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 This study was conducted to investigate root and shoot traits of wild, ancient and modern 

wheat genotypes belonging to 8 different species at long tubes under field weather 

conditions. It was found significant differences between genotypes with regard to root 

and shoot traits. The research results indicated that root biomass distribution of genotypes 

at GS 31 ad GS 69, respectively was found 59.2% and 56.3% in 0-30 cm, 76.7% and 

71.9% in 0-60 cm. Modern wheats (Çeşit 1252, Konya 2002) and Triticum vavilovii 

(ancient wheat) had high root biomass distribution in top soil. In the study, species with 

AABBDD genomes had higher root length than those with AABB, AABBGG and AA 

genomes. Triticum dicoccoides, Triticum timopheevii and Triticum monococcum had 

lower values than other genotypes in terms of root length, crown root number, root 

biomass, shoot biomass and plant height at both growth stages (GS 31 and GS 69), while 

Triticum vavilovii and Triticum spelta (hexaploid) took part in the front. Accordingly, 

Triticum vavilovii and Triticum spelta may be used in breeding programs to improve new 

modern cultivars with high root and shoot traits. 
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Introduction 

Wheat (Triticum L. spp.) has been one of the most 

significant staple crops since it was originally 

domesticated about 10.000 years ago. It is currently 

grown from temperate, irrigated to dry areas, high 

precipitation to warm area, humid to dry and cold 

environments, with an annual production in the world 

over 729 million tons in 2014 (Faostat, 2017).  

The oldest hulled and widespread wheat species are 

defined as spelt wheat (Triticum spelta), einkorn 

(Triticum monococcum) and emmer (Triticum dicoccon) 

(Suchowilska et al., 2009). Triticum boeoticum has been 

considered to be the progenitor of cultivated diploid 

einkorn wheat, Triticum monococcum L. (Özkan et al., 

2010). Triticum vavilovii is another hulled wheat 

comprised by Triticum aestivum (Dvorak et al. 1998). 

Those hulled wheat species have transition between wild 

and cultivated wheat species and may harbor the genetic 

variation significant for new modern cultivars (Adu et al., 

2011). Wild emmer used in the study, Triticum 

dicoccoides is called wild type of progenitor of durum 

and bread wheats (McFadden & Seares 1946, Peleg et al., 

2005) as well as Triticum dicoccon Schrank Syn. Triticum 

dicoccum Schub. L.. Another wild tetraploid species, 

Triticum araraticum Jakubz. (GGAuAu) is progenitor of 

domesticated Triticum timopheevii (Özkan et al., 2010). 

Triticum dicoccoides and Triticum araraticum was 

derived the diploid wheat Triticum urartu (Dvorak et al., 

1993). 

Ancient wheat species and wild wheat relatives have 

been reported to have tolerant genes against biotic and 

abiotic stress factors (Gill et al., 2006). Therefore, ancient 

and wild wheat species can be utilized in breeding 

programs to improve superior genotypes with large and 

deep rooting as well as high yield. It was reported that the 

root system size was correlated with grain yield 

(Heřmanská et al., 2015). However, studies on root 

system of those genotypes are insufficient because root 

studies have difficulty to conduct and harvest. Deeper 

roots are able to plants to take up from deeper soil profile 

when particularly water is available at deep soil profile, 

while extensive root growth and distribution may help to 

access water and nutrients under drought conditions 

(Prasad et al., 2008).  

This study aimed to investigate root and shoot traits in 

different modern, ancient and wild wheat species in field 

environment conditions.  
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Materials and Methods 

 

Experimental Site, Soil and Weather Conditions  

This research was conducted in Central Anatolian 

conditions, Konya province, Turkey during 2014-2015 

growing seasons. The research field is located at 

38°15'58"N 32°24'23"E at altitude of 1061 above mean 

sea level. The soilless media as soil consisted of the 

mixture of peat (70%) and perlite (30%). The soil at the 

experimental area has a loam texture and is slightly 

acidic, high in organic matter, and calcareous. It is 

adequate for K2O, Zn, and Cu and high for Mg. In 

addition, P2O5 and Mn is found in the soil as very high. 

The climate of the Konya can be defined as semiarid 

continental. In the region, monthly averages of 

meteorological data during the 2014-2015 experimental 

seasons and long term are given in Figure 1. According to 

the meteorological data in the region, there was 322.6 mm 

in the long term (1960-2014) and 582.2 mm (2014-2015) 

for rainfall, 11.7°C for the long-term temperature and 

13.2°C for average annual temperature. In the research 

period (2014/11-2015/5) during about 7 months, rainfall 

was higher long term (245.1), with 321.4 mm. 

