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ABSTRACT
              The present investigation was carried out during 2018–2019 at the Floricultural Research Station, Hyderabad, Telangana, to study the effect of different nitrogen levels and weed management practices on seed quality and seed yield of gaillardia (Gaillardia pulchellaFoug.). Gaillardia is an important ornamental annual widely grown for loose flowers, landscaping, and seed production under diverse agro-climatic conditions, particularly during summer months in South India. The experiment was laid out in a Factorial Randomized Block Design (FRBD) with 20 treatment combinations comprising four nitrogen levels (0, 75, 150, and 180 kg N ha⁻¹) and five weed management practices, replicated three times. The maximum number of seeds per flower (251.66) was recorded with 150 kg N ha⁻¹ combined with black and silver polythene mulch. The highest germination percentage (48.88%) was observed with 180 kg N ha⁻¹ under black and silver polythene mulch. Application of 75 kg N ha⁻¹ and black and silver polythene mulch significantly increased the number of seeds per flower and seed weight per flower, while 150 kg N ha⁻¹ with black and silver polythene mulch recorded the highest test weight, seed yield per plant, and seed yield p  er hectare. Overall, the results indicated that nitrogen application at 150 kg ha⁻¹ in combination with black and silver polythene mulch is optimum for improving seed quality and seed yield of gaillardia under Hyderabad conditions.
INTRODUCTION
              Gaillardia (Gaillardia pulchella Foug.), popularly known as blanket flower or fire wheel, is a hardy annual ornamental plant belonging to the family Asteraceae with a diploid chromosome number of 2n = 36. It is native to the central and western United States and is well adapted to a wide range of soils and climatic conditions. The crop is valued for its bright and attractive flowers and serves as an important substitute for commercial flower crops such as chrysanthemum and China aster, especially during summer months in South India (Bose et al., 2003). In addition to its ornamental value, gaillardia is used for loose flowers, interior decoration, herbaceous borders, and landscaping, and it also plays a role in reducing soil erosion in coastal dune areas (Carig, 1977). The crop is known for its tolerance to salinity and adverse environmental conditions (Tija and Rose, 1987).
Seed is the basic and primary input for flower production, and the availability of good-quality seed is essential for achieving higher productivity and better crop establishment. Seed yield and quality are influenced by nutrient management, particularly nitrogen, which plays a key role in plant growth, photosynthesis, and protein synthesis. Adequate nitrogen supply enhances flower production and seed development, whereas deficiency results in poor growth and reduced yield. Previous studies have reported increased seed yield and seed weight with higher nitrogen application levels (Ali et al., 2016), Solanki and Ganie (2010), Shinde et al., (2014) in African marigold, Chavan et al., (2010) in China aster, and Tembhare et al., (2016) in China aster, and the number of seeds per flower has been found to increase with nitrogen levels up to 150 kg N ha⁻¹ (Darani et al., 2013).
Weed infestation is another major constraint in wildflower and seed production systems. Weeds compete with crops for nutrients, moisture, light, and space, leading to reduced seed yield and quality. Moreover, contamination of crop seed with weed seeds severely affects marketability. As selective herbicides are limited for wildflower seed crops, effective weed management practices such as mulching, manual weeding, and integrated approaches are essential. Therefore, the present investigation was undertaken to standardize the optimum nitrogen level and suitable weed management practice for improving seed quality and seed yield of gaillardia under Hyderabad conditions.
MATERIALANDMETHODS
The present experiment was conducted at the Floricultural Research Station, Agricultural Research Institute, Rajendranagar, Hyderabad, Telangana. The experiment was laid out in a Factorial Randomized Block Design (FRBD) comprising 20 treatment combinations with the cultivar Local Red (yellow tip) and three replications.
The treatments consisted of four levels of nitrogen and five weed management practices as detailed below:
Factor-A: Levels of Nitrogen
N1: 0kg/ha
N2: 75kg/ha
N3: 150kg/ha
N4: 180kg /ha
Factor-B: Weed management practices
T1: Black and silver polythene mulch (40 microns)
T2: Paddy straw mulch
T3: Pendimethalin at 1kg a.i. /ha + weeding 30 DAT
T4: Weed free control
T5: Control (without weeding)
Thus, the experiment comprised 4 × 5 = 20 treatment combinations replicated three times.
The nitrogen levels used in the present study were selected based on earlier research reports on gaillardia and related ornamental crops, which indicated that seed yield and quality parameters respond positively to nitrogen application up to 150–180 kg N ha⁻¹. Previous studies have reported optimum growth, flowering, and seed yield at nitrogen levels ranging from 75 to 150 kg N ha⁻¹ in gaillardia, calendula, and marigold (Awchar et al., 2010; Samoon and Kirad, 2013; Moon et al., 2018). Hence, nitrogen levels of 0, 75, 150, and 180 kg N ha⁻¹ were chosen to evaluate the response of seed quality and seed yield over a wide range.
