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Abstrakt


Zkoumání vztahů mezi jednotlivými meteorologickými veličinami a vývojem jarního ječmene lze provádět několika způsoby mezi něž patří i metoda regresní analýzy, která byla použita v této práci. Z vyhodnocovaných meteorologických prvků byl pouze u srážek prokázán statisticky významný vliv na vybrané produkční parametry tj. výnos, hmotnost tisíce zrn a počet produktivních odnoží na jednotku plochy. Vztah mezi celkovým úhrnem srážek a výnosem je statisticky průkazný u všech tři vyhodnocovaných odrůd na hladině významnosti α=0,05, přičemž variabilita srážek v období od března do července vysvětluje 40-56% variability výnosu. Vztah mezi úhrnem srážek v období březen až květen je dokonce ještě těsnější a vysvětluje až 53-65% výnosové variability. Pokud jde dynamiku vztahu mezi dekádními úhrny srážek a výnosem byl prokázán shodný trend u všech tří zkoumaných odrůd, i když statistická významnost tohoto vztahu byla potvrzena pouze v posledních dvou květnových dekádách. Překvapivým závěrem bylo, že mezi úhrnem srážek a velikostí výnosu panuje nepřímá úměra, tedy že nárůst úhrnu srážek vede ke snížení výnosů (s výjimkou počátku vegetace v období mezi setím a vzcházením).


Délku trvání fenologických fází pak nejvíce ovlivňují sluneční záření a teplota vzduchu, přičemž těsnost vztahu mezi délkou jednotlivých fenofází a hodnotami zmíněných veličin byl potvrzen i statistickými metodami u všech tří odrůd. Nejspolehlivějším determinantem určujícím délku jednotlivých fenologických fází se ukázala být suma maximálních teplot za dané období.  Kromě teploty a sluneční radiace bylo zjištěno, že také množství srážek statisticky významně ovlivňuje délku období vzcházení rostlin. 

1. Introduction

The method of regression analysis defines the behavior of a system in a simple manner. The regression model reflects little or none of the mechanism that are cause of the behavior leaving it solely on the subjective interpretation of the results. However one (eventually more) relatively simple mathematical equation might be used to weight the importance of the independent variable (e.g. amount of precipitation, sum of effective temperatures etc.) on the selected dependent variable usually crop yield, vegetation duration or weight of thousand seeds. The problem is that the growth parameters will not be the same when soil, crop husbandry practices or weather patterns are different and this remains the second major shortcoming of this method (Penning de Vries et al., 1989) causing its low transferability. 


 Using the regression methods for the determination of the relationship between the spring barley production and growth parameters three weather elements seem to play the major role i.e. precipitation, temperature and solar radiation. All three selected variables have various impacts on the barley production in different phenological stages, which is also true for related cereal species (e.g. winter wheat) as it was demonstrated by (Hall, 2001; Porter and Gawith, 1999; Petr et al., 1987 or Lomas and Shashoua, 1973). The most ambiguous is the relationship between the spring barley yield and precipitation. Generally in the more arid regions the sum of precipitation over the season and grain yield are positively correlated (e.g. Oosterom et al., 1993) when under more favorable climatic conditions with higher rainfall sums the correlation is negative (Przulj et al., 1999). Cereal response in general to the higher precipitation sums early in the growth especially during the germination stage was found to be positive. However the results differ on the determination of the most sensitive period to increased precipitation sums. The reduction was most significant either during anthesis or in latter stages of grain filling (e.g. Lomas and Shashoua, 1973; Oosterom et al., 1993; Przulj et al., 1999 or Kimura and Tanakamaru, 1999). It is explained by the lack of cytokinins, which production by roots is hampered by excessively wet soil (Petr et al., 1987) 

