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Abstract. This paper presents an analysis of #ficiencies and excesses of precipitation
occurring during the growing season of winter rapd winter wheat in the context of rising air tem-
peratures in Poland in 1971-2010. The greatestdmey of precipitation deficiencies in winter wheat
production in April and July was registered in tieth-eastern region of Poland (Olsztyn), in May in
Poznan region and in June in Lublin region. Analysi the levels of precipitation deficiencies and
excesses during the spring-summer period of wintexat and winter rape vegetation in 1971-2010
did not reveal significant trends of changes degpieir spatial and time diversification. Total gpé
tation deficiencies during April-June period fomidr rape was the highest in Poznan region (62 mm)
and the lowest in Olsztyn region (39 mm). Wintereahhighest precipitation deficiency was observed
in Poznan region (59 mm), while the lowest in La{B4 mm), and their amounts were lower compar-
ing to winter rape. In winter rape production, [jpéation excesses were less frequently obsenaal th
precipitation deficiencies. The greatest frequericgrecipitation excesses for winter wheat wassregi
tered in June in Olsztyn region. The greatest fraqu of precipitation excesses in winter wheat pro-
duction in June and July was registered in theoregof Olsztyn and Koszalin; in April and June in
Lublin. Precipitation excess totals during the Aptine period for winter rape were the highest in
Lublin region (45 mm) and the lowest in Opole reg{@2 mm). Winter wheat excesses of precipita-
tion during April-July period were bigger compatedvinter rape; the greatest amounts were observed
in Koszalin region (72mm), while the lowest in Limblegion (43 mm).
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INTRODUCTION

An upward tendency of air temperature and thelteeguincreased potential
evaporation modifies the conditions of plant vefi@ta(Kozuchowski and Degri-
mendz¢ 2005, Baski and Btaejczyk 2005, Le Houérou 1996). Increase in tempera-
ture resulting in earlier start of meteorologicabetation period, at the lack of ten-
dency to increase precipitation totals, may catregularities in meeting plant pre-
cipitation requirements during the vegetation mkifotodziejet al 2003, Degir-
mendZt et al 2004). According to the forecasts, increase iamagr temperature by
1-2°C in relation to multiannual average leads to greaster requirements in plants
in the conditions of Poland, reaching on averagel8.5 mm during a month (Zier-
nicka 2004). Forecasts of climate changes alsarassocreased frequency of ex-
tremely low and extremely high precipitation (Kuadzczet al. 2009).

In Poland, during the period of the highest creguirement for water, the
most severe deficiency of precipitation occurshi@ tentral zone (Great Valleys)
(Dziezyc et al 1987, Kotodziejet al. (2003), Ostrowsket al. 2008, Zarski and
Dudek 2009, Dudekt al 2009, Radzkat d. 2013).

In 1950-2000 in north-eastern Poland (Warmia ama iy region), where the
climate is harsher in comparison with the resheflowland areas in Poland, both
frequent periodical deficiencies and excesses efipitation due to their consid-
erable spatial and time variability were observ@dapowskiet al 2008, Banasz-
kiewicz et al. 2009). Alcamcet al. (2007) forecast an increase in the precipitation
in the northern areas of Europe and a declinesisauthern regions, but simulta-
neously a change of precipitation during a year.

Konecka-Geszke and Smatizia (2007) observed that in the area of Poland, at
an upward tendency of temperature, the range afgiits extends. Consequently,
one may expect an increased precipitation defigiamd, as a result, a wider range
of areas requiring crop irrigation. Irrigation needepend on edaphic factors and
crop species (Lajolzki and Lény 2008,Zarski and Dudek 2009).

