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The aim of this work was to research the relationship between variab1e meteorological conditions and the instabiliý of the length of
growth stages and yield ofpeas. The criterion was year, and site variability oftemperature and precipitation conditions, the variabil-
ity of length of growth stages and yield of pea. The results of phenological growth and yield was obtained from varietals experiments

during1993-2003(cultivarKomet)and1980 1994(cultivarBohat'ýr)fromthedatabaseoftheCentralInstifuteforSupervisingand
Testing in Agriculture (CISTA) and primary meteorological values from the database of Czech Hydro meteorological Institute. The

relationships between appointed criterions were evaluated on the base ofcorrelation coefftcients. The yield capability ofthe tested

cuitivars is high' but with very high year on year yield flucfuation (from 2.87 to 7.53 t'hď'), even in the precise field experiments of
CISTA. The yield variability, and its dependence on site conditions, is proved by coefficients ofvariance from 10.0% (the locality
with 1ow yield variability) to 26.8% (the locality with high yield variability). The results confirmed the general conclusions, obtained

before, that the susceptibility to variable environmental conditions, primarily weather, continues to be the main reason for the yield
instabiliý. They influence the onset and length of growth stages of peas. The length of the generative stage has a positive effect on

the yield oípeas and, is prolonged by increasing the number of days with lower temperafures (under 15 "C; with correlation coef-

ficients r - 0.65 0.97 and/or by precipitation conditions, ordinarily the number of days with measurable precipitations with r :
0.78-0.83.

pea: growth period: yield; yield variability; weather conditions; correlation.

WEATHER INFLUENCE ON
PEAS (PISUM SATIVUM L.).

INTRODUCTION

The climate of Central Europe shows significant insta-

bility in weather conditions. That, together with soii condi-
tions, influences the plant growth and yield formation
during all the vegetative period. They influence time of
spring crop sowing, growth and development of plants,

evaluated according to phenological phases and partici-
pate in formation, and also reduction, of individual yield
components. The level of reduction of crop yield is de-

pending on the intensify of stress conditions and on the

time of their incidence. other causes of impeďect varietais
yield potential utilization are the productivity and adapl
ability of cultivars and, the growing technology (M a t h e -

G a s p a r et a1., 2005) and, biotic factors, i.e. pathogens

and pests, or weed.
Peas belong to crops with higher sensitivity to envi-

ronmental conditions, especially shortly after fertilization,
when forming pods and seeds. Increased reduction of
number ofpods and seeds is caused by high temperatures
and by insufftciency of soil moisture. Seed growth rate is
limited and also total storage capacity is reduced (M u -

nier- J o lain et a1., 1998). The critical periodis 10-12
days from the beginning of pod formation. D u t h i o n
and P i g e a i r e (l 99 1) defined this period by cumulative
degree days with value of 300 CDD, after that the number

THE YIELD INSTABILITY OF

ofpods and seeds does not change ín healthy plants any-
more.

Water and temperahrre stress, during seeds formation,
accelerates ageing of assimilatory tissue, decreasing as-

similates formation and their conversion to seeds (C o p e -

land, McDonald, 1995). The vegetative period
shortens and seeds production is negatively affected. In
soybean it was found that the shortening of the generative
period by 18-29% caused a decrease in yield by 26-44%.
Peas and other legumes have diffrculty to used assimilates
formed before flowering in the period of seeds formation
(Bew1ey, Black, 1994). This resulted in an incre-
ment of requirements on assimiiate production for a very
short period.

An extensive research of yield formation of peas and
limiting factors was carried out by P e t r and H o s n e d 1

(1988). High emphasis was put on the cultivar differences,
according to their response to the variable weather condi-
tions.

MATERIALAND METHODS

The relationship of environmental conditions, to insta-
ble utilization of pea yield potential, was evaluated by
processing the data from the database ofthe Central Insti-

* The rcsearch and its rcsults presented in this paper were processcd in the research plan MSM 6046070901 , and were rcalizcd with its support.

