
~ 1593 ~ 

 

Journal of Pharmacognosy and Phytochemistry 2018; SP1: 1593-1597

 

 

 

 

 

 
 

E-ISSN: 2278-4136 

P-ISSN: 2349-8234 

JPP 2018; SP1: 1593-1597 

 

Warkad DP  

Ph. D, Department of 

Agricultural Botany, Post 

Graduate Institute, 

Mahatma Phule Krishi 

Vidyapeeth, Rahuri, 

Maharashtra, India 

 

Bhingarde MT  

Associate Professor, Department 

of Agricultural Botany, Post 

Graduate Institute, 

Mahatma Phule Krishi 

Vidyapeeth, Rahuri, 

Maharashtra, India  

 

Shelar VR  

Department of Agricultural 

Botany, Post Graduate Institute, 

Mahatma Phule Krishi 

Vidyapeeth, Rahuri, 

Maharashtra, India 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Correspondence 

Warkad DP 

Department of Agricultural 

Botany, Post Graduate Institute, 

Mahatma Phule Krishi 

Vidyapeeth, Rahuri, 

Maharashtra, India 

 

 

 

 

 

 
 
 

 

 

 

 Effect of microwave intensityon plant growth, seed 

yield, quality and biochemical parameters of rabi 
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Abstract 
In the present investigation, the field experiment and laboratory experiment were laid out in Factorial 

Randomized Block Design and Factorial Completely Randomized Design, respectively with three 

replications involving two varieties viz., (V1) Phule Vasudha and Phule Suchitra (V2). The seeds were 

treated with the combination of three microwave intensities (I1 - 20%, I2 - 30% and I3 - 40%) and 

durations of exposure (D1 - 30 sec., D2 - 40 sec. and D3 - 50 sec.) The microwave intensity stimulation 

treatments were applied before sowing of seeds. The observations were recorded on growth, seed yield 

and seed quality parameters. The seeds treated with microwave intensities and durations of exposure 

have significant effect on plant growth, seed yield, quality and biochemical parameters of rabi sorghum 

under rainfed condition. Among the varieties, the variety Phule Vasudha revealed significant results than 

variety Phule Suchitra. The seeds treated with the microwave intensity of 30 % and duration of exposure 

for 40 sec. (I2D2) exhibited higher field emergence percentage, plant height, panicle length, panicle girth, 

number of seeds per panicle, 1000 seed weight, seed yield per plant, seed yield per plot, seed yield per 

hectare, and harvest index and also showed better seed quality and biochemical parameters viz., 

germination percentage, root length, shoot length, vigour index-I, vigourindex-II, enzymatic activities 

like proline content, glycine betaine activity, peroxidase activity, superoxide dismutase activity, Catalase 

activity and α-amylase activity. Whereas, the lower values were observed for days to field emergence, 

days to 50% flowering, and electrical conductivity of seed leachates followed by interaction of 

microwave intensity 30% for duration of exposure 30 seconds (I2D1) as compared to other interactions. 

Thus, it is concluded that the seeds of variety Phule Vasudha applied with 30% microwave intensity for 

40 seconds duration of exposure exhibited superior field emergence percentage, successful establishment 

of seedling and also to get higher seed yield and better seed quality of rabi sorghum under rainfed 

condition. 
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Introduction 
Sorghum is the fifth most important cereal crop next only to rice, wheat, maize and barley. It is 

the staple food of poor and the most food insecure people, living mainly in the semi-arid and 

tropics. There has been drastic reduction in sorghum area especially in the rainy season, but 

the area under post-rainy sorghum has remained stable. Post-rainy season-adapted sorghums 

are characterized by response to shorter day-length (photoperiod sensitivity), flowering and 

maturity (more or the less same time), irrespective of temperature fluctuations and sowing 

dates (thermo-insensitivity within the post-rainy season varieties). They are tolerant to 

terminal moisture stress and resistant to stalk rot/charcoal rot. They usually produce high 

biomass and have high lustrous seed with semi-corneous endosperm. 

