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INTRODUCTION 

 
Increased rooting at depth in the soil profile has been demonstrated to improve the resilience 

of grass and wheat crops in dry regions or in seasons with a dry summer, sustaining yields 

and production. The new Festulolium grasses and wheat lines containing wild emmer 

(Triticum dicoccoides) have been shown in a limited number of studies (Ford et al., 2006; 

Humphreys et al. 2013) to have increased root length at depth. This might contribute to 

improved uptake of subsoil water and soluble nutrients. This report analyses the contributions 

of introgressing grasses native to dry environments and landrace wheat types on the rooting of 

forage grasses and wheat cultivars. 

 

Importance of Grass and Cereal Production in the UK 
 
Agriculture accounts for three-quarters of land use in the UK (Humphreys et al., 2003) and 

most of this (65%) is grassland. Permanent grasslands over 5 years old account for c. 29% of 

total land use. High-quality grasslands under 5 years old occupy only c. 7% of the total land 

area and have been sown primarily with Lolium species. Lolium species are the most 

important grasses used for reseeding and permit the highest levels of grass and livestock 

production (Humphreys et al., 2005)¹. Other species sown include Festuca pratensis and 

Festuca arundinacea, but these account for only 6% of grass seed usage in the UK when 

combined. However, they are used to a much greater extent in countries with more extreme 

weather patterns in Northern Europe, the USA and Japan, because they are more tolerant to 

abiotic stresses compared to Lolium.  

 

UK wheat production annually covers nearly 1.9 million ha (Soffe, 2013). Wheat is one of the 

‘big three’ cereal crops produced for livestock feed and human consumption, and provides the 

human diet with essential amino acids, vitamins, minerals and fibre (Shewry, 2009). 

However, today’s cultivated species are only suitable for managed environments and have 

lost their adaptability to stress conditions such as drought (Xie and Nevo, 2008). A method of 

improving current wheat cultivar’s genetic diversity is by intercrossing with landrace wheat 

(Simmonds et al, 2008). Grasslands are important for carbon sequestration and global food 

supply, contributing to milk and meat production. More food will need to come from the 

world’s existing agricultural land base (including grasslands) as the total area of agricultural 

land has remained static since 1991 (O’Mara, 2012). Grasslands and wheat are also important 

in crop rotations, provide habitats for wildlife and are a source of income and means of trade.  
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Climate Change 
 
The projections for climate change in the UK include hotter, drier summers and warmer, 

wetter winters, with increasing frequency of extreme weather patterns (Humphreys et al., 

2005). This could impact upon Lolium-based grassland systems which have a poor tolerance 

to abiotic stress (Humphreys et al., 2005)¹. In current wheat cropping environments, high 

density and clumping of roots in the plough layer is resulting in an inefficient root system. 

Wheat varieties with poor abiotic resilience to drought are leaving large amounts of available 

water in the subsoil at maturity (Passioura, 1983), which reduces the yield. This, along with 

other limiting factors, may prevent grass and wheat crops from producing their potential 

yield. This could hinder the UK’s ability to produce more food sustainably. Sustainability in 

agricultural systems strikes a balance between management practises that encourage 

production and those that safeguard its continuity (Humphreys et al., 2005)¹. Therefore, the 

UK will need crops which display resilience when faced with abiotic stress such as drought, 

whilst maintaining high yields. This may come from a well-established root system which 

enhances water uptake at depth (Humphreys et al., 2013). 

 

Rooting in Grasses 
 
In temperate grassland agriculture, Perennial ryegrass (Lolium perenne) and Italian ryegrass 

(L. multiflorum) are regarded as ideal grass species for use as animal forage due to their good 

establishment and digestibility (Yamada et al., 2005). However, in marginal areas, dry 

regions and those that are subject to drought stress, their use is limited as they lack 

persistency (Yamada et al., 2005). Festuca species such as F. pratensis on the other hand, can 

tolerate extreme abiotic stresses such as drought and low levels of plant nutrients, owing in 

part to a better developed root system which makes them more persistent (Humphreys et al., 

2003). However, Festuca species have poorer nutritional quality, digestibility and 

establishment characteristics compared to Lolium species (Yamada et al., 2005). With climate 

predictions for hotter drier summers and more extreme temperatures (Humphreys et al., 

