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Abstract: Effect of irrigation on some growth pa-
rameters of cup plant and dehydrogenase activ-
ity in soil. A fi eld experiment carried out in two 
vegetation seasons in the years 2012 and 2013 
on very light soil at Kruszyn Krajeński, in the 
vicinity of Bydgoszcz (Poland). Investigation of 
the infl uence of drip irrigation on some growth 
parameters of three- and four-year-old cup plant 
(Silphium perfoliatum L.) and on the activity of 
dehydrogenase participating at cycling in soil was 
examined. The cup plants were cultivated from 
the micropropagation seedlings. Experiments were 
performed as one factorial in four replications. 
The factor of the experiment was the following 
variants: O – without irrigation (control plots), D – 
with drip irrigation. Drip irrigation was scheduled 
according to tensiometers indications. Irrigation 
signifi cantly increase the height of the plants, the 
length of internode, the thickness of the stalk, the 
fresh weight of the shoots, and the number of the 
leaves and fl owers. Irrigation also increased the 
transpiration leaf area and the dry matter content. 
In the soil sampled under cup plant in 2012 there 
was found a greater activity of dehydrogenases in 
soil derived from non-irrigated objects.

Key words: drip irrigation, light soil, micropropa-
gation, Silphium perfoliatum, soil enzymes

INTRODUCTION
Representing family Asteraceae, cup plant 
(Silphium perfoliatum L.) is a perennial 
reaching up to 2.5 m height. In the fi rst 

year of growth the plant creates a rosette, 
generative shoots develop in successive 
years. Due to the production of big over-
ground mass, the plant demonstrates high 
water and irrigation requirements. Cup 
plant is a plant of temperate climate with 
little soil requirements. In the natural 
environment it occurs in the central and 
eastern part of the United States as well 
as in the south of Canada. The optimal 
growth and development of cup plant 
require sunny sites and the temperature 
of air about 25°C. It reacts to long-term 
periods of drought with dying of lower 
leaves and browning of buds. In an 
extreme case it stops growing, creates 
small fl owers and a little amount of seeds 
(Stanford 1990, Kowalski and Wierciński 
2004). Under the climatic conditions of 
Poland irrigation is the method of supple-
menting water defi cits. Due to decreasing 
resources of disposable water for irriga-
tion, more and more attention is paid 
to water-saving irrigation systems, the 
so-called microirrigation, including drip 
irrigation which is characterized with the 
high infl uence of the agricultural produc-
tivity effects (Pierzgalski and Jeznach 
1993, Jeznach 2007 and 2009, Rolbiecki 
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and Rolbiecki 2008). The preliminary 
results of the present research by Figas et 
al. (2011) point to the fact that cup plant 
is a plant predestined for growing under 
supplemental irrigation. 

The plant can be grown for feed, orna-
mental, honey-producing and energy-
-generating purposes (Majtkowski 2007, 
Piłat et al. 2007, Decourtye et al. 2010, 
Ţîţei et al. 2013, Wróbel et al. 2013, Jasi-
nskas et. al. 2014) and as it has low soil 
requirements, it can be recommended 
as a pioneer plant for the recultivation 
of degraded areas (Klimont 2007). The 
herbage of cup plant is also a potentially 
precious material for food and pharma-
ceutical industries. The extracts from 
that plant show pain-killing, anti-infl am-
matory properties, promote sweating, as 
well as restorative, antibacterial, antifun-
gal, expectorant properties as well as they 
can lower the level of cholesterol (El-
-Sayed et al. 2002, Kowalski and Wolski 
2003a,b, Kowalski and Wierciński 2004, 
Kowalski 2005, Jemiołkowska and 
Kowalski 2012).

Irrigation, by changing water condi-
tions, affects the population of micro-
organisms in soil. Dehydrogenases (EC 
1.1.1) catalyze the transferring of hydro-
gen from oxidized substrates to accep-
tors and the dehydrogenases are active in 
all soil microorganisms; aerobic as well 
as anaerobic. Assays for dehydrogenase 
activity in soil have often been used to 
achieve the value of the index of total soil 
microbial activity (Brzezińska 2004).

