


Effect of High Temperature on Germination and Seedling growth of Wheat (Triticum aestivum L.)

ABSTRACT
  The laboratory analysis was carried out to assess seed quality parameters at Department of Seed Science and Technology, Institute of Agricultural Sciences, Bundelkhand University, Jhansi (U.P.) India. The study revealed that, among the sowing dates significant differences were observed. The study was conducted to examine the effect of high temperature on seed quality attributes were better in respect of 24th November sowing followed by 15th October and 20th December sowing. The variety HI-1544 produced higher seed yield than others, while GW-273 recorded less but stable performance during early as well as late sown conditions. Seed quality parameters viz., thousand seed weight (g), seed density (g cc-1), germination (%), vigour index, seedling dry weight (g), seed reserve utilization efficiency (g g-1) were better in the sowing of 24th November. However, electrical conductivity was lower in 24th November sowing. The variety GW-322 followed by HI-1544 had better quality than rest of the varieties.
Keywords: high temperature, germination, seedling growth, sowing time, wheat 	Comment by Digital Studio: First letter for all words write with a capital letter
INTRODUCTION

 Seeds are the foundation of agriculture and key component of various cropping system to ensure optimum plant population. Technology has modernized much of farming's day-to-day operations, but without a high-quality seed, yields and crop quality would be decrease greatly. Quality seed increased crop yield by 20 to 25 % with the optimum agronomic practices. The ability of the seed to germinate, emerge into a uniform and vigorous field stand is a direct function of its quality (Grass et al., 1994 and Hasan et al., 2013). There is sufficient evidence that the parental growth environment influenced the quality of the seed produced. 	Comment by Digital Studio: Not Found in Reference
 Variation in Seed quality, attributed to differences in environmental conditions prevailing during the formation, development, and maturation of the seed while still on the mother plant (Datta et al., 1972; Peacock and Hawkins 1970). 
Common wheat (Triticum aestivum L.) belongs to family Poaceae and it is the most important staple food crop in the world and second important crop in India after rice. However, almost 60% of country’s net cultivated area is rain fed and exposed to several abiotic and biotic stresses including heat stress. In India, delay in wheat sowing due to rice-wheat cropping system is one of the major factors responsible for reduced seed quality due to the sub-optimal temperature during germination, plant establishment and reproductive growth (Sattar et al., 2010). High temperature following anthesis adversely affects grain development in wheat (Hasan and Ahmed 2005; Tashiro and Wardlaw 1990). High temperature accelerates the initial grain growth rate but shortens the grain growth period (Hasan and Ahmed 2005). There is general observation that the viability and the performance of the seed during its early stages of germination may be related to the conditions under which that seed had formed, developed, and matured. 
Seed development at high temperature can affect membrane integrity and can cause an increase in membrane leakage of both electrolytes and macromolecules during germination, which subsequently impairs germination and seedling vigor (Hassan et al., 2013)). Grass and Burris (1995a) reported impaired germination and decline in seed vigor in wheat reflected in reduced shoot and root dry weight and higher seed conductivity due to high temperature during seed development and maturation. 
MATERIALS AND METHODS
The seed quality parameters i.e. thousand seed weight, germination percentage, seedling dry weight, vigour index, seed density and electrical conductivity were studied in laboratory. Experiments were laid out in a completely randomized block design with three replications.	Comment by Digital Studio: First letter for all words write with a capital letter (C.R.B.D.)
Three sowing dates viz.  15th October, 24th November and 20th   December. Four wheat varieties namely, RAJ-4079, GW-322, GW-273, HI-1544. Laboratory experiment was conducted at Department of Seed Science and Technology, Institute of Agricultural Sciences, Bundelkhand University, Jhansi (U.P.).	Comment by Digital Studio: Year ???
RESULTS AND DISCUSSION
Thousand seed weight	Comment by Digital Studio: How was this trait measured in the laboratory? because this can be done in a greenhouse or a field only
The variety GW-322 showed highest 1000 seed weight (44.94 g) followed by HI-1544 (42.62 g). However, the lowest seed weight (35.89 g) was obtained in GW-273.The maximum 1000 seed weight was (43.40 g) was obtained in sowing date 24th November. At late sown conditions, the 1000 seed weight was significantly decreased as compared to normal sown conditions. The result of present study is in agreement with observations of Randhawa et al. (1976), Choudhury and Wardlaw (1978), Smika and Shawcraft (1980), Verma and Singh (1988) and Stuppler et al. (1990).	Comment by Digital Studio: Not found in reference	Comment by Digital Studio: Not found in reference
Seed density
The seed density differed significantly due to the varieties. The variety GW-322 recorded highest seed density (1.51 g cc-1) followed by HI-1544 (1.44 g cc-1) 
The sowing dates had significant effect on seed density. Seed density was highest (1.70 g cc-1) for sowing date 24th November as compared to other sowing dates. While, sowing done on 20th December gave lowest seed density (1.15 g cc-1). Lu et al. (1993) found reduced grain density in maize due to high temperature during seed development. According to Hasan et al. (2013), due to high temperature after anthesis, the density of seed was reduced significantly in all wheat varieties.	Comment by Digital Studio: Not found in reference
Germination percentage	Comment by Digital Studio: How was this trait measured in the laboratory? Write the equation in material and methods
The data on germination percentage revealed that varieties and sowing dates and their interaction significantly influenced the germination percentage. The variety GW-322 had recorded highest (94.78 %) germination percentage than rest of the varieties. However, the variety GW-273 recorded lowest (91.00 %) germination percentage. Germination percentage was significantly highest (94.17 %) at 24th November sowing date as compared to D1 (92.75 %) and D3 (92.08 %). Lower germination percentage on 20th December was due to exposure of seeds to high temperature during the month of March. According to Hasan et al. (2013), seeds obtained from post-anthesis heat stress condition showed significantly lower germination percentage than normal condition.
Vigour index-I and II	Comment by Digital Studio: Write the equation in material and methods
Seedling vigour index-I is the effect of germination percentage and average length of root and shoot. The variety and sowing dates had significant effect on vigour index I. The variety HI-1544 recorded the highest vigour index I (2441.12) followed by GW-322 (2405.16). The variety GW-273 recorded lowest vigour index (2057.73). Vigour index I was significantly highest (2577.23) for sowing date 24th November as compared to D1 (2377.33) and D3 (1919.92).Seedling vigour index-II is effect of germination percentage and dry weight of seedling. The variety and sowing dates had significant effect on vigour index II. The variety GW-322 showed highest vigour index II (36.88) followed by HI-1544 (33.74). The lowest vigour index II was recorded by GW-273 (29.90). Vigour index II was significantly highest (36.85) due to sowing done on 24th November as compared to D1 (33.68) and D3 (28.32).Ahmad et al. (1994) reported that smaller endosperm and lower grain weight and Patil et al.  (2000) reported that higher grain crude protein and lower grain size are the main causes of delayed sowing which resulting in low vigourous seed.	Comment by Digital Studio: Not cleare 	Comment by Digital Studio: vigorous
Seedling dry weight (g)
The variety and sowing dates had significant effect on seedling dry weight. The variety GW-322 showed highest seedling dry weight (0.39 g). The lowest seedling dry weight was recorded by RAJ-4079 (0.35 g). Seedling dry weight was significantly highest (0.43 g) in 24th November sowing date. The lowest seedling dry weight (0.30 g) recorded on 20th December sowing date. Decreased seedling dry weight with increase   in parent plant temperature was reported by Grass and Burris (1995a) and Sechnyak et al. (1995). According to Hasan et al. (2013), seedling dry weight decreased when their parent experienced heat stress after anthesis.
Electrical conductivity (µS cm-1)	Comment by Digital Studio: How was this trait measured in the laboratory? Write the equation in material and methods

