
Seed enhancement techniques for seedling establishment and increased productivity              

of early sown carrot under high temperature conditions 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 



 



 



 

 

 



 



 



 

 



 

 

 

 

 



                                                                    ABSTRACT 

Carrot (Daucus carota L.) having a family of Umbelliferea, is a winter crop and is used fresh or in 

processed form throughout the world. For early carrot production, problem of seed germination exists 

due to high temperature at the start of August in Punjab, Pakistan. To cope with the issue, a 

comprehensive research was performed at Institute of Horticultural Science, University of 

Agriculture, Faisalabad. The present study had focused to enhance high temperature tolerance in 

carrot seed that resulted in better germination by using pre-sowing seed treatments. For the purpose, 

Seeds of carrot cultivar T-29 were primed with various concentrations of different chemicals, i.e GA3, 

Kinetin, IAA, SA, KNO3 or with distilled water, and evaluated in laboratory (35±2 oC) in comparison 

with unprimed seeds (control)to optimize the best concentration (priming dose) from each chemical 

under high temperature stress (35±2 oC) in term of final germination percentage and other related 

traits. Pre-sowing seed treatments significantly improved almost all the parameters under study i.e., 

SA 0.1 mM followed by GA3 0.05 mM and KNO3 50 mM showed promising results for seed 

germination and seedling vigour related attributes. Two best performing doses from each chemical, 

which gave maximum germination under high temperature stress in Laboratory, were selected for 

field evaluation. Seed inoculation was also performed with azotobactor. Thereafter, primed, 

inoculated and unprimed seeds tested in the field under RCBD and treatment means were analyzed. 

All the pre-sowing seed treatments enhanced the final emergence percentage. Carrot root quality 

(colour, diameter, weight and length), sugars (reducing, non-reducing and total sugars, TSS) ascorbic 

acid contents, antioxidants enzyme activities, malondialdehyde contents, total phenolic, total 

antioxidants, photosynthetic rate, transpiration rate, stomatal conductance and water use efficiency of 

plants were positively improved by pre-sowing seed treatments, SA 0.1 mM performed the best 

followed by GA3 0.05 mM. In the field condition, maximum emergence (33.2%) was achieved with 

GA3 0.05 mM followed by SA 0.1 mM 30.5%, priming treatments in comparison with control 

(14.8%), while carrot root yield was enhanced upto (2.82 kg/12.5 ft2 against 0.1 mM SA priming 

treatment) as compared to unprimed seeds (1.72 kg/12.5 ft2). It was revealed that carrot seed priming 

with SA 0.1 mM solution and/ or GA3 0.05 mM solution could be a good strategy for enhancing 

emergence with healthy seedlings and establishment as well as further growth and production of early 

carrot crop at high temperature. 
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Chapter 1             INTRODUCTION 

Carrot (Daucus carota L.) is an important crop, mostly used in fresh form and sometimes 

processed. The name of carrot, originated from French word “carrote”, which was derived 

from Latin word “Carota” that has a meaning of a perennial plant, extensively cultivated, for 

long conical edible roots while, genus “Daucus” consist of 25 species and is presently 

considered as leading genus in the umbelliferea (to which carrot belongs) family (Bhale, 

2004; Rubatzky et al., 1999; Northolt et al., 2004 Luo et al., 2014). Carrot is native to (South 

Asia), now is going to very popular in other countries. Its importance is due to its high 

nutritional value (Hassan et al., 2005). It is rich in bioactive compounds, like carotenoids 

with dietary fibers as well as noticeable levels of numerous other functional components 

accompanied with health-promoting characteristics, such as carotene, lycopene, anthocyanin, 

xanthophyll, thiamine, riboflavin, antioxidants, and minerals. Falcarinol is a fatty alcoholic 

compound present in carrot roots and it is thought to reduce cancer hazard (Kobaek-Larsen et 

al., 2005). 

Carotenoids (β -carotene is a precursor of Vitamin A) are assumed to have a lot of actions, 

which are directly associated to the reduced risk of some degenerative human diseases. 

Deficiency of vitamin A is still figured one of the predominant deficiencies, which affects 

children, particularly in developing regions of the world. Lack of vitamin A is causes a 

severe visual damage or blindness. It increases the risk of illness and even it could cause a 

death from these prevalent childhood infections such as diarrhea and measles (WHO, 2017). 

Worldwide, it is thought that around 30% children of less than five years ages are suffering 

from deficiency of vitamin A while almost 2 % of deaths are attributed to such deficiencies 

in this age group (Stevens et al., 2015). Approximately, 40 % of Pakistani children of less 

than five years age are also vitamin A deficient and malnourished (Sher, 2004). Women in 

developing countries or in substantial risk areas are vitamin A deficient, specially during the 

last trimer, when demand is highest by mother and foetus. Mother’s deficiency for vitamin A 

is confirmed by the high commonness of night blindness (WHO, 2017). Vitamin A transfer 

by milk through breast feeding from mother to child, mainly depends on the mother’s status 

and therefore, deficiency frequently develops at early stage in the life (Engle-Stone et al., 

2014; Stoltzfus et al., 1995), mostly in the populations which consume a diet which is short 

http://en.wikipedia.org/wiki/Daucus_carota
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in provitamin A (carotenoids) or populations susceptible to infections that may lead to lower 

intake of vitamin A stores (Alvarez et al., 1995; Mitra et al., 1998a; Mitra et al., 1998b). 

China is top ranked country for carrot production with 19 million tonnes out of 37 million 

tonnes total world production (FAO, 2013). While, in Pakistan 227.075 thousand tonnes of 

carrots were produced on area of 13.4 thousand hectares during 2015. Punjab is a leading 

province in terms of carrot production (149.984 thousand tonnes), that contributes more than 

66% in total carrot production of country (GOP, 2016). Cultivation of carrot crop is a 

profitable outcome for the farmers in Punjab province of Pakistan. Mostly, farmers grow it 

on small scale i.e., around 1-5 acres, indicating that majority of farmers grow it for the local 

market (Ahmad et al. 2012). Although it is a winter crop, usually sown during October, but 

to earn higher profits, farmers sow it during August-September. Temperature during August-

September is high that causes germination problem. To get optimum plant population, 

farmers use high seed rate (1.5 to 2 times more) as compare to normal seed rate but poor seed 

germination is still a problem.  

    Table 1.1 Seasonal month-wise (whole-sale) prices of carrot in main market-Punjab-Pakistan 

 

   Numerals in each (month) column show the prices of carrot (Rs./ 40 kg), while  month of 

November representing highest carrot root prices that was targeted in present study as early crop 

(GOP, 2016). 

Carrot crop is usually established by direct seeding and therefore, high or low temperature 

may lead to poor stands.  In tropics, carrot production is susceptible to damage due to high 

temperature stress during germination/emergence and/or stand establishment (Vieira et al., 

Market/Year 

November 

(Early crop)  

      Dec                Jan                  Feb 

                       

Mid-season crop  

March 

(Late crop)  

2010-11 - - 225 291 194 

2011-12 1164 900 495 323 620 

2012-13 953 476 454 350 238 

2013-14 1182 486 453 490 718 

2014-15 1154 984 719 601 730 

Rs. /40 kg 
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2005). High temperature ≥35oC during or after seeding may completely inhibit or delay 

carrot seed germination as well as reduced uniformity ultimately resulting in  poor stand 

establishment (Nascimento and Pereira, 2007).  At advanced stage of plant life, increment in 

temperature (high) could pose negative effect on photosynthesis, respiration, water relations 

or membrane stability and can alter endogenous levels of plant growth hormones and 

primary/ secondary metabolites (Wahid et al., 2007). Most of the commercial carrot cultivars 

exhibit very low seed germination at high temperature (Pereira et al., 2007). An alternating 

day and night temperature (30oC and 20oC) for the period of 8 h and 16 h is  recommended 

for proper germination (AOSA 1993). 

Rate of emergence of seedlings along with vigor lead to influence the yield and grades of 

carrot crop, therefore uniform and rapid emergence of seedling is desireable (Kaur et al., 

2005). Seed enhancements are very convenient pre-sowing seed treatments that enhance 

germination, growth of seedlings. Actual aim of said treatments is to curtail the time between 

planting and germination/emergence, and curtail the negative impact of biotic and/ or abiotic 

factors during crucial phase of establishment of seedling. 

Seed priming by defination is a controlled/precised soaking of seeds under aerated conditions 

to persuade required metabolic activity crucial for germination but radical ptotrusion from 

seed coat is proscribed. The seeds are then desiccated to their initial moisture level. Priming 

may have association with increased protein synthesis, repairing and building up of 

membrane and nucleic acid (McDonald, 2000). Under averse environmental conditions, seed 

priming boosts rapid and uniform germination and/ or emergence of seed (Nascimento, 2003) 

and benefits have also been found for subsequent seedling growth (Caliskan et al., 2012). 

The seeds which were primed, usually express better germination (Hardegree and van 

Vactor, 2000) or emergence (Ayda et al., 2013) parameters, particularly under unfavourable 

or stressful regimes (Ghassemi-Golezani et al., 2012) 

Seed enhancement can be done in diverse ways by using water as hydro-priming (Afzal et 

al., 2002), salt solutions as halo priming (Nawaz et al., 2011), hormonal solutions as 

hormonal priming (Khan et al., 2009) and osmoticum such as PEG (6000, 8000, 1000) or 

seed inoculation with PGPRs (Tiwari, 2009).  
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Carrot seed priming has known to improve germination but studies regarding its impact on 

induction of abiotic stress tolerance are rare. Therefore, keeping in view the dearth of 

research on usage of seed enhancement techniques (such as seed priming or seed inoculation 

with PGPRs) to augment germination, early seedling establishment and yield of carrot at high 

temperature, this research was planned.  Main objective of this study were: 

1- Optimization of diverse pre-sowing seed (priming) treatments for carrot under high 

temperature conditions. 

2- To evaluate the effect of different priming techniques on subsequent seedling growth, 

yield and quality of carrot at high temperature under field condition. 

3- Profit maximization of carrot growers by enabling early carrot production. 
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Chapter 2       REVIEW OF LITERATURE 

2.1 Heat stress and seed germination  

Heat stress is one of the main abiotic stresse that could affect crop production or yield 

drastically in arid and semiarid areas. Seed germination as well as seedling growth are the 

major stages that are most sensitive to adverse environment e.g., elevated temperature. Heat 

stress creates hostile physiological as well as biochemical alterations in seed during 

germination. It can affect the seed germination process and subsequent stand establishment 

through oxidative stress, osmotic stress and ion-specific effects. Abiotic stresses particularly, 

high temperature delays or inhibit the germination process through reducing water 

availability, affecting the structural organization of proteins, and changing or creating 

imbalance for mobilization of stored reserves inside the cells.  

2.1.1 Germination and early stand establishment (Physiological response of stress) 

Most of the seeds required an optimum temperature in the ranges of 15 to 30 oC for 

germination. Studies revealed that very low temperature reduced the germination ability and 

cause delayed germination process. In the same way, extreme temperatures also reduce or 

inhibit germination by delaying time for germination. Researchers showed that reduced 

germination at low temperature was due to prevention of radicle protrusion under such 

condition while, high temperature become a cause of great decrease in seed reserve 

utilization efficiency that reduce seed reserve mobilization to seedling tissues. Researchers 

found that very high temperature might provoke acute cellular injury and decease may also 

occur within few minutes, and finally ascribed as catastrophic collapse of cellular 

organizations (Schoffl et al., 1999). 

Direct injuries caused by heat stress are denaturation of proteins and aggregation as well as 

increase in the fluidity of membrane lipids while, indirect or slow heat injuries could cause 

protein synthesis inhibition, importantly inactivation of enzyme in mitochondria or 

chloroplast, degradation of proteins and finally membrane integrity loss. 
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2.1.2 Hormonal Modulation  

Hormones homeostasis, content, stability and compartmentalization are changed by heat 

stress (Maestri et al., 2002). The most commonly known stress hormones are Ethylene and 

Abscissic acid. As a signal molecules, they are implicated in the regulation of the many 

physiological properties. Under environmental stresses e.g. high temperature, cause increased 

in ABA level. 

2.1.3 Compatible osmolytes 

An important and adaptive mechanism of plants which are grown under abiotic stresses e.g. 

drought or high temperatures, is the accumulation of organic compounds with low molecular 

mass, commonly referred as compatible solutes (Glycinebetaine GB and proline). 

Accumulation of these osmolytes enhances tolerance of plant under stress (Essemine et al., 

2010). 

2.1.4 Biochemical and molecular responses 

Enzymatic activity, particularly peroxidases considered as a biochemical marker of stress 

varies according to temperature during seed germination of crop plants (Jbir et al 

2001:2002). Resistance to heat stress and stimulation of peroxidase enzyme is possibly 

arbitrated by synthesis of heat shock protein (HSPs) under the stress environment and HSPs 

recognized for protection of normal protein from the effect of denaturation under stress (Jinn 

et al., 1989). 

High temperature stress generates some oxidative imbalance by accumulation reactive 

oxygen species. Dehydration occurs with reduction in the size of whole cell and resulted in 

ROS accumulation inside many compartments of cell leading to protein and cell membrane 

injury. Reactive oxygen species includes superoxide radical (O2
-), hydrogen peroxide (H2O2), 

singlet oxygen (1O2) and hydroxyl radical (OH-). All these species are indications of cellular 

injury caused by high temperature (Wahid et al., 2007) 

Plants have antioxidant defense system to cope with ROS upto tolerable level which includes 

ROS scavenging enzymes e.g., antioxidants, ascorbate peroxidase (APX), superoxidase 

dismutase (SOD) and catalase (CAT). These enzymes are also present in all compartments of 
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cell and are vital for scavenging the ROS generation for survival of plant cell under stress 

conditions (Mittler et al., 2004). Increased activity of antioxidants enzymes and low activity 

of MDA contents contributes for thermotolerance (Mansoor and  Naqvi, 2013). 

Moreover, activity of superoxide dismutase (SOD), acid phosphates (AP), guaiacol 

peroxidase (POX) is also increased but in case of catalase (CAT) decreased during high 

temperature stress (Naji and Devaraj, 2011). 

 2.2 Seed enhancements 

2.2.1 Seed priming 

There are many techniques which can be used for improvement in seed emergence and stand 

establishment under abiotic stresses. Seed priming is a most frequently applied technique to 

cope such problems. Pre-germination with essential metabolic processes stimulated by seed 

priming which prepares the seed for radicle protrusion. Antioxidant system activity enhanced 

by the priming which result in repair of membranes and that ultimately improve seed vigor 

during seed germination or emergence under abiotic stresses (Ibrahim, 2016). Water 

penetration into seed through seed coat comprised of three phases. During first phase, seed 

absorb abundant water very rapidly while, in the second phase, some metabolism activities 

starts, so water penetration is quite low at this stage. Water penetration again becomes higher 

in third phase so during this phase seed becomes intolerant to desiccation and finally, radicle 

protrusion occurs. Therefore, seed priming should be stopped after the completion of second 

phase and re-dried to their original moisture level so when these primed dried seeds sown for 

actual plantation, they directly start from phase three, absorb abundant water and emerge 

rapidly (Edwards, 1971; Rodrigues et al., 2008). 

Due to occurrence of biotic and abiotic stresses in numerous crops, seed germination and 

prior seedling establishment are the utmost critical stages. Abiotic stresses e.g salinity, heat, 

drought and cold can slowdown the onset, decrease the rate and may rise the dispersal of 

germination trials that ultimately lead to reduce plant growth and crop yield. These adverse 

effects of stresses can be minimized by several procedures by the use of diverse seed priming 

techniques. By definition, seed priming is a procedure which involves controlled hydration of 

seeds under aerated/bubbly conditions required to persuade metabolic activity crucial for 



8 
 

germination and/ or emergence but radical protrusion is prohibited. Even under unfavourable 

conditions of environment, seed priming encourages even and fast seed 

germination/emergence (Nascimento, 2003). In many cases, priming directed to earlier field 

emergence that resulted in prior maturation of crop (Haigh and Barlow, 1987). Growth 

advantages instigated by priming can be credited totally to the earliness in emergence of 

primed seeds.  

 

 

        Fig. 2.1. Diagram for normal seed germination alongwith seed priming procedure (Rajjou et al., 2012) 

2.2.1.1 Metabolic activity during priming process 

Metabolic activity is increased during conversion phase of germination. Increased respiration 

of seed estimated by utilization of oxygen (Mohapatra and Jhonson, 1985). During imbibition 

respiration rises but endure constant in transition phase. The proteins, sugars and lipids start 

degradation to supply required amount of energy, but oxygen consumption rate remain 

constant (Simon, 1984). Key components which influence respiration of seed during 

germination are water, availability of oxygen and most importantly temperature. As 
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transcriptional activity increases, it results in huge amount of RNA. Ribo Nucleic acid is 

produced in aleurone tissue due to the activity of hydrolytic enzymes and further it is 

secreted into endosperm (Stewart et al., 1988). In dry seeds, rRNA found in minute quantity 

and it begins to increase as seeds exposed to moisture as in imbibition (Koshiba et al., 1986). 

DNA concentration in seeds remain constant at initial stage of transition phase as compared 

to rapid RNA and protein synthesis (Simon, 1984). 

2.2.1.2 Radicle emergence and priming 

Germination of seed that generally arise in feasible but non-dormant seed under conditions 

which are convenient and favourable is the initiation of first growth stage (Hadas, 1982). 

According to the observation of Haig and Barlow (1987) with the degradation of storage food 

(reserves) and/or seed coat, mechanical resistance of endosperm decrease that allows radicle 

emergence, so it is an increment in the water potential of embryo which ensures the 

emergence of radicle. 

2.2.1.3 Physiological and/ or biochemical aspects of seed enhancement 

2.2.1.3.1 Protein 

Seed priming permits various events of germination to continue. Smith and Cobb (1991) 

primed the seeds of sweetcorn and attained increased amount of proteins, isocitrate lyase 

activity, aldolase with higher glucose-6-phosphate dehydrogenase and lesser activity alcohol 

dehydrogenase in primed seeds. Peanut seed priming also became a source of increment for 

the activity of isocitrate lyase that is responsible for lipid reserves mobilization following 

germination (Fu et al., 1988). In leek seeds protein synthesis started in the storage organ and 

embryo with seed priming while, primed sweetcorn seeds enhanced the activity of  alpha 

amylase and beta amylase and priming also triggered the protein synthesis in wheat (Sung 

and Change, 1993). Cauliflower seeds when hydro primed , showed increased synthesis of 

protein mainly in radicle tip. Though, when axes were imbibed, synthesis of protein showed 

increment but not as much as in unprimed cauliflower seeds germination on water (Fujikura 

and Carassen, 1992). Water soaked seeds exhibited a higher membrane intergrity that could 

be due to reduced sugers leakage and low electrical conductance of seed leachates (Rudrapal 

and Nakamura 1998). 
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2.2.1.3.2 Nucleic Acid 

Fluctuation in DNA increase during priming process shiwn that it could be dependent on a 

seed lot (Gurusinghe et al., 1999). Bray (1995) observed increased RNA content in 

osmoprimed leek seeds and it is also exhibited in tomato seeds (Coolbear and Mcgill, 1990), 

possible reason of this increase could be a synthesis of rRNA and on the other hand, mRNA 

contents proven to remain constant during this process (Clarke and James, 1991). Bray et al. 

(2000) reported that osmoprimed tomato seeds caused improvement in rRNA integrity and it 

facilitate synthesis of protein that allows further germination of seed. During osmopriming, 

synthesis of DNA up to 70% to 80% actually represented plastids and/ or mitochondrial 

DNA. This process almost persistent during the post-priming period (Ashraf and Bray 

(1993). 

2.2.1.3.3 Enzyme 

Seed priming might enhance enzymatic activity and it could counteract lipid peroxidation 

effects. Priming showed increased activity of amylase and dehydrogenase in soybean seeds. 

During priming process alpha amylase (de novo) synthesis is also listed (Saha et al., 1990; 

Lee and Kim, 2000). Kamithi et al. (2016) observed that hydro and halo priming may 

triggered enzyme production that leads to improved or increased enzymatic activity after 

sowing and that caused better seed germination.  Germination rate and total sugars were 

possibility corelated with the activity of alpha amylase. Enzymes, esterase and phosphatase 

activities were enhanced by osmoconditioning. Seed treatments caused qualitative change in 

esterase, 3-phosphoglyceraldehyde dehydrogenase, acid phosphatases and mainly in soluble 

proteins as shown by electrophoresis (Rudrapal and Nakamura, 1998). Antioxidant enzymes 

activity as POX and CAT were enhanced with Salicylic acid treatment in Brassica species 

under heat stress conditions (Kaur et al., 2009).   
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2.2.1.3.4 Sugars 

Afzal et al. (2009) halo primed marigold seeds and reported increased seed germination and 

improved seedling establishment and primed seeds exhibited lower level of electrical 

conductance of seed leachates, increased alpha amylase activities as well as high reducing 

sugars or total sugars. While (Lee and Kim 2000) primed rice seeds and observed higher total 

sugar contents but decreased reducing and non reducing sugars. A possible correlation was 

found among total sugars, reducing sugars and enzymatic activities with seed germination 

and seedling vigour. In fine rice seeds (Basra et al., 2005) observed the alike findings. 