The relationship between the temperature and spring barley yield is also closely related to the individual phenological stages but in general higher daily sums of effective temperature shortens the duration of phenological stages that in the end leads to lower grain production. Particularly sensitive on the presence of optimum temperature range is reported to be the time of anthesis when the high temperatures lead to pollen sterility and the range of cardinal temperatures seems to be smaller than for other developmental stages (Petr et al., 1987) and it is well documented for winter wheat by the detail literature overview presented by Porter and Gawith (1999). In general course of the air temperature, especially during the months of spring barley vegetation season, depends on the incoming solar radiation and so high intensity of the global radiation is the cause of high temperatures. Therefore the close relationship between the global radiation and the length of phenological stages exists. Global radiation is the primary source of energy for photosynthesis but the impact of its altered intensity depend to large extend on the availability of the soil water to the crop and the developmental stage (Stanhill and Cohen, 2001). The high amount of incoming radiation under condition of the Czech Republic negatively influences especially the pollination process as reported by (Petr et al., 1987). On the other hand long sunshine duration hours during stem elongation and heading seems to be necessary for attaining high 1000-grain weight as well as high number of ears per area (Hubík, 1993).

2. Materials and Methods

The overall goal of this study was testing the suitability and effectiveness of using method based on simple regression analysis in the form used e.g. by Lomas and Shashoua (1973) in order to examine relationships between selected meteorological elements and spring barley production parameters. Assuming a linear relationship between selected weather variable in given period and studied spring barley characteristics (e.g. yield, number of productive tillers or weight of thousand seeds) the equation for expressing the regression line equals to:

y = a + bx








(1.)

where y stays for e.g for grain yield in kg/ha, a is a constant, x is quantity of the studied weather element (e.g. sum of rainfall, global radiation or mean temperature) as independent variable for given period of time and b is slope of the regression line. The slope of the line (b) can be used in order to quantify the change in the spring barley growth parameter per unit of change of the studied meteorological element during the given time period e.g. response of the spring barley yield per 10 mm of rainfall (increase/decrease) from 1st till 10th of May. However even more important than the influence of the certain weather factor for spring barley growth and development is its significance, which might be assessed using Pearson Coefficient of Correlations (r). Based on the number of samples critical value of r for the given level of significance can be determined and based on the comparison of the critical value of r and the calculated one the null hypothesis is either rejected or confirmed. 


In order to properly determine the significance of each weather element I chose two time scales. At first individual months from March till July were divided into 10 days period. In case of March, May and July the last period of the month included 11 days however this difference was neglected as the error is same for each year. For each 10-day period sums of rainfall, global radiation, daily maximum temperatures and average daily temperatures were calculated. Finally Pearson Coefficient of Correlation was calculated out of all available seasons and results were presented in the form of tables and charts and in the same time the significance of the relationship was examined using critical values of the Pearson Coefficient of Correlation (α = 0.05). 


The second approach resembled the first one but instead of time periods defined by calendar dates (same for each year) phenological timing was used and sums of the selected weather elements were calculated for predefined phenological stages. Besides the relationship between the weather variables and barley production parameters also relationship to the length of individual phenological stages was assessed. The distributions of the sums of examined weather variables as well as distribution of barley parameters were considered to be normal and no data transformation was applied. 


All experimental data originate from the test locality at Domanínek (49°32´ N, 16°15´E, 560 m a.s.l.) that belongs to the main potato production region of the Czech Republic. The annual average air temperature equals 6.5 °C and the annual average precipitation is 651 mm. Soil is rather light and can be characterized as a loamy sand. Comprehensive description of the three used spring barley cultivars i.e. Akcent, Orbit and Novum can be find in Jurečka and Beneš (2000) and Pařízek and Jurečka (1996).


3. Results and Discussion


As it was mentioned above, the regression analysis examined the relationship between the meteorological elements and spring barley production process using two different time scales. At first sums of each variable were calculated to fixed calendar i.e. the same for each year and in the second step phenological timing was used i.e. the length of the each period depended on the phenological development during given year.

