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Abstract 

Cluster bean (Cyamopsis tetragonaloba L. Taub) is a drought tolerant annual legume, and in recent past it has 

acquired the status of industrial commodity with increased demand for its gum especially in oil drilling and shale gas 

extraction. Guar gum has the ability to suspend solids, bind water by hydrogen bonding, control the viscosity of 

aqueous solutions, form strong tough films have made possible for its rapid growth and use in various industries. 

Most of the current popular cluster bean varieties were developed and cultivated under arid conditions. With growing 

international demand for the guar gum, identification/development of suitable varieties for different agro climatic 

conditions to expand the area of cultivation is the pressing need of the hour. To address these issues, seven cluster 

bean genotypes RGC-1017, RGC-1003, RGC-1066, RGC-1025, RGC-936, RGC-986 and HGS-365 were evaluated 

for their yield potential during warm and cool seasons with varying temperature at semi-arid tropical region. There 

was significant difference among the genotypes for their growth and yield performance across the seasons. All the 

selected genotypes performed better during  warm  season than cool season for both biomass and seed yield. Among 

the seven genotypes, the total biomass at harvest ranged from 96.38 g/pl (HGS-365) to 24.88 g/pl (RGC-936) during 

warm condition and 11.31 g/pl (RGC-1017) to 4.31 g/pl (RGC-1066) during cool condition, whereas seed yield 

ranged from 23.2 g/pl (HGS-365) to 7.0 g/pl (RGC-936) during warm condition  and with drastic reduction under 

cool weather it ranged from 2.3 g/pl (HGS-365) to 1.24 g/pl (RGC-1003). Among all the seven genotypes assessed, 

the genotype HGS-365 performed best in both seasons for both biomass and seed yield. 
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Introduction 

Guar or cluster bean (Cyamopsis tetragonaloba L. 

Taub) is a drought-tolerant warm‐weather, deep‐rooted 

annual legume with implausible industrial importance 

(Jackson and Doughton, 1982). Guar gum is used in 

paper, textile, oil drilling, mining, explosives, ore 

flotation and other various industrial applications. The 

guar plant flourishes in semiarid regions and extremely 

drought conditions where most plants perish. Guar 

grows well in sandy soils of low fertility in the arid and 

semi‐arid areas of the tropics and subtropics where the 

rainfall is summer‐dominant. Guar gum is an extract of 

the guar bean, where it acts as a food and water store. 

Guar gum, also called guaran, is a galactomannan. The 
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guar seeds are dehusked, milled and screened to obtain 

the guar gum. It is typically produced as a free-flowing, 

pale, off-white colored, coarse to fine ground powder.  

 In India, guar is mainly grown in arid zones of 

Rajasthan, some parts of Gujarat, Harayana and 

Madhya Pradesh. India produces 6.0 lakh tons of guar 

annually i.e. the maximum level of production in the 

world. It contributes to around 80% share in the 

world’s total production. Jodhpur City in the North 

Western state of Rajasthan in India is the most 

important processing centre of Guar gum and 

contributes approximately 40% of the worldʹs Guar 

gum supply. Recent increased utilization of guar gum 

in hydraulic fracturing to improve the efficiency of 

natural gas extraction boosted its demand 

internationally. In this context, to extend the crop 

cultivation to new areas, the suitability of present 

popular cluster bean cultivars was assessed in the 

present research program. 

Materials and Methods 

 Field experiments were conducted with 7 

genotypes of cluster bean- RGC-1017, RGC-1003, 

RGC-1066, RGC-1025, RGC-936, RGC-986, HGS-365 

during warm and cool seasons of 2015 in order to 

assess the impact of two thermal regimes on 

performance of various morphological, biomass and 

yield traits. The seed material was obtained from 

Rajasthan Seed Corporation and raised at CRIDA 

(HRF), Hyderabad, located between 17.20°N latitude 

and 78.30°E longitude and at an elevation of 515 m 

above mean sea level. The selected genotypes were 

sown in 2.25 m×2.0 m plots maintaining 15 cm space 

between plants and 45 cm between rows with three 

replications. The crop was maintained moisture and 

nutrient stress free by irrigating at regular intervals and 

applying recommended dose of fertilizers. During the 

crop growth period the maximum and minimum 

temperatures recorded were 43.8 and 21.5°C in warm, 

while 34.2 and 10.9°C in cool season. The plants were 

harvested at maturity and representative 5 plant 

samples from each replication of individual genotype 

were randomly chosen to determine the morphological, 

biomass and yield characters. The plants were carefully 

uprooted and the roots were washed in order to remove 

the soil adhere to them and separated to record root 

volume and biomass. The plants were separated into 

stem, leaves and pods. The harvested plant parts viz. 

roots, stem and leaves were dried at 60°C till constant 

weights were attained to determine the respective 

components biomass.  

