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Abstract 

Most predominant plant adaptive drought tolerant root traits are root length density and root shoot ratio. With the 

advent of technological and material improvements, intensive root studies are encouraged to channelize the information into 

both crop establishment and crop improvement programmes. Not much information is available on the effect of moisture 

stress on various adaptive root traits of grain and sweet sorghum cultivars that could be used for different seasons in a year 

apart from the already mentioned two traits. This research aimed to derive alternative root traits besides root length density 

and root shoot ratio that can be proposed for assessing season suitability of sorghum types. A mini-rhizotron experiment was 

conducted with two grain sorghum cultivars (M35-1 and CSV-15) and three sweet sorghum cultivars (SSV-84, ICSV-25267 

and ICSV25274) at two moisture regimes (Field Capacity and 50%Avaialble Water Content) under glasshouse conditions of 

Rothamsted Research, U.K. Data related to basal root branching angle, root moisture content, coarse and fine root fractions 

etc were recorded. Root Proliferation Index was derived and suggested for the same purpose. Grain sorghum cultivars 

differed from sweet sorghum cultivars in recording steeper basal root branching angle, increased root moisture content, and 

high root proliferation Index at deeper soil layers. Further, M35-1 with all the above observations, stood out from others and 

supposed to be suitable for post rainy rainfed situation, CSV-15 and SSV-84 with medium root angle, root moisture content 

and root proliferation Index likely to be suitable for rainy season and the other two sweet sorghum cultivars might be 

suitable for irrigated post rainy season due to high coarse root fraction but more root moisture content and high root 

proliferation Index. These alternate root traits could be used as tools to screen sorghum cultivars for their season suitability 

for field application depending upon the prevailing agro-ecological situations. The inferences could also be used to develop 

insight into climate mitigation potential of sorghum root through soil carbon sequestration. 
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Introduction  

          Agricultural seasons vary in climatic conditions; 

differ from country to country across the world. In a 

dryland agro-ecosystem, seasons are broadly divided into 

two; rainy and post rainy. The seasonal climatic conditions 

with the support from edaphic factors command the 

performance of crops in general and crop cultivars in 

particular. Rainy season crop requirements are different 

from post rainy because of variability in climatic 

parameters like standard annual rainfall, temperature, solar 
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radiation and wind velocity etc. Since cropping in both the 

seasons also is rainfed, crop growth may face intermittent 

dry periods because of which plant adaptation to drought is 

critical. Therefore, emphasis is given in understanding 

drought adaptive traits. While the above ground drought 

adaptive traits were already established, investigations on 

traits of below ground plant parts have been continuing. Of 

these, RLD (Ludlow and Muchow, 1990) R/S Ratio are the 

commonly used root traits for drought tolerance in crop 

plants. However due to season specificity, dynamics in 

resource availability change the dimensions of crop 

management. Once the crop suitability is established, 

cultivar specificity surfaces up. Rainy season is 

characterised by a variable and uncertain amounts of 

rainfall, intermittent moisture stress periods thereby 

creating soil moisture gradient. Rainfall dependant crop 

should have the capability to survive under water limited 

conditions; and recover from the effects of drought as well.  

Post rainy season crops grow under receding soil 

moisture conditions as they do not receive rains during the 

respective period except for some sporadic showers due to 

cyclones. Although the post rainy crops did not face initial 

moisture stress, they often encounter terminal stress. 

However, soil conditions during post rainy season are 

characterised by dry top soil with moist bottom layers 

forcing the crops to grow deeper roots right from the 

seedling stage to ensure the capture of soil moisture at 

deeper soil depths. Mostly this type of situation we face in 

black soils. Sorghum (Sorghum bicolor L. Moench) is 

primarily grown as a rainfed crop for grain, fodder and fuel, 

distributed throughout the world including tropical, semi-

tropical and arid regions. Although India has largest area 

under sorghum, followed by Nigeria, Sudan, and Niger; 

USA leads in sorghum production with Nigeria and India 

ranking second and fourth in the order. More than 70% of 

world’s sorghum production comes from developing 

countries (FAO, 2013) viz., Africa (41.2%), Asia (15.4%) 

and South America (14.9%). Further in India, over 90% 

sorghum production comes from rainfed semi arid tropics 

(SAT).  

