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RESEARCH ARTICLE
Exogenous Plant Growth Regulators on Gas Exchange Parameters and Physiological Traits in Kharif Horsegram (Macrotyloma uniflorum)

	
	ABSTRACT
Horsegram is an important pulse crop grown as Rabi crop in Tamil Nadu and not grown during Kharif season due to absence of flowering. An attempt was made to induce flowering in horsegram during Kharif season using plant growth regulators (PGRs). Field experiment was conducted to study the impact of PGRs viz., salicylic acid (100 ppm), chlormequat chloride (CCC - 250 ppm), mepiquat chloride (250 ppm), tri iodo benzoic acid (TIBA - 200 ppm) and nitrobenzene (0.2%) on gas exchange parameters and physiological traits associated with flowering in horsegram during Kharif season by foliar spray at 25 days after sowing. Among the PGRs, CCC showed its supremacy on gas exchange parameters and physiological traits related with flowering. However, foliar spray of TIBA registered the lowest number of tendrils (2.3) followed by CCC (3.0) compared to other treatments. Higher root length of 16.8 cm and RWC of 82.3% was found in CCC treatment. Among the treatments, CCC registered the highest photosynthetic rate (27.15 µmol m-2 s-1), transpiration rate (18.06 mmol m-2 s-1) and the lowest leaf temperature (26ºC) compared to other treatments. Also, the highest soluble protein content of 13.1 mg g-1 was found in CCC treatment followed by salicylic acid (12.51 mg g-1). Sucrose phosphate synthase (SPS) activity did not show any significant difference between the treatments and also flowering did not take place in any of the treatments. Among the plant growth regulators used, TIBA and CCC registered its positive action on reduced the number of tendrils and leaf temperature, however not enough to induce flowering.



Keywords: CCC, Horsegram, RWC, Soluble protein, Photosynthetic rate, Leaf temperature
INTRODUCTION

Horsegram called as poor men’s crop is widely grown in India. It is a drought tolerant crop, typically adapted to a wide range of soils. Among the pulses grown in India, it ranks third in area covering 17.02 lakh hectares with an annual production of 7.19 lakh tonnes. The national average productivity of horsegram is 494 kg ha-1 (Suthar et al., 2017). 

However, its photo and thermo-sensitive nature does not permit its horizontal expansion in non-traditional regions considered as a major constraint in horsegram production. Rabi is the only season for growing horsegram and second week of October is the optimum time of sowing in Tamil Nadu. Kharif sown crop does not flower and formation of more number of tendrils may be one of the main reasons for non flowering during kharif season.
 Hence, it is not grown in Tamil Nadu during Kharif season.
Induction of flowering in horsegram during kharif season is an immense task and if achieved it is highly valuable for increment of national production. Use of plant growth regulators is one of the possible ways for the induction of flowering. Foliar application of TIBA produced more number of flowers per plant (Abdelkadir et al., 2010) in Jatropha curcas. Sivakumar et al. (2020) reported that the application of nutrient consortium along with CCC induced early flowering compared to control in horsegram. 
Foliar application of cycocel induced early emergence of inflorescences approximately 10 days earlier in chrysanthemum was reported by Qureshi et al. (2018). Nitrobenzene is a new generation plant energizer and induces profuse flowering (Mithila et al., 2012) in tomato. Pacheco et al. (2013) found that the foliar application salicylic acid registered higher number of inflorescences in marigold. Exogenous application of CCC and mepiquat chloride increased the number of flowers by 111% and 141% respectively in groundnut was stated by Vinothini et al. (2018). 

Production of more number of tendrils is a major constraint and it acts as a sink and affects source-sink relationship ultimately flowering. 
Secondo and Reddy (2018) found that the greater proportion of photo-assimilates diverted for vegetative growth rather than reproductive parts leads to more plant height. Above statement clearly indicated that diversion of photosynthates to tendril which is vegetative part of horsegram can arrest the flowering. Based on this background, a study was undertaken for the induction of flowering in horsegram under kharif season using plant growth regulators.
 This was the first attempt made to induce flowering in horsegram during kharif season.

