Gibberellic acid induces early emergence by activating alpha-amylase production and improves yield and quality in potato crop
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ABSTRACT
Potato (Solanum tuberosum L.) is the 3rd and 4th top consumed and cultivated food crop worldwide. Relatively high price of seed potatoes and inability of seed potatoes to emergence constraints a significant yield reduction to potato crop particularly in developing countries (e.g., Pakistan). The aim of this study was to evaluate the influence of gibberellic acid (GA3) on potato crop in inducing early emergence and in improving the morpho-physio-biochemical and yield attributes. We assessed gibberellic acid potential in a randomized completely block design (RCBD), with different levels of gibberellic acid: T0 = control (double distilled water), T1 = GA3 spray at 50ppm and T2 = GA3 spray at 100ppm. It was observed that seed potatoes treated with gibberellic acid showed early emergence and better growth performance as comparison to non-treated. Seed potatoes treated with GA3 at 100ppm induced early emergence by reducing mean emergence time (22.81%) and improved plant height (1.27 folds) as compared to GA3 at 50ppm and to non-treated. However, all other attributes including morphological (root length, root and shoot fresh weight), physiological (photosynthesis, transpiration, stomatal and sub-stomatal conductance) and biochemical (chlorophyll, carotenoids, total phenolic contents and antioxidant scavenging activity) were found maximum under 50ppm GA3 application. Conclusively, seed potatoes treated with gibberellic acid at (50ppm) responded appropriately in improving plants physiology, morphology, bio-chemical and yield related traits. Hence, seed potatoes treated with GA3 (50 ppm) may be recommended for breaking dormancy and inducing early emergence with higher plant growth and yield to benefit from autumn crop season in Punjab, Pakistan.
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[bookmark: _GoBack]INTRODUCTION
Potato (Solanum tuberosum L. family Solanaceae) the “King of vegetables” is an important tuber crop. Globally, it is the 3rd top consumed food crop after wheat and rice (Anwar et al., 2015) It is among the valuable human kind’s food crops. In fact, potatoes have a more favorable overall nutrient-to-price ratio than many other vegetables and are an important staple (Drewnowski, 2013) Worldwide, more than 5000 potato varieties have been cultivated in different parts of the world (Zaheer and Akhtar, 2016). Potato contains an efficient source of carbohydrates, proteins, resistant starch, vitamins and minerals which are essential dietary constituents (Camire et al., 2009).It also contains anti-oxidative properties that helps in preventing human body against degeneration and age-related diseases (Burgos et al., 2009). 
Potato crop has also gained popularity in Pakistan due to its short duration. Potato crop is one of the main cash crops for the farmers in Pakistan and thus plays a trait role in Gross Domestic Product (GDP) of Pakistan (Abbas et al., 2013). The demand for potato crop has been increasing but its productivity is either stagnant or becoming low due to various factors such as inadequate accessibility of quality seed potatoes and due to poor sprouting of seed tubers due to prolong dormancy period (Chindi and Tsegaw, 2019). In Pakistan, potato crop has three growing season during a year. Autumn (October-February) crop is the main potato crop the production share of about seventy five (75%), followed by spring (10%) and summer (15%), respectively. Relatively expensive seed potatoes are imported during November  followed by planting as spring crops leads to delay in emergence partially due to seed potato dormancy and predominantly low winter temperature resulted in slow growth, thereby higher vegetative growth during spring accompanied with less tuber development due to increase in day (˃ 25 °C) and night (˃ 12 °C) temperature. Further, aphid attack may transmit viruses which leads to seed potato deterioration and yield potential reduction (Majeed and Muhammad, 2018). 
Inability of potato buds to sprout due to dormancy of the tuber constitutes a serious problem when the tuber is to be used as seed within 2–3 months of harvest. Different chemicals are being used in breaking seed dormancy like bromoethane (Akoumianakis et al., 2000) and rindite but they are not eco-friendly and causing hazardous impacts to human health (Rehman et al., 2001). Therefore, an economical and safer approach for breaking seed dormancy and triggering sprouting by the utilization of plant growth regulators like gibberellic acid (GA3). GA3 may help early emergence, appropriate haulm growth, thereby disease free seed potato production.  Gibberellic acid (GA3) has proven more effective in emancipating the dormant period especially in sprouting of seed potato:(Carrera et al., 2000; Nadjafi et al., 2006) and maintaining the health and vigor of seed potatoes (Demo, 2002).GA3 is known for its specific involvement in cell enlargement and for the mechanisms of improving both the flowering and fruit growth (Taiz and Zeiger, 2002). GA3  application to plant parts, then tubers broke their dormancy faster as compared to the control (untreated) plants (Alexopoulos et al., 2006). Therefore, by keeping in view the functions of gibberellic acid, we examined the impact of gibberellic acid on early growth, quality and productivity of potato plants under South Punjab environment, Multan, Pakistan.



















