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ABSTRACT
The present investigation was carried out during the year 2018-2019 at Floricultural Research Station, Hyderabad to study the effect of different levels of nitrogen and weed management practices on seed quality and seed yield of gaillardia (Gaillardia pulchella Foug.) under Hyderabad conditions. The experiment was laid out in FRBD comprising of 20 treatment combinations with three replications. Number of seeds per flower recorded maximum (251.66) in nitrogen level (N3T1) 150 kg/ha + black and silver polythene mulch. Germination percentage recorded maximum (48.88 %) in nitrogen level 180 kg/ha + black and silver polythene mulch (N4T1). The results revealed that, nitrogen level of 75 kg N/ha (N2) and mulching with black and silver polythene sheet (T1) has significantly increased the number of seeds per flower (219.62 and 227.70), weight of seeds per flower (0.280 g and 0.297 mg), whereas application of 150 kg N/ha and mulching with black and silver polythene sheet (T1) recorded the highest test weight of seeds (1.35 mg and 1.48 mg), seed yield per plant (16.55 and 1.48 mg) and seed yield per hectare (13.79 kg and 333.40 g).	Comment by rajesh kumar: Please write climatic conditions instead of Hydrabad condition 
INTRODUCTION
Gaillardia (Gaillardia pulchella Foug.) popularly known as blanket flower or fire wheel belongs to the family Asteraceae, is diploid (2n=36) and is one of the hardiest summer annuals grown on variety of soils in different climatic conditions. It is native to central and western United States.
The flowers are attractive, brightly colored and is an important substitute to commercial flower crop like chrysanthemum and China aster (Bose et al., 2003),







especially during summer months in South India. It is extensively used as loose flower, interior decorations, as herbaceous borders and flower beds in landscaping, apart from this it has ability to reduce soil erosion in coastal dune areas (Carig, 1977) and also tolerant to salinity (Tija and Rose, 1998).
Seed is basic and initial source for flower production. The most crucial issue is to supply good quality seed to growers, for producing better seed physically and genetically that can be preserved from harvest to next sowing season. Insufficient supply of an important element required for plant life cycle results in a nutritional disorder manifested by many deficiency symptoms. It is vital to support the use of nitrogen fertilizers for the achievement and maintenance of soil health and to sustain the crop productivity Seed yield and a seed weight were increased with rising nitrogen application (Ali et al., 2016). Darani et al. (2013) found that the highest number of seeds was correlated with nitrogen fertilizer level up to 150 kgN/ha.
Weeds are usually the major pest problem in wildflower seed crops. They can reduce seed yield by competing with the crop for water and nutrients. Seed of noxious weed species mixed in with blanket flower seed will severely limit the growth. Weed control is a major consideration when deciding whether to direct seed or use transplants. Direct seeding is much less expensive than using transplants but there are no herbicides currently labelled for use on seed beds used for wildflower seed production. Hence some costly hand weeding will probably be necessary the first year. The advantage of using transplants is that pre emergence herbicides can be used soon after transplanting. However, even if weed competition seems minimal and the crop is thriving, weed management practices can be used that will prevent weed seed contamination of the crop seed.
ThereforeTherefore, the present investigation was formulated to standardize optimum level of nitrogen for gaillardia and effective weed management practices which can give better growth, flower and seed yield of Gaillardia.
MATERIAL AND METHODS
The present experiment was conducted at Floricultural Research station, Agricultural Research Institute, Rajendranagar, Hyderabad. It was laid out in Factorial Randomized Block Design comprising of twenty treatments with cultivar Local Red (yellow tip) with three replications. The treatments consisted of four nitrogen levels i.e. 0 Kg N/ha (N1), 75 Kg N/ha (N2), 150 Kg N/ha (N3), 180 Kg N/ha (N4) and five weed management practices i.e, Black and

silver polythene mulch (40 microns) (T1) Paddy straw mulch (T2), Pendimethalin 1kg a.i. /ha
+ weeding 30 DAT (T3), Weed free control (T4), Control (without weeding) (T5). The size of the bed was 1.8 × 0.9 m with a spacing 30 × 45 cm. Forty five days old seedlings were transplanted on 2nd fort night of septemberSeptember and all the recommended package of practices were adopted systematically.
Five plants were selected randomly from each treatment, tagged and recorded growth parameters viz., Number of seeds per flower, Weight of Seeds per flower, Test weight of seeds, Seed yield per plant, Seed yield per plot and Seed yield per hectare was recorded. The observations were statistically analyzed.	Comment by rajesh kumar: Write soft were and method used for statistics? Is it Anova 
RESULTS AND DISCUSSION