MATERIAL AND METHODS
A field experiment was conducted at Regional Research Station, Tamil Nadu Agricultural University, Paiyur during 2018 to 2020 under rainfed condition
. Horsegram variety Paiyur 2 seeds were sown with the spacing of 30 x 10 cm during first week of July. Plant growth regulators include salicylic acid (SA - 100 ppm), chlomequat chloride (CCC - 250 ppm), mepiquat chloride (MC - 250 ppm), tri iodo benzoic acid (TIBA - 200 ppm) and nitro benzene (NB - 0.2%) were applied as foliar spray at 25 days after sowing along with control maintained with water spray. The experiment was carried out in randomized block design with three replications. 

To measure the root length, the plant was uprooted and the root was taken with minimum damage and the length from the cotyledonary node to the root tip was measured and expressed as cm. Number of tendrils per plant was counted manually in each replications and average was taken. The relative water content (RWC) was estimated according to Barrs and Weatherley (1962) and calculated by using following formula and expressed as per cent.

RWC = [(Fresh weight – Dry weight) / (Turgid weight – Dry weight)] x 100

Measurement of gas exchange parameters was performed by using Portable Photosynthesis System (PPS) (Model LCpro-SD., ADC BioScientific Ltd., Hoddesdon, UK) equipped with a halogen lamp (6400-02B LED) positioned on the cuvette. Third leaf from the top was used for the measurement and replicated thrice. Leaf was inserted in 3 cm2 leaf chamber and PPFD at 1500 μmol photons m-2 s-1, and relative humidity (50-55%) were set. The photosynthetic rate (μmol CO2 m-2 s-1), transpiration rate (mmol CO2 m-2 s-1) and leaf temperature (ºC) were measured between 9 am to 11.30 am and the value was expressed with respective units. Soluble protein content of leaf was estimated as per the method of Lowry et al. (1951) and expressed as mg g-1 fresh weight. Sucrose phosphate synthase activity was determined as described by Pavlinova et al. (2002). Sucrose content was estimated using anthrone reagent as the method modified by Ashwell (1957). Absorbance was measured at 630 nm and the activity was expressed in mg sucrose mg protein-1 h-1. The data on various parameters were analyzed statistically as per the procedure suggested by Gomez and Gomez (1984).
RESULTS AND DISCUSSION
The growth of the plant is determined by the root length 
and hence it is considered as an important parameter for the development process of plants. In the present study, the highest root length of 16.8 cm was recorded by foliar spray of CCC followed by TIBA (15.9 cm) while the lowest length of 13.7 cm registered in absolute control (Figure 1). Longer root length improves water and nutrient absorption from soil and helps growth and development of plant. 

In the present study, root length increased up to 22.6% by the application of CCC. Increment of root length by the application of CCC might be due to the diversion of photo-assimilates to root growth instead tendril growth by its growth retardant nature. Anosheh et al. (2016) observed that the cycocel increased the IAA content which improved the root growth. Present study corroborated with the earlier investigation. 

Fig 1. Effect of plant growth regulators on root length (cm) in Kharif Horsegram
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Tendrils are filamentous organs that permit climbing plants together to their neighbours. Horsegram leaf has specialized organ formed at the terminal position of the leaf is a tendril. Formation of tendrils indicates that the vegetative growth of the plant is continues. Even though tendril is a vegetative part, it is not useful for photosynthesis and flowering, however it utilizes photosynthates for its growth ultimately inhibit flowering. Hence, decrease the number of tendrils is a pre requisite for the induction of flowering. 