MATERIAL AND METHODS
Plant material and GA3 concentration
     A pot experiment was conducted at university research farms, MNS-University of Agriculture, Multan (MNS-UAM), Pakistan (latitude 30° 8'26.93"N and longitude 71°26'35.43"E) during November 2019- March 2020. Seed potatoes viz. FD 81-1 was collected from local farmer. Initially, these seeds were treated with recommended dose of Emesto 24 FS (fungicide) for disinfection. Pots were filled with sandy loam soil that was collected randomly from university research farm. Before filling the pots, the soil was collected randomly for determining the physicochemical analysis as delineated by (Jackson, 2005) (Table 1).GA3 stock solution was prepared as described by (Chindi and Tsegaw, 2019) for which three gram of GA3 was added in 10 ml of ethanol (96%), then double distilled water (DDW) was used to make the final volume up to 1000 ml. The treatment plan was consist of T0= control (DDW), T1= GA3 spray at 50ppm and T2=GA3 spray at 100ppm with 3 replication and 10 plants in each replication. The experiment was repeated thrice. Five plants from each replication was tagged for data collection.


	[bookmark: _Ref66219269][bookmark: _Ref66219122]Table 1: Physicochemical features of soil used for the pot experiment

	Physical
	Chemical 

	Texture
	Saturation (%)
	Organic matter (%)
	     Nitrogen (mg kg-1)
	Phosphorus (mg kg-1)
	   Potassium (mg kg-1)

	Sandy Loam
	         7.8
	         0.78
	   101
	 6.50
	112



Emergence parameter: Mean emergence time (days) was checked on daily bases to collect tuber emergence data. It was calculated by using following formula as described by (Orchard, 1977).

  
Here:
	n=Number of tubers emerged on day
	D=Days in numbers noted from the onset of tubers emergence.
Physical parameters: Shoot length (SL) and root length (RL) were measured with the help of measuring tape and expressed in centimeter (cm). While shoot fresh weight (SFW) and root fresh weight (RFW) were noted via using digital weight balance (OHASU Corporation, USA).
Gaseous Exchange parameters: Gaseous exchange traits comprises of photosynthetic rate (Pn), stomatal conductance (gs), sub-stomatal CO2 (Ci) and transpiration rate (E). They were estimated by CIRAS-3 portable open flow gas exchange system (PP Systems, Amesbury, USA). 3rd top leaf was used for the assessment of these attributes. CIRAS-3 was adjusted at 200 mL min−1 mL airflow rate, 1100 μmol∙m−2∙s−1 concentration of photosynthetic photon flux, 90± 5 kPa atmospheric pressure rate and 390 ± 5 μmol∙mol−1 CO2 concentration rate. 
Biochemical parameters: Leaf samples were used for biochemical analysis. Total phenolic contents (mg GAE/100 g) and antioxidant scavenging activity (% Inhibition) were assessed by Folin-Ciocalteu and 1, 1-diphenyl-2-picrylhydrazyl (DPPH), as outlined by (Razzaq et al., 2013) via using spectrophotometer (CE-7400S, Germany) at 765nm and 517 nm. Additionally, chlorophyll a and b absorbance was recorded at 662nm and 645nm while total carotenoids were recorded at 470 nm via spectrophotometer (CE-7400S, Germany) by adopting the procedure described by (Lichtenthaler, 1987).

Yield parameters: Average tuber length and width were recorded with the help of vernier caliper (Mitutoyo Corporation, Japan) while average tuber plant yield (gram/plant) was estimated by digital weight balance (OHASU Corporation, USA) having readability of 0.01 gram.