These observations were recorded at harvest on 8 

morphological traits viz., (i) plant height (PH, cm); (ii) 

number of branches (NOB); (iii) stem girth (SG, mm);  

(iv) number of leaves; (v) root length (RL, cm); (vi) 

root volume (RV, ml); (vii) number of clusters (NOC); 

and (viii) number of pods (PN), 7 biomass traits, viz., 

(ix) stem biomass (SDW, g/plant (x) root biomass 

(RDW, g/plant); (xi) pod weight (PW, g/plant); (xii) 

fodder biomass (FDW, g/plant); (xiii) vegetative 

biomass (VBM, g/plant); (xiv) total biomass (TBM, 

g/plant); 3 yield traits, viz., (xv) seed yield (SY, 

g/plant); (xvi) test weight (TW, g/plant); (xvii) harvest 

index (HI, %) in each season. The TBW, FDW, VBM 

and HI were derived from the recorded observations. 

The data was statistically analyzed using a two-way 

analysis of variance (ANOVA) to test the significance 

of genotypes, seasons and their interactions of these 

experiments. 
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Results and Discussion 

 Based on ANOVA, it was observed that the 

genotypes and seasons were highly significant (p<0.01) 

for all the traits- plant height, stem girth, number of 

branches, root length, root volume, root dry weight, 

stem dry weight, leaf dry weight, number of clusters, 

pod number, pod weight, seed yield, total biomass and 

HI, except for test weight (Table 1). While the 

interaction of genotypes x seasons were highly 

significant (p<0.01) for all the parameters. The per se 

values of the morphological, biomass and yield traits 

were presented in table 2 and the reduction (%) of 

biomass and yield parameters in cool season over warm 

season in figure 1.  

Performance of different traits: Plant height  

 The plant height of the cluster bean genotypes in 

warm period ranged from 64.8 cm (RGC-1066) to 83.2 

cm (HGS-365) with genotypic mean of 72.1 cm, 

whereas it ranged from 30.3 cm (RGC-1003) to 36.5 

cm (HGS-365) with a mean of 33.8 cm in cool period. 

Plant height reduced from 47.09% (RGC-986) to 

61.45% (RGC-1003) during cool period over warm 

period. The highest plant height during warm and cool 

regimes was recorded with HGS-365. It was also 

observed that the two black gram genotypes J.L and 

PDU-1 could perform better at all the temperature 

regimes for all characters. Blackgram genotypes 

attained maximum shoot length when exposed to 20-

30°C temperature (Dash and Shree, 2013). Similarly 

Iloh et al. (2014) also recorded significant increase in 

the shoot length of maize plant up to 40°C. 

Number of Branches 

 Number   of    branches    of   the   cluster     bean  

genotypes in warm period ranged from 7 (RGC-986) to 

11 (HGS-365) with genotypic mean of 8.8 while it 

ranged from 6 (RGC-1003) to 8.2 (HGS-365) with a 

mean of 7.1 in cool regime. Number of branches were 

reduced from 5% ( RGC-1025) to 36.17% ( RGC-1003) 

during cool period over warm period. However, 

genotype RGC-936 (-11.11%) recorded higher number 

of branches during cool regime over warm regime. The 

genotype HGS-365 recorded highest number of 

branches under both conditions which incidentally had 

highest plant height. The number of branches,  

internodal length and plant height reduced in winter 

grown cluster bean as compared with summer 

performance (Rajasekar et al., 2013). 

Stem Girth  

 There was a significant reduction in stem girth in 

cool condition over warm condition with all the 

genotypes. In warm period the plant girth ranged from 

7.2 mm (RGC-936) to 11.6 mm (RGC-1003), while in 

cool weather it ranged from 4.24 mm (RGC-1003) to 

4.74 mm (RGC-936). Among the seven genotypes, 

RGC-1003 recorded maximum stem girthin warm 

periodwith highest reduction (63.39%) in cool weather 

it was the lowest. 