Numerous functional properties of the 
cup plant and climatic conditions similar 
to those it occurs naturally can enhance 
the cultivation of that species in the coun-
try. However, the source of the sowing 
material, however, which occurs in 

Poland do not satisfy a growing interest 
of the breeders. The technology which 
facilitates  obtaining vegetative propaga-
tion material  is the micropropagation of 
plants in cultures in vitro.

The aim of the present research was to 
investigate the effect of drip irrigation on 
selected parameters of growth of three- 
and four-year-old cup plants (Silphium 
perfoliatum L.), derived from micro-
propagation grown on light soil as well 
as defi ning the activity of dehydroge-
nases in soil.

MATERIAL AND METHODS

Micropropagation in vitro
The initial research material involved the 
seeds of cup plant (Silphium perfoliatum 
L.), which came from the Botanical 
Garden of the National Center of Plant 
Gene Resources of the Institute of Plant 
Breeding and Acclimatization (IHAR) in 
Bydgoszcz (Poland). To induce germina-
tion, sterilized embryos were placed onto 
the Murashige and Skoog medium – MS 
(Murashige and Skoog 1962), diluted at 
the ratio of 1 : 1 and solidifi ed with 0.7% 
agar. From six-week sterile seedlings 
there were isolated apical parts of shoots. 
The explants were put into the test-tubes 
on the MS regeneration medium con-
tained growth regulators: 1 mg·dm–3 
NAA (1-naphthaleneacetic acid) and 
5 mg·dm–3 BAP (6-enzylaminopurine). 
After about 6–8 weeks the shoots were 
isolated and transferred onto MS rooting 
medium without growth regulators. In 
vitro culture of plants was conducted in 
a phytotron under controlled environ-
mental conditions: a 16-hour photoperiod 
at a light intensity of 40 μmol·m–2·s–1 
and a constant temperature of 25 ±2°C. 
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The rooted plants were transferred into 
the mixture of sterile soil and perlite 
(1 : 1) and acclimatized under green-
house conditions.

Field trial
The fi eld experiment with drip irrigation 
of the cup plants was carried out in the 
years 2012–2013 at the very light soil 
(type – Mollisoil; texture – Fine sand) 
in Kruszyn Krajeński in the vicinity of 
Bydgoszcz (53°04´53˝ N, 17°51´52˝ 
E). The soil characteristic is shown in 
Table 1. The water reserve to soil depth 
of 1 m at fi eld capacity was 87 mm and 
the available water quantity was 67 mm. 
The soil was characterized by the low 
organic matter content (1.5%). The cup 
plants were cultivated from the micro-
propagation seedlings planted in 2010. 
The experiment was performed as a one-
-factorial in four replications. The factor 
of the experiment was the following 
variants: O – without irrigation (control 
plots), D – with drip  irrigation. Drip ir-
rigation was scheduled according to ten-
siometers indications, installed at 25 cm 
depth. The irrigation was started when the 
soil water pressure was up to –0.04 MPa. 
The irrigation water rates were strictly 
connected with the rain distribution and 
amounted to 116 and 108 mm for 2012 
and 2013 respectively. The single rates of 
water ranged from 6 to 12 mm. Irrigation 

was done with the drip line “T-Tape” with 
the distance among the dripers 30 cm. 
The agrotechnical practises and fertili-
zation adopted were the standard used 
across the country. The mineral fertiliza-
tion was applied at the rates of 500 kg 
N : P : K · ha–1 at the ratio of 2 : 2 : 3. 
Doses of potassium (potash salt) and 
phosphorus (superphoshate) fertilization 
were dependent on the abundance of 
these nutrients in the soil. The nitrogen 
fertilization (ammonium nitrate) was 
supplied at three single rates. The area 
of single experimental plot was equal to 
11 m2. The seedlings were planted with 
a row spacing of 1 m. The plant spacing 
was 0.7 m. 