SCIENTIAAGRICULIURAE BOHEMICA, 38, 200'7 (3): 117 122 tt7



tute for Supervising and Testing in Agriculture (CISTA)

and primary meteorological values. CISTA provided

necessary data about phenological growth evaluation and

yield results. The weather conditions (temperature and

precipitation), corresponding with appropriate phenologi-

cal growth phases, were obtained from the database of
Czeóh Institute for Hydrometeorology. Results conceming

variability and the correlation between the environment,

growth and pea yie1d, were processed in cultivar Komet,

áuring years 1993_2003 at 6 experimental stations of
CISTA, in different areas of the CR. To veriff cultivar

sensitivity, evaluation ofpercentage ratio, in potential uti-

Iizationwas completed with cultivar Bohat;Ír' used in ex-

periments during years 1980-1994 at 8 experimental sta-

iions of CISTA. Selection of model cultivars is limited and

is dependent on at least a ten year period ofcultivar test-

ing. Cultivars Komet and Bohatýr suited this require-

ment.
Environmental conditions, characterized by soil condi-

tions and by long-term aveÍage of climatic conditions

(Table 1), are also characteizedaccording to value ofsoil
fertility (the highest quality ofsoils is evaluated by coef-

ficienigo-to0) (To m i š k a et a1., 2003). Generally high

soil fertiiity, in experimental stations, contributed to the

certain elimination of influence of soil condition on yield

formation. Year on year variability of weather' for each

area, is calculated in selected meteorological criteria'

Evaluation uses dynamic approach, where meteorological

values are always put into direct relation with the growth

phase ofthe crop, and year on year variability oflength of
each phase or growth period is respected' Meteorology

data was processed in Excel and evaluated separately

according to growing areas.

Evaluated criteria:
_ average daily temperature of air in speciťred growth

stage(methodologyof Klabzuba and Ko žnaro-
v á, 1993),

- sum of average daily temperatures in specified growth

stage,

- number of tropic days (t*u* > 30 'C) in specified growth

stage,

- number of days with average temperature < 15 oC in
specified growth stages,

- sum of precipitations in specified growth stages,

number of precipitations days with precipitations total

> 1.0 mm in specified growth stages.

Coefťrcients of variance for each trait of environment

and growth stage (variability of sowing date and variabil-

ity of the onset of pea growth stages, emergence' anthesis

onset, anthesis termination and achieving full maturiry)

were determined by statistical methods. The variability of
important period lengths (number of days) was also ca1-

culated: sowing-emergence, emergence-anthesis onset,

anthesis onset-anthesis termination, anthesis onset-matu-

rity, sowing-maturity. Relations between length of growth

period and meteorological conditions are expressed by

correlation coeffi cient.

RESULTS AND DTSCUSSION

Varietals experiments of the Central Institute for Su-

pervising andTesting inAgriculture represent a source of
valuable results, usable for other scientific work' Primary

results can be very well used to explain complicated inter-

action between environmental conditions and yield forma-

tion of crops and cultivars. The first work of this nature

was published by P e t r et al. (1987), where they deter-

mined the value limits for weather in important phases of
winter wheat growth. The advantage of these approaches

is the rationalizationof research work, a wide spectrum of
factors and results, and precise establishment and perform-

ance of field experiments.
We focused our attention on the pea' a crop' in prac-

tice, with high yield variability. The yield potential of peas

is used insufÍrciently in practice, normally to 40%' It is

probably due to impeďections in farming practices and

damaging ofvegetation by diseases and pests' Presented

results were obtained from precise field experiments and

they proved the higher importance of environmental con-

ditions in relation to yield stability ofpea. Long-term ex-

Table 1' Meteorological and soil conditions of the experimental stations orÚrzúz (CISTA charactcristic of pcriod 30 years' 1971_2000)

* surface cultivated horizon
** Notc: the most fertile soils 90-100 points

118

Station Central Institute for
Supervising and Testing in

Agriculture - CISTA

Altihrdc
(m)

Avcrage
temperatuÍe

cc)

Ycar amount
precipitation

(mm)
Soil type

Soils texture
classes

Productivc soi18*

capability
(0 100)

Chrlice

Věrovany

Čáslav

Žatec

Staňkov

Jaroměřicc

Nechanice

Pustó Jakarticc

Libějovice

190

20'7

260

285

370

425

235

295

460

9.0

8.7

8.9

9.0

8.1

8.0

8.8

8.3

7.9

451

502

555

439

53'.7

481

597

584

563

fluvisols

chcrnozems

chcmozems

chernozcms

luvisols

luvisols

luvisols

iuvisols

cambisols

loam

loam

loam

clay loam

loam

clay loam

loam

loam

sandy loam

90

100

96

85

on

92

'78

92

88
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Tablc 2. The yicld variability of pea in the varicty trials orÚrzÚz for Komct (1993 2003) and Bohatýr (19s0 1994)