[bookmark: _GoBack]The varieties, sowing dates and their interaction had significant effect on electrical conductivity. The variety GW-322 (V2) recorded the lowest electrical conductivity (1.87 µS cm-1). However, the higher electrical conductivity was noticed in RAJ-4079 (1.99 µS cm-1). Electrical conductivity was lowest (1.68 µS cm-1) in 24th November sowing date. The highest electrical conductivity (2.26 µS cm-1) was recorded due to sowing done on 20th December. This might be due to more leak of solute or release of electrolytes resulted maximum EC value and low vigour under delayed sowing. Gul et al. (2012) reported that late sowing increases the EC of wheat seed but early sowing reduces the electrical conductivity. According to Hasan et al.  (2013), seeds produced at high temperature stress released more electrolytes than those produced at normal conditions.

Table 1. Effect of varieties, sowing dates and their interactions on thousand seed weight (g)
	Varieties

Sowing dates
	V1 
RAJ-4079
	V2 
GW-322
	V3 
GW-273
	V4 
HI-1544
	Mean

	D1 15 Oct
	41.06
	43.61
	33.69
	42.40
	40.19

	D2 24 Nov
	43.73
	47.22
	37.19
	45.47
	43.40

	D3 20 Dec
	38.01
	44.00
	36.80
	40.00
	39.70

	Mean
	40.93
	44.94
	35.89
	42.62
	41.10

	
	Variety
	Sowing dates
	Interaction

	S.E. ±
	0.88
	0.76
	1.53

	C.D. at 5%
	2.54
	2.20
	4.39



Table 2. Effect of varieties, sowing dates and their interactions on seed density (g cc-1)
	Varieties