The height and plant parameters 
of cup plant and dehydrogenases 
activity analysis
Measurements of the growth parameters 
were performed in the fi rst decade of 
October, in each of the years of research. 
In the experiment rated the height of the 
plants (cm), the length of internode (cm), 
the fresh matter of the shoots (kg·plant–1), 
dry matter of the leaves (%), the number 
of the leaves, the thickness of the stalk 
(mm), number of fl owers on shoot and 
leaf area (cm2). Measurements of the 
stem thickness measured by caliper. The 
height of the plants was measured in cm 
from the soil surface to the top of the 

TABLE 1. Physical properties of the soil

Genetic
horizon

Depth
(cm)

Texture
Bulk density

Porosity Moisture
Specifi c density temp. actual

Mg·m–3 % vol.
Ap   0–33 slightly loamy sand 2.290 1.426 1.324 42.2 10.2
AC 33–60 loose sand 2.680 1.620 1.591 40.6   2.9
C 60–150 loose sand 2.740 1.691 1.653 39.7   3.8
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shoot apex. For leaf area measurement  
the digital planimeter was used. Samples 
of the leaves were oven-dried at 105°C 
and their dry weights were determined. 

In the adequately prepared plant ma-
terial the following were assayed: total 
organic carbon (TOC) and total nitrogen 
(TN) were determined with the analyser 
TOC Primacs provided by Scalar. 

Soil samples were taken from the top 
of 0–30 cm using an auger during cup 
plant vegetation in August 2012 and 
2013. Soils were, respectively. Then the 
air-dried soils were sieved using sieve 
with holes of below 2 mm in diameter. 
Meanwhile, the sampled soil water con-
tent was determined using an oven-drying 
method, so as to calculate soil enzymatic 
activities per g of dry soil. Dehydroge-
nase activity was measured using triphe-
nyltetrazolium chloride as a substrate; 
samples were incubated for 24 h at 37°C 
with the Thalmann (1968) method.

Statistical analysis
The analysis of variance was performed 
using all the results applying FR-ANAL-
WAR software based on Microsoft Excel 
(Rudnicki 2011). The signifi cance of 
differences was evaluated by the Tukey’s 
test and LSDs were calculated at a signifi -
cance level of α = 0.05.

RESULTS AND DISCUSSION

The mean height of cup plants on control 
plots (without irrigation) in the research 
period of 2012–2013 was equal to 
98.63 cm (Table 2). Drip irrigation had 
a signifi cant effect on an increase in the 
mean plant height by 35.08 cm (35.6%). 
The increase in the cup plant height was 
due to an increase in the length of inter-

nodes. Their mean length was 14.23 cm, 
both on the objects irrigated and non-
-irrigated. Drip irrigation increased the 
length of internodes by 45.3%. 

Drip irrigation signifi cantly affected the 
fresh weight of shoots in 3- and 4-year-
-old cup plants (Table 2). The experimen-
tal factor applied resulted in, on average 
over the research period of 2012–2013, 
its signifi cant increase by 2.56 kg. The 
mean fresh weight of shoots from the 
plants collected from the irrigated objects 
was equal to 4.41 kg·plant–1. Similar ten-
dencies of the growth of fresh weight of 
leaves due to the application of drip irri-
gation was found in the case of one-year-
-old cup plants (Figas et al. 2011).

In the experiment the content of dry 
weight in the leaves of cup plant accounted 
for, on average in the research years and 
on average for the variants of the experi-
ment of 19.17% (Table 2). The applica-
tion of irrigation signifi cantly increased 
the content of dry weight in leaves by 
35.4%. Figas et al. (2011) performing 
research with the irrigation of one-year-
-old cup plants recorded a signifi cant 
increase in the value of that parameter 
by 17.6%. In this experiment it ranged 
from 14.33 to 22.95%, respectively on 
the control objects and the drip-irrigated 
ones. Similar values of the content of 
dry weight in the leaves of cup plant are 
reported by Stanford (1990), accounting 
for 21.5%. The tendencies to increase the 
content of dry weight in the irrigate plants 
coincide with the reports on other plant 
species (Pronk et al. 2005, Wichrowska et 
al. 2007).