Plants are most sensitive to water deficiencyrduthe period from flower
buds to seed formation. In the case of winter rggecipitation deficiency in
May, i.e. during flowering, contributes to a de@e@d number of siliques per
plant, whereas precipitation deficiency in Junehatstage of seed formation and
ripening, affects unfavourably the 1000 grain weighd fat content (Budagki
and Ojczyk 1996, Wojtowicz 2005, Bertband Kotodziej 2006). Research by
Szwejkowskiet al (2008) revealed that precipitation totals in Jaguand June
affected winter rape yield the most. Another impottfactor determining the
amount and quality of winter rape yield is the teimperature. The authors also
found a close relationship between the level ofdyigy and the air temperature
for the period of spring vegetation start to sesunftion. High air temperature
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and humidity and excessive precipitation amountingurape ripening, in the
opinion of Jajoret al. (2012), favour the development of fungal diseagbkich
negatively affect the crop yield and technologipadlity of seeds.

Winter wheat has considerable water requiremdnis,both deficiency and
excess of precipitation negatively affect its yietdand grain quality. Chmuet al
(2009) demonstrated that precipitation deficienaysed a decrease of between
5 and 21% in winter cereal grain yield. The sanssds (from 5 to 21%) are caused
by excessive precipitation. The critical period doewinter wheat water needs,
which falls for the shooting-flowering stage (Mayag), starts later than in the
other winter cereal species, when the after-wiwiter supply has been exhausted.
According to Budzyski (2012), wheat is the most sensitive to drouglat weeks
before and two weeks after the earing stage (tbensehalf of May — the first half
of June). Precipitation deficiency in that perialses a decrease in the plant as-
similative area, poorer development of vegetative generative organs, including
the number of ears and grains per year. Precipitatéficiency in the later period,
i.e. at the phase of grain formation and fillingr(@, July) leads to premature plant
ripening resulting in diminishing of grain size ¢dawska-Kalicka 2008).

In view of climate warming and potential droughizard, an attempt was made
to answer the following gquestions: what was theedligion of precipitation defi-
ciencies for winter rape and winter wheat in 1991€2in the area of Poland in the
context of increase in the air temperature and leretny significant trends of wa-
ter deficiency changes occurred. The analysis wadurted on the example of five
localities situated in the regions with considegadnlea under these species.

MATERIAL AND METHODS

Mean values of monthly air temperatures and mgrhécipitation totals for
the years 1971-2010, obtained from five meteoralalgstations of the IMGW
network situated in the territory of Poland, wesed for the study. These were:
Koszalin, Olsztyn, Poznan, Lublin and Opole. Theich of the localities was
determined by the economic importance of theseonsgfor commodity planta-
tions of two selected crops, i.e. winter wheat amnter rape.

On the basis of decadal precipitation needs fatiome compact soils, follow-
ing Dziezyc et al. (1978), monthly precipitation requirements for teinrape and
winter wheat were calculated in the five regiondPofand in 1971-2010, for the
period from the restart of vegetation to wintereamd winter wheat harvesting.
Computed monthly precipitation needs were correctasidering the air tem-
perature, using the method suggested by Kdkowicz and Hewelke 2002).
Along with 1°C temperature change in relation to the averageeeature for
multiannual period, water needs given by Ryieet al. (1987) were increased or
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decreased respectively by 5mm. Subsequently, tiieretice between monthly
precipitation and corrected water needs (P — Pwg emmputed in subsequent
years (1971-2010). Obtained negative difference aesrmined as a deficiency,
while a positive one as an excess of precipitatitmen, standard deviation of
these differences in analysed months of winter rape winter wheat growing
season was calculated.

The deficiencies and excesses of precipitatiorelation to crop precipitation
needs were discussed on the example of selectpd. d&fbe period when water re-
quirements of these crops increase, i.e. fromtdme af spring vegetation (April) to
full maturity, for winter rape until June, for wertwheat until July, was discussed.

