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	ABSTRACT

	Wheat is an important cereal crop worldwide. Water scarcity is major threat to agricultural crops production. Yield of the wheat crop is being suppressed by many abiotic factors including water scarcity. The current research work executed at Water Management Research Farm, Renala Khurd, Okara, Punjab-Pakistan under a common drip irrigation system. to probe out the best planting geometry and irrigation method in order to improve the wheat crop productivity by considering evapotranspiration. The research trial was conducted with five treatments; Treatment-1 (Broadcasting and Flood/Surface Irrigation), Treatment-2 (Drill Sowing on Flat and Drip Irrigation), Treatment-3 (69 cm wide bed/46 cm Furrow with single lateral), Treatment-4 (100 cm wide bed /46 cm Furrow with double lateral), Treatment-5 (Broadcasting on Flat and Drip Irrigation) Data regarding growth, development, yield, and water productivity was collected. Results of wheat crop growth attributes during Kharif season-2022 revealed that maximum plant height (79 cm) was recorded in case of T1 during the rabi-season 2022 and 2023 while the lowest plant height (73 cm) was enumerated in case of T2. Comparatively greater tillers were recorded in case of T1, T2 and T5. Maximum 1000-grains weight (0.047 kg) was computed in case of T4 while the lowest weight (0.035 kg) was recorded in case of T5 during the both cropping seasons of wheat. Grains per spike were maximum (30 grains per spike) in case of T1 while lowest grains count (28 grains per spike) in case of T5 during the rabi-seasons. However, while the lowest plant height (74 cm) was enumerated in case of T4 during the rabi-season 2023. Grains per spike were maximum (28 grains per spike) in case of T1 while lowest grains count (24 grains per spike) in case of T2. Results of three studied aphid populations incidence revealed that maximum aphid population (6.56 mean aphids/leaf) of Rphalosiphum padi in case of T3 while the lowest population (1.92 mean aphids/leaf) in case of T5 of planting geometry. Comparatively lower aphid populations of Schizaphis graminum and Sitobion avenae were recorded on the different planting geometries. Crop water productivity results was maximum in case of T3 treatment during the both study years. From the results, it could be concluded that Treatment-3 (69 cm wide bed/46 cm Furrow with single lateral) would be the most appropriate for getting higher crop water productivity of wheat.
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INTRODUCTION

Wheat (Triticum aestivum L.) belongs to the family Poaceae and is among the main agricultural crops globally. It is consumed as staple food in Pakistan and other countries. Yield of the crop is being hampered by various biotic as well as abiotic factors. Among the biotic factors, insect pest are of prime importance while in case of abiotic factors, water scarcity hold a supreme position. A considerable quantity of irrigation water (15 MAF) is being lost due to lack of proper irrigation scheduling and irrigation to undulated agricultural lands. Hence, there is a dire need to use this valuable reserve intelligently and proficiently by using water conservation skills to preserve it for upcoming generations. The ever-increasing world population needs augmented food production, whereas less water capitals are accessible for agriculture. This threatening condition can only be fixed if water is accomplished more competently, so that more crop per drop of water could be achieved. Crop Water productivity, is a precise pointer of agricultural productivity in association to the crop’s water use. The term of crop water productivity was coined by Kijne et al. (2003) was a vigorous measure of ability of agricultural system to transform the water into commodities. This concept is also described by other investigators as the corporeal mass of production measured in terms of available water, gross inflow, depleted water and net inflow (Molden and Sakthivadival, 1999). Comas et al. (2019) stated that water scarcity is the major challenge and limiting factor in agricultural crop production. Evapotranspiration (ETo) influenced the water availability in the soil. For this reason, water management strategies are required for wheat production. 

In terms of crop output in relation to the availability of water supply at various spatial scales, water productivity (WP) is a reliable benchmark (Edreira et al., 2018). Doorenbos and Kassam (1979) recorded crop water productivity (CWP) range between 0.8-1.0 kg m-3. In China, use of animal dung resulted in increased crop production and values of CWP with straw mulching was 2.67 and 2.41 kg m-3 for a combination of straw mulching and manure mulching (Jin et al., 1999). Crop water productivity enhancement is a challenge for food security under the prevailing climate changing (Mahboob et al., 2022). Irrigation management in term of effective water use is the need of current era. So drip irrigation is better than surface/gravity irrigation for enhancing water use efficiency and water productivity (Roja et al., 2020). Deficit or over irrigation at critical stage of the crop, is the most significant factor restricting plant growth and crop productivity in the majority of crops (Vadar et al., 2016). In past, only few research trials have been conducted regarding crop water productivity assessment under variation in geometry. Therefore, it is prior need to adapt modern irrigation techniques having high water use efficiency like drip irrigation in spite of border irrigation for cultivating the cereal crops like wheat. In past, few research trials have been conducting on planting geometry and growth of wheat on drip irrigation. Hence, the present study was to evaluate the impact of different planting geometries on the yield and water productivity of Triticum aestivum under drip irrigation.
MATERIALS AND METHODS