2005)¹, intergeneric hybrids (Festulolium) between Lolium and Festuca species are being 

used to broaden the gene pool. This has been made possible by Lolium and Festuca species’ 

ability to hybridise naturally and exhibit high frequencies of gene exchange in the hybrid 

condition (Yamada et al., 2005).  This has enabled plant breeders to combine high quality 

traits with broad adaptations to a range of environmental constraints. For example, L. perenne 

offers good regrowth and nutritive value, whereas F. pratensis is more robust and can tolerate 

abiotic stress such as drought (Yamada et al. 2005). 
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Humphreys et al. (2005)² has described the procedure for the transfer of genes for drought 

resistance from Festuca glaucescens into Lolium multiflorum. This has enabled an extremely 

wide range of variation within the Lolium-Festuca species complex (Humphreys et al., 2005)¹ 

to be exploited ensuring that Festulolium are multifunctional, combining desirable 

sustainability traits such as drought tolerance and higher digestibility (Yamada et al. 2005). 

An important factor in effective soil water retention and subsequent tolerance to abiotic stress 

has been attributed to their extensive root growth (Humphreys et al., 2013). In a back-

crossing programme by Humphreys and Thomas (1993) involving L. multiflorum and F. 

arundinacea, the diploid L. multiflorum phenotype was rapidly recovered when a small 

number of genes from the fescue parent were included in the progeny. Some of these 

individuals were as drought tolerant as the Fescue parent. 

 

By providing a vast resource of novel genetic diversity, fescue species offer grass breeders the 

opportunity to input desirable traits and improve the performance of Lolium varieties in the 

creation of new Festulolium varieties. For example, the abilities of species to develop 

extensive root systems to withhold or release water, and the effects this has on drought 

tolerance, soil structure and stability, can and will play a significant part in the UK’s ability to 

withstand climate extremes (Humphreys et al., 2005)¹. 

 

Rooting in Wheat 
 
The root length sufficient to acquire water and nitrogen resources is 0.1 to 1 cm/cm² (van 

Noordwijk, 1983), but in modern wheat crops in soil layers below 40cm, the root length 

density (RLD) has been found to be less than 1 cm/cm³ while the RLD in the plough layer (0 

to 30 cm) exceeds that needed for uptake of water and important nutrients, with common 

values for wheat varying between 3 and 6 cm/cm³ (Hoad et al., 2004). King et al., (2003) 

suggested that the investment of fine roots at depth and a smaller abundance of surface roots 

would give greater economic returns in terms of accessing more water and nitrogen. This 

could improve the resilience of today’s cultivated species which have lost their adaptability to 

abiotic stress (Xie and Nevo, 2008). This has arisen from the domestication of crop plants 

from their wild ancestors which has limited the genetic diversity of modern crop species by 

the erosion of original genetic resources (Brenchely et al., 2012). Therefore, re-introducing 

landraces which have traits for greater rooting at depth may improve the drought tolerance of 

current wheat cultivars. 

 

Improving the rooting depth of wheat can result in significant increases in yield in dry 

environments, due to the favourable access of subsoil water (Lilley and Kirkegaard, 2007). 
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The effect of deeper wheat roots in accessing subsoil water uptake was modelled by Lilley 

and Kirkegaard (2007) who showed that restricting rooting depth to 0.8 m compared to 1.2 m 

can reduce mean grain yield in wheat by 0.7 to 0.4 t/ha.  Rooting to a further 1.8 m resulted in 

water extraction of 14 to 27 mm in the 1.2 to 1.8 m soil zone. This water extraction is 

significant for grain yield, indicating the value of rooting at depth as shown in a field study 

with wheat by Kirkegaard et al., (2007).  Rooting depth is also one of the traits recognised to 

show genotypic variation within wheat crops (Manschadi et al., 2008) and understanding this 

diversity provides opportunities to progress root development to improve resilience to abiotic 

stress (Smith and De Smet, 2012). 

 

The wheat cultivar Shamrock has been shown to have significantly (P < 0.05) greater rooting 

at depth (below 40 cm) compared to other elite wheat lines including Savannah and Hereward 

(Ford et al., 2006). Shamrock’s unusual rooting may have been as a result of recent 

introgression of genetic material from wild emmer (T. dicoccoides) (Simmonds et al., 2008). 