3.1. Calendar time


Out of the considered meteorological elements only precipitation (Table 1.) was found to have considerable influence over the selected crop production parameters i.e. grain yield, weight of thousand seeds and number of productive tillers per unit of area. During the examined period of time i.e. from 1984 till 1999 rainfall varied considerably within the analyzed period of time (March-July) when the minimum sum of precipitation reached 199.1 mm (1988) and the maximum 433.8. (1997) with mean value equaling to 283.3 mm (median 266.7 mm). The coefficient of variance for the whole season equals to 23.7% however this value is much larger when each of the ten day period is examined separately because of the nature of precipitation distribution through out the year and ranges from 51.1% to 102.4%. 

As might be seen from the Table 1. and also Fig. 1. the relationship between the total amount of rainfall and grain yield is statistically significant (α=0.05) for all three spring barley cultivars and the variation of the total rainfall from March till July can explain 40-56% of yield variability. When only period from March till May was examined the relationship found was even more pronounced and accounted for 53-65% of yield variability. If we look at the dynamics of the precipitation x grain yield relationship during individual ten day periods we can uncover similar trends for all three cultivars eventhough the relationship was proven to be statistically significant only for the last twenty days of May (approximately during tillering and stem elongation). Especially when we look at the magnitude of the response curve we can clearly see that 10 mm difference in the precipitation amount can significantly influence the grain yield (by more than 400 kg/ha). The most interesting points are that the relationship between the sum of rainfall and grain yield is inverse one and therefore additional rainfall causes yield reduction (with exception of the early spring between sowing and emergence).

Table 1.: Calculated values of the Pearson Correlation Coefficient for the relationship between sum of rainfall for given period and selected crop parameters, where YIELD stays for grain yield, WTS stays for weight of thousand seeds and NPT stays for number of productive tillers. The following series of measured data were available for the assessment: Orbit (1984-1996 i.e. n = 13), Novum (1985-1999, n = 16) and Akcent (1989-1999, n = 11). Gray shading stays for values higher than the critical r value for α = 0.05. Locality Domanínek