The data related to Number of seeds per flower, Weight of Seeds per flower, Test weight of seeds, Seed yield per plant, Seed yield per plot, Seed yield per hectare as influenced by different nitrogen levels, weed management practices and their combination was presented in Table 1, 2, 3, 4, 5 and 6.
SEED PARAMETERS

Number of seeds per flower
Maximum (219.62) number of seeds was recorded by application of (N3) 75 kg N/ha which was significantly higher than (N3) 150 kg N/ha (212.20) followed by (N1) 0 kg N/ha (187.40) and application of 180 kg N/ha has shown minimum (180.12) number of seeds per flower. This might be due to nitrogen which increased photosynthetic activity resulted into increased flower production and ultimately number of seeds per flower. Similar results were reported by Shinde et al. (2014) in African marigold.
Weed management practices has significant influence on number of seeds per flower and maximum (227.70) number of seeds per flower was recorded in mulching with black and silver polythene sheet which was followed by (T2) paddy straw mulch (212.20). (T2) paddy straw mulch (212.20) is on par with (T3) pendimethalin 1kg a.i. /ha + weeding 30 DAT (209.11), whereas minimum number of seeds per flower was recorded in (T5) control (without weeding) (172.51).
Interaction effect of different nitrogen levels and weed management practices resulted in statistically significant effect on number of seeds per flower. Number of seeds per flower

recorded maximum (251.66) in nitrogen level (N3T1) 150 kg/ha + black and silver polythene mulch which was on par with the nitrogen level (N2T1) at 75 kg /ha + black and silver polythene mulch (242.13) and it was followed by nitrogen level at 75 kg/ha + Pendimethalin 1kg a.i. /ha
+ weeding 30 DAT (232.80). Minimum number of seeds per flower (152.00) was observed in nitrogen level at 180 kg/ha + weed free control. Similar results waswere obtained by Samoon et al. (2013).
Weight of Seeds per flower

Maximum (0.280 mg) weight of seeds was recorded in 75 kg nitrogen per hectare which was statistically on par with (N3) 150 kg N/ha (0.274 mg) followed by (N1) 180 kg N/ha (0.261 mg) and application of 0 kg N/ha was shown minimum (0.238) weight of seeds per flower. Similarly, Moon et al. (2018) reported an application of nitrogen at 150 kg N/ha was recorded maximum weight of seed in Gaillardia.
Weed management practices has significant influence on weight of seeds per flower and maximum (0.297 mg) weight of seeds per flower was recorded in mulching with (T1) black and silver polythene sheet which was followed by (T3) Pendimethalin at 1kg a.i./ha + weeding 30 DAT (0.280 mg), (T4) weed free control (0.265 mg), (T2) paddy straw mulch (0.242 mg). Whereas, minimum weight of seeds per flower was recorded in (T5) control (without weeding) (0.190 mg).
Test weight of seeds (mg)
Maximum (1.35 mg) test weight was recorded in application of 150 kg N/ha and it was statistically on par with the treatment (N4) 180 kg N/ha (1.32 mg) followed by (N2) 75 kg N/ha (1.23 mg), however application of 0 kg N/ha has shown minimum (1.17 mg) test weight of seeds.
This might be due to nitrogen which helped in improving the protein synthesis and resulted in production of bolder and healthy seeds. These results are in close conformity with the findings of Awchar et al., (2010). According to Samoon and Kirad (2013) application of nitrogen at 150 kg/ha had recorded maximum test weight of seed in Calendula. Similar results are obtained with Swaroop et al. (2007) in Marigold.	Comment by rajesh kumar: Write refences 
Weed management practices has significant influence on test weight of seeds and maximum (1.48 mg) test weight of seeds per flower recorded mulching with (T1) black and silver polythene sheet which was followed by pendimethalin at 1kg a.i. /ha + weeding 30 DAT

(1.40 mg), weed free control (1.32 mg) and (T2) paddy straw mulch (1.20 mg) whereas minimum test weight of seeds was recorded in control (0.93 mg).
Seed yield per plant (g)