RESULTS 
Mean emergence time (Days): Supplementation of GA3 significantly (P < 0.05) influenced the mean emergence time (days). Overall, mean emergence time was reduced by GA3 application (Figure 1). Seed potatoes treated with GA3 at higher doses (100ppm) and at lower doses (50ppm) reduced the emergence time about 53.44% and 39.67% respectively as compared to control.	
Morphological Traits: Physical attributes such as shoot length (SL), shoot fresh weight (SFW), root length (RL), and root fresh weight (RFW) were significantly (P < 0.05) influenced with GA3 implication. SL was significantly improved with GA3 at 100ppm (2.2 folds) as compared to control. Irrespective to this, RL, RFW and SFW was considerably improved at lower dose of GA3 (50ppm) in comparison to GA3 at higher doses and control (Figure 2). A significant increase in RL (1.59 folds), RFW (1.91 folds) and SFW (2.36 folds) was observed when seed potatoes were treated with GA3 (50ppm) as comparison to untreated plants. 

Physiological Attributes: Gaseous exchange attributes were significantly (P < 0.05) improved by GA3 supplementation. A noticeable increase in Pn (1.92 folds), E (1.77 folds), gs (1.51) and Ci (1.28 folds) was recorded when plants were treated with GA3 at lower doses (50ppm) as comparison to control. Overall, GA3 at 50ppm performs well in comparison to GA3 at higher doses (100ppm) and control (Figure 3).

Biochemical Analysis: Biochemical attributes (chlorophyll (a) and (b), carotenoids, total phenolic contents and antioxidant scavenging activities) were significantly affected by GA3 supplementation. Supplementation of GA3 at (50 ppm) caused a significant improvement in chlorophyll (a) (2.26 folds) and (b) (1.57 folds) carotenoids (1.48 folds), total phenolic contents (1.21 folds) and antioxidant scavenging activities (1.55 folds) over control. Conclusively, biochemical traits performed well where GA3 was supplemented @ 50ppm as compared to control and GA3 with 100ppm (Figure 4).

Yield related Attributes: Foliar spray of GA3 significantly (P < 0.05) influenced yield attributes (tuber length, width and tuber yield). Seed potatoes treated with GA3 at 50ppm caused a significant improvement towards yield and its components. A considerable increasing trend of tuber length (1.25 folds), width (1.14 folds) and yield (1.85 folds) was noticed as comparison to control. Conclusively, gibberellic acid at lower doses (50ppm) exhibited better performance as compared to control and GA3 with higher dose (100ppm) (Figure 5).
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[image: ][bookmark: _Ref66220787]FIGURE 1  Influence of GA3 on mean emergence time (Days). Graph bars sharing different letters are significant at P ≤ 0.05.
[bookmark: _Ref66221416]FIGURE 2 Impact of GA3 on physical parameters of potato crop. Graph bars with different letters are significant at P ≤ 0.05
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[bookmark: _Ref66222337]FIGURE 3 Physiological attributes influenced by GA3 supplementation. Graph bars with unalike letters are significant at P ≤ 0.05.
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[bookmark: _Ref66226502][bookmark: _Ref66226495]FIGURE 4 Biochemical attributes influenced by various GA3 supplementation. Graph bars sharing different letters are significant at P ≤ 0.05.
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[bookmark: _Ref66226675]FIGURE 5 Yield traits as influenced by different GA3 supplementation. Graph bars having non-similar letters are significant at P ≤ 0.05.


