The values of securing the precipitation needs- (Pw) for 1971-2010 were
calculated for quantitative determination of defigiies and excesses of precipita-
tion in the subsequent months. “Dry month” and “weinth” expressions were
introduced to distinguish high values of water ases and deficiencies. The
months were identified on the basis of at leastsiandard deviation of the differ-
ence (P — Pw) with reference to value “0” (P — P®@)or the 1971-2010 period.
Subsequently, in order to show the dynamics ofipitation excesses and defi-
ciencies in these months, in the subsequent decdidee 1971-2010 period, fre-
quency of wet and dry months occurrence was preddat selected crops.

The next step was an assessment of the amourfitezpnebncy of precipitation
deficiencies and excesses for winter rape fromlAprdune and for winter wheat
from April to July. On the basis of computed di#faces, the periods in which
negative values, denoting deficiencies, and pasitiglues, denoting excesses,
were identified.

In order to observe the dynamics of deficiencied excesses, the medians of
both of them for both crops were computed in eastade and 1971-2010 period.
The medians of precipitation deficiency in the sdugent months of analysed
period were also calculated.

The investigation whether there is a trend indicatsignificant statistical
changes of water deficiencies and excesses of mivtieat and winter rape was
counted using the Mann-Kendall test (Kendall 19Kbalig et al. 2009) (in the
years when monthly precipitation totals exceededhtpprecipitation needs, zero
values of deficiencies and excesses were assumed.)

Precipitation deficiency during the crops growseason can be compensated
by irrigation, so in the last stage of the study simalysis focused on precipitation
deficiency for the test plants.

In the final stage of the study it was also iniggged whether a statistical
difference in precipitation deficiencies occurrehetween the analysed localities
existed. The next step involved verification of astgtistically significant differ-
ences in the amount of water deficiencies betwéenstudied localities, which
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was done by means of non-parametric version of ARQ¥st, the Kruskal-
Wallis median test, abbreviated K-W.

RESULTS

Computed differences between precipitation totald precipitation needs
(P — Pw) of winter rape and winter wheat in 19712€@or selected meteorologi-
cal stations revealed a small increase in the cotise months.

Differences between computed monthly precipitatatals and precipitation
needs (P — Pw) of winter rape and winter wheatdn112010 for selected mete-
orological stations were characterised by a ditersf time in the following
months. On the basis of computed standard deviatiaof (P — Pw) differences,
a spatial diversification of their values over thtudied period is noticeable
(Tab.1). The lowest and least spatially diversifiedalues in the discussed locali-
ties occurred in April. In the subsequent months vhlues were growing ade-
quately to the precipitation needs of both cropcEseand ranged from 19 mm to
25 mm in April, from 27 mm to 39 mm in May, from-3® mm in June and from
42 mm to 56 mm in July.

Table 1. Standard deviationg (mm) of differences between monthly precipitattorals and pre-
cipitation need¢P — Pw) of winter rape and winter wheat in 197120

) Winter rape Winter wheat
Station
April May June April May June July
Koszalin (N) 25 27 59 25 27 59 54
Olsztyn (NE) 25 28 39 25 28 39 42
Poznan(W) 19 27 40 19 27 40 52
Lublin (E) 23 30 36 23 30 36 46
Opole (S) 25 39 36 25 39 36 56

On the basis of frequency of wet and dry montlesiwence, for winter rape in all
regions dry months were more frequently observed4f% in May and June in
Poznan), while wet months occurred much more r€rel80% in June in Olsztyn).

For winter wheat, “dry” April occurred the most dugently (up to 38% in
Olsztyn). The exception was the east region reptedeby Lublin station, where
“wet” April and May occurred more frequently (25%da28%) than “dry” (8%,
5%). June and July were more frequently registaiedvet months (to 40% in
Olsztyn, to 30% in Koszalin) (Tabs. 2-3).
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Basing on the analysis of precipitation deficiescimedian, a considerable
dynamics of deficiency dimension was observed & gshbsequent months from
vegetation start to both plants harvesting (Fig).1

In the case of winter rape in April the highestdme of precipitation defi-
ciency 444 mm) was registered in the region of Lublin. layMconsiderable water
deficiencies on the same level were observed imgbmns of Opole, Poznan and
Lublin €22-24 mm), whereas in June the highest median fufielecy was noted
only in Poznand0 mm) (Fig.1).