2.2.1.3.5 Repair during seed vigour enhancement 

During imbibition phase, a substantial evidence exists that the restoration of membrane, RNA 

(Tilden and West, 1985), DNA (Sivritepe and Dourado, 1995), enzymes (Jeng and Sung, 

1994) and proteins (Dell’Aquila and Tritto, 1991). During hydration, repairing process of 

seeds occurs. After that, repaired seeds are allowed to dry for handling and then benefits of 

repairing process are taken as these seeds complete their germination. However, newly 

harvested osmoprimed muskmelon seeds which were presumably non-deteriorated exhibited 

a great development in term of seed performance (Welbaum and Bradford, 1991). Seed 

priming is assumed to a source of enzymatic activities and it counteracts the lipid 

peroxidation effect. 

2.2.1.3.6 Phenolic Compounds 

Phenolic compounds or called secondary metabolite (due to adaptation to abiotic and/or 

abiotic stresses are naturally synthesized in plants (Pitchersky and Gang, 2000; Harborne and 

Wilaims, 2000). These compounds emphasis on stress and are free radicles scavengers as 

well as strong antioxidants which provide protection against oxidative damage. Halliwell, 

1996). As antioxidants, phenolics or flavonoids mainly depend on attached hydroxyl group 

and their properties of oxidation or reduction (RiceEvans et al., 1997). Many groups of 

phenolics are presents but some common some common phenolics which are found in foods 

are flavonoids, phenolic acid, stilbene, lignans, tannins and coumarins (Harborne, 1993). 
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2.2.1.3.7Ascorbic Acid 

Ascorbic acid is also known as vitamin C, it plays an important part against oxidative stress 

(Giovannucci, 1999). It is a strong antioxidant, protects membrane from oxidative damage, 

scavenge free oxidants and radicles and it also works in bounding with vitamin E to prevent 

oxidation of low density lipoprotein. Furthermore, ascorbic acid facilitates proper functioning 

of some enzymes. 

 

Fig. 2.2. Model (for the establishment of ‘priming memory’) as it contributes to germinating 

seed’s stress tolerance (Chen and Arora, 2013;Nonogaki et al. 2007). 

     There are different types of priming techniques that include: 

2.2.1.4 Hydro priming 

The main reason of low or poor crop stand establishment and low yield is adverse for the 

establishment of seedling and germination of seed. Hydropriming is soaking of seed before 

sowing. It is a very inexpensive approach, considered as “on farm priming of seeds” and was 
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proposed by Harris (1992). Hydropriming is easy and capable technique to augment 

germination and further plant development at suboptimal and supra-optimal temperature 

(Tayler et al., 1998). Selvarani and Umarani (2011) intended a study to assess different 

methods of seed priming, specific for crops, i.e., carrot and onion. There were 4 priming 

methods, (osmo-priming, hydro-priming, sand matric-priming and halo-priming) were 

employed with various durations and solution concentrations. Hydropriming treatment with 

ratio of (1:2) water to seed, exhibited highest improvement for germination speed, radicle 

protrusion percentage, germination percentage and T50 for carrot crop. For the onion crop, 

sand matric priming treatment (24 hours in 80% WHC of sand) depicted highest 

enhancement for above stated germination parameters with comparison to control. It was 

revealed for the achievement of maximal potential of seed priming technique, suitable 

practice should be followed, and it could be specific for each crop species. Mahajan et al. 

(2011) primed the direct seeded rice by using priming agents, i.e., hydro-priming, osmo-

hardening with KCl while, unprimed seeds served as control. Among all the priming 

treatments, hydroprimed seeds substantially enhanced GE, GI, SVI but reduced mean 

germination time MGT and higher leaf area index, and grain yield for direct-seeded rice. 

2.2.1.5 Halo Priming 

It is defined as soaking of seed in varying concentration of inorganic salts. Halo priming 

provided substantial improvement in term of germination and/ or emergence with 

establishment and final yield of a crop under adverse environmental conditions (Cano et al., 

1991).  

Ahmadvand et al. (2012) performed an experiment to assess the seed priming (to attain the 

benefits of improved germination) with KNO3 for 2 cultivars of soybean (Gorgan-3 and 

Sahar) under abiotic stress condition. Seeds priming with KNO3 substantially enhanced 

germination and/ or emergence, lengths of radical and plumule, dry weight of plant, plant 

height and leaf area. Seed priming significantly abridged MGT and emergence time (ET) 

under stress condition and improved above mentioned parameters in comparison with 

control. 
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Shehzad et al. 2012 stated that halopriming with KNO3 and CaCl2 can enhance some 

emergence and seedling growth parameters of sorghum. Lee et al. (1997) stated that seed 

priming with inorganic salts, i.e., KH2PO4 and KNO3 improved the seed germination of 

Capsicum annum when compared with control. Kumari et al. (2017) in a laboratory study 

evaluated halo and hormonal priming of mays seeds with KNO3, CaCl2, GA3 and Salicylic 

acid, respectively and reported significance difference in comparison with control. GA3 

priming for 12 hours exhibited highest FGP (%), energy of emergence, GI, seedling fresh and 

dry weight (g), seedling length (cm) and vigour indices while, salicylic acid and CaCl2 

presented enhancement in seedling attributes.  

Jagadish et al. (1993) performed  priming experiment on tomato, capsicum and onion with 

KNO3, KH2PO4 and Na2HPO4 with various concentration. They stated that  seed priming 

with moderate concentrations of inorganic salts, i.e., KNO3, KH2PO4 and Na2HPO4 could 

improve the seed germination and index (SVI) of seeds as compared to control. Yan, (2015) 

planned a study to examine the effect of KNO3 and urea as seed priming treatments on 

Chinese cabbage under abiotic stress condition while, unprimed seeds served as a control. It 

was revealed that seed priming could enhance seed germination and early seedling growth of 

cabbage under abiotic stress conditions and that enhancement could be associated with 

modulations of catalase (CAT), superoxide dismutase (SOD), peroxidase (POD) and levels 

of soluble sugar. 

Presowing treatment with inorganic salt improve seed germination accompanied with 

successive growth, metabolic processes and enhance crop yield (Sallam, 1999). Mirza et al. 

(2015) conducted a study in which they primed wheat seeds with water and KNO3 under 

heat, drought and salinity stress and they concluded that seed priming resulted in 

improvement of germination related parameters and could alleviate detrimental effect of such  

stresses (Mirza et al. 2016). 

 

2.2.1.6 Hormonal Priming 

Soaking of seeds with optimum concentration of plant growth hormones is revealed to 

efficiently progress germination, stand establishment and yield performance of many crops 
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under normal as well as stressful environmental conditions (Hurly et al., 1991; Lee et al., 

1998). Plant growth hormones which generally used for presowing seed soaking are auxins 

(IAA), gibberellins, kinetin and salicylic acid.  

Plant hormones (PGR) affect extensive range of processes and functions in plants under 

normal and stressful conditions. Exogenously applied plant growth regulators (PGR) have 

proven to ameliorate the damaging effect of stress i.e., abiotic stress on germination as well 

as plant growth (Javid et al., 2011; Finch‑Savage et al., 2004). Hore et al. (1988) affirmed 

noteworthy increment in germination onion, bulb fresh and dry weight and height of onion 

plant by priming with GA3, NaH2PO4 and KH2PO4. Seed priming with gibberlic acid in okra 

crop was found very effective in ameriolating abiotic stress (Vijayaraghavan, 1999). Ghodrat 

and Rousta, (2012) described that seed priming with GA3 significantly enhanced seedling 

fresh and dry weight along with root length and shoot length under abiotic stress conditions. 

Basra et al. (2007) checked the effect of hormonal priming with salicylic acid (50mg/L) on 

melon and reported the improvement in germination and early seedling growth.  Ghoohestani 

et al. (2012) primed tomato seeds with SA, ASA and hydrogen peroxide under abiotic stress. 

They stated that seed priming with SA substantially enhanced seedling length and seedling 

vigour index. 

Sawan et al., (2000) reported under laboratory and field experiments that seed priming with 

kinetin significantly enhanced germination, seedling vigour, seedling lengths with seedling 

fresh weight and yield attributes in cotton. Bahrani (2015) stated that germination percentage 

was substantially enhanced in mays by kinetin application under abiotic stress conditions. 

Iqbal et al. (2006) led a study to assess the effect of seed priming with different 

concentrations of cytokinins (kinetin and benzylaminopurine (BAP)) on wheat seed 

germination, subsequent seedling growth. Primed seeds of wheat along with unprimed seeds 

were sown under abiotic stress condition. Kinetin was more effective in enhancing 

germination rate and early seedling growth when compared with hydro-priming and/ or 

untreated seeds under abiotic stress. Moreover, seed priming with kinetin showed a constant 

promoting effect in the field and improved growth and grain yield of wheat. While, BAP-

priming could not exhibit a significant improvement that could lessen the inhibitory effect of 

abiotic stress on the wheat seed germination with seedling growth. Zavariyan et al. (2015) 
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stated that seed priming with kinetin enhanced the germination related parameters in Silybum 

marianum L. under drought stress. 

Iqbal and Ashraf, (2013) evaluated various priming treatments (IAA, IBA and tryptophan) 

including hydro primed and untreated seeds under abiotic stress conditions. They revealed 

that seed priming at low concentration was the most useful priming tool for reducing losses 

in wheat grain yield as well as assimilation rate under abiotic stress conditions. 

Rehman et al. (2011) led an experiment to assess germination and earlier growth of seedling 

in cucumber. They primed the seeds of cucumber with 50 ppm and 100 ppm salicylic acid for 

24 hours. They reported that seed priming with 50 ppm SA could be a good source to 

improve the germination rate and earlier seedling growth especially in cucumbers.  

Yarnia et al. (2012) stated that onion seed germination as well as seedling growth related 

attributes can be enhanced with the application of plant growth regulators as seed priming 

agent. Priming with minimum concentration of hormones (GA3, IAA and kinetin) caused 

increase germination percent in comparison to control. Heydariyan et al. (2014) described 

that seed priming of Caper (Capparis Spinosa) with gibberellic acid and salicylic acid could 

enhance the germination and seedling attributes under drought stress. 

Heidari and Sadeghi (2014) evaluated the effect of GA3 and as seed priming under 

temperature regimes on the seed germination of Cumin (Suminum cyminum L.). The seeds 

were primed with different concentration of GA3 @ (0, 100 and 400 ppm) and then after laid 

out in growth chambers at 20, 25, 30 and 35 oC. It was revealed that percentage germination, 

time to days emergence, germination speed, seedling length and seedling fresh or dry weight 

significantly enhanced at 400 ppm GA3.  

In another study, Akbari et al. (2007) described that exogenous application of auxin 

improved seedling fresh weight and dry weight alongwith hypocotyls length of the wheat 

cultivars. 

Wahid et al. (2008) conducted a study with different concentration of hydrogen salicylic acid 

(SA), peroxide (H2O2), thiourea (TU), ascorbic acid (AA), gibberellic acid (GA3), sodium 

chloride (NaCl), freezing and heating by priming on Sunflower (Helianthus annuus).  Seed 

priming decreased MGT and days to 50% germination (T50) with positive increase in GE 

and final FGP. Shoot length enhanced by GA3 and NaCl priming and root length with NaCl 
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and H2O2 while, root and shoot dry weight were increased with SA and AA. Mazid, (2014) 

performed a study with gibberellic acid (GA) on chickpea (Cicer arietinum L.)  growth, 

physio-biochemical, quality parameters and yield. Chickpea seeds of cultivar DCP 92-3 were 

primed with various concentrations (0 M, 10-7 M, 10-6 M and 10-5 M solution of gibberellic 

acid for the duration of (4, 8, or 12 h) and after drying seeds were sown in the pots. The data 

was recorded in term of leaf area plant-1, shoot length, carbonic anhydrase activity, seed yield 

per plant, pod number and protein content. It was revealed that all parameters were 

significantly improved by various levels of gibberellic acid treatments. 

Shahzad et al. (2014) inspected the effect of GA3 on sponge gourd under abiotic stress 

conditions. They used various concentration of GA3 as seed priming agents along with water. 

They determined that seed priming with GA3 considerably abridged no. days to germination, 

but increased root fresh and dry weight, no. of leaves per plant and leaf area under normal 

conditions in comparison with un-primed seeds. While, under abiotic stress seed treatments 

with gibberellic acid followed the same trend by averting the damaging effects of stress. 

Rehman et al. (2015) conducted a seed priming study for early planted spring maize and 

stated that hormonal priming with salicylic acid took minimum time to emergence and has 

high vigor for seedling. Meanwhile, hormonal priming, improved the leaf relative and 

chlorophyll contents, while reduced the electrical conductivity EC of seed leachates. 

Moreover, 1000-grain weight, plant height, harvest index, grain and biological yield were 

also enhanced by seed priming. It was concluded that SA priming was economical method 

for enhancing output of early sown spring maize by stimulation of early seedling growth at 

unfavorable temperature. Singh and Singh, (2016) primed tomato seeds with SA and 

evaluated under high temperature stress conditions. They discovered that seed priming with 

SA enhanced germination percentage and lower the time for germination under heat stress 

conditions. Moreover, Presowing application of salicylic acid significantly affected vitamin 

C, TSS, TA, of tomato fruit. So, SA ameliorated the yield contributing aspects which 

increased the fruit yield of tomato. Ahmad et al. (2017) led experiments to assess the effect 

of hormonal priming with SA AsA, and H2O2 on hybrid maize. Plant growth regulators 

applied as a seed priming agents, improved the biochemical, physiological, morphological 

along with grain yield and grain quality and yield related attributes for late sown spring 

maize under high temperature conditions. They recorded higher activities of peroxidase 
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(POD), superoxide dismutase (SOD), and catalase (CAT) in those plants which were primed. 

Moreover, relative water contents, chlorophyll contents, membrane stability, grain oil 

contents and grain yield were also enhanced through seed priming. It was revealed that seed 

priming with  PGRs, i.e., SA could be employed to diminish the heat convinced yield losses 

in spring maize.  

2.2.1.7 Seed Inoculation with PGPRs 

PGPRs are free living microorganisms, having capability of activating nutritive element by 

biological processes in soil. Use of PGPRs for maximizing the output is increasing fashion in 

the agriculture. In several studies, PGPRs substantiate their value in ameliorating the stress. 

PGPRs may increase, 20-200 kg N ha-1 (fixation), enhance the plant roots and make some 

symbiotic relations with the soil under stress and may enehnce yield by 10-50%. Plant 

growth promoting rhizobacteria (PGPR) inoculation has been proven to improve various 

crops yields both under normal and stressful conditions. Improvement in term of yield and/or 

yield related attributes can be varied in various crops and different environmental conditions 

and can be range between 25-65%. Recent studies stated that PGPR seed inoculation 

enhanced stress resistance and yield or production of many crops i.e., lettuce (Kohler et al. 

2009), tomato (Almaghrabi et al., 2013), wheat (Kumar et al., 2014; Islam et al. 2014; 

Nadeem et al. 2013; Chakraborty et al. 2013; Jaderlund et al. 2008), rice (Lavakush et al. 

2014; Jha et al., 2013; Bal et al. 2013), groundnut (Paulucci et al. 2015), broad bean 

(Younesi and Moradi, 2014) and soybean (Masciarelli et al., 2014). 

Azotobacter has tendency to yield various growth promoting substances or growth hormones 

(auxins, gibberellins and cytokinins), vitamins and numerous other hormones (Gomes et al., 

2001; Kamil et al., 2008). Tiwari, (2009) treated the tomato seeds with PGPRs and described 

the increment in root length, shoot length and number of leaves per plant. Radish plant 

inoculation with bacteria aided to guard deleterious effects of stress (Mayak et al., 2004). 

Protective role of PGPR against several stresses, i.e. temperature stress (Barka et al. 2006) 

was well documented. 



19 
 

Discussed literature support the idea that use of pre-sowing seed treatments i.e., seed priming 

or seed inoculation with PGPRs (azotobacter) to crops may improve their seedling and 

subsequent growth and enables them to combat under unfavorable conditions.    
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Chapter 3                                                 MATERIALS AND METHODS   

The current study has been conducted at Institute of Horticultural Sciences (IHS), University 

of Agriculture Faisalabad (UAF). This research work included following two major studies: 

i. Optimization of various  pre-sowing (seed priming) treatments for carrot under 

high temperature conditions (laboratory study) 

ii. Field evaluation of optimized seed treatments in terms of seedling establishment 

and productivity of early sown carrot under high temperature regimes. 

3.1. Experimental Detail 

Present study was led to determine the impact of various pre-sowing seed treatments on 

carrot (cultivar T-29) in terms of germination of seed alongwith seedling vigor. Physiological 

aspects of these pre-sowing treatments were evaluated at Vegetable Seed Laboratory (VSL), 

IHS, UAF. 

To examine the effect of optimized pre-sowing seed treatments, field trials were led under 

warm or hot weather conditions during August at Vegetable Research Area (VRA), UAF. 

 3.2.1. Materials Used 

Seeds of the carrot cultivar T-29 were attained from VSL Laboratory, IHS, UAF, 

Pakistan. PGPR (Azotobacter) strain was arranged from a well know agriculture research 

institute “AARI”, Faisalabad, Pakistan. Other materials, i.e. Petri dishes, Whatman No. 1 

filter paper, incubator, distilled water (dH2O), flasks, aeration pumps, aluminum foils, 

beakers etc. were used for priming. Vernier caliper, measuring scale, well plate, ELISA 

reader, test tubes, Eppendorf, centrifuge, pH meter were used to determine the enzymatic 

analysis.   
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                     Table 3.1. Metrological data (weather) throughout the carrot crop production during 2015-16 and 2016-17 

(Source: AgroMet observatory, Dep. of Agronomy, UAF)

2015-16              Temperature (o C)  

                  (Average) 

               Temperature (o C) 

           (Last 5 Years Average) 

R.H 

(Ave.) 

 

Rain 

Fall 

(Ave.) 

Sunshine 

(Ave.) 

Wind 

Speed  

(Ave.) 

Maximum Minimum Average Maximum Minimum Average (%) (mm) (Hours) km/h 

Aug 35.9 26.7 31.3 35.5 26.5 31 60.4 48.4 7 4.3 

Sep 35.4 24.4 29.9 34 24.1 29.1 51.6 75.2 8.2 3.6 

Oct 32.2 19.1 25.4 31.9 18.7 25.3 52.9 14.5 7 3.6 

Nov 27.1 12.1 19.6 26.4 11.6 19 61.5 8.8 6.6 2.6 

2016-17 

Aug 35.7 26.5 31.1 35.7 26.6 31.2 62.2 48.1 7 4.2 

Sep 36.5 25.5 31 32.9 20.7 26.8 53.6 12 7.8 3.5 

Oct 33.9 19.6 26.7 31.8 18.6 25.1 51.3 22.2 7 3.6 

Nov 27.6 12.6 20.1 26.4 11.9 19.2 60.1 0.00 6.4 2.6 
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3.2.2. Seed treatments 

Present research work comprised of following two studies. 

3.3.  Study I:   Laboratory Work: Optimization of diverse pre-sowing seed priming 

treatments 

Five initial experiments were performed to optimize various pre-sowing seed (priming) 

treatments for carrot. 

3.3.1. Experiment 1: Influence of halo-priming on germination and seedling vigor of 

carrot under high temperature regimes 

Seeds of carrot variety ‘T-29’were primed for 12 hours at 20±10C in distilled water or 

solution of various concentrations of KNO3 for 12 h in darkness with the help of priming 

pump. The ratio of (seed weight to solution volume) was 1:5  (g/ml) (Ruan et al., 2002). 

After priming process, seeds were retrieved to their original miosture contents under shade 

for one day (Bennett and Waters, 1987). 

• T0: Control (unprimed) 

• T1: Hydropriming 

• T2: Halopriming in 50 mM KNO3 

• T3: Halopriming in 100 mM KNO3 

• T4: Halo-priming in 150 mM KNO3 

• T5: Halo-priming in 200 mM KNO3 

• T6: Halo-priming in 250 mM KNO3 

• T7: Halo-priming in 300 mM KNO3 
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3.3.2. Experiment 2: Influence of hormonal priming with auxins (IAA) on germination 

indices and seedling vigor of carrot under high temperature regimes. 

Seeds of carrot variety T-29 were imemrsed in aerated solution of Indole acetic acid (IAA) 

for 12 h in darkness. After drenched process, seeds were retrieved to the original moisture 

contents under shade condition (Ruan et al., 2002). 

• T0: Control 

• T1: Hydropriming 

• T2: 0.05 mM IAA 

• T3: 0.1 mM IAA 

• T4: 0.2 mM IAA 

• T5: 0.4 mM IAA  

• T6: 0.8 mM IAA 

3.3.3. Experiment 3: Influence of hormonal priming with Gibberellins on germination 

attributes and seedling vigor of carrot under high temperature regimes. 

