Effect of Spacing and Organic Manures on Growth, Yield and Economics of Wheat (Triticum aestivum L.)
ABSTRACT
A field experiment was conducted at the Agronomy Research Farm, Agriculture Department, Jigyasa University (Formerly Himgiri Zee University), Dehradun, Uttarakhand during the Rabi season 2021- 2022 to study the effect of spacing and organic manures on the growth, yield and economics of wheat (Triticum aestivum L.). The experiment consisted of three different spacing (20 cm x 10 cm, 22.5 cm x 10 cm and 22.5 cm x 15 cm) and four levels of organic manure (0, 10 t/ha FYM, 10 t/ha VC and 10 t/ha FYM + 10 t/ha VC). Twelve treatments were laid down in Factorial Randomized Block Design with three replications of each. Results of field experiment revealed that the highest yield parameters of wheat crop were observed in spacing 22.5 cm x 15 cm in number of tillers, plant height, dry weight, grain yield, straw yield and harvest index which reached to 372.8 tillers m-2, 83.3 cm, 973.7 g, 3.68 t/ha, 5.12 t/ha and 41.57 % while the spacing of 20 cm x 10 cm show lowest yield parameters. The organic manure levels OM4 (10 t/ha FYM + 10 t/ha VC) showed a significant superiority for the characteristic of plant height, spike length, test weight, biological yield, with means of 87.5 cm, 13.5 cm, 42.86 g, and 9.54 t/ha, respectively. The treatment of T12 (22.5 cm x 15 cm + 10 ton/ha FYM + 10 ton/ha VC) were recorded highest gross return (Rs. 142905 Rs/ha), net returns (Rs 83740.2 Rs/ha) and B: C ratio (1.41) respectively. 
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1. Introduction
Wheat (Triticum aestivum L.) is one of the most important cereal crops worldwide and belongs to the family Poaceae. It is the second most important food crop globally just after rice. Wheat is consumed in different forms around the world based on their food habits and culture whereas, in India, wheat is primarily consumed in the form of 'Chapati,' which is a type of unleavened flatbread. Wheat is highly nutritious, with approximately 70% of its composition consisting of nutrients. It contains protein (10-12%), fat (2.0%), minerals (1.8%), crude fibers (2.2%), and various vitamins such as thiamine, riboflavin, and niacin. 
In world, the total production of wheat for the winter season of 2021 is estimated at about 4234 thousand tons, as well the production of wheat straw was estimated at 10,463 thousand tons (Directorate of Agricultural Statistics, 2021). 
Among various agronomic practices, spacing plays a crucial role in maintaining the optimum plant stand. The spacing between wheat plants can affect germination, crop growth parameters such as spike length, number of spikelets and number of grains per spike, and grain and straw yield. It is well-known that maximizing grain yield per unit area involves balancing plant population and minimizing competition within and between plants. The importance of proper row spacing for maximizing light interception, penetration, and distribution within the crop canopy (Rahel and Asfaw, 2016)). This, in turn, improves the average light utilization efficiency of the leaves, positively affecting the crop's yield. (Mehmood et al., 2012). In summary, the right row spacing is essential for ensuring resource availability, optimizing tillering and yield components in wheat, and maximizing light utilization efficiency, all of which contribute to higher crop yields. 
The optimal use of organic manures increases plant inputs, crop field, and water efficiency (Zhang et al., 2016). Judicious use of Organic manures, such as farmyard manure (FYM) and vermicompost improves chemical, Physical and biological properties and increases crop productivity. Among different sources of organic manure, vermicompost is the most important manure for nutrient supplementation or management for increasing crop production. It is the best method among all other composting techniques as it is cost-effective and eco-friendly and vermicomposting is very effective in sanitizing organic waste, especially waste of biological origin (Sahariah et al., 2019). The improved soil conditions foster better root development, nutrient uptake, and overall plant health. (Das et al., 2019). 
The individual and integrated effect of organic sources like vermicompost and FYM on the wheat crop at a different spacing can significantly enhance the nutrient response efficiency and can help in maximizing crop productivity of desired quality. Therefore, understanding the effects of crop spacing and organic manures on the yield is of primary interest to achieving yield targets. Keeping these facts in view, the present experiment entitled “Effect of Plant Spacing and Organic Manure on Growth, Yield and Economics of Wheat (Triticum aestivum L.)” was undertaken with the following objectives:
1. To study the effect of organic manures on growth and yield of wheat.
