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The aim of the research was to assess the impact of water stress on the yield and content of basic nutrients in the 
biomass of Trifolium pratense and Festulolium braunii cultivated in pure stand and in mixture. A pot experiment was 
carried out in 2012–2014, at two levels of soil moisture: well-watered and drought stress. The study showed that 
stress significantly reduced the dry matter yield (DMY), the most in T. pratense, followed by mixture, and F. braunii. 
The effect of drought stress on the nutritive value was considerable less pronounced than the influence on DMY. No 
significant influence of water deficit on crude protein, crude fibre and crude ash contents was found, but only on 
water-soluble carbohydrate and crude fat content in one year of the study. It was found, that under drought stress 
T. pratense is more suitable for cultivation in the mixture with F. braunii than in pure stand, due to a lower reduc-
tion of DMY and no adverse effect of water deficiency on yield quality.
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Introduction
The importance of legumes in Europe is increasing, especially in the context of the increasing prices of energy, 
nitrogen fertilizers, and feed concentrates (Crews and Peoples 2005). Small-seed legumes produce a high yield of 
dry matter and protein, which is particularly important in nitrogen-poor habitats. Trifolium pratense (L.) is widely 
sown for forage in Europe because of its high yield of digestible organic matter, metabolizable energy and pro-
tein (Peyraud et al. 2009). T. pratense is usually sown with grasses rather than in pure stand because this leads 
to higher DMY and greater stability of yield, more efficient use of nitrogen in sward and less risk for yielding in 
case of failure of red clover (Hakala and Jauhiainen 2007, Gaudin et al. 2013). Fodder production in grassland is 
largely dependent on water availability (Hopkins and Del Prado 2007). Climate change in recent years has con-
tributed to a reduction in rainfall and snowfall, resulting in deepening water deficit in the soil and increasing in-
cidence of droughts, especially in summer (Schindler et al. 2007, Trenberth 2011). Water shortages in the soil 
worsen the conditions for plants growth and development, and consequently for crop yielding. According to Li-
piec et al. (2013), abiotic stresses, such as drought and high temperature, limit the growth of root nodules in leg-
umes, and inhibit nitrogenase activity, thus reducing nitrogen fixation. This results in a decrease in the yield of 
legumes and their accompanying grasses, as has been reported by many authors (Farooq et al. 2009, Jaleel et al. 
2009, Rumasz-Rudnicka 2010). 

The water needs of plants are related to the species and to the development stage. T. pratense has a high water 
demand. It uses twice as much water to produce 1 dry matter unit compared to cereal crops. This species needs 
500–600 mm of annual precipitation to properly develop, including 350–460 mm during vegetation period (Ro-
jek 1989). According to Chmura et al. (2009), under rainfall lower than optimal, the reduction of DMY may range 
from 3 to 34%. The highest water needs of T. pratense are observed during the period of intensive growth (for-
mation of main and lateral shoots) and inflorescence formation. Water shortages in this stage inhibit the growth 
of stem and leaf weights and contribute to poor pollination of plants by insects due to the lack of nectar. Grasses 
also have high water needs. High yields in the field, exceeding 10–15 t of dry matter per hectare, can be obtained 
only if the nutritional and water needs of the plants are met. After the soil has been fully covered, the grass de-
mand for water equals potential evapotranspiration (Grabarczyk 1989).

Field crops respond to stress conditions caused by water scarcity in the soil with the reduction of the yield. This 
reaction results from the inhibition of the photosynthesis process and from disturbances in the transport and dis-
tribution of assimilates from leaves to other organs (Blum 2011). Studies carried out by various authors confirm 
a decrease in the yield of legumes and forage grasses under stress conditions, while the knowledge on the influ-
ence of drought on the chemical composition and nutritional value of legumes and grasses is inconsistent and 
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limited. In the study of Olszewska (2004), water scarcity in soil caused an increase in total protein content and a 
decrease in crude fibre (CF) and crude ash (CA) content in Trifolium repens (L.). In turn, in the research by Pawlus 
et al. (1993), the protein concentration in T. pratense, T. repens and Trifolium resupinatum (L.) decreased under 
lower soil moisture. Peterson et al. (1992) described an increased detergent fibre concentration and a minor effect 
on crude protein (CP) concentration in different forage legumes. In contrast, Küchenmeister et al. (2013) found a 
decrease in CP and CF fractions concentration and also an increase in water-soluble carbohydrates (WSC) in six leg-
umes under strong drought stress. The response of fodder grasses to water shortages is also ambiguous. Staniak 
(2016) and Olszewska (2009) showed an increase in the total protein content and a decrease in the CF content, 
while Jurkowska et al. (1993) presented a lower protein concentration under stress conditions. This information 
showed that more research is needed to gain knowledge about the influence of drought stress on nutritive value 
of forage legumes and grasses. The objective of this study was to determine the effect of water shortage on DMY 
and important parameters of nutritive value: CP, CF, WSC, crude fat (CFa), and CA in dry matter of T. pratense and 
F. braunii grown in pure stand and in mixture. We hypothesized that the effect of the long-term water stress on 
yield and change in quality parameters of dry matter would differ among species and cultivation methods.  

