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Genetic variations of root characteristics and deep root production in perennial ryegrass cultivars contrasting in field persistency
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Abstract   

The identification and breeding of genotypes with improved drought tolerance play an important role in developing grasses with better performance and persistence. Plants should maintain some root contact with ground water to maintain cell turgor and to survive during droughty period. Plants with longer roots can better exploit the available, deeper, soil water. Breeding idea is to increase soil water uptake and drought tolerance of perennial ryegrass by improving root architecture with preserved above ground biomass yield. The objectives of this study were to determine variability of root dept and distribution, shoot DMY and root/shoot ratio of three Lolium perenne cultivars contrasting in filed persistency. The trial was conducted in 0.9m sand plastic tubes with 30 plants per cultivar in three replications. Plants were irrigated daily with complete nutrient solution and trimmed once after 80 days of growth. The roots were washed out three months after planting, cut in 10 cm increments, dried and weighed. Data were analyzed by standard ANOVA. There were significant differences between cultivars and those with better persistency showed higher deep root portions. Also they showed 8% heavier roots in total. Similar root/shoot ratio for all cultivars showed that plants which invests more dry matter into root doesn’t automatically had less shoot yield. Genotypes with deeper root systems can be used for drought resistance improvement in Lolium perenne. 
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Introduction

In recent years long drought have been experienced regularly during summer mounts in Serbia. Therefore soil water deficit tolerance has become extremely important breeding criterion especially in all rain fed forage plants such as perennial grasses. Improvement of that complex trait of perennial forage grasses can be achieved in many ways, since plants have many strategies to cope with drought. They can “escape” the dry season (with storage organs, rhizomes, dormant buds), adjust growth and development (reduce leaf area, regulate stomatal control, enhance water use efficiency and extract more water) and successful recover after drought (minimal growth during drought then regrow rapidly when stress had been removed with maintained tiller and plant density) (Ludlow 1980). Very few of these options have been explored within perennial forage grasses. Most attempts to develop more drought-tolerant plants have concentrated on determination of survivors after drought or evaluating genotypes in dry conditions, both in the field, which is time consuming and expensive process. Thought this procedure is initially an efficient process, the later steps in drought breeding should involve methods to accelerate further selection cycles and make them more efficient. 

Perennial ryegrass, which is one of the most important forage grasses with many superior characteristics in fodder production, suffers from drought susceptibility which make it less suitable as component of Serbian grasslands. But there are lot of genotypes across Serbian landscape which show better performance in production (Sokolovic et al. 2003; Sokolovic et al. 2007), and which are incorporated in local cultivars with better persistency (Sokolovic et al. 2010). 

Resistance to drought in Serbia in forage perennial grasses has generally been evaluated through observation of prolonged field persistency, determined via the number of plants surviving after several warm and dry summers. This mechanism and strategy is of most benefit to select plants which survive the normal dry periods with high regrowth rates when it rains. Grass plants need to keep some root contact with ground water to survive because they need water constantly to maintain cell turgor. That is limitation that should be overlap. Idea was to increase available water use efficiency by improving root architecture and soil water uptake in the same time, by looking for perennial ryegrass plants with root systems which can better exploit the available, deeper, soil water. 

Drought tolerance is closely related to the distribution and penetration of root systems in the deeper portions of the soil for a number of grass species (Carrow 1996; Huang et al. 1997). Due to relatively high narrow sense heritability for deep root growth (Lehman and Engelke 1991) it is likely that selection for deeper root portions is possible. But one important fact what should be paid attention on during grasses breeding is high positive correlation between root and shoot characteristics, especially dry matter yield in a number of species (Palazzo and Brar 1997). Nevertheless, it is possible to obtain after two cycles of selection gain both in root production (367%) and in shoot weight (79%) in forage type perennial ryegrass (Bonos et al. 2004). It is possible that incorporation of genetic markers associated with rooting characteristics would accelerate selection (Guthridge et al. 2001).

An argument against selecting for a massive root system is that it might consume carbon at the expense of harvestable herbage, either for root growth or maintenance. However, Parsons (1988) has shown that only a small proportion (10-15%) of assimilate is diverted to roots. Furthermore, during drought there is no shortage of carbohydrate reserves, which can accumulate to 30% dry matter in Lolium perenne (Thomas 1991) and 50% in Dactylis glomerata (Volaire 1995). It is known that there is useful variability for root mass and distribution, or root:shoot ratios in perennial ryegrass (Crush et al. 2005; 2007) and other grasses (Bullitta 1996), and that any genotype which invests more dry matter into root is more drought resistant. Carrow (1996) found a negative correlation between roots in the top 10 cm of soil and drought resistance. Dense roots in depth of 30cm may play main role in absorption of nutrients, since they are concentrated in the topsoil. Also, it is obvious that the rate, depth and distribution of root growth may all play an important role in nitrogen leaching reduction (Vos et al. 1998). Therefore, deep roots tend to be more important for absorbing water and those plants growth may be constrained by nutrient deficiency, but at least the shoot tissues will receive enough water to keep them alive. Even a few deep roots may be all that is necessary for survival. 

Even thought the results were not totally consistent across all experiments about this topic, idea in breeding scheme of perennial ryegrass in Serbia is to explore root characteristics of persistent cultivars and consequently increase soil water uptake and drought tolerance by improving root architecture and keep above ground biomass yield in the same time. The objectives of this study were to determine variability of root dept, root distribution and root/shoot ratio within and between three cultivars of Lolium perenne contrasting in filed persistency and performances in previous research (Sokolovic et al. 2010). Given Serbian climate with regular droughts and high natural variability in induced perennial ryegrass resistance, final long-term goal is to select plants that can survive the normal dry periods with high regrowth rates when it rains. 