2. To study the effect of crop spacing on growth and yield of wheat.
3. To study the interaction between crop spacing and organic manures and their effect on growth, yield and economics of wheat.
4. To study the economics of wheat under different levels of organic manures and crop spacing.
2. Materials and Methods
A field experiment was carried out at the Agronomy Research Farm, Agriculture Department, Himgiri Zee University, Dehradun, Uttarakhand, India, during the Rabi season 2021- 2022, which is located at 31° 21' 50" N latitude and 78° 18' 27"E longitude to study the effect of different spacing and levels of organic manure on the growth, yield and economics of wheat (Triticum aestivum L.) crop.
The experiment was laid out in Factorial Randomized Block Design which consisting of twelve treatments viz., T1: 20 cm x 10 cm + No Organic Manure, T2: 20 cm x 10 cm + 10 tonnes/ha FYM, T3: 20 cm x 10 cm + 10 tonnes/ha Vermicompost, T4: 20 cm x 10 cm + 10 tonnes/ha FYM + 10 tonnes/ha Vermicompost, T5: 22.5 cm x 10 cm + No Organic Manure, T6: 22.5 cm x 10 cm + 10 tonnes/ha FYM, T7: 22.5 cm x 10 cm + 10 tonnes/ha Vermicompost, T8: 22.5 cm x 10 cm + 10 tonnes/ha FYM + 10 tonnes/ha Vermicompost, T9: 22.5 cm x 15 cm + No Organic Manure, T10: 22.5 cm x 15 cm + 10 tonnes/ha FYM, T11: 22.5 cm x 15 cm + 10 tonnes/ha Vermicompost and T12: 22.5 cm x 15 cm + 10 tonnes/ha FYM + 10 tonnes/ha Vermicompost. 
The soil of the experimental site was sandy loam in texture, slightly alkaline in reaction having pH of 7.80. The recommended dose of fertilizer is 120:60:60 of N:P: K kg/ ha was applied. Nitrogen was applied in two split doses; one at the time of sowing and the left half dose at the time of first irrigation.
Observations were recorded for different treatments. In order to secure the effect of different treatments, the following growth parameters such as plant height, dry matter accumulation and number of tillers/ m2 and yield parameters such as number of spikes per square meter, spike length, number of grains per spike, test weight, grain yield, straw yield, biological yield and harvest index were recorded and statistically analyzed using analysis of variance (ANOVA).
3. Results and Discussion
3.1. Growth attributes
The result of experiment revealed that effect of spacing and organic manures levels on plant height, dry matter accumulation and total number of tillers per meter square at harvest of wheat was found significant. Among the different treatments, the Treatment T12 (22.5 cm x 15 cm + 10 ton/ ha FYM + 10 ton/ ha Vermicompost) registered maximum value for plant height (19.9, 40.0, 68.0 and 90.1 cm at 30, 60, 90 DAS and at harvest, respectively), dry matter accumulation at successive stages (55.4, 196.5, 525.2 and 1117.5 g at 30, 60, 90 DAS and at harvest, respectively) and total number of tillers at harvest (400, respectively) and remained at par with 22.5 cm x 10 cm spacing with  10 t/ha FYM + 10 t/ha Vermicompost.  Wider spacing between plants reduces the competition among them for essential resources such as light, water, space, and nutrients. When plants are given more space, they can develop a higher leaf area index per plant and utilization within the crop canopy which contributes to enhanced plant growth. Similar result was also observed by Ghafari et al., 2017, Iqbal et al., 2020 and Shapep and Mahmoud, 2023. When plants are grown in closer proximity, they compete for resources such as light, water, air, and nutrients, which can stimulate the development of more tillers. The relationship between row spacing, plant density, and tiller production is an important consideration in optimizing crop management practices and maximizing crop yield potential by Ali et al., 2016. 
Organic manures supplied nutrients to plant and stimulate growth, improves soil fertility and nutrient availability for plants. The increased in plant height, dry weight and number of tillers was observed with use of organic manures and spacing have been reported by Godara and Kumar, 2022, Shapep and Mahmoud, 2023 and Verma et al., 2023. When FYM and vermicompost were applied at same field, it resulted in higher micro-nutrient content compared to when no organic manure was added and it might be due to higher micro-nutrient supply with vermicompost and FYM. Both VC and FYM are organic sources of nutrients that can improve soil fertility and nutrient availability for plants. They are rich in organic matter and contain various essential nutrients, including micro-nutrients such as iron, zinc, copper, manganese, and others. This result was in conformity with the finding of Barlas et al., 2018 and Verma et al., 2018.
Table 1. Effect of spacing and organic manures on growth attributing characters at harvest of wheat
	Treatments
	Plant Height (cm)*
	Dry Weight (g m-2) *
	No. of Tillers (m-2)