The weed management practices were selected to represent commonly adopted physical, chemical, and integrated weed control methods in floricultural crops. Mulching with black and silver polythene and paddy straw was included due to their effectiveness in weed suppression and soil moisture conservation, while pendimethalin application combined with hand weeding represents an integrated weed management approach. Weed-free and unweeded control treatments were included for comparison. Similar weed management practices have been successfully used in seed production studies of ornamental crops (Shinde et al., 2014; Tembhare et al., 2016).
            The seed quality and seed yield parameters were recorded and computed using standard procedures. Number of seeds per flower was determined by counting the total number of seeds obtained from randomly selected flowers and expressed as average per flower. Weight of seeds per flower was calculated by weighing the seeds obtained from a single flower using an electronic balance and expressed in milligrams (mg). Test weight of seeds was determined by weighing 100 seeds randomly selected from each treatment and expressed in milligrams (mg).
        Seed yield per plant was calculated as the total weight of seeds harvested from an individual plant and expressed in grams (g). Seed yield per plot was computed by summing the seed yield of all plants in each plot and expressed in grams (g). Seed yield per hectare was calculated by extrapolating the seed yield per plot to hectare basis using the following formula
Seed yield per hectare (kg ha⁻¹)
= (Seed yield per plot (g) × 10,000) ÷ (Plot area (m²) × 1000)
        The data recorded on each character were analyzed by the ANOVA technique as described by Steel and Torrie (1981).The treatment means were compared using the critical difference values calculated at 5 per cent level of significance.
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, Dhaked et al. (2013) in Calendula.
          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 75kg/ha + black and silver polythene mulch (242.13) and it was followed by nitrogen levels at 75 kg/ha + Pendimethalin 1kga.i./ha
+ weeding 30 DAT (232.80). Minimum number of seeds per flower (152.00) was observed in nitrogen level at 180kg/ha + weed free control. Similar results was 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) 150kg N/ha (0.274mg) followed by (N1) 180kg 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 150kg 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 (with out 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) 180kg N/ha (1.32mg) followed by (N2) 75kg 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.
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 150kg N/ha (16.55g) which was on par with (N4) 180kg N/ha (16.01g), 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, Moon et al. (2018) in Gaillardia, Natrajan and Vijaykumar (2002) in marigold.
 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, Solanki and Ganie (2010), 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 (18.52g) 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 (T 5) control (without weeding).
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 (221.70g). Similarly, Samoon and Kirad (2013) reported that, highest seed yield was recorded by 150 kg nitrogen/ha in calendula, Dhaked et al. (2013) recorded maximum seed yield with application of N 100 kg per plot as compared to control in Calendula. 
        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 (T 4) weed free control (301.00 g), Pendimethalin at 1kg a.i. /ha + weeding 30 DAT (276.80 g), (T 2) paddy straw mulch (245.80 g) while minimum seed yield per plot was recorded in (T 1) control (without weeding) (190.21 g).
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). These results were in close conformity with the findings of  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, Gnyandev et al. (2014) recorded maximum seed yield per ha with increased dose of NPK in China aster cv. Phule Ganesh, Nikam, et al, (2018) an application of 200 kg nitrogen was found to be better for obtaining maximum seed yield of annual chrysanthemum.
           Significant difference was noticed regarding seed yield per hectare with mulching (T 1) black and silver polythene sheet recorded significantly higher (15.43 kg) seed yield per hectare than the (T 4 ) weed free control (13.93 kg), (T 3 ) pendimethalin at 1kg a.i. /ha + weeding 30 DAT (12.81 kg), (T 2 ) paddy straw mulch (11.38 kg) and minimum seed yield per hectare was reported in (T 5) control (without weeding) (8.80 kg). These results are in conformity with the findings of Awchar et al., (2010). 
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.
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 T5control (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.