Materials and methods
Experimental set-up, plant material and growth conditions 

The study was conducted during the years 2012–2014. A pot experiment was established in the completely rand-
omized block method, with four replicates, in the vegetation hall in Puławy, Poland (51°24′59″N 21°58′09″E). Fes-
tulolium hybrid (Festulolium braunii [K. Richt] A. Camus) cultivar Agula and red clover (Trifolium pratense L.) tetra-
ploid cultivar Bona were grown in pure stands and in mixture (50% grass + 50% legume). The plants were sown 
on 11th April 2012, in Mitcherlich pots filled with 7 kg of light silty loam from arable layer (0–30 cm). The content 
(in mg per 100 g of the soil) of available phosphorus was 12.0, potassium 35.5, magnesium 17.1 and pHKCl 6.74. 
The pots were fertilized with 0.5 g N, 1.0 g P, 1.5 g K, 0.5 g Mg in the form of solutions: NH4NO3, KH2PO4, K2SO4 and 
MgSO4 x 7 H2O before sowing and in the springs of 2013 and 2014, and 0.5 g N after each cut of F. braunii in pure 
stand and half of this dose after each cut of mixture. T. pratense in pure stand was not fertilized by N (except of 
start dose). Fifteen seeds were sown in each pot, and after emergence some seedlings were removed, leaving 8 
plants per pot (in mixture – 4 units of grass and 4 units of legume). After sowing, the pots were placed outdoors 
during the day and protected by glass roof during rain and by night. 

Plants were cultivated at two soil moisture levels: 70% field water capacity (FWC) as an optimum moisture con-
tent and 40% FWC as a drought stress. After sowing all pots were watered the same (optimally), and after 8 weeks 
the soil moisture was diversified to 70 and 40% FWC. In 2013 and 2014 soil moisture content was diverse 2 weeks 
after starting of vegetation. In order to maintain the appropriate soil moisture, the pots were watered daily to 
achieve a specified weight of the pot with soil. The treatments were finished after last cut and plants were wa-
tered as needed. To protect the experimental plants from extreme freezing temperatures, the pots were trans-
ferred to a greenhouse during winters, where the lowest temperature did not fall under 0 °C. In the vegetation 
hall, the conditions followed a normal seasonal pattern with mild frost in winter and and we were able to control 
and record drought stress. 

Sampling and chemical analyses 
Aboveground biomass was determined by cutting the plants every 4–5 weeks in the flowering stage of T. pratense, 
on the height of 4–5 cm above the soil surface. The collection of plants was carried out three times during the 
first growing year (2012), and four times during second (2013) and third (2014) growing year. The harvested ma-
terial was dried in a laboratory drier at 60 °C for 72 hours, after which the DMY was measured. Chemical analyses 
of plant material were based on the averages for treatments (one replication) in the Certified Chemical Labora-
tory in Puławy. Treatments with optimal soil moisture (70% FWC) and drought stress (40% FWC) were included.  
Dry matter (DM) content was determined by weight method in 105 °C, N by Kjeldahl’s method, WSC by Bertrand’s 
method, CF by enzymatic-weight method, CFa by Soxhlet’s method, and CA by conventional methods (dry miner-
alization). The CP content was calculated with the formula CP = N × 6.25. 