Owing to poor market value of sorghum, world grain 

sorghum area and production is reducing due to shift of this 

area to other commercial crops. However, sweet sorghum is 

a type of sorghum which has commercial value as biofuel 

crop gaining importance lately, owing to impending 

demand for fuels under renewable energy production 

category. Sweet sorghum though originated from the same 

sorghum species as that of grain sorghum, differs in its 

phenotypic expressions, capabilities to encounter drought 

and also in root traits. Sweet sorghum is the most 

promising crop for both tropical and temperate regions 

unlike sugarcane grown exclusively for tropical regions and 

sugarbeet for temperate regions. Crop establishment and 

growth is poor under low soil moisture conditions, sorghum 

often suffers from moisture stress as it is predominantly 

grown under marginal soil conditions worldwide while it’s 

performance under water limited environments is linked to 

more vigorous root systems (O’toole and Bland, 1987; 

Moroke et al., 2005). Maximum sorghum area is under 

rainfed conditions and to some extent post rainy sorghum is 

being grown in certain regions with some supplemental 

irrigations.  

  Study of sorghum root traits helps in understanding 

plant root adjustments to extremities of soil moisture, in 

this case it is a deficit soil moisture. The literature related to 

effect of moisture stress on below ground root parameters 

of sweet sorghum is limited though much work was 

reported on grain sorghum (Walter et al., 2012). Both rainy 
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and post rainy seasons demand varied plant and root 

architectural characteristics for improved resource capture 

under limited resource availability. There is a need to 

identify the genetic variability vis-à-vis seasons to exploit 

their suitability to analogous ecological zones worldwide. 

Hence, it is necessary to capture some more root traits that 

establish the drought tolerance character of the crop 

cultivar. Further, due to climate change closing in on us, it 

is imperative to view addition of root biomass carbon from 

the perspective of carbon sequestration. Soils being the 

carbon sink, by fixing added root biomass carbon within 

the soil sequester carbon. Therefore, this study was planned 

and conducted in mini-rhizotrons under controlled 

conditions of glasshouse at Rothamsted Research, UK to 

assess the alternate root traits for season specific drought 

tolerance in sorghum types and in predominant cultivars of 

grain and sweet sorghums as well besides quantifying the 

root carbon accumulation. 

Materials and Methods 

Experimental set up 

A glasshouse experiment on grain and sweet 

sorghum cultivars was conducted in mini-rhizotrons at 

Rothamsted Research, UK under controlled conditions of 

Temp/RH (25°C/50%) with two grain sorghum cultivars 

(M35-1, CSV-15) and three sweet sorghum cultivars (SSV-

84, ICSV-25267 and ICSV-25274) in mini-rhizotrons (root 

chambers of 500 x 700 x 15 mm dimensions-Fig. 1).  The 

varietal characteristics are presented in table 1. Each 

treatment was replicated four times; each chamber was 

considered as a replicate; each chamber has two plants and 

each plant was analyzed individually. Two water treatments 

of FC (Field Capacity) and 50% AWC (Available Water 

Content) were imposed based on the loss in weight of 

chambers (half of the chambers were irrigated whenever 

the water in the chamber goes down to 50% AWC). An 

average bulk density of 1.43 ± 0.07 gcm-3 was recorded for 

Cottenham Soil Series, with typical brown sand, (arenosol, 

FAO classification) and has similarities as that of red sandy 

loams in India; white sand as a bottom layer. These soils 

have field capacity (θFC) of 10 kPa and permanent wilting 

point (θPWP) of 1500 kPa with volume ranging from 16-

20%. Each chamber was given equivalent quantities of 

Hoagland nutrient solution @ 10 mL along with irrigation 

water. Forty chambers with a total of five sorghum 

cultivars in two water treatments (FC and 50% AWC) for 

two soil depths in two destructive sampling dates was the 

experimental set up. These root growth chambers were 

arranged in a split block design in stacks of five each at an 

angle of 15˚ to encourage gravitropism in root growth 

(Vegapareddy et al., 2010). 

Table 1. Varietal characteristics of grain sorghum and 

sweet sorghum cultivars 

Varieties Characteristics 

Grain Sorghum Cultivars 

M35-1 A variety selected from a local landrace 

nearly 60 years ago at Mohol in 

Maharashtra, India. Grown mostly during 

post rainy season.  

