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Abstract: This vegetative experiment was carried out at the greenhouse of Vytautas Magnus Univer-
sity Agriculture Academy Open Access Joint Research Centre of Agriculture and Forestry (Lithuania)
in 2020–2021. The aim of these studies was to determine the effect of different nitrogen rates on the
productivity and nutritional quality of forage grasses (a mixture of red clover and timothy) under the
most common extremes of climate change, i.e., soil moisture deficiency and surplus. Under drought
and waterlogging stresses, fertilization of the red clover and timothy mixture with high N rates was
ineffective. The clover and timothy mixture recovery after drought took 21 days. The aboveground
dry biomass of the clover and timothy mixture grown under drought conditions was significantly
lower by 36.3 to 47.2% compared to that formed under optimum soil moisture and waterlogging
conditions. The root biomass of forage grass mixtures was lowest under drought conditions when
fertilized at the highest N rate (N25+120). The aboveground biomass of clover grown under different
soil moisture conditions depended on the number of plants (r2 = 0.78, p < 0.01) and assimilating leaf
area (r2 = 0.83, p < 0.01), and that of timothy on the number of vegetative tillers (r2 = 0.46, p < 0.05).
Under drought simulation conditions, increasing the N rate increased the crude protein and crude
fibre contents in the aboveground biomass of the clover and timothy mixture, while the crude ash
content decreased.

Keywords: climate extremes; forage grasses; nitrogen rates; nutritional quality; productivity

1. Introduction

The climate in Lithuania is suitable for the production of forage grasses. The country
has more than 1 million ha of grassland. Most of this area is cultivated meadows and
pastures. With a long growing season, they make good use of solar energy and, when
properly fertilized, produce high yields of 10–12 t ha−1 of dry matter or 120 GJ ha−1 of
metabolizable energy. Forage quality is also a very important parameter. Properly prepared
forage contains 110–115 g of digestible protein per feed unit [1].

An analysis of droughts over the last few decades shows that droughts in Lithuania
are becoming more frequent and longer than in the late 19th and early 20th centuries.
Forecast data suggest that seasonal rainfall may decrease significantly in the near future.
Moreover, the likelihood of droughts in Lithuania will continue to increase as temperatures
rise [2]. The report of the Intergovernmental Panel on Climate Change (IPCC) predicts
that global annual average air temperatures may increase from 1.5 to 6.0 ◦C by 2100 [3]. In
Lithuania, the increase in average annual temperature has been very significant over the
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last 30 years. Stonevičius et al. [2] suggest that from 2001 to 2090, average soil moisture
in each of the 30-year periods will decrease. Declining soil moisture reserves, thinner
and often erratic snow cover, and increased weather extremes may limit the growth of
agricultural production. This will have the greatest impact on the plant production sector.
Efficient drainage and irrigation systems are needed to mitigate the negative effects of
severe droughts; controlled drainage allows drainage to operate at different intensities. In
case of excess moisture, the drainage system operates in normal mode, while when the
minimum drainage rate is reached, runoff is prevented, and moisture is retained in the soil.
This reduces plant stress due to lack of moisture during dry growing seasons [4].

Soil moisture is one of the most important physical parameters in agriculture and
has a decisive influence on the yield and quality of forage and other crops [5]. Heat
and drought are the two most important stressors having major impacts on crop growth
and productivity [6,7]. An uneven distribution of rainfall during the growing season
and droughts reduces forage grass productivity and cover, with changes in plant species
composition, gas and nutrient cycling [8]. The chemical composition and morphology of
forage plants determines their palatability, digestibility, and nutritional value for livestock.
As the climate changes, the nutritional value and digestibility of forage plants are reduced
due to changes in their physiology and morphology, helping to avoid water deficit and
heat stress [9]. Staniak and Kocon [10] point out the need to select forage grass species and
varieties that are more drought-tolerant and have a higher adaptive capacity and tolerance
to soil water deficit.

