



Influence of plant geometry and weed management strategies on productivity and profitability of sunflower (Helianthus annuus L.) 
Abstract:


A field experiment Influence of plant geometry and weed management on strategies on productivity and profitability of sunflower (Helianthus annuus L.) was conducted during summer season of 2023 at the Instructional Farm, OUAT, Bhubaneswar. The experiment was laid out in a factorial RBD design consisting of two plant spacings, the conventional spacing : 60 cm x 30 cm and the modified spacing : 75 cm x 25 cm and seven weed management practices consisting of total 14 treatment combinations and 3 replications. The sunflower hybrid DRSH-1 was grown as the test variety. WCE was highest in weed free treatment in all growth stages and WI (%) was minimum in Farmers’ practice (two intercultivation at 20 & 40 DAS fb one hand weeding at 30 DAS). Plant spacings did not have significant effect on growth parameters , yield attributes, seed yield  and the oil yield of the crop. The head diameter (17.0 cm) and test weight (56.6 g) was more in weed free and at par with Farmers’ practice (two intercultivation at 20 & 40 DAS fb one hand weeding at 30 DAS). The seed yield (2048 kg/ ha) and the oil yield (819 kg/ ha) were maximum under weed free condition and it was at par with Farmers’ practice (two intercultivation at 20 & 40 DAS fb one hand weeding at 30 DAS), One intercultivation at 20 DAS fb one hand weeding at 30 DAS and Pendimethalin @ 1.0 kg a.i. /ha as pre-emergence fb quizalofop-p-ethyl 10 EC @ 37.5 g a.i/ha at 20 DAS. The net returns (Rs. 63,121) and B:C ratio (1.99) was higher with application of Pendimethalin @ 1.0 kg a.i. /ha as pre-emergence fb quizalofop-p-ethyl 10 EC @ 37.5 g a.i/ha at 20 DAS in 75cm x 25cm plant spacing. Hence, spacing of 75cm x 25cm and weed management practice of Pendimethalin @ 1kg a.i./ha as pre-emergence fb quizalofop-p-ethyl @ 37.5 g a.i./ha at 20 DAS  can be considered as the most productive and profitable option for sunflower.
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Introduction

Sunflower (Helianthus annuus L.) holds promising position among edible oil seed crops due to its premium oil quality and suitability to fit in our existing cropping systems as short duration crop. However, its yield is very low as compared to potential of existing varieties. Among the biotic factors, heavy weed infestation is an important yield limiting factor(Shankar and Subramanyam,2011). Plant geometry plays an important role in determining yield and yield components. The intra and inter row space is mainly responsible for the change of micro climate and weed seed germination. Different types of optimum plant geometry have been studied and standardized across different locations e.g. 60 cm x 30 cm, 75 cm x 25 cm etc. It has been observed that wider is the spacing (75 cm x 25 cm), more is the weed problem. Uncontrolled weeds in sunflower caused yield loss of up to 62% (Sumathi et al. 2009). First 20 to 40 DAS is the critical period for sunflower during which severe weed infestation leads to lower yield and productivity (Jat and Giri, 2000). Heavy weed infestation in sunflower is mainly due to wider spacing, slower crop growth during early stages, higher fertilizers use and frequent irrigation. Hence the present investigation was carried out to study the effect of plant geometry and weed management on yield and economics of sunflower.
Materials and Methods