Temperatures from November 2014 to May 2015 were 

higher than the long-term mean, especially in December, 

January, February and March, which were 6.0, 1.7, 3.5 

and 7.4°C, respectively, while the respective long-term 

averages were 1.8, 0.0, 1.5 and 5.9°C (Figure 1). 

Field Experiment and Plant Materials  

The experiment was designed according to 

randomized complete block design with three 

replications. Field soil was dug about 2 m by a backhoe. 

We used cylindrical PVC tubes about 200 cm in long and 

12 cm in diameter during per growth stage (Figure 2). The 

tubes were replaced to soil in 2-meter depth. Seeds were 

sown on November 12, 2014. A plant seedling in each 

tube was grown. We used two local modern durum and 

bread wheat cultivars such as Çeşit 1252 (adapted to dry 

land), Konya 2002 (adapted to irrigated land) and six wild 

and domesticated wheats with different genome (Table 1). 

Çeşit 1252 for durum wheat (tetraploid wheat) and Konya 

2002 for bread wheat (hexaploid wheat) that are modern 

wheats cultivated large areas in Middle Anatolia were 

used for comparing with the wild and ancient wheat 

species. Those wild and ancient wheats were supplied 

from USDA-ARS Germplasm Resources Information 

Network.  

Plots were thoroughly watered before sowing in order 

to provide fully emergence. In spring, plants were watered 

with sprinkler irrigation system at stem elongation (GS 

31). At sowing, the fertilizer, DAP (18% N, 46% P2O5) 

130 kg ha–1, was applied as top-dressed to all tubes. A 

fertilizer solution including 17.0 g urea (46% N), 3.5 ml 

humic acid for tubes was applied, followed through 

sprinkler irrigation system. 

 

 

 

Figure 1 Precipitation (bars) and temperature (lines) in 2014-2015 (blue bars and lines) and the long term (54 years) 

mean (read bars and lines) in Konya Meteorology Station, Turkey. 

 

 

Table 1 Traits of wheat cultivars and relatives used in the study 

Genotypes Common Name Genome Chromosome number 

Triticum turgidum L. subsp. dicoccon (Schrank) Thell. Domesticated emmer wheat AuAuBB 2n=4x=28;tetraploid 

Triticum aestivum L. subsp. spelta (L.) Thell. Spelt wheat AuAuBBDD 2n=6x=42;hexaploid 

Triticum vavilovii Jakubz Vavilov wheat AuAuBBDD 2n=6x=42;hexaploid 

Triticum timopheevii Zhuk. subsp. timopheevii Timopheev's wheat AuAuGG 2n=4x=28;tetraploid 

Triticum turgidum L. subsp. dicoccoides Thell. Wild emmer AuAuBB 2n=4x=28;tetraploid 

Triticum monococum subsp. monococcum Domesticated einkorn AuAu 2n=2x=14;diploid 

Triticum aestivum L. subsp. aestivum (Konya 2002) Bread wheat AuAuBBDD 2n=6x=42;hexaploid 

Triticum turgidum L. subsp. durum (Desf.) (Çeşit 1252) Durum wheat AuAuBB 2n=4x=28;tetraploid 
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Measurement and Harvesting  

Measurement and counting of roots were made at 

stages of GS 31 (beginning of stem elongation; May 2, 

2015) and GS 69 (complete of anthesis; post flowering; 

May 31, 2015) (Zadoks et al., 1974). Root media with 

nylon cover was taken out from PVC tubes and then 

nylon cover was cut (Figure 3). Roots were washed with 

pressurized water and then root length was measured as 

maximum root length of the longest root on a flat. 

Collected roots were divided to 0-30 cm, 30-60 cm, 60-90 

cm, 90-120 cm and remaining part of root above 120 cm. 

Percentage of root biomass distribution per root length 

was determined by dry biomass weight. Roots and shoots 

were dried in a forced oven at 80°C for 48 hours to record 

root and shoot biomass. 

 

Statistical Analysis 

The data were analyzed according to the randomized 

complete block model of ANOVA. Differences between 

means were assessed with the Least Significant 

Difference (LSD) test at P=0.01 or 0.05 levels of 

significance. Statistical analyses were performed using 

the MSTAT-C statistical software package (Mstatc, 

1991). Normality test was used to determine if data set is 

well-modeled by a normal distribution at MINITAB 

statistical program (Minitab, 2010). Transformation was 

performed to percentage data of root biomass distribution 

in only 0-120 cm of root length due to a non-normal 

distribution data according to normality test (P<0.005). 