The low yield of sorghum affected by various biotic and abiotic stresses. Moisture stress is one 

of the important drought factors. Nearly 70% sorghum area depends on rains and rains are not 

assured in most of the sorghum growing areas. These conditions leads to the problem of 

drought. As such the crop productivity in these areas is low. Moisture stress causes depletion 

in soil and water deficit with a decrease of water potential in plant tissues. It restricts the 

expression of full genetic potential of the plant. Moisture stress is a major constraint limiting 

sorghum crop growth and reducing its productivity. Many researches on the soil water 

relationship in sorghum and other crops have indicated that growth and yield are directly 

controlled by plant water deficit. This may be influenced by moisture. 

Physical methods for seed treatment such as electric and magnetic field of different 

frequencies significantly improve the seed germination and seed yield in rainfed conditions. In 

order to improve quality of seed in respect of crop stand, many workers studied the effect of  
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electrical stimulus on seed viability, vigour, seed germination 

and seedling growth and found positive results. Physical 

methods of stimulation are considered as an innovative area of 

research and have emerged as a magic tool which could 

improve the yield of crops. Seed is an extremely complex 

system and its state cannot always be controlled due to 

changing of seed vitality indices viz., germinating energy, 

germination and uniformity of germination. Physical methods 

of seed treatment may initiate physiological and biochemical 

changes which reflect on the plant growth and development 

processes and ultimately improve the yield and quality of 

produce and also help to elucidate the mechanisms of energy 

exchange in molecules and thus stimulation of plant 

development. It is a kind of energy treatment that stimulates 

the enzymes and other biochemical reactions that helps in 

early germination. The stimulation is possible at lower levels 

of treatment intensity/energy.  

 

Material and Methods 

The experiment consists of two rabisorghum varieties viz., 

V1- PhuleVasudha and V2- PhuleSuchitra treated with 

different biophysical stimulation treatments of microwave 

intensities i.e. I1- 20%, I2- 30% and I3- 40% for different 

durations of exposure D1- 30 sec., D2- 40 sec and D3- 50 sec., 

respectively. The recommended culture practices were 

followed to raise the crop. The observations of field 

characters like days to field emergence, field emergence 

percentage, days to 50% flowering, plant height, panicle 

length, panicle girth, number of seeds per panicle, 1000 seed 

weight, seed yield per plant, seed yield per plot, seed yield per 

hectare and harvest index as well as the seed quality and 

biochemical parameters like germination percentage, root 

length, shoot length, seedling dry weight, vigour index-I &II 

and electrical conductivity of seed lechates, biochemical 

parameters like proline content, glycine betaine activity, 

peroxidase activity, superoxide dismutase activity, Catalase 

activity and α-amylase activitywere recorded. The data 

obtained from all the parameters in field was analyzed by 

using Factorial Randomized Block Design (FRBD) and in 

laboratory by using Factorial Completely Randomized Design 

(FCRD) as per Panse&Sukhatme (1985). 

 

Results and Discussion 

In the present investigation, field experiment resulted as the 

interaction effect of varieties, microwave intensities and 

duration of exposures, the seeds of variety PhuleVasudha (V1) 

treated with 30% microwave intensity for 40 second duration 

of exposure (V1I2D2) reveled higher field emergence 

percentage (77.63%), panicle length (22.75 cm), panicle girth 

(17.17 cm), number of seeds per panicle (2249.43), 1000 seed 

weight (32.28 g), seed yield per plant (53.30 g), seed yield per 

plot (1.94 kg),seed yield per hectare (2270.13 kg) and harvest 

index (29.32%) as compared to other interactions of varieties, 

microwave intensities and durations of exposure. While, the 

interaction effect of varieties, microwave intensities and 

durations of exposure showed non- significant influence on 

days to field emergence, days to 50% flowering and plant 

height.  