Station of
Úrzúz

Altitudc

Varicty Komet 1 993-2003 Variety Bohat]tr 1980 1994

crop yield
(t.hď')

max.
dilcrence

Cv
crop yield

(t.ha ')

max.
diference

Cv

m avcrage mln. max %o avcrage /o averagc mln. max %o average

Chrlice

Věrovany

Čás1u'

Žatec

Staňkov

Jaroměřice

Ncchanicc

P. Jakartice

Libějovice

190

207

260

28s

370

425

235

3s0

460

5.3s

s. 18

6.21

4.59

4-67

4.9'1

x

x

x

5.3+

3.14

5.28

2.88

3.16

3.23

x

x

x

7.40

ó.89

1.53

6.25

5.92

6.56

X

x

X

76

61

36

ts

46

67

X

X

x

26.8

21.1

I 1.3

24.8

14.8

1))

X

x

x

4.14

x

4.66

4.34

4.65

4.94

4.66

5.13

5.62

2.87

x

4.10

3.31

3.32

) -++

3.43

3.40

3.s'7

5.16

x

5.56

ó.83

6.03

6.60

6.40

6.48

6.'7'.l

70

x

31

81

58

64

64

60

51

)', )

X

10.0

23.9

19.6

18. I

18.1

20.5

16.2

x noevaluated(insuffrcientnumberoťtrialsonStation,lessthen9),Cv coefficientoťvariability

periments showed year on year yield variability, and also

difference between suitable and less suitable areas forpea
growing (Tabte 2). The important factors are the lengths

of phenologic phases and their differences between 1o-

calities.
Jo ern s g aard and Halmo eb (2003)perfomed

fieid experiments in similar area, but with more crop tlpes.
Also in this case they reached coefElcients ofyield varia-
bility between 5-22oÁ,but it was due to inter-specific dif-
ferences. The presented variability is logically dependent

on the productivity of the crop.
During 11 years, yields of cultivar Komet in state va-

rietals testing, ranged from 2.88 to 1.53 t.hďl. In cultivar
Bohaýr over 15 years, extreme values of yields ranged

from 2.8] to 6.1 7 t.hďl (Table 2). Year on year pea yields
variability, in growing areas, is expressed by coefficients
of variance (Table 2) in the interval from l0.0 to 26.80Á.

This value is lower comparing with the obtained from very

short stem cultivars, cultivated 20 years ago (H o s n e d I ,
1987), where the coefficients ofvariance reached 13 to
lao/aL /o.

Weather influences yield formation indirectly, by lim-
iting the beginning of sowing date (Fig. 1), its direct im-
pact lies in influencíng plant growth and development.
Meteorological factors determine the beginning of each
phenologic phase and its duration (number ofdays). Pre-
sented results express ínstability of evaluated factors, and

they were supported by high correiation coefflcients, be-
tween the length of growth stages and weather (Table 3).

Direct interaction between weather, length of growth
stages and yield was only found in the case of length of
the generative period to yield, correlation coefflcient /:
0.44.Yery close correlations are in relation to temperature
and precipitation conditions, to length ofanthesis period
or to length of the whole generative period (Table 3).

Negative influence on anthesis length, on the whole
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Fig. l. Variabiliý oťsowing dates

of the variety tials ÚKZÍ]Z fot
Komet (1993-2003)
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Tablc 3. Correlation cocfficients ofduration ofthe pea-phcnology stages, thc crop yield and sclccted meteorological parameters (rcsults from 6 sta-

tions in 1993 2003, variety Komet)

Stagc,?arameter
Sowing date -
Emergcncc

Emergence - Bcginning
oť flowering

Bcginning End of
flowering

Beginning of
flowering - Maturity

Sowing datc -
Maturity

Crop yield

t

tt
Days with t > 30 oC

Days with t < 15 'C
Days with precipitation

žp

-0.08

-0.73

0.45

0.9'7

0.87

0,66

0.31

-0.'77

0.58

0. l9

0.85

0.s]

0.16

-0.10

4.70
0.96

{.18

0.80

0.78

0.4'7

0.44

-0.67

0.87

-0.12

0.65

0.81

o.'72

0.32

-0.11

0.75

-0.16

0.87

0.83

0.70

t averagc tcmperature in particular period, Lt sum of average tcmperature in particular period, lp sum of precipitation in particular period

Tab]e 4' Coeťficicnts variability ofthc phenology stagcs and the crop yicld ofthe variety Komet (1993_2003)

Station of
ÚrzÚz

Altitude
(m)