A field experiment entitled “Influence of plant geometry and weed management on yield and economics of Sunflower” was carried out at Instructional farm, Odisha University of Agriculture & Technology (OUAT), Bhubaneswar during summer season of 2023. 
The soil of the experimental field was sandy loam in texture, slightly acidic (pH - 5.9), medium in organic carbon (0.59%), medium in available nitrogen (297 kg/ha), low in available phosphorous (2.60 kg/ha) and medium in available potassium (262.3 kg/ha). The experiment was laid out in factorial randomized block design consisting of fourteen  treatment combinations and three replications viz,Spacing: Factor S- Spacing: S1- 60cm x 30cm , S2- 75cm  x 25cm and  Factor W-   W1- Pendimethalin @ 1 kg ai/ ha  as pre-emergence spray fb One weeding by power weeder at 35 DAS, W2- One weeding by power weeder at 35 DAS, W3- Pendimethalin @ 1kg ai/ ha as pre-emergence spray fb Quizalofop ethyl 10 EC @ 37.5 g ai/ ha at 20 DAS as post-emergence spray, W4- Farmers’ practice (Two intercultivation at 20 & 40 DAS fb One hand weeding at 30 DAS), W5- One intercultivation at 20 DAS fb One hand weeding at 30 DAS, W6- Weed free (Three hand weeding at 15, 30 & 45 DAS), W7- Unweeded control. The crop was sown with the test hybrid DRSH-1 and recommended dose of fertiliser (60:80:60, N: P2O5: K2O in Kg/ha). All the agronomic management practices except spacing and weed management practices were uniform for all the treatments. 
The data on weeds density and dry weight were analyzed using transformation of square root of ((x + 0.5). At harvest, the data on plant height, seed yield, head diameter and 100 seed weight were recorded. Weed index was worked out by using the formula given by Gill and Kumar (1984).
Result and Discussion
Weed Flora