 

Results and Discussion 

 

Root length, root biomass, root/shoot ratio, root/total 

biomass ratio and crown root number 

Root length of genotypes in stem elongation stage (GS 

31) ranged from 113.3 cm (Triticum dicoccon) to 190.3 

cm (Triticum spelta) (Table 2). Konya 2002, Triticum 

vavilovii and Triticum spelta had higher root length than 

other genotypes. Root length has been observed to reach 

up to 2 m in soil (Hoad et al., 2001). Palta et al. (2011) 

reported that vigorous root system with root biomass in 

early growth stage ensures to take up more water, which 

maintains faster leaf and shoot development. According to 

study, wheat species with ABD genome (hexaploid) 

possessed higher root length in beginning of stem 

elongation than other wheat species. 

Barraclough et al. (1991) reported that plants with 

longer height had greater root length. Here, their finding 

is not always consistent with the research result. Triticum 

vavilovii and Triticum spelta with taller plant height had 

longer root length at GS 31, while Konya 2002 with 

shorter plant height included the same group in terms of 

root length with Triticum vavilovii and Triticum spelta.  

Root biomass at GS 31 varied between 0.82 (Triticum 

dicoccoides) to 4.29 g (Triticum dicoccon), while root 

biomass at GS 69 was 1.47 (Triticum timopheevii) to 6.40 

g (Triticum spelta) (Figure 5). Root biomass generally 

increased in genotypes except for Triticum dicoccon. 

Drop in root biomass between GS 31 and GS 69 may 

have occurred since loss in root biomass was more than 

increase in it. In both growth stage, ancient wheats, 

Triticum vavilovii and Triticum spelta had very high root 

biomass, however Triticum dicoccoides, Triticum 

timopheevii and Triticum monococcum possessed lower 

root biomass than other genotypes. Barraclough and 

Leigh (1984) showed that root length and weight of 

winter wheat increased fast up to flowering stage. 

According to the results acquired through this study, 

increase rate in root biomass between GS 31 and GS 69 

was great in Triticum vavilovii (53.1%), Triticum spelta 

(62.9%), Triticum dicoccoides (103.7%), modern wheats, 

Triticum durum (Çeşit 1252, 125.3%) and Triticum 

aestivum (Konya 2002, 100.0%), however root biomass 

decreased slightly in domesticated emmer wheat, Triticum 

dicoccon (-8.6%). These modern wheats in GS 69 

emerged the same group in the forefront with Triticum 

vavilovii and Triticum spelta with respect to root biomass.  

 

 
Figure 2 PVC tubes were replaced to 200 cm depth in soil 

under field environmental conditions. Plants are at stem 

elongation stage in 2015 May. 

 

 
Figure 3 Roots were washed on sieve after nylon bag 

were removed from root media 

 

Root/shoot ratio for species ranged from 0.25 

(Triticum monococcum) to 0.80 (Çeşit 1252) in GS 31 

and 0.11 (Triticum timopheevii) to 0.33 (Konya 2002) in 

GS 69 (Figure 5). These finding clearly demonstrated that 

root/shoot ratio was highly great in GS 31 compared to 

GS 69. Song et al., (2009) showed there is important and 

negative relation between grain yield and root: shoot 

ratio, which basically specified by root rather than shoot. 

Fang et al. (2011) indicated that the modern cultivar with 

lower root: shoot ratio had a higher grain yield than an old 

landrace cultivar. The current study showed that in both 

growth stages, modern wheats, Konya 2002, Çeşit 1252 
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and as well as, Triticum spelta and Triticum dicoccon had 

higher value than other with respect to root/shoot and 

root/total biomass ratio.  

Root/total biomass ratio varied 20.1 (Triticum 

monococcum) to 44.4% (Çeşit 1252) at GS 31 and 10.7 

(Triticum timopheevii) to 32.9% (Konya 2002) at GS 69 

(Figure 5). These results indicated in the both growth 

stages, Triticum vavilovii, Triticum timopheevii and 

Triticum dicoccoides had lower value than other 

genotypes.  

Crown root number per plant widely varied in 

different wheat species, ranging from 29.3 to 83.3 at GS 

31 and 62.0 to 122.0 in GS 69 (Figure 5). Saengwilai et 

al. (2011) reported that the crown root is significant for 

capturing resources in soil during vegetative growth after 

the first few weeks and still important during reproductive 

development. They further demonstrated that genotypes 

with low crown root number had 45% greater rooting 

depth in low-N soils than genotypes with high crown root. 