The microwave application might stimulates the enzymatic 

activities and results in group of gene action responsible for 

early field emergence and enhanced field emergence 

percentage. Seeds treated with optimum microwave intensity 

and exposure duration enhances the metabolic activities, 

accelerates the cellular multiplication and enzymatic activities 

resulted in higher field emergence, different electrogenic 

treatments might leads to cell enlargement and increase in 

normal cell division. Comparing the biophysical stimulation 

treatments, treatment of 30% microwave intensity for duration 

of 40 seconds reported better results for seed yield and yield 

contributing characters. The performance of yield contributing 

parameters depends on growth and phenological character of 

crop and contributes in final yield. 

The study of different seed quality parameters resulted as the 

interaction effect of varieties, microwave intensities and 

duration of exposures, variety Phule Vasudha treated with 

30% microwave intensity for 40 second duration of exposure 

(V1I2D2) reveled higher germination percentage (87.92%), 

root length (23.71 cm), shoot length (24.69 cm), seedling dry 

weight (1.437 mg), vigour index-I (4247.43) and vigour 

index-II (124.67) lower electrical conductivity of seed 

leachates (1.25 dSm-1) as compared to other interactions of 

varieties, microwave intensities and duration of exposures. 

Experiment also includes the study of different biochemical 

parameters which resulted as the interaction effect of 

varieties, microwave intensities and duration of exposures, 

variety Phule Vasudha treated with 30% microwave intensity 

for 40 second duration of exposure V1I2D2 reveled higher 

proline content (3.53 mole gram-1fr. wt.), glycine betaine 

(5.55 moles g-1fr. wt.), peroxidase activity (61.28nanomoles 

of tetra-guaiacol formed mg-1 protein min-1), superoxide 

dismutase activity (32.87 unit mg per protein), Catalase 

activity (6.10 µmoles H2O2 decomposed mg-1 protein min-1) 

and α-amylase activity (0.264 µg of maltose mg-1protein) as 

compared to other interactions of varieties, microwave 

intensities and duration of exposures. 

Application of microwave intensity stimulation treatments 

causes physiological changes in seeds that resulting in 

enzymatic activation, which increased the biological 

capacities of seed. It has been believed that biological process 

including free radicals; excite the activity of proteins and 

enzymes which increased seed power. That affects seed 

germination, field emergence, growth rate and seed 

vigour.The microwave exposure of seeds may result in 

breaking of hydrogen bonding in ultra-structural elements of 

cell. This structural alteration may increase enzyme activity 

depending on the strength of microwave and durations of 

exposure. This might have resulted increased in seed 

germination; seedling length and seedling dry weight which 

also enhanced the seedling vigour, might have resulted better 

germination of sorghum than untreated control. 

Microwave intensities application enhances the proline 

content and glycine betaine activity, in which protein 

salvation and preserves the quaternary structure of complex 

proteins, which maintains membrane integrity under 

dehydration stress and reduces oxidation of lipid membranes 

or photoinhibition. Furthermore, it also contributes to 

stabilizing sub-cellular structures, scavenging free radicals, 

and buffering cellular redox potential under stress conditions. 

Metabolically active tissues of plant cell contains free 

radicals, highest contain of free radicals was observed in 

embryo axis immediately after emergence of radicals. 

Microwave intensity increases the average radical 

concentration, prolonging their lifetime and enhancing the 

probability of radical reaction with cellular components. This 

consideration also applied to enzymatic system that entails 

radical pair formation and recombination. 
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Table 1: Interaction effect of varieties, electric field intensities, duration of exposure on seed yield and yield contributing characters 
 

V X I X D Interaction 
Days to field 

emergence 

Field 

emergence 

(%) 

Days to 50% 

flowering 

Plant 

height 

(cm) 

Panicle 

length (cm) 

Panicle 

girth (cm) 

No. of seeds 

per panicle 

1000 seed 

weight (gm) 

Seed yield 

per plant 

(gm) 

Seed yield 

per plot 

(kg) 

Seed yield 

per hectare 

(kg) 

Harvest 

index (%) 

V1I1D1 - (PhuleVasudha + 

20% + 30 sec.) 
8.16 73.83 76.16 254.58 18.31 15.36 2055.46 28.91 43.41 1.67 2079.23 22.77 