The predominant narrow leaved weeds observed during summer, 2023 in the experimental site were Cynodon dactylon, Dactyloctenium aegyptium, Eleusine indica, Digitaria ciliaris, Digitaria sanguinalis, Ischaemum rugosum, Cyperus rotundus, and Cyperus iria while common broadleaf weeds were Heliotropium indicum, Ageratum conyzoides, Alternanthera philoxeroides, Phyllanthus niruri, Spilanthes acmella, Cirsium arvense, Amaranthus viridis. Similar observations were reported by Wanjeri et al. (2000), Singh and Singh (2006).
Effect of different weed management practices on weed control:
Weed control efficiency (WCE) indicates the magnitude of effective reduction of weed dry weight by weed control treatments over unweeded control. The weed free treatment in the current study indicated higher WCE (87%), because weeds were effectively controlled in a timely manner. The next best treatment was Farmers’ practice (Two intercultivation at 20 & 40 DAS fb one hand weeding at 30 DAS)(78%) followed One intercultivation at 20 DAS fb one hand weeding at 30 DAS(76%) followed by Pendimethalin @ 1.0 kg a.i. /ha as pre- emergence fb Quizalofop-p-ethyl 10 EC @37.5 g a.i/ha at 20 DAS (59 %). This was attributed to lower weed population, which resulted in reduction of total dry weight of weeds in these treatments due to better control of weeds by cultural methods and imposition of herbicides. Similar findings were recorded by Mahapatra et al. (2024) . The extent of yield reduction due to weed competition as assessed through weed index (WI) has evidently indicated the suppressing effect of weed free check which had minimum weed competition and maximum seed yield. After weed free treatment, the lowest weed index was recorded in Farmers’ practice (Two intercultivation at 20 & 40 DAS fb one hand weeding at 30 DAS) (4.2%) followed by One intercultivation at 20 DAS fb one hand weeding at 30 DAS (7.6%) followed by Pendimethalin @ 1.0 kg a.i. /ha as pre- emergence fb Quizalofop-p-ethyl 10 EC @37.5 g a.i/ha at 20 DAS (8.4%). The lower value of weed index was due to lower weed infestation resulting in lower weed biomass production. Similar results were found by Bharati et al. (2020).
Effect on crop growth and yield
The plant height under two sets of plant spacing showed statistically non-significant difference.  At harvest, weed free (three hand weeding at 15, 30 and 45 DAS) treatment showed the highest plant height (198 cm) which was at par with farmers’ practice (two intercultivation at 20 & 40 DAS fb one hand weeding at 30 DAS) (188 cm) treatment and one intercultivation at 20 DAS fb one hand weeding at 30 DAS (177 cm) followed by pendimethalin @ 1kg a.i./ha as pre-emergence fb quizalofop-p-ethyl @ 37.5 g a.i./ha at 20 DAS (173 cm). Yield attributing characters like head diameter was recorded in maximum in 75 cm x 25 cm (15.3 cm). Maximum head diameter was recorded from weed free (three hand weeding at 15, 30 & 45 DAS) (17 cm) which was at par with farmers’ practice (two intercultivation at 20 & 40 DAS fb one hand weeding at 30 DAS) (16 cm). Test weight was not influenced significantly by different spacings. Highest test weight was observed under weed free treatment but it did not differ significantly under different weed management practices.
The seed yield and oil yield was not affected by the planting geometry adopted for the crop. The reason might be sunflower possess a certain degree of flexibility in their growth patterns accommodating in different row spacings without compromising overall seed production. The highest seed yield (2048 kg/ha) was achieved with the weed free (three hand weeding at 15, 30 & 45 DAS) which was at par with farmers’ practice (two intercultivation at 20 & 40 DAS fb one hand weeding at 30 DAS) with a yield of 1964 kg/ha. Additionally, the treatment involving one intercultivation at 20 DAS fb one hand weeding at 30 DAS (1893 kg/ha) and the treatment of pendimethalin @ 1kg a.i./ha as pre-emergence fb quizalofop-p-ethyl @ 37.5 g a.i./ha at 20 DAS (1877 kg/ha) were also at par. Weed free (three hand weeding at 15, 30 & 45 DAS) treatment and farmers’ practice (two intercultivation at 20 & 40 DAS fb one hand weeding at 30 DAS) treatment exhibited a remarkable increase of 137.03% and 127.31% in seed yield over the unweeded control, respectively. This is attributed to the competition free growing environment which enabled more production of food reserve which was effectively translocated to the seeds (Meena et al., 2019). The significant improvement in yield in these treatments may be attributed to a positive correlation between yield attributing characters such as head diameter (cm) and test weight (g). Again, this improvement may be likely due to significantly lower weed index values allowing the crop to maximize the utilization of nutrients, moisture, light and space, positively influencing growth and yield components. The lowest seed yield of 864 kg/ha was observed in the unweeded control, primarily due to the significant depletion of nutrients and moisture by weeds and intense competition between crops and weeds. This would have reflected in poor yield attributes and finally poor yield under weedy check (Meena et al., 2019). Similar type of result was also reported by Channappagoudar et al. (2008), Sundari and Shylaja (2008). The oil yield (kg/ha) varied significantly due to different weed management. The highest oil yield of 819 kg/ha was recorded with weed free (three hand weeding at 15, 30 and 45 DAS) which remained at par with farmers’ practice (two intercultivation at 20 & 40 DAS fb one hand weeding at 30 DAS) treatment (782 kg/ha), treatment of one intercultivation at 20 DAS fb one hand weeding at 30 DAS (749 kg/ha) and treatment of pendimethalin @ 1kg a.i./ha as pre-emergence fb quizalofop-p-ethyl @ 37.5 g a.i./ha at 20 DAS (758 kg/ha). Similar findings of highest oil yield under weed free situation were observed by Tadavi et al. (2017). The lowest oil yield of 343 kg/ha was recorded in control. Weed free (three hand weeding at 15,30 and 45 DAS) treatment, farmers’ practice (two intercultivation at 20 & 40 DAS fb one hand weeding at 30 DAS) treatment, treatment of one inter cultivation at 20 DAS fb one hand weeding at 30 DAS and treatment of pendimethalin @ 1kg a.i./ha as pre- emergence fb quizalofop-p-ethyl @ 37.5 g a.i./ha at 20 DAS recorded 138.78 % ,128.00 %, 121.00 % and 118.36 % increased oil yield over control, respectively.
Economics