Sowing dates
	V1 
RAJ-4079
	V2 
GW-322
	V3 
GW-273
	V4 
HI-1544
	Mean

	D1 15 Oct
	1.37
	1.48
	1.33
	1.42
	1.40

	D2 24 Nov
	1.66
	1.80
	1.60
	1.73
	1.70

	D3 20 Dec
	1.05
	1.26
	1.13
	1.17
	1.15

	Mean
	1.36
	1.51
	1.35
	1.44
	1.42

	
	Variety
	Sowing dates
	Interaction

	S.E. ±
	0.011
	0.010
	0.021

	C.D. at 5%
	0.034
	0.030
	0.059



Table 3. Effect of varieties, sowing dates and their  interactions on germination (%)
	Varieties

Sowing dates
	V1 
RAJ-4079
	V2 
GW-322
	V3 
GW-273
	V4 
HI-1544
	Mean

	D1 15 Oct
	92.67
	94.33
	90.00
	94.00
	92.75

	
	(74.29)
	(76.22)
	(71.57)
	(75.82)
	(74.38)

	D2 24 Nov
	93.33
	96.33
	92.00
	95.00
	94.17

	
	(75.03)
	(78.96)
	(73.57)
	(77.08)
	(76.03)

	D3 20 Dec
	91.67
	93.67
	91.00
	92.00
	92.08

	
	(73.22)
	(75.43)
	(72.54)
	(73.57)
	(73.65)

	Mean
	92.56
	94.78
	91.00
	93.67
	93.00

	
	(74.17)
	(76.79)
	(72.54)
	(75.43)
	(74.66)

	
	Variety
	Sowing dates
	Interaction

	S.E. ±
	0.51
	0.44
	0.89

	C.D. at 5%
	1.47
	1.28
	2.56



Table 4. Effect of varieties, sowing dates and their interactions on vigour index-I
	Varieties

Sowing dates
	V1 
RAJ-4079
	V2 
GW-322
	V3 
GW-273
	V4 
HI-1544
	Mean

	D1 15 Oct
	2363.33
	2481.53
	2080.50
	2580.53
	2377.23

	D2 24 Nov
	2524.32
	2732.83
	2260.50
	2712.77
	2577.23

	D3 20 Dec
	1819.30
	2001.10
	1829.20
	2030.07
	1919.92

	Mean
	2235.65
	2405.16
	2057.73
	2441.12
	2284.92

	
	Variety
	Sowing dates
	Interaction

	S.E. ±
	49.67
	43.02
	86.03

	C.D. at 5%
	143.08
	123.91
	246.90



Table 5. Effect of varieties, sowing dates and their interactions on vigour index-II
	Varieties

Sowing dates
	V1 
RAJ-4079
	V2 
GW-322
	V3 
GW-273
	V4 
HI-1544
	Mean

	D1 15 Oct
	32.03
	37.30
	30.80
	34.59
	33.68

	D2 24 Nov
	35.46
	40.43
	33.03
	38.47
	36.85

	D3 20 Dec
	26.33
	32.90
	25.87
	28.17
	28.32

	Mean
	31.28
	36.88
	29.90
	33.74
	32.95

	
	Variety
	Sowing dates
	Interaction

	S.E. ±
	0.56
	0.48
	0.97

	C.D. at 5%
	1.60
	1.39
	2.77



Table 6. Effect of varieties, sowing dates and their interactions on seedling dry weight (g)
	Varieties

Sowing dates
	V1 
RAJ-4079
	V2 
GW-322
	V3 
GW-273
	V4 
HI-1544
	Mean

	D1 15 Oct
	0.36
	0.38
	0.37
	0.37
	0.37

	D2 24 Nov
	0.43
	0.45
	0.40
	0.45
	0.43

	D3 20 Dec
	0.27
	0.33
	0.30
	0.28
	0.30

	Mean
	0.35
	0.39
	0.36
	0.37
	0.37

	
	Variety
	Sowing dates
	Interaction

	S.E. ±
	0.006
	0.005
	0.01

	C.D. at 5%
	0.02
	0.02
	0.03




Table 7.	Effect of varieties,	sowing dates and their interaction on electrical conductivity (µS cm-1)
	Varieties

Sowing dates
	V1 
RAJ-4079
	V2 
GW-322
	V3 
GW-273
	V4 
HI-1544
	Mean

	D1 15 Oct
	1.94
	1.85
	1.63
	1.88
	1.82

	D2 24 Nov
	1.71
	1.60
	1.77
	1.63
	1.68

	D3 20 Dec
	2.32
	2.16
	2.36
	2.19
	2.26

	Mean
	1.99
	1.87
	1.92
	1.90
	1.92

	
	Variety
	Sowing dates
	Interaction

	S.E. ±
	0.02
	0.02
	0.03

	C.D. at 5%
	0.05
	0.04
	0.08




CONCLUSIONS
   The seed quality parameters viz. thousand seed weight, germination (%), seed density, seedling dry weight, vigour index and electrical conductivity were resulted better in 24th November sowing. Seed quality parameters were found to be adversely affected under delayed sowing due to increased atmospheric temperatures coupled with low relative humidity.
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