Seeds of carrot variety ‘T-29’ were primed in aerated solutions of GA3 for 12 h in darkness. 

After soaked process, seeds were retrieved to the original moisture contents under shade 

condition (Ruan et al., 2002). 

• T0: Control 

• T1: Hydro-priming 

• T2: 0.05 mM GA3 

• T3: 0.1 mM GA3 
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• T4: 0.2 mM GA3 

• T5: 0.4 mM GA3 

• T6: 0.8 mM GA3 

3.3.4. Experiment 4: Influence of cytokinins seed priming (hormonal priming) on 

germination and seedling vigor of carrot under high temperature regimes. 

Seeds of carrot were immersed in aerated solution of cytokinins for 12 h in darkness. After 

soaked process, seeds were retrieved to the original moisture contents under shade condition 

for one day (Ruan et al., 2002) 

• T0: Control 

• T1: Hydro-priming 

• T2: 0.05 kinetin 

• T3: 0.1 mM kinetin 

• T4: 0.2 mM kinetin 

• T5: 0.4 mM kinetin 

• T6: 0.8 mM kinetin 

3.3.5. Experiment 5: Influence of (hormonal priming) with salicylic acid (SA) on 

germination indices and seedling vigor of carrot under high temperature regime. 

Seeds of carrot variety ‘T-29’ were primed in aerated solutions of SA for 12 h in darkness. 

After soaked process, seeds were retrieved to the original moisture contents under shade 

condition (Ruan et al., 2002). 

 

• T0: Control 

• T1: Hydro-priming 
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• T2: 0.05 mM SA 

• T3: 0.1 mM SA 

• T4: 0.2 mM SA 

• T5: 0.4 mM SA 

• T6: 0.8 mM SA 

• T6: 1.6 mM SA 

3.4 Germination assay 

One hundred (100) seeds primed and/ or unprimed (per treatment) were cultured in the form 

of four replicates i.e., (Petri dishes) on the double sheet of Whataman No. 1 filter papers. At 

the beginging of the experiment filter papers were moistened with 4 mL of distilled water 

and then as per need. Petri plates were kept in incubator at 35±2°C. Data were documented 

for germination up to seven days on daily basis. Those seeds which got 2 mm radicle 

protrusion through the seed coat were deemed as germinated seed. This laboratory study was 

achieved by commonly and well known design “completely randomized design” CRD with 

four replications. 

3.4.1 Data Collection 

3.4.1.1) Final Germination Percentage (%) 

It was calculated (after seven days) at the end of experiment and it denotes the ratio of 

number of seeds germinated to the total number of seeds cultured for germination, multiplied 

with 100. 

3.4.2) Germination Energy (%) 

Germination energy (GE) has been documented on the 4th day of the culturing. It represents, 

germinated seeds percentage on fourth day after the culturing relative to total no. of seeds 

tested (Ruan et al., 2002). 
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3.4.3) Germination Index (GI) 

It was obtained according to the recommendations of Association of Official Seed Analysts 

(1983) by the following formula: 

GI  =     
         𝑁𝑜.𝑜𝑓 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠

   𝐷𝑎𝑦𝑠 𝑜𝑓 𝑓𝑖𝑟𝑠𝑡 𝑐𝑜𝑢𝑛𝑡
+  − +

   𝑁𝑜.𝑜𝑓 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠

     𝐷𝑎𝑦𝑠 𝑜𝑓 𝑓𝑖𝑛𝑎𝑙 𝑐𝑜𝑢𝑛𝑡
 

3.4.4) Mean Germination Time (days) (MGT) 

It was calculated according to the following equation reported by Ellis and Roberts (1981). 

𝑀𝐺𝑇 =      
∑   𝐷𝑛

∑   𝑛
 

Where, 

n is the no.of seeds, which were germinated on day D, where D is the no. of days 

counted from start of germination. 

3.4.5) Time Taken to 50% Germination [T50] (days) 

It has been estimtaed according to the Coolbear et al. (1984), as it was modified by Farooq et 

al. (2004). 
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Where, 

N is the total no. of germinated seeds, whereas ni and nj are the cumulative no. of 

seeds which are germinated at adjacent times ti and tj , respectively.  
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3.4.6). Seedling Fresh Weight (mg) 

Five normal (5) seedlings from individual replication were taken from the Petri plates after 

seven days of sowing. Seedlings were weighed by the help of electronic balance and their 

average was expressed in milligrams (mg). 

 3.4.7) Seedling Dry Weight (mg) 

Five seedlings, whose fresh weight was measured, were kept in oven at 65 0C for three days 

to obtain dry weight of the seedlings and their average was evaluated. 

3.4.8) Seedling Length (cm) 

Seedling length of five normal seedlings was calculated by the help of (measuring scale) and 

mean was evaluated. 

3.4.9) Seedling Vigour Index (SVI) 

Vigour index was measured according to (Abdul-Baki and Anderson, 1973): 

Vigour Index = Seedling length (cm) × final germination percentage (%)  

3.4.10 Electrical Conductivity of Seed Leachtes (EC) (µS/cm) 

Soaking of treated and untreated carrot seeds was done in de-ionized water and electrical 

conductivity of seed leachates  was determined using EC meter model (EUTECK, 

Instruments ECCON1103K, Singapore) after 1, 3, 6, 12, and 24 hours. 

3.5. Study II: Field evaluation of optimized seed treatments in term of seedling establish 

and increased productivity of early sown carrot under high temperature regimes. 

The role of applied and/or optimized seed priming treatments in alleviating early high 

temperature stress on morphological, physio-biochemical and yield attribute of carrot was 

evaluated under field condition at Vegetable Research Area, IHS, UAF, Faisalabad, during 

the year 2015-16 (Trial 1) and 2016-17 (Trial 2). 
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Field study was conducted using carrot seed priming treatments, which were already 

optimized in the laboratory. Two best priming doses from each experiment along with 

control (unprimed) and hydro-priming were selected for final evaluation in the field. 

Moreover, carrot seeds were also inoculated with PGPR i.e., (Azotobacter 1 and 2g/10 gm of 

seeds) for field evaluation. The experiment was being laid out in Randomized Complete 

Block Design. Seeds were sown after mid of August. 

 

• T0: Control 

• T1: Hydro-priming 

• T2: KNO3 50 mM 

• T3: KNO3 150 mM 

• T4: IAA 0.05 mM 

• T5: IAA    0.4 mM 

• T6: GA3 0.05 mM 

• T7: GA3 0.1 mM 

• T8: Kinetin 0.05 mM 

• T9: Kinetin 0.2 mM 

• T10: SA 0.1 mM 

• T11: SA 0.2 mM 

• T12: AB 1g/10g seed 

• T13: AB 2g/10 g seed 
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3.5.2. Procedures for data collection 

Data were collected at seedling stage (10 days after sowing) and harvesting stage of carrot 

crop, which was done after 90 days of sowing. Data were noted for following parameters. 

3.5.2.0. Seedling stage 

3.5.2.1 Final Emergence Percentage (%) 

For each treatment, seeds were sown on both sides of small beds (2.5 ft wide). After 

emergence of first seedling of every treatment, the no. of emerged seedlings was counted 

daily up to 10 days after sowing. Emergence percentage was estimated by the following 

formula: 

Emergecne  (%)  =     
Total no.  of emerged seedlings ×    100

Total no.  of  seed sown
 

3.5.2.2 Mortality (%) 

Temperature was very high in early sown carrots (August), so seedling mortality was 

noticed. Total number of seedlings were counted after 15 days of sowing.  The mortality (%) 

was calculated as under formula: 

Morality (%) =  
(Number of mortal seed) × 100

Total number of emerged seedlings
 

3.5.2.3 Leaf Chlorophyll contents (SPAD units) 

Chlorophyll content (SPAD values) from intact leaves of three week old seedling was 

determined by usage of chlorophyll meter (CCM-200 plus Science, Hudson, NH, USA). 

3.5.2.4 Seedling Length (cm) 
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Five normal (5) seedlings in individual replication of a treatment were taken at random after 

15 days of sowing and seedling length was estimated with the help of scale and their mean 

were documented. 

3.5.2.5 Seedling Fresh Weight (mg) 

From individual replication, five (5) normal seedlings were collected arbitrarily, and seedling 

fresh weight SFW was measured with the help of an electronic balance (BM-320, Panther, 

USA) after 15 days of sowing. 

3.5.2.6 Seedling Dry Weight (mg) 

After recording of seedling fresh weight, same seedlings were dried in oven at 65 °C for 3 

days and dry weight was recorded using an electronic balance. 

3.5.2.7 Seedling Vigor Index (SVI) 

SVI of the carrot seedlings against various pre-sowing seed treatments was estimated by 

following (Abdul-Baki and Anderson, 1973): 

Seedling Vigor Index = Final Emergence (%)×Seedling Length (cm) 

3.5.3.0.  Harvesting Stage 

3.5.3.1.  Shoot Length (cm)  

Five normal plants in each replication of every treatment were taken at random at harvesting 

(90 days after sowing) and shoot length was estimated from crown to leaf tip with the help of 

measuring tape and their mean was calculated. 

3.5.3.2.  Root Length (cm) 

Five normal roots in individual replication of a treatment were taken at random at harvesting 

and root length RL was calculated from crown to root tip with the help of measuring tape and 

their mean was estimated. 

3.5.3.3.  Root shoot ratio 
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It was estimated by the following formula: 

Root shoot ratio = Root Length / Shoot Length 

3.5.3.4.  Total Plant Length (cm)  

 Length of five plants per replication of each treatment was calculated by summing up root 

and shoot length.  

3.5.3.5.  Plant Fresh Weight (g) 

After harvesting, five plants were randomly selected, washed and their fresh weight was 

recorded by using digital weighing balance (MC-10K/30K, A & D, Japan) and their mean 

was expressed in gram. 

3.5.3.6.  Plant Dry Weight (g)  

After recording fresh weight, plants were chopped into small pieces and sun dried. These 

were then dried in oven at 65 °C for three days and dry weight was noted with the digital 

weighing balance. 

3.5.4.0.  Yield and yield Parameters  

3.5.4.1.  Root Colour 

Freshly picked carrot roots were arbitrarily selected from each experimental unit and root 

colour was noticed by visual scale i.e. pale red (1), red (2) and deep red (3). 

3.5.4.2.  Root Weight (g) 

During picking roots from five (5) arbitrarily selected plants were burrowed out and washed 

with water. Separate weight of every root was estimated and at the end, their average was 

taken. 

3.5.4.3.  Root Diameter (mm) 
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It was taken, from shoulder of five (5) arbitrarily chosen carrot from each replication of a 

treatment was measured at harvest with a digital caliper and average was determind.  

 

3.5.4.4.  Pith Diameter (mm)  

After measuring total root diameter, a sharp knife was used to cut the same roots in order to 

calculate the diameter of the pith at shoulder end of roots and average was computed. 

3.5.4.5.  Flesh Diameter 

Flesh diameter was estimated by following formula: 

Flesh diameter = Total root diameter- pith diameter 

3.5.4.6.  Flesh: Pith Ratio 

The ratio was recorded by dividing flesh diameter by pith diameter: 

Flesh: pith ratio = Flesh diameter/Pith diameter  

3.5.4.7.  Total Yeild (kg/12.5 ft2) 

Total yield was calculated by harvesting carrot roots from small beds having area of 12.5 ft2 

for each replication of a treatment. Their weight was recoreded by using digital weighing 

balance (786 BBCI, ACS). 

3.5.5.0.  Chemical Analysis 

Juice from arbitrary chosen roots was extracted by using juicer machine and data for 

following parameters were recorded. 

3.5.5.1.  Total Soluble Solids (°Brix)  

Digital refractometer (RS-5000, ATAGO, Japan), was utilized to calculate total soluble 

solids of carrot juice. Before and during use, the device was continuously regulated with 
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distilled water. One drop of juice from every sample was poured on clean prism of the 

device. Reading was recorded and expressed as °Brix at room temperature (25±2 oC). 

 

3.5.5.2.  pH of juice 

For pH measurement, about 60 ml of carrot juice was poured in a beaker and pH was 

calculated by using digital pH meter (WTM-720, Inolab, Germany). 

3.5.5.3.  Titratable acidity (%) 

Titratable acidity of carrot juice was calculated by following formula given below the 

method of Hortwitz (1960). 

TA   (%)   =    
0.1  N NaOH  used ×  0.0064

mL  of  juice  used
  ×  100 

3.5.5.4.  TSS: TA        

TSS:TA was measured for each sample by dividing the value of TSS with the value of TA.  

3.5.5.5.  Ascorbic Acid  (mg 100 g -1 of juice) 

Ascorbic acid content (vitamin C) of carrot were calculated following the method designated 

by Rajwana et al. (2010). The vitamin C content of juice was determined by using formula 

given below: 

Ascorbic acid  (mL  100−1  juice) =   
  R1 ×  V ×   100

  R ×  W ×   V1
 

3.5.5.6.  Preparation of dye  

Dye was made by adding 42 mg NaHCO3 and 52 mg 2, 6-dichlorophenol indophenol in a 

(200 mL) volumetric flask. Flask was filled up to the mark by adding distilled water, and 

then filtered and always Fresh dye was prepared. 

3.5.5.7.  Sugars 
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Sugars in carrot juice were determined following the method Hortwitz (1960).  

 

3.5.5.8.  Preparation of Fehling’s Solution  

Following two solutions were prepared and then these mixed each other. This homogenous 

solution is called Fehling’s Solution. 

 Solution  A: Dissolve 69.3 g copper sulphate pentahydrate (CuSO4.5H2O) in distilled water 

and make volume up to 1L. 

Solution  B: Dissolve 100 g sodium hydroxide and 345 g sodium potassium tartrate 

(KNaC4O6.4H2O) in distilled water and make volume up to 1L.  

3.5.5.9.  Reducing Sugars (%)  

For reducing sugers, filtrate was taken in a burette which having  50 mL capacity, and it was 

titrated against 10 mL Fehling solution with the constant boiling process on soft flame until 

the brick red colour seemed. Then (two to three) drops of 1% methylene blue were poured 

into and titration was conceded on adding the aliquot drop by drop on boiling solution until 

brick red colour was build up again. The quantity of that aliquot used, was recorded and it’s 

called titrated value. 

   Reducing  sugar (%) =   6.25   x   (X  /  Y) 

X        =        Volume (mL) of standard sugar solution titrated against 10 mL Fehling 

solution. 

Y       =     Volume (mL) of sample aliquot used against 10 mL Fehling solution 

(reading). 

3.5.5.10.  Total sugars 

Twenty-five (25) mL of previously arranged aliquot was taken in a volumetric flask of 100 

mL. After that distilled water (20 mL) and concentrated HCl (5 mL) were added. The 

solution was placed overnight to get complete hydrolysis, to change the non-reducing sugars 
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into reducing sugars. Following day, phenolphthalein indicator was used to neutralize 0.1 N 

NaOH and distilled water was added for making the volume. Then, this solution was poured 

into the burette and titration agin 10 mL Fehling’s solution for the calculation of total sugars.  

Total sugars  (%)   =      25  x  (X  /  Z) 

X         =       Volume (mL) of standard sugar used against 10 mL of Fehling solution  

Z              =  Volume (mL) of aliquot titrated against 10 mL of Fehling’s solution 

(reading) 

 

3.5.5.11.  Non-Reducing Sugars 

 Non-reducing sugars were measured  by the formula  of (Hortwitz, I960) as given 

below: 

Non-reducing sugars  (%)  =  0.95  x  (Total Sugar  [%] -  Reducing sugars  [%]) 

 

3.5.6.0.  Physiological characteristics    

3.5.6.1.  Photosynthetic rate, transpiration rate and stomatal conductance to water  

For the calculations of physiological traits such as transpiration rate (mmol m-2 s-1), 

photosynthetic rate (µmol m-2 s-1) and stomatal conductance to water (mmol m-2 s-1), three 

mature and healthy leaves per plant (4 plants in each replication per treatment) were chosen. 

These chosen leaves were placed one by one in the chamber of portable apparatus  Infra-Red 

Gas Analyzer (IRGA) (LCi-SD, ADC Bio-scientific, UK) (Zekri, 1991; Moya et al., 2003). 

 

3.5.6.2.  Water use efficiency  

It is the ratio between photosynthesis (Pn) and the amount of water transpired (E), 

which was estimated as: 

Photosynthetic rate  (A) 

Water use efficiency (WUE)=  __________________  

Transpiration Rate (E)  
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3.5.7.0.  Enzyme Assay 

Enzyme extraction   

Carrot seedlings (1 g) from each treatment were homogenized in 2 mL phosphate 

buffer (pH 7.2) with the help of fundamental instruments “mortar and pestle”. After the 

process of thorough homogenization, sample was taken in Eppendorf tube, and it was cen-

trifuged at 10,000 rmp for 6 min using micro-centrifuge machine (235-A, Pegasus Scientific 

Inc., USA) 

Carrot seedling enzyme extraction chart 

Carrot seedling in grinder 

 

Weigh 1 g of ground seedling paste +2 mL phosphate buffer (pH 7.2) in 50 mL falcon tubes 

 

Vortex for 1 minute 

  

Keep it on ice for 20 minutes  

 

Centrifuge for 6 minutes 

                                           

Take out the supernatant in Eppendorf tubes 

3.5.7.1.  Superoxide Dismutase (SOD) 
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Activity of SOD was assessed by following the method of Stajner and Popovic (2009).  

 

3.5.7.2.  Catalase (CAT) (U Kg-1 protein) 

Catalase (CAT) enzyme activity for the carrot seedlings was assesed according to Liu et al., 

(2009). 

3.5.7.3.  Peroxidase (POD) (U Kg-1 protein) 

Peroxidase (POD) enzyme (EC 1.11.1.7) activity in carrot seedling was calculated as 

described previously by Liu et al. (2009).  

3.5.7.4.  Total phenolic contents % 

Total phenolic contents were measured according to the method described by Ainsworth and 

Gillepsie (2007). 

3.5.7.5.  Total antioxidants 

Total antioxidants from carrot seedlings were recorded by following the method of Razzaq et 

al. (2013) using DPPH assay.  

3.5.7.6.  Malondialdehyde contents (μmol/g FW seed) 

To estimate lipid peroxidation in carrot seedlings, malondialdehyde contents were 

determined by following Heath and Packer (1968). 

3.6. Statistical analysis 

This field study (experiment) was evaluated according to RCBD design. Recorded data 

analyzed, statistically by using analysis of variance techniques. Duncan multiple range test 

was applied, at 5% level of significance, to compare the differences among means.  
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Chapter 4              RESULTS 

4.1. Study 1: Optimization (pre-sowing seed priming treatments) 

The study was further divided into the following experiments. 

4.1.1. Influence of halo priming on germination and seedling vigor of carrot under high 

temperature regimes. 

4.1.1.1 Results 

Halo priming substantially affected (P≤ 0.05) germination of carrot cultivar T-29. Most of 

halo priming treatments abridged the time taken to 50% germination (T50) and mean 

germination time (MGT), but increased the final germination percentage (FGP), germination 

index (GI), germination energy (GE), seedling length (SL), seedling fresh weight SFW, 

seedling dry weight (SDW), and more importantly seedling vigor index (SVI), in comparison 

with unprimed seeds (Table 4.1). 

FGP was maximum (79%) when seeds were primed with 50 mM KNO3 and it was 

statistically at par with seeds primed with 150 mM KNO3, while minimum FGP  (49%) was 

recorded  against seed primed with 300 mM KNO3 (Table 1). Highest value of T50 was 

observed in unprimed seeds and minimum time was taken by seeds primed with 50 mM 

KNO3 to reach 50 % germination, and it was statistically similar to 100 mM KNO3. 

Germination index was recorded highest (18.46) in seeds primed with lowest concentration 

of KNO3 (50 mM), while minimum GI (9.90) was detected when seeds were primed in 250 

mM KNO3 and it was statistically same with unprimed seeds (control), seeds primed in 300 

and 200 mM KNO3. 

Minimum germination energy (37) was recorded in seeds primed with 300 mM KNO3 and it 

was statistically alike with unprimed seeds (38). Maximum GE (69) was observed in seeds 

primed with 50 mM KNO3 and it was statistically at par with 150 mM KNO3 treatment. 

MGT was observed maximum (5.53 days) in unprimed seeds while it was minimum (5.20 

days) in seeds primed with 50 mM KNO3 and this value was statistically alike with 100 mM 

KNO3 and at par with 100, 150, 200, 300 mM KNO3 and hydroprimed seeds. 
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Seedling length was highest in seeds primed with 50 mM KNO3 (7.78 cm) and it was 

statistically at par with 150 mM KNO3 seed treatment (7.13 cm). The lowest value of SL 

(4.95 cm) was documented in seeds primed with highest concentration KNO3 (300 mM) and 

it was statistically at par with seed priming with 200 and 250 mM KNO3, and unprimed 

seeds.  

Seeds primed in 50 mM KNO3 exhibited maximum (34.05 mg) seedling fresh weight while, 

seeds primed with 300 mM KNO3 presented the least seedling fresh weight (21.5 mg). 