The production economics is the main deciding factor for adoption of a technology by the farmers. The net return (Rs.64,481/ha) was recorded higher with 75 cm x 25 cm and pendimethalin @ 1.0 kg a.i. /ha as pre-emergence fb quizalofop-p-ethyl 10 EC @ 37.5 g a.i/ha at 20 DAS. The higher net return in these treatments could be attributed to higher seed yield and lower cost of cultivation. Maximum B:C ratio  was observed with 75 cm x 25 cm and Pendimethalin @ 1.0 kg a.i. /ha as pre-emergence fb quizalofop-p-ethyl 10 EC @ 37.5 g a.i/ha at 20 DAS. This was due to lower cost of herbicides compared to cost of hand weeding and higher economic yield and net returns involved. The net monetary return was recorded to be negative in unweeded control. Similar type of results was also reported by Mahapatra et al. (2024).
Table 1: Influence of spacing and weed management on weed control efficiency(%), weed index (%), growth, yield and economics of sunflower
	Treatments
	WCE

(%)

at 60 DAS
	Weed

Index

(%)
	Plant ht.

(cm)
	Head

diameter

(cm)
	Test wt.

(g)
	Seed
Yield

 (kg/ha)
	Oil yield (kg/ha)
	Net return

(Rs.)
	B:C

	Spacing

	S1-60cm x 30cm    
	63
	21.7
	168
	13.4
	52.9
	1649
	  651
	42984
	1.61

	S2-75cm x 25cm
	64
	21.5
	171
	15.3
	53.9
	1685
	  677
	45298
	1.65

	SEm (±)            
	
	
	3.0
	0.27
	0.98
	31.9
	12.8
	-
	-

	CD(p=0.05)
	
	
	NS
	0.8
	NS
	NS
	  NS
	-
	-

	Weed management practices
	
	
	
	
	
	
	
	
	

	T1-Pendimethalin@ 1.0 kg a.i./ha as pre- emergence fb one weeding by power weeder at 35 DAS)
	57
	15.5
	166
	14.2
	52.0
	1708
	  688
	50059
	1.77

	T2-One weeding by power weeder at 35 DAS
	23
	35.9
	164
	13.3
	50.9
	1313
	  512
	24886
	1.39

	T3-Pendimethalin @ 1.0 kg a.i. /ha as pre- emergence fbQuizalofop-p-ethyl 10 EC @37.5 g a.i/ha at 20 DAS
	59
	8.4
	173
	14.6
	53.2
	1877
	  758
	63121
	1.99

	T4-Farmers’ practice (Two intercultivation at 20 & 40 DAS fb one hand weeding at 30 DAS)
	78
	4.2
	188
	16.0
	55.8
	1964
	  782
	58307
	1.78

	T5-One intercultivation at 20 DAS fb one hand weeding at 30 DAS
	76
	7.6
	177
	15.3
	55.3
	1893
	  749
	55956
	1.78

	T6-Weed free (Three hand weedings at 15, 30 & 45 DAS)
	87
	-
	198
	17.0
	56.6
	2048
	  819
	59223
	1.75

	T7-Unweeded control
	-
	57.8
	122
	9.8
	50.0
	864
	  343
	-2564
	0.96

	SEm (±)
	
	
	8.8
	0.50
	2.31
	59.7
	23.9
	-
	-

	CD(p=0.05)
	
	
	25.5
	1.5
	NS
	174
	70
	-
	-


Conclusion:
The highest weed control efficiency (87 %), seed (2048 kg/ha) and oil yield (819 kg/ha) was recorded from weed free (three hand weeding at 15, 30 & 45 DAS) treatment, But, highest B:C (1.99) was recorded from growing sunflower with spacing of 75 cm x 25cm and with weed management practice of pendimethalin @ 1.0 kg a.i. /ha as pre-emergence fb quizalofop-p-ethyl 10 EC @ 37.5 g a.i/ha at 20 DAS. Hence, growing sunflower with a spacing of 75 cm x 25 cm and controlling the weeds with Pendimethalin @ 1kg a.i./ha as pre-emergence fb Quizalofop-p-ethyl 10EC @ 37.5 g a.i./ha at 20 DAS treatment can be considered as the best spacing and integrated weed management combination for getting higher productivity and profitability.
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