CSV-15 Dual purpose variety ( used for both grain 

and fodder) 

Sweet Sorghum cultivars 

SSV-84 It is the first sweet sorghum variety 

developed by AICSIP (All India 

Coordinated Sorghum Improvement 

Project), Rahuri, India in 1992. Mostly 

considered as a  Check 

ICSV-

25267 

Latest Sweet Sorghum variety from 

ICRISAT, Hyderabad, India 

ICSV-

25274 

It is a pedigree selection from a cross 

between DSV 4 and SSV 84 from 

ICRISAT, Hyderabad. It grows up to a 

height of 3.0-3.5 m 

Root sampling 

At 42 and 90 DAS (Days after Sowing), plants with 

roots were destructively sampled from chambers as was 

mentioned in detail by Vegapareddy et al. (2010), gently 

washed and dissected into two depths of 0-30 cm and 31- 



 

 

 

Fig. 1. Root Chamber with sorghum plants and the model root architecture captured from this study (Each black and white 

section on the ruler is 10cm in length - totaling seven such sections) 

 

65.5 cm each. After washing, digital images were acquired 

of the root system on the pin board (Fig. 1). Depth wise 

dissected roots were stored in water of glass bottles, kept in 

a dark cool room at 4°C and scanned using STD 4800 

scanner at 800 dpi resolution; analyzed with WinRHIZO 

Pro (Version 2008a) software. We defined diameter classes 

from 0.05, 0.1, 0.2 mm etc. to > 6.4 mm. Also generated 

diameter wise root length distribution based on the 

classification suggested. Basal root branching angle (the 

angle between the soil surface and the first adventitious 

root) was measured in degrees from the digital root images 

with a protractor keeping soil surface as the horizontal 

plane. Total Root Length (TRL) was obtained (cm) from 

WinRHIZO analysed data and root shoot ratio was 

calculated from destructive root sampling at respective 

stages. Fresh and dry root weights of roots were obtained at 

both the stages to calculate root moisture content (%) for 

FC and 50% AWC water treatments. The data containing 

percent, number (Index) were not subjected to statistical 

analysis. Root Proliferation Index was calculated as the 

ratio of percent root length beyond 30 cm to percent root 

length up to 30 cm soil depth (for deep rooted crops) for 

assessing root proliferation at deeper soil layers. Root 

carbon accumulation was calculated using root carbon 

content and the root dry weight recorded in Mg ha-1 (Sainju 

et al., 1995) and analysed with GENSTAT software.  

Results and Discussion  

Study on sorghum root system is always challenging 

and even more so when the task is to find root trait 

indicators for drought tolerance other than RLD and R/S 

Ratio. Red sandy loams in India under different agro-

ecological conditions support crop growth only during 

rainy season (monsoon rainfall) but has to face intermittent 

dry spells prevalent during the season while black soils 

favour crop growth during post rainy season under receding 

soil moisture conditions depending upon the rainfall 

received during the rainy season (Sanjana Reddy et al., 

2012). The ecological conditions supporting the crop 

growth vary from season to season. Hence through this 

experiment we assessed the critical root traits for drought 

tolerance in grain and sweet sorghum taking prerequisite 

ecological conditions into account.    
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Effect of moisture stress on Root Moisture Content and 

Basal Root Branching Angle 

Sorghum root moisture content ranged from 82.6 to 

88.9% and basal root branching angle from 51° to 73°. As 

regards root moisture content (%) and basal root branching 

angle, grain sorghum recorded more of both these 

parameters which ranged from 83.6 to 87.8% and 50 to 

70.3 respectively than the sweet sorghum type. Similar 

trend persisted with these under moisture deficit conditions 

as well. These values decreased with increasing age, but 

under moisture stress, rate of reduction in root moisture 

content was more with grain sorghum while branching 

angle reduced more with sweet sorghum. 

Root moisture content is an indirect indicator of 

presence or absence of soil moisture as root suberization 

which is a physiological phenomenon often occurs during 

the period of moisture stress for enhanced water transport. 

Contrast to this character implies presence of soil moisture. 