        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. Similarly, Ahmed, et al, has reported among nutrient sprays and mulching treatments, nutrient spray of NPK (19:19:19) @ 30 g/litre with black mulching was found to be best for enhancing the seed parameters of calendula.
CONCLUSION

              Based on the results of the present investigation, it can be concluded that application of nitrogen at 150 kg ha⁻¹ in combination with black and silver polythene mulch is optimum for achieving higher seed yield and better seed quality in gaillardia under Hyderabad conditions. This combination effectively improves seed parameters while ensuring efficient weed management.











Table1 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
	227.70a

	T2
	207.00
	227.46
	217.73
	196.60
	212.20b

	T3
	211.46
	232.80
	208.66
	187.06
	209.11b

	T4
	160.33
	208.66
	192.53
	152.00
	178.38c

	T5
	169.66
	187.06
	178.53
	154.80
	172.51c

	Mean
	187.40c
	219.62a
	212.20b
	180.12d
	

	For comparing the means of
	SEm±
	CD@5%

	N(FactorA)
	2.11
	6.05

	T(FactorB)
	2.36
	6.76

	NXT
	4.72
	13.53



N:Nitrogen,T:weedmanagementpractices,N×T:Nitrogenandweedmanagementpractices N1: 0kg/ha, N2: 75kg/ha, N3: 150kg/ha, N4: 180kg /ha
T1:Blackandsilverpolythenemulch(40microns),T2:Paddystrawmulch,T3:Pendimethalin1kga.i./ha+weeding30 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
	0.297a

	T2
	0.223
	0.235
	0.268
	0.240
	0.242d

	T3
	0.269
	0.272
	0.293
	0.287
	0.280b

	T4
	0.247
	0.253
	0.281
	0.280
	0.265c

	T5
	0.163
	0.189
	0.214
	0.193
	0.190e

	Mean
	0.238c
	0.280a
	0.274a
	0.261b
	

	For comparing
The means of
	SEm±
	CD@5%

	N(FactorA)
	0.004
	0.01

	T(FactorB)
	0.005
	0.01

	NXT
	0.01
	NS




Table3 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(FactorA)
	0.02
	0.06

	T(FactorB)
	0.02
	0.07

	NXT
	0.04
	NS


N: Nitrogen, T:weedmanagement 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 (40microns), 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
	18.52a

	T2
	12.62
	15.37
	16.64
	16.88
	15.38c

	T3
	14.52
	16.63
	18.13
	17.59
	16.72b

	T4
	11.21
	13.88
	15.81
	13.71
	13.65d

	T5
	7.28
	11.54
	11.66
	11.78
	10.57e

	Mean
	12.31c
	14.99b
	16.55a
	16.01a
	

	For comparing the means of
	SEm±
	CD@5%

	N (FactorA)
	0.29
	0.85

	T (FactorB)
	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
	333.40a

	T2
	201.94
	249.84
	264.43
	246.92
	245.80d

	T3
	227.28
	276.71
	288.32
	303.99
	276.80c

	T4
	261.43
	299.47
	322.84
	316.77
	301.00b

	T5
	131.19
	207.87
	209.93
	212.08
	190.21e

	Mean
	221.7c
	269.9b
	291.71a
	288.3a
	

	For comparing the means of
	SEm±
	CD@5%

	N (FactorA)
	5.73
	16.42

	T (FactorB)
	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 (40microns), T2: Paddy straw mulch, T3:Pendimethalin1kga.i./ha+weeding30 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
	15.43a

	T2
	9.34
	11.56
	13.17
	11.43
	11.38d

	T3
	10.52
	12.81
	13.87
	14.07
	12.81c

	T4
	12.10
	13.86
	15.11
	14.66
	13.93b

	T5
	6.07
	9.62
	9.71
	9.89
	8.80 e

	Mean
	10.26c
	12.49b
	13.79a
	13.34a
	

	For comparing the means of
	SEm±
	CD@5%

	N (FactorA)
	0.24
	0.70

	T (FactorB)
	0.27
	0.79

	NXT
	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
	41.38a

	T2
	19.99
	27.77
	33.33
	35.55
	29.16b

	T3
	18.88
	41.11
	24.44
	31.10
	28.88b

	T4
	25.55
	21.10
	19.99
	17.77
	21.11c

	T5
	16.66
	19.99
	12.21
	15.55
	16.10c

	Mean
	24.21
	27.99
	27.32
	29.77
	

	For comparing the means of
	SEm±
	CD@5%

	N (FactorA)
	2.26
	NS

	T (FactorB)
	2.53
	5.12

	NXT
	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 (40microns), T2: Paddy straw mulch, T3:Pendimethalin1kga.i./ha+weeding30 DAT, T4: Weed free control, T5: Control (without weeding).
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