Among all the treatments maximum seed yield per plant was recorded with application of 150 kg N/ha (16.55 g) which was on par with (N4) 180 kg N/ha (16.01 g), while minimum seed yield per plant was recorded in (N1) 0 kg N/ha (12.31g). Similar results are registered with Khunte et al. (2015) in calendula and Moon et al. (2018) in Gaillardia.
This might be due to nitrogen which helped in improving the protein synthesis and resulted in production of bolder and healthy seeds. These results are in close conformity with the findings of Awchar et al., (2010). According to Samoon and Kirad (2013) application of nitrogen at 150 kg/ha had recorded maximum test weight of seed in Calendula. Similar results are obtained with Swaroop et al. (2007) in Marigold.	Comment by rajesh kumar: The sentence is repeated in lines 119–120 and should be retained only once to avoid redundancy
Weed management practices has significant influence on test weight of seeds and maximum (1.48 mg) test weight of seeds per flower recorded mulching with (T1) black and silver polythene sheet which was followed by pendimethalin at 1kg a.i. /ha + weeding 30 DAT (1.40 mg), weed free control (1.32 mg) and (T2) paddy straw mulch (1.20 mg) whereas minimum test weight of seeds was recorded in control (0.93 mg).
Seed yield per plot (g)

Seed yield per plot was increased by the increase in nitrogen level, application of 150 kg N/ha (291.71 g) was recorded significantly maximum which was on par with (N4) 180 kg N/ha (288.30g) whereas minimum seed yield per plant was recorded in N1 0 kg nitrogen/ha (221.70 g). Similarly, Samoon and Kirad (2013) reported that, highest seed yield was recorded by 150 kg nitrogen/ha in calendula.
Based on the results obtained, it may be concluded that seed yield increased with the application of nitrogen levels. The yield of flowers per plant increased with the application of nitrogen mainly because of increased carbohydrate reserve for the development of floral primordia apart from the structural development of the plant. The present results were in confirmation with the earlier findings of Chavan et al., (2010) in China aster, Shinde et al., (2014) in African marigold and Tembhare et al., (2016) in China aster.

It was evident that the seed yield per plant varied significantly among the weed management treatments. Significantly maximum seed yield per plant (18.52 g) was recorded in mulching with black and silver polythene mulch and was statistically superior over rest of the treatments. Whereas, the minimum Seed yield per plant (10.57 g) was recorded in (T5) control (without weeding).	Comment by rajesh kumar: Please write refences 
Seed yield per hectare (kg)

Seed yield per hectare was increased by application of 150 kg nitrogen/ha (13.79 kg) which was on par with (N4) 180 kg N/ha (13.34 kg), (N2) 75kg N/ha (12.49 kg) and minimum seed yield per plant was recorded in (N1) 0 kg nitrogen/ha (10.26 kg). Similarly, Khunte et al. (2015) studied the impact of N on seed yield of calendula var. Touch of Red Mixture and recorded highest seed yield with 150 kg N/ha as compared to control.
Significant different was noticed regarding seed yield per plot, the treatment mulching with black and silver polythene sheet recorded significantly higher seed yield per plot (333.40 g) which was followed by (T4) weed free control (301.00 g), Pendimethalin at 1kg a.i. /ha + weeding 30 DAT (276.80 g), (T2) paddy straw mulch (245.80 g) while minimum seed yield per plot was recorded in (T1) control (without weeding) (190.21 g).
Germination percentage (%)

The germination percentage varied significantly among different levels of nitrogen and weed management practices in Gaillardia.
 Results revealed that application of different nitrogen levels has not shown significant influence on germination percentage of Gaillardia.	Comment by rajesh kumar: Write some references 
Germination percentage has significantly differed among weed control treatments. Germination percentage (41.38 %) was recorded in treatment (T1) Black and silver polythene mulch which was followed by (T2) paddy straw mulch recorded (29.16 %), (T3) pendimethalin at 1 kg a.i. / ha + weeding 30 DAT (28.88 %) and T4 weed free control (21.11 %). However, minimum germination percentage was noticed in T5 control (16.10 %).
The seeds obtained from plots of (T1) black and silver polythene mulch resulted in maximum percentage due to the activation of glycolysis process and reduction of inhibitory and dormancy inducing substance and the mobilization of auxins with effect of mulch.	Comment by rajesh kumar: Please write some references  