Climate change has increased the incidence of soil waterlogging [11]. Waterlogging
is one of the abiotic stressors, which affect crop growth and productivity [12]. Soil water-
logging reduces gas exchange between the soil and the atmosphere, leading to oxygen
deprivation in the rhizosphere [13]. Tong et al. [11] state that plants respond to waterlog-
ging stress by adventitious root growth, aerenchyma formation, energy metabolism, and
phytohormone signalling.

Studies have shown that fertilized perennial grasses are more resilient to various
stressors caused by climate change [14,15]. Creating appropriate mixtures of forage grasses
would not only help to achieve stable yields despite the stresses caused by climate change,
but also contribute to environmental sustainability [16]. According to Helgadóttir et al. [17],
grass-legume mixtures were more productive than monocultures. Elsalahy et al. [18] point
out that the greater the plant diversity, the more drought tolerant the crop becomes.

Climate change and its impacts are an important area of research for developing
mitigation and adaptation strategies. There is a lack of research about the impact of climate
extremes on the productivity of grass mixtures under Lithuanian climate conditions.

The aim of the studies was to determine the effect of different nitrogen rates on the
productivity and the nutritive value of forage grasses (a mixture of red clover and timothy)
under the most frequent extremes of climate change, i.e., soil moisture deficiency and soil
moisture surplus.

2. Materials and Methods
2.1. Experimental Site

The vegetative experiment was carried out at the greenhouse of Vytautas Magnus Uni-
versity Agriculture Academy (VMU AA) Open Access Joint Research Centre of Agriculture
and Forestry (Lithuania) in 2020–2021 (Figure 1).

2.2. The Experimental Design

A two-factor vegetative experiment was carried out. Experimental treatments were:
Factor A: Soil moisture regime conditions: 1. Moisture deficit conditions (drought simu-
lation); 2. Optimum moisture regime conditions; 3. Excess moisture conditions (water-
logging simulation). Factor B: Nitrogen rates: 1. N25P60P90 (background fertilization);
2. N25P60P90+N60; 3. N25P60P90+N120. The experiments were carried out in 4 replicates.
The treatments were arranged in a randomized complete block design. A mixture of red
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clover (Trifolium pratense L.) ‘Vyčiai’ and timothy (Phleum pratense L.) ‘Gintaras II’ was
grown in 36 vegetation pots in the greenhouse from February to June. The average air
temperature in the greenhouse was 25 ◦C and the humidity was 75–70%. Lighting was
provided by 6 lamps of 400 W each for 14 h.
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2.3. The Agrotechnologies of the Experiment

The soil for the experiment was taken at a 0–20 cm depth layer from the field of the
VMU AA Experimental Station. The soil was a light loam, pH 7.44, total nitrogen 0.125%,
organic carbon 1.00%, and mobile nutrients: P2O5 259 mg kg−1 and K2O 114 mg kg−1.
Before starting the experiment, the soil was dried in an oven at 105 ◦C. A sample of 7.5 kg of
soil was weighed and moistened to 20% per each vegetation pot (7.5 litres). The perennial
grass mixture was 40% legumes and 60% grasses. The seed rate chosen for the mixture
was 18 kg ha−1: 12.9 kg ha−1 clover and 5.10 kg ha−1 timothy. The seed rate was 0.061 g
clover and 0.024 g timothy per vegetation pot (0.047 m2). The grass seeds were planted
at a 1 cm depth in the soil. One month after perennial grass germination, the number of
plants in each vegetation pot was equalised: 12 clover and 18 timothy (30 plants in total).
At the time of sowing, a complex fertilizer NPK 8-19-29 was applied. The fertilizer rate
was 310 kg ha−1 (N25P60K90), 1.46 g per vegetation pot. The fertilizer was applied at the
sowing depth of perennial grasses. Under optimum and maximum nitrogen fertilization
conditions, ammonium nitrate (34.4% N) was applied one month after germination at
0.82 and 1.64 g per vegetation pot respectively. The fertilizer was spread on the surface of
the vegetation pots.