A previous study reported to vary crown root number and 

root size under Zn deficient conditions (Mori et al., 2016). 

Gao and Lynch (2016) indicated that low crown root 

number in maize improves drought tolerance by 

increasing rooting depth and water acquisition from the 

subsoil. In current study, Triticum dicoccoides and 

Triticum timopheevii had low crown root number, 

however in both growth stages, Triticum spelta, Triticum 

dicoccon and Konya 2002 had high crown root number. 

 

Root Biomass Distribution (RBD) 

The results of variance analysis for the root biomass 

distribution (RBD) are given in Table 3. The differences 

between wheat genotypes at 0–30 cm and 0–60 cm in root 

lengths in both growth stages were regarded considerable 

as P<0.01, while RBD in 0–90 cm and 0–120 cm of root 

lengths at GS 69 and GS 31 were important as P<0.05 and 

P<0.01, respectively. In the study, average RBD in root 

length of genotypes at GS 31 was found 59.2% in 0-30 

cm, 76.7% in 0-60 cm, 90.0% in 0-90 cm and 97.5% in 0-

120 cm, however at GS 69, it was 56.3% in 0-30 cm, 

71.9% in 0-60 cm, 83.7% in 0-90 cm and 96.0% in 0-120 

cm. The results showed RBD in top soil was greater at GS 

31 than GS 69. RBD in top soil can change due to that 

root length gave rise to at GS 69 or root biomass in top 

soil increased more than biomass in depth. At GS 31, 

Triticum dicoccon had greater RBD (Figure 4). At GS 69, 

cultivars, Konya 2002, Çeşit 1252 and Triticum vavilovii 

had higher RBD, but Triticum monococcum and Triticum 

spelta had lower RBD. Similarly, Miralles et al. (1997) 

and Ford et al. (2006) reported significant differences in 

root biomass among cultivars in 0-30 cm. In top layer the 

genotype with greater root biomass is particularly more 

sensitive to drought (Ma et al., 2008) and may be 

advantage for capturing more water in adequately watered 

condition. Several researchers reported to be 65% of root 

biomass of wheat and barley in 0-30 cm top soil layer 

(Gregory et al. 1978), significant amount of root biomass 

at 0-60 cm (Hurd and Spartt, 1975, Lotfollahi, 2010), 

50% in 0-20 cm (Morita et al., 1993), 75% in 0-60 cm at 

GS 92 under well watering condition (Zhang and Hu, 

2013), 70% in 0-30 cm (Gale and Grigal, 1987). 

According to the study, 76.7% and 71.9% of average 

root biomass at GS 31 and GS 69, respectively were 

found 0-60 cm. Zhang et al. (2004) reported that 10% of 

root in below 1 meter of soil, however, the results 

revealed 10% at GS 31 and 16.3% at GS 69 of average 

root biomass was found below 90 cm of root length. 

 

Plant Height, Shoot Biomass, Tiller Number and 

Crown Root Number Per Tiller 

Plant height varied between 30.3 (Triticum 

dicoccoides) and 55.0 cm (Triticum spelta) in GS 31, 

however, 73.0 cm (Triticum dicoccon) and 124.0 cm 

(Triticum spelta) in GS 69 (Figure 5). At the both growth 

stages, Triticum spelta had the tallest plant height. Plant 

height of wheat species generally grew as twice as 

between GS 31 and GS 69, while that of Triticum 

dicoccoides increased highly from 30.3 to 96.3 cm about 

three-fold. 

Shoot biomass of wheat species ranged from 2.1 

(Triticum dicoccoides) to 8.2 g (Triticum vavilovii) at GS 

31 (Figure 5). At GS 69, minimum and maximum shoot 

biomass obtained from 13.3 g (Triticum dicoccoides) and 

31.4 g (Triticum spelta), respectively (Figure 5). Previous 

studies reported that shoot and root growth were 

significantly correlated (Wang and Below, 1992; 

Bertholdsson and Brantestam, 2009; Miralles et al., 

1997). At both growth stages, Triticum vavilovii and 

Triticum spelta had high shoot biomass, while Triticum 

dicoccoides, Triticum timophevi and Triticum 

monococcum had low shoot biomass.  