The mean number of leaves per stem 
was equal to 16.45 (Table 2). The number 
of leaves on control objects was 14.34 
and on the objects treated with drip 
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irrigation – 18.56. Stanford (1990) claims 
that the plant can have 8 to 14 pairs of 
stem leaves. The increase in the number 
of leaves as a result of the irrigation 
used was signifi cant and it was equal to 
4.22. The regularity recorded coincides 
with earlier research results on the drip 
irrigation of the one-year-old cup plants 
(Figas et al. 2011) as well as other nurse-
ry plants (Rolbiecki et al. 2005, Klimek 
et al. 2009).

The drip irrigation applied increase 
the average leaf area three- and 4-year-
-old cup plants as compared with the 
control objects on average by 108 cm2 
(Table 2). The leaf area measured from 
control objects was equal to 309.13 cm2, 
on the irrigated objects was higher and 
equal to 417.13 cm2. Similar tendencies 
in affecting the leaf area were reported 
by Rolbiecki et al. (2005), Klimek et al. 
(2009) and Figas et al. (2011).

Over 2012–2013 years the mean 
number of fl owers per plant both on 
the irrigated and non-irrigated objects 
was equal to 36.40 (Table 2). In this 
experiment drip irrigation signifi cantly 
increased the number of fl owers per plant 
by as much as 202.6% (36.63). The result 
is confi rmed by Koszański et al. (2008) 

on the irrigation of northern highbush 
blueberry (Vaccinium corymbosum L.) 
as a result of which the authors recorded 
a two-fold increase in the mean number 
of fl owers on irrigated objects (Table 3). 

In the analyzed two years of this 
research there was found no effect of 
drip irrigation on the content of organo-
genic elements such as carbon and nitro-
gen in cup plants (Table 2). As reported 
by Trawczyński (2012), the irrigation 
treatments can affect the yield size more 
considerably than the content of nutri-
ents in plants.

The water-air conditions in soil regu-
late the activity of microorganisms, affec-
ting their type of metabolism as well as 
a number of adaptations they must deve-
lop as a response to the existing environ-
mental conditions (Gleeson et al. 2008). 
Soil dehydrogenase activity increases 
under anaerobic conditions (Brzezińska 
2004).

In the soil sampled under cup plant 
in 2012 there was found a greater activi-
ty of dehydrogenases in the soil from the 
non-irrigate objects (Fig. 1). The activity 
was 71% higher as compared with the 
objects exposed to drip irrigation. Such 
a high difference of the index of micro-

TABLE 3. Air temperature and rainfall data during the two vegetation period of cup plant by monthly 
measurements in the period of 1981–2010 and the years 2012 and 2013

Specifi cation
Air temperature (°C)

V VI VII VIII IX V–IX
2012 14.5   15.2   18.8 17.6 13.3   15.9
2013 14.2   14.4   18.9 18.1 10.7   15.3

Long period 1981–2010 13.1   16.0   18.5 17.9 13.2   15.7
× Rainfall (mm)

2012 25.4 133.8 115.6 51.8 25.1 351.7
2013 91.7   49.3   79.0 56.6 64.1 340.7

Long period 1981–2010 49.3   52.8   69.8 62.6 46.0 280.5
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biological soil activity can be due to the 
occurrence of anaerobic conditions in the 
soil sampled from control objects with 
cup plant. In 2012 most rainfall coincided 
in the summer season (June – August), 
while in spring the rainfall did not practi-
cally occur at all (Table 3). Water stress 
caused by periodical drought and then 
rapid soil environment irrigation get 
quickly refl ected in the nature of the 
community of microorganisms (Young 
and Ritz 2000). According to Gleeson 
et al. (2008), under soil irrigation con-
ditions, after a long period of drought, 
there occurs decay of the cells of micro-
organisms connected with a release of 
intracellular enzymes from them. After 
the spring period of low rainfall, in June 
there was reported an intensive soil irri-
gation (rainfall of 133.8 mm) and inten-
sifi ed microbiological activity of soil. In 
the irrigate soil the stabilizing availabil-
ity of water did not affect so intensively 
on the activity of dehydrogenases in the 
soil. Xiang et al. (2008) found a fi ve-fold 
higher activity of dehydrogenases in the 
fl ooded soil, as compared with the con-