2.4. The Water Regime during Experiment

The plants were watered twice a week (except during periods of drought and wa-
terlogging) (Figure 2). The water application rate was 0.5–1.0 L per vegetation pot. The
perennial grass mixture was subjected to moisture deficiency (drought imitation) and
moisture excess (waterlogging imitation) conditions twice during its growth period: firstly,
at the beginning of the leaf development stage of clover (BBCH 13–14) and tillering stage
of timothy (BBCH 21–22), and secondly, at the beginning of clover stalk elongation (BBCH
30–31) and at the booting stage of timothy (BBCH 31–32). Twenty-one days were allowed
between periods for plant recovery. During the drought simulation periods (21 March to
4 April and 25 April to 9 May), the plants were not watered for 15 days.
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During the waterlogging simulation periods (21–29 March and 25 April to 3 May),
the vegetation pots were placed in containers with 3 L of water and kept for three days.
After three days, the remaining water was discarded. After a three-day pause the same
process was then repeated. The productivity of the perennial grass mixture was assessed
on 18 June.

2.5. Soil Moisture Dynamic

The highest soil moisture content in the early growth and development stages of red
clover and timothy during drought simulation was maintained at the lowest nitrogen rate
(N25), and at N25+60 in the later stages (Figure 3).
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Figure 3. Soil moisture dynamic during vegetative experiment.
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Under optimum soil moisture conditions, the maximum soil moisture content was
maintained at the average nitrogen rate (N25+60), while under the conditions of simulated
waterlogging and after its cessation, it was maintained at the maximum nitrogen rate
(N25+120).

2.6. Methods

The height of perennial grasses was measured from the onset of drought and water-
logging conditions until the productivity assessment. Plant height was measured with a
ruler from the substrate surface to the highest point of the plants.

Estimation of aboveground biomass of perennial grass mixtures: The aboveground
biomass of clover and timothy was cut separately from each vegetation pot and dried at
105 ◦C in a drying oven. The aboveground biomass of each plant species and mixture was
converted to absolute dry matter (DM) in g per vegetation pot.

Estimation of root biomass of perennial grass mixtures: Roots of perennial grasses
were washed out of each vegetation pot using sieves [19]. The roots were dried at 105 ◦C in
the drying oven. The total root biomass was calculated in absolute dry matter (DM) in g
per vegetation pot.

Determination of assimilating leaf area of perennial grasses: Leaves of each plant
species were measured separately using the WinDias 3 Leaf Image Analysis System (Delta-
T Devices Ltd., Cambridge, UK). The leaf area of the plants was converted to m2 per
vegetation pot.

Assessing chemical composition of perennial grasses: The biomass of the above-
ground part of perennial grasses was dried in the drying oven at 45 ◦C and ground. The
following were determined in the aboveground biomass of the plants: crude protein con-
tent (%), using the Kjeldahl method (LST1523:1998); crude fibre content (%), using the
Henneberg-Stohmann method and crude ash content (%) by incineration of dried samples
(LST1539:1998) [20]. The analyses were carried out in four replicates at the Laboratory of
Agronomic and Zootechnical Research of Food Raw Materials, VMU AA.

Soil agrochemical properties were determined before the experiment began. Soil
pH was obtained potentiometrically in 1 n KCl extract. Mobile phosphorus P2O5 and
mobile potassium K2O (mg kg−1 soil) were estimated using the Egner-Rim-Domingo (A–L)
method and organic carbon (%) by incineration of samples at 900 ◦C using a Heraeus
incinerator. The analyses were performed at the Agrochemical Research Laboratory of the
Lithuanian Research Centre for Agriculture and Forestry.

Determining dynamics of soil water content: To determine the dynamics of soil water
content, the vegetation pots were weighed twice a week (from 11 February to 18 June). Soil
water content (SWC) was calculated according to the following formula [21]:

SWC (%) = ((mp −ms) ×ms
−1) × 100 (1)

where; mp = initial weight of vegetation pot, kg; ms = weight of vegetation pot during
weighing, kg.