Number of Leaves   

 Number of leaves at harvest ranged from 17.8 

(RGC-986) to 43 (RGC-1066 & RGC-1003) during 

warm period, while it ranged from 9 (RGC-1066) to 

13.6 (RGC-986) during cool period with a mean of 29.8 

(warm period) and 11.9 (cool period) respectively. It is 

interesting to observe that the genotype RGC-986 

recorded lowest number of leaves during warm season 

was  able   to  retain   highest leaf   number  during cool  
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Fig. 1. The reduction (%) of biomass and yield parameters of cluster bean genotypes in cool season over warm season 

 

Table 1. ANOVA of morphological, biomass and yield parameters of guar genotypes-2015 Summer and Rabi 

Parameter Mean sum of squares CV% Error 

Genotypes Seasons G×S 

Morphological Characters 

Plant Height 4037.29** 234.06** 451.15** 3.47 3.38 

Stem Girth 59.56** 17.20** 24.53** 5.97 0.17 

No. of Branches 10.59** 10.41** 9.51** 10.95 0.74 

Root Volume 95.90** 15.84** 24.21** 21.60 0.70 

Root Length 8.64** 6.30** 5.84** 9.24 1.06 

No. of Clusters 780.07** 163.56** 705.12** 7.14 2.23 

No.of. Leaves 4846.76** 5616.13** 4222.76** 29.53 25.03 

Biomass Parameters 

Leaf Weight 31.71** 62.32** 20.32** 5.97 0.17 

Stem Weight 426.58** 210.47** 196.26** 8.85 0.50 

Root Weight 7.30** 1.99** 2.21** 10.70 0.01 

Pod Weight 2688.18** 1130.75** 2797.41** 4.83 1.23 

Total Biomass 6406.28** 3299.53** 5080.21** 4.53 2.29 

Yield Parameters 

No. of Pods 12712.85** 14833.73** 18666.90** 1.97 2.19 

Seed Weight 694.28* 242.62** 702.78** 6.46 0.59 

Test Weight 0.27NS 0.24 NS 1.20** 19.79 0.47 

Harvest Index 2618.14** 106.20** 508.18** 8.79 2.86 
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Table 2. The per se morphological,biomass and yield parameters of cluster bean genotypes in warm and cool seasons 

Parameter Plant Height (cm/pl) Number of Branches Stem Girth (cm) 