	T1
	70.3l
	812.1l
	330l

	T2
	76.0i
	852.7h
	335i

	T3
	77.6h
	840.2i
	338h

	T4
	82.9e
	943.9e
	364e

	T5
	70.4k
	812.6k
	333k

	T6
	79.0g
	895.4g
	340g

	T7
	80.4f
	925.4f
	346f

	T8
	89.6b
	1005.6b
	389b

	T9
	70.8j
	813.2j
	335j

	T10
	84.5d
	976.6d
	382c

	T11
	87.7c
	987.3c
	374d

	T12
	90.1a
	1117.5a
	400a

	CD ≤0.05
	2.092
	16.971
	7.976


* Each value mentioned in each column is a mean of triplicates. Significance level assigned by alphabetical at P≤0.05.
3.2 Yield attributes

The data portrayed that the maximum no. of grains per spike (50), spike length (13.9 cm), no. of spike (m-2) (390), test weight (43.16 g), grain yield (4.23 t/ha), straw yield (5.61 t/ha), biological yield (9.84 t/ha) and harvest index (42.99 %) in T12 (22.5 cm x 15 cm + 10 ton/ ha FYM + 10 ton/ ha Vermicompost) which was at par with Treatment T8 (22.5 cm x 10 cm + 10 ton/ ha FYM + 10 ton/ ha Vermicompost) with no. of grains per spike (49), spike length (13.7 cm), no. of spike (m-2) (387), test weight (43.06 g), grain yield (4.19 t/ha), straw yield (5.58 t/ha), biological yield (9.77 t/ha) and harvest index (42.8 %). The minimum no. of tiller plant-1 (4.75), no. of ear plant-1 (4.15), ear length (7.15 cm), weight of ear (2.65 g), no. of grain spike-1 (38.65), grain weight plant-1 (1.75 g) and test weight (36.85 g). Wider spacings facilitated better utilization of resources for plants. Wider spacings reduced competition between plants for water, nutrient, light and space leading to better growth of plants and yield and yield attributes i.e., length of ear head and number of grains per ear head. This was in conformity with the finding of Hussain et al., 2012. Similar findings were reported by Pandey et al., 2013 and Kulkarni et al., 2018. Plants with wider spacing performed better compared to those with closer spacing. With wider spacing, each plant has access to a larger portion of the soil, allowing for better nutrient uptake observed by Singh et al., 2019.  
The application of both FYM and VC together is beneficial for soil fertility and nutrient availability for plants. Organic manures, such as FYM and VC, are rich in nutrients that can enhance plant growth. Similar findings were observed by Verma et al., 2018. When these organic manures are added to the soil, they provide essential nutrients like nitrogen, phosphorus, and potassium, along with other micronutrients, which are essential for plant development. The increased availability of nutrients likely contributed to the observed improvement in spike length, test weight, biological yield and harvest index. This result was similar to Fazily, 2020. Gebrehiwot et al., 2020 also observed that organic manure gives higher yield. Similar result was observed by Ibrahim et al., 2015.
Table 2. Effect of spacing and organic manures on yield attributing characters at harvest of wheat
	Treatments
	No. of grains per spike*
	Spike length (cm)*
	No. of spike (m-2) *
	Test Weight (g)*
	Grain Yield (t/ha) *
	Straw Yield (t/ha) *
	Biological Yield (t/ha) *
	Harvest Index*