2.7. Statistical Analysis

The research data were statistically analysed by two-way analysis of variance. The
statistical analysis of the experimental data was performed using the software ANOVA
and Multiple Regression from the statistical analysis package STATISTICA version 10. The
Fisher’s criterion and LSD test were used to assess the significance of the differences [22].
The differences between means of treatments, marked by different letters, are significant at
95% probability level (p < 0.05). Correlation and regression between studied parameters
evaluated at 95 and 99% probability level (p < 0.05; p < 0.01). Standard errors of the means
are indicated by whiskers.
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3. Results
3.1. Growing Dynamics

Both in the early and the later growth stages of clover and timothy under drought
simulation conditions, plant height was found to be significantly lower than under opti-
mum soil moisture conditions (Figures 4 and 5). Plant recovery from drought took three
weeks (21 days).
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Under the simulated waterlogging conditions, clover and timothy growth was initially
stimulated; however, after waterlogging cessation, when the soil moisture content was
reduced, the plant height was not significantly different from the plant heights under the
optimum soil moisture conditions, especially under more intensive application of N. Under
drought and waterlogging stresses, clover and timothy heights were lower at the higher
fertilization rates during both stages of perennial grass growth. Clover was more sensitive
to drought stress compared to timothy.
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3.2. Assimilating Leaf Area

Under drought simulation conditions, the assimilating leaf area of clover was signifi-
cantly lower than under optimum soil moisture and waterlogging simulation conditions,
ranging from 25.0 to 61.8 and from 33.3 to 56.7%, respectively (Figure 6). Under drought sim-
ulation conditions, the assimilating leaf area of clover decreased significantly by 45.8 and
33.3% as the N rate increased, compared to the minimum N rate.
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Figure 6. Assimilating leaf area of red clover and forage timothy. Note, differences between the means of treatments for
separate plant species, marked by different letters (a, b, c), are significant (p < 0.05). Whiskers indicate standard errors of the
means. SM—soil moisture.

Different soil moisture conditions and N rates did not have any significant effect on
the assimilating leaf area of timothy. Positive and statistically significant correlations were
found between the assimilating leaf area of clover and number of plants (r2 = 0.88, p < 0.01),
and between the assimilating leaf area of timothy and number of vegetative tillers (r2 = 0.72,
p < 0.01).

3.3. Aboveground Dry Biomass

Under drought simulation conditions, the aboveground dry biomass of the clover/
timothy mixture was significantly lower compared to that under optimum soil moisture and
waterlogging simulation conditions, ranging from 36.3 to 44.1 and from 44.2 to 47.2%, re-
spectively (Figure 7). This was related to the fact that under drought simulation conditions,
the aboveground dry biomass of clover was significantly lower by 46.9 to 71.6 and 51.5 to
75.9% compared to that under the optimum soil moisture and waterlogging simulation
conditions. Under drought simulation conditions, the aboveground dry biomass of clover
was found to be significantly lower by 55.0 and 48.2%, and that of timothy significantly
higher by 22.6 and 35.4%, when fertilized at the N25+60 rate, compared to the minimum
and maximum N rates. Under simulated waterlogging conditions, increasing the N rate
resulted in a significant decrease of 15.5 and 19.0% in the aboveground dry biomass of the
clover and timothy mixture compared to the lowest N rate. Under simulated waterlogging
conditions, when fertilized at the highest N rate, the aboveground dry biomass of clover
was found to be significantly lower by 20.9% compared to the lowest fertilization rate.
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Figure 7. Aboveground dry biomass of red clover and forage timothy mixture. Note, differences between the means
of treatments for separate plant species and total biomass, marked by different letters (a, b, c), are significant (p < 0.05).
Whiskers indicate standard errors of the means. SM—soil moisture.

The aboveground dry biomass of clover was dependent on the number of plants
(r2 = 0.78, p < 0.01) and the assimilating leaf area (r2 = 0.83, p < 0.01), while that of timothy
was dependent on the number of vegetative tillers (r2 = 0.46, p < 0.05).

