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A b s t r a c t. lnterception of atmospheric precipi
tation in stands of four cultivated plants, broad bean, 
spring barley with red clover as companion crop, winter 
wheat and wintcr rye, was examincd at the Experimen
tal Agriculture Station in the south-east part of Poland 
in the years 1987-1990. The interception i!' the above 
plants' canopies rangcd from 22.4 % (winter rye) to 
46.S % (spring barley). However, the lowest relative 
variation, characterizcd by the coefficients of vari
ability, was found for the values of interception under 
spring barley, while the highest was under winter rye. 
Positive coefficients of skewness thai have becn used to 
characterize the type of distribution of the interception 
values mean that higher interception values are preval
ent under all the studied crops. Classifying all the ob-

t servations into class ranges of 10 %, it is evident that 
i !DOSI frequent interceptions under broad bean, spring 
! t barley and winter wheat are within the class range 
f from 30 to 40 %, while under winter rye from 40 to SO 
f %. In class ranges of higher limits the number of cases 
~ was even higher. The correlation coefficients betwcen 
Ile the total amount of rainfall on free spaces and the 
i values of intcrception were negative in all the cases 

ł
~ ... : .... :.· analysed. This provcs there is a decreasc in the per
. centage amount of water interceptcd by plants with an 

increasc in the total amount of precipitation. 

" I 
I IN'IRODUCTION 

A rational steering of water manage
ment in agriculture needs an exact recogni
tion of all the components of such a complex 
system. One of the most essential elements 
of water management is the interception of 
atmospheric precipitation. This phenome
non already interested scientists at the end 
of the 19th and the beginning of the 20th 

century. It involves the proces.ę of intercepting 
part of the atmospheric precipitation by 
plants, both those growing wild and those cul
tivated [3]. According to many authors the 
magnitude of rainfall interception depends, 
above all, on the features of the rainfull itse~ 
ie., its amount. duration and intensity, as well as 
on the wind speed, evaporation, morphologi
cal features ofplants exposed to rain waters, etc. 
Recent investigations on the interception in Po
land mainly ooncemed the occurrence of this 
phenomenon in forests [2, 3]. 

The small number of works devoted to 
interception of atmospheric precipitation in 
stands of cultivable plants forced agrome
teorologists, agronomists and specialists in 
land melioration to intensify their research 
on these topics. The present paper deals 
with the interception ofrainfall water in ca
nopies of some basie crops cultivated in the 
south-east part of Poland. 

MEIBODS 

Studies on the interception of rainfall 
water by cultivated plants were conducted 
on experimental fields of the Agrometeoro
logical Observatory of the University of Agri
culture in Lublin in the years 1987-19'.X>. The 
Observatory is located at Felin near Lublin 
(51°14' N, 22°38' E, 215 m a.s.l.). Observa
tions of interception were performed on the 
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canopies of broad b~an, spring harley with 
red clover, winter wheat, and winter rye. 
The plants studied were grown in a six-field 
crop rotation system. Rainfalls under the 
plants were measured at 0700 a.m., the 
same time as at the standard meteorological 
station, with the help of a gutter rain gauge 
of our own design. A single rain gauge has 
the shape of a gutter 4 cm x 50 cm. It is 
made of polished stainless steel. Water 
from the gauge was collected in covered 
glass jars. There were 10 rain gauges placed 
in each of the studied experimental fields. 
For statistical analysis average values of 
total rainfall from all 10 rain gauges were 
taken. The measurements under plant covers 
were related to the measurements in the 
open space taken at the same time· with the 
use of Hellman's rain gauge. 

The number of observations was different 
in successive years of the study. It depended, 
among other things, on the frequency of at
mospheric precipitation and it is charac
terized by the following values: under broad 
bean from 42 to 79 days, under spring harley 
- 51 to 77 days, under win ter wheat - 92 to 97 
days, and under winter rye - 91 to 97 days. 
During four years of the experiment 510 
measurements were conducted from which 82 
were taken under broad bean, 112 under 
spring harley, 162 under win ter wheat and 154 
under win ter rye. 

Analysis of the results on rainfall inter
ception was based on the mean values while 
their distribution was characterized by the 
coefficients of skewness. The coefficients of 
relative variability and the correlation coef
ficients were also calculated. All the data 
have been classified by applying distributing 
series. 