 

Table 2 Root length, tiller number and crown root number at GS 31 plant growth stage of ancient, wild and modern 

wheats 

Genotypes Root length (cm) Tiller number /plant Crown roots /tiller 

T.vavilovii 180.3a** 27.3c** 1.44b** 

T. spelta 190.3a 75.0a 1.13bc 

T. dicoccon 113.3c 33.0bc 2.25a 

T. dicoccoides 132.7bc 47.0b 1.21bc 

T. timopheevii 143.7b 20.3c 0.72c 

T. monococcum 133.3bc 34.3bc 2.43a 

Çeşit 1252 122.2bc 44.3b 1.43b 

Konya 2002 172.3a 25.7c 1.51b 

Mean 148.5 38.4 1.52 

LSD 24.5 15.7 0.57 

CV (%) 15.7 16.8 15.5 

**P<0.01 
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Table 3 Root biomass distribution (0-30, 0-60, 0-90, 0-120 cm lengths), root length, tiller number and crown roots/tiller 

in different growth stages of ancient, wild and modern wheats. 

Genotypes 
0-30 cm 0-60 cm 0-90 cm 0-120 cm 

GS 31 GS 69 GS 31 GS 69 GS 31 GS 69 GS 31 GS 69 

T.vavilovii 60.8b** 67.3abc** 73.2bc** 77.6a** 84.3cd** 85.6ab* 97.4bc** 94.3bc* 

T. spelta 59.3b 47.8d 75.2bc 62.1b 86.3bcd 75.5c 93.0c 91.3c 

T. dicoccon 71.8a 54.3bcd 87.8a 68.6ab 97.3a 83.9ab 100.0a 97.9ab 

T. dicoccoides 60.9b 46.4d 76.1bc 73.6ab 98.4a 81.1bc 100.0a 98.3a 

T. timopheevii 57.0b 49.8cd 84.4ab 66.4ab 96.1a 81.7bc 99.0ab 96.0ab 

T. monococcum 45.8c 43.6d 70.7c 67.8ab 90.6abc 85.7ab 99.1ab 98.2ab 

Çeşit 1252 59.7b 71.9a 76.5abc 79.2a 94.1ab 88.7a 99.2ab 96.6ab 

Konya 2002 58.3b 69.1ab 69.4c 80.3a 79.9d 87.3ab 92.0c 95.3abc 

Mean 59.2 56.3 76.7 71.9 90.0 83.7 97.5 96.0 

LSD 10.5 17.5 11.7 15.4 8.5 6.5 8.0 4.0 

CV (%) 7.29 12.78 6.25 8.82 3.84 4.42 3.95 2.38 

**P<0.01, *P<0.05 

 

 
Figure 4 Root biobiomass distribution in 0-30 cm, 30-60 cm, 60-90 cm, 90-120 cm and >120 cm root length 

 

At GS 31, tiller number per plant changed between 

20.3 (Triticum timopheevii) and 75.0 (Triticum spelta). 

Triticum monococcum (2.43) had high crown root number 

per tiller and Triticum timophevii (0.72) had minimum 

crown root number (Table 2). Manske and Vlek (2002) 

indicated that there was a positive relation between root 

number and tiller number. Tiller number in bread wheat 

reached maximum level after emerging about 60-70 days 

and then continued to decrease in tiller number up to 

flowering (Kılınç, 1989). The study results showed that 

Triticum timopheevii, Triticum vavilovii and Konya 2002 

had lower tiller number per plant than other genotypes.  

 

Conclusions 

 

This work aimed to investigate root biomass 

distribution with root and shoot traits at different growth 

stages, including 8 different wheat species. Research 

results indicated that a large amount of root biomass was 

collected in the 0-60 cm root depth with 76.7% at GS 31 

and 71.9% at GS 69. Average root proportion in total 

biomass was 59.2% at GS 31 and 56.3% at GS 69. Shoot 

biomass had higher than root growth between GS 31 and 

GS 69. Root length of genotypes at long tube reached 

about 190.0 cm. In addition, it was found that Triticum 

vavilovii and Triticum spelta had generally high value in 

terms of root length, crown root number, root biomass, 

shoot biomass and plant height at GS 31 and GS 69, 

conversely Triticum dicoccoides, Triticum timopheevii 

and Triticum monococcum indicated low value. Those 

ancient wheat species are also considered to tolerant 

bioatic and abioitic stress conditions. In conclusion, 

Triticum vavilovii and Triticum spelta with high root and 

shoot traits may be evaluated for new modern cultivar 

improvement with superior root and shoot traits as well as 

tolerant to stress factors in breeding programs. 
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Figure 5 Root biomass, crown root number, root/shoot ratio, root/total biomass ratio, shoot bioabiomass and plant 

height in different growth stages of wild, ancient and modern wheat species. Bars with the same letter (s) are not 

significantly different at P<0.01 according to the least significant difference (LSD) test. CV is the coefficient of 

variance.  
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