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Root system architecture plays an important role 
in drought adaptation, yet the selection for root 
architectural traits is hindered due to the lack of 
high throughput phenotyping methods. In wheat, 
growth angle of seminal roots (RGA), a trait that can 
be measured in a low cost lab setup and amenable 
to high throughput screening system,  has been 
found associated with vertical distribution of mature 
roots in the field and hence, RGA has a potential as 
a surrogate trait for the characterization of mature 
root system (Oyanagi et al. 1993; Manschadi et al. 
2008).
However, our knowledge on genetic variation of RGA 
and association of RGA with other important traits is 
poor, limiting the realization of the practical value of 
this trait for wheat improvement. Here, we present 
findings of our study on genetic variation of RGA and 
its association with drought responsive physiological 
traits and grain yield on a diverse set of Nepalese 
wheat (Triticum aestivum L.) cultivars and germplasm 
and evaluated in fields with contrasting soil moisture 
regimes.

Root growth angle (RGA) varied significantly among the studied cultivars and germplasm (Fig. 1). RGA 
was negatively correlated with grain yield in all the experiments in Rampur (r= -0.29 to -0.39), irrespective 
of the soil moisture regime (Fig. 2 B,C). It did not show a relationship with the grain yield in Nawalparasi 
(Fig. 2 A). Interestingly, RGA was positively correlated with CTD in Nawalparasi, 2009 and negatively 
correlated in the Managed Drought and Rainfed experiments in Rampur, 2009 (Table 1). RGA had negative 
correlations with SPAD in the Managed Drought and Irrigated experiments in Rampur, 2009 (r= -0.28 to 
-0.44). Plant height and maturity did not affect RGA, except for Nawalparasi experiment in 2010 (Table 1).

The results demonstrated 
variation of Root growth angle 
(RGA) in Nepalese wheat cultivars 
and germplasm. The consistent 
association of RGA with grain yield 
and the two drought responsive 
traits: CTD and SPAD suggest that 
RGA can be selected for wheat 
improvement. We speculate 
that the synergistic effects of 
the narrow RGA on grain yield, 
CTD, and SPAD observed in 
the sandy loam soil of Rampur 
(Chitwan) correspond with deep 
and robust root system. The silt 
loam soil of Nawalparasi might 
have restricted the vertical root 
growth, hindering the expression 
of the root architectural traits. 
Indeed, restricted root growth 
of wheat in this area due to soil 
compaction was reported by Sah 
(1998).
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The RGA of 21 landraces and 29 cultivars and lines 
(Fig. 1) was measured according to Bengough et al.  
(2004). Field experiments were conducted in Rampur 
(Chitwan) (84.34° E and 27.65° N) and Nawalparasi 
(83.77° E and 27.56° N) during 2009 and 2010 wheat 
seasons and with different soil moisture regimes: 
Irrigated– 2009 and 2010 in Rampur, Rainfed– 2009 
and 2010 in Rampur and in Nawalparasi, and Managed 
Drought– 2009 in Rampur. The experiment design 
was an alpha lattice with 3 replications and a plot 
size of 1.5 m2.
The soil texture class of Rampur (Chitwan) was a 
sandy loam and Nawalparasi was a silt loam. In 
terms of mean annual precipitation, both sites were 
comparable (1,800–2,400 mm). Canopy Temperature 
Depression (CTD) and Leaf Chlorophyll Content (SPAD) 
were measured at booting, at anthesis, and 7 days 
interval after anthesis. Grain yield was measured at 
about 12-14 % grain moisture content.

Table 1. Correlation coefficients 
of Root growth angle with CTD, 
SPAD, Plant height and Maturity 
in seven test environments*

*N09: Nawalparasi 2009; N10: Nawalparasi 2010; R09Dt: Rampur 2009 –Managed Drought; 
R09Ir: Rampur 2009 –Irrigated; R09Rf: Rampur 2009 –Rainfed; R10Ir: Rampur 2010 –Irrigated; 
R10Rf: Rampur 2010 –Rainfed. CTD/SPAD: 1= at booting, 2= at anthesis; 3,4, & 5; 7, 14, and 21 
days after anthesis, respectively.
*,**; significant at 0.05 and 0.01 probability levels, respectively.

Fig. 2. Association of  Root growth angle with grain yield in seven environments 
with contrasting soil moisture regime. Landrace N8749 was dropped from 
the analysis. (Dt) Managed Drought, (Rf) Rainfed, (Ir) Irrigated.
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Introduction 
Root system architecture plays an important role in drought 
adaptation, yet the selection for root architectural traits is 
hindered due to the lack of high throughput phenotyping 
methods. In wheat, growth angle of seminal roots (RGA), a trait 
that can be measured in a low cost lab setup and amenable to 
high throughput screening system,  has been found associated 
with vertical distribution of mature roots in the field and hence, 
RGA has a potential as a surrogate trait for the characterization 
of mature root system (Oyanagi et al. 1993; Manschadi et al. 
2008). 