Statistical analyses
The results of the yields were statistically analyzed with the use of the analysis of variance using Statistica v.10.0 
program. Tukey’s multiple comparison test was used to compare differences between the means for main factors 
(soil moisture SM and treatment T), while confidence intervals for the means of LSD (p = 0.05) were used to compare 
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the means from the subclasses (interaction SM × T). The results of the chemical composition were analyzed by 
analyses of variance. The content of basic nutrients was analyzed separately for each year, as a non-replicate ex-
periment (average for SM and T). The significance of differences was compared with the Tukey´s test at signifi-
cance level p = 0.05. Interaction was treated as an error.

Results

The effect of the main factors – soil moisture (SM) and treatment (T) as well as that of the interaction SM×T on 
DMY, was in most cases significant (p<0.05) in the regrowths and total DMY (Table 1). Water deficit in the soil 
caused the highest decrease in the total yield of T. pratense cultivated in pure stand in the first and second grow-
ing years by 34.9% and 33.7%, respectively.

Table 1. Dry matter yield (DMY) of Trifolium pratense and Festulolium braunii grown in pure stand (PS) and in mixture (MX) under 
optimal and drought stress conditions (g pot-1) 

I regrowth II regrowth III regrowth IV regrowth

Treatment soil moisture conditions

optimum stress optimum stress optimum stress optimum stress

2012

T. pratense PS1 37.1 ± 1.39 22.9 ± 2.64 21.3 ± 2.54 14.0 ± 0.27 12.0 ± 2.29 9.0 ± 0.31 - -

F. braunii PS 17.9 ± 1.24 21.3 ± 2.40 15.7 ± 0.50 16.7 ± 1.20 12.2 ± 0.58 10.6 ± 0.42 - -

T. pratense+ F. braunii 
MX

23.9 ± 1.73 23.5 ± 1.37 19.1 ± 1.53 16.0 ± 1.47 11.5 ± 0.51 9.4 ± 0.72 - -

LSD0.05  2.93 2.64 n.s.3

ANOVA summary F-ratio p F-ratio p F-ratio p - -

Soil moisture SM 32.18 <0.001 27.63 0.001 26.85 <0.001 - -

Treatment T 83.25 <0.001 2.42 0.061 2.19 0.062 - -

SM × T 66.02 <0.001 15.77 0.001 1.02 0.073 - -

2013

T. pratense PS 47.6 ± 3.48 31.9 ± 3.13 23.6 ± 3.58 15.0 ± 1.99 21.8 ± 2.23 13.8 ± 0.14 18.8 ± 3.58 13.5 ± 1.10

F. braunii PS 25.1 ± 1.24 21.4 ± 0.84 14.4 ± 1.15 11.7 ± 0.34 11.9 ± 0.83 8.5 ± 0.11 18.0 ± 0.77 13.2 ± 0.57

T. pratense+ F. braunii 
MX

43.5 ± 2.62 30.3 ± 4.40 18.9 ± 3.36 14.6 ± 1.64 20.8 ± 1.75 14.0 ± 1.46 17.6 ± 1.51 14.7 ± 1.11

LSD0.05 5.13 n.s. 2.44 n.s.

ANOVA summary F-ratio p F-ratio p F-ratio p F-ratio p

Soil moisture SM 88.74 <0.001 30.03 <0.001 121.72 <0.001 43.02 <0.001

Treatment T 77.28 <0.001 14.71 0.049 80.72 <0.001 44.24 0.055

SM × T 9.92 <0.001 3.48 0.055 6.23 <0.001 17.76 0.061

2014

T. pratense PS 30.3 ± 5.23 29.2 ± 2.49 32.0 ± 7.12 23.9 ± 0.70 22.5 ± 4.24 13.3 ± 1.39 13.0 ± 1.77 9.1 ± 3.84

F. braunii PS 18.2 ± 1.33 18.8 ± 3.08 22.4 ± 0.77 19.0 ± 1.88 15.6 ± 1.16 13.3 ± 0.76 14.1 ± 1.22 11.9 ± 0.99

T. pratense+ F. braunii 
MX 31.3 ± 4.07 29.1 ± 1.70 27.2 ± 4.18 21.9 ± 0.76 20.1 ± 1.78 15.8 ± 1.40 17.2 ± 1.94 13.1 ± 1.53

LSD0.05 n.s. n.s. 3.83 n.s.