Seedling dry weight was influenced in the same fashion as seedling fresh weight being 

heighest for 50 mM KNO3 (2.55 mg) and lowest for 300 mM (1.35 mg). Seedling vigor 

index was highest (549) for seeds primed with 50 mM KNO3 and it was statistically similar 

to 150 mM KNO3 concentration, while minimum SVI (241) was detected in seeds primed 

with the heighest concentration of 300 mM KNO3 (Table 4.1). 

It is noteworthy that high concentration of KNO3 (200-300 mM KNO3) failed to enhance the 

germination and seedling growth attributes of carrot. 

Electrical conductivity (EC) of seed leachates was abridged by all of the seed priming 

treatments (Fig. 4.1). Generally, electrolyte leakage was increased with increasing the seed 

soaking duration (1 h to 24 h) for all the treatments and control, but control (T0) exhibited the 

highest EC. The Least electrolyte leakage was observed for hydro-priming on all measuring 

sampling intervals. Halo priming with (T2: 50 mM KNO3) followed by (T4: 150 mM KNO3) 

was also successful in decreasing electrolyte leakage as well. 
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Table 4.1.   Influence of halo priming (KNO3) on germination indices and seedling vigor of carrot under high temperature 

regimes. 

Numerals (not having similar letter(-)s in a column vary significantly at (P≤ 0.05);      FGP= Final germination percentage (%),        

T50 = Time taken to 50 % germination (days), GI= Germination Index, GE= Germination energy (%),    MGT= Mean germination time 

(days), SL= Seedling length (cm), SFW= Seedling fresh weight (mg), SDW= Seedling dry weight (mg), SVI= Seedling vigor index. 

 

Priming  

Treatments 

FGP (%) T50 (days) GI GE (%) MGT 

(days) 

SL (cm) SFW (mg) SDW(mg) SVI 

T0: Control 58 de 4.89 a 10.23 c 38 d 5.53 a 6.08 b-d  26.95 b-d 1.95 b-d 354 bc 

T1: Hydro priming 68 bc 3.26 bc 14.68 b 58 ab 5.29 bc 6.16 bc 29.7 a-c 2.25 a-c 401 b 

T2: 50 mM KNO3 79 a 2.88 c 18.46 a 69 a 5.20 c 7.78 a 34.05 a 2.55 a 549 a 

T3:100 mM KNO3 64 cd 2.95    c 14.85 b 52 bc 5.20 c 6.47 bc 30.05 a-c 2.25 a-c 413 b 

T4:150 mM KNO3 73 ab 3.10 bc 16.18 b 62 ab 5.28 bc 7.13 ab 31.2 ab 2.35 ab 521 a 

T5: 200 mM KNO3 53 ef 3.31 bc 11.63 c 45 cd 5.28 bc 5.47 cd 24.25 cd 1.7 c-e 288 cd 

T6: 250 mM KNO3 49 f 3.9 b 9.90 c 41 cd 5.39 b 5.82 cd 23.55 d 1.65 de 279 cd 

T7: 300 mM KNO3 49 f 2.89 c 10.76 c 37 d 5.25 bc 4.95 d 21.5 d 1.35 e 241 d 
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       Fig. 4.1. Influence of halo priming (KNO3) on electrical conductivity (EC) of carrot seeds under high temperature regimes. 
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4.1.2. Influence of hormonal priming with auxin on germination and seedling vigor of 

carrot under high temperature regimes 

4.1.2.1 Results 

Carrot seed priming with Indole acetic acid (IAA) had a significant (P≤ 0.05) effect on seed 

germination, germination related parameters as well as seedling growth. All priming 

treatments significantly decreased T50 and MGT, but increased final germination and other 

related parameters (Table 4.2). 

Maximal final germination percentage (73%) was noticed in seeds primed with 0.05 mM 

IAA while, minimum reading was notized for unprimed seeds (59%). T50 is a valuable tool to 

determine the vigour and consistency of germination as those seeds which take less time to 

germinate are deemed to be vigorous and healthy and result in better crop establishment. 

Almost, all priming treatments decreased the T50. Minimum T50 (2.86 days) was taken by 

seeds primed in 0.05 mM IAA while, maximum time to reach 50 % germination (4.96 days) 

was depicted by unprimed (control) seeds. 

Seed priming with IAA significantly affected germination index GI and heighest GI (23.58) 

and GE (64%) was recorded in seeds primed with 0.4 mM IAA and were statistically at par 

with seeds primed in 0.05 mM IAA solution i.e., 21.68 and 62%. The least value for GI and 

GE was recorded in unprimed seeds i.e., 10.34 and 39%, respectively.  Germination energy 

GE exhibited the same trend as GI did. Seeds primed in 0.2 mM IAA took minimum time for 

mean germination i.e., 3.82 days and it was statistically same with 0.05 mM IAA priming 

treatment (4.07 days). Unprimed seeds showed heighest MGT value, i.e., 5.61 days. 

Largest seedling sized SL (6.83 cm) were recorded against seeds primed with 0.05 mM IAA 

and it was statistically at par with 0.4 mM IAA (6.57 cm). Minimum (5.27 cm) SL was 

detected for seeds primed in highest concentration of IAA (0.8 mM). Seedling fresh weight 

was maximum (34.25 mg) against seed priming with the lowermost concentration of IAA, 

i.e., 0.05 mM and it was statistically same with seeds primed in 0.2 mM IAA solution (31.45 

mg), hydroprimed seeds (30.25 mg) and seeds primed with 0.1 mM IAA (29.45 mg). Seeds 

primed with 0.8 mM IAA exhibited minimum SFW (23.45 mg) and it was statistically at par 

with seeds primed in 0.4 mM IAA (25.90 mg) and unprimed seeds (28.20 mg). 
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Dry weight of seedling (SDW) was also substantially influenced by IAA seed priming 

treatments. Priming with 0.05 mM IAA exhibited highest SDW (2.6 mg) and it was 

statistically at par with 0.2 mM IAA (2.4 mg) and hydroprimed (2.3 mg) seeds while 

minimum SDW was recorded in 0.8 mM IAA priming treatment (1.4 mg) that was at pat 

with control (2 mg). Maximum seedling vigour index (500.85) was noticed for seeds primed 

with 0.05 mM IAA and it was statistically same with 0.4 mM IAA priming treatment 

(467.96). Minimum SVI exhibited (337.18) in seeds primed in 0.8 mM IAA solution and it 

was statistically same with unprimed seeds (Table 4.2). 

Electrical conductivity of seed leachates is an impotent parameter to calculate seed vigour. 

All presowing seed treatments were useful in lowering the EC values (Fig. 4.2). Electrolyte 

leakage was augmented with enhancing the soaking time period in all the treatments under 

observation. The least EC values were observed for seed priming 0.05 mM IAA followed by 

0.4, 0.2, 0.8 mM IAA and hydroprimed seed treatments. In unprimed seeds EC values were 

remain highest (Fig. 4.2). 
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Table 4.2.  Influence of hormonal priming with auxin (IAA) on germination related parameters and seedling vigor of carrot 

under high temperature regimes. 

Numerals (not having similar letter(-)s in a column vary significantly at (P≤ 0.05) 

Priming  

Treatments 

FGP (%) T50 (days) GI GE (%) MGT 

(days) 

SL (cm) SFW (mg) SDW(mg) SVI 

T0: Control 59 e 4.96 a 10.34 d 39 d 5.61 a 6.12 bc 28.20 b-d 2.0 cd 365.7  de 

T1: Hydro priming 69 c 3.28 c 14.72 c 59 c 5.23 b 6.22 bc 30.25 a-c 2.3 ab 427.9 bc 

T2: 0.05 mM IAA 73 a 2.86 d 21.68 ab 62 ab 4.07 cd 6.83 a 34.25  a 2.6 a 500.9 a 

T3: 0.1  mM IAA 69 c 3.90 b 20.89 b 58c 4.16 c 5.84 c 29.45 a-c 2.2 bc 406.5 cd 

T4: 0.2  mM IAA 64 d 3.82 b 21.30 b 60 bc 3.82 d 5.99 c 31.45 ab 2.4 ab 305.0 f 

T5: 0.4  mM IAA 71 b 3.24 c 23.58 a 64  a 4.10 c 6.57 ab 25.90 cd 1.8 d 467.9 ab 

T6: 0.8  mM IAA 64 d 3.78 b 20.71 b 53 c 4.24 c 5.27 d 23.45 d 1.4  e   337.1 ef 
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Fig. 4.2 Influence of hormonal priming with auxin (IAA) on electrical conductivity (EC) of carrot seeds under high 

temperature regimes. 
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4.1.3. Influence of hormonal priming with Gibberellins on germination and seedling 

vigor of carrot under high temperature regimes 

4.1.3.1 Results 

Carrot seed priming with Giberellic acid (GA3) treatments had a substantial (P≤0.05) effect 

on all parameters under study (Table 3). Priming with 0.05 mM GA3 exhibited maximum 

final germination percentage (82 %) and it was statistically at par with 0.1 mM GA3 seed 

priming treatment (77%). Minimum FGP was recorded in unprimed seeds (control) and it 

was statistically same to GA3 0.8 mM priming treatment. T50 decreased significantly (2.59 

days) in seeds primed with 0.05 mM GA3 and it was statistically similar to 0.1 and 0.2 mM 

GA3 priming treatments and statatically at par with 0.4 mM GA3, i.e., 2.73, 2.76 and 2.81 

days, respectively. Maximum time to reach 50% germination was calculated for unprimed 

seeds (5 days).  

 GI and GE i.e., 30 and 69% respectively, against seed priming with GA3. Minimum GI 

(10.06) and GE (37%) was observed for unprimed seeds. GA3 showed a significant (P≤0.05) 

effect on decreasing the MGT (Table 4.3). All the treatments under study (except control) 

took lesser time to germinate. Therefore, maximum MGT (5.69 days) was taken by unprimed 

seeds, while, the lowest MGT was recorded (3.89 days) for seeds primed with 0.05 mM GA3 

and it was statistically at par with GA3 0.1 mM priming treatment (3.98 days).  

Maximum seedling length (SL; 7.76 cm) was exhibited by seeds primed with the lowest 

concentration of GA3 (0.05 mM) and it was statistically alike with GA3 0.1 mM (7.49 cm). 

Minimum SL was documented for seeds primed with 0.8 mM GA3 (5.35 cm) and it was 

statistically similar to GA3 0.2 mM priming treatment (5.37 cm). Highest value (30.9 mg) of 

seedling fresh weight (SFW) was documented (30.9 mg) for hydroprimed seeds and it was 

statistically at par with the seeds primed in 0.05 mM GA3 (30.3 mg). Lowest SFW (25.7 mg) 

was noticed in seeds primed with 0.8 mM GA3 and it was statistically similar to seeds primed 

in 0.2 and 0.4 mM GA3 priming treatments, for which (25.8 mg and 26.2 mg SFW) was 

recoreded, respectively. Dry weight of seedling was maximum (2.4 mg) in seeds primed in 

GA3 0.05 mM and it was statistically similar to hydropriming (2.4 mg) and minimum SDW 

(1.8 mg) was documented in seeds primed with GA3 0.4 mM. Seedling vigour index (SVI) 
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was substantially affected by different GA3 priming treatments. Highest value of SVI was 

recorded (634.8) against priming with GA3 0.05 mM, while least SVI was observed (337.1) 

for unprimed (control) seeds (Table 4.3). 

All of the GA3 presowing seed treatments were helpful in reducing EC of seed leachates (Fig. 

4.3). Seeds primed in 0.05 mM GA3 priming treatment exhibited the lowest EC values at all 

sampling intervals followed by hydropriming and 0.1 and 0.2 mM GA3. Values for EC of 

seed leachates were at peak in unprimed seeds or control at all sampling intervals. 
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Table 4.3 Influence of hormonal priming with gibberellins (GA3) on germination and seedling vigor of carrot under high 

temperature regimes 

Priming  

Treatments 

FGP 

(%) 

T50 

(days) 

GI GE (%) MGT 

(days) 

SL (cm) SFW 

(mg) 

SDW(mg) SVI 

T0: Control 56 e 5.00  a 10.06 e 37 d 5.69 a 6.02 b 27.9 a-c 2.0 bc 337.1 e 

T1: Hydro priming 68 cd 3.38 b 14.2 d 60 abc 5.20 b 6.0 b 30.9 a 2.4 a 401.4 c 

T2: 0.05 mM GA3 82 a 2.59 d 26.96 b 68 ab 3.89 f 7.76 a 30.3 ab 2.4 a 634.8 a 

T3: 0.1  mM GA3 77 ab 2.73 d 30.00 a 69 a 3.98 ef 7.49 a 27 bc 2.1 b 579.5 b 

T4: 0.2  mM GA3 71 bc 2.76 d 27.21 b 56 bc 4.13 de 5.37 c 25.8 c 2.1 b 378.7 cd 

T5: 0.4  mM GA3 61 de 2.81 cd 22.6 c 53 c 4.22 cd 5.96 b 26.2 c 1.8 c 363.6 c-e 

T6: 0.8  mM GA3 59 e 3.1 bc 25.5 b 56 bc 4.25 c 5.35 c 25.7 c 1.9 c 341.6 de 

Numerals (not having similar letter(-)s in a column vary significantly at (P≤ 0.05) 
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Fig. 4.3 Influence of hormonal priming with Gibberellin (GA3) on electrical conductivity (EC) of carrot seeds under high 

temperature regimes. 
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4.1.4. Influence of hormonal priming with Kinetin on germination and seedling vigour 

of carrot under high temperature regimes 

4.1.4.1. Results 

Priming with kinetin substantially (P≤0.05) affected the germination and vigour of carrot 

seedlings (Table 4.4). Overall, seed priming with kinetin significantly lowered the T50 and 

MGT while significantly increased the germination percentage, vigour and other related 

parameters. 

Final germination percentage was exhibited maximal (76%) for seeds primed in kinetin 0.05 

mM, which was at par with kinetin 0.2 mM while, minimum FGP (48 %) was noted for seeds 

primed with the highest concentration of kinetin 0.8 mM. Time taken to 50% germination 

was minimum (3.02 days) for seeds primed with 0.05 mM kinetin and it was statistically at 

par with 0.2 mM kinetin priming treatment (3.14 days). Unprimed seeds showed maximum 

T50 (5.43 days) and it was at par with 0.8 mM kinetin treatment (5.18 days). 

Seeds priming in 0.05 mM kinetin exhibited highest germination index (25.65) and was 

statistically at par with 0.1 mM kinetin treatment (24.11). The least GI was observed (9.98) 

in unprimed seeds. Maximum germination energy (GE) was exhibited by seeds primed in 0.2 

mM kinetin solution (70%) while, the lowest GE (36%) was recorded in 0.8 mM kinetin, 

even lesser than control. Highest MGT was recorded for unprimed seeds (5.43 days) while, 

minimual MGT was noted in 0.05 mM kinetin priming treatment (3.71 days).  

Seedling length was substantially affected by the priming treatments. Maximal seedling 

length was noticed with 0.05 mM kinetin (7 cm) of seed priming treatment and it was 

statistically at par with 0.1 and 0.2 mM kinetin treatments by providing (6.49 cm and 6.42 

cm) long seedlings, respectively. Seedling fresh weight was recorded highest (34.4 mg) for 

seeds primed in kinetin 0.05 mM solution and it was statistically similar to kinetin 0.2 mM 

treatment (34.2 mg). The lowest SFW was observed in seeds primed with highest kinetin (0.8 

mM) concentration (20.8 mg). Seedling dry weight (SDW) was fluctuated in the same 

fashion as SFW did. Maximum SDW value (2.8 mg) was obtained with kinetin 0.2 mM 

priming solution and it was statistically same with 0.05 mM kinetin treatment (2.7 mg). 

Minimum SDW was noticed with 0.8 mM kinetin solution of seed priming.  
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Seedling vigour index (SVI) substantially (P≤0.05) affected by kinetin priming treatments. 

Seed primed in 0.05 mM kinetin showed maximal SVI (540.7) while, minimum SVI was 

observed in seeds primed with 0.8 mM kinetin (244.6) and it was statistically equivalent to 

seeds primed in kinetin 0.4 mM (331.7).  

Hormonal priming with Kinetin was useful in lessening the electrolyte leakage (E) of seed 

leachtes against the unprimed (control) seeds (Fig. 4.4). Although, EC augmented with the 

increment in seeds soaking time for all the treatments, but this increase was far less in all 

kinetin treatments than control. The least electrolyte leakage was noticed in seeds primed 

with 0.05 mM kinetin followed by 0.2 mM kinetin and hydropring treatments. Seeds primed 

in 0.8 mM kinetin also exhibited high EC values at all intervals but lesser than control. (Fig. 

4.4). 
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Table 4.4. Influence of hormonal priming with Kinetin on germination and seedling vigor of carrot under high temperature 

regimes. 

Priming  

Treatments 

FGP (%) T50 

(days) 

GI GE (%) MGT 

(days) 

SL (cm) SFW (mg) SDW(mg) SVI 

T0: Control 60 d 5.43 a 9.98 e 40 e 5.43 a 5.96 cd 25.8 c 2.1 c 363.4 d 

T1: Hydro priming 66 c 3.40 bc 13.99 d 62 c 5.09 b 6.23 bc 28.8 b 2.3 bc 407.9 c 

T2: 0.05 mM Kinetin 76 a 3.02 c 25.65 a 66 b 3.71 e 7.00 a 34.4 a 2.7 a 540.7 a 

T3: 0.1  mM Kinetin 70 b 3.51 b 24.11 ab 63 c 4.15 c 6.49 a-c 30.1 b 2.4 b 448.4 b 

T4: 0.2  mM Kinetin 73 ab 3.14 bc 22.45 b 70 a 3.97 d 6.62 ab 34.2 a 2.8 a 485.6 b 

T5: 0.4  mM Kinetin 59 d 3.50 b 18.48 c 54 d 4.23 c 5.55 de 24.4 c 1.5 d 331.7  d 

T6: 0.8  mM Kinetin 48 e 5.18 a 11.66 e 36 f 4.25 c 5.07 e 20.8 d 1.3 e 244.6 de 

Numerals (not having similar letter(-)s in a column vary significantly at (P≤ 0.05) 
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Fig. 4.4 Influence of hormonal priming with Kinetin on electrical conductivity (EC) of carrot seeds under high temperature 

regimes. 
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4.1.5. Influence of hormonal priming with Salicylic acid on germination and seedling 

vigor of carrot under high temperature regimes 

4.1.5.1. Results 

Seed priming of carrot with Salicylic acid had a substantial (P≤0.05) effect on germination, 

mean germination time and seedling growth (Table 4.5). Among all priming treatments, final 

germination percentage (FGP) was maximal (79%) for seeds primed with 0.1 mM Salicylic. 

Minimum FGP (55%) was noticed for unprimed seeds that was similar with 1.6 mM SA. All 

priming treatments abridged the time taken to 50% germination (T50) and minimum value 

(2.72 days) for T50 was noticed in seeds primed in 0.2 mM Salicylic acid and it was 

statistically same to seeds primed in 0.1 mM Salicylic acid. Maximum T50 value (5.11 days) 

was recorded for unprimed seeds or control. Highest germination index was exhibited by 

seeds primed in 0.1 mM salicylic acid (31.4), while the lowest GI was recorded for unprimed 

seeds (10.39). Maximal germination energy (GE) was noted for seeds primed in 0.1 mM 

salicylic acid (70%) and minimum GE was observed in control (38%).  

Carrot seeds primed with 0.1 mM salicylic acid significantly reduced MGT (3.88 days) and it 

was statistically at par with 0.2, 0.8 and 1.6 mM salicylic acid priming treatments. Highest 

MGT value (5.55 days) was noticed in unprimed seeds. Maximal seedling length (7.5 cm) 

was obtained when seeds were primed in 0.1 mM salicylic acid solution and it was 

statistically at par with 0.2 mM salicylic acid treatment. Minimum SL (5.52 cm) was 

recorded in (1.8 mM salicylic acid) concentration and it was statistically at par to control, 0.4 

and 0.8 and 3.2 mM salicylic acid priming treatments. Priming treatments considerably 

affected seedling fresh weight (SFW) being highest (32.5 mg) for 0.1 mM salicylic acid 

priming treatment, which was statistically at par with hydroprimed seeds. The lowest value 

for SFW (23.3 mg) was documented against seeds primed with 0.8 mM salicylic acid. SDW 

was also considerably affected by salicylic acid priming treatments. Maximum SDW (2.6 

mg) was recorded for salicylic acid 0.1 mM priming treatment while, minimum for seeds 

primed with 0.8 mM salicylic acid.  

Seedling vigour index (SVI) substantially (P≤0.05) affected by all priming treatments. 

Maximal SVI (539.16) was recorded against seed priming with 0.2 mM SA which was 
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statistically alike by seeds primed in 0.1 mM salicylic acid. Minimum SVI was observed 

(318.0) for seeds primed with 1.6 mM SA, that was statistically same as of unprimed seeds 

(control).  