Increased root moisture content increases root surface area 

influencing acquisition of water and nutrients. Basal root 

branching angle, if more (steeper) help in extracting soil 

moisture from deeper soil layers and narrow or lower angle 

implies more of horizontal spread. M35-1 cultivar of grain 

sorghum recorded steep root angle (87.6°) and high root 

moisture content (76.3%) gives an advantage of striking 

deeper soil layers in the first instance for extracting 

moisture during dry periods as vertical soil moisture 

gradient was created. It was observed that besides 

registering high root angle, roots of M35-1 were also 

gravitropic, and it matters for drought tolerance (Uga et al., 

2013). With enhanced root moisture content and steeper 

branching angle during moisture stress throughout the crop 

growth, M35-1 established its supremacy during post rainy 

season in black soils of India since 1932 ( Sanjana Reddy et 

al., 2012). Cultivars (CSV-15, SSV-84, ICSV-25267 and 

ICSV-25274) with initial steeper root angle followed by 

reduced angle and gravitropic trajectory enabled the plant 

to extract moisture from shallower soil depths (Lynch and 

Brown, 2001; Hammer, 2006) from horizontal spread 

(Singh et al., 2010; Vegapareddy et al., 2010). The above 

mentioned cultivars with just 1 to 2% lesser root moisture 

content than the grain sorghum, managed moisture from 

small and sporadic rain events, a common occurrence in 

rainfed areas of many tropical countries.  The data shown 

in table 2 emphasized the importance of basal root 

branching angle trait and its implication on maintenance of 

root moisture content. Pearson’s correlation matrix analysis 

showed negative correlation of total root length (TRL) with 

R2= -0.27 of branching angle of basal roots, indicating 

reduced TRL (% root length in Table 2) with increased 

steepness in root angle at initial stage of crop growth (Data 

not shown).  Branching angle is positively correlated with 

percent root moisture content (R2=0.13), indicating 

moisture content in the steeper roots. This relationship 

needs to be further confirmed with more number of 

observations.  

Root Proliferation Index (RPI) as an indicator for drought 

tolerance  

In general, sorghum crop performs better under water 

deficit conditions than the other crops due to its ability to 

extract water from deeper soil layers (Schittenhelm and 

Schroetter, 2014). The differentiating trait might be the 

deep root system as was presumed in the earlier days and 

proved later on through field experiments. Although, the 

root proliferation at deeper soil depths was expressed in the 

form of root length densities at respective soil depths, we  
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Table 2. Root moisture content (%) and Branching Angle (°) of grain and sweet sorghum varieties  

 

FC; Field Capacity; AWC: Available water content 

 

Table 3. Root Length (%) at two soil depths and Root Proliferation Index for both grain and sweet sorghum varieties  

RPI: Ratio of root length (%) beyond 30 cm soil depth to root length (%) up to 30 cm soil depth (<0.5-shallow Proliferation; 

0.5-0.99-medium deep Proliferation; 1-1.5-normal Proliferation; >1.5- deep layer proliferation)  

have considered root lengths for deriving a specific index 

termed as Root Proliferation Index (RPI). This is the ratio 

of root length beyond 30 cm soil depth to the root length 

upto top 30 cm soil depth (contain 70% root volume) as 

emphasized by Manske and Vlek (2002) for deep rooted 

crops. Often we have observed root concentrations at top 

soil depths due to the presence of nutrient inputs from litter 

and fertilizer etc. (Leuschner et al., 2001). High RPI is 

analogous to deep layer root proliferation in comparison 

with the root length at top 30 cm soil depth while root 

length can also be replaced with root weight according to 

Richards et al. (2001). Not just the extraction of soil 

moisture could be understood through this Index, but also 

saving of water could be envisaged due to no transpiration 

(Richards, 1991). In addition to this, performance of post 

rainy season crops is better correlated with more root 

length beyond 30 cm soil depth (Kashiawagi et al., 2013). 