T. dicoccoides is the wild ancestor of domesticated emmer wheat (Triticum turgidum) and the 

tetraploid (AABB) ancestor of hexaploid wheat (Triticum aestivum) which originated from 

the Fertile Crescent. Introgression from wild emmer may improve the resilience of Shamrock 

and modern cultivars to abiotic stress through traits such as greater rooting at depth. The 

doubled haploid population Shamrock x Shango is known to segregate for some of the traits 

derived from the recent emmer introgression, which includes a non-glaucous trait (absence of 

the waxy substance which coats the leaves and stem) and viridescent trait which contributes 

to Shamrock’s delayed senescence and grain fill and characteristic green colour (Simmonds et 

al., 2008). This is widely seen in emmer but rarely seen in cultivated wheat. This population 

is being used in this study because of the segregation of the introgression of wild emmer. The 

results of a water-limiting irrigation regime by Peleg et al. (2005) showed that there was large 

genetic diversity within and between wild emmer populations and compared to the durum 

wheat control, their accessions have greater productivity in water-limited conditions.  

 

This report analyses the contributions of introgressing grasses native to dry environments and 

landrace wheat types on the rooting of forage grasses and wheat cultivars using Lolium and 

Festuca grasses and the Shamrock x Shango doubled haploid population. 
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Null Hypothesis for Grasses  
 

- The Festulolium species (Lolium perenne x Festuca marei and Lolium perenne x 

Festuca pratensis) will not have greater rooting at depth compared to the Lolium 

(Lolium perenne) and Festuca (Festuca pratensis) varieties. 

- The Festuca varieties will not have greater rooting at depth compared to the Lolium 

varieties. 

 

Null Hypothesis for Wheat 
 

- The cultivar Shamrock (with introgression from Triticum dicoccoides) will not have 

greater rooting at depth compared to Shango. 

- The Shamrock cultivars with the viridescent trait will not have greater rooting at 

depth compared to those without the viridescent trait. 

 

AIMS AND OBJECTIVES 
 

Aim: To measure root growth of Festulolium grasses and wheat lines with introgression from 

wild emmer which may increase the resilience of grass and wheat crops to abiotic stress. 

 

Objectives: 

 

- Measure and analyse the distribution of root length throughout the soil profile (0-

80cm) of two Festulolium varieties (Lolium perenne x Festuca pratensis and Lolium 

perenne x Festuca marei), a Lolium (Lolium perenne) and a Festuca (Festuca 

pratensis) variety grown at East Malling, Kent, ME19 BJ. 

- Measure and analyse the distribution of root length in ten wheat lines from the 

doubled haploid population, differing in introgression from wild emmer (Triticum 

dicoccoides) at the Crops Research Unit, Sonning Farm, Reading. The two parent 

wheat cultivars differ in their ability for rooting at depth. 

- Describe the contributions of introgressing grass and wild wheat types on the rooting 

of forage grasses and wheat cultivars. 
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METHODOLOGY 
Grasses 

 

East Malling Soil 
 
The soil at East Malling Research (EMR) in Kent is classified as Malling Series on Lower 

Greensand. The upper horizons Ap (sandy loam), Bt1 (clay loam) and Bt2 (sandy clay ‘pug’) 

overlie Kentish Rag (stone) (Cu) comprising calcareous sandy loam (hassock) interbedded 

with hard grey limestone (rag) (Cranfield University, 2015). 

Species 
 
The grass species were Festuca pratensis (meadow fescue) cv AberPaddock and Lolium 

perenne (perennial ryegrass) cv AberGain. The crosses were Lolium perenne (perennial 

ryegrass) x Festuca marei (Atlas fescue) and Lolium perenne x Festuca pratensis cv Prior.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Plot map (within outlined rectangle) for Festuca, Lolium and Festulolium varieties 

where the soil cores were taken at East Malling Rhizolab, Kent. The cores were taken 65 cm 

into the plots from the outside edge and at the mid-point (50 cm) within each plot.  The lower 

half of the map displays apple tree plantings. 

Rhizolab 

50 cm 
65 cm 

4.4 m 
1.2 
m 
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Wheat 
 

Sonning Soil Series 
 
The soil at the Crops Research Unit, The University of Reading, UK (0°54’ W, 51°29’ N) 

was free-draining sandy loam overlying coarse red-brown sand, of the Sonning series (Jarvis, 

1968). 