All priming treatments reduced the electrolyte conductivity (EC) of seed leachates as 

compared to control (unprimed seeds) (Fig. 4.5). The response of all priming treatments was 

almost same. However, greatest decline in EC values were noticed in seeds primed with 

salicylic acid 0.1 mM followed by 0.2 mM salicylic acid (Fig. 4.5). 
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Table  4.5.  Influence of hormonal priming with salicylic acid on germination and seedling vigor of carrot under high 

temperature regimes. 

Priming  

Treatments 

FGP 

(%) 

T50 

(days) 

GI GE MGT 

(days) 

SL (cm) SFW 

(mg) 

SDW(mg) SVI 

T0: Control 55 f 5.11 a 10.39 f 38 e 5.55 a 5.88 cd 27.5 bc 2.1 bc 325.9 ef 

T1: Hydro priming 64 cd 3.14 b 14.99 e 58 c 5.19 b 6.49 bc 29.3 ab 2.2 b 421.0 b 

T2: 0.1 mM SA 79 a 2.76 c 31.4 a 70 a 3.88 e 7.50 a 32.5 a 2.6 a 538.3 a 

T3: 0.2  mM SA 72 b 2.72 c 25.32 b 64 b 3.99 de 6.85 ab 26.5 b-d 1.9 cd 539.2 a 

T4: 0.4  mM SA 62 de 3.10 b 21.27 cd 51 d 4.16 cd 6.03 cd 27.4 bc 1.9 cd 372.0 cd 

T5: 0.8  mM SA 66 c 2.89 bc 24.67 b 58 c 3.94 de 5.99 cd 23.2 d 1.4 e 395.6 bc 

T6: 1.6  mM SA 57 f 3.22 b    23.14 bc 52 d 4.06 de 5.52 d 26.4 bcd 1.8 d 318.0 f 

T7: 3.2 mM SA 61 e 3.13 b 20.31 d 58 c 4.25 c 5.81 cd 24.4 cd 1.5 e 360.2 de 

Numerals (not having similar letter(-)s in a column vary significantly at (P≤ 0.05) 
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Fig. 4.5 Influence of hormonal priming with salicylic acid on electrical conductivity (EC) of carrot seeds under high 

temperature regimes.
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4.2. Seedling Stage 

At seedling stage data were collected from field during first two weeks after sowing and 

means were analyzed statistically. 

4.2.1. Final emergence percentage 

Significant results for final emergence percentage were noted during both years. Most of the 

presowing seed treatments increased emergence percentage of carrot cultivar T-29. 

Maximum emergence (31.58 % and 33.21%) was noticed in seeds primed with 0.05 mM 

GA3 in trial 1 and trial 2, respectively, and was statistically same to seeds primed with 

salicylic acid 0.1 mM. Minimum emergence (14.8%) was noticed in untreated seeds (T0: 

control) and it was statistically similar and at par with seeds primed with kinetin (0.05 mM) 

trial 1 and 2, respectively (Table 4.6). 

4.2.2 Mortality percent 

Results regarding mortality percentage exhibited highly significant difference among 

presowing seed treatments in both the trials (Table 4.6). Mortality was recorded in all 

treatments to a variable extent. In trial 1, mortality was highest in untreated seeds (21.2 %), 

followed by 0.1 mM GA3, 0.2 mM kinetin and 0.4 mM SA, all were statistically alike. Seeds 

primed in distilled water (hydropriming) and 50 mM KNO3 showed the least mortality 

percentage, i.e. 14.8% and 14.9%, respectively during trial 1. In trial 2, untreated seeds 

showed heighest mortality (20.2%) and were statistically similar to seeds primed with 0.2 

mM Kinetin (20.1 %) or coated with AB @ 2g/10g seeds (20.1 %). 
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Table 4.6. Influence of pre-sowing seed treatments on final emergence percentage and 

mortality percentage of carrot seedlings under high temperature regimes 

 

Pre-sowing Seed 

treatments 

           Final Emergence %                    Mortality % 

Year1 Year2 Year1 Year2 

T0: Control 14.8 h 16.9 hi 21.22 a 20.21 a 

T1: Hydropriming 21.4 e-g 19.8 g 14.86 d 15.15 e 

T2: KNO3 50 mM 24.2 d-f 22.9 ef 14.87 d 15.67 c-e 

T3: KNO3 150 mM 26.8 b-d 23.7 cd 14.94 cd 15.93 c-e 

T4: IAA 0.05 mM 24.8 de 23.6 de 18.63 a-d 17.86 b-d 

T5: IAA 0.4 mM 27.4 b-d 25.4 de 18.88 ab 19.58 ab 

T6: GA3 0.05 mM 31.5 a 33.2 a 16.67 b-d 15.60 de 

T7: GA3 0.1 mM 25.6 cd 23.6 e 20.69 a 19.58 ab 

T8: Kinetin 0.05 mM 14.9 h 16.1 i 20.07 ab 19.94 ab 

T9: Kinetin 0.2 mM 21.2 fg 19.8 g 21.23 a 20.18 a 

T10: SA 0.1 mM 29.0 a-c 30.5 ab 18.49 a-d 17.96 a-c 

T11: SA 0.2 mM 29.3 ab 28.3 bc 20.98 a 19.76 ab 

T12: AB 1g/10 g seed 18.7 g 19.4 gh 18.82 a-c 17.96 a-c 

T13: AB 2g/10 g seed 19.7 g 20.5 fg 19.77 ab 20.18 a 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 

 



 

60 
 

4.2.3 Seedling fresh weight (mg) 

Pre-sowing seed treatments substantially (P ≤ 0.05) affected the seedling fresh weight in both 

trials. Maximum SFW was noticed in seeds primed with SA 0.1 mM and 0.05 mM GA3 (46.7 

mg and 42.9 mg in trial 1 and 2, respectively). Minimum SFW was observed in unprimed 

seeds 30.4 mg and 139.33 mg during both trails. When data was averaged for both trials, 

minimum SFW was recorded (27.9 mg) in unprimed seeds that was alike with 0.2 mM IAA 

(during trial 2) priming treatment, while in trial 1, SFW was lowest (28.8 mg) in seeds 

primed with 0.2 mM kinetin (Table 4.7). 

4.2.4 Seedling dry weight (mg) 

Pre-sowing seed treatments substantially (P ≤ 0.05) affected the seedling fresh weight in both 

trials. Higher value for seedling dry weight (4.5 mg) was noted in seedling, which were 

primed with 0.05 mM GA3 and it was statistically at par with 0.1 mM GA3 (3.9 mg) and 0.1 

mM SA (4.2 mg) for trial 2 and SDW was maximum (4.4 mg) against seeds primed in 0.1 

mM SA and it was at par with 0.05 mM GA3 (4.1 mg) for trial 1. Minimum SDW (2.7 mg 

and 2.3 mg) was observed in unprimed seeds in trial 1 and 2, respectively and it was 

statistically similar with 0.05 mM kinetin (2.7 mg) in trial 1 and 0.05 mM IAA (2.4 mg) in 

trial 2 (Table 4.7). 

4.2.5 Seedling length (cm) 

Results showed that seedling length varied significantly (P ≤ 0.05) with respect presowing 

seed treatments. Seedling length was highest (10.1 cm) in trial 2, when seeds were primed 

0.05 mM GA3 and it was statistically at par with SA 0.1 mM (9.4 cm) while, for trial 2, SL it 

was maximum (9.6 cm) in seeds primed with 0.1 mM SA followed by 0.05 mM GA3 (8.8 

cm). Lowest values for seedling length (7.4 cm and 6.9 cm) were observed in unprimed seeds 

during trial 1 and 2, respectively and it was statistically at par with hydropriming, 0.4 mM 

IAA (trial 1 and 2), 0.2 mM kinetin and AB 1g/10 gm seed for trial 1 (Table 4.8). 
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Table 4.7. Influence of pre-sowing (seed priming) treatments on seedling fresh weight and 

seedling dry weight of carrot under high temperature regimes 

 

Pre-sowing Seed 

treatments 

     Seedling Fresh Weight (mg)           Seedling Dry Weight (mg) 

Year1 Year2 Year1 Year2 

T0: Control 30.4 de 27.9 e 2.7 e 2.3 e 

T1: Hydropriming 36.9 cd 34.6 cd 3.7 bc 3.3 cd 

T2: KNO3 50 mM 33.8 c-e 36.7 b-d 3.1 c-e 3.6 b-d 

T3: KNO3 150 mM 33.4 c-e 31.3 de 3.1 c-e 2.9 de 

T4: IAA 0.05 mM 35.5 c-e 36.6 b-d 3.4 cd 3.4 cd 

T5: IAA 0.4 mM 30.0 de 28.3 e 2.8 de 2.4 e 

T6: GA3 0.05 mM 44.8 ab 42.9 a 3.7 bc 3.5 b-d 

T7: GA3 0.1 mM 38.4 bc 36.1 cd 4.1 ab 4.5 a 

T8: Kinetin 0.05 mM 38.3 bc 39.5 abc 3.6 bc 3.9 a-c 

T9: Kinetin 0.2 mM 28.8 e 32.6 de 2.7 e 3.0 de 

T10: SA 0.1 mM 46.7 a 42.1 ab 4.4 a 4.2 ab 

T11: SA 0.2 mM 29.9 de 32.1 de 2.8 de  3.0 de 

T12: AB 1g/10 g seed 35.0 c-e 34.3 cd 3.2 c-e 3.4 cd 

T13: AB 2g/10 g seed 33.2 c-e 34.4 cd 3.2 c-e 3.3 cd 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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4.2.6 Seedling vigour index 

Results varied significantly against presowing seed treatments. Maximal seedling vigour 

index was observed in seeds primed with GA3 0.05 mM (trial 1: 279.49 and trial 2: 334.05) 

and it was same with seeds primed in SA 0.1 mM (trial 1: 280.426). Minimum seedling 

vigour index was observed in unprimed seeds which showed (110.7 and 118.1) vigour index 

in both trials (Table 4.8). 

4.2.7 Chlorophyll contents SPAD (CCI) 

The lowest chlorophyll contents were observed in hydro primed seeds (1.78) in trial 1 while, 

in trial 2, the lowest value (1.93) was recorded for control. Chlorophyll contents were highest 

for seedling raised for seeds primed in GA3 0.1 mM (2.62) and 0.05 mM (2.56) in trial 1 and 

2, respectively. Both concentrations of salicylic acid also induced higher chlorophyll in both 

trials, which were at par with GA3. Moreover, seed coating with AB 2g/10 gm seed also 

resulted in higher chlorophyll contents in trial 1(Table 4.9). 
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Table 4.8. Influence of pre-sowing seed treatments on seedling length and seedling vigour 

index of carrot under high temperature regimes 

 

Pre-sowing Seed 

treatments 

        Seedling Length (cm)           Seedling Vigour Index 

Year1 Year2 Year1 Year2 

T0: Control        7.4 e 6.9 d 110.7 h 118.1 i 

T1: Hydropriming 8.1 b-e 8.5 bc 173.4 d-f 170.4 e-g 

T2: KNO3 50 mM 8.2 b-d 8.3 c 199.5 c-e 191.8 d-f 

T3: KNO3 150 mM 8.5 b-d 8.0 c 228.9 bc 214.5 cd 

T4: IAA 0.05 mM 8.3 b-d 8.4 bc 206.0 b-d 211.4 cd 

T5: IAA 0.4 mM 7.9 c-e 7.8 cd 218.6 bc 198.9 de 

T6: GA3 0.05 mM 8.8 b 10.1 a 279.4 a 334.0 a 

T7: GA3 0.1 mM 8.6 bc 8.1 c 221.8 bc 192.6 d-f 

T8: Kinetin 0.05 mM 8.5 bc 8.2 c 127.5 gh 134.4 hi 

T9: Kinetin 0.2 mM 7.7  de 7.9 cd 165.4 ef 156.9 gh 

T10: SA 0.1 mM 9.6  a 9.3  ab 280.2 a 286.5 b 

T11: SA 0.2 mM 8.1 b-d 8.3   c 240. b 235.4 c 

T12: AB 1g/10 g seed 8.1 b-e 8.2 c 152.4 fg 160.4 f-h 

T13: AB 2g/10 g seed 8.3 b-d 8.4 bc 163.7 f 174.5 e-g 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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4.3 Harvesting Stage 

4.3.1 Root Length (cm) 

Statistical analysis of data for carrot root length showed significant differences against pre-

sowing seed treatments. Maximum carrot root length was (21.03 cm) was noticed in seeds 

primed with 0.05 mM GA3 solution in trial 2 and was statistically similar with SA 0.1 and 0.2 

mM in trial 2 (20.5 cm) and 1 (21.0), respectively. While, minimal value for root length (15.7 

cm and 16.0 cm) was detected in unprimed seeds during trial 1 and 2, respectively and was at 

par with seeds primed in 0.4 mM IAA (16.6 cm and 17.0 cm) during both trials, and similar 

behavior was also observed (16.7 cm and 16.4 cm) in case of seeds primed with kinetin 0.05 

mM and 0.2 mM for carrot root length (Table 4.9). 

4.3.2 Shoot Length (cm) 

Shoot length was affected substantially (P≤0.05) by various pre-sowing seed treatments. 

Highest shoot length was (81.0 cm 80.0 cm) in seeds primed with AB 2g/10 gm of seed, and 

it was statistically at par with AB 1g/10 gm of seed, 0.05 mM GA3, 0.2 mM SA, 0.1 mM 

GA3, SA 0.1 and 0.2 mM and KNO3 50 mM in both trials under study. Overall, recorded data 

showed increasing trend in shoot length for almost all the treatments in trial 2. Lowest shoot 

length was observed in unprimed seeds, i.e., 69.6 and 71.6 cm in trial 1 and 2 respectively 

(Table 4.10).  

4.3.3 Total Plant length (cm) 

It is apparent from statistical analysis of data that plant length differed substantially against 

pre-sowing seed treatments. Plant length ranged 85.3 cm (unprimed seed) to 100.3 cm (AB 

2g/10 gm of seed) during both trials. Similarly, on an average basis maximum plant length 

was observed (99.4 cm) in AB 2g/10 gm of seed and the lowest plant length was recorded 

(86.5 cm) in unprimed seeds (Table 4.10). 
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Table 4.9. Influence of pre-sowing seed treatments on chlorophyll contents (SPAD) and 

root length (cm) of carrot under high temperature regimes 

 

Pre-sowing Seed 

treatments 

     Chlorophyll Contents (CCI)             Root Length (cm) 

Year1 Year2 Year1 Year2 

T0: Control 1.82 ef 1.93 f 15.7 f 16.0 g 

T1: Hydropriming        1.78 f 1.96 ef 17.13 e 17.4 c-e 

T2: KNO3 50 mM  2.06 c-f 2.10 c-f 19.0 bc 18.6 b 

T3: KNO3 150 mM  1.99 d-f 1.98 ef 16.9 ef 17.1 d-f 

T4: IAA 0.05 mM  2.12 b-f 2.19 b-e 17.5 de 18.0 b-d 

T5: IAA 0.4 mM   2.20 b-d 2.02 d-f 16.5 ef 17.0 d-g 

T6: GA3 0.05 mM   2.43 a-c 2.56 a 20.2 ab 21.0 a 

T7: GA3 0.1 mM         2.62 a 2.30 a-c 17.2 e 16.6 e-g 

T8: Kinetin 0.05 mM  2.18 b-e 2.05 c-f 16.9 ef 17.2 c-f 

T9: Kinetin 0.2 mM 2.07 c-f 1.96 ef 16.7 ef 16.3 fg 

T10: SA 0.1 mM  2.31 a-d 2.45 ab 21.0 a 20.4 a 

T11: SA 0.2 mM 2.49 ab 2.25 a-d 17.3 e 18.0 b-d 

T12: AB 1g/10 g seed  2.15 b-f 2.18 c-f 17.7 c-e 18.1 bc 

T13: AB 2g/10 g seed  2.33 a-d 2.07 c-f 18.7 cd 19.0  b 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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Table 4.10. Influence of pre-sowing seed treatments on shoot length and total plant length 

of carrot under high temperature regimes 

 

Pre-sowing Seed 

treatments 

               Shoot Length (cm)        Total Plant Length (cm) 

Year1 Year2 Year1 Year2 

T0: Control 69.6   b 71.6 e 85.3     d 87.6  h 

T1: Hydropriming 71.8   b 73.8 b-e 88.9   b-d 91.3  d-h 

T2: KNO3 50 mM 74.0  ab 75.4 b-e 93.1  a-c 94.0 b-f 

T3: KNO3 150 mM 72.1   b 73.4 b-e 89.0   b-d 90.5  d-h 

T4: IAA 0.05 mM 74.0  ab 76.6 a-d 91.5  a-d 94.7  b-e 

T5: IAA 0.4 mM 70.3   b 72.0 de 86.9   cd 89.0 gh 

T6: GA3 0.05 mM 75.3  ab 76.6 a-d 95.5  ab 97.7 ab 

T7: GA3 0.1 mM 74.6  ab 73.0 c-e 91.8  a-d 89.6 f-h 

T8: Kinetin 0.05 mM 71.3   b 72.6 c-e 88.2   b-d 89.9 e-h 

T9: Kinetin 0.2 mM 73.6  ab 75.0 b-e 90.3   b-d 91.3 c-h 

T10: SA 0.1 mM 74.3  ab 72.8 c-e 95.3  ab 93.3 b-g 

T11: SA 0.2 mM 75.0  ab 77.3 a-c 92.3  a-d 95.3 a-d 

T12: AB 1g/10 g seed 76.0  ab 78.0 ab 93.7  a-c 96.1 a-c 

T13: AB 2g/10 g seed 80.0  a 81.0 a 98.7  a 100.0 a 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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4.3.4 Root Shoot Ratio 

Various presowing seed treatments substantially (P≤0.05) affected carrot root shoot ratio. 

Highest value for carrot root shoot ratio (0.28 and 0.27) was noticed in seeds primed with SA 

0.1 mM in trial 1 and 2, respectively, and it was statistically similar and/or at par with GA3 

0.05 mM in both trials. The lowest value of root shoot ratio was noticed in unprimed seeds, 

i.e., 0.23 and 0.22 during first and second trial, respectively (Table 4.11). 

4.3.5 Plant Fresh Weight (g) 

Pre-sowing seed treatments significantly enhanced the plant fresh weight in both trails. 

Maximum plant fresh weight was recorded (230.0 g and 217.7 g) in seeds primed with SA 

0.1 mM and it was statistically at par with GA3 0.05 mM in both trials. Minimum PFW was 

observed in unprimed seeds and it was 149.7 g to 156.3 g, during year 1 and 2, respectively. 

Unprimed seeds were statistically at par with Hydro-priming, KNO3 150 mM, IAA 0.4 mM, 

GA3 0.1 mM, SA 0.2 mM during trial 1 (Table 4.11). 

4.3.6. Plant Dry Weight (g) 

Statistical analysis of plant dry weight showed significant differences against pre-sowing 

seed treatments. Highest value for plant dry weight (14.37 g and 13.87 g: in 1st and 2nd trial, 

respectively) was noticed in seeds primed with SA 0.1 mM in trial 1 and it was statistically 

similar to GA3 0.05 mM (13.87 g) in trial 1 and statistically at par with in trial 2. 

The lowest PDW was noted for unprimed seeds (8.03 g and 8.66 g) in 1st and 2nd trial, 

respectively. Moreover, hydropriming (8.8 g) was statistically similar to control in trial 2 

(Table 4.12). 
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Table 4.11. Influence of pre-sowing seed treatments on carrot root shoot ratio  and plant 

fresh weight under high temperature regimes 

 

Pre-sowing Seed 

treatments 

               Root Shoot Ratio            Plant Fresh Weight (g) 

Year1 Year2 Year1 Year2 

T0: Control 0.23 d 0.22 cd 149.6 e 156.3 g 

T1: Hydropriming 0.24 cd 0.24 b-d 165.0 de 159.6 fg 

T2: KNO3 50 mM 0.26 bc       0.23 b 199.3 bc 202.6 ab 

T3: KNO3 150 mM 0.23 d 0.23 b-d 162.6 de 173.0 d-g 

T4: IAA 0.05 mM 0.24 cd  0.24  b-d 181.3 cd 169.6 d-g 

T5: IAA 0.4 mM 0.24 cd  0.24 b-d 161.0 de 173.3 d-f 

T6: GA3 0.05 mM 0.27 ab 0.28  a 213.6 ab 205.0 ab 

T7: GA3 0.1 mM 0.23 d  0.23 cd 172.0  c-e 165.6 e-g 

T8: Kinetin 0.05 mM 0.24 cd  0.24 bc 186.6 b-d 178.3 c-e 

T9: Kinetin 0.2 mM 0.23 d 0.22 d 177.3 c-e 170.3 d-g 

T10: SA 0.1 mM 0.28 a  0.27  a 230.0 a 217.6 a 

T11: SA 0.2 mM 0.23 d   0.23 b-d 166.3 de 184.3 cd 

T12: AB 1g/10 g seed 0.23 d    0.23  b-d 182.3 cd 190.3 bc 

T13: AB 2g/10 g seed 0.24 cd    0.24  b-d 179.3 cd 184.0 cd 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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4.4. Yield and Yield Components 

4.4.1 Root Colour 

Root colour showed significant differences against pre-sowing seed treatments and highest 

value for root colour was recoreded (2.10 and 2.17) in seeds primed with SA 0.1 mM in trial 

1 and 2, respectively followed by GA3 0.05 mM (2.08 and 2.12) and KNO3 50 mM in trial 1 

and 2. The lowest value for root colour was observed in unprimed seeds, i.e., 1.58 to 1.75 in 

trial 1 and 2, respectively (Table 4.12). 