The problem discussed in this paper is 
fairly difficult as the measurement of the 
amount of rainfall water intercepted by 
plants is not always sufficiently repre
sentative [l]. The paper does not include 
the runoff of water over plants which is a 
feature of a majority of interception models 
[4]. The water runoff over plants is, in the 

opinion of some authors, of low signific
ance, especially "when the amount of pre
cipitation increases. 

RESULTS AND DISCUSSION 

The amoum of rainfall water intercepted 
by plants is a variable feature, dependent 
on many factors that have been mentioned 
earlier. At the beginning of the discussion 
we present the mean values of interception 
under the plants in the successive years of 
the study. 

Comparison of the results presented in 
Table 1 allows us to evaluate the range of 

Tab Ie 1. Mean values of rainfall interception (in %) 
in stands of cultivated plants in the years 1987-1990 

Plant Years 

1987 1988 1989 1990 

Broad bean 34.4 34.6 32.2 
Spring barley 46.S 22.4 34.4 29.4 
Winter wheat 37.4 31.8 35.3 33.8 
Winterrye 30.1 35.4 38.6 22.4 

changes of interception in the particular 
years of the experiment. The largest dif
ferences were recorded under spring harley 
- 23.3 %, slightly smaller under winter rye -
16.2 %, considerably smaller under winter 
wheat - 5.6 %, and the smallest under broad 
bean - 2.4 %. Total values of intr.rception 
under cereals indicate that the highest 
amounts of wa ter remained in the can opy of 
winter wheat, a little less in spring barley, 
and the least in winter rye. Thus, these re
sults support those of the earlier experi
ments on this phenomenon [6]. 

The coefficients of variability given in 
Table 2 indicate a great fluctuation in the 
interception. The greatest variability was 
observed in the canopy of winter rye, which 
is proved by both the highest and Iowest 
value of the coefficient, while the lowest 
variability of interception was noticed in the 
case of spring harley . The highest range be
tween extreme values of the coefficients was 
stated for winter wheat - 14.2 %, the Iowest 
one for broad bean - 9.8 %. 
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T ab I e 2. Coefficients of variahility of rainfall inter- Tab Ie 4. Number of cases of rainfall interception in 
ccption in stands of cultivated plants - cxtreme values stands of cultivated plants in range classes (1987-1990) 
(1987-1990) 

Plant 

Broad bean 
Spring harley 
Winter whcat 
Winterrye 

Coefficients ofvariahility 
(%) 

41.3-51.l 
34.3-45.3 
39.7-54.0 
43.0-54.6 

To obtain more information on the dis
tribution of the interception values the 
coefficients of skewness were calculated. 
Table 3 presents the extreme values chosen 
from the experimental data. 

T a b I e 3. Coefficients of skewness characterizing the 
distrihution of the amount of rainfall interception in 
stands of cultivated plants - cxtreme values (1987-
1990) 

Plant 

Broad bean 
Spring harley 
Winter whcat 
Winter ryc 

Coefficients of skewness 

0.71 -1.10 
o.u -1.47 
0.31 -0.84 
0.29-0.70 

The coefficients of skewness for harley 
showed the widest range: 1.36. The remain
ing values of the coefficients were two or 
three times lower than those for harley. 
Positive values of the skewness coefficients 
also prove that among the data analysed 
high values were prevalent which means 
that, in particular, rainy days were more 
often the situation when the amount of 
water intercepted by plants constituted a 
significant part of the rainfall. To confirm 
the above observations Table 4 has been 

. elaborated where all the cases of intercep
tion in our experiment, i.e., 510, are classi
fied into class ranges of 10 % each. 

As can be seen in Table 4, only in the 
class range from O to 10 % is there no ade-

• quate interception value under broad bean 
. and spring harley, while for the other two 
crops all the class ranges are occupied. The 

:distribution of data in Table 4 is clearly 
asymmetrical in all cases because the largest 

Range Plants 
classes 

Broad Spring Winter Winter 
bean harley wheat ryc 

0-10 5 1 
10-20 6 3 14 17 
20-30 12 23 21 24 
30-40 21 24 38 33 
40-50 14 21 31 35 
50-60 13 9 16 12 
60-70 4 15 16 15 
70-80 2 4 13 9 
80-90 5 6 3 3 
90-100 5 7 5 5 

Total 82 112 162 154 

number of cases in the distributing series 
concerning the interception under broad 
bean, spring harley and winter wheat oc
curred in the fourth range class, i.e., from 30 
to 40 % with the exception of winter rye 
where the largest number occurred in a 
higher class, namely from 40 to 50 %. A slow 
decrease of frequency in successive class 
ranges and even sometimes a slightly in
creased number of cases in finał classes for 
cereals (80-90, 90-100 %) gives a good illus
tration of our earlier statements concerning 
the positive values of the coefficient of 
skewness as characterizing data distribution 
in the analysed sample. 