 
Species 

 
Shamrock and Shango are both Northern European winter wheat cultivars. Eight lines were 

selected from the production of the Shamrock x Shango doubled haploid mapping population 

based on the viridescent gene. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Plot map for Shamrock x Shango doubled haploid population where the soil cores 

were taken at Sonning Farm, Reading. Eight were parent plots and eight were chose lines - 

58; 25; 55; 73; 8; 6; 3; 93c, (circled in red) (x2 = 16). Plots were 2 x 5 m. The green and 

orange represents a 2 randomised block design. 
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Field Root Coring 
 
Soil cores for both the grasses and wheat lines were obtained with a window sampler 

(Archway Engineers, Elland, UK; essentially a stainless steel tube with an opening on one 

side to all removal of the soil) driven into the ground using a HydroCare MCL2 (1993) 

trailer-mounted hydraulic static pile driver (Norsk Hydro, Geonor, Norway). The diameter of 

the core was 73 mm and the length 1 m. Indents were made in the metal window sampler at 

10 cm intervals. 

 

Root Coring at Sonning Farm – Wheat 
 
Coring began in the field during anthesis (15 June 2015 over a 3 week period). The tractor 

towing the soil corer was driven at right angles to field plots with the left wheel running at the 

top end of the plot (down/up lettered rows and across numbered columns – see figure 2). Two 

cores per plot between the rows were taken. The core was driven down to 70 cm and the soil 

was removed in 0 - 15 cm, 15 - 30 cm, 30 - 40 cm, 40 - 50 cm, 50 - 60 cm and 60 - 70 cm 

increments.  Each core was place in a sealed, labelled plastic bag and stored in a cold room (2 

- 4°C) until it could be washed. The tractor was then driven at right angles to the opposite end 

of the plot and one core was taken within the row. The soil was removed and labelled in the 

same way. 

Within Row and Between Row Method 
 
The location of the sample is important when trying to produce representative root core 

samples.  It is suggested that for wheat crop in a row spacing of 22 cm, an auger diameter of 

7.5 to 10 cm extracted from within the row and midway between the rows, will give the best 

approximation of mean root length density.  This is based on a bias between actual and 

observed root length densities obtained using soil monoliths and soil cores (Kumar et al., 

1993). However, by simply averaging root length densities obtained from cores within and 

between rows, the actual value can be overestimated by as much as 30% (Bengough, 2000).  

A lower bias can be calculated when a weighted scheme of 1:3 is used for root length 

densities (RLD) within rows and between rows: mean estimated root length density = (RLD 

within row + (RLD between row x 3)) / (1+3), first suggested by Vannoordwijk et al. (1985). 

 

Root Coring at East Malling Research – Grasses 
 
Root cores at East Malling were taken in the newly refurbished Rhizolab which was sown 

with the grass crop in June 2014. Coring began on the 9 July 2015 for 1 week and the corer 

was manually moved rather than towed. The corer was guided 65 cm into the plot from the 
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edge furthest from the  rhizolab and 50 cm into each plot (see figure 1) to a depth of 80 cm 

where possible. One core was taken from each of the 24 plots comprising 6 blocks made up of 

the four species of grass. The soil was removed in 0 - 15 cm, 15 - 30 cm, 30 - 40 cm, 40 - 50 

cm, 50 - 60 cm, 60 - 70 cm and 70 - 80 cm increments. Each core was place in a sealed, 

labelled plastic bag and stored in a cold room (2 - 4°C) until it could be washed. 

 

Root Washing 
 
A pumped root washer system was used to wash the soil cores (Root Washer, Delta T, 

Cambridge UK) which was able to wash 4 cores at a time.  This separated the roots from the 

soil by breaking up the core and filtering the soil through a 2 mm sieve and a 550 µm mesh 

collection filter.  The sample was then stored in between damp paper towels within a sealed 

plastic bag for a maximum of 3 days within a cold store (2 - 4 °C) before the live roots were 

separated from the organic debris and scanned, making sure the roots within the sample were 

not overlapping.  

Root Scanning 
 
The scanned images were then analysed using WinRhizo and the root length densities (RLD) 

were calculated. RLD = Length / Volume. 

GenStat 
 
The software programme GenStat (version 13) was used to analyse the experimental 

field data.  A general ANOVA was used in to order to identify statistical differences 

in RLDs within the field root cores. 

RESULTS 

Grasses 
 

Table 1. Mean table of RLD and SED (standard error of difference) of field grown grasses 

Festuca pratensis (FP), Lolium perenne (LP) and Festulolium varieties L. perenne x F. 

pratensis (LP x FM) and L. perenne x F. marei (LP x FP). 