4.4.2. Root weight (g) 

Pre-sowing seed treatment with 0.1 mM SA significantly enhanced the root weight of carrot 

(109.67 g and 104 g) compared with other treatments, in both trails. It was statistically at par 

with GA3 0.05 mM and KNO3 50 mM priming treatment in both trials. Minimum root weight 

was observed in unprimed seeds, i.e., 56.33 g to 61.00 g in trials 1 and 2, respectively (Table 

4.13). 

4.4.3 Flesh Diameter (mm) 

It is evident from statistical analysis of data that pre-sowing seed treatments substantially 

affected the flesh diameter of carrot root. Highest value for flesh diameter (25.7 mm and 

24.67 mm: in 1st and 2nd trial, respectively) was noticed against seed priming with GA3 0.05 

mM and it was statistically at par with SA 0.1 mM, KNO3 50 mM and AB 2g/10 gm seed. 

The least value of flesh diameter, i.e., 16.8 mm and 16.6 mm, respectively was noticed for 

unprimed seeds in trial 1 and 2. It was statistically at par with KNO3 150 mM, kinetin 0.2 

mM and SA 0.2 mM pre-sowing seed treatments during both trials (Table 4.13). 
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Table 4.12. Influence of pre-sowing seed treatments plant dry weight and root colour of 

carrot under high temperature regimes 

 

Pre-sowing Seed 

treatments 

              Plant Dry Weight (g)                    Root Colour 

Year1 Year2 Year1 Year2 

T0: Control 8.03 d 8.66 g 1.58 c 1.75 c 

T1: Hydropriming 8.73 cd 8.80 g 1.75 bc 1.75 c 

T2: KNO3 50 mM 13.10 ab   13.17 a-c 2.08 a 2.0 ab 

T3: KNO3 150 mM 8.70 cd 10.47 e-g 1.67 bc 1.83 bc 

T4: IAA 0.05 mM 10.60 b-d 9.47 fg 1.92 ab 1.95 a-c 

T5: IAA 0.4 mM 8.77 cd 10.23 e-g 1.75 bc 1.75 c 

T6: GA3 0.05 mM 13.93  a 13.50 ab 2.08 a 2.12 a 

T7: GA3 0.1 mM 9.27  cd 9.60 fg 1.75 bc 1.78 c 

T8: Kinetin 0.05 mM 11.07 bc 10.73 d-f 1.83 a-c 1.90 a-c 

T9: Kinetin 0.2 mM 11.00 bc 10.00 e-g 1.67 bc 1.83 bc 

T10: SA 0.1 mM 14.37 a 13.87 a 2.10 a 2.17 a  

T11: SA 0.2 mM 9.67 cd 11.60 b-e 1.92 ab 1.95 a-c 

T12: AB 1g/10 g seed 10.63 b-d 12.40 a-d 1.91 ab 1.95 a-c 

T13: AB 2g/10 g seed 10.37 b-d 11.57 c-e 1.92 ab 1.97 a-c 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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Table 4.13. Influence of pre-sowing seed treatments on carrot root weight  and  flesh 

diameter under high temperature regimes 

 

Pre-sowing Seed 

treatments 

               Root Weight (g)              Flesh Diameter (mm) 

Year1 Year2 Year1 Year2 

T0: Control 56.33 f 61.00 f 16.83 d 16.67 e 

T1: Hydropriming 66.33 ef 64.33 ef 21.67 bc 20.00 c-e 

T2: KNO3 50 mM 92.00 a-c 87.67 bc 22.00 a-c 23.67 ab 

T3: KNO3 150 mM 60.00 ef 63.33 ef 18.67 cd 20.00 c-e 

T4: IAA 0.05 mM 88.00 bd 80.67 cd 21.00 bc 23.33 a-c 

T5: IAA 0.4 mM 64.00 ef 67.00 ef 20.67 bc 18.67 de 

T6: GA3 0.05 mM 102.67 ab 99.67 ab 25.67 a 24.67 a 

T7: GA3 0.1 mM 79.67 c-e 76.33 c-e 21.00 bc 22.00 a-d 

T8: Kinetin 0.05 mM 89.67 a-d 83.00 cd 20.33 b-d 23.33 a-c 

T9: Kinetin 0.2 mM 71.33 c-f 73.67 d-f 19.67 cd 18.67 de 

T10: SA 0.1 mM 109.67 a 104.00 a 24.00 ab 22.33 a-c 

T11: SA 0.2 mM 69.00 d-f 75.00 c-e 20.33 b-d 20.50 b-d 

T12: AB 1g/10 g seed 77.00 c-f 83.67 cd 18.67 cd 21.00  b-d 

T13: AB 2g/10 g seed 81.33 b-e 87.33 bc 22.00 a-c 23.33 a-c 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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4.4.4 Pith Diameter (mm) 

Statistical analysis of pith diameter (mm) showed significant differences against pre-sowing 

seed treatments. Pith diameter ranges from 14.3 mm (hydro-primed seeds) to 18.66 mm (SA 

0.1 mM) in both trials. Maximum pith diameter was observed (18.66 mm) in seeds primed 

with SA 0.1 mM and it was statistically at par with AB 2g/10 g seed while, minimum value 

for pith diameter (14.33 mm) was observed in hydro-primed seeds (Table 4.14). 

4.4.5. Flesh: pith ratio 

Pre-sowing seed treatments significantly affected flesh pith ratio (FPR) in both trials under 

observation.  Maximum value for FPR was recorded (1.51 and 1.49: in 1st and 2nd trial, 

respectively) in seeds primed with GA3 0.05 mM and it was statistically at par with 

Hydropriming, KNO3 150 mM, GA3 0.1 mM and IAA 0.05 mM priming treatments during 

both trials. Minimum value for FPR was observed in unprimed seeds (1.13 and 1.09: in trial 

1 and 2) and was statistically at par with Kinetin 0.2 mM, SA 0.2 mM, AB 1g/10 gm seed 

and IAA 0.4 mM (Table 4.14). 

4.4.6. Root Diameter (mm) 

It is evident from statistical analysis that pre-sowing seed treatments substantially enhanced 

the root diameter for the both trails. Highest value for root diameter was recorded (42.67 mm 

and 41.00 mm) in seeds primed with GA3 0.05 mM in trial 1 and 2, respectively and it was 

statistically at par with SA 0.1 mM (41.66 and 41.00), AB 2g/10 g seed, KNO3 50 mM and 

IAA 0.05 mM.  Lowest value for root diameter was observed (31.33 and 32 mm: in trial 1 and 2, 

respectively) in unprimed seeds and it was statistically same with KNO3 150 mM, IAA 0.4 mM and 

AB 1g/10 gm seed pre-sowing treatments (Table 4.15). 

4.4.7. Root Yield (Kg/12.5 ft2) 

Root yield was significantly affected (P≤0.05) against pre-sowing seed treatments under field 

evaluation. Maximum yield was obtained (2.54 kg and 2.82 kg), when seeds were primed in 

SA 0.1 mM solution during trial 1 and 2, respectively while, it was statistically similar with 

seeds primed in GA3 0.05 mM solution (2.47 kg and 2.69 kg). Lowest yield was noticed in 

unprimed seeds (1.72 kg and 2.01 kg) under both trials and was at par with KNO3 150 mM 

and kinetin 0.2 mM priming treatments Table (4.15). 
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Table 4.14. Influence of pre-sowing seed treatments on carrot pith diameter and flesh pith 

ratio under high temperature regimes 

 

Pre-sowing Seed 

treatments 

           Pith Diameter (mm)              Flesh Pith Ratio  

Year1 Year2 Year1 Year2 

T0: Control 15.00 b-d 15.33 d-f 1.13 c   1.09 de 

T1: Hydropriming 14.67 cd 14.33 f  1.49 ab 1.42 ab 

T2: KNO3 50 mM 17.33 ab 17.00 a-d  1.27 bc 1.39  ab 

T3: KNO3 150 mM 14.00 d 14.67 ef    1.37 a-c 1.38  a-c 

T4: IAA 0.05 mM 16.33 a-d 16.00  b-f    1.29 a-c 1.45  a 

T5: IAA 0.4 mM 16.00 a-d 16.67 b-d  1.28 bc 1.12 c-e 

T6: GA3 0.05 mM 17.00 a-c 16.33 b-e 1.51 a 1.49 a 

T7: GA3 0.1 mM 16.00 a-d 16.67 b-d   1.33 a-c 1.32  a-d 

T8: Kinetin 0.05 mM 16.67  a-c 16.33 b-e 1.24 c 1.45 a 

T9: Kinetin 0.2 mM 17.33 ab 17.66 ab 1.14 c 1.06  e 

T10: SA 0.1 mM 17.67 a 18.66 a   1.36 a-c 1.21 b-e 

T11: SA 0.2 mM 17.00 a-c 17.50 a-c 1.20 c 1.18 b-e 

T12: AB 1g/10 g seed 15.00 b-d 15.60 c-f 1.24 c 1.35 a-c 

T13: AB 2g/10 g seed 18.33  a 17.33 a-c   1.20    c 1.34  a-d 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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Table 4.15. Influence of pre-sowing seed treatments on carrot root diameter and root yield 

under high temperature regimes 

 

Pre-sowing Seed 

treatments 

Root Diameter (mm) Root Yield (Kg) 

Year1 Year2 Year1 Year2 

T0: Control 31.33 d 32.00 g 1.72    f 2.01 g 

T1: Hydropriming   36.33 b-d 34.33 fg 1.92  b-e 2.24 c-g 

T2: KNO3 50 mM 39.33 ab 40.66 ab 2.05  bc 2.35 c-e 

T3: KNO3 150 mM 32.66 cd 34.67 e-g 1.85  d-f 2.05 fg 

T4: IAA 0.05 mM 37.33 a-c 39.33 a-d 1.94 b-e 2.44 b-d 

T5: IAA 0.4 mM 36.67 b-d 35.33 d-g 1.80  ef 2.12  e-g 

T6: GA3 0.05 mM 42.67 a 41.00 a 2.47  a 2.69 ab 

T7: GA3 0.1 mM 37.00 bc 38.66 a-e 1.89 c-f 2.29 c-f 

T8: Kinetin 0.05 mM 37.50 bc 39.67 a-c 1.99  b-d 2.20 d-g 

T9: Kinetin 0.2 mM 37.00 bc 36.33 c-f 1.83  d-f 2.09 e-g 

T10: SA 0.1 mM 41.66 ab 41.00 a 2.54 a 2.82 a 

T11: SA 0.2 mM 37.33  a-c 38.00 a-f 1.99  b-d 2.27 c-g 

T12: AB 1g/10 g seed 33.67 cd 36.66 b-f 2.09  b 2.49 bc 

T13: AB 2g/10 g seed 40.33 ab 40.67 ab 2.06  bc 2.40 cd 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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4.5 Chemical analysis 

4.5.1 pH of Carrot Juice 

pH of carrot juice differed significantly (P ≤ 0.05) against pre-sowing seed treatments during 

both trials but maximum pH of carrot juice (7.20 and 7.25) was noticed in unprimed seeds in 

trial 1 and trial 2 respectively and was statistically same with seeds primed with KNO3 150 

mM, Kinetin 0.05 mM and SA 0.2 mM. Minimum pH was recorded in carrot seeds prime 

with GA3 0.05 mM during both trials and was statistically same with seeds primed in GA3 

0.1 mM, IAA 0.4 mM, SA 0.1 mM and KNO3 50 mM (Table 4.16). 

4.5.2 Total Soluble Solids (Brix) 

It is apparent from statistical analysis of data that total soluble solids against pre-sowing seed 

treatments differed significantly (P ≤ 0.05) during both trials. Maximum TSS (8.56 and 8.41) 

was observed in GA3 0.05 mM seeds in trial 1 and trial 2 respectively, and was statically 

same with seeds primed with SA 0.1 mM (8.23 and 8.33). Minimum TSS was recorded (7.33 

and 7.16) in carrot seeds which were unprimed during trial 1 and 2, respectively (Table 4.16). 

4.5.3 Titratable acidity (%): 

Data regarding titratable acidity was analyzed statistically using ANOVA technique which 

showed significant differences against presowing seed treatments during both trials. 

Maximum titratable acidity (0.32% and 0.34%) was recorded in unprimed seeds in trial 1 and 

trial 2 respectively, and was statistically saem with seeds primed with IAA 0.4 mM, kinetin 

0.05 mM, Kinetin 0.2 mM and AB 2g/10 gm seed. Minimum titratable acidity was noticed in 

carrot seeds primed with GA3 0.05 mM (0.26 and 0.24) in trial 1 and 2, respectively (Table 

4.17). 
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Table 4.16. Influence of pre-sowing seed treatments on carrot juice pH and total soluble 

solids under high temperature regimes 

 

Pre-sowing Seed 

treatments 

pH  Total Soluble Solids 

Year1 Year2 Year1 Year2 

T0: Control 7.20 a 7.25 ab 7.33 g 7.16 f 

T1: Hydropriming 6.74 b-d 6.86 b-d 7.80 ef 7.56 e 

T2: KNO3 50 mM 6.40 d-f 6.56 d-f 7.86 def 7.95 cd 

T3: KNO3 150 mM 6.97 ab 7.06 a-c 7.70 fg 7.56 e 

T4: IAA 0.05 mM 6.52 c-e 6.68 c-e 8.36 ab 7.96 b-d 

T5: IAA 0.4 mM 6.15 ef 6.50 d-f 8.10 b-e 7.83 c-e 

T6: GA3 0.05 mM 6.00 f 6.34 ef 8.56 a 8.41 a 

T7: GA3 0.1 mM 6.03 f 6.23 f 8.06 b-f 7.96 b-d 

T8: Kinetin 0.05 mM 6.90 a-c 7.00 a-c 7.86 d-f 8.00 b-d 

T9: Kinetin 0.2 mM 6.84 a-d 6.48 d-f 8.30 a-c 7.93 c-e 

T10: SA 0.1 mM 6.16 ef 6.43 ef 8.23 a-d 8.33 ab 

T11: SA 0.2 mM 7.13 ab 7.33 a 8.13 b-e 7.90 c-e 

T12: AB 1g/10 g seed 6.70 b-d 7.01 a-c 7.96 c-f 7.76 de 

T13: AB 2g/10 g seed 6.52 c-e 6.70 c-e 8.10 b-e 8.20 a-c 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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4.5.4 TSS: TA ratio 

Pre-sowing seed treatments presented significant (P ≤ 0.05) differences for TSS: TA ratio of 

carrot juice during both trials. Highest TSS: TA ratio (33.22 and 34.58) was noted in seeds 

primed with GA3 0.05 mM in trial 1 and trial 2 respectively and was statically at par with 

seeds primed with SA 0.1 mM (30.34) in trial 1. Lowest TSS: TA ratio was recorded (23.02 

and 21.30) in carrot seeds which were unprimed seeds during both trials. Unprimed seeds 

were statistically at par with seeds primed in KNO3 150 mM, IAA 0.4 mM, IAA 0.05 mM 

and GA3 0.1 mM during trial 1 (Table 4.17). 

4.5.5. Ascorbic Acid (mg 100 g-1 of juice) 

Statistical analysis of data pertaining the ascorbic acid contents in carrot juice showed 

noteworthy results against pre-sowing seed treatments. Maximum ascorbic acid contents 

(10.34 and 9.98) were observed in GA3 0.05 mM seeds in trial 1 and trial 2 respectively, and 

were statistically at par with seeds primed with SA 0.1 mM, KNO3 50 mM and SA 0.2 mM. 

Minimum ascorbic acid contents were recorded (5.17 and 5.36: in 1st and 2nd trial, 

respectively) in unprimed seeds and unprimed seeds were statistically at par with seeds 

primed in AB 1g/10 gm seed, AB 2g/10 gm seed, KNO3 150 mM and IAA 0.05 mM (Table 

4.18). 

4.5.6. Reducing sugars (%) 

It is apparent from statistical analysis of data regarding reducing sugars that it was 

significantly affected by pre-sowing seed treatments during both trials under study. 

Maximum reducing sugars (2.62% and 2.55%) were noticed in seeds primed in GA3 0.05 

mM solution in trial 1 and trial 2 respectively and were statistically at par with seeds primed 

with SA 0.1 mM and KNO3 50 mM. Minimum reducing sugars were recorded (2.01 and 

2.00) in unprimed seeds during both trials and unprimed seeds were statistically same with 

seeds primed in distilled water (Hydropriming), IAA 0.4 mM, Kinetin 0.05 mM and SA 0.2 

mM (Table 4.18). 
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Table 4.17. Influence of pre-sowing seed treatments on carrot juice titratable acidity and 

TSS: TA ratio under high temperature regimes 

 

Pre-sowing Seed 

treatments 

Titratable Acidity (%) TSS: TA Ratio 

Year1 Year2 Year1 Year2 

T0: Control 0.32 a 0.34 a 23.02 d 21.30 d 

T1: Hydropriming 0.27 bcd 0.27 ef 28.62 bc 27.41 c 

T2: KNO3 50 mM 0.29 a-d 0.30 b-d 27.50 bc 26.49 c 

T3: KNO3 150 mM 0.30 abc 0.29 de 25.75 cd 26.13 c 

T4: IAA 0.05 mM 0.31 ab 0.29 c-e 26.87 cd 27.08 c 

T5: IAA 0.4 mM 0.31 ab 0.31 a-d 25.87 cd 24.88 c 

T6: GA3 0.05 mM 0.26 d 0.24 g 33.22 a 34.58 a 

T7: GA3 0.1 mM 0.31 a-c 0.31 b-d 26.29 cd 25.54 c 

T8: Kinetin 0.05 mM 0.29 a-d 0.31 a-c 27.69 bc 25.12 c 

T9: Kinetin 0.2 mM 0.30 abc 0.32 abc 27.67 bc 25.09 c 

T10: SA 0.1 mM 0.27 cd 0.26 fg 30.94 ab 31.74 b 

T11: SA 0.2 mM 0.29 a-d 0.31 b-d 28.56 bc 25.73 c 

T12: AB 1g/10 g seed 0.29 a-d 0.30 b-d 27.89 bc 25.61 c 

T13: AB 2g/10 g seed 0.30 a-c 0.32 ab 26.56 cd 25.13 c 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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Table 4.18. Influence of pre-sowing seed treatments on carrot juice ascorbic acid 

and reducing sugars under high temperature regimes 

 

Pre-sowing Seed 

treatments 

Ascorbic Acid  

(mg 100 g-1 of juice) 

Reducing Sugars (%) 

Year1 Year2 Year1 Year2 

T0: Control 5.17 d 5.36 d 2.01 c 2.00 d 

T1: Hydropriming 6.89 b-d 6.79 cd 2.11 bc 2.07 cd 

T2: KNO3 50 mM 8.14 a-c 8.30 a-c 2.35 ab 2.32 a-c 

T3: KNO3 150 mM 5.86 cd 5.69 d 2.31 b 2.21 b-d 

T4: IAA 0.05 mM 6.21 cd 6.59 cd 2.30 b 2.23 b-d 

T5: IAA 0.4 mM 6.20 cd 5.97 d 2.15 bc 2.11 cd 

T6: GA3 0.05 mM 10.34 a 9.98 a 2.62 a 2.55 a 

T7: GA3 0.1 mM 6.55 b-d 6.75 cd 2.26 bc 2.30 a-d 

T8: Kinetin 0.05 mM 6.53 b-d 6.88 cd 2.20 bc 2.28 a-d 

T9: Kinetin 0.2 mM 5.86 cd 5.78 d 2.26 bc 2.16 b-d 

T10: SA 0.1 mM 9.31 ab 9.47 ab 2.36 ab 2.45 ab 

T11: SA 0.2 mM 7.59 a-d 7.83 bc 2.20 bc 2.17 b-d 

T12: AB 1g/10 g seed 5.52 cd 5.79 d 2.21 bc 2.17 b-d 

T13: AB 2g/10 g seed 5.86 cd 5.96 d 2.25 bc 2.21 b-d 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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4.5.7 Non-reducing sugars (%) 

Carrot juice was assessed for the presence of non-reducing sugars percentage against pre-

sowing seed treatment during both trials. Highest value for non-reducing sugars (5.30% and 

5.50%) was recorded in GA3 0.05 mM treatment in trial 1 and trial 2 respectively, and was 

statistically same with seeds primed in SA 0.1 mM (4.76 and 5.13: in tiral 1 and 2). 