Therefore, increased RPI under water deficit grown grain  

Variety Moisture content  (%) at 

42 DAS 

Moisture content  (%) 

at 90 DAS 

Branching Angle (°) at 

42DAS 

Branching Angle (°) at 

90DAS 

FC 50%

AWC 

Mean            FC 50% 

AWC         

Mea

n 

FC 50% 

AWC 

Mea

n 

FC 50% 

AWC 

Mea

n 

M35-1 87.1 87.6 87.4 84.6 86.6 85.6 66.0 70.3 68.2 63.8 60.8 62.3 

CSV-15 85.9 87.8 86.9 86.4 83.6 85.0 65.3 61.5 63.4 59.5 50.0 54.8 

Mean 86.5 87.7 87.1 85.5 85.1 85.3 62.2 65.9 65.8 61.7 55.4 58.6 

SSV-84 85.5 80.1 82.8 85.3 83.7 84.5 66.3 65.5 65.9 54.3 50.0 52.2 

ICSV25267 82.6 85.9 84.3 85.8 84.3 85.1 59.0 59.8 59.4 53.0 55.8 54.4 

ICSV25274 87.8 88.9 88.4 85.7 80.9 83.3 63.0 61.8 62.4 57.5 57.0 57.3 

Mean 85.3 85.0 85.2 85.6 82.9 84.3 62.8 62.4 62.6 54.9 54.3 54.6 

Grand 

Mean 

85.9 86.4 86.2 85.6 84 84.8 62.5 64.2 64.2 58.3 54.9 56.6 

Variety Root length (%) at 42DAS Root length (%) at 90DAS Root Proliferation Index (RPI) 

FC 50% AWC FC 50%AWC 42DAS 90DAS 

 0-

30c

m 

31-

65.5 

cm 

0-

30

cm 

31-

65.5 

Cm 

0-

30cm 

31-

65.5 

Cm 

0-

30c

m 

31-

65.5 

cm 

FC 50% 

AW

C 

Mea

n 

FC 50% 

AWC 

Mea

n 

M35-1 74 26 66 34 35 65 43 57 0.34 0.52 0.43

1 

1.86 1.33 1.59

5 

CSV-15 73 27 71 29 36 64 40 60 0.36 0.41 0.38 1.78 1.5 1.64 

Mean 73.5 26.5 68.

5 

31.5 35.5 64.5 41.5 58.5 0.35 0.46 0.40 1.82 1.42 1.62 

SSV-84 67 33 73 27 33 67 42 58 0.50 0.37 0.43 2.03 1.38 1.70

5 

ICSV2526

7 

79 21 68 32 31 69 38 62 0.26 0.47 0.36 2.23 1.63 1.93 

ICSV2527

4 

82 18 75 25 31 69 35 65 0.23 0.33 0.28 2.22 1.86 2.04 

Mean 76 24 72 28 31.7 68.3 38.3 61.7 0.33 0.39 0.36 2.16 1.62 1.89 

Grand 

Mean 

74.8 25.3 70.

3 

29.8 41.5 66.4 39.9 60.1 0.34 0.43 0.38 1.99 1.52 1.76 
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Fig. 3. Diameter wise Total Root Length distribution in both grain sorghum and sweet sorghum cultivars as influenced by 

soil moisture stress (AW: Adequately Watered; WS: Water Stressed) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(0.35 to 0.46) and sweet sorghum (0.33 to 0.39) cultivars at 

32 DAS signified presence of more roots at deeper soil 

depths as compared to adequately watered plants, while 

RPI reduced at later stage of crop growth. This condition 

emphasized the drought tolerant ability of sorghums at 

those respective stages. M35-1 of grain sorghum and SSV-

84 of sweet sorghum recorded >0.5 RPI at 32 DAS under 

low moisture environment initially, while vice versa was 
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the situation at a later stage. This might have occurred due 

to root redistribution from top soil depth to lower depths 

for addressing vertical soil moisture gradient created in the 

mini-rhizotrons due to soil drying (Table 3). Strategy of 

root redistributions was preferred as per the seasonal 

patterns of water availability, soil type and management 

(Padilla and Pugnaire, 2007; Lilley and Kirkegaard, 2011) 

of rainfed lands of semiarid and arid regions in the world. 

Since rainfed lands are frequented with sporadic and light 

showers during rainy season, require suitable cultivars that 

proliferate roots at shallow soil depths, in this case rain 

roots (Nagarajan and Shanta Nagarajan, 2010) might have 

been  produced for quicker water absorption of minimum 

available moisture (Huang and Eissenstat, 2000; Schenk 

and Jackson., 2005; Bucci et al., 2009). However, the 

genotype with the medium ratio (RPI =1) excels in all the 

types of situations, all because of root dimorphism (Ho et 

al., 2005). But genotypes with high RPI at all stages are 

preferred for rainfed lands as root proliferation has direct 

correlation with not only water uptake but also with 

absorption of inorganic nitrogen from the organic material 

(Hodge et al., 1999). All the above points established the 

essentiality of this index.   