 

 

 

 

 

 

 

  RLD (cm/cm3)         
Depth (cm) FP LP LPxFM LPxFP SED 

0 – 15 2.90 2.31 2.45 2.01 0.61 
15 – 30 0.87 0.94 0.97 0.76 0.31 
30 – 40 0.73 0.72 0.93 0.77 0.27 
40 – 50 0.36 0.63 0.93 0.51 0.20 
50 – 60 0.25 0.45 0.52 0.39 0.18 
60 – 70 0.14 0.32 0.49 0.35 0.17 
70 – 80 0.13 0.16 0.33 0.24 0.13 
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Figure 3. RLD (cm/cm3) of field grown grasses Festuca pratensis, Lolium perenne and 

Festulolium varieties L. perenne x F. pratensis and L. perenne x F. marei. Points are means 

from one year experiments, taken from a 6 randomised block design. Error bars are + and – 

SE 
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Figure 4. RLD (cm/cm3) of field grown grasses Festuca pratensis, Lolium perenne and 

Festulolium varieties L. perenne x F. pratensis and L. perenne x F. marei. Points are means 

from one year experiments, taken from a 6 randomised block design. Error bars are removed 

to improve clarity. 

 

The F. pratensis had the highest RLD of 2.90 cm/cm³ at 15 cm, whereas the RLD for the L. 

perenne x F. pratensis was 2.01 cm/cm³ (figure 3). However, at 70 cm the RLD of F. perenne 

was lower than the other three varieties at 0.14 cm/cm³ compared to 0.49 cm/cm³ for L. 

perenne x F. marei. Table 1 shows differences occurring at 50 cm with the L. perenne x F. 

marei having the highest RLD of 0.93 cm/cm³, whereas the RLD of the other varieties varied 

between 0.3 and 0.6 cm/cm³. These differences in the data are shown more clearly in figure 4. 

Overall, L. perenne x F. marei had the greatest RLD at all depths below 30 cm, compared to 

the other cross and the Lolium and Festuca parents. The SED was highest in the plough layer 

at 0.61 (table 1) and reduced lower down the profile to 0.13 at 80 cm. The data were not 

significant as there is high variance between values (p > 0.05). 
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Table 2. Mean RLD and SED for field grown grasses Festuca pratensis (FP) and Lolium 

perenne (LP) and average of Festulolium varieties L. perenne x F. pratensis and L. perenne x 

F. marei. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. RLD of field grown grasses Festuca pratensis, Lolium perenne and Festulolium 

varieties L. perenne x F. pratensis and L. perenne x F. marei to compare the parents with the 

crosses (Festuloliums). Points are means from one year experiments, taken from a 6 

randomised block design. Error bars are + and – SED. 

  RLD (cm/cm3)       
Depth (cm) FP LP Festulolium SED 

0 – 15 2.9 2.31 2.23 0.52 
15 – 30 0.87 0.94 0.87 0.27 
30 – 40 0.73 0.72 0.85 0.23 
40 – 50 0.36 0.63 0.72 0.19 
50 – 60 0.26 0.45 0.46 0.15 
60 – 70 0.15 0.32 0.42 0.14 
70 – 80 0.13 0.16 0.28 0.11 
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Figure 6. RLD (cm/cm3) of field grown grasses Festuca pratensis, Lolium perenne and 

Festulolium varieties L. perenne x F. pratensis and L. perenne x F. marei to compare the 

parents with the crosses (Festuloliums). Points are means from one year experiments, taken 

from a 6 randomised block design. Error bars are removed to improve clarity. 

 

Table 3. Percentage total root length (%) of field grown grasses Festuca pratensis, Lolium 

perenne and Festulolium varieties L. perenne x F. pratensis and L. perenne x F. marei. 