Another problem we attempted to solve 
while elaborating the data presented ooncerns 
the oorrelation between the total amount of at
mospheric precipitation measured in free 
spaces and in stands of the plants studied. In 
view of other results high values of intercep
tion should be expected along with a decrease 
in rainfall amounts. Kołodziej et al [6] found 
that rainfalls up to 3 mm intensity were al
most completely captured by plants. Pasier
ski [8) also proved, for the Wrocław region, 
that the highest values of interception can 
be found with rainfalls as high as 5 mm in
tensity. It is worth stressing that some authors 
studying the interception in forest stands 
have found that the permeability of tree 
crowns depends not only on the amount of 
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rainfall but also on its duration; the longer 
the rainfall the lower the values of intercep
tion [2,7). 

In Table S the coefficients of correla
tion between the amount of rainfall and the 
values of interception are given. 

Tab Ie 5. Cocfficienla of corrclation between the 
amount of atmospheńc prccipitation and rainfall intcr
ccption in stands of cultivatcd piania • cxtrcme valuca 

Plant Corrclation cocfficicnla 

Broad bean 
Spńng barley 
Winter wbcat 
Winterrye 

-0.61 •• (1989) 
-0.69** (1987) 
-0.s1•• (1989) 
-0.s1•• (1987) 

Significancc level: •P-0.0S; ••P=0.01. 

--0.41 (1990) 
-0.47* (1988) 
-0.34* (1988) 
-0.39* (1989) 

As in earlier tables the extreme values 
are presented. One can notice that all the 
coefficients of correlation are negative. This 
proves that in the materiał examined there 
is a typical phenomenon of a simultaneous 
decrease in interception with an increase in 
total amount of rainfall on free spaces. 
Thus our results collaborate the results of 
previously cited authors [6,8). The results of 
Hoyningen-Huene [S] are noteworthy here. 
He stated that these dependencies clearly 
show a non-linear character. In our own ex
periment the lowest correlation between 
the analysed values was found under winter 
wheat and winter rye, while the highest was 
under spring barley. Moreover, in the case 
of barley these coefficients were the highest 
both for maximum and minimal values. 
Hence, these results partly collaborate the 
results presented by Pasierski [8), who 
found that in the canopy of spring barley, at 
the stage ofwax maturity, only 39 % ofrain
fall reaches the surface ground. Thus, the 
interception is equal to 61 %. The highest 
values of interception, equal to 100 %, were 
noticed when the amount of rainfall was the 
Jowest, i.e., at the limit of measurability that 
is, with rainfalls of about 0.1 mm. 

For better illustration of the materiał 
discussed we present some observations 
with the Jowest values of interception. From 
the entire experimental materials only one 

case from each year of the study has been 
selected. The results given in Table 6 con
cem spring barley. 

Ta b Ie 6. Scledcd c,iamplca of the loMst valucs of rain
fall intcrcq>tion in llands of apring barłcy (l'Xl-1990) 

Date Rainfall Interccption Plant hcight 
(mm) (%) (cm) 

28.07.1987 20.6 20.9 95 
01.06.1988 4.7 17.0 20 
03.06.1989 3.3 21.1 32 
25.05.1990 s.s 14.S 18 

In all the cases, except the first one, the 
plants' height was not too high and probably 
due to this fact the interception was low. The 
role of plants' height and density in the pro
cess of interception has been many times 
str~ by various authors [S,6,8). In the first 
example, representing the year 1987, the 
plants were relatively high but in that year 
the rainfall was also high. 

In summary we may say that our observa
tion on the negative correlation between the 
amount of rainfall on free spaces and the 
value of interception has been confirmed. 