In the present study, the highest number of tendrils (6.7) per plant was recorded in control while the lowest number of tendrils (2.3) in foliar spray of TIBA followed by CCC which recorded 3 numbers per plant (Figure 2). It clearly indicated that TIBA reduced the number of tendrils might be due to arresting the apical dominance by its anti-auxin role and CCC through its anti-gibberellin activity.
 Mansuroglu et al. (2009) reported that most plant growth retardants inhibit the growth by arresting the active gibberellins synthesis and reduce unwanted shoot elongation. Foliar application of CCC reduced the number of tendrils in horsegram was reported by Sivakumar et al. (2020). Present study corroborated with earlier findings.
Fig 2. Effect of plant growth regulators on tendril number in Kharif Horsegram
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Exogenous application of CCC increased the photosynthetic rate and transpiration rate in horsegram under kharif season. Among the treatments, CCC recorded higher photosynthetic rate of 27.05 µmol m-2 s-1 followed by salicylic acid (25.52 µmol m-2 s-1) and lower photosynthetic rate of 24.46 µmol m-2 s-1 was recorded by absolute control (Table 1). The photosynthetic rate of a plant is a function of diffusion of CO2 through stomata from atmosphere into chloroplast and the subsequent enzyme reactions. In the present investigation, application of CCC increased the photosynthetic rate up to 10.59% compared to control. The possible reason for the enhancement of photosynthetic rate by the application CCC might be due to the increased transpiration through stomatal opening. Wang et al. (2010) found that the application of CCC prevents chlorophyll destruction in potato and facilitate maintenance of photosynthetic rate. The highest photosynthetic rate was registered by foliar spray of 1% TNAU Horsegram Wonder which might be due to CCC as its constituent which enhanced the photosynthetic rate (Sivakumar et al., 2020). This result corroborated with the present study.

The lowest transpiration rate was recorded in water sprayed control (12.68 mmol m-2 s-1), while foliar spray of CCC registered the highest transpiration rate of 18.06 mmol m-2 s-1. Maintenance of transpiration rate is an essential to maintain the photosynthetic rate and leaf temperature. Among the treatments, CCC increased the transpiration rate up to 42.4% compared to control. This condition is attributed to reduce leaf temperature which helps the plants to tolerate high temperature
. However, application CCC reduced the transpiration rate was reported by Wang et al. (2010) in potato. 

Table 1. Impact of PGRS on gas exchange parameters, RWC and SPS activity in Kharif horsegram

	Treatments
	Photosynthetic rate
(µmol m-2 s-1)
	Transpiration rate

(mmol m-2 s-1)
	Leaf temperature

(ºC)
	RWC (%)
	SPS activity
(mg sucrose mg protein-1 h-1)

	Absolute control 
	24.46
	12.78
	27.4
	73.8
	1.21


	Control 
	24.64
	12.68
	27.6
	74.1
	1.21

	Salicylic acid 
	25.52
	15.30
	26.7
	77.5
	1.25

	CCC 
	27.05
	18.06
	26.0
	82.3
	1.31

	Mepiquat chloride 
	24.95
	14.91
	26.8
	78.6
	1.29

	TIBA 
	24.77
	14.92
	26.9
	76.9
	1.34

	Nitro benzene  
	24.84
	13.15
	27.2
	74.7
	1.31

	SEd
	0.682 
	0.375
	0.302
	1.98
	0.088 

	CD (P=0.05)
	1.377 
	0.809
	0.611
	4.14
	NS 


Leaf temperature is an important physiological trait for plant growth and flower induction. Foliar spray of CCC reduced the leaf temperature compared to unsprayed one. Water sprayed control registered higher leaf temperature of 27ºC
. However, the lowest leaf temperature of 26ºC was found in CCC spray which is on par with salicylic acid (26.6ºC). The increased transpiration rate directly lowers the leaf temperature contributed positively to the plant health. In the present study, leaf temperature was reduced up to 1.6ºC by the application of CCC compared to control. The reduced leaf temperature by the application of CCC might be due to increased transpiration rate which cools the plant. Anosheh et al. (2012) reported that the canopy temperature reduced by the application of CCC in wheat may be due to improving stomatal regulation.

Relative water content (RWC) is an appropriate physiological trait which measures plant water status and also photosynthesis. CCC showed positive impact on RWC compared to control (Table 1). Among the treatments, CCC sprayed plants registered highest RWC of 82.3% followed by mepiquat chloride (78.6%). 
Unsprayed absolute control recorded lowest RWC of 73.8% followed by water spray control (74.1%). RWC is considered as a reliable indicator that reflects the water content of plant and level of hydration (Rosales-Serna et al., 2004). 