Genotypes Warm Cool % Red Warm Cool % Red Warm Cool % Red 

RGC 1003 78.6 30.3 61.45 9.4 6.0 36.17 11.58 4.24 63.39 

HGS365 83.2 36.5 56.13 11.0 8.2 25.45 10.1 4.38 56.46 

RGC 1066 64.8 30.5 52.93 10.4 6.8 34.62 11.52 4.28 62.85 

RGC 1017 69.0 34.0 50.72 8.4 6.6 21.43 7.82 4.48 42.71 

RGC 1025 73.8 34.5 53.25 8.0 7.6 5.00 8.38 4.3 48.69 

RGC 986 65.4 34.6 47.09 7.0 6.2 11.43 9.1 4.54 50.11 

RGC 936 70.0 36.0 48.57 7.2 8.0 -11.11 7.2 4.74 34.17 

Mean 72.1 33.8 53.17 8.8 7.1 17.57 9.4 4.4 51.20 

Min 64.8 30.3 47.09 7.0 6.0 -11.11 7.2 4.24 34.17 

Max 83.2 36.5 61.45 11.0 8.2 36.17 11.6 4.74 63.39 

 Number of Leaves Root Length (cm) Number of pods 

RGC 1003 43.0 9.2 78.60 13.88 11 20.75 172.8 36.6 78.82 

HGS365 33.8 13.0 61.54 14.0 9.72 30.67 182.2 36.8 79.80 

RGC 1066 43.0 9.0 79.07 12.32 9.92 19.48 181 31 82.87 

RGC 1017 26.0 12.0 53.85 11.1 11.4 -2.70 91.4 39 57.33 

RGC 1025 26.0 12.8 50.77 11.2 9.56 14.64 72.4 53 26.80 

RGC 986 17.8 13.6 23.60 11.9 10.44 12.27 54 44.2 18.15 

RGC 936 19.0 13.4 29.47 11.6 10.32 11.03 44.2 28.8 34.84 

Mean 29.8 11.9 53.84 12.3 10.3 15.16 114.0 38.5 54.09 

Min 17.8 9.0 23.60 11.1 9.56 -2.70 44.2 28.8 18.15 

Max 43.0 13.6 79.07 14.0 11.4 30.67 182.2 53 82.87 

 Stem Biomass (g/pl) Root Biomass (g/pl) Pod Weight (g/pl) 

RGC 1003 20.87 1.24 94.06 2.75 0.26 90.55 64.54 5.68 91.20 

HGS365 23.2 2.0 91.38 2.8 0.34 87.90 62.8 5.93 90.56 

RGC 1066 17.45 1.32 92.44 2.14 0.26 87.85 60.46 2.73 95.48 

RGC 1017 8.88 1.8 79.73 1.33 0.38 71.43 28.42 9.13 67.87 

RGC 1025 8.93 1.7 80.96 1.47 0.32 78.23 25.32 6.33 75.00 

RGC 986 13.37 1.94 85.49 1.98 0.38 80.81 19.62 8.1 58.72 

RGC 936 7.0 2.3 67.33 1.3 0.42 68.18 16.5 5.2 68.52 

Mean 14.2 1.8 84.48 2.0 0.3 80.71 39.7 6.2 78.19 

Min 7.0 1.24 67.33 1.3 0.26 68.18 16.5 2.73 58.72 

Max 23.2 2.3 94.06 2.8 0.42 90.55 64.5 9.13 95.48 

 Seed Weight (g/pl) Test Weight (g) Harvest Index (%) 

RGC 1003 33.04 3.16 90.43 3.3 3.84 -16.36 36.26 44.01 -21.37 

HGS365 32.10 2.99 90.68 3.33 3.19 4.30 31.79 36.15 -13.73 

RGC 1066 30.67 1.24 95.96 3.5 3.3 5.71 36.62 28.77 21.44 

RGC 1017 15.56 4.83 68.96 3.5 4.4 -25.71 39.84 42.71 -7.20 

RGC 1025 14.84 3.01 79.71 3.43 3.51 -2.23 41.55 36.05 13.23 

RGC 986 10.29 4.48 56.45 3.23 3.42 -5.77 26.52 42.99 -62.11 

RGC 936 8.55 2.71 68.32 3.27 3.2 2.04 34.36 34.22 0.43 

Mean 20.7 3.2 78.64 3.4 3.6 -5.43 35.3 37.8 -9.90 

Min 8.6 1.24 56.45 3.2 3.19 -25.71 26.5 28.77 -62.11 

Max 33.0 4.83 95.96 3.5 4.40 5.71 41.5 44.01 21.44 

 Vegetative Biomass (g/pl) Fodder Biomass (g/pl) Total Biomass (g/pl) 

RGC 1003 26.6 1.50 25.1 58.1 4.02 54.1 91.14 7.18 92.12 

HGS365 33.6 2.34 31.2 64.3 5.28 59.0 96.38 8.27 91.42 

RGC 1066 23.3 1.58 21.7 53.1 3.07 50.0 83.77 4.31 94.85 

RGC 1017 10.6 2.18 8.5 23.5 6.48 17.0 39.06 11.31 71.04 

RGC 1025 10.4 2.02 8.4 20.9 5.34 15.5 35.72 8.35 76.62 

RGC 986 19.1 2.32 16.8 28.5 5.94 22.5 38.76 10.42 73.12 

RGC 936 8.4 2.72 5.6 16.3 5.21 11.1 24.88 7.92 68.17 

Mean 18.9 2.1 16.8 37.8 5.0 32.8 58.5 8.3 81.05 

Min 8.36 1.50 5.64 16.33 3.07 11.12 24.9 4.31 68.17 

Max 33.58 2.72 31.24 64.28 6.48 59.00 96.4 11.31 94.85 
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season. However, Rajasekar et al. (2013) reported 

increased leaf number in winter season as compared 

with summer in cluster bean. 