Moreover, there was not much difference among all the treatment response for non-reducing 

sugars in trial 1. Lowest non-reducing sugars were recorded (4.17 to 4.45 %) in carrot which 

were from unprimed seeds during trial 1 and 2, respectively and unprimed seeds were 

statistically same with seeds primed in kinetin 0.2 mM KNO3 150 mM, AB 1g/10 gm seed, 

IAA 0.05 mM and SA 0.2 mM treatments (Table 4.19). 

4.5.8. Total sugars (%) 

Pre-sowing seed treatments differed considerably (P ≤ 0.05) during both trials in term of total 

sugars. Highest total sugars (8.21% and 8.34%) were recorded in GA3 0.05 mM in trial 1 and 

trial 2, respectively, and were statistically same with seeds primed in SA 0.1 mM solution. 

Lowest total sugars were recorded (6.41 to 6.76 %) in carrot seeds which were unprimed 

during both trials and unprimed seeds were statistically same with seeds primed in IAA 0.4 

mM, AB 1g/10 gm seed, Hydropriming, KNO3 150 mM and IAA 0.05 mM (Table 4.19). 
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Table 4.19. Influence of pre-sowing seed treatments on carrot juice non-reducing sugars 

and total sugars under high temperature regimes 

 

Pre-sowing Seed 

treatments 

 

Non-reducing Sugars (%)) 

Total Sugars (%) 

Year1 Year2 Year1 Year2 

T0: Control 4.17 b 4.45 c 6.41 d 6.76 d 

T1: Hydropriming 4.66 ab 4.96 abc 7.02 b-d 7.30 b-d 

T2: KNO3 50 mM 5.20 a 4.82 bc 7.83 ab 7.40 bc 

T3: KNO3 150 mM 4.47 ab 4.64 bc 7.02 b-d 7.10 cd 

T4: IAA 0.05 mM 4.55 ab 4.68 bc 7.09 b-d 7.16 cd 

T5: IAA 0.4 mM 4.49 ab 4.44 c 6.89 cd 6.79 cd 

T6: GA3 0.05 mM 5.30 a 5.50 a 8.21 a 8.34 a 

T7: GA3 0.1 mM 4.73 ab 4.79 bc 7.24 b-d 7.34 bc 

T8: Kinetin 0.05 mM 4.74 ab 4.58 bc 7.20 b-d 7.11 cd 

T9: Kinetin 0.2 mM 4.46 ab 4.62 bc 6.95 b-d 7.02 cd 

T10: SA 0.1 mM 4.76 ab 5.13 ab 7.38 a-c 7.85 ab 

T11: SA 0.2 mM 4.55 ab 4.63 bc 7.00 b-d 7.04 cd 

T12: AB 1g/10 g seed 4.52 ab 4.47 c 6.97 b-d 6.87 cd 

T13: AB 2g/10 g seed 4.56 ab 4.70 bc 7.05 b-d 7.16 cd 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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4.6. Enzyme Analysis 

4.6.1 Total Phenolic content (mg/GAE 100 g) 

Seed priming treatments resulted in significantly higher total phenolic content than unprimed 

seeds during both the trails. Highest phenolic contents were observed in seedlings (298.54 

and 345.20) when primed in GA3 0.05 mM solution during trail 1 and 2, respectively and it 

was statistically at par with SA 0.1 mM (271.40 and 304.74). Lowest values for total 

phenolic contents were observed (199.16 and 221.82: in 1st and 2nd trial, respectively) in 

unprimed seeds and unprimed seeds were remain statistically similar and/or at par with 

KNO3 150 mM, Kinetin 0.2 mM, Hydro-priming AB 1g/10 g seed and AB 2g/10 g seed 

(Table 4.20). 

4.6.2 Total antioxidants (% inhibition-DPPH) 

Statistical analysis of data concerning the total antioxidants of seedlings showed noteworthy 

results against pre-sowing seed treatments under both trials. During trial 1 and 2, maximum 

total antioxidants were observed in seedlings (84.81% and 96.14%), in which seeds were 

primed with GA3 0.05 mM and it was statistically similar/ and at par with SA 0.1 during both 

trials. Minimum values of total antioxidants were exhibited (63.83  to 56.16) in unprimed 

seeds  and was statistically at par with AB 1g/10 g seed during the course of study (Table 

4.20). 

4.6.3 Peroxidase (U kg-1 protein) 

The influence of pre-sowing seed treatments for peroxidase was found significant when data 

were analyzed statistically. Comparison of results for pre-sowing seed treatments indicated 

that highest value for peroxidase was recoded (2713.0 and 2809.3) in seedlings, in which 

seeds were primed in SA 0.1 mM during trail 1 and 2, respectively. Lowest POD values 

observed (1998.2 and 2064.9: in 1st and 2nd trial, respectively) in unprimed seeds and was 

statistically same with AB 2g/10 gm seed, IAA 0.4 mM and Kinetin 0.2 mM (Table 4.21). 
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Table 4.20. Influence of pre-sowing seed treatments on total phenolic contents and total 

antioxidants of carrot seedlings under high temperature regimes 

 

Pre-sowing Seed 

treatments 

Total Phenolic Contents                 

(mg/GAE 100 g) 

Total Antioxidants 

 (% inhibition-DPPH) 

Year1 Year2 Year1 Year2 

T0: Control 199.16 e 221.82 f 63.83 d 56.16 g 

T1: Hydropriming 214.81 de 258.15 c-f 66.80 b-d 71.14 d-f 

T2: KNO3 50 mM 228.54 c-e 241.87 d-f 78.73 a-c 81.06 bc 

T3: KNO3 150 mM 205.28 e 225.28 ef 65.72 cd 58.06 g 

T4: IAA 0.05 mM 253.96 bc 271.29 b-d 80.81 ab 77.81 c-e 

T5: IAA 0.4 mM 222.26 c-e 232.26 d-f 72.07 a-d 78.40 cd 

T6: GA3 0.05 mM 298.54 a 345.20 a 84.81 a 96.14 a 

T7: GA3 0.1 mM 247.22 b-d 285.46 bc 68.43 b-d 70.45 d-f 

T8: Kinetin 0.05 mM 234.27 b-e 265.61 b-e 71.88 a-d 69.55 d-f 

T9: Kinetin 0.2 mM 212.18 de 222.51 f 65.35 cd 68.35 ef 

T10: SA 0.1 mM 271.40 ab 304.74 ab 85.33 a 90.66 ab 

T11: SA 0.2 mM 231.65 c-e 291.99 bc 71.55 a-d 74.21 c-e 

T12: AB 1g/10 g seed 227.52 c-e 255.19 c-f 65.30 cd 61.97 fg 

T13: AB 2g/10 g seed 218.46 c-e 235.12 d-f 73.32 a-d 81.32 bc 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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4.6.4 Catalase (U kg-1 protein) 

It is apparent from statistical analysis of data regarding catalase that it was significantly 

(P≤0.05) affected against presowing seed treatments. Highest activity level of catalase 

enzyme was recorded (919.70 and 1006.4) in seedlings (seeds) which were primed in KNO3 

50 mM during trail 1 and 2, respectively and it was statistically at par with GA3 0.05 mM 

(823.77 and 910.43). Lowest activity of CAT was depicted (544.11 and 590.78: in 1st and 2nd 

trial, respectively) by unprimed seeds and was statistically same with IAA 0.05 mM, IAA 0.4 

mM and Kinetin 0.2 mM (Table 4.21). 

4.6.5 Superoxide Dismutase (U kg-1 protein) 

Data about the activities of superoxide dismutase enzyme (SOD) was analyzed statistically 

using ANOVA technique which unveiled significant differrences against pre-sowing seed 

treatments. Maximum superoxide dismutase enzyme activity was observed in (seeds) 

seedlings (573.63 and 640.29) that were primed in GA3 0.05 mM solution during trail 1 and 

2, respectively and it was statistically at par with SA 0.1 mM (509.70 and 576.38: trial 1 and 

2). Minimum activity of SOD was recoded (336.93 and 333.60) in unprimed seeds in trial 1st 

and 2nd, repectively (Table 4.22). 

4.6.6 Malondialdehyde contents (µmole/g FW seed)   

Statistical analysis of malondialdehyde contents (MDA) indicated significant differences 

against pre-sowing seed treatments under both trials. Highest malondialdehyde contents were 

observed in (seeds) seedlings (6.47 and 7.71) which were unprimed during trail 1 and 2, 

respectively. Lowest MDA contents were depicted (2.92 and 3.33: in 1st and 2nd trial, 

respectively) by SA 0.1 mM treated seeds and was statistically at par with GA3 0.05 mM 

(Table 4.22). 
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Table 4.21. Influence of pre-sowing seed treatments on peroxidase and catalase of carrot 

seedlings under high temperature regimes 

 

Pre-sowing Seed 

treatments 

Peroxidase 

(U kg-1 protein) 

Catalase 

(U kg-1 protein) 

Year1 Year2 Year1 Year2 

T0: Control 1998.2 g 2064.9 h 544.11 e 590.78 e 

T1: Hydropriming 2659.8 ab 2526.5   bc 601.47 c-e 700.41 cd 

T2: KNO3 50 mM 2622.1 a-c 2555.4 b 919.70 a 1006.4 a 

T3: KNO3 150 mM 2286.5 d-g 2185.9 e-h 686.69 c 653.36 c-e 

T4: IAA 0.05 mM 2395.5 b-e 2428.9 b-d 567.09 de 607.09 c-e 

T5: IAA 0.4 mM 2072.1 fg 2138.8 e-h 568.70 de 598.70 de 

T6: GA3 0.05 mM 2472.9 a-d 2506.2 b-d 823.77 ab 910.43 ab 

T7: GA3 0.1 mM 2325.7 c-f 2292.4 d-g 636.36 c-e 703.03 c 

T8: Kinetin 0.05 mM 2490.4 a-d 2357.1 b-e 658.29 cd 624.96 c-e 

T9: Kinetin 0.2 mM 2151.7 e-g 2085.1 gh 606.45 c-e 613.12 c-e 

T10: SA 0.1 mM 2713.0 a 2809.3 a 799.84 b 866.51 b 

T11: SA 0.2 mM 2282.5 d-g 2319.2 c-f 668.04 cd 668.04 c-e 

T12: AB 1g/10 g seed 2375.1 b-f 2308.4 c-f 608.17 c-e 635.17 c-e 

T13: AB 2g/10 g seed 2070.8 fg 2104.2 f-h 645.36 c-e 678.70 c-e 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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Table 4.22. Influence of pre-sowing seed treatments on superoxide dismutase and 

malondialdehyde contents of carrot seedlings under high temperature regimes 

 

Pre-sowing Seed 

treatments 

Superoxide Dismutase 

(U kg-1 protein) 

Malondialdehyde Contents 

(µmole/g FW seed) 

Year1 Year2 Year1 Year2 

T0: Control 366.93 d 333.60 g 6.47 a 7.71 a 

T1: Hydropriming 401.25 cd 453.92 d-f 5.13 b-e 5.80 cd 

T2: KNO3 50 mM 528.17 ab 561.50 bc 3.97 e-g 4.36 fg 

T3: KNO3 150 mM 493.41 a-c 513.41 b-d 5.23 b-d 4.97 ef 

T4: IAA 0.05 mM 449.52 b-d 482.89 d-f 4.71 d-f 5.04 ef 

T5: IAA 0.4 mM 446.94 b-d 414.28 f 5.97 a-c 6.04 bc 

T6: GA3 0.05 mM 573.63 a 640.29 a 3.58 fg 4.03 gh 

T7: GA3 0.1 mM 441.61 b-d 494.94 c-e 5.26 b-d 5.60 c-e 

T8: Kinetin 0.05 mM 471.46 bc 504.80 b-d 5.12 b-e 4.95 ef 

T9: Kinetin 0.2 mM 434.06 b-d 419.06 ef 5.77 a-d 6.05 bc 

T10: SA 0.1 mM 509.70 ab 576.38 ab 2.92 g 3.33 h 

T11: SA 0.2 mM 409.02 cd 456.35 d-f 4.79 c-f 5.08 d-f 

T12: AB 1g/10 g seed 451.98 b-d 518.65 b-d 6.13 ab 6.54 b 

T13: AB 2g/10 g seed 447.94 b-d 482.27 d-f 5.79 a-d 6.09 bc 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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4.7 Physiological Characteristics 

4.7.1 Photosynthetic Rate (µmol m-2 s-1) 

Results showed that photosynthetic rate affected significantly by the presowing treatment 

during both trials under study. Highest photosynthetic rate was observed (12.33 and 13.16) in 

plant (seeds) primed with GA3 0.05 mM in trail 1 and SA 0.1 mM in trial 2, respectively and 

these treatments were statistically same with each other (trial 1 and 2).  

Lowest values for photosynthetic rate was observed in unprimed (seeds) plant, i.e., 5.36 and 

7.45 during trial 1 and 2, respectively and it was statistically at par with KNO3 50 and 150 

mM and IAA 0.4 mM (Table 4.23). 

4.7.2 Transpiration Rate (mmol m-2 s-1) 

Statistical analysis of data concerning the transpiration rate of plant exhibited significant 

against pre-sowing seed treatments under both trials. Maximum transpiration rate was 

observed (8.38 and 9.85) in plant (seeds) which were unprimed in trial 1 and 2, respectively. 

Minimum value for transpiration rate was observed 93.20 and 4.94: in trial1 and 2, 

respectively) in plants (seeds) which were primed in GA3 0.05 mM and it was statistically at 

par with SA 0.1 mM, i.e., 3.86 and 5.37 (Table 4.23). 
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Table 4.23. Influence of pre-sowing seed treatments on photosynthetic rate and 

transpiration rate of carrot plant under high temperature regimes 

 

Pre-sowing Seed 

treatments 

Photosynthetic Rate  

(µmol m-2 s-1) 

Transpiration Rate  

(mmol m-2 s-1) 

Year1 Year2 Year1 Year2 

T0: Control 5.36 g 7.45 e 8.38 a 9.85 a 

T1: Hydropriming 8.83 b-f 9.19 c-e 5.44 c-e 7.17 b-d 

T2: KNO3 50 mM 7.29 e-g 8.88 de 5.50 b-e 5.76 e-g 

T3: KNO3 150 mM 6.75 fg 8.68 de 7.04 a-c 7.10 b-d 

T4: IAA 0.05 mM 11.58 a-c 9.50 cd 5.30 c-e 7.95 bc 

T5: IAA 0.4 mM 8.04 d-g 9.03 de 6.27 b-d 6.78 c-e 

T6: GA3 0.05 mM 12.33 a 11.91 ab 3.20 f 4.94 g 

T7: GA3 0.1 mM 8.98 b-f 9.98 cd 5.43 c-e 6.27 d-f 

T8: Kinetin 0.05 mM 10.22 a-e 9.20 c-e 4.99 de 7.00 b-e 

T9: Kinetin 0.2 mM 9.35 a-f 8.32 de 7.24 ab 7.69 bc 

T10: SA 0.1 mM 11.97 ab 13.16 a 3.86 ef 5.37 fg 

T11: SA 0.2 mM 8.69  c-f 9.30 cd 6.32 b-d 7.00 b-e 

T12: AB 1g/10 g seed 9.87 a-f 10.93 bc 5.77 b-d 8.10 b 

T13: AB 2g/10 g seed 10.98 a-d 10.03 cd 6.43 b-d 7.45 b-d 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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4.7.3 Stomatal Conductance (mmol m-2 s-1) 

It is apparent from statistical analysis of data regarding stomatal conductance of carrot plants 

that it was differed substantially against pre-sowing seed treatments. Highest stomatal 

conductance was observed (0.26 mmol m-2 s-1 and 0.24 mmol m-2 s-1) in plants (seeds) were 

unprimed during trial 1 and 2, respectively. 

Lowest value for stomatal conductance was observed (0.11 mmol m-2 s-1) in SA 0.2 mM 

primed (seeds) plant in trail 2, while in trial 1 minimum stomatal conductance was observed 

(0.12 mmol m-2 s-1) in hydro-primed seeds that was statistically alike with SA 0.1 mM (Table 

4.24). 

4.7.4. Water Use Efficiency (pmol CO2 mmol1 H2O) 

Statistical analysis of data pertaining the water use efficiency of carrot plant exhibited 

significant results for the pre-sowing seed treatments under both trials. Maximum water use 

efficiency was observed (4.02 and 2.48) in plant (seeds) primed in GA3 0.05 mM (trial 1 and 

2, respectively) and it was statistically alike or/ at par with SA 0.1 mM. 

Minimum value for water use efficiency was recorded (0.63 and 0.76: in trial 1 and 2, 

respectively) in unprimed (seeds), plants and it was statistically same with Kinetin 0.2 mM 

(Table 4.24). 
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Table 4.24. Influence of pre-sowing seed treatments on stomatal conductance  

and water use efficiency of carrot plant under high temperature regimes 

 

Pre-sowing Seed 

treatments 

Stomatal Conductance  

(mmol m-2 s-1) 

Water Use Efficiency  

(pmol CO2 mmol1 H2O) 

Year1 Year2 Year1 Year2 

T0: Control 0.26 a 0.24 a 0.63   f 0.76 d 

T1: Hydropriming 0.14 de 0.15 b-d 1.65  c-f 1.28 bc 

T2: KNO3 50 mM 0.17 c-e 0.14 b-d 1.33 d-f 1.58 b 

T3: KNO3 150 mM 0.12 e 0.18 b 0.94  ef 1.22 bc 

T4: IAA 0.05 mM 0.21 a-c 0.13 b-d 2.21 b-d 1.21 bc 

T5: IAA 0.4 mM 0.17 c-e 0.13 b-d 1.26 d-f 1.34 bc 

T6: GA3 0.05 mM 0.14 de  0.13 b-d 4.02 a 2.48 a 

T7: GA3 0.1 mM 0.19 b-d 0.15 b-d 1.65 c-f 1.61 b 

T8: Kinetin 0.05 mM 0.17 c-e 0.16 bc 2.58 bc 1.32 bc 

T9: Kinetin 0.2 mM 0.16 c-e 0.12 cd 1.32 d-f 1.09 cd 

T10: SA 0.1 mM 0.12 e 0.15 b-d 3.21 ab 2.46 a 

T11: SA 0.2 mM 0.16 c-e 0.11 d 1.42 d-f 1.32 bc 

T12: AB 1g/10 g seed 0.23 ab 0.14 b-d 1.79 c-e 1.34 bc 

T13: AB 2g/10 g seed 0.19 b-d 0.16 b-d 1.71 c-f 1.35 bc 

 

Those means (having dissimilar letter(-)s are different by each other significantly at 5% probability level) 
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Chapter 5                           DISCUSSION 

Priming induce various biochemical changes in seeds, which are required to initiate the 

germination process i.e., hydrolysis and metabolism of inhibitors, imbibition and enzyme 

activation, hence primed seeds rapidly imbibe and retrieve seed metabolism, resulting in 

faster germination rate and higher germination percentage. After germination, it also helps 

the subsequent seedlings to cope with stress induced challenges (Rowse, 1995; Zheng et al., 

2015). 

It is obvious from current study that seed priming with KNO3, Indole acetic acid, gibberellic 

acid, kinetin, salicylic acid and seed inoculation with azotobacter (PGPR) improved 

germination percentage, T50 in primed seeds as compared to non-primed (control), which 

could be the cause of quicker production of germination metabolites (Saha et al., 1990; Basra 

et al., 2005). Plant hormones (PGR) affect extensive range of processes and functions in 

plants under normal and stressful conditions. Exogenously applied plant growth regulators 

(PGR) have proven to ameliorate the damaging effect of stress i.e., abiotic stresses (could be 

heat, drought or salinity) on germination along with the plant growth (Javid et al., 2011; 

Finch‑Savage et al., 2004). 

Previous studies indicated that seed priming of numerous crops resulted in improvement 

ofgermination, seedling establishment and in some cases, became a source of higher crop 

yield. From present studies revealed that seedling raised from seeds primed with different 

concentration of pre-sowing seed treatment agents i.e., KNO3, IAA, GA3, kinetin and SA 

exhibited characteristics of morphological responses only at particular concentration of 

priming agents. That’s why in our case, out of various concentrations of KNO3, only 50 and 

150 mM KNO3 exhibited early and enhanced final germination as well as emergence 

percentage, seedling length with higher dry and fresh weight and took lesser mean 

germination time than control. Kumari et al. (2017) documented that hormonal primng with 

GA3 and SA resulted in highest germination percentage (%), energy of emergence, 

germination index, seedling fresh and dry weight (g), seedling length (cm) and vigour indices 

of  maize crop. In the same way, Heydariyan et al. (2014) stated that seed priming of Caper 

(Capparis Spinosa) with salicylic acid and gibberellic acid could enhance the germination 

percentage, seedling length and SVI under abiotic stress condition. 
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Seed priming with various concentration of indole acetic acid, predominantly 0.05 mM IAA, 

increased early sprouting and harmonized stand establishment as shown by elevated final 

germination percentage, seedling length and lower MGT and T50. Higher concentration of 

IAA was less effective as compared to lower one. It might be because of hypersensitivity of 

seed and/or seedlings to the PGRs (Vwioko and Longe, 2009). Quicker germination by 

priming was might be the reason of the production of DNA, RNA and protein.  Improvement 

in seedling length, dry and fresh weight of primed seeds in comparison to unprimed seeds 

might be cause of an augmented rate of cell division in root tops and early emergence (Afzal 

et al., 2009) as shown by lower values of T50 and MGT. It revealed a good practice of seed 

priming with lower concentration of IAA for enhancing the carrot sowing quality. 