ORBIT
NOVUM
AKCENT



YIELD
WTS
NPT
YIELD
WTS
NPT
YIELD
WTS
NPT

1-10
March
-0.010
0.053
-0.071
0.031
-0.396
0.346
-0.101
-0.484
0.303

11-20
March
0.097
-0.167
0.352
-0.152
-0.346
0.186
-0.201
-0.477
0.167

21-31
March
-0.201
-0.276
0.415
-0.073
-0.326
0.238
-0.079
0.108
0.104

1-10
April
-0.359
-0.447
0.059
-0.267
-0.257
-0.235
-0.381
-0.296
-0.357

11-20
April
-0.091
-0.093
-0.253
-0.039
0.000
-0.083
-0.461
-0.541
-0.268

21-30
April
0.398
0.026
0.184
0.388
0.532
0.123
0.292
0.496
-0.147

1-10
May
-0.197
-0.283
-0.211
-0.331
0.330
-0.452
-0.167
0.228
-0.383

11-20
May
-0.713
-0.479
-0.623
-0.753
-0.328
-0.565
-0.613
-0.311
-0.471

21-31
May
-0.602
-0.058
-0.606
-0.484
-0.297
-0.544
-0.434
-0.049
-0.561

1-10
June
-0.027
-0.338
0.391
-0.038
-0.175
0.401
0.211
0.047
0.440

11-20
June
-0.225
0.069
-0.183
-0.283
-0.139
-0.245
-0.093
0.028
-0.011

21-30
June
0.038
0.188
-0.066
-0.052
0.182
-0.089
0.062
0.251
0.025

1-10
July
-0.069
-0.324
0.108
-0.321
-0.171
-0.309
-0.463
0.315
-0.396

11-20
July
-0.400
0.000
-0.286
-0.477
-0.168
-0.267
-0.540
-0.125
-0.277

21-31
July
0.088
0.046
-0.007
-0.195
-0.174
-0.067
0.052
-0.452
0.213

March – July
-0.645
-0.536
-0.288
-0.760
-0.400
-0.444
-0.629
-0.416
-0.370

Much less decisive results were achieved when the relationship between the precipitation and weight of thousand seeds was analyzed. The relationship as it is clear from Table 1. was not found to be statistically significant with exception of the last ten days of April for cultivar Novum. The relationship between the sum of rainfall and number of productive tillers per unit of area is also not that clear as in the case of grain yield. However as it is apparent from Table 1 the most sensitive period during the year as far as number of productive tillers is during last twenty days of May (as in the case of grain yield). It seems to prove that the negative impact of increase precipitation during this part of year lays in the other than optimum conditions during the tillering stage. 
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Fig. 1. Calculated values of the Pearson Correlation Coefficient and response curve parameters for the relationship between sum of rainfall for given period and grain yield. The following series of measured data were available for the assessment: Orbit (1984-1996 i.e. n = 13), Novum (1985-1999, n = 16) and Akcent (1989-1999, n = 11). Dotted line stays for Critical value of Pearson Correlation Coefficient (α = 0.05). Locality Domanínek.


Timing of the most sensitive period at the locality Domanínek (potato growing area) is slightly different with the one reported by Petr et al.. (1980) for warmer regions of the Czech Republic however there are still apparent two peaks of susceptibility longer one in the beginning of the season and second towards its end. The relationship between the amount of rainfall and grain yield is clearly given by the climatic conditions as in the Mediterranean arid climate the variability in the precipitation distribution and amount might explain more than 60% of the variability and yield is in positive correlation with rainfall amount (e.g. Lomas and Shashoua, 1973 or Oosterom et al., 1993). However even under these condition highly limited by the water availability during some developmental stages grain yield was found to decrease due to higher precipitation sums e.g. during the tillering and stem elongation developmental stages (Lomas and Shashoua, 1973) or during the end of grain filling period (Przulj et al., 1999) which is in surprisingly good agreement with above mentioned results.

3.2. Phenological time


When the relationship between meteorological elements in the individual phenological stages and spring barley production parameters of the three selected cultivars were analyzed very similar results were found as in the case of part 3.1. Only precipitation proved to be statistically significant factor influencing grain yield during whole season (Fig 2.). Eventhough the shape of the curves presented at the Fig. 2. is partly influenced by much smaller number of points the basic shape remains the same with the most pronounced positive effect of additional precipitation from sowing to emergence while more rain from start of tillering till start of stem elongation leads to significant yield reduction. The relationship between the rainfall amount and weight of thousand seed seems to partly cultivar specific with maximum positive effect of precipitation during seed germination.
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Fig. 2. Calculated values of the Pearson Correlation Coefficient for the relationship between sum of rainfall for given period and grain yield and weight of thousand seeds (WTS). The following series of measured data were available for the assessment: Orbit (1984-1996+2001a-b i.e. n = 15), Novum (1985-1999, n = 16) and Akcent (1989-2001a-b, n = 13). Dotted line stays for Critical value of Pearson Correlation Coefficient (α = 0.05; n = 13). Locality Domanínek.
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Fig. 3. As in the Fig. 2 .but for the phenological stages duration.


Phenological development and duration of individual sequences is without doubt influential factor in the formation of high yield (Petr et al. 1987) and therefore its relationship with five selected meteorological variables was also assessed (Table 2.). The most influential factors driving the phenological development were found as expected solar radiation and temperature. The relationship between those variables and phenological stages duration was highly significant for all three cultivars with limited number of exceptions. The highest correlation was found to exist with the sums of daily maximum temperature (Fig 3.). Beside temperature and solar radiation also amount of precipitation proved to be important factor especially for the duration of the first stages of crop development.

Table 2: Calculated values of the Pearson Correlation Coefficient for the relationship between sum of selected meteorological element for given phenological stage and its duration. The following series of measured data were available for the assessment: Orbit (1984-1996 and 2001 i.e. n = 15), Novum (1985-1999, n = 16) and Akcent (1989-1999 and 2001, n = 13). Gray shading stays for values higher than the critical r value for α = 0.05. Locality Domanínek.