Variable Root Size distribution 

Moisture deficit conditions increased coarse root 

fraction in sweet sorghum cultivars (Fig. 2) by 11% more 

than grain sorghum while contrastingly, though there was 

reduction in effective fine root length fraction, greater root 

length of <0.4 mm root size category was noticed in grain 

sorghum (Fig. 3). Greater fine root length fraction (<0.4 

mm size) in grain sorghum is a drought adaptive strategy; 

hence their potential adaptability to moisture stress (Tilman 

et al. 1996) likely to be high as compared to sweet 

sorghum. Consistent with the results of Liang et al. (1997); 

Trillana et al. (2001); Hund et al. (2009) grain sorghum 

recorded thinner roots in greater proportion under water 

stressed conditions than that of adequately watered 

conditions. As regards sweet sorghum, since cost of coarse 

root production is high (Etherington, 1987), need more 

photosynthates for maintenance and energy for clearing 

mechanical impedance for penetrating into dry soil. 

Therefore, cost cutting may be one of the adaptive 

strategies of grain sorghum to negate the ill effects of 

drought (Sharp et al., 1988; Ho et al., 2005). Overall 

budgeting photosynthates for balanced thick and thin root 

lengths in a plant root system is essential as thicker roots 

increase water transport (Passioura et al., 1988; Doussan et 

al. (1998) and thinner roots water and nutrient uptake. This 

corroborates with the work carried out by King et al. (2009) 

that water availability at deeper layers and competition 

within the plant community enhances root proliferation. 

Therefore, selection of deeper growing root system 

(Tuberosa, 2012) with prolific fine root production during 

moisture stress periods to stabilize yields under rainfed 

conditions is suggested. 

Impact of water deficits on Root Shoot Ratio and Root 

Carbon Sequestration Potential  

Root to shoot ratio decreased at initial stage of crop 

growth in grain sorghum, a normal phenomenon in crops 

(Madhu and Hatfield, 2013) while it increased in sweet 

sorghum at later stage of crop growth. This might be due to 

dynamics in coarse root component as the crop ageing 

occurs shown in figure 2. Although many researchers 

(Tjoelkar et al., 1998; Lutze and Gifford, 1998; Gunn et al., 

1999) found out that the apparent differences in root and 

shoot drymass partitioning were due to differences in plant 

size. However, the reduced above ground biomass might 

have increased R/S ratio also cannot be ruled out. This is  
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Table 4. Root shoot ratio and root carbon sequestration potential of sorghum and sweet sorghum varieties at 90 days after 

sowing 

 

Variety 

Root Shoot ratio at 42 

DAS 

Root Shoot ratio at 90 

Days 

Root carbon accumulation  

(Mg ha-1) 

FC 50% 

AWC 

Mean FC 50% 

AWC 

Mean FC 50% 

AWC 

Mean 

M35-1 0.33 0.28 0.31 0.229 0.35 0.29 0.16 0.19 0.18 

CSV-15 0.24 0.297 0.269 0.234 0.27 0.25 0.21 0.20 0.205 

Mean 0.29 0.29 0.29 0.232 0.31 0.27 0.19 0.195 0.193 

SSV-84 0.20 0.24 0.22 0.28 0.31 0.295 0.16 0.23 0.20 

ICSV25267 0.25 0.14 0.20 0.37 0.41 0.39 0.19 0.26 0.225 

ICSV25274 0.19 0.19 0.19 0.29 0.35 0.32 0.15 0.25 0.20 

Mean 0.21 0.19 0.20 0.31 0.36 0.34 0.17 0.25 0.21 

Grand Mean 0.25 0.24 0.21 0.27 0.34 0.31 0.18 0.22 0.20 

FC; Field Capacity; AWC: Available water content 

evident from the R/S ratio 0.34 of sweet sorghum over 0.27 

of grain sorghum at 90DAS (Table 4). Increment in R/S 

ratio of grain sorghum under water deficit conditions was 

35% over control while it was as low as 16% in sweet 

sorghum. Though the increment rate of R/S ratio was more 

in grain sorghum, sweet sorghum recorded highest R/S 

ratio, hence sweet sorghum root biomass contribution to 

soil was high. Lowest R/S ratio was registered by grain 

sorghum and in particular by CSV-15 indicating the 

presence of fine roots so as to sustain moisture stress 

condition at later stages of crop growth competently. 