V1I1D2 - (PhuleVasudha + 

20% + 40 sec.) 
8.16 74.25 76.16 246.83 20.84 15.66 2032.28 28.35 45.02 1.74 2136.58 22.01 

V1I1D3 - (PhuleVasudha + 

20% + 50 sec.) 
7.33 75.25 75.33 219.58 20.35 16.07 2135.57 29.63 51.07 1.84 2234.36 26.97 

V1I2D1 - (PhuleVasudha + 

30% + 30 sec.) 
7.00 76.00 75.00 254.75 23.51 16.61 2160.00 30.16 51.74 1.86 2246.73 27.72 

V1I2D2 - (PhuleVasudha + 

30% + 40 sec.) 
6.50 77.63 74.50 256.28 22.75 17.17 2249.43 32.28 53.30 1.94 2270.13 29.32 

V1I2D3 - (PhuleVasudha + 

30% + 50 sec.) 
7.83 73.18 75.83 253.20 20.72 15.74 2084.40 28.61 47.65 1.73 2121.31 25.01 

V1I3D1 - (PhuleVasudha + 

40% + 30 sec.) 
8.00 72.00 76.00 246.83 19.25 15.48 2072.44 29.44 46.48 1.78 2181.47 24.18 

V1I3D2 - (PhuleVasudha + 

40% + 40 sec.) 
8.33 73.16 76.33 248.73 17.99 16.20 2065.82 28.76 45.58 1.76 2200.73 23.82 

V1I3D3 - (PhuleVasudha + 

40% + 50 sec.) 
8.00 74.50 75.50 253.40 18.41 15.27 2117.97 28.92 45.85 1.58 2045.07 23.54 

V2I1D1 - (PhuleSuchitra + 

20% + 30 sec.) 
8.00 74.41 76.00 248.11 20.09 15.64 2016.24 29.48 43.59 1.60 1990.08 22.75 

V2I1D2 - (PhuleSuchitra + 

20% + 40 sec.) 
8.16 74.89 76.16 248.01 20.10 14.76 2015.61 29.27 47.35 1.63 1976.92 24.57 

V2I1D3 - (PhuleSuchitra + 

20% + 50 sec.) 
7.66 75.58 75.66 249.28 20.74 16.20 2157.81 31.12 49.15 1.74 2109.38 25.91 

V2I2D1 - (PhuleSuchitra + 

30% + 30 sec.) 
7.16 76.66 75.16 255.72 21.58 16.38 2173.95 31.31 51.38 1.77 2135.26 26.96 

V2I2D2 - (PhuleSuchitra + 

30% + 40 sec.) 
6.83 75.92 74.83 260.01 22.58 16.42 2243.08 31.72 52.61 1.87 2247.62 28.45 

V2I2D3 - (PhuleSuchitra + 

30% + 50 sec.) 
8.00 74.00 76.00 249.13 19.23 15.70 2039.52 30.50 47.83 1.64 2057.14 24.78 

V2I3D1 - (PhuleSuchitra + 

40% + 30 sec.) 
8.16 73.08 76.16 249.45 19.24 15.35 2066.35 30.46 45.43 1.57 2026.23 23.29 

V2I3D2 - (PhuleSuchitra + 

40% + 40 sec.) 
8.33 72.95 76.33 257.41 18.98 14.69 2110.29 28.95 44.92 1.59 1989.16 22.76 

V2I3D3 - (PhuleSuchitra + 

40% + 50 sec.) 
8.50 72.30 76.50 257.56 17.61 13.72 1885.71 27.40 41.04 1.47 1923.70 21.06 

MEAN 7.87 73.87 75.87 247.90 20.05 15.47 2096.89 29.72 47.31 1.71 2115.48 24.56 

SEm (±) 0.83 1.06 1.30 5.942 0.92 0.84 39.17 1.14 1.47 0.07 59.36 0.55 

CD @ 5% NS 3.18 NS NS 2.74 2.41 116.52 3.42 4.26 0.21 178.70 2.24 
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Table 2: Interaction effect of varieties, electric field intensities, duration of exposure on seed quality characters 
 