 

 

 

 

 

 

 

 

 

 

 % Total root length  
Depth FP LP Festulolium 
0-15 59.7 48.5 45.3 

15-30 18.0 19.7 17.7 
30-40 10.0 10.1 11.5 
40-50 4.9 8.8 9.7 
50-60 3.6 6.3 6.2 
60-70 2.1 4.5 5.7 
70-80 1.8 2.2 3.8 
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F. pratensis had the highest RLD (2.9 cm/cm3) at the shallowest depth (0-15 cm) compared to 

2.31 cm/cm³ (L. perenne) and 2.23 cm/cm³ (Festulolium) (figure 6). Differences in the data 

appeared below 50 cm with the Festulolium varieties displaying higher RLDs from 50 to 80 

cm compared to either parent (table 2) At 50 cm, Festulolium had more than double the RLD 

of the F. pratensis (0.72 cm/cm³ compared to 0.36 cm/cm³). Festulolium also had a greater 

RLD than Lolium but to a lesser extent (0.72 cm/cm³ compared to 0.63 cm/cm³). Figure 6 

displays this data more clearly. The two Festulolium crosses had a greater root length at 30 to 

80 cm than both parents; Lolium also had a greater root length than Festuca at depth. Figure 5 

shows that the data were not significant (p > 0.05) as there is high variance between values. 

 
 
 

Wheat 
 

Table 4. Mean table of RLD and SED for field grown wheat from Shamrock x Shamrock 

doubled haploid population. 

 

 

 

 

 

 

 

 

 

 

  RLD (cm/cm3)     

Depth (cm) Shango Shamrock SED 

0 – 15 2.98 2.83 0.62 

15 – 30 1.94 1.66 0.26 

30 – 40 0.50 0.73 0.25 

40 – 50 0.43 0.47 0.14 

50 – 60 0.47 0.43 0.09 

60 – 70 0.37 0.47 0.12 
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Figure 7. RLD (cm/cm3) of field grown wheat. Points are means from one year experiments, 

taken from 2 parents and 8 chosen lines of the Shamrock x Shango doubled haploid 

population. Error bars are + and – SED. 

 

Below the plough layer at a greater rooting depth, Shamrock had a greater root length than 

Shango with RLD of 0.73 cm/cm³ compared to 0.50 cm/cm³ at 40 cm depth (table 4). This 

pattern continued at 50 cm and 70 cm apart from at 60 cm where Shango had a higher RLD of 

0.47 cm/cm³ compared to 0.43 cm/cm³ for Shamrock. Figure 7 shows wide error bars which 

equates to high variation. The SED was highest in the plough layer (0.62) and reduced to 

0.11. The data is not significant as the variance between values is high (p > 0.05). 
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Table 5. Mean table of RLD and SED for field grown wheat showing the viridescent (Vir) 

gene that the lines have (Vir +) or have not (Vir -) inherited from Shamrock. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. RLD (cm/cm3) of field grown wheat with or without the viridescent gene inherited 

from Shamrock (from the wild emmer introgression). Points are means from 2 parent and 8 

chosen lines of the Shamrock x Shango doubled haploid population. Error bars are + and – 

SED. 

 RLD (cm/cm3)     

Depth (cm) Vir - Vir + SED 

0 - 15 3.15 3.14 0.35 

15 - 30 1.64 1.62 0.26 

30 - 40 0.48 0.51 0.10 

40 - 50 0.37 0.39 0.07 

50 - 60 0.43 0.36 0.08 

60 - 70 0.35 0.44 0.07 
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At the deepest rooting depth (70 cm), Vir + had a RLD of 0.44 cm/cm³ compared to 0.35 

cm/cm³ in the Vir -. As the SED was 0.06 (table 5), these RLD values can be deemed as 

nearly significant. This is shown more clearly on figure 8 where the error bars are closer 

together. This is the biggest difference that can be seen between the lines; however, p > 0.05. 

DISCUSSION 
Grasses 

 
Although the data for RLD in individual soil layers are not significant (because there was a 

lot of variance between values), there is some evidence to suggest that the Festulolium variety 

of L. perenne x F. marei has a greater root length below the cultivated 0 to 30 cm layer than 

the parent varieties especially the F. pratensis (figure 3). Because of time constraints it has 

not been possible to analyse these differences statistically. Nevertheless, while the total root 

length for all grasses was almost constant at 72.9, 71.6 and 73.9 cm/cm2 for F. pratensis, L. 

perenne and the Festuloliums, respectively, the total root length between 30 and 80 cm for the 

combined Festuloliums was substantially larger at 27.3 cm/cm2 compared to 16.3 cm/cm2 for 

F. pratensis and 22.8 cm/cm2 for L. perenne (Table 3) 

. 

As expected, the SED values for all varieties were highest in the plough layer (0 - 30 cm) as 

there is less compaction and more access to water and nutrients. The SED values reduced 

below the plough layer (30 - 80 cm), most likely due to a more uniform environment and 

more influence from the genotype (figures 3 and 4). 