In the present study, application of CCC increased the RWC up to 11.5% compared to absolute control. Jiriaie and Sajedii (2012) reported that the CCC application increased RWC in wheat. The present study agreed with the earlier investigation. Even though CCC application increased the transpiration rate, the RWC of the plant could be maintained by the increment of root length to absorb more water from the soil. 
Fig. 3. Effect of plant growth regulators on soluble protein content in Kharif Horsegram
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Rubisco enzyme occupied more than 50 per cent of the soluble proteins in crop plants was reported by Myat et al. (2014). Hence, the soluble protein content is an indirect index for assessing photosynthetic efficiency of crop plants. Among the treatments, foliar spray of CCC registered higher soluble protein content of 13.10 mg g-1 while lower was recorded in absolute control (11.62 mg g-1). An increment of 12.7% soluble protein was observed in the present study by the application of CCC (Figure 3). Bhagure and Tamble (2013) reported that the CCC has the ability to promote the synthesis of soluble protein and enzyme
. An increment of 15.4% soluble protein content was observed in horsegram by the application of TNAU Horsegram Wonder 
which contains CCC as main component (Sivakumar et al., 2020). The present study corroborated with the earlier findings. 

Sucrose phosphate synthase (SPS) is the plant enzyme which plays a major role in sucrose biosynthesis and sustains the assimilatory carbon flux from source to developing sink (Isopp et al., 2000). In the present study, exogenous application of plant growth regulators did not show any significant difference in the SPS activity. Chen et al. (2005) found that SPS enzyme involved in the partitioning of photo-assimilates and regulating the partitioning of carbon between starch production and carbohydrate accumulation in many physiological and developmental processes. Baxter et al. (2003) reported that the increased rates of SPS activity accelerated the flower development and profound impact on flowering. However, none of the plant growth regulators used in this study showed positive effect on SPS activity. This may be one of the reasons for absence of flowering in horsegram under kharif season.
CONCLUSION 

Exogenous application of CCC (250 ppm) showed some positive initiation on the reduced number of tendrils, enhancement of RWC, soluble protein and photosynthetic rate. However, it does not show any positive impact on SPS activity. Hence, it is not enough to produce flowers even in the favorable physiological traits achieved except SPS activity. Further study is required on gene profiling under kharif season to achieve the target. 
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�The title has to be changed in align with the content of the article/traits discussed.


Or the content has to be changed in align with the title. 


If the authors want to relate the traits observed with the flowering behaviour of the crop, then the title has to be changes accordingly.


Not only that, proper and sufficient scientific justifications (not assumptions) are needed for the association of traits studied with the flower induction. For eg. RWC, tendrils number, gas exchange parameters and the selected PGRs on flower induction. 





Also, Horsegram though it is a hardy crop, it flowers only during rabi, the season with lesser light intensity and temperature compared to kharif season. Hence, climatic factors might play a bigger role in influencing the induction of flowering. If such data available, the authors can interpret their results accordingly.


�The authors have to justify the selection of the PGRs for this purpose and their role on the studied parameters/traits with suitable references. Few mentioned references only on flower numbers, early flowering not on the studied traits.


�Reference????


�How the physiology of plants/traits regulated accordingly to induce early flowering?


�What are all the traits this author studied for the induction of such huge number of flowers?


�Reference?. Is there any climatic factors role in the production of more no. of tendrils?


�The title of the paper does not address this objective


�Please indicate the rainfall, rainy days and drought spell if any


� root length, any relevance with the objective??? 


�Any supportive references? In any tendril forming crops?


�If it was so, obviously the no. of branches could have been increased. Any data on no. of branches?


�Was there any heat stress symptoms observed in control or temperature exceeded beyond optimum?


�Is there any relevance in keeping this treatement


�Mean temperature or day temp?. 


�??????


�Commericalised?????


�Scientific justification was not given sufficiently to relate the PGRs used and the traits studied with the induction of flowering. 
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