V X I X D Interaction 
Germination 

(%) 

Root 

length 

(cm) 

Shoot 

length 

(cm) 

Seedling dry 

wweight 

Vigour 

index-I 

Vigour 

index-II 

EC 

(dsm-1) 

Proline 

content 

Glycine 

betaine 

activity 

Peroxidase 

activity 
SOD 

Catalase 

activity 

α-Amylase 

activity 

V1I1D1 - (PhuleVasudha 

+ 20% + 30 sec.) 
83.83 21.81 21.81 1.254 3714.74 105.48 1.890 2.85 3.73 48.37 25.05 4.04 0.197 

V1I1D2 - (PhuleVasudha 

+ 20% + 40 sec.) 
84.25 20.72 20.72 1.308 3624.18 109.56 2.060 2.56 3.79 49.45 27.39 3.96 0.194 

V1I1D3 - (PhuleVasudha 

+ 20% + 50 sec.) 
85.25 22.38 22.38 1.359 3842.49 117.12 1.515 3.07 4.57 53.42 29.89 5.06 0.243 

V1I2D1 - (PhuleVasudha 

+ 30% + 30 sec.) 
86.00 22.92 22.92 1.313 3969.64 119.27 1.500 3.19 4.94 54.41 30.67 5.38 0.247 

V1I2D2 - (PhuleVasudha 

+ 30% + 40 sec.) 
87.92 23.71 23.71 1.437 4247.43 124.67 1.250 3.53 5.55 61.28 32.87 6.10 0.264 

V1I2D3 - (PhuleVasudha 

+ 30% + 50 sec.) 
82.08 21.65 21.65 1.345 3675.45 111.55 1.655 2.91 3.14 48.13 26.60 4.18 0.214 

V1I3D1 - (PhuleVasudha 

+ 40% + 30 sec.) 
82.00 21.67 21.67 1.351 3593.81 110.93 1.845 2.94 3.78 48.56 25.02 4.37 0.184 

V1I3D2 - (PhuleVasudha 

+ 40% + 40 sec.) 
83.16 22.01 22.01 1.339 3688.42 109.84 1.870 2.44 3.57 43.28 25.42 4.58 0.188 

V1I3D3 - (PhuleVasudha 

+ 40% + 50 sec.) 
84.50 21.41 21.41 1.216 3649.51 107.83 1.768 2.42 4.01 46.11 27.46 4.69 0.191 

V2I1D1 - (PhuleSuchitra 

+ 20% + 30 sec.) 
84.41 21.73 21.73 1.283 3821.87 108.66 2.043 2.28 4.17 51.54 22.22 3.67 0.217 

V2I1D2 - (PhuleSuchitra 

+ 20% + 40 sec.) 
84.84 19.69 19.69 1.305 3614.98 109.82 1.758 2.62 3.87 55.16 24.45 3.65 0.158 

V2I1D3 - (PhuleSuchitra 

+ 20% + 50 sec.) 
85.58 22.53 22.53 1.376 3959.33 116.78 1.590 2.94 4.56 56.41 28.34 5.12 0.239 

V2I2D1 - (PhuleSuchitra 

+ 30% + 30 sec.) 
86.66 22.87 22.87 1.383 4049.36 118.45 1.505 3.08 4.90 57.22 28.97 5.39 0.242 

V2I2D2 - (PhuleSuchitra 

+ 30% + 40 sec.) 
87.22 23.36 23.36 1.419 4192.66 121.20 1.437 3.32 5.38 60.23 31.72 5.91 0.251 

V2I2D3 - (PhuleSuchitra 

+ 30% + 50 sec.) 
84.00 20.77 20.77 1.323 3665.82 111.27 1.690 2.83 4.16 53.01 25.14 4.62 0.226 

V2I3D1 - (PhuleSuchitra 

+ 40% + 30 sec.) 
83.08 22.04 22.04 1.302 3797.12 109.56 1.895 2.43 3.91 54.43 24.84 4.15 0.227 