 

The data suggest that the Festulolium varieties have higher RLD values at depth than the 

Festuca and Lolium parents which is an important factor in effective soil water retention and 

subsequent tolerance to drier summers and drought (Humphreys et al., 2013). When the 

results from the two crosses were put together (figure 5), the Festulolium had more than 

double the RLD of Festuca at 50 - 80 cm, which could be more evidence that combining the 

desirable characteristics of both Festuca and Lolium helps to increase rooting at depth with 

improved digestibility and establishment. 

 

However, the data from this study is surprising as it suggests that rooting in Lolium varieties 

is greater than the Festuca varieties which contradicts previous research that found Festuca 

species can tolerate extreme abiotic stresses such as drought, owing in part to a better 

developed root system which makes them more persistent (Humphreys et al., 2003). That said 

the present study used grasses from a year-old population which may be an insufficient time 

to establish properly as Festuca species have poorer establishment characteristics compared to 
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Lolium species (Yamada et al., 2005). Furthermore, the methodology of this study did not 

involve drought-stressing the grasses, which is where Festulolium varieties in the back-

crossing programme by Humphreys and Thomas (1993) have been shown to be more 

persistent. Further research in multiple years, taking more samples and introducing a drought 

stressed environment would be necessary to establish whether Festulolium varieties are more 

resilient to abiotic stress than their Lolium and Festuca parents. Nonetheless, the results of the 

Festulolium varieties, in particular the L. perenne x F. Marei (figure 3) and when the crosses 

are combined (figure 5) when compared to the Lolium and Festuca varieties are promising as 

the error bars are close together although p > 0.05. Therefore, the null hypothesis that the 

Festulolium species will not have greater rooting at depth compared to the Lolium and 

Festuca varieties and the null hypothesis that the Festuca varieties will not have greater 

rooting at depth compared to the Lolium varieties must be accepted for the present. 

 
 
 
 

Wheat 
 
Past data from Ford et al. (2006) showed that Shamrock had significantly (p < 0.05) greater 

rooting at depth compared to other modern wheat cultivars. Additionally, data from 2014 

compared the two parents Shamrock and Shango at the same site with further evidence that 

Shamrock has greater rooting at depth. However, the differences were not found this year 

(figure 7) most likely due to less samples being taken. Shamrock did have some higher RLD 

values compared to Shango with 0.73 cm/cm³ compared to 0.50 cm/cm³ at 40 cm depth and 

0.47 cm/cm³ compared to 0.37 cm/cm³ at 70 cm depths; however, p > 0.05. (This is 

demonstrated in the plot map in figure 2). 

 

The cultivars which had inherited the Vir + gene came close to being significant at p > 0.05, 

with figure 8 showing small error bars (error bars are + and – SED), which indicates lower 

variation. Figure 8 shows higher degrees of freedom (and hence less variability) than figure 7. 

This is likely due to the greater number of reps taken for viridescence (12) compared to the 

Shamrock x Shango graph (5) (figure 8). That said the wheat with the Vir + trait at 70 cm is 

promising (0.44 cm/cm³ compared to 0.35 cm/cm³ for the Vir - trait) (figure 8) although p > 

0.05. This study builds on work from 2014 although this study used fewer samples and 

therefore future work may need to take more samples to give enough data to make more solid 

conclusions. Therefore, the null hypothesis that the cultivar Shamrock will not have greater 

rooting at depth compared to Shango and the null hypothesis that the wheat cultivars with the 
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viridescent trait will not have greater rooting at depth compared to those without the 

viridescent trait must be accepted. 

 

CONCLUSIONS 
 
Whilst the results of both the grass and wheat experiments are not significant at p > 0.05, 

there is evidence to suggest that the new Festulolium grasses and wheat lines with 

introgression from wild emmer do have more root length at depth. Future work involving 

well-watered and water-stressed environments may provide a better understanding of the 

resilience of Festulolium grasses to abiotic stress, in particular the specific genes from both 

Lolium and Festuca species which hybridise naturally to incorporate the most desirable 

characteristics, as persistency as well as yield is fundamental to creating a sustainable variety 

which can withstand climate extremes. Similarly, identifying the specific traits that wild 

emmer contributes to cv. Shamrock by identifying all 87 lines of the doubled haploid 

population, most significantly those for deep rooting and drought tolerance, may help to 

safeguard the continuity of the UK’s wheat yield potential and improve its resilience in the 

face of climate change. 
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