This research study was conducted at Water Management Research Farm, Renala Khurd, Okara and Wheat crop was sown in two consecutive rabi seasons of 2022 and 2023. The experiment was executed on a laser-leveled land field at Water Management Research Farm, Renala Khurd, Okara (GPS Coordinates N 30o51.297’ E073o32.589’ with an altitude of 146 m). After land preparation, DAP @ 50 kg/acre was applied as basal dose. Akbar-2019 wheat variety was used as test crop and plant population was maintained about 200,000 plants per acre. The layout was designed as per RCBD design. Five treatments were tested including Treatment-1 (Broadcasting and Flood/Surface Irrigation), Treatment-2 (Drill Sowing on Flat and Drip Irrigation), Treatment-3 (69 cm wide bed/46 cm Furrow with single lateral), Treatment-4 (100 cm wide bed /46 cm Furrow with double lateral), Treatment-5 (Broadcasting on Flat and Drip Irrigation). Crop-Wat model was used to ensure proper irrigation scheduling with drip irrigation system. 

Aphid species identification: The three aphid species were identified by a taxnonomic key as described by (Alam, 1969).

Bird cherry-oat aphid (Rphalosiphum padi): Globular, cauda short, olive toned, cylindrical cornicles; twice in length than the cauda, antennae short (about half length of body), dark green, with wide brown colored spots at the starting point of cornicles. 

Green-bug or wheat aphid (Schizaphis graminum): Elongated body, cornicles straight, wing with medial vein one branched, dark green longitudinal line on dorsum, short antennae and pale-colored and elongated cauda. 

English grain aphid (Sitobion avenae): Cauda long and light colored, antennae long black, body red, green, yellow or with dark sideways patches, cornicles medium in length, reticulated and black.

Statistical analysis: The collected data were analyzed through Statistic Software 8.1 and means of treatments were separated by LSD (Gomez and Gomez, 1984). Varietal mean values regarding mean infested fruits were compared using paired t-test).

RESULTS
Plant height: Results of wheat crop growth attributes during Kharif season-2022 revealed statistically significant variation in plant height (p<0.05) and maximum plant height (79 cm) was recorded in case of T1-Broadcasting and Flood/Surface Irrigation, followed by T5-Broadcasting on Flat and Drip Irrigation (77 cm), T3- 69 cm wide bed/46 cm Furrow with single lateral (76 cm) while the lowest plant height (73 cm) was enumerated in case of T2- Drill Sowing on Flat and Drip Irrigation (Table 1).. Data of plant height was recorded as statistically significant (p<0.05) during Kharif season-2023 and maximum plant height (77 cm) was logged in case of T1 while the lowest plant height (74 cm) was enumerated in case of T4 (table 2).

Spike length: In the Rabi season-2022, Values of spike length were statistically not different (P>0.05). During the study year-2023, Variation of spike length was statistically non-significant (p>0.05). Comparatively greater tillers (6 tiller per plant) were recorded in case of T1, T2 and T4.

Tiller per plant: Comparatively greater tillers (6 tiller per plant) were recorded in case of T1, T2 and T5. 

1000-grains weight: Values were not statistically different (P>0.05) during the Rabi season-2022. However, maximum 1000-grains weight (0.047 kg) was computed in case of T4 while the lowest weight (0.035 kg) was recorded in case of T5 (Table 1). Maximum 1000-grains weight (0.046 kg) was computed in case of T4 while the lowest weight (0.035 kg) was recorded in case of T5 during the rabi season-2023 (Table 2).

Grains per spike: were maximum (30 grains per spike) in case of T1 while lowest grains count (28 grains per spike) in case of T5 (Table 1). Grains per spike were maximum (28 grains per spike) in case of T1 while lowest grains count (24 grains per spike) in case of T2 (Table 2).

Incidence of Aphid Population:

Results of aphid population incidence showed that mean aphid incidence values were lower at starting days of study which reached to maximum population incidence (6.23 mean aphids/leaf) in case of Schizaphis graminum at the end of 3rd week of March, 2024 followed by Rphalosiphum padi (5.12 mean aphids/leaf) while low aphid population (3.15 mean aphids/leaf) were enumerated in case of Sitobion avenae during the frabi-season-2022. During study year- 2023, the values of aphid population were 6.39, 5.27 and 3.38 mean aphid per leaf, respectively (Fig. 1). 