In the case of winter wheat, in April the highastdian of precipitation defi-
ciency was registered in the region represente@lbytyn €2 mm). In May pre-
cipitation deficiencies were the lowest in all ltas, while the dimension of
deficiency median was on a similar lev2t4 mm). In June and July the dimen-
sion of deficiency was diversified in the subsequerars of the analysed period,
whereas the highest values of the median were notét region represented by
Poznan40 and 20 mm) (Fig. 2, Tab. 2).
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Fig. 1. Winter rape precipitation deficiencies
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Fig. 2. Winter wheat precipitation deficiencies
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Table 2. Frequency of precipitation (E) excesses and (Diyi@acies (%) for winter wheat (April-
July) and winter rape (April-June) exceeding thieigaf one standard deviatioa)(

Winter wheat

Station .
April June July

E D E D E D E D
Koszalin (N) 12 25 15 12 25 2 30 10
Olsztyn (NE) 10 38 15 15 40 8 20 20
Poznan (W) 10 20 10 18 15 18 10 18
Lublin (E) 25 8 28 5 18 22 15 5
Opole (S) 5 30 10 5 12 10 20 5

. Winter rape

Station April May : June

E D E D E D
Koszalin (N) 12 25 10 28 15 2
Olsztyn (NE) 15 20 12 18 30 12
Poznan (W) 10 25 2 42 10 42
Lublin (E) 10 32 8 2 15 22
Opole (S) 5 22 2 20 12 20
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Table 3. Medians of monthly precipitation deficiencies &fd excesses (mm) for winter rape over
the period from April to June; for winter wheat oviee period from April to July

Period Koszalin Olsztyn Poznan Lublin Opole
Winter rape
1971-1980 20 -59 35 -24 37 -81 57 -51 21  -20
1981-1990 48 -85 28 -35 2* —47 0 —42 22 50
1991-2000 27 —-46 32 -39 29 -54 30 —40 66 —69
2001-2010 33 —44 49 -85 19* -62 45* —60 20 -59
1971-2010 27 —45 33 -39 24 —62 45 -43 22 -54

Winter wheat

1971-1980 46 -23 72 -55 70 —61 91 —26 54 -19
1981-1990 85 -50 46 —42 43 -99 25 -11 79 54
1991-2000 72 -103 24 -36 96 -39 53 =37 67 76
2001-2010 64 -80 50 -84 55* -51 31 -40 76 -26
1971-2010 72 -56 48 -53 58 -59 43 -34 69 -36

*Excess of precipitation in the period April-Junecarred once per ten years; in 1986, 2009 (Poz-
nan) and 2010 (Lublin).

The values of precipitation deficiencies and esesdor winter rape revealed
that in the period from the beginning of spring egion to harvesting (April-
June), spatial differentiation of their size isdant (Tab. 3). In 1971-2010 the
calculated medians of precipitation deficienciesemgreater than the median of
its excesses. In 1971-2010 period the median afigtation deficiencies ranged
from 43 mm (Lublin) to 62 mm (Poznan), while ex@sssf precipitation were at
22 mm (Opole) to 45 mm (Lublin).

Considering the medians of precipitation deficiesdor winter rape in the next
few decades, they were more varied than thoselaeddufor the entire forty years.
These values ranged from 20 mm (Opole in 1971-1888% mm (Koszalin, Olsztyn
1981-1990 and 2000-2010). Medians of precipitatircesses in the coming decades
ranged from O mm (Lublin in 1981-1990) to 66 mm ¢@dn 1991-2000) (Tab. 3).

Taking into account the values of calculated esesf deficiencies of pre-
cipitation for winter wheat, in the period from Apto July the difference be-
tween their sizes is more noticeable than in tlse cd winter rape.