	T1
	33l
	9.4la
	230l
	40.06l
	2.48l
	3.89l
	6.37l
	38.88l

	T2
	36i
	11.91i
	326i
	41.13i
	3.35i
	4.7i
	8.05i
	41.62f

	T3
	38h
	12.0h
	330h
	41.46h
	3.44h
	4.8h
	8.24h
	41.75d

	T4
	44e
	13.0d
	352e
	42.36e
	3.74e
	5.27e
	9.01e
	41.51i

	T5
	35j
	9.8k
	233j
	40.56k
	2.58k
	3.97k
	6.55k
	39.40k

	T6
	40g
	12.2g
	342g
	42.03f
	3.52g
	4.94g
	8.46g
	41.61g

	T7
	42f
	12.7f
	346f
	41.76g
	3.68f
	5.16f
	8.84f
	41.63e

	T8
	49b
	13.7b
	387b
	43.06b
	4.19b
	5.58b
	9.77b
	42.89b

	T9
	34k
	10.0j
	232k
	40.90j
	2.65j
	4.0j
	6.65j
	39.85j

	T10
	46d
	12.9e
	358d
	42.60d
	3.83d
	5.3d
	9.13d
	41.95c

	T11
	47c
	13.3c
	368c
	42.83c
	3.96c
	5.58c
	9.54c
	41.51h

	T12
	50a
	13.9a
	390a
	43.16a
	4.23a
	5.61a
	9.84a
	42.99a

	CD ≤0.05
	0.795
	1.01
	8.26
	1.021
	0.167
	0.097
	0.151
	N/A


* Each value mentioned in each column is a mean of triplicates. Significance level assigned by alphabetical at P≤0.05.
3.3 Economics analysis

[bookmark: _Hlk168904786]The result of experiment revealed that the maximum net return (Rs. 83740.2 /ha), gross return ((Rs. 142905 /ha) and Benefit: cost ratio (1.41) was found in treatment T12 (22.5 cm x 15 cm + 10 ton/ ha FYM + 10 ton/ ha Vermicompost). Whereas, the lowest net return (Rs. 40702.7 /ha), gross return ((Rs. 87867.5 /ha) and B: C ratio (0.86) was obtained from control i.e., T1 (20 cm x 10 cm + no organic manure added). Spacing with organic manure levels recorded statistically higher net returns and B: C ratio. The increase in profits with 22.5 cm x 15 cm spacing over close spacing and with the combination of FYM and VC at @ 10 ton/ha, each overcontrol was owing to an increase in yield with little cost incurred. This result was observed by Ali et al. (2020), Fazily et al. (2019), Sharma et al. (2018) and Fazily (2020).

Table 3. Effect of spacing and organic manures on economics of wheat
	Treatments
	Gross Returns (Rs/ha) 
	Net return (Rs/ha) 
	B: C Ratio

	T1
	87867.5l
	40702.7l
	0.86l

	T2
	114975i
	59810.2i
	1.08h

	T3
	117880h
	60715.2h
	1.06i

	T4
	128520e
	69355.2e
	1.17g

	T5
	90986k
	43821.2k
	0.92k

	T6
	120820g
	65655.2g
	1.19f

	T7
	126280f
	69115.2f
	1.20e

	T8
	141715b
	82550.2b
	1.39b

	T9
	92925j
	45760.2j
	0.97j

	T10
	130935d
	75770.2d
	1.37d

	T11
	136080c
	78915.2c
	1.38c

	T12
	142905a
	83740.2a
	1.41a


* Each value mentioned in each column is a mean of triplicates. Significance level assigned by alphabetical at P≤0.05.
4. Conclusion