3.4. Root Dry Biomass

Under drought simulation conditions, the root dry biomass of the clover and timothy
mixture was found to be less than that under both optimum soil moisture and waterlogging
conditions (Figure 8). Under drought and waterlogging simulation conditions, increasing
the N rate up to N145 showed a decreasing trend in root biomass, compared to the mini-
mum rate. A positive, strong and statistically significant correlation was found between
the root dry biomass of the clover and timothy mixture, and the aboveground dry biomass
(r2 = 0.74, p < 0.01).

3.5. Nutritive Value

Under drought simulation conditions, the crude protein content of the aboveground
biomass of the clover and timothy mixture was found to be significantly higher at the
highest N fertilization rate compared to the optimal soil moisture and waterlogging sim-
ulation conditions at the same fertilization rate, 13.4 and 12.5%, respectively (Table 1).
Under optimum soil moisture conditions, the crude protein content of the aboveground
biomass of the clover and timothy mixture was found to be significantly lower by 9.9% at
the highest rate of N compared to the lowest rate.
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Table 1. Nutritive Value of red clover and forage timothy mixture.

Soil Moisture Conditions
(Factor A)

Nitrogen Rates
(Factor B) Crude Protein, % Crude Fibre, % Crude Ash, %

Lack of SM (drought)
N25 13.7 ± 0.10 abc 28.4 ± 1.94 b 17.2 ± 0.97 a

N25+60 12.9 ± 0.26 cd 32.6 ± 2.27 a 14.3 ± 0.57 bc
N25+120 14.4 ± 0.20 a 29.4 ± 1.75 ab 13.3 ± 0.32 c

Optimal SM
N25 14.1 ± 0.27 ab 26.9 ± 0.90 b 16.1 ± 1.14 ab

N25+60 13.4 ± 0.20 abc 29.7 ± 1.20 ab 14.2 ± 0.62 bc
N25+120 12.7 ± 0.43 cd 28.7 ± 0.88 ab 13.9 ± 0.56 bc

Excess of SM (waterlogging)
N25 13.2 ± 0.73 bcd 28.4 ± 0.26 b 15.6 ± 0.93 abc

N25+60 12.2 ± 0.32 d 27.3 ± 1.41 b 17.3 ± 1.00 a
N25+120 12.8 ± 0.56 cd 29.7 ± 0.15 ab 15.1 ± 1.61 abc

Note. Differences between the means of treatments in columns, marked by different letters (a, b, c, d), are significant (p < 0.05).
Mean ± standard error. SM—soil moisture.

Under drought simulation conditions, the crude protein content of the aboveground
biomass of the clover and timothy mixture was found to be significantly lower by 5.8%,
and the crude fibre content significantly higher by 14.8%, when fertilized at an N25+60 rate
compared to the lowest N rate. Under waterlogging conditions, the crude ash content of
the aboveground biomass of the clover and timothy mixture was significantly higher when
fertilized at the N25+60 rate than under optimal soil moisture and drought simulation
conditions at the same N rate, 21.0 and 21.8% respectively. Under drought simulation
conditions, the crude ash content of the aboveground biomass of the clover and timothy
mixture was found to be significantly lower by 16.9% and 22.7% when the N rate was
higher compared to the minimum rate.