In 1971-2010 period the calculated medians of pitation deficiencies for win-
ter wheat were smaller than the medians of pretipit excesses; the values of pre-
cipitation excesses of this period ranged from %8 (Roznan) to 34 mm (Lublin),
while deficiencies of precipitation from 43 mm (Ll to 72 mm Koszalin (Tab. 3).
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However, in subsequent decades of the tested p#mmdnedian values of
precipitation deficiencies were much more varieghtthe median of precipitation
excesses. Median values of deficiencies ranged ftanmm (Lublin in 1981-
1990) to 103 mm (Koszalin in 1991-2000), while thedians of excesses ranged
from 24 mm (Olsztyn in 1991-2000) to 96 mm (Pozimah991-2010) — Table 3.

Seeking the trends in changes of precipitatiorcidefties and excessas the ba-
sis of computed coefficients of Mann-Kendall tégtK) did not reveal any clear
tendencies of changes for either of the studiegds;ralthough the signs and dimen-
sions of the computed M-K trend coefficients wepatislly diversified (Tab. 4).
Calculated values of the trend coefficients prostatistically insignificant at the level
a<0,05. Negative values point to a tendency of daiicies to increase, while the
positive to their decrease. Only single cases ekt trends at the significance level
0,050<0,1 were registered (a “weak” negative trend oeclifor winter rape and
winter wheat in April in Poznan, a “weak” posititrend was noted for winter rape in
May in Koszalin). Trends of precipitation excesseswed no statistically significant
change tendency, and their values, as in the dggedpitation deficiencies, were
spatially varied. Positive trend values indicate townward trend deficiency (sta-
tistically insignificant), and upward trend of pijgitation excesses.

Spatial analysis of precipitation deficiencies docted by means of the
Kruskall-Wallis test (K-W) revealed statisticallygsificant differences in their
values at the level<0,05 only for winter rape in May and June (Tab. 5).

Table 4. Coefficients |Z| of the Mann-Kendall trend of chaa of monthly precipitation deficien-
cies (D) and excesses (E) for winter rape and winteat (1971-2010)

Winter rape Winter wheat
Station ] ]
April May June April  May June July
. D -0.97 1.89* 0.38 098 157 0.78 -0.23
Koszalin (N)
E 0.54 1.19 -0.38 054 1.63 0.19 -0.61
Olsztyn (NE) D -1.57 0.72 -0.34 -1.44 074 -0.32 0.48
E -1.00 1.13 -1.56 -0.35 111 -141 0.22
D -1.74* 0.71 -0.92 -1.64* 0.47 -1.00 -0.29
Poznan (W)
E —-0.58 1.33 -0.52 -0.58 124 -0.73 -0.22
Lublin (E) D —-0.90 022 -1.27 -0.63 0.05 -1.04 —-0.05
E 0.17 1.05 -0.93 040 0.10 -0.79 0.10
D -0.97 -0.42 -1.05 -1.28 -0.20 -1.15 -0.03
Opole (S)
E —-1.04 -1.03 -0.02 -1.15 -1.36 -0.99 0.70

* significant trend for 0.08¢<0.1 for 1.9% |Z|>1.64.



202 B. SKOWER/et al

Table5. Values of Kruskal-Wallis test and the lowest sfigaince level at which statistical differ-
ences in average precipitation deficiencies carejaeted

April May June July
Crop
H p H p H p H p
Winter rape 1.63 0.80 10.27 0.04* 11.29 0.02* -
Winter wheat 8.64 0.07 1.77 0.77 9.24 0.06 8.26 80.0

H - Kruskal-Wallis test statistic, p — the leaghdficance level, * values statistically signifi¢ato < 0.05.