V2I3D2 - (PhuleSuchitra 

+ 40% + 40 sec.) 
82.25 22.30 22.30 1.303 3772.33 108.15 2.050 2.54 4.14 51.09 23.27 4.63 0.229 

V2I3D3 - (PhuleSuchitra 

+ 40% + 50 sec.) 
81.33 19.19 19.19 1.144 3538.10 98.27 2.510 2.11 3.10 40.85 17.83 2.60 0.166 

MEAN 83.72 21.72 21.72 1.313 3748.36 110.29 1.825 2.73 4.089 51.13 25.85 4.50 0.208 

SEm (±) 0.55 0.28 0.28 0.02 54.02 8.68 0.04 0.26 0.22 2.39 1.78 0.38 0.012 

CD @ 1% 2.24 1.13 1.13 0.08 216.08 32.03 0.15 1.06 0.89 9.58 7.12 1.52 0.048 



 

~ 1597 ~ 

Journal of Pharmacognosy and Phytochemistry 

References 

1. AOAC. Official methods of Analysis, 15th edn. 

Association of Official Analytical Chemist, Washington, 

D.C, 1990. 

2. Alexander MP, Doijode SD. Electromagnetic field, a 

novel tool to increase germination and seedling vigour of 

conserved onion (Allium cepa L.) seeds with low 

viability. Plant Genet. Res. Newslett, 1995, 104. 

3. Anonymous. ICRISAT: Sorghum [Internet]. Patancheru 

(AP): International Crops Research Institute for the Semi-

Arid Tropics. [Cited 2009 Nov 20], 2009. 

4. Azita Shabrangi, Ahmad Majd, Masoud Sheidai. Effects 

of extremely low frequency electromagnetic fields 

ongrowth, cytogenetic, protein content and antioxidant 

system of Zea mays L. African Journal of Biotechnology. 

2011; 10(46):9362-9369. 

5. Bera AK, Pati MK, Ghanti P. Effect of presowing 

electrical stimulus of seed on growth and yield of ridge 

gourd (Luffaacutangula Roxb.) and snake gourd 

(Trichosanthesanguina L.) Indian J Plant Physiol. 2004; 

11:291-294. 

6. Chang YK, El-Dash AA. Effect of microwave energy on 

lipase inactivation and storage stability of brown rice. 

ActaAlimentaria. 1998; 27(2):193-202. 

7. Claude H Corson, Andrew Zaderej. Electrogenic effect on 

seed physiology and crop stimulation. National 

Exchange. 2013; 4(3):17-22. 

8. Fatendhawi. why magnetic fields are used to enhance a 

plant’s growth and productivity?. SDI Paper Template 

Version. 2008; 1(1):6  

9. Faten Dhawi, Jameel M, Al-Khayri. Proline 

Accumulation in Response to Magnetic Fields in Date 

Palm (Phoenix dactylifera L.) The Open Agriculture 

Journal. 2008; 2:80-83. 

10. Fensom Dorin Boldor, Giovanna Aita, Michelle Walker. 

Ethanol production from sorghum by a microwave-

assisted dilute ammonia pretreatment Bioresource 

Technology. 1962; 110(12):190-197. 

11. Florez M, Martínez E, Carbonell MV, Alvarez J, Campos 

A. Effect of microwave on the dynamics of some 

oxidoreductase enzymes in brassica compestris 

germination seeds Photochemistry and photobiology. 

2014; 82(2):503-507. 

12. Florin imbrea, brankomarincovic, valeriutabara, 

paulpirsan. Monitoring the impact of electromagnetic 

waves on yield and quality in maize. Bulletin uasvm 

agriculture. print issn 1843-5246; electronic issn 1843-

1886. 2011; 68(1) 

13. Horvath E, Pal M, Szalai G, Paldi E, Janda T. Exogenous 

4-hydroxybenzoic acid and salicylic acid modulate the 

effect of short term drought and freezing stress on wheat 

plants. Biol. Plant. 2007; 51:480-487. 