ditions of dry soils. Such a direction of 
transformations points to an increased 
share of anaerobic bacteria, the habitat of 
which are moist soil environments in the 
formation of the activity of dehydroge-
nases of soils (Pascual et al. 2007). In the 
successive year of the vegetation period 
of cup plant, there was found no signifi -
cant effect of drip irrigation on the acti-
vity of dehydrogenases in soil (Fig.).

The activity of dehydrogenases in the 
soil collected from the objects exposed 
to drip irrigation, was 6% lower, as com-
pared with the control. Most probably 
high rainfall (91.7 mm) and temperature 
(14.2°C) in May at Kruszyn Krajeński 
eliminated the stabilizing effect of irriga-
tion on the development of soil microfl o-
ra, which did not cause such a high varia-
tion in the activity of dehydrogenases.

CONCLUSIONS

1. Under Bydgoszcz climatic conditions 
the plant is capable for the cultivation 
under fi eld conditions on light soil and 
it shows a signifi cant increase in the 

a, b – values followed by the same letter are not signifi cantly different at p < 0.05
FIGURE. Dehydrogenase activity in the instigated soil under cup plant in the years 2012 and 2013
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parameters of growth of aboveground 
parts as a result of drip irrigation.

2. It was shown that the effect of drip 
irrigation and rainfall during wet 
plant vegetation cup plant in 2012 
increased on the activity of dehydro-
genases which are a sensitive indica-
tor of the changes which occur in the 
environment of soil microorganisms. 
The air-water status in soil plays an 
important role in the regulation of the 
composition and metabolic activity of 
soil microorganisms.
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Streszczenie: Wpływ nawadniania na wybrane 
parametry wzrostu rożnika przerośniętego i za-
wartość dehydrogenazy w glebie. Doświadcze-
nie polowe przeprowadzono w dwóch sezonach 
wegetacyjnych w latach 2012 i 2013 na glebie 
bardzo lekkiej w Kruszynie Krajeńskim w pobli-
żu Bydgoszczy. Badano wpływ nawadniania na 
niektóre parametry wzrostu 3- i 4-letnich roślin 
rożnika przerośniętego (Silphium perfoliatum L.) 
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oraz na aktywność dehydrogenaz uczestniczą-
cych w przemianach zachodzących w środowisku 
glebowym. Doświadczenie założono jako jedno-
czynnikowe w czterech powtórzeniach. Czynni-
kiem stanowiącym źródło zmienności było na-
wadnianie kroplowe. Zastosowano dwa warianty 
doświadczenia: O – bez nawadniania (kontrola), 
K – nawadnianie kroplowe, przeprowadzane na 
podstawie wskazań tensjometrów (–0,04 MPa). 
Materiałem do badań były rośliny rożnika prze-
rośniętego (Silphium perfoliatum L.), które uzy-
skano w procesie mikrorozmnażania. Nawadnia-
nie istotnie zwiększyło wysokość roślin, długość 
międzywęźli, grubość łodygi, świeżą masę pędów 
oraz liczbę liści i kwiatów. Nawadnianie zwięk-
szyło również powierzchnię transpiracyjną liścia 
oraz zawartość suchej masy. Większą aktywność 
dehydrogenaz spod uprawy rożnika stwierdzano 
w glebie pobranej w 2012 roku z obiektów nie-
nawadnianych. 

Słowa kluczowe: nawadniania kroplowe, gleba 
lekka, mikrorozmnażanie, Silphium perfoliatum,  
enzymy glebowe
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