In the same way, Yarnia et al. (2012) explained that onion seed germination as well as 

seedling growth related attributes can be enhanced with the use of PGRs as seed priming 

agent. Priming with minimum concentration of hormones (GA3, IAA and kinetin) caused 

increase germination % age as compare to control. 

 In another study, Iqbal and Ashraf (2013) assessed the governing properties of 

auxin‑priming on gas exchange and hormonal homeostasis in wheat under abiotic stress 

conditions. Seeds of tolerant and intolerant cultivars were exposed to various priming 

treatments (IAA, IBA and tryptophan) including hydro-primed and untreated seeds, and 

evaluated abiotic stress conditions. They revealed that same thing that priming at low 

concentration was the maximum useful priming tool for reducing losses in grain yield as well 

as assimilation rate under abiotic stress conditions. 

Furthermore, beneficial effect of exogenously applied gibberellic acid (GA3) and salicylic 

acid (SA) has been well documented (Iqbal et al., 2006). Addition of these hormones during 

hydration process further improves the priming effects on prior, leading to good germination 

and harmonized stand establishment of horticultural as well as agronomic crops (Harris et al., 

1999). The lower concentration of GA3 and SA (0.05 mM and 0.1 mM, respectively) 

decreased mean germination time and T50 and significantly improved the final germination 

and emergence percentage, seedling dry and fresh weight and seedling length as compared to 

unprimed seeds. Early and synchronized germination or emergence may be credited to 

augmented metabolic actions in primed seeds and it may be because of possible early 
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activation of de novo synthesis of cell wall degrading enzymes (Hisashi and Francisco, 

2005). A significant increase in seedling length was observed in GA3 and SA primed seeds 

(with lower concentrations) in comparison to control that could be the cause of extension in 

embryo cell wall. Demir and Oztokat (2003) noticed that shoot and root length enhanced in 

primed seeds in comparison to unprimed seeds. Ghodrat and Rousta, (2012) also noticed that 

seed priming with GA3 significantly improved seedling dry and fresh weight along with 

shoot and root length under abiotic stress conditions.  

Girmination time was significantly reduced while seedling length alongwith dry and fresh 

weight were increased against seed priming with PGRs. Our results are in line with Shahzad 

et al. (2014) who investigated the effect of GA3 seed priming on sponge gourd under abiotic 

stress conditions. They determined that seed priming with GA3 meaningfully minimized no. 

days to germination, but increased root and shoot length, and root fresh and dry weight in 

comparison with un-primed seeds. 

Cytokinins took place a role in a number of plant processes like growth and development of 

plants, leaf senescence, root formation, cell division, stomatal behavior and development of 

chloroplast and could also modulate plant developmental processes in plants under severe 

environmental conditions (Davies 1995; Brault and Maldiney, 1999). Lower concentration of 

kinetin (0.05 mM) followed by 0.2 mM kinetin, enhanced the seedling length, dry and fresh 

weight. At highest concentration, kinetin, i.e., (0.8 mM) inhibited seedling elongation even it 

was less than unprimed seeds. In Arabidopsis thiliana seedlings, cytokinins caused inhibition 

of root and hypocotyls that could be due to higher concentration.  

Our results of improved germination related parameters along with seedling growth were in 

accord with Sawan et al. (2000) who described that seed priming with kinetin significantly 

boosted germination, seedling vigour, seedling lengths, seedling fresh weight and yield 

attributes in cotton both in laboratory and field experiments. Bahrani, 2015 stated that 

germination % age was expressively enhanced in mays by kinetin application under abiotic 

stress conditions. Moreover, Iqbal et al. (2006) elborated that seed priming with kinetin was 

more effectual in enhancing germination rate and early seedling growth under abiotic stress 

and seed priming with kinetin displayed a constant upshot in the field with improved growth 

and grain yield of wheat and Zavariyan et al. (2015) reported this improvement in Silybum 

marianum. 
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Plant hormones are group of organic substances that impact physiological processes in plants 

i.e., differentiation, growth and development (Kucera et al., 2005). Seedling dry weight 

(SDW) and fresh weight (SFW) was high inresponse to priming with 0.05 and 0.2 mM 

kinetin seed while, the lowest SFW and SDW was recorded in 0.8 mM kinetin priming. 

Present outcomes are in accord with Patel and Saxena (1994) who explained that SFW and 

SDW increased with priming of seed in lower concentration of kinetin and GA3 solution. 

Electrical conductivity (EC) is a measured to evaluate seed viability and vigour via observing 

seed leachates (Waters and Blanchette, 1983). All our presowing seed treatments resulted in 

minute EC, mainly the cause of better membrane repair in primed seeds as informed by 

Rudrapal and Nakamura, (1998) for radish and eggplant, (Afzal et al., 2002) in hybrid maize, 

(Farooq et al. (2005) for rice crop and Rehman et al. (2015) in tomato. The lesser electrical 

conductivity values depicted that priming treatment leads towards the better membrane 

repair. Low EC values persuaded by the seeds were associated with lower mean germination 

time (MGT), time taken to 50 % germination (T50) while, higher germination energy (GE) 

and germination index (GI) in our studies. It suggests successful membrane reparation and 

activation of metabolic activities because of priming treatments. 

In our experiments, seed inoculation with plant growth promoting rhyzobacteria 

(azotobacter)  proven better results in some of the parameters i.e., yield in comparison with 

control which is in accordance with recent studies that indicated PGPR seed inoculation 

enhanced stress resistance and yield or production of many crops e.g., lettuce (Kohler et al. 

2009), tomato (Almaghrabi et al., 2013), hotpepper (Amjad et al., 2007) wheat (Kumar et al., 

2014; Islam et al. 2014; Nadeem et al. 2013; Chakraborty et al. 2013; Jaderlund et al. 2008) 

and rice (Lavakush et al. 2014). A positive link between seed vigor and emergence was 

reported by Yamuchi and Winn (1996). It was reported that improved FEP in maize was 

against salicylic acid primed seeds that may be the reason of increased pre-emergence 

metabolic activities during priming which caused activated emergence (Basra et al., 2005). 

Seed primed in Salyclic acid, enhanced abiotic tolerance in hybrid maize by activation of 

antioxidant enzymes i.e., POD, CAT, SOD and APX (Farooq et al., 2008). Different priming 

stratagems significantly enhanced root and shoot fresh weight, their dry weight and seedling 
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length. Increment in seedling length could be the cause of early emergence with the benefits 

of seed priming. 

ROS are initiated under stressful conditions like salinity, heat or cold. Seed priming 

strategies has increased activities of ROS scavenging enzymes like, catalase (CAT), super 

oxidase dismutase (SOD), peroxidase (POD), while lowered the malondialdehyde (MDA) 

contents in carrot seedlings during our study. Priming enhances the free radicle scavenging 

enzymes (Chang and Sang, 1998) while, Yan (2015) revealed that seed priming can enhance 

seed germination and early seedling growth of cabbage under abiotic stress conditions and 

that enhancement could be associated with modulations of POD, CAT, SOD and levels of 

soluble sugar. 

Seed germination requires an optimum level of soil moisture i.e., field capacity. Primed 

seeds, exhibited higher emergence and increased stand establishment, which can be attributed 

to progression of seeds to phase II (two) of germination and therefore requires less time and 

soil moisture than unprimed seeds. Our results of emergence percentage were correlated with 

the outcomes of Khan et al. (2009) who documented that priming augmented germination 

percentage. Nascimento et al. (2010) showed that at 35 oC, the germination of carrot was 

only 4, 13 and 28 % while, at 20 and 35oC, seeds primed for 9 days, showed about 98 and 

89% germination, respectively in carrot var. Brasilia. Root length has a positive relationship 

with seedling shoot fresh weight, root fresh weight, shoot and root dry weight. These 

treatments which produced longer root enhanced water and nutrients uptake in sufficient 

amount for plant growth as well as for developments. The temperature has directly affected 

on carrot seedlings. Seedlings need an optimum moisture level for their proper growth and 

enlargement. Vollenweider and Georg (2005) explained that high temperature caused marked 

reduction in root and shoot growth of seedling. Porter and Gawith (1999) showed that root 

growth was relatively more sensitive to heat stress and decreased than other vegetative and 

reproductive part of plant but against pre-sowing seed treatments (in present study) root 

growth improved.  

High temperature has adverse effect on seedling shoot, because seedlings are directly present 

in open field under the sunlight, due to fluctuation in the physiological mechanisms 
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(Wollenweber et al., 2003). Sanchez et al. (2001) also observed that shoot length of pepper 

and cucumber was improved due to seed priming at high temperature. 

Seedling vigor index is directly correlated with emergence percentage and seedling length. 

Our results of seedling vigor index were in accord with Eisvand et al. (2001) those recorded 

that priming increased vigor index in comparison to un-primed seeds. Sahib et al. (2015) 

showed that priming increased seedling vigor index in okra seed in comparison to unprimed 

seed. Varier et al. (2010) recorded that hydro-priming increased vigor and growth under 

different stressed environmental conditions.  

In carrot, “unfavorable” pre-emergence seedling environment has an effect on the pattern of 

post-emergence growth, whatever their size of at emergence. Our results of plant height are 

similar to the findings of Tahir and Mehid (2001) who explained that reduction in plant 

height, leaf area and plant biomass was due to drought (with heat stress) conditions. 

Generally, at 15-25 oC temperature, the seedlings shoot fresh weight increased. Temperature 

significantly influence on seedling dry and fresh weight. It is because when temperature 

increases, the transpiration rate increases. The shortage of soil moisture reduced turgidity in 

seedling leaves. We reported higher seedling dry and fresh weight and plant height in 

reponse to most of the pre-sowing seed treatments as compared to control even under high 

temperature as Heidari and Sadeghi (2014) reported improved germination attributes, 

seedling dry and fresh weight and seedling length against seed priming with GA3 under 

various temperature treatments, i.e., 20 oC, 25 oC, 30 oC and 35 oC. 

Soil temperature has bad effects on plant root system and quality of plant. Due to high 

temperature, the compaction could be more due to more evaporation and it ultimately affect 

the root quality in various ways, for example, splitting or forking, improper color 

development, uneven carrot length, hardness and at the end part giving little flesh (Suojala, 

2000).  

Carrot growth, yield with quality greatly influenced by temperature in various ways. Growth 

may include plant vegetative biomass and yield could be in term of carrot root fresh weight 

while carrot quality, could be considered as external root quality, i.e., root length, diameter 

and colour while internal quality may comprises of sugars etc. (Rubatzky et al., 1999; Mazza, 
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1989). In our field evaluation, we recorded higher carrot root fresh weight along with  

improved total sugars against pre-sowing seed treatments in comparison to control or 

unprimed seeds and total sugars were ranges from 6.4% to 8.22% while, Alabran and 

Mabrouk, (1973) reported that total sugars in carrot roots (ranges from 3.5% to 10.7%) 

accompanied with glucose, sucrose and fructose as major contents (Kjellenberg, 2007) and 

sugar concentration vary noticeably  between various cultivars of carrots and greatly 

influenced by climatic conditions (Sistrunk et al., 1967). Petzoldt (2008) stated that good 

quality of carrot roots, arbitrated by their shape, diameter and length and mature at the soil 

temperatures between 15.5 and 21.1°C. On the other hand, temperature was bit higher than 

optimal during the course of field evaluation (our study) but pre-sowing seed treatment 

(particularly) i.e., SA 0.1 mM and GA3 0.05 mM enhanced root quality as compared to 

control in term of higher root length along with increased flesh: pith ratio and more red 

colour roots. 

POD, SOD and CAT are protein-based enzymes. Under any stress like drought, heat and 

salinity, the plants activate their natural mechanism (immune system) to respond these 

stresses by changing their morphological, biochemical and physiological mechanisms. In 

early sowing, the temperature at seedling stages was 32±2.5 oC. So, the level of these 

enzymes was increased. It is very important, that when we apply any stimulant against any 

stress, the activities are also increased. This case was happened in our priming treatments.  

Our results of antioxidant enzymes were found to be similar with different findings of 

scientists. The activities of POD and SOD were increased under heat stress (Gosavi et al., 

2014). Zhao et al. (2014) elucidated that the activity of catalase (CAT) was augmented when 

the plants were damaged due to heat stress. Ara et al. (2013) explained that ascorbate 

peroxidase (APX), CAT, SOD and POD quantity was increased in heat tolerant genotypes. 

Guan et al. (2009) observed that 0.50% of chitosan as seed priming increased the activities of 

CAT as compared to unprimed seeds.  

Our studies are in accord with Kaur (2017) who reported significant improvement with seed 

priming in terms of, chlorophyll content, stomatal conductance, photosynthetic rate, damage 

to membranes and leaf water status under abiotic stress. They reported higher mungbeen 

plant biomass and yield in comparison to control under stress conditions. Similarly, Yang et 
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al. (2018) revealed significant improvement in quinoa photosynthetic rate and stomatal 

conductance under stress condition when seeds were subjected to priming. Seed priming 

decreased MGT while increase FGP as well. Our results of higher yield of carrot and other 

related parameters with SA priming are in line with Singh and Singh (2016) who evaluated 

tomato seeds primed with SA under high temperature stress conditions and described that 

seed priming with SA enhanced germination percentage and lower the time for germination 

under heat stress conditions. Moreover, salicylic acid significantly affected vitamin C, TSS 

and TA of tomato fruit. So, SA ameliorated the yield contributing aspects which increased 

the fruit yield of tomato. Highest yield with SA is also in accord with Rehman et al. (2015) 

who stated that SA priming was economical method for boosting productivity of early sown 

spring maize by stimulation of early seedling growth at unfavorable temperature. Moreover, 

Ahmad et al. (2017) who stated that heat tolerance encouraged through PGRs, i.e., SA could 

be credited for enhancement in antioxidant enzyme activities and membrane stability, which 

could able to retained chlorophyll and relative water contents in maize crop ultimately, 

resulting in increased yield of maize grain under high temperature conditions. 

From the present study, it could be concluded that pres-sowing seed treatments not only 

improve the vigour of seed but also promoted growth, yield and quality of carrot  

In Pakistan, there are some companies which are involved in the seed business but no one is 

marketing primed seeds. Once the seeds have been primed, they require very specific storage 

conditions as primed seeds tend to deteriorate quickly due to presence of higher 

concentration of reducing sugars. The priming protocols developed and presented in this 

manuscript are very simple and famers may employ these methods at their farms to treat their 

seeds before sowing to earn the benefits of seed priming. 
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SUMMARY 

Climatic fluctuations coupled with deficiency of fresh water reserves will remain the biggest 

challenge in the upcoming years particularly for arid to semi-arid regions of the world. In 

semiarid countries like Pakistan, prolonged summer season and very short winter season is 

one of the major climatic fluctuation, which are the result of global warming. Since, winter is 

shortened therefore, the production of winter vegetables is more affected by high temperature 

compared to summer vegetables. The area under carrot crop production is growing gradually 

while the output is low. Being a winter crop, early sowing in high temperature months 

(August-September) affects seed germination, establishment of a crop alongwith 

morphological, physio-biochemical and anatomical processes in plants, which have direct 

impact on plant growth and development, and may become a source of  severe drop in 

economic yield. Poor seedlings vigour index and emergence rate adversely affect crop 

output. Rapid and uniform seedling emergence is necessary to enhance yield as well as 

quality of produce for fresh consumption. Abiotic stresses that include drought, salinity, low 

temprature and/or high temperature, toxicity due to heavy metal and radiation are the greatest 

restrictive factors in horticultural crop production. The seed priming is one of the solutions to 

overcome these problems in vegetables. This experimental trial was performed at Vegetable 

Seed Laboratory and Vegetable Research Area, IHS, University of Agriculture, Faisalabad. 

Studies were conducted to evaluate various pre-sowing seed treatments for carrot cultivar T-

29 during the year 2015-16 and 2016-17. Studies consists of two parts, the first part included 

five experiments to optimize presowing seed enhancement techniques for carrot cultivar T-29 

for improved germination and subsequent healthy growth. Different invigoration techniques 

viz., halo-priming, hydro-priming, hormonal priming with SA, IAA and kinetin were 

performed. While, second part of study was included of field trials in which seeds primed 

with already (optimized) treatments from first study, were evaluated (for field performance) 

under high temperature regimes for early season carrot under field conditions. Completely 

randomized desigh (CRD) with (four replications) was used for laboratory studies although 

for field evaluation randomized complete block design was employed, with three 

replications.  
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First experiment was performed to acces the effect of halopriming on germination subsequent 

seedling growth of carrot seeds. Priming was performed by exposing seeds of carrot cultivat 

T-29 to aerated solution of 50, 100, 150, 200, 250 and 300 mM KNO3 with unprimed seeds 

as a control for 12 hours. Halo-priming with 50 mM and 150 mM enhanced the final 

germination % (FGP), energy of germination (GE), germination index (GI), length of 

seedling (SL), seedling fresh weight (SFW) and dry weight (SDW) in comparison to all other 

treatment in this study. KNO3 @ 50 mM significantly abridged mean germination time 

(MGT) and time taken to 50 % germination (T50) and enhanced other seedling growth 

parameters. Maximal enhancement in term of all parameters was noted when seeds were 

primed with 50 mM KNO3 that could be due to lower EC values of seed leachates along with 

higher total sugars and reducing sugars. In another experiment, effect of hormonal priming 

with  (auxin) indole acetic acid (IAA) on germination and subsequent seedling growth of 

carrot was examind. Seed priming was performed on carrot cultivar T-29 and seeds were 

exposed to aerated solutions of 0.05mM, 0.1mM, 0.2 mM, 0.4 mM and 0.8 mM IAA. 

Hormonal priming with auxin 0.05 mM IAA enhanced the FGP, GE, GI, SL, SFW and SDW 

in comparison to other priming treatments. Significant reduction in T50 and MGT was 

observed when seeds were primed under lower concentration of IAA and this lower 

concentration decreased the EC values which was may be the reason of better membrane 

reparation. 

Hormonal priming with gibberellins GA3 0.05 and 0.1 mM improved the final germination 

percentage, GI, GE, SFW and SDW as well as seedling length in comparison to other seed 

treatments. Carrot seeds cultivar T-29, primed in 0.05 mM GA3 solution significantly 

reduced MGT and T50. All the presowing seed treatments lowered the electrical conductivity 

(EC) in comparison to unprimed seeds. 

Hormonal priming with kinetin was performed by soaking seeds of carrot cultivar T-29 in 

aerated solutions of 0.05, 0.1, 0.2, 0.4 and 0.8 mM of kinetin. Lower concentration i.e., 0.05 

mM kinetin significantly increased FGP, GE, GI, SL, SFW and SDW as compared to other 

treatments followed by 0.2 mM kinetin solution. Significant reduction was also observed in 

MGT and T50 while, EC values were lower for all soaking periods in comparison to unprimed 

seeds. 
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Hormonal priming with 0.1 mM salicylic acid significantly improved all the parameters 

under study. Maximum improvement was recorded after seeds were primed with 0.1 mM SA 

followed by 0.2 mM SA in terms of FGP, GE, GI, SL, SFW and SDW with comparison to 

unprimed seeds. T50 and MGT was significantly reduced by SA 0.1 mM priming and EC 

values of seed leachates was also lowered for all the soaking durations. 

In second part of study, outcomes concerning the evaluation of optimized pre-sowing seed 

treatments under field conditions revealed that seeds primed with SA 0.1 mM followed by 

GA3 0.05 mM, significantly enhanced final emergence %age, carrot shoot and root length, 

plant fresh and dry biomass, root quality or yield parameters i.e., root colour, root diameter, 

flesh diameter, flesh pith ratio root weight and root yield. Data were also collected for 

chemical analysis and physiological characteristics viz; TSS (oBrix), TA (%), TSS:TA ratio, 

pH, ascorbic acid contents (mg 100 g-1 of juice), sugars (%)  as well as antioxidants enzymes, 

stomatal conductance to water, transpiration rate, photosynthetic rate  and water use 

efficiency which also exhibited significant improvement after  seeds were primed in SA 0.1 

mM followed by GA3 0.05 mM. 

 

➢ Future Prospects 

o There is a need to explore molecular and genetic aspects of carrot seed priming. 

o Study of seed priming process at cell level could be helpful through electron 

microscopy.  

o  More advance and/ or anatomical studies are essential to examine the fact for the 

weakening of endosperm, linked to seed coat. 

o Future research is necessary, to test these optimal priming treatments, for several 

other carrot cultivars. 

o These pre-sowing seeds enhancement techniques must be evaluated at farmer’s field 

level to better estimate the benefit-cost ratios for early carrot crop under high 

temperature regimes. 
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