Therefore, administer caution while interpreting R/S ratio 

for assessing fine root length as R/S ratio may not entirely 

stand for root weight technically, but less shoot weight may 

sometimes result in high value with decreased denominator 

(shoot weight).  

  The estimated root carbon accumulation by sorghum 

varied from cultivar to cultivar. Owing to the presence of 

higher coarse root fraction, sweet sorghum contributed 

more to the total root weight through enhanced R/S ratio 

while soil moisture stress since increased root biomass 

increases root carbon accumulation (Table 4). Among 

sweet sorghums, ICSV25267 recorded more carbon 

accumulation. (Rajeew et al., 2006). This was in consistent 
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with the findings of Bazzaz (1990) who emphasized water 

limiting conditions as a cause for increased carbon 

allocation to roots and reduced accumulation of above 

ground biomass. No significant difference in carbon 

accumulation was observed between the two types of 

sorghum. Cereals contribute 10 to 15% of total fixed 

carbon to the soil from both above and below ground 

biomass and prolonged oxidation processes of deposits 

contribute to long term carbon sequestration. According to 

Sainju et al. (2005), the realistic addition of carbon comes 

only from the roots left out in the soil and to some extent of 

the stalks left after the harvest of crop (Rajeew et al., 2006). 

As the root carbon content was more than shoot, though in 

small quantities, root biomass could be an important source 

of carbon input to soil contributing towards long term 

carbon sequestration (CRIDA, 2012). Primarily cultivars 

vary in their root carbon accumulation while environment 

and management practices also cause changes in their 

accumulation. Further studies are warranted for mitigation 

of drought and climate change as root carbon contribution 

is remarkable (Duke, 2014; Kushwah et al., 2014).  

Conclusion 

The present study investigated the effect of soil 

moisture stress on plant adaptive root traits of grain and 

sweet sorghum cultivars. The results suggest grain sorghum 

cultivars have steeper branching angle, high RPI and more 

fine root fraction than the sweet sorghum cultivars. M35-1 

with initial steeper basal root branching angle, wide root 

proliferation index of >0.5 and balanced coarse and finer 

root lengths likely to be suitable for tapping soil moisture 

from deeper layers at early stages of crop growth and to 

survive long dry spells since grown during post rainy 

season in black soils. CSV-15 with its reduced branching 

angle under moisture stress may be capacitated to extract 

soil moisture from shallower soil depths replenished from 

sporadic and small rainfall events during rainy season and 

with RPI of 1.5 may be suitable for rainy season to manage 

intermittent dry spells. SSV-84 with its wide basal root 

branching angle, initial deep layer root proliferation of 0.5 

and initial low R/S ratio emphasized presence of finer 

roots, may tap soil moisture from top soil depths 

emphasizing suitability of this sweet sorghum cultivar to 

rainy season.  

However, ICSV-25267 and ICSV-25274 with their 

initial wider basal root branching angle, deep root 

proliferation with RPI of >1.5 at later stage and high R/S 

ratio of increased coarse root fraction may be suitable for 

irrigated post rainy season. Sorghum of both the types 

contributed equally for carbon sequestration, and root 

biomass contribution was more with soil moisture deficits, 

fixing carbon in the root for a long time may also help in 

mitigating climate change. These results suggest that 

alternative root traits for drought tolerance other than RLD 

and R/S ratio were evolved for screening the cultivars 

suitable for different seasons. Depending upon the agro-

ecological conditions of the growing season, steeper basal 

root branching angle, more root moisture content, high root 

proliferation index and increased fine root length (finer root 

fraction) could be considered for screening sorghum 

cultivars for various growing seasons. In addition, 

simulation models could be refined considering the adds-on 

of root traits for predicting the season wise root biomass 

precisely or for insights into root carbon contribution to the 

soil. However, these traits could guide crop management 

researchers in recommending season wise cultivars across 

the globe. But, the heritability of these traits needs to be 

assessed for crop improvement in future for release of new 

varieties.  
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