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ABSTRACT 

Roots provide essential functions including the uptake of water and nutrients for plant growth, serve a role as storage 
organs, anchor the plants to the soil and are the site of interactions with pathogenic and beneficial organisms in the 
rhizosphere. Roots are also crucial for nutrient and water acquisition and can be targeted to enhance plant productivity. 
A current challenge for plant breeding is the limited ability to phenotype and select for desirable root characteristics due 
to their underground location. Available approaches for root phenotyping in laboratory, greenhouse and field encompass 
simple agar plates to labor-intensive root digging. The present study was conducted in the laboratory conditions of 
Division of Genetics and Plant Breeding, Faculty of Agriculture, Wadura. Thirteen released varieties of maize were 
evaluated in the present study. PM-5 had shallowest root angle and PM-4 had steepest root angle. No of seminal roots 
were highest in KG-2 and lowest in AM-1. Length of tap root was highest in KG-1 and lowest in PM-4.The results obtained 
from this study suggest that selection for root angles, either of seminal roots or of lateral roots, may help to identify 
genotypes with a root system architecture better adapted to water-limited environments. 
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INTRODUCTION 
Drought is a rising threat of the world and most of the countries of the world are facing the problem of 
drought. It is the creeping disaster, slowly taking hold of an area and tightening its grip with time [12].The 
first and foremost effect of drought is impaired germination and poor stand establishment [4]. Cell 
growth is considered one of the most drought sensitive physiological processes due to the reduction in 
turgor pressure. Under severe water deficiency, cell elongation of higher plants can be inhibited by 
interruption of water flow from the xylem to the surrounding elongating cells [14].Drought can damage a 
field at any time throughout the season. The fate of seedlings will determine the structure and dynamics 
of most plant populations according to the “stress gradient hypothesis” [3, 5]. One of the major challenges 
before plants under limited moisture situations is to acquire more water from deeper layers due to quick 
exhaustion by evaporative losses from both plants as well as top soil. Prolific root systems invariably 
confer the advantage in extracting water from deeper as well as shallower soil layers that is otherwise 
easily lost by evaporation. Drought tolerant genotypes have either a higher number seminal or lateral 
roots. The distribution of nutrients across different layers of the soil and the availability of these nutrients 
in different environments make the root system architecture a fundamental trait for resource acquisition. 
Drought stress has deleterious effects on the seedling establishment, vegetative growth, photosynthesis, 
root growth, anthesis, anthesis-silking interval, pollination and grain formation in maize crop 
[1].Constitutive variation for root traits is an important adaptation under drought prone conditions [13].  
Roots provide essential functions including the uptake of water and nutrients for plant growth, serve a 
role as storage organs, anchor the plants to the soil and are the site of interactions with pathogenic and 
beneficial organisms in the rhizosphere. Rooting depth is one of the most frequently evaluated traits 
because crops with deeper roots have better access to stored water and nutrients such as N, a soluble 
nutrient that tends to leach into the deeper layers of the soil. Lateral roots add to the total root biomass, 
total root length and root surface area. As such, it has been assumed that increased lateral root density is 
associated with greater nutrient and water uptake. The observed variation for both seminal root angle 
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and seminal root no in this study was resulted mostly due to the high variation between the different 
groups of genotypes.In maize, seminal roots play important roles in plant establishment, in supplying 
water and nutrients during early growth stages [24]. Growth angle of seminal roots is considered as one 
of the principal determinants of root system architecture [10], thus influencing the root angles of nodal 
roots. Thus, phenotypical evaluation at the seedling stage is regarded as an attractive approach because it 
is a high-throughput and low cost method that saves space and time [11]. Overall, the results obtained 
from this study suggest that selection for root angles, either of seminal roots or of lateral roots, may help 
to identify genotypes with a root system architecture better adapted to water-limited environments. 
Numerous studies have been conducted to understand the molecular mechanism and the genes 
responsible for these traits [17].Nevertheless, a breeding program focused on identifying traits linked to 
drought tolerance will help in increasing productivity under water-limiting condition. A promising 
strategy to encounter drought stress relies on deep roots which suck water from deep layers of soil when 
water becomes limiting in upper layers which eventually help in increasing yield [16].Such a program 
requires a good definition of major drought scenarios in the target environment and needs to be 
conducted under repeatable experimental conditions reflecting those scenarios. 
The aim of this study was to assess the natural variation for root architectural traits like seminal root 
angle, seminal root no, primary root length, no of lateral roots, root length and root biomass. 
 