Coeffi cicnts variability (%) Yield
(t.hu')S-EM EM-BF BF-EF BF-M S-M Yield

Chrlice

Věrovany

Čásluv

Žatec

Staňkov

Jaroměřice

t90

20'7

260

285

3lU

425

3'7.4

31 .4

2'.7.5

28.5

22.2

43.1

14.0

t0-2

'7.6

I t.5

8.1

8.8

45.2

31 .3

40.8

41.3

39.0

s0.0

13.3

15.6

10.0

14.4

12.3

16.4

11.'7

t 1.5

6.3

8.2

^1

14,'7

26.8

21.1

1 1.3

24.8

14.8

22.2

5.35

5.18

6.2t

4.59

4.6'.7

4.9',1

S sowing datc, EM emergcncc, BF beginning of flowering, EF - cnd of flowering, M maturity

vegetation period, or only on generative period, was found
in increasing the daily average.

The extending of the growth period is dependent on
precipitation conditions, specifically on number of days,

in which there were measured precipitations values above

1 mm (r:0.57-0.87). Low temperatures, in our case tem-
peratures under 15 'C with correlation coefficient r:
0.654.97, have a positive influence on the extending of
growth phases in pea (retarding of ageing process). Also
they have a positive influence on yield formation as was
provedby Stanfield (1966). The optimum tempera-

ture for emergence períod, according to the autho1 is
21116'C and in the generative period 16/10 

oC. High aver-

age daily temperafures Shoťten the growth periods.
Avery variable factor is sowing date (Fig. l). Timely

pea sowing is considered as a yield stabilizing factor
(Siddique, Wright,2004). lts dependence on

weather conditions and high variability of emergence pe-

riod length can be one of the causes of yield instability.
The period from pea sowing to emergence is the most
variable growth stages, with average number of days from
16 to 27. Variability, related to pea stand establishment, is
high and coefficients of variance (Table 4) are between
22.043.1%. The second least stable period is anthesis,

with variability of length of this period befween 31.3 to
50.0%. Lengths of other growth periods in pea are less

variable.
Environmental conditions can be very different be-

tween localities. Results show high yield stability for one

localiry (Čáslav). The highest yield variability is reached
in warm and dry areas. The amount of precipitation in dry
areas, during all the vegetative period, was less than 180

mm and its insufficiency is a critical factor, especially dur-
ing the generative period. Typical is a shorter seed forming
period and accelerated stand maturation. Water for optimal
growth must be considered as a main factor of plant pro-
duction ability (Ittersum, Rabbinge, 1997). Per-
formed evaluation places peas among water demanding
crops.

Validity of statistical calculations was compared with
parameters of monitored factors of weather, for the whole
data set, with classi$,ing yields into defined categories
(Table 5). The use of 4 yield levels proved differences
in meteorological criteria in cultivar Komet. For category
up to 4.0 t.hďl was a characteristic shorter vegetation pe-

riod, especially shorter generative period. Another tlpical
trait is higher average daily temperature, or higher number
of tropical days. Conhary common trait for yield catego-
ries above 4.0 t.htr was longer growth period, higher sum
of temperatures, higher number of days with temperatures
to 15 oC and more favourable precipitation conditions, i. e.

number of days with precipitations above 1.0 mm. The
same method was used to evaluate the favourable and non-
favourable year for pea yield. By comparing results of the

relationship between weather and yield in a favorable year
1996 (6.51 t.hď1) with parameters of unfavourable year
(year 2000 with yield of 4.40 t.hďl), the former mentioned
conclusions were conflrmed.
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Tab1e 5. Characteristic oftemperature and precipitation conditions in the main grow pcriods ofthc varieý Komct for diffcrcnt category oťthc yield

(rcsults lrom ó stations in l 99]_2003)

Grow period PaÍameteÍ Unit
Yield (t.ha r)

< 4.0 4.0,5.0 5.0-ó.0 > 6.0

S.EM

average tempeÍature

sum of averagc tempeÍature

days with temperaturc < 15 oC

days with precipitation

sum ofprecipitation

duration ofpcriod

.C

OC

days

days

mm

days

10.1

164.2

15.ó

5.5

19. I

1'7.9

'7.7

168.4

21-8

7.8

31,.'7

22.5

8.8

t'72.6

20.5

9.2

28.4

21.7

9-9

163.9

16.5

7.9

28.0

18.4

EM-BF

average tcmpeÍaturc

sum of average tcmperahÍc

tropical days (> 30 "C)