It is concluded that the application of organic manure at dose of 10 tonnes/ ha FYM + 10 tonnes/ ha vermicompost with spacing 22.5 cm x 15 cm (Treatment 12), was recorded effective in promoting crop growth, yield attributes and increasing benefit: cost ratio of wheat crop. The low dose of organic manure with less spacing decreased the crop growth, yield attributes and reduced the economic value of the crop. Despite of narrow spacing, wider spacing reduces the competition for essential resources such as light, water, space, and nutrients. Consequently, a high leaf area index per plant and improved plant growth were observed. Use of organic manures, such as farmyard manure (FYM) and vermicompost improves not only improves chemical, physical and biological properties of soil, but found effective in increasing crop productivity. Thus, application of organic manures offers a sustainable and environment friendly approach in cropping cereals with greater economic returns.

5. References

Ali, N.; Khan, M. N. and Ashraf, M. S. Influence of Different Organic Manures and Their Combinations on Productivity and Quality of Bread Wheat. Journal of Soil Science and Plant Nutrition. 2020; 20(4): 1949-1960.
Ali, S.; Zamir, M. S.; Farid, M.; Farooq, M. A.; Rizwan, M.; Ahmad, R. and Hannan, F. Growth and yield response of wheat (Triticum aestivum L.) to tillage and row spacing in maize-wheat cropping system in semi-arid region. Eurasian Journal of Soil Science. 2016; 5(1): 53-61.
Barlas, N. T.; Borahan. C.; Gonca, U. and Korkmaz, B. The effect of different vermicompost doses on wheat (Triticum aestivum L.). Journal of Tekirdag Agricultural Faculty. 2018; 15(2): 2016-19.
Das, S.; Teron, R.; Duary, B.; Bhattacharya, S. S. and Kim, Ki-Hyun. Assessing C-N balance and soil rejuvenation capacity of vermicompost application in a degraded landscape: A study in an alluvial river basin with Cajanus cajan. Environmental Research. 2019; 177: 108591.
Fazily, T. Evaluation of yield and economics of wheat under integrated nutrient management. International Journal for Research & Development in Technology. 2020; E-ISSN: 2349-9788; P-ISSN: 2454-2237.
[bookmark: _Hlk140689344]Gafari, S. R.; Dass, A.; Hamayoun, H.; Manga, M. Q. and Omran, A. H. Effect of row spacing on different wheat (Triticum aestivum L.) varieties in semi-arid region of Kandahar. International Journal of Applied Research. 2017; 3(7): 93-97.
Gebrehiwot. W; Berhe. T; Tadele. T; Tekulu. K; Kahsu. G; Mebrahtom, S; Mebrahtu. S; Goitom, Aregawi, G; Tasew, G. and Gebremedhin, A. Evaluation of Different Level of Vermicompost on Yield and Yield Components of Wheat at Vertisols of L/Machew District Asian. Soil Research Journal. 2020; 4(2): 21-27.
Godara, R. and Kumar, R. Effect of Different Seed Rates and Row Spacing on Yield Attributes and Yield of Late Sown Wheat (Triticum aestivum L.). Agricultural Science Digest. 2022; DOI: 10.18805/ag. D-5516.
Hussain, M.; Menmood, Z.; Khan, M. B.; Farooq, S.; Lee, J. D. and Farooq, M. Narrow row spacing ensures higher productivity of low tillering wheat cultivars. International Journal of Agriculture and Biology. 2012; 14(3): 413-418 ref.
Iqbal, J.; Ali, Z.; Hussain, M.; Adana, B.; Hamza, M.; Muzaffer, W.; Tahir, M. and Faisal, N. Effect of seed rate on yield components and grain yield of ridge sown wheat varieties. Pakistan Journal of Agriculture Research. 2020; 333: 508-515.