ANOVA summary F-ratio p F-ratio p F-ratio p F-ratio p

Soil moisture SM 0.46 0.208 15.16 <0.001 36.95 <0.001 15.64 0.015

Treatment T 32.67 <0.001 8.57 <0.001 7.01 <0.001 7.61 <0.001

SM × T 0.37 0.063 0.89 0.055 5.55 0.001 0.45 0.061
1PS = species grown in pure stand; 2MX = species grown in mixture; 3n.s. = not significant; (Mean ± Standard Deviation, n=4) 
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When grown in a mixture with F. braunii, the DMY reduction was smaller, but also statistically significant (by 10.1 
and 26.8%, respectively). In the third year of the study, the total DMY of T. pratense decreased under stress by 
22.7% in pure stand and by 16.6% in the mixture, with no statistically proven differences (Fig. 1). The most resist-
ant to drought was the hybrid of F. braunii cultivated in pure stand, for which no significant decrease in yield was 
recorded under water scarcity conditions. The analysis of regrowths showed that stress, to a similar extent, re-
duced the DMY of the tested crops in the first (from 15.9% to 17.0%) and the second growing year (from 24.9% 
to 32.5%), while a higher difference was noted in the third year, when a smaller yield decrease was observed in 
the first and fourth regrowth (by 6.8% and 13.7%, respectively), than in the second and third regrowth (by 23.7% 
and 22.2%, respectively) (Table 1).

Drought stress had a much smaller effect on nutrient content in dry matter than on the yield of T. pratense and F. 
braunii, being in general statistically insignificant (Table 2). In the conditions of water scarcity in the soil, the tested 
species, regardless of the cultivation method, were characterized by similar content of CP and CF. 

Fig. 1. Decrease of total DMY in 2012 (sum of three cuts), 2013 and 2014 (sum of four cuts) 
of Trifolium pratense and Festulolium braunii grown in pure stand (PS) and in mixture (MX) 
under conditions of drought stress. Different letters on bars represent significant differences 
among treatments (Tukey’s test, p < 0.001); Bars = Standard Deviation
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1PS = species grown in pure sowing; 2MX = species grown in mixture; 3 n.s. = not significant; 4CP = crude protein; 5CF = crude fibre; 6WSC = water-soluble carbohydrates; 
7CFa = crude fat; 8CA = crude ash; 2012 – the average of three regrowths; 2013 and 2014 – the average of four regrowths

Table 2. Nutritional content of Trifolium pratense and Festulolium braunii grown in pure stand (PS) and in mixture (MX) under optimal and drought stress 
conditions (g kg-1 DM)

Treatment Soil 
moisture CP4 CF5 WSC6 CFa7 CA8

2012 2013 2014 2012 2013 2014 2012 2013 2014 2012 2013 2014 2012 2013 2014

T. pratense PS1 optimum 188 186 171 209 200 216 35.6 27.3 46.4 37.2 39.1 38.9 115 125 92

stress 182 190 168 205 193 212 34.0 32.3 45.6 32.2 42.2 44.0 112 117 91

F. braunii PS optimum 126 156 116 225 243 223 101.4 51.9 120.2 35.3 46.7 42.5 119 119 97

stress 151 185 148 202 221 211 76.1 63.4 108.7 38.8 46.2 46.4 108 115 95

T. pratense+F. 
braunii MX2

optimum 143 174 119 224 229 226 78.9 41.0 106.4 34.4 43.5 36.9 110 114 102

stress 134 198 146 197 202 198 85.8 50.1 85.2 38.2 46.0 42.9 109 118 97

Mean for soil moisture conditions

Optimum 152 172 135 219 224 222 72.0 40.1 91.0 35.6 43.1 39.4 111 119 97

Stress 156 191 152 201 205 207 65.3 48.6 79.8 36.4 44.8 44.5 104 117 94

LSD (α=0.05) n.s.3 n.s. n.s. n.s. n.s. n.s. n.s. 8.16 n.s. n.s. n.s. 2.62 n.s. n.s. n.s.

