.2 88.2 22.2 107.8
P2 76.1 29.9 117.1 28.4 373
P3 58.5 5.0 195.2 49.2 84.1
P4 30.8 8.1 116.6 26.5 86.2

Explanations CD, CV, Max, Min, 1-4 as in Table 1.
Variable: SR — sums of global radiation (MJ m™), TSR — average temperature of air (°C), P — sums of precipi-
tation (mm).
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The first stage of this study (Tab. 5) examined the comprehensive impact of the
basic meteorological elements, i.e. total radiation (SR), mean temperature (TSR)
and precipitation (P) on plant yielding. The most statistically significant variable in
Biatogard and Glodowo proved to be sum of precipitation of the first developmental
stage — sowing-emergence (quadratic relation), which was included in all regression
equations. The next most significant factors in Biatogard proved to be sums of solar
radiation of the blossoming stage and the mean temperature during the stage be-
tween sowing and emergence. In Glodowo, on the other hand, the sums of total
radiation (in a linear and quadratic form), as well as precipitation, had a significant
effect on the yielding of pea of the Fidelia cultivar, but only when they were calcu-
lated for the two first stages of plant vegetation. All created equations successfully
passed the verification procedures, including the Cross Validation test, reaching
very high determination coefficients in the last plant growth stages, with 100 Rzpred
often exceeding 70%. On the other hand, in Seroczyn, taking into account the
above-mentioned set of basic meteorological factors, only one equation passed the
CV test, with Rzpred amounting only to 0.28; the yield depended on the sums of solar
radiation of the blossoming stage.

In the next stage of research (Tab. 6), the set of basic variables (SR, TSR, P)
determining the yield of the cultivar also included extreme temperatures (in the
form of sums of mean values): maximum — Tmax and minimum — Tmin. As results
from the figures presented, in the Bialogard and Glodowo stations (situated in
northern Poland), the precipitation of the first growth stage also revealed the largest
impact on yielding, but extreme temperatures, particularly the minimum tempera-
ture Tmin (of periods 1, 2 and 4) and maximum temperature Tmax of the blossom-
ing stage, respectively, took the position previously occupied by solar radiation and
mean temperature. The same variable — P1 as a significant variable — was included
in the regression equations under the conditions of the Glodowo station when the
influence of meteorological factors on yielding of another fodder pea cultivar
(Kormoran) was examined (Grabowska at al. 2010). The impact of extreme tem-
peratures was also revealed in that case.

It should be emphasised that in the Biatogard and Gtodowo stations, in both sets
of explanatory variables adopted for the research, the values of correlation coeffi-
cients (Rz, Rzadj and Rzpred) obtained were on a similar level. Therefore, while carry-
ing out studies for those stations, the researchers can be guided by the availability of
original data.

Only in the Seroczyn experimental station did the inclusion of extreme tempera-
tures significantly affect improvement of the results; more significant regression
equations were created which, besides total radiation (SR), also included maximum
temperature (Tmax) of the blossoming stage (quadratic function) and minimum tem-
perature of growth stages 2 and 4. The determination coefficients also increased sig-
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nificantly, which in the models created for the last growth stage explained yield
variability of 83% — 100 R? (Rzadj =0.75 and Rzpred =0.61). The results are consis-
tent with those obtained for the fodder pea cultivar Kormoran, in the Marianowo
station, also located in the north-eastern part of Poland (Grabowska at al. 2010).
At the same time, the Fidelia cultivar proved to be more sensitive to meteorologi-
cal factors; the regression equations explained the yielding variability to a larger
extent. Therefore, these relationships need to be examined for each cultivar sepa-
rately (Andrzejewska at al. 2002, Grabowska 2004, Grabowska at al. 2010).

CONCLUSIONS

1. During the years of research (1986-2005), a notable variation of weather
factors was observed, i.e. solar radiation, mean temperature and precipitation in
individual stages of growth and development of the Fidelia cultivar of pea, which
had a significant effect on the dates of occurrence of the phenological stages, on
the duration of growth stages and on yielding. Their impact on yield depended on
the location of the station, vegetation stage and the set of explanatory variables
taken into account in the analyses.

2. The application of the statistical models obtained is limited to the point
(area) and time for which they were determined. In order to assess their universal
character, they were verified on independent material, using the Cross-Validation
procedure.

3. Regression equations created for both sets of explanatory variables (SR,
TSR, P and SR, TSR, Tmax, Tmin and P) in the Bialogard and Gtodowo stations
(northern Poland) provide good estimation of the yield of pea of the Fidelia culti-
var, while in Seroczyn (eastern Poland) — only those created for the set containing
extreme temperatures provided good yield estimates.

4. In the experimental stations located in the north of the country (Biatogard
and Glodowo) the factors that have a significant impact on yield of pea of the Fide-
lia cultivar included mainly rainfall in the stage from sowing to emergence and total
solar radiation or extreme temperatures of different stages of development.

In the Seroczyn station (eastern Poland) the most important variables in the
regression equations were: solar radiation and maximum temperature of blossom-
ing stage and minimum temperature of emergence-beginning of blossoming and
end of blossoming-technical maturity stages periods.
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ZALEZNOSC PLONOWANIA GROCHU SIEWNEGO (PISUM SATIVUM L.)
OD CZYNNIKOW METEOROLOGICZNYCH W WYBRANYCH STACJACH
DOSWIADCZALNYCH POLSKI POLNOCNEJ I WSCHODNIE]

Krystyna Grabowska, Aneta Dymerska, Barbara Banaszkiewicz

Katedra Meteorologii i Klimatologii, Uniwersytet Warminsko-Mazurski
ul. Plac £.6dzki 1, 10-724 Olsztyn
e-mail: grabkrys@uwm.edu.pl

Streszczenie. Analizg wptywu czynnikéw meteorologicznych na plonowanie grochu siew-
nego odmiany Fidelia prowadzono dla wielolecia 1986-2005. Material zrodtowy dotyczacy plono-
wania i warunkow pogodowych pochodzit z trzech stacji doswiadczalnych i meteorologicznych,
zlokalizowanych w potnocnej i wschodniej Polsce. W badaniach zastosowano metodg regresji wie-
lokrotnej z uzyciem funkcji liniowej i kwadratowej z krokowym wyborem zmiennych, a utworzone
réwnania oceniono za pomoca wspolczynnika determinacji R% poprawionego Rzadj i procedury
Cross Validation — Rzpmd oraz testu F-Snedecora. W latach badan obserwowano wyrazne zroznico-
wanie czynnikdw pogodowych w poszczegoélnych okresach rozwoju grochu siewnego, co miato
znaczacy wplyw na terminy ich rozpoczgcia, dlugos¢ okresow migdzyfazowych oraz wysokosé
plonowania. Oddziatywanie badanych czynnikéw meteorologicznych, tj. promieniowania stonecz-
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nego, temperatury powietrza i opadow atmosferycznych na plonowanie odmiany byto uzaleznione
od lokalizacji stacji, zaawansowania wegetacji oraz od zestawu zmiennych objasniajacych przyje-
tych do analiz.

Stowa kluczowe: czynniki meteorologiczne, groch siewny, plon, Polska potocna i wschod-
nia