CONCLUSIONS 

Some conclusions resulting from the 
analysis of the experimental materials de
mand special attention. The highest mean 
values of interception in the period studied 
were noticed under spring barley, while the 
lowest were under winter rye. The coef
ficients characterizing the relative variability 
of interception changed to the greatest ex
tent under winter wheat and to the least ex
tent under broad bean. The widest range of 
changes of the coefficients of skewness was 
found in the case ofinterception under spring 
harley. For this plant the highest values of 
the negative correlation coefficients be
tween the amount of rainfall on free spaces 
and the value measured at the bottom of 
the plants' stand were also found. In the 
case of winter wheat a negative correlation 
was found as well; however, it was the lo
west. In the materiał analysed one can find 
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that, as a rule, lower values of interception 
correspond to higher amounts of rainfall. 
Thus our earlier observations on this phe
nomenon have been confirmed. Another 
observation, partly connected with the for
mer one, is the positive skewness of dis
tributions of the interception values in the 
analysed sample. A distinct advantage of 
higher values of interception was found; in 
some cases those values reached 100 %. 

The results obtained confirm beyond 
doubt the necessity of taking into account 
the value of interception of rainfall white 
elaborating the water balance within arabie 
fields. For a better understanding of the 
problems discussed here, further research is 
obviously stili needed. 

REFERENCES 

1. Felach W.: Dctermination of prccipitation intcr
ccption and suńace watcr rctention in vcgetation 
period. Przeg. Gcor., 4, 291-299, 1975. 

2. Głopwska J, Oluewsld J.: Rainfall in deciduoua 
forcat. Sylwan, S, SS-ó4, 1967. 

3. Gatry-Korycka M.: Mathematical-physical aspccts 
of intcrception process in the plant cover. Przeg. 
Gcof., 2, 117-128, 1980. 

4. Gatry-Korycka M.: Procesy hydrologiczne (cd. U. 
Soczyńska). PWN, Warszawa, 102-145, 1989. 

5. Hoynlnaen-Buene J.: Mikrometcorologische Un
tcrsuchungcn zQr Evapotranspiration von bcwl
sscrtcn P08111.Cnbc:stlindcn. Bcrichtc l111t Meteor. 
Klimat. Univ. Hannover, 19, 111-122, 1980. 

6. K~ J„ UnJewlcz K., OralW.: Invcstigations 
into the rclationship betwecn the amount of prc
cipitation, the prccipitation inten:eption, and the 
aoil moiaturc undcr cultivatcd planta. Zaz. Probl. 
Post. Nauk Rolo., 220, 191-202, 1979. 

7. 0111-kl J.L: Intcrception and its influence on 
the amount of atmosphcric prccipitation rcaching 
the ground surface. Zaz. Probl. Post. Nauk Roln., 
288, 24S-270, 1984. 

8. PMlenld Z.: Dynamica of watcr riac to the 10il sur
f.aa: in choacn aopL Zaz. Probl. POBt Nauk Roln„ 
288, 85-101, 1984. 

INTERCEPCJA OPADÓW 
ATMOSFERYCZNYCH W LANACH 

ROŚLIN UPRAWNYCH 

Badania intercepcji opadów atlDOlfaycznych w ła
nach roQin uprawnyd1 prowadwllo w Obllcrwatorium 
~mctcorol~iczllym w Fdinie koło Lublina 
(S1°14'N, 22°38' E) w latach 1987-1990. Badaniami 
objęto żyto ozime, pm:nic:ę amną, jęczmic6 jaiy i bobik. 
Pomiary intcn:qx:ji wykoo)wano pny JXIID(ą' deszczomie
rzy MISllcj ~~ o W)!Diaradi 4 X SO an (po,viazch
nia 200 anj, czyli takiej samej jak w dazczomicrzach 
HcllmannL Dclzczomicl7.e te w liabie po 10 IZtUlt umie
SU20IIO na dnie badanyc:b łanów roQin. Średnia wartmć 
intercepcji opadowej wahała się od około :ZZ,4 % w tycie 
azimym do 46,S % w jęczmieniu jarym. Wartmć intcroc
pcji zależała od wysok~ m'lin, zwart~ łanu i pm:dc 
wszystkim od wysok~ opadów atlDOlfcrycmych. Istot
ną rolę odgrywały mwniC"l fazy ~jowe m'lin, gdyt od 
nich zależała powicm:hnia łodyg i liki, na których zatrzy
mywała się v.ooa opadowa. 'Iypowc było zmniejsmnie się 
intcrceptji wraz 7.C Wll'Ollcm liki przy opadach o malej 
~kości. Stwierdzono również, 1.e podczas opadów o 
dut.cj wysok~ wyniki w serii 10 powtólZdi pomiarów 
intcn:cpcji rożnicowały się w mniejszym stopniu. 