Mean for treatment 

T. pratense PS 185 188 170 222 196 214 34.8 29.8 46.0 34.7 40.6 41.4 114 121 92

F. braunii PS 138 170 132 234 232 217 88.8 57.6 114.4 37.0 46.4 44.4 114 117 96

T. pratense+F. 
braunii MX

138 186 133 230 216 212 82.4 45.6 95.8 36.3 44.8 39.9 110 116 100

LSD (α=0.05) n.s. n.s. n.s. n.s. n.s. n.s. 29.82 13.69 42.50 n.s. n.s. n.s. n.s. n.s. n.s.
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The content of WSC depended mainly on the treatment. Regardless of the soil moisture level, significantly more 
WSC was accumulated by the hybrid of F. braunii, compared to T. pratense. The mixture had by an average con-
tent of this component, but it was significantly higher in comparison to T. pratense. Taking into account the aver-
age values, the WSC content was significantly higher only in the second growing year (by 21.2%) under drought 
conditions compared to optimal soil moisture. Drought stress increased the CF content, although significant dif-
ferences were recorded only in the third growing year (by 12.9%). The method of cultivation and the species did 
not significantly differ from the CFa content in dry matter (DM). Stress caused by water scarcity in soil also did not 
significantly affect the content of CA, although a tendency to decrease in CA content in stress conditions was ob-
served in comparison with optimal conditions. Regardless of the soil moisture level, more CA was accumulated by 
plants in the first and second growing years (average 112 and 118 g kg-1 DM) than in the third one (96 g kg-1 DM).

Discussion

Agricultural water deficit is one of the major environmental factors causing deterioration of the conditions for 
growth and development of plants. This study showed that long-term water stress in the soil results in a reduc-
tion in DMY of both T. pratense and F. braunii, regardless of the cultivation method (pure stand or mixture). The 
largest decrease was observed in the DMY of T. pratense grown in pure stand followed by mixture, and F. braunii 
hybrid. Drought susceptibility of a species is often measured as a function of the reduction in yield under water 
stress (Chmura et al. 2009). Taking this criterion into account, it was found that the hybrid of F. braunii cultivated in 
pure stand was the least sensitive to long-term water deficit in the soil. T. pratense cultivated in pure stand yield-
ed the best under optimal soil moisture conditions, however, under dry conditions, the yield loss was by 10.9% 
higher than when it was cultivated in the mixture with F. braunii. Similar results were obtained by the authors in 
other studies on the influence of long-term drought stress on the yield of Medicago and F. braunii (Staniak and 
Harasim 2018). Under optimum soil moisture, Medicago achieved the largest DMY when grown in a monoculture, 
but under drought stress, its yield losses were approximately by 13.0% higher than when it was grown in a mixture 
with F. braunii. It was also shown that the F. braunii hybrid grown in pure stand was the least sensitive to drought.  
According to Tucak et al. (2016), high sensitivity of T. pratense grown in pure stand to drought, resulted in low yield 
of 23 cultivars and populations. Also Gaudin et al. (2013) reported about the high sensibility of T. pratense in pure 
stand to drought. According to Küchenmeister et al. (2013) T. repens grown in mixture with Lolium perenne (L.) 
reacted to moderate stress conditions with a much smaller yield decrease (18%) than legume in pure stand (36%). 

A higher resistance of F. braunii to drought stress than that of T. pratense may therefore be due to the different 
growth and development of root systems under drought conditions. The studies conducted by Skinner and Co-
mas (2010), with 9 grasses and 6 legumes showed, that water stressed grasses generally had greater root biomass 
and greater proportion of roots in the 30 to 40 cm soil layer than did stressed legumes. Moreover, drought stress 
significantly reduced shoot weight (legume by 32% and grass by 20%) but had no effect on root weight, also re-
sulting in a greater root/shoot ratio. 

The current study showed that, in the conditions of water shortage in the soil, cultivation of T. pratense in a mix-
ture with F. braunii is beneficial from the point of view of producing feed and feeding ruminants. Namely it con-
tributed to a significantly lower reduction of DMY compared to the pure sowing of T. pratense as well as did not 
significantly differentiate the content of the basic nutrients (CP, CF, CA, CFa) in the obtained biomass. Moreover, 
regardless of the soil moisture level, the mixture had a significantly higher WSC content in comparison to pure 
sowing of T. pratense, which resulted in better yields and feed uptake by the animals. The most WSC was found in 
the F. braunii, as it constitutes a genetic trait of this plant (intergeneric hybrid between Lolium multiflorum (Lam.) 
and Festuca pratensis (Huds.), inherited from the parental species L. multiflorum (Staniak 2016). The quantity and 
quality of F. braunii DMY is equal to that of L. multiflorum, while the more developed root system contributes to its 
better persistence and winter hardiness, which is in turn a characteristic taken after the second parental species, 
F. pratensis (Borowiecki 2002). Küchenmeister et al. (2013) showed a greater effect of moderate drought stress 
on DMY than on nutritional value in six species of legumes grown in pure stand and in mixture with L. perenne. 
Furthermore, Kuchenmeister et al. (2013) stated that the species and method of cultivation had a stronger influ-
ence on the quality parameters of biomass than water scarcity, as confirmed in this study.