DISCUSSION
Plant’s morphological and physiological attributes are affected by the interference of PGRs particularly GA3 (Papadopoulos et al., 2006). Previous reports has illustrated that GA3 supplementation improves the vegetative phase of plants in various crops such as in okra (Ayyub et al., 2013), tomato (Kumar et al., 2014) and cucumber (Pal et al., 2016). Similarly, in present study, significant variation was observed in emergence and physical parameters with foliar application of GA3 as compared to control (Figure 1 and  2).The decreasing trend in days to emergence were possibly due to the impact of starch hydrolysis with the production of sugar contents that aids in releasing seed dormancy. This phenomenon leads to tuber sprouting and hence helps in early emergence (Barani et al., 2013). In this study, the improvement in vegetative parts may attributed as a product of protein, DNA and RNA synthesis (Taiz and Zeiger, 2002). This may also be a result of early cell division and cell elongation as stimulated by gibberellins (Taiz and Zeiger, 2010).
GA3 plays an integral role in the stimulation of plants physiology (Varier et al., 2010). Like presented study, physiological attributes including photosynthetic rate (Pn), transpiration rate (E), stomatal conductance (gs) and sub-stomatal CO2 (Ci) were improved in GA3 treated plants as compared to control. The improvement in these components might be due to enhanced Rubisco activity that regulates the CO2 intake (Yuan and Xu, 2001). The improvement in nutrient status particularly sulfate anion contents (K+) with increasing GA3 concentration has also been reported by (Pérez-Jiménez et al., 2015) and (Husain et al., 2018). Another possible reason for the increase in physiological traits is the availability of potassium mineral which is directly involved in the activation of enzymes and ATP synthesis (Ul-Allah et al., 2020). However, GA3 supplementation at higher concentration (100ppm), these traits were reduced as compared to lower GA3 supplementation (50ppm) but superior to control. The possible statement for this declination may be the plants altered response towards photosynthesis production via increasing the shoot partitioning (Ayad et al., 2018).
Chlorophyll is the most imperative parameter that plays a vital role in photosynthetic capacity (Zheng et al., 2018). Several reports has reported that GA3 has a promoting impact on chlorophyll and carotenoid contents (Mukhtar, 2008); (Prajapati et al., 2015) and (Azab, 2018). However, decrease in chlorophyll contents by GA3 supplementation has also been illustrated in many crops such as in eggplant (Magdah, 2016). However, in existing study, GA3 treated plants exhibited higher chlorophyll (a and b) and carotenoid contents in comparison to control. The possible answer for this enhancement is due to the improvement of ultra-structural morphogenesis of plastids coupled with retention of chlorophyll (Ahmad, 2010). Additionally, the chlorophyll contents were lower when GA3 was sprayed at higher doses (100ppm) as comparison to lower doses (50ppm) but succeeded in achieving higher chlorophyll contents over control. This improvement of GA3 at 100ppm over control may be accredited to the inhibition of chlorophyll degradation by down regulation of Mg-dechelation and peroxidase (POD) activities while maintaining the lipoxygenase (LOX) activity (Li et al., 2010). The deleterious impact of gibberellic acid at high concentration (100ppm) might be as a combined effect of stem elongation and thickness that leads to decline in leaf size and resulted to a pale green color (Taiz and Zeiger, 2010).
Estimation of DPPH radical scavenging activity and total phenolic compounds (TPC) are directly linked with antioxidant activities. Higher TPC is directly correlated with antioxidant activity because phenolic compounds act as a good free radical scavengers via donating their hydrogen to free radicals (Ali et al., 2012). During current study, significant improvement in phenolics and antioxidant scavenging activity were observed in GA3 treated plants at lower concentration (50 ppm) relative to higher GA3 concentration (100ppm) and control (DDW) (Figure  3a ,4a,) which might be due to the improvement in chlorophyll and photosynthetic rate. This combined impact stimulates the C02 flow and Rubisco activity that might mitigates reactive oxygen species (ROS) production. Another reason for the enhancement in antioxidant scavenging activity was the presence of DELLA protein that prevents the plants from oxidative stress (Achard et al., 2008) and (Jusovic et al., 2018). Additionally, the plants treated with higher concentration of GA3 failed to scavenge free radicals that leads to oxidative damage and ultimately cell death (Fath et al., 2001). The same observation was depicted during current study as reported by (Fath et al., 2001) at higher GA3 acid concentration.
Yield is an important aspect for any crop. In present study, yield and yield related parameters (tuber length and width) were significantly (P≤0.05) affected by GA3 foliar application. In past, deleterious effects of GA3 at higher doses on yield in various crops has been reported i.e. sweet pepper (Pérez-Jiménez et al., 2015). Similarly in present study, yield attributes were maximum where GA3 was sprayed at lower concentration (50ppm) as comparison to control (DDW) and GA3 at higher concentration (100ppm) (Figure 5). This can be attributed to the decrease in reserves of the GA3 treated plants at high dose. This might create competition and thus no more storage reserves available that plants can use to improve their size (Singh and Singh, 2006) and (Qureshi et al., 2013). Decline in yield and in its components at higher GA3 dose may be accredited to the over expression of genes particularly StCYP707A1 that negatively effects potato tuberization (Liu et al., 2017).
CONCLUSION
In this study, the foliar application of gibberellic acid induces a significant variation as compared to untreated plants. GA3 at high dose (100ppm) induces early emergence and improves plant height relative to low dose (50ppm) and control. However, gibberellic acid at 100ppm were unsuccessful in improving the morpho-physio-chemical and yield attributes as compared to GA3 at 50ppm. Conclusively, GA3 supplementation at lower dose 50ppm improves all above parameters. This improving impact might be attributed to the higher generation of antioxidative properties and total phenolic contents via reducing reactive oxygen species (ROS) and by maintaining rubisco activity that regulates the flow of carbon dioxide (CO2).
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