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soil.  Liu and Li (2005) reported that drought stress 
may result in a larger root system, which increases 
absorption of water from the soil. Under water deficit, 
total root growth is reduced in the top 30 cm, although 
the root system continues to grow deeper in the soil 
profile between 30 and 60 cm, and water uptake in 
deeper layers may be increased. However, limited soil 
water can restrict photosynthetic rates and overall 
plant and root growth rates depending on plant growth 
period, duration and severity. Water deficit reduces 
root growth in the top 30 cm of soil while water up-
take from the 30 and 60 cm zone is increased. There-
fore, a crop subjected to early vegetative period water 
deficit could compensate for root growth reductions 
during subsequent re-watering, but mid-season (termi-
nal spikelet to anthesis) water deficits are more severe 
and permanent (Asseng et al., 1998). Wheat genetic 
traits affect the distribution of seminal and adventi-
tious roots in soil and can affect plant response to 
water stress. For example, Manske and Vlek (2002) 
reported that drought-tolerant semi-dwarf bread wheat 
varieties have more roots in the deep soil whereas the 
non-tolerant varieties form fewer roots in the deeper 
layers. 

Crop species, cultural application (especially water 
supply, nutrients) (Asseng et al., 1998) and soil chem-
ical and physical characteristics, all influence the root 
distribution in the soil profile (Kuhlmann and Baum-
gartel, 1991).  

Excess soil water and water logging has been shown 
to decrease root growth through reduction in oxygen 
concentration and increase in carbon dioxide concen-
tration in the root zone. Root-zone CO2 enrichment at 
ambient O2 had no significant effects on shoot growth, 
but reduced root growth in wheat genotypes (Huang et 
al., 1997).  

Wheat Genes Impacting Root Growth 

Today >70% of modern wheat cultivars are semi-
dwarf. Mutations in the Rht genes located on wheat 
chromosome group 4 reduce coleoptile length and leaf 
elongation rates (Ellis et al., 2004). In northwest Eu-
rope, two semi-dwarfing alleles are widely used: Rht-
B1b (formerly Rht1) and Rht-D1b (formerly Rht2) 
located on chromosome 4B or 4D, respectively, both 
cause a reduced response to gibberellic acids and a 
semi-dwarf phenotype. Rht8 is the third dwarfing gene 
in wheat associated with decreased plant height. Ef-
fects of the Rht alleles on the wheat root system have 
been studied extensively but results of these studies 
are variable and inconclusive (Wojciechowski et al., 
2009). 
Subbiah et al. (1968) reported that semi-dwarf wheat 
varieties have a shorter root system with decreased 
water uptake under dryland conditions. However, 
Wojciechowski et al. (2009) reported there were no 
significant differences in root length between semi-
dwarf and isogenic control lines in gel chamber, soil-

filled column, and field experiments. They also 
showed root characterization was heavily influenced 
by experimental methodology and environment. 
Numerous other genes have been found to impact 
shoot and root growth. In addition to the impact of Rht 
mutations upon root growth, genes located on wheat 
chromosome 7B impact root growth with the early 
flowering allele associated with decreased root growth 
(Sharma and Lafever, 1992). Flowering earlier or 
avoiding excess later growth are two strategies to 
avoid drought stress. Duggan et al. (2005) reported 
that genetic variation linked to the tiller inhibition 
(Tin) gene increased root to shoot ratios and lead to 
reduced final tiller number. It was concluded that the 
tin gene might be advantageous under terminal 
drought. Genotypes that are productive in acid soils 
typically exhibit aluminum toxicity tolerance and have 
long primary roots which may enable them to be more 
drought tolerant. Sensitivity to aluminum is controlled 
by one single recessive gene that also controls root 
length and selection for aluminum tolerance could be 
used to improve both root length and drought stress 
(Sharma and Lafever, 1992). A survey conducted with 
the SuT4 and SuT5 wheat carbohydrate transporter 
genes found the highest expression levels in salt toler-
ant cultivars under salt stress (Charkazi et al., 2010). 

Several wheat-rye translocation segments incorporated 
into wheat varieties confer tolerance to biotic and 
abiotic (drought) stress conditions. More than 16 
wheat-rye translocations are available with the 
1AL.1RS and 1BL.1RS translocations the most well-
known. The 1RS chromosome translocations have 
been reported to increase grain yield and agronomic 
performance in both optimum and reduced irrigation 
conditions. This advantage is attributed to high grain 
yield, above-ground biomass yield at maturity, 
grains/spike, 1000-grain weight and test weight (Vil-
lareal et al., 1995). Inherent differences in root mor-
phology and anatomy of different 1RS (short arm of 
chromosome 1 of rye) translocation lines may be ad-
vantageous compared to normal bread wheat under 
stress conditions. An increase in grain yield among 
1RS wheats has been found to be positively correlated 
with higher root biomass. Wheat varieties containing 
the 1RS translocations have increased root biomass 
and grain yield under irrigated field conditions (Figure 
3, Sharma et al., 2010a). Additive and epistatic effects 
have been detected for different traits of root length 
and root weight in 1RS wheat. Epistatic interactions 
have been further partitioned into inter-genomic 
(wheat and rye alleles) and intra-genomic (rye–rye or 
wheat–wheat alleles) interactions affecting various 
root traits. (Sharma et al., 2010b). A survey of 111 
bread and 26 durum Turkish wheat varieties registered 
from 1931 to 2006 found that only 2.9% had a wheat-
rye translocation, which is much lower than that of 
other countries (Yediay, 2009). 
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