However, our knowledge on genetic variation of RGA and 
association of RGA with other important traits is poor, limiting 
the realization of the practical value of this trait for wheat 
improvement. Here, we present the findings of our study on 
genetic variation of RGA and its association with drought 
responsive physiological traits and grain yield on a diverse set of 
Nepalese wheat (Triticum aestivum L.) cultivars and germplasm 
and evaluated in fields with contrasting soil moisture regimes. 

 

Materials and Methods 

Results 

The RGA of 21 landraces and 29 cultivars and lines (Fig. 1) was 
measured according to Bengough et al.  (2004). Field 
experiments were conducted in Chitwan (84.34° E and 27.65° N) 
and Nawalparasi (83.77° E and 27.56° N) during 2009 and 2010 
wheat seasons and with different soil moisture regimes: 
Irrigated– 2009 and 2010 in Chitwan, Rainfed– 2009 and 2010 in 
Chitwan and in Nawalparasi, and Managed Drought– 2009 in 
Chitwan. The experiment design was an alpha lattice with 3 
replications and a plot size of 1.5 m2. 
The soil texture class of Chitwan was a sandy loam and 
Nawalparasi was a silt loam. In terms of mean annual 
precipitation, both sites were comparable (1,800–2,400 mm). 
Canopy Temperature Depression (CTD) and Leaf Chlorophyll 
Content (SPAD) were measured at booting, at anthesis, and 7 
days interval after anthesis. Grain yield was measured at about 
12-14 % grain moisture content. 

Conclusions 
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Cultivars/Lines 

CTD2 CTD3 CTD4 SPAD2 SPAD3 SPAD4 SPAD5 Plant ht. Maturity 

N09 0.28* 0.35** ̶ -0.08 -0.2 ̶ ̶ 0.22 0.25 

N10 ̶ 0.16 ̶ -0.04 -0.07 ̶ ̶ 0.23 0.33* 

R09Dt -0.13 -0.31* -0.34* -0.27 -0.29* -0.44** -0.38** 0.17 0.14 

R09Ir ̶ -0.23 -0.05 -0.28* -0.22 -0.24 -0.29* 0.23 0.1 

R09Rf 0.09 0.01 -0.3* -0.14 -0.22 -0.09 -0.01 0.2 0.22 

R10Ir ̶ 0.01 ̶ -0.15 -0.17 ̶ ̶ 0.22 0.23 

R10Rf 0.06 -0.07 ̶ -0.17 -0.2 ̶ ̶ 0.22 0.2 

Table 1. Correlation coefficients of Root 
growth angle with CTD, SPAD, Plant 
height and Maturity in seven test 
environments*    

Fig. 1. Root growth angle (degree) of (a) landraces and (b) 
cultivars and lines. Whisker bars indicate for SE (mean). 

(a) (b) 

Fig. 2. Association of  root growth angle with grain yield in seven 
environments with contrasting soil moisture regime. Landrace 
N8749 was dropped from the analysis. 

RGA varied significantly among the studied cultivars and germplasm (Fig. 1). RGA was negatively 
correlated with grain yield in all the experiments in Chitwan (r= -0.29 to -0.39), irrespective of the 
soil moisture regime (Table 1). It did not show a relationship with the grain yield in Nawalparasi. 
Interestingly, RGA was positively correlated with CTD in Nawalparasi in 2009 (r= 0.27 to 0.34) and 
negatively correlated in the Managed Drought and Rainfed experiments in Chitwan in 2009 (r= -0.3 
to -0.34). RGA had negative correlations with SPAD in the Managed Drought and Irrigated 
experiments in Chitwan in 2009 (r= -0.28 to -0.44). Plant height and maturity did not affect RGA, 
except for Nawalparasi experiment in 2010 (Table 1). 
 

*N09: Nawalparasi 2009; N10: Nawalparasi 2010; R09Dt: Rampur 2009 –Managed Drought; R09Ir: 
Rampur 2009 –Irrigated; R09Rf: Rampur 2009 –Rainfed; R10Ir: Rampur 2010 –Irrigated; R10Rf: 
Rampur 2010 –Rainfed. CTD/SPAD: 1= at booting, 2= at anthesis; 3,4, & 5; 7, 14, and 21 days after 
anthesis, respectively.   

The results demonstrated variation 
of Root Growth Angle (RGA) in 
Nepalese wheat cultivars and 
germplasm. The consistent 
association of RGA with grain yield 
and the two drought responsive 
traits: CTD and SPAD suggest that 
RGA can be selected for wheat 
improvement. We speculate that the 
synergistic effects of the narrow 
RGA on grain yield, CTD, and SPAD 
observed in the sandy loam soil of 
Chitwan correspond with deep and 
robust root system. The silt loam soil 
of Nawalparasi might have restricted 
the vertical root growth, hindering 
the expression of the root 
architectural trait. Indeed, restricted 
root growth of wheat in this area 
due to soil compaction was reported 
by Sah (1998).    
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Fig. 1. Root growth angle (degree) of (a) landraces and (b) 
cultivars and lines. Whisker bars indicate for SE (mean).