Studies of different authors on the effect of drought stress on protein content in legumes and forage grasses do 
not give clear results. Some authors report an increase in CP content under the conditions of limited soil mois-
ture (Olszewska 2004, Olszewska 2009, Staniak 2016), while others have reported a decrease (Jurkowska et al. 
1993, Pawlus et al. 1993, Küchenmeister et al. 2013, Pimratch et al. 2013) or no significant changes in this content  
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(Peterson et al. 1992, Staniak and Harasim 2018) compared to optimal conditions. According to Pimrach et al. 
(2013), legumes in dry conditions reduce nitrogen fixation, which translates into lower yields and lower protein 
content in the plant matter. The lack of clear research results may indicate the impact of other factors, such as 
the length and intensity of droughts, habitat conditions, temperature, and age of plants, on nutrient accumula-
tion (Farooq et al. 2009, Jallel et al. 2009, Staniak 2016).

The CF content determines the digestibility of the feed. It varies depending on various internal factors, such as the 
anatomical structure, the structure of the aboveground mass, the development stage, as well as external ones, 
e.g. soil type, nutrient availability, the time of harvest, or weather conditions (Peterson et al. 1992, Elgersma and 
Søegaard 2018). According to many authors, water scarcity in the soil causes a decrease in CF content both in for-
age grasses (Olszewska 2009, Staniak 2016) and legumes (Peterson et al. 1992, Küchenmeister et al. 2013, Stani-
ak and Harasim 2018). According to Buxton (1996), it results from the delayed plant ripening. Borowiecki (2002), 
however, demonstrated that high temperatures and rainfall shortages promote the accumulation of certain fibre 
fractions (cellulose, hemicellulose and lignin) in forage grasses, although with a good nitrogen supply, the nutri-
tional value of the feed does not change significantly.  

The content of WSC and their relation to the amount of total protein, determine the taste of the feed, its energy 
value and its usefulness for ensiling. The WSC content is a species characteristic that depends on many factors, 
such as the development stage and the age of the plant, season, day, and weather conditions (Staniak 2016). This 
study showed that regardless of the soil moisture level, more WSC was accumulated by the hybrid of F. braunii 
than by T. pratense, and that the mixture had a significantly higher content of WSC than legume in pure stand 
which has been shown to be beneficial from the feed point of view (Moorby et al. 2006). In the conditions of soil 
drought, in the first and third growing years, a slight decrease in the content of WSC was noted, while in the sec-
ond, a significant increase in the tested species was observed. Küchenmeister et al. (2013) showed a tendency of 
the increase of WSC content in grasses and legumes under severe drought stress, although according to the au-
thors, the content of this component also depended on the species and cultivation method (monoculture/mix-
ture). According to Hoekstra and Buitink (2001), the accumulation of WSC is strongly correlated with the drought 
resistance of plants. A large number of stress-sensitive genes are induced by glucose, which indicates that sugars 
play an important role in plant responses to environmental stress (Zielińska 2012). Carbohydrates are involved 
in various metabolic pathways and act as signal molecules, regulating the expression of various genes, especially 
those involved in photosynthesis, sucrose metabolism, and osmoprotectants synthesis (Zielińska 2012). According 
to Saeidnia et al. (2018), the accumulation of WSC is a common adaptation in annual and perennial grasses under 
water stress and can be used as an indicator to distinguish drought-tolerant genotypes. This study indicated, that 
drought stress leads to an increase in CFa and a decrease in CA. Madziar and Latanowicz (1996) also recorded an 
increase in CFa under drought conditions, however they did not find any changes as regards to CA concentration. 

The present experiment indicates, that under drought stress, T. pratense is more suitable for cultivation in the 
mixture with F. braunii than in pure stand, due to a lower reduction of DMY and no adverse effect of water defi-
ciency in the soil on yield quality. 
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