14. Laith Mohammed, Jawad AL-Shamma. Effect of electric 

shock on morphological traits, yield, yield components, 

Iraqi Journal of Science. 2012; 54:86-96 

15. Lin JC. Evaluating Scientific Literature on Biological 

Effects of Microwave Radiation, IEEE Microwave Maga- 

zine. 2004; 5(1):34-37. 

16. Maryam Peyvandi, NedaKazemi Khaledi, Sedighe 

Arbabian. The effects of magnetic fields on growth and 

enzyme activities of Helianthus annuusL. seedlings 

Iranian Journal of Plant Physiology. 2013; 3(3):717-724. 

17. Moller IM, Jensen PE, Hansson A. Oxidative 

modifications to cellular components in plants. Annu. 

Rev. Plant Biol. 2007; 58:459-481. 

18. Moon JD, Chung HS. Acceleration of germination of 

tomato seed by applying AC electric and magnetic fields. 

J. Electrostatistics. 1999; 48:103-114. 

19. Nihalkuslu, Zge Elik, Imen Atak. The effect of magnetic 

field on the activity of superoxide dismutase and 

peroxidase in Zea mays L. Journal of Cell and Molecular 

Biology. 2005; 5:57-62. 

20. Nikolaos Katsenios, Victor K, Sideris T, Dimitrios B, 

Zaharias I, Antonios P et al. Influence of Pulsed 

Electromagnetic Field on Plant Growth, Nutrient 

Absorption and Yield of Durum Wheat Not. Sci Biol. 

2015; 7(4):505-509. 

21. Panse VG, Sukhatme PV. Statistical methods for 

agricultural workers. ICAR New Delhi., 2nd Edn. 1985, 

381. 

22. Pati MK, Bera AK. Yield improvement in Okra 

(Abelmoschus esculentus) and poi (Basella alba L.) by 

pre-sowing electric current treatment of seeds, 2004.  

23. Racuciu D Creanga, Horga. Plant Growth Under Static 

Magnetic Field Influence Rom. Journ. Phys, 2006; 

53(Nos. 1, 2):353-359. 

24. Ramalingam Radha krishnan, Bollipo Diana Ranjitha 

Kumari. Pulsed magnetic field: A contemporary approach 

offers to enhance plant growth and yield of soybean, 

Plant Physiology and Biochemistry. 2012; 51:139-144 

25. Randev R, Derimanov A. The effect of an electric field 

on the growth, development, yield and malting quality of 

barley. I. Speed of water uptake by seeds, seed 

germination and seedling growth. Rasteniev, Dni Nauki. 

1973; 10:27-33. 

26. Rotcharoen T, Khan-ngernand W, Nitta S. The effect of 

electric field to rice plant growing. ICEMC, Bangkok. 

Advanced Crop Science. 2002; 12(4):291-298. 

27. Sharma P, Dubey RS. Drought induces oxidative stress 

and enhances the activities of antioxidant enzyme in 

growing rice seedling. Plant Growth Regul. 2005; 

46:209-221. 

28. Shigeoka S, Ishikawa T, Tamoi M, Miyagawa Y, Takeda 

T, Yabuta Y et al. Regulation and function of ascorbate 

peroxidase isoenzymes. J Exp. Bot. 2002; 53:1305-1319. 

29. Shivare U, Raghavan GSV, Bosisio RG. Drying corn 

using variable power with a surface wave applicator. 

Journal of Microwave Power and Electromagnetic 

Energy. 1991; (1):38-44. 

30. Tkalec D, Garcia L, Sueiro L Licea, Porras E. Pre-sowing 

magnetic treatment of tomato seeds effects on the growth 

and yield of plants cultivated late in the season. Spanish 

Journal of Agricultural Research. 2005; 3(1):113-122. 

31. Yang W. Genetic variability for glycine betaine in maize 

and sorghum. M. Sc. (Agri.) thesis of Purdue Univ. West 

Lafayette, IN 47907, 1990.  