Kulkarni, M.V.; Patel, K.C.; Patil, D.D.; Pathak, Madhuri. Effect of organic and inorganic fertilizer on yield attributes of groundnut and wheat. International Journal of Chemical studies. 2018; 6(2):87-9.
Mehmood, Z.; Hussain, M.; Khan, M. B.; Farooq, S.; Lee, D. J. and Farooq, M. Narrow row spacing ensures higher productivity of low tillering wheat cultivars. International Journal of Agriculture Biology. 2012; 14: 413-418.
[bookmark: _Hlk140689441]Pandey, B. P.; Basnet, K. B.; Bhatta, M. R.; Sah, S. K.; Thapa, R. B. and Kandel, T. P. Effect of row spacing and direction of sowing on yield and yield attributing characters of wheat cultivated in western Chitwan, Nepal. Agr. Sci. 2013; 4: 309-316.
Rahel, T. and Fekadu, A. Effect of seed rate and row spacing on yield and yield components of bread wheat (Triticum aestivum L.) in DalboAwtaru, Wolaita Zone, Southern Ethopia. Journal of Biology, Agriculture and Healthcare. 2016; 6(7): 58-67.
Sahariah, B.; Das, S.; Goswami, L.; Paul, S.; Bhattacharyya, P. and Bhattacharya, S. S. An avenue for replacement of chemical fertilization under rice-rice cropping pattern: Sustaining soil health and organic C pool via MSW based Vermicompost. Archives of Agronomy & Soil Sciences.2019; 66(10): 1-17.
Shapep, E. K. and Mahmoud, M. R. Effect of Row Spacing and Nitrogen Rate on Wheat Growth and Yield. J. For Agric Sci. 2023; 10: 1-11.
Singh, A.; Brar, K. S. and Gandhi, N. Effect of spacing and different sowing methods on yield of wheat (Triticum aestivum L.) crop in ‘National Seminar’ Role of biological sciences in organic farming’. J Pharmac Phytochem SP. 2019; 4: 42-44.    
Verma, H. P.; Sharma, O. P.; Shivran, A. C.; Yadav, L. R.; Yadav, R. K.; Yadav, M. R.; Meena, S. N.; Jatav, H. S.; Lal, M. K.; Rajput, V. D. and Minkina, T. Effect of Irrigation Schedule and Organic Fertilizer on Wheat Yield, Nutrient Uptake, and Soil Moisture in Northwest India. Sustainable Agriculture. 2023; 15(3): 10204. 
Verma, H. P.; Sharma, O. P.; Yadav, L. R.; Yadav, S. S.; Shivran, A. C.; Kumar, R. and Balwan. Growth indices and yield of wheat (Triticum aestivum L.) as influenced by irrigation scheduling and organic manures. J. Pharmacogn Phytochem. 2018; 7: 908-912.
Verma, H. P.; Sharma, O. P.; Yadav, L. R.; Yadav, S. S.; Shivran, A. C.; Kumar, R. and Balwan. Growth indices and yield of wheat (Triticum aestivum L.) as influenced by irrigation scheduling and organic manures. J. Pharmacogn Phytochem. 2018; 7: 908-912.
Zhang, H. Q.; Yu, X. Y.; Zhai, B. N.; Jin, Z. Y.; Wanf, Z. H. Effect of manure under different nitrogen application rates on winter wheat production and soil fertility in dryland. IOP Conference Series: Earth and Environmental Science, 2016; 39(1).
Fazily, T. and Hunshal, C. S. Effect of organic manures on yield and economics of late sown wheat (Triticum aestivum). International Journal of Research and Review. 2019; 6(1):168-171.
Sharma, S.; Tomar, S. S.; Joshi, N.; Sharma, A.; Sharma, A. K. and Galav, A. Effect of various row spacing on Wheat (Triticum aestivum L.) varieties in black cotton soil in south east Rajasthan. International Journal of Advanced Scientific Research and Management. 2018; ISSN: 2455-6378.