SOLAR RADIATION
ORBIT
NOVUM
AKCENT

sowing-emergence
0.725
0.826
0.794

emergence-tillering
0.511
0.790
0.791

tillering-stem elongation
0.516
0.721
0.728

stem elongation-heading
0.775
0.748
0.960

heading-maturity
0.509
0.683
0.746

sowing-maturity
0.581
0.403
0.641

AVERAGE TEMPERATURE
ORBIT
NOVUM
AKCENT

sowing-emergence
0.587
0.663
0.174

emergence-tillering
0.590
0.753
0.751

tillering-stem elongation
0.833
0.834
0.932

stem elongation-heading
0.879
0.840
0.957

heading-maturity
0.288
0.751
0.734

sowing-maturity
0.305
0.406
0.290

TEMPERATURE

(T BASE 0°C)
ORBIT
NOVUM
AKCENT

sowing-emergence
-0.300
-0.139
-0.238

emergence-tillering
0.323
0.662
0.652

tillering-stem elongation
0.757
0.823
0.928

stem elongation-heading
0.744
0.840
0.957

heading-maturity
0.489
0.751
0.734

sowing-maturity
0.433
0.122
0.273

DAILY MAX. TEMPERATURE
ORBIT
NOVUM
AKCENT

sowing-emergence
0.633
0.830
0.660

emergence-tillering
0.610
0.836
0.800

tillering-stem elongation
0.776
0.877
0.935

stem elongation-heading
0.796
0.871
0.977

heading-maturity
0.586
0.741
0.742

sowing-maturity
0.666
0.497
0.417

RAINFALL
ORBIT
NOVUM
AKCENT

sowing-emergence
0.857
0.907
0.859

emergence-tillering
0.682
0.320
0.482

tillering-stem elongation
0.485
0.322
0.738

stem elongation-heading
-0.085
0.416
0.196

heading-maturity
-0.036
0.333
0.394

sowing-maturity
0.455
-0.030
0.309


Simple (or more sophisticated) methods of regression analysis can give us valuable information about the weight of individual factors of the agroecological system on the outputs however they do not take into account feedbacks nor complexity of such system and more detailed analysis of the system should follow e.g. using dynamic crop models.

4. Conclusions 

Out of the considered meteorological elements only precipitation was found to have considerable influence over the selected crop production parameters i.e. grain yield, weight of thousand seeds and number of productive tillers per unit of area. The relationship between the total amount of rainfall and grain yield was proven to be statistically significant (α=0.05) for all three spring barley cultivars and the variation of the total rainfall from March till July can explain 40-56% of yield variability. When only period from March till May was examined the relationship found was even more pronounced and accounted for 53-65% of yield variability. The dynamics of the precipitation x grain yield relationship during individual ten day periods there are similar trends for all three cultivars eventhough the relationship was not proven to be statistically significant except the last twenty days of May (approximately during tillering and stem elongation). The most surprising conclusion is that the relationship between the sum of rainfall and grain yield is inverse one and therefore additional rainfall causes yield reduction (with exception of the early spring between sowing and emergence). The relationship between the sum of rainfall and number of productive tillers per unit of area proves that the negative impact of increase precipitation on yield during end of May is caused mainly due to lower proliferation of the production tillers under wet weather.


When the relationship between meteorological elements in the individual phenological stages and spring barley production parameters of the three selected cultivars were analyzed again only precipitation proved to be statistically significant factor influencing grain yield during whole season . The relationship between the rainfall amount and weight of thousand seed seems to partly cultivar specific with maximum positive effect of precipitation during seed germination.

The most influential factors driving the phenological development were found to be solar radiation and temperature. The relationship between those variables and phenological stages duration was highly significant for all three cultivars with limited number of exceptions. The highest correlation was found to exist with the sums of daily maximum temperature. Beside temperature and solar radiation also amount of precipitation proved to be important factor especially for the duration of the first stages of crop development. 
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