Root length  

 At cool weather, maximum root length was 

observed with RGC-1017 (11.4 cm) and minimum with 

RGC-1025 (9.56 cm). In warm weather, the genotype 

HGS-365 (14 cm) registered highest root length and 

lowest in RGC-1017 (11.1 cm). However, it showed 

highest reduction (30.67%) with cool weather. The root 

length of all the selected genotypes was lower during 

cool season as compared with their performance at 

warm season except with RGC-1017 where the root 

length maintained under cool period. From this it is 

evident that higher temperatures are favourable for the 

growth of the cluster bean plants. Similar genotypic 

difference in root length with varied temperatures in 

barley was recorded by Ghazi et al. (2007). 

Number of Pods/pl 

 Under warm condition, the genotype RGC-936 

produced lowest number of pods (44.2), while the 

highest was with genotype HGS-365 (182.2), and 

genotypic mean was 114. Under cool condition, the 

genotype RGC-936 recorded lowest number of pods 

(28.8), where as RGC-1025 recorded the highest 

number of pods (53) with a genotypic mean of 38.5. 

The genotype RGC-936 recorded lowest number of 

pods during both warm and cool seasons while the 

genotype RGC-986 recorded lowest % of reduction 

with cool condition. However, in groundnut crop it was 

reported that increased temperatures decreased pod 

number (Uttam Kumar et al., 2012). In contrast, cluster 

bean being an arid crop, recorded increased number of 

pods with increased temperature. 

Stem Biomass  

All the cluster bean genotypes showed significant 

reduction (>67%) of stem biomass in cool period over 

warm period. The lowest stem weight was recorded in 

RGC-936 (7.0 g/pl) and highest with HGS-365 (23.2 

g/pl) in warm period, while it was with RGC-1003 

(1.24 g/pl) and RGC-936 (2.3 g/pl) in cool periods. The 

reduction in stem biomass in cool period over warm 

period was lowest in RGC-936 (67.3%) while highest 

in RGC-1003 (94.1%). The above observations 

signifies that temperature plays a crucial role in the 

growth of the cluster bean crop. 

Root Biomass  

There was a significant variataion in the root 

weight in warm and cool seasons as well as response of 

each genotype. The lowest root weight in warm period 

was observed in RGC-936 (1.3 g/pl) and maximum in 

HGS-365 (2.8 g/pl), while in cool periods it was RGC-

1003 (0.26 g/pl) and RGC-936 (0.42 g/pl) respectively. 

The reduction in root weight ranged from 68.18% 

(RGC-936) to 90.55% (RGC-1003) in cool season over 

warm season. Ribeiro et al. (2014) observed the 

genotypic variability in castor seedling biomass and 

root growth with temperatures ranging from 20 to 

35°C. Increasing temperature decrease the root to shoot 

ratio, which suggests that biomass allocation between 

below- and above ground parts of the plants was 

strongly affected by the temperature. An increase in 

temperature triggers the mobilization of carbohydrates 

to support the preferred growth of the aerial parts, at the 

expense of the roots. 

Pod weight  

There was a significant impact of thermal 

regimes on pod weight in cluster bean genotypes. All 
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the genotypes showed more than 50% reduction in pod 

weight in cool weather over warm weather. During 

warm weather conditions, pod weight/plant ranged 

from 16.5 g (RGC-936) to 64.5 g (RGC-1003) and in 

cool weather it ranged from 2.7 g (RGC-1066) to 9.1 g 

(RGC-1017) respectively. The reduction was minimum 

in RGC-986 (58.7%) and maximum in RGC-1066 

(95.5%) in cool weather over warm weather. 

Total Biomass  

All the cluster bean genotypes recorded drastic 

reduction of total biomass in cool period over warm 

period. The total biomass of genotypes in warm period 

ranged from 24.9 g/pl (RGC-936) to 96.4 g/pl (HGS-

365) with genotypic mean of 58.5 g/pl, whereas it 

ranged from 4.31 g/pl (RGC-1066) to 11.31 g/pl (RGC-

1017) with a mean of 8.3 g/pl in cool period. Total 

biomass reduced from 68.17% (RGC-936) to 95% 

(RGC-1066) during cool period over warm period. 