Interaction effect of different nitrogen levels and weed management practices resulted statistically significant effect on germination percentage. Germination percentage recorded maximum (48.88 %) in nitrogen level 180 kg/ha + black and silver polythene mulch (N4T1) which was significantly higher than nitrogen level at 150 kg/ha + black and silver polythene mulch (N3T1) (46.66 %), 0 kg N/ha + black and silver polythene mulch (39.99 %) other treatments. Germination percentage has observed minimum in nitrogen level at 150 kg/ha + control (without weeding) (12.21 %).
INTERACTION EFFECT

The interaction effect due to nitrogen and weed management parameters on seed quality parameters like weight of Seeds per flower, test weight of seeds, seed yield per plant, seed yield per plot, seed yield per hectare and germination per cent were found to be non-significant.
CONCLUSION

On the basis of the results of the present investigation, it can be concluded that, among the weed management practices, application of 150 kg N/ha and plots mulched with black and silver polythene mulch had good seed quality and seed yield.


Table 1 Effect of nitrogen levels, weed management practices and their interaction
on number of seeds per flower of Gaillardia Cv. Local red (with yellow tip).
	
Treatment
	Number of seeds per flower

	
	N1
	N2
	N3
	N4
	Mean

	T1
	188.53
	242.13
	251.66
	228.53
	227.70 a

	T2
	207.00
	227.46
	217.73
	196.60
	212.20 b

	T3
	211.46
	232.80
	208.66
	187.06
	209.11 b

	T4
	160.33
	208.66
	192.53
	152.00
	178.38 c

	T5
	169.66
	187.06
	178.53
	154.80
	172.51 c

	Mean
	187.40 c
	219.62 a
	212.20 b
	180.12 d
	

	For comparing the means of
	SEm±
	CD @ 5%

	N (Factor A)
	2.11
	6.05

	T (Factor B)
	2.36
	6.76

	N X T
	4.72
	13.53



N: Nitrogen, T: weed management practices, N × T: Nitrogen and weed management practices N1: 0kg/ha, N2: 75kg/ha, N3: 150kg/ha, N4: 180kg /ha
T1: Black and silver polythene mulch (40 microns), T2: Paddy straw mulch, T3: Pendimethalin 1kg a.i. /ha + weeding 30 DAT, T4: Weed free control, T5: Control (without weeding).

Table 2 Effect of nitrogen levels, weed management practices and their interaction on weight of seeds per flower of Gaillardia Cv. Local red (with yellow tip).
	
Treatment
	Weight of seeds per flower (mg)

	
	N1
	N2
	N3
	N4
	Mean

	T1
	0. 287
	0.280
	0.315
	0.307
	0.297 a

	T2
	0.223
	0.235
	0.268
	0.240
	0.242 d

	T3
	0.269
	0.272
	0.293
	0.287
	0.280 b

	T4
	0.247
	0.253
	0.281
	0.280
	0.265 c

	T5
	0.163
	0.189
	0.214
	0. 193
	0.190 e

	Mean
	0.238 c
	0.280 a
	0.274 a
	0.261 b
	

	For comparing
the means of
	SEm±
	CD @ 5%

	N (Factor A)
	0.004
	0.01

	T (Factor B)
	0.005
	0.01

	N X T
	0.01
	NS




Table 3 Effect of nitrogen levels, weed management practices and their interaction on test weight of seeds of Gaillardia Cv. Local red (with yellow tip).
	
Treatment
	Test weight of seeds (mg)

	
	N1
	N2
	N3
	N4
	Mean

	T1
	1.37
	1.40
	1.57
	1.60
	1.48 a

	T2
	1.11
	1.17
	1.33
	1.20
	1.20 d

	T3
	1.34
	1.36
	1.46
	1.43
	1.40 b

	T4
	1.23
	1.26
	1.40
	1.39
	1.32 c

	T5
	0.81
	0.94
	0.97
	1.01
	0.93 d

	Mean
	1.17 c
	1.23 b
	1.35 a
	1.32 a
	

	For comparing the means of
	SEm±
	CD @ 5%

	N (Factor A)
	0.02
	0.06

	T (Factor B)
	0.02
	0.07

	N X T
	0.04
	NS


N: Nitrogen, T: weed management practices, N × T: Nitrogen and weed management practices N1: 0kg/ha, N2: 75kg/ha, N3: 150kg/ha, N4: 180kg /ha
T1: Black and silver polythene mulch (40 microns), T2: Paddy straw mulch, T3: Pendimethalin 1kg a.i. /ha + weeding 30 DAT, T4: Weed free control, T5: Control (without weeding).