Outcomes of aphid population incidence displayed that maximum mean aphid incidence (6.23 mean aphids/leaf) of Schizaphis graminum was recorded in case of T1- Broadcasting and Flood/Surface Irrigation followed by T4-100 cm wide bed /46 cm Furrow with double lateral (5.90 mean aphids/leaf) whereas the low aphid population (1.92 mean aphids/leaf) were enumerated in case of Treatment-3 (69 cm wide bed/46 cm Furrow with single lateral. Comparatively lower populations incidence values were recorded in case of Rphalosiphum padi and Sitobion avenae (Fig. 2).

Crop water productivity: Findings of crop water productivity disclosed that the maximum productivity (0.94 kgm-3) was recorded in case of T3 followed by T4 (0.93 kgm-3), T1 (0.87 kgm-3), T5 (0.82 kgm-3) while the lowest productivity (0.78 kgm-3) was observed in case of T2 during the rabi-season 2022. However, comparatively lower values were recorded during the rabi-season 2023 (Fig. 3).

DISCUSSION

In prevailing situation of water scarcity, high efficiency irrigation system like drip irrigation system can cop up such challenges and ensure more crop per drop (Raza et al., 2012). Planting geometry is another key factor for maximum crop growth. Chauhdary et al. (2016) assessed the impact of planting geometry on wheat yield and finally the crop water productivity and noted that drill of wheat on bed od standard size proved more effective regarding wheat crop water use leading to improved crop yield as was recorded in my research work. 

Crop water productivity (CWP) is defines as the method by which water is applied in agricultural systems to achieve the crop yield. It computes the correlation between the quantity of irrigation water applied or rainfall and consequently the crop returns in term of yield (Moursy et al., 2023). As it helps in assessing the effectiveness and sustainability of agricultural performs and their impacts on water reserves. CWP is a vital theme in water resource management and agriculture (Cheng et al., 2023).  Results of the current research trial revealed that supply of more water as was in case of surface irrigation results in production of more cell sap making leaf more attractive for sucking insect pets. Nevertheless, plant height was superior in case of flood irrigation compared with drip irrigation but yield and 1000-grains weight values were superior in case of drip irrigated plots over flood irrigated plots. Moreover, relatively less water was used in research plots under drip irrigation compared with the plots under surface irrigation arrangement. Maximum crop water productivity was noted in case of 69 cm wide bed/46 cm Furrow with single lateral compared to other geometries. Outcomes of my research work were reinforced by results of Akram et al. (2019) compared the growth parameters of wheat crop plots under drip and surface irrigation and recorded variation in plant height, spike length, tillers count m-2 and 1000 grain weight values were superior in drip irrigated plots as was recorded in our study. Mahmoud (2023) who also recorded comparatively greater value of crop water productivity of research plots under drip irrigation than flood irrigated plots. In another research work, Elnamas (2020) also recorded comparatively greater value of crop water productivity under drip irrigation than the flood irrigation as was found in our research outcomes. Findings of improved crop water productivity of drip irrigated plot were validated by outcomes of Manjunath et al. (2019) who also computed superior values of crop water productivity of experimental plots under drip irrigation arrangements compared with those plots that were subjected to surface irrigation.
Conclusions

From above results it could be decided that wheat crop water productivity was improved with 69 cm wide bed/46 cm Furrow with single lateral compared to other geometries. Moreover, comparatively more aphid population was also recorded on wheat crop leaves under the same planting geometry. Among the studied aphid species, Schizaphis graminum was the most abundant and surface irrigation plots relatively showed more incidence of aphids populations than the wheat plots under drip irrigation. Hence, effective management of irrigation water through drip irrigation shows great potential for enhancing grain yield and water productivity, making it a viable option for adoption.
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	Treatment
	Plant height

(cm)
	Spike length

(cm)
	 Tillers

)
	1000 grain weight

(kg)
	Grain per spike 


	Yield/plot

    (kg)

	T1
	79
	9
	6
	0.045
	30
	352

	T2
	73
	9
	6
	0.045
	27
	317

	T3
	76
	9
	5
	0.046
	27
	380

	T4
	75
	9
	5
	0.047
	25
	379

	T5
	77
	9
	6
	0.035
	28
	331



Table 1. Growth attributes of wheat crop under different treatments during Rabi-season 2022.

	Treatment
	Plant Height

(cm)
	Spike Length

(cm)
	 Tillers

()
	1000 grain weight

(kg)
	Grain per spike 


	Yield/plot

    (kg)

	T1
	77
	9
	6
	0.044
	28
	348

	T2
	71
	8
	6
	0.045
	24
	312

	T3
	75
	9
	5
	0.045
	25
	378

	T4
	74
	8
	6
	0.046
	26
	374

	T5
	76
	9
	5
	0.034
	27
	321



Table 2. Growth attributes of wheat crop under different treatments during Rabi- season 2023.
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Figure 1. Comparison of mean incidence of aphid populations on wheat crop leaves during the aphid optimum activity period.
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Figure 2. Comparison of mean incidence of aphid populations on wheat crop leaves under different planting geometries.
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