DISCUSSION

According to the scenario of climatic changes WwHigrecasts an increase in
temperature and extreme frequencies of high andpl@eipitation, one may ex-
pect disturbances in crop vegetation (Alcaetoal 2007, Kundzewiczt al.
2009). The deficiencies and excesses of precipitatomputed in this paper, for
winter rape and winter wheat, corrected due toinbeease in temperature in the
investigated years 1971-2010, often differed carsibly from the precipitation
needs of crops as determined by Ryeeet al. (1987). It turned out that in the
period when the crops selected as an example amabkt sensitive to water defi-
ciency (Budzyiski 2012, Jaczewska-Kalicka 2008, Berlaand Kotodziej 2006,
Wojtowicz 2005, Lopez-Bellidet al 1998, Budziiski and Ojczyk 1996), “dry”
months occurred the most frequently (water defitie exceeded the value of
one standard deviation). Winter wheat is partidulaensitive to water defi-
ciency, primarily at the earing phase, floweringl deernel setting, therefore it
would produce a lower grain yield of worse techgodal quality (Lopez-Bellido
et al 1998, Matecka and Blecharczyk 2004).

The dynamics of deficiencies and excesses of pitation presented on the
example of winter rape and winter wheat reveal @ogiity characteristic for
a variability of climatic cycles and precipitatieariability in the area of Poland
conditioned by the atmospheric circulation (Banaszicz et al 2009, Bk and
Maszewski 2012, Ziernicka 2004).

The course of precipitation deficiencies in eastaRd over the 1971-2010
multiannual period was confirmed by the researchdaoted by Radzkat al.
(2013) and Kotodziegt al. (2003). The authors pointed to a fluctuation @&qipi-
tation in various directions and a lack of stat@liy significant trend of these
changes in the east region in 1951-2000. In thit gfaPoland precipitation re-
gime is conditioned to a greater extent by theceftd the climate continental
character than in the other parts of the countrga(@ecka and Nidzgorska-
Lencewicz 2012). Kotodziegt al. (2003) noted considerable precipitation defi-
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ciencies for many crops in this region. Their opinis compatible with the re-
sults presented in this paper.

The results of the average precipitation defidenfor rape were higher than
those computed by Ziernicka (2004), whereas forteviwheat in some months
they fell within the range given by the same autiastribution and variability of
atmospheric precipitation totals in the area ofaRdlindicate that in most of the
regions of the country precipitation does not mesiter rape requirements
(Dziezyc et al 1987, Kotodziegt al 2003). In the analysed years 1971-2010 the
greatest precipitation deficiencies during the rgpsummer vegetation of winter
rape and winter wheat were observed in Poznan,askén Olsztyn they were the
smallest and less diversified, but getting slightigher by decade. Computed
values of deficiencies fall within the range repdrtby Ostrowskit al. (2008),
despite the various research methods applied. Besnlilar to those obtained in
the present work were presented by Radztkal. 2013. The courses and amounts
of deficiencies and excesses of precipitation foing cereals in 1968-1997 in the
neighbourhood of Siedlce revealed a clear cycheal higher frequency of defi-
ciencies in the second half of the analysed period.

Despite a significant growth of thermal resoureserved since mid-2@entury
(Zmudzka 2012, Michalska 2011) and the increasedidrscy of droughts forecasted
(Smit and Skinner 2002), only weak upward tendenofeprecipitation deficiency
were observed in the presented paper<0080.1. It may be surmised that the results
presented in this paper would have been more é@dolican analysed period longer
than 40 years. The paper does not cover, eithercamplex relationship between
water needs of various species and varieties gkalependent on soil and meteoro-
logical factors, indicated bgarski and Dudek (2009). However, on the basis of
two exemplary crops the assessment of precipitate@ds necessary to secure in
conditions of climatic changes is possible.

CONCLUSIONS

1. Analysis of the dimension of precipitation defioigs and excesses dur-
ing the spring-summer period of winter wheat andter rape vegetation in 1971-
2010 did not reveal significant trends of changespite their spatial and time
diversification. A “weak” negative trend occurredr fwinter rape and winter
wheat in April in Poznan, and a “weak” positivertlewas noted for winter rape
in May in Koszalin.