Table 4 Effect of nitrogen levels, weed management practices and their interaction on seed yield per plant of Gaillardia Cv. Local red (with yellow tip).

	
Treatment
	Seed yield per plant (g)

	
	N1
	N2
	N3
	N4
	Mean

	T1
	15.93
	17.55
	20.50
	20.10
	18.52 a

	T2
	12.62
	15.37
	16.64
	16.88
	15.38 c

	T3
	14.52
	16.63
	18.13
	17.59
	16.72 b

	T4
	11.21
	13.88
	15.81
	13.71
	13.65 d

	T5
	7.28
	11.54
	11.66
	11.78
	10.57 e

	Mean
	12.31 c
	14.99 b
	16.55 a
	16.01 a
	

	For comparing the means of
	SEm±
	CD @ 5%

	N (Factor A)
	0.29
	0.85

	T (Factor B)
	0.33
	0.95

	N X T
	0.66
	NS




Table 5 Effect of nitrogen levels, weed management practices and their interaction on seed yield per plot of Gaillardia Cv. Local red (with yellow tip).
	
Treatment
	Seed yield per plot (g)

	
	N1
	N2
	N3
	N4
	Mean

	T1
	286.83
	315.90
	369.06
	361.97
	333.40 a

	T2
	201.94
	249.84
	264.43
	246.92
	245.80 d

	T3
	227.28
	276.71
	288.32
	303.99
	276.80 c

	T4
	261.43
	299.47
	322.84
	316.77
	301.00 b

	T5
	131.19
	207.87
	209.93
	212.08
	190.21 e

	Mean
	221.7 c
	269.9 b
	291.71 a
	288.3 a
	

	For comparing the means of
	SEm±
	CD @ 5%

	N (Factor A)
	5.73
	16.42

	T (Factor B)
	6.41
	18.36

	N X T
	12.82
	NS


N: Nitrogen, T: weed management practices, N × T: Nitrogen and weed management practices N1: 0kg/ha, N2: 75kg/ha, N3: 150kg/ha, N4: 180kg /ha
T1: Black and silver polythene mulch (40 microns), T2: Paddy straw mulch, T3: Pendimethalin 1kg a.i. /ha + weeding 30 DAT, T4: Weed free control, T5: Control (without weeding).

Table 6 Effect of nitrogen levels, weed management practices and their interaction on seed yield per hectare of Gaillardia Cv. Local red (with yellow tip).
	
Treatment
	Seed yield per hectare (kg)

	
	N1
	N2
	N3
	N4
	Mean

	T1
	13.27
	14.62
	17.08
	16.75
	15.43 a

	T2
	9.34
	11.56
	13.17
	11.43
	11.38 d

	T3
	10.52
	12.81
	13.87
	14.07
	12.81 c

	T4
	12.10
	13.86
	15.11
	14.66
	13.93 b

	T5
	6.07
	9.62
	9.71
	9.89
	8.80 e

	Mean
	10.26 c
	12.49 b
	13.79 a
	13.34 a
	

	For comparing the means of
	SEm±
	CD @ 5%

	N (Factor A)
	0.24
	0.70

	T (Factor B)
	0.27
	0.79

	N X T
	0.55
	NS




Table 7 Effect of nitrogen levels, weed management practices and their interaction on germination percentage of Gaillardia Cv. Local red (with yellow tip).
	
Treatment
	Germination percentage

	
	N1
	N2
	N3
	N4
	Mean

	T1
	39.99
	29.99
	46.66
	48.88
	41.38 a

	T2
	19.99
	27.77
	33.33
	35.55
	29.16 b

	T3
	18.88
	41.11
	24.44
	31.10
	28.88 b

	T4
	25.55
	21.10
	19.99
	17.77
	21.11 c

	T5
	16.66
	19.99
	12.21
	15.55
	16.10 c

	Mean
	24.21
	27.99
	27.32
	29.77
	

	For comparing the means of
	SEm±
	CD @ 5%

	N (Factor A)
	2.26
	NS

	T (Factor B)
	2.53
	5.12

	N X T
	5.06
	10.25


N: Nitrogen, T: weed management practices, N × T: Nitrogen and weed management practices N1: 0kg/ha, N2: 75kg/ha, N3: 150kg/ha, N4: 180kg /ha
T1: Black and silver polythene mulch (40 microns), T2: Paddy straw mulch, T3: Pendimethalin 1kg a.i. /ha + weeding 30 DAT, T4: Weed free control, T5: Control (without weeding).
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