days with tcmperaturc < 15 'C
days with prccipitation

sum oťprecipitation

duration ofpcriod

.C

days

days

days

mm

days

15.6

623.7

0.6

16.8

12.2

49.7

40.4

14.3

610.9

0.4

24.8

17.6

'1'7.2

42.9

14.5

620.5

0.5

23.8

1s.0

71 .8

43.0

14.6

649.2

0.9

24.0

11.6

81 .0

44.1

BF-EF

avcrage tempcrature

sum of avcrage tempcrature

tropical days (> 30'C)

days with tempcrature < 15 "C

days with precipitation

sum ofprccipitation

duration ofperiod

OC

.C

days

days

days

mm

days

19.4

200.9

1.6

2-2

2.3

12.3

10.6

17.1

260.6

1.1

4.7

5.8

24.3

15.4

17.0

221.1

0.s

4.6

6.8

43-r

13.5

18.4

199.9

1.0

2.3

4.6

25.4

I 1.3

BF.M

average temperature

sum of average tempcraturo

tropical days (> 30'C)

days with temperature < 15 oC

days with precipitation

sum ofprecipitation

duration ofperiod

.C

OC

days

days

days

mm

days

18.9

'720.8

6.3

'7.0

13.8

68.ó

38.6

18.7

817.6

6-1

7.6

16.'7

87.1

44.3

17.7

818.2

3.9

10.5

21.9

146.9

47.1

Í'I.9

85'.7.9

3.7

9.9

2r.7

141.5

48.1

S.M

aveÍage temperature

sum of average temperahrÍc

tropical days (> 30 "C)

days with tempcrature < 15 "C

days with precipitation

sum ofprecipitation

duration ofperiod

.C

"C

days

days

days

mm

days

15.7

1508.5

6.9

39.4

31.5

137.4

96.9

14.6

1600.6

7.1

s4-0

42.3

195.9

109.7

14.6

1625.4

4.3

55.1

46.8

249.'.7

111.8

15.1

1671.1

4.6

50.4

4'7.3

250.6

1l l.l
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Hlavní příčinou ýnosové nestability hrachu je vysoká citlivost na méně pÍíznivé podmínky prostředí, především
podmínky meziroční a stanovištní. Cílem výzkumu bylo sfudium fenologické odezvy rostlin a variability ýnosů na tyto
podmínky. Metoda dynamického hodnocení počasí ve vztahu k rustovým obdobím umožnila přesnější l"ýpočty kore-
lačních vztahů i vyjádření variability každého faktoru. Fenologická a ýnosová data pro odrudu Komet (1993-2003)
a odrudu Bohaýr (1980-1994) byIa ziskáta z odrudol"ých pokusů ÚrzÚz. Meteorologická dataposkytl Český hyd-
rometeorologický ústav.

Porovnáním qÍnosů odrud za celé sledované období na všech Stanovištích byly zjištěny limitní hranice nejr,yšších
v.ýnosů na úrovni 7 ,53 t.ha 1(Komet) 

a 6,83 t.hďl (Bohatýr). Ve sledovaných časov5Ích řadách se ýnosy hrachu v pol-
ních pokusech pohybovaly v rozmezi 38 až 100 oÁ uvedených maximálních hodnot. Metodika odrudolych pokusů
ÚtrzÚzr^ožnila (při vyrovnané půdní urodnosti) omačit počasí za rozhodující faktor variability qforosů. Proměnlivost
teplotních a srážkových podmínek má vliv na počátek rustoqých období a jejich délku. Pozitivně na prodloužení urči-
té fenologické fáze hrachu působí niŽší teploty. V našem případě pro vztah délky těchto období k pruměrným denním
teplotám pod l5 "C platí korelační koeficienty r: 0,65-0,97. Povětrnostní podmínky ovlivňují termín setí a násiedně

rychlost a vyrovnanostvzcházeni. Pro období yzcházeni byly zjištěny vysoké variační koeficienty (22,043,1 oÁ).

Nejvýrazněji úrovní qÍnosu reaguje porost hrachu na podmínky prostředí v generativním období, souvisejícím s kve-
tením a ztánim plodiny (r:0,44).

Prokázán byl ýznamný vliv stanoviště na stabilitu výnosů hrachu a citlivost odrud k vyšším teplotám a k nedostat-
ku srážek. odlišnou stabilitu qýnosů hrachu u hodnocených stanovišť ďokarují variační koeťrcienty' které dosahují od
I0,0 yo (oblasti s výnosovou stabilitou hrachu) až do 26,8 oÁ na Ioka|itách s velmi nestabilními výnosy. Hrách je plo-
dinou lysoce citlivou na prostředí a ýsledky dokazují rizikovost někteých lokalit pro jeho pěstování.
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