MATERIAL AND METHODS 
Thirteen genotypes of maize were evaluated in the present study viz., Shalimar Maize Composite-4 (C-4), 
C-6, C-8,C-15, Shalimar Maize Composite -7 (KDM-72), Kishan Ganga-1 (KG-1), Kishan Ganga-2 (KG-2), 
PratapMakka -3 (PM-3), Pratap Makka-4 (PM-4), Pratap Makka-5 (PM-5), Pratap Makka-Chari-6 (PM 
Chari-6), Aravali Makka-1 (AM-1), Gujrat Makka-6 (GM-6) under laboratory conditions. For the 
measurement of traits viz., seminal root angle, seminal root no, primary root length, no of lateral roots, 
root length, root biomass, seeds were germinated in transparent gel (2% agar) filled in plastic petri plates 
[2]. Four seeds for each genotype were surface sterilized with 0.5% NaOCl for one minute, rinsed 
thoroughly with distilled water and were put in the petri plates containing moist filter paper. Two days 
after, the seeds germinated and the radicle emerged and were transferred to the 15x15 cm2 plastic petri 
plates containing 2% sterilized solid agar medium (2% w/v) in darkness in germinator at 25oC. The 
germinating seeds were placed from cut sides of the petri plates with radicle inserted into the agar and 
kept for six days under darkness at room temperature and after six days data were recorded for seminal 
root angle, seminal root no, primary root length, no of lateral roots, root length, root biomass. Seminal 
root angle was measured as average of the angles of primary root from the vertical plane. The design used 
was CRD with four replications. 

 
RESULTS 
The data pertaining to response to Agar is presented in table-1 and elaborated under appropriate headings. 
Analysis of variance for various root traits scored under laboratory conditions is presented in table-2 which 
shows that mean square due to genotypes was significant for all the traits. 

I. Seminal Root angle: The seminal root angle had a mean value of 54.769with highest value 
recorded in PM-5 (76.66) followed by C-4 (68.33) and PM Chari-6 (63.33) and was lowest in PM-
4 (39.0). 

II. Length of tap root (cm): The length of tap root had a mean value of 15.825 with highest value 
recorded in KG-1 (17.66) followed by AM-1 (17.40) and PM- Chari-6 (17.33) and was lowest in 
PM-4 (13.00). 

III. Total Root Length (cm): The total root length had a mean value of 11.166 with highest value 
recorded in PM Chari-6 (15.0) followed by C-6 (14.0) and GM-6 (12.8) and was lowest in KG-1 
(8.6). 

IV. Root Weight (g): The root weight had a mean value of 0.218with highest value recorded in PM-
Chari-6 (0.313) followed by C-8 (0.281) and PM-5 (0.273) and was lowest in PM-4 (0.122). 

V. No of Seminal Roots: The no of seminal roots had a mean value of 2.076with highest value 
recorded in KG-2 (3.33) followed by C-15 (2.66) and PM Chari-6 (2.66) and was lowest in AM-1 
(1.33). 