Similarly, early sowings with warmer condition 

recorded higher plant biomass in cluster bean 

genotypes than cooler late sown was reported by Singla 

et al. (2016).  

Seed weight  

The response of cluster bean genotypes seed yield 

significantly differed in warm and cool periods. The 

minimum seed weight was recorded in RGC-936 (8.6 

g/pl) and maximum in RGC-1003 (33 g/pl)in warm 

season while it was RGC-1066 (1.24 g/pl) and RGC-

1017 (4.83 g/pl) during cool period respectively. The 

lowest reduction was recorded  in RGC-986 (56.45%) 

and highest in RGC-1066 (95.96%) in cool period over 

warm period with a mean of 78.64%. Similarly, Singla 

et al. (2016) also recorded higher seed yield under 

warmer temperatures in cluster bean genotypes as 

compared with cooler environments. In many temperate 

cereal crops it was reported that with heat stress during 

flowering and grain filling, a decline in grain number 

was directly proportional with increasing temperatures 

(Porter and Semenov, 2005). In the present 

investigation, cluster bean being tropical  arid crop 

performed better in warmer period over cool period.  

Test weight  

There was a significant variation in test weight in 

cluster bean genotypes over seasons. The minimum and 

maximum test weight ranged from 3.23 g (RGC-986) 

and 3.5 g (RGC-1066 and RGC-1017) in warm period, 

while it ranged from 3.19 g (HGS-365) and 4.40 g 

(RGC-1017) under cool period. The genotypes RGC-

1003, RGC-1017 and RGC-1025 showed increased test 

weight in cool period over warm period,  which shows 

that the seeds are bold in these genotypes over the other 

genotypes (Singla et al., 2016) also recorded increase in 

test weight at higher temperatures in cluster bean 

genotypes. 

Harvest Index: The HI of cluster bean genotype RGC-

986 recorded the lowest (26.5%) in warm period and 

RGC-1025 recorded the maximum (41.5%), while in 

cool period it was RGC-1066 (28.77%) and RGC-1033 

(44%) respectively.Though the biomass and seed yield 

of all the cluster bean genotypes significantly reduced 

with cool conditions, the mean performance of 

genotypes for HI improved from 35.3% in warm season 

to 37.8% revealing that cool conditions are impacting 

more of vegetative biomass. Increased HI was recorded 

in RGC-1003, HGS-365, RGC-1017 and RGC-986 in 

cool period over warm period. The genotype RGC-936 

maintained similar HI in both cool (34.22%) and warm 

(34.36%) periods. 
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Vegetative Biomass  

There was a significant reduction in vegetative 

biomass with cooler regimes in cluster bean 

genotypes.The vegetative biomass in warm period 

ranged from 8.36 g/pl (RGC-936) to 33.58 g/pl (HGS-

365), while it was from 1.5 g/pl (RGC-1003) to 2.72 

g/pl (RGC-936) in cool period. The reduction in cool 

period over warm period was in the range of 5.64% 

(RGC-936) to 31.24% (HGS-365) revealing that the 

reduction was increasing with increasing biomass of the 

biomass. Among the genotypes, the genotype RGC-936 

recorded lowest vegetative biomass (8.36 g/pl) during 

warm period and maximum (2.72 g/pl) in cool period 

showing differential imact of temperature on 

genotypes. 

Fodder Biomass  

The fodder biomass at harvest ranged from 16.33 

g/pl (RGC-936) to 64.28 g/pl (HGS-365) during warm 

period, while it ranged from 3.07 g/pl (RGC-1066) to 

6.48 g/pl (RGC-1017) in cool period. The average 

performance of genotypes in warm period reduced from 

37.8 to 5 g/pl in cool period. The reduction in the 

fodder biomass ranged from 11.12% (RGC-936) to 

59% (HGS-365) in cool period over warm period 

revealing that the response of genotypes to cooler 

temperatures are different.  

Conclusion 

The cluster bean genotypes registered significant 

response to cooler temperature with reduced growth, 

biomass and yield. Being an arid legume, it fared well 

under warmer conditions. However, genotypic 

variability was observed and the genotypes RGC-1003, 

HGS-365 and RGC-1066 are more susceptible to 

temperature change than genotypes RGC-1017, RGC-

1025, RGC-986 and RGC-936 making them suitable to 

cultivate under different thermal regimes. 
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