Material and methods

Plant material

Three diploid perennial ryegrass cultivars contrasting in field persistency were objects of this research. Serbian cultivar K11 and East European cultivar Mara showed in previous experiment best field persistency and performances, while Shandon showed higher drought susceptibility and plant density reduction (Sokolovic et al. 2010). Seed was sown in containers in fertile potting mix Klasmann TS1® in glasshouse in March 2010. Seedling were transferred in pots after 4 weeks when plants were of an adequate size and grown till late summer 2010. Individual plants of all cultivars were clonally divided 15th of August in minimum four small parts - remets, each exactly with three tillers. Three remets were leaf and root trimmed to 2cm and transferred to the plastic root-screening tubes. Remaining parts of plants are being kept in stock nursery. 

Plastic root tube experimental system

The method of root length and deep density evaluation was developed and upgraded by Bonos et al. (2004) and Crush et al. (2005). The trial was conducted in 0,9m long polyvinyl chloride (PVC) tubes, 75mm in diameter (2mm wall thickness) under greenhouse conditions with randomly chosen 30 plants per cultivar in three cloned replications. All tubes were cut in half lengthwise and rejoined with adhesive tape. Tubes are inserted in three tables with wire net, each holding 90 tubes. Tubes were put on 10 mm polythene foam on the floor, at the approximate angle 25o from vertical, filed 5cm from bottom with gravel for drainage and with washed mortar sand progressively to the top using spray of water for uniform packing. Mortar sand particles were from 0.5 to 2mm in size. Three tillers remet were planted in the center of tubes and supplied with drop nozzles for irrigation. Sand in every tube was covered with plastic foil to decrease sand evaporation. Each tube received equally 100mlday-1 of low strength complete nutrient solution (Blamey et al. 1991, modified for Serbian conditions) through pipe system in two separate doses (morning and evening). This amount of solution gave water holding capacity of 6,5cm depth of sand (Crush et al. 2005). 

The shoots were trimmed ones after 80 days of growth, just before root analyses, dried and weighted. The roots were extracted after three months of growth by laying the tubes down on plastic 5x5mm mesh and splitting them in two halves. Sand-root columns were rolled out, washed under water shower and cut into pieces 10cm in length. Plants with 1 cm of roots were weighed and planted in stock. Root parts were paper dried and weighted, then dried in fan oven at 65oC over night and weighed.

Statistical analyses

Measurements and calculations covered shoot dry matter (DM) weight, root DM weight in 10cm increments and root/ shoot ratio. The data were analyzed by standard ANOVA. Root/shoot ratio has been calculated by ratio of total root DM weight and shoot DM weight. Deep root/shoot ratio has been defined as the weight (g) of roots that are deeper than 30cm g-1 shoots.

Results and discussion

There were significant differences in root extension and growth rates between cultivars and those with better persistency showed higher deep root portions (Figure 1). 
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Fig.1. The proportion of total root DM obtained from 10cm increments from 0,9m deep plastic sand tubes

Evaluated within cultivar variability was very high for all investigated root traits and CV for root DMY was ranged between 22% in cv. Mara and 28% in cv. Cashel. But there weren’t statistically significant differences between cultivars for root DM and root/shoot ratio. Significant differences among cultivars, especially between K11 and other two, were scored for shoot DM weight, proportion of root DM in top10cm, deep root/shoot ratio and deep roots DM. Statistically high significant differences among all cultivars were detected for proportion of plants with root below 80cm. 

Within cultivars with improved persistency more plants had root portions below 80 cm than Cashel (about 7% in cv. Mara and 40% in cv. K11; Table 1). This indicate that those genotypes should maintain root contact with deep soil water longer during drought period and those few deep roots may play important role in drought survival. Also they showed 8% heavier roots in total, but also higher shoot DM yield in similar proportion. Consequently, root/shoot ratio was similar for all cultivars, showing that plants which invest more dry matter into root do not have automatically decreased above ground DM yield.

Table 1. Average shoots and roots weights, proportions and ratios of perennial ryegrass cultivars

	Traits

Cultivars
	Shoot DM

weight 

(g)
	Root DM weight

(g)
	Root/ shoot ratio
	Proportion of root DM top10cm
	Deep root/

shoot ratio
	Deep roots

DM (mg)

(below 60cm)
	Plants with root below 80cm (%)

	Mara
	0.54
	0.64
	1.21
	45.4
	0.18
	16.22
	43.33

	K11
	0.51
	0.65
	1.23
	41.6
	0.23
	22.06
	76.67

	Cashel
	0.48
	0.6
	1.27
	49.6
	0.14
	9.44
	36.67

	LSD  0.05
	0.06
	0.07
	0.11
	7.06
	0.06
	9.6
	19.1

	LSD  0.01
	0.11
	0.11
	0.18
	11.7
	0.1
	15.9
	31.8


Proportions of roots up to 10cm deep showed that almost 50% of roots in cultivar Cashel laid in the shallow soil, which may be important in better nutrients consumption, but it is negatively correlated with drought resistance (Carrow, 1996).

More important is that cultivars Mara and especially K11 had more than 100% increased deep roots DM (Table 1.) which resulted in higher deep root/shoot ratio. These differences obviously resulted in better field persistency, drought tolerance and subsequently in higher DMY of cultivars K11 and Mara. Those two cultivars also had high % of plants with root reaching below 80cm, respectively. All such plants are fitted in selection model and can be used for Lolium perenne drought resistance breeding in Serbia.
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