2. In winter rape production, precipitation deficieexiin April, May and
June occurred most frequently in the regions ohBozin April and June in Lub-
lin. The greatest frequency of precipitation defigies in winter wheat produc-
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tion in April and July was registered in the noethstern region of Poland
(Olsztyn), in May in Poznan region and in June iblin region.

3. The highest precipitation deficiencies totals dgrthe April-June period
(1971-2010) for winter rape occurred in Poznanaedb2 mm) and the lowest in
Olsztyn region (39 mm). The highest precipitatiafidencies for winter wheat
occurred in the region of Poznan (59 mm), and tweest in the region repre-
sented by Lublin (34 mm).

4. In winter rape production, precipitation excesseseness frequently ob-
served than precipitation deficiencies. The greabexjuency of precipitation
excesses was registered in June in the region sHtydl. The greatest frequency
of precipitation excesses in winter wheat produrciio June and July was regis-
tered in the regions of Olsztyn and Koszalin, andpril and June in Lublin.

5. The highest precipitation excesses totals durimgApril-June period for
winter rape occurred in Lublin region (45 mm) ahé fowest in Opole region
(22 mm). Precipitation excesses during April-Jutyipd were greater compared to
winter rape: the highest values were computed enréfgion of Koszalin (72 mm)
and the lowest in the region represented by Lu@gmm).
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Streszczenie. W pracy przedstawiono agaliedoboréw i nadmiaréw opadu wyptija-
cych Polsce w okresie wegetacji rzepaku ozimegszenicy ozimej na przyktadziegpiu regio-
néw o znaczgcej gospodarczo produkcji towarowej tych gatunkBla. podstawie przeprowadzonej
analizy statystycznej niedoboréw i nadmiarow opadkolejnych miesjcach wegetaciji, tzn. od
ruszenia wiosennej wegetacji do zbioru obgling w latach 1971-2010 nie stwierdzono istotnych
statystycznie trendow zmian €0,05). W przypadku rzepaku ozimego, najczej niedobory opadu
pojawiaty sé w kwietniu (stacja Lublin) oraz maju i czerwcwo@Pai). Najwieksz czestas¢ niedo-
boréw opadu w przypadku pszenicy ozimej zaiom® w kwietniu (Olsztyn), w maju (Pozija
w czerwcu (Lublin), w lipcu (Olsztyn). Wielkoi niedoboréw w przypadku obudlm byly znacz-
nie zr@&nicowane. Okréono réwniez wielkosci niedoboréw za okres od ruszenia wiosennej wege-
tacji do zbioru obu rdin. W przypadku rzepaku ozimego, najksze niedobory stwierdzono dla
stacji Pozna (62 mm), a najmniejsze dla stacji Olsztyn (39 miV).przypadku pszenicy ozimej
najwicksze niedobory opaddéw stwierdzono dla stacji Poz%® mm), a najmniejsze dla stacji
Lublin (34 mm). Analizowano réwnieczestas¢ i wielkos¢ nadmiernych opadéw. W przypadku
rzepaku ozimego nadmiary opadu byly rzadziej obeesane ni niedobory, a najezciej obser-
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wowano je w czerwcu (Olsztyn). W przypadku pszerdzymej nadmierne opady wypbwaty
czgéciej niz niedobory i najegsciej obserwowano je w czerwcu (Olsztyn) i lipcu @alin). Nad-
mierne opady réwniebyly zr&nicowane. W okresie od ruszenia wiosennej wegetizjzbioru
obu raglin nadmiary opadu ksztattowatyesnastpujaco: rzepak ozimy od 22 mm (Opole) do 45 mm
(Lublin), pszenica ozima od 43 mm (Lublin) do 72 rtioszalin).

Stowa kluczow e niedobory opadu, nadmiary opadu, pszenica ozinepailz ozimy