4. Discussion
4.1. Productivity of Forage Grasses

The results of this study showed that red clover and timothy were more susceptible to
drought and excess moisture stress when heavily fertilized with N. Bahrani et al. [23] and
Wang et al. [24] have indicated that drought treatments cause a reduction in plant height.
According to Chai et al. [25] post-drought recovery of perennial grasses depended on the
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recovery of existing leaf tissue and the regeneration of new tissue from crowns, stolons
and roots. The results of our study showed that under drought simulation conditions,
there was a significant decrease in and total aboveground biomass of the mixture of red
clover and timothy, compared to the conditions of simulation of optimum soil moisture
and waterlogging. Marshall et al. [26] showed that severe drought significantly reduced
the growth rate of clover stolons and leaf development compared to heavily watered plants.
Wang et al. [24] reported that with increasing intensity and duration of drought stress,
plant aboveground biomass decreased while root biomass increased. Hajibabaee et al. [27]
and Fariaszewska et al. [28] found that morphological and physiological parameters,
as well as the productivity of forage plants, decreased under drought stress. Drought-
induced reductions in forage grass productivity depend on species [29] and genotype [30].
According to the latter author, drought stress significantly reduced the dry matter yield of
red clover, especially when grown in a mixture with festulolium (Festulolium braunii) [31].
Kizekova et al. [32] and Tucak et al. [33] found high sensitivity of red clover to drought
stress. According to Kørup et al. [34], drought caused a decrease in dry matter yield for all
species and cultivars of perennial grasses during the drought period. In our study, timothy
produced higher average aboveground mass under moisture excess conditions compared
to drought conditions. According to Mäkinen et al. [35], timothy had a low capacity to
adapt to climatic extremes, especially in the early growth stages. Eneji et al. [36] reported
that timothy was sensitive to water stress and only produced the highest yields under
optimal irrigation conditions. According to Ploschuk et al. [37], waterlogging conditions
only slightly inhibited shoot and root growth of perennial forage grasses. Malik et al. [38]
reported that waterlogging did not have any significant effect on aboveground and root dry
mass of forage legumes. Authors investigated mostly sole crops, and, in our experiment,
timothy was grown in mixture with clover therefore it was less sensitive to waterlogging.

Under drought and waterlogging stresses, increasing the N rate resulted in a signifi-
cant decrease in clover aboveground biomass compared to the minimum rate, as well as
the total aboveground biomass of the mixture decreased under waterlogging stress. Under
drought stress conditions, the highest aboveground dry biomass of timothy was found
when fertilized at the N25+60 rate. Basal and Szabó [39] indicated that high N rate enhanced
most traits of forage crops under drought stress conditions. Abraha et al. [40] reported that
higher irrigation combined with high N application significantly improved the dry matter
yields of forage grasses. According to Jiménez et al. [41], high nutrient availability did not
always intensify the growth of forage grasses under waterlogging conditions.

The results showed that increasing the N rate showed a downward trend in plant
root biomass under waterlogging conditions. Wasaya et al. [42] argued that roots were
the main organs that responded to changes in soil moisture, and adapted and maintained
plant productivity under drought conditions. Drought affected most root properties and
reduced root biomass [23,43]. Drought stress reduced shoot weight of forage crops, but
had no effect on root weight, also resulting in a greater root/shoot ratio [44].

4.2. Nutritive Value of Forage Grasses

Under drought simulation conditions, increasing the N rate increased the crude protein
and crude fibre contents in the aboveground biomass of the clover and timothy mixture,
while the crude ash content decreased. Rostamza et al. [5] reported that under soil moisture
deficit conditions, the crude protein and crude ash contents in the aboveground biomass
of plants decreased and the fibre content increased compared to optimum conditions.
Küchenmeister et al. [45] determined, that the effect of drought on nutritive values was
considerably less pronounced than that on the yield. N fertilisation increased the crude
protein content in the aboveground biomass of forage grasses, while it decreased the crude
fibre content [46,47].
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5. Conclusions

Under drought and waterlogging stresses, fertilization of a red clover and timothy
mixture with high nitrogen rates is ineffective. The recovery of the clover and timothy
mixture after drought takes 21 days. The aboveground dry biomass of the clover and
timothy mixture grown under drought conditions was significantly lower by 36.3 to 47.2%
than under optimum soil moisture and waterlogging conditions. The root biomass of
forage grass mixtures was lowest under drought conditions when fertilized at the highest
N rate (N25+120). The aboveground biomass of clover grown under different soil moisture
conditions depended on the number of plants (r2 = 0.78, p < 0.01) and the assimilating leaf
area (r2 = 0.83, p < 0.01), and that of timothy on the number of vegetative tillers (r2 = 0.46,
p < 0.05).

Under drought simulation conditions, increasing the N rate increases the crude protein
and crude fibre contents in the aboveground biomass of the clover and timothy mixture,
while the crude ash content decreases.
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Kaunas, Lithuania, 2015; p. 292.
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