VI. No of Lateral Roots: The no of lateral roots had a mean value of 41.076with highest value 
recorded in C-15 (51.66) followed by KDM-72 (51.33) and PM Chari-6 (46.66) and was found 
lowest in PM-4 (29.66). 
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DISCUSSION 
In the present study significant variation was recorded for seminal root angle, length of tap root, total 
root length, root weight, no of seminal roots and no of lateral roots. PM-5 had shallowest root angle and 
PM-4 had steepest root angle (Figure 1). No of seminal roots were highest in KG-2 and lowest in AM-1. 
Length of tap root was highest in KG-1 and lowest in PM-4.Rooting depth is closely related to depth of soil 
resource acquisition, with shallow growth angles playing predominant role for topsoil foraging [8], while 
roots with steep angles play predominant role for water acquisition from deeper soil layers under 
drought [9]. Significant correlations between seminal root traits and adult field traits have been reported, 
and for shoot weight versus adult plant height, and lateral root length versus brace root development [6, 
15]. Manschadi et al. [10] have also suggested that selection for seminal root growth angle and the 
number of roots might help to identify genotypes with root system architecture adapted to drought 
tolerance. This approach has been successfully used to develop drought tolerant varieties in cowpea [20, 
21], cotton [7], wheat [23], and maize [11, 15., 18]. During drought conditions plants manifest some of 
unique traits classified under adaptive traits like deep roots or more root biomass etc. for maximum 
utilization of receding water. This complexity of drought can be reduced by employing analytical breeding 
approaches to specifically target traits having major roles in drought tolerance like roots traits [25] or 
water use efficiency [19] which have a direct effect on yield [22]. The combination of long root hairs and 
shallow basal roots results in a synergistic effect on P acquisition that translates to a 300% increase in 
biomass in cultivars with both traits. Lateral roots add to the total root biomass, total root length and root 
surface area. As such, it has been assumed that increased lateral root density is associated with greater 
nutrient and water uptake. Overall, the results obtained from this study suggest that selection for root 
angles, either of seminal roots or of lateral roots, may help to identify genotypes with a root system 
architecture better adapted to water-limited environments. The utilization of a combination of root 
phenotyping strategies proposed here can be used to incorporate “root breeding” strategies aimed at 
enhancing plant performance through more efficient utilization of water and nutrients that will 
contribute to the sustainability of agricultural systems worldwide. 

 
Table 1:Mean performance of maize (Zea mays L.) genotypes for root traits under laboratory 

screening 

Genotypes Seminal 
Root Angle 

Length of Tap 
Root (cm) 

Total Root 
Length  

(cm) 

Root 
Weight  

(g) 

No of 
Seminal 

Roots 

No of 
Lateral 
Roots 

PM-5 76.667 15.167 11.667 0.273 2.000 39.000 

Aravali Makka-1 48.000 17.400 8.633 0.187 1.333 42.000 
C-6 48.333 15.167 14.000 0.176 2.333 37.333 

PM-Chari-6 63.333 17.333 15.000 0.313 2.667 46.667 

KG-2 58.333 13.667 11.500 0.215 3.333 42.333 

PM-4 39.000 13.000 9.000 0.122 2.333 29.667 

C-15 56.667 16.833 11.733 0.213 2.667 51.667 
C-8 45.000 16.333 9.600 0.281 1.333 40.000 

GM-6 48.333 14.000 12.800 0.189 1.333 32.333 

C-4 68.333 16.833 11.333 0.259 2.000 34.000 

PM-3 58.333 16.000 12.067 0.164 2.000 44.333 

KDM-72 45.000 16.333 9.233 0.213 1.667 51.333 

KG-1 56.667 17.667 8.600 0.238 2.000 43.333 

Mean 54.769 15.825 11.166 0.218 2.076 41.076 

C.D ( p ≤ 0.05 ) 25.054 3.356 3.978 0.080 1.198 20.234 

 
Table 2: Analysis of variance for root traits scored under laboratory screening in maize (Zea mays 
L.) 

Source of 
variation 

d.f. Seminal 
Root Angle 

Length of Tap 
Root (cm) 

Total Root 
Length 

(cm) 

Root 
Weight (g) 

No of 
Seminal 

Roots 

No of 
Lateral 
Roots 

Genotypes 12 334.410** 6.891** 12.701** 0.008** 1.064** 135.731** 

Error 26 235.385 4.222 5.557 0.002 0.538 153.538 
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Figure 1. Maize root architectural traits A) Shallow roots B) Steep roots 
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