Radiation Use Efficiency of Wheat (Triticum aestivum L.)  Under Various Environmental Conditions in Middle Gujarat Argo-Climatic Region

ABSTRACT:
A field experiment was conducted at the Agricultural Meteorology farm of Anand Agricultural University, Anand, Gujarat during the rabi season of 2024-25 to study the effect of sowing dates and nitrogen levels on the radiation use efficiency (RUE) of wheat (Triticum aestivum L.) variety GW 496. The experiment was laid out in a split-plot design with three replications, comprising three sowing dates viz. (D1: 1st November, D2: 15th November, and D3: 30th November) as main plot treatments, and four nitrogen levels viz. (N1: 0 (control), N2: 60, N3: 120, and N4:180 kg N ha⁻¹) as sub-plot treatments. The findings revealed that wheat sown on D2 (15th November) recorded the highest Leaf area index and dry matter accumulation along with the highest RUE (1.85 MJ m⁻² day⁻¹), which was statistically at par with 30th November sowing (1.70 MJ m⁻² day⁻¹). Among the nitrogen levels, the highest RUE (2.02 MJ m⁻² day⁻¹) was observed with N4 which was statistically at par with N3 (1.87 MJ m⁻² day⁻¹), while the lowest RUE was recorded in the N1 (1.36 MJ m⁻² day⁻¹). Early sowing D1 (1st November) resulted in reduced yield and RUE. Among the treatments, D2N4 stood out with the highest APAR value (532.8 MJ m⁻² d-1), mean dry matter accumulation (138.4 g per row meter length) and mean LAI suggesting highly efficient radiation use. Therefore, sowing wheat on 15th November with 180 kg N ha⁻¹ is recommended for achieving higher grain yield, above-ground biomass, and radiation use efficiency in the middle Gujarat region of Anand.	Comment by Reynaldi Laurenze: Capital letters are not required unless at the beginning of a sentence.	Comment by Reynaldi Laurenze: If the results do not show any interaction that has a significant effect, then there is no need to mention the treatment in the abstract in the form of a combination of treatments.
Keywords: Radiation use efficiency, wheat, LAI, Nitrogen levels, Sowing dates.	Comment by Reynaldi Laurenze: It should be arranged alphabetically.
1.       INTRODUCTION:
Plant growth and yield are outcomes of a complex network of metabolic processes, all of which are influenced by both environmental conditions and genetic makeup. Detailed investigations into plant growth patterns are essential, as they not only provide insights into the mechanisms through which plants accumulate dry matter but also help identify key physiological events and processes that contribute to productivity both at the individual plant level and across plant populations. The overall biomass accumulation in a plant is fundamentally linked to the net exchange of carbon dioxide during photosynthesis. A crucial component of this process is the proportion of captured CO₂ that is ultimately transformed into dry matter, which occurs in the presence of absorbed photosynthetically active radiation (APAR). This highlights the critical role of energy-use efficiency, specifically the efficiency with which plants convert absorbed light energy into carbohydrates through photosynthesis. As such, the efficiency of this conversion, often quantified as radiation use efficiency (RUE), serves as a vital weather-dependent physiological indicator for evaluating plant performance and potential yield under varying environmental conditions.	Comment by Reynaldi Laurenze: I don't think this sentence is yours, so it would be best to include supporting references.
Radiation use efficiency serves as a valuable indicator for evaluating how effectively plants utilize solar radiation and is a key parameter in assessing crop productivity in relation to photosynthesis. It integrates both the quantity of solar radiation intercepted by the crop canopy and the resulting dry matter production (Yildirim, 2015). In well-irrigated crops, RUE is typically expressed as the amount of biomass produced per megajoule of intercepted solar energy and it is influenced by the nitrogen content within the leaf. Specifically, it has been associated with the canopy's specific leaf nitrogen, which plays a crucial role in determining photosynthetic capacity and overall radiation conversion efficiency. (Hammer and Wright, 1994).	Comment by Reynaldi Laurenze: It is best to use more up-to-date references so that they are relevant to current environmental conditions.
RUE varies with nitrogen status of leaves and plant N content has profound influences on crop productivity (Sinclair et al., 1993). Increasing nitrogen fertilizer enhanced photosynthesis rate and crop growth rate, leading to increased dry matter accumulation and improved radiation use efficiency in wheat (Bozorgi et al., 2019). The experiment was conducted to examine how growing environments and nitrogen levels affects the radiation-use efficiency.
2.        MATERIALS AND METHODS
An experimental study took place at the Agricultural Meteorology farm of B. A. College of Agriculture, AAU, Anand located at a latitude of 22°35’ N and a longitude of 72°55’ E at an altitude of 45.1 meters above mean sea level. Anand located in Gujarat, India, experiences a semi-arid climate characterized by hot and dry summers with high temperatures above 40°C during the peak months of May and June and minimum temperature 10 to 25°C.
The experiment was laid out in a split-plot design with three replications, comprising three sowing dates viz. (D1: 1st November, D2: 15th November, and D3: 30th November) as main plot treatments, and four nitrogen levels viz. (N1: 0 (control), N2: 60, N3: 120, and N4:180 kg N ha⁻¹) as sub-plot treatments. Daily weather data viz. maximum and minimum temperature, relative humidity, rainfall, pan evaporation, bright sunshine hours and wind speed were collected from an Agrometeorological observatory located near the experimental plot.
		The measurement of leaf area index was done by LAI- 2000 plant canopy analyzer and a Line Quantum Sensor (LI-191B, LICOR Inc., USA) was used to measured photosynthetically active radiation (PAR) at every 7 interval days at 09:00, 11:00, 13:00, 15:00 and 17:00 hours. The incoming PAR was measured at top of the canopy by positioning the sensor upward direction. The reflected radiation from the canopy was measured by inverted line quantum sensor over the canopy. Transmitted radiation was recorded by placing the sensor below the canopy on the ground across rows. These measurements were conducted across all treatments with three replications. 
The absorbed PAR was calculated by using below formula.	
APAR (MJ m-2 d-1) = PARi – PARr – PARt
Where, 
    PARi = Incident PAR above canopy
    PARr = Reflected PAR from canopy
    PARt = Transmitted PAR from canopyTop of FormTop of Form
Radiation use efficiency (RUE) values were obtained using APAR as follows (Camargo et al., 2016):

3.       RESULTS AND DISCUSSION:
3.1       Radiation use efficiency
Data pertaining to light interception as affected by sowing dates and Nitrogen levels has been shown in Table1. The highest RUE value (1.85 MJ m⁻² d⁻¹) was recorded under D2 (15th November sowing) which was statistically at par with D3 (30th November). The significantly lowest RUE recorded with D1 (1st November). Among the nitrogen levels maximum RUE (2.02 MJ m⁻² d⁻¹) was recorded under N4 (180 kg ha-1), which was statistically at par with N3 (120 kg ha-1) (1.87 MJ m⁻² d⁻¹), while significantly lower values were observed in N1 (0 kg ha-1) and N2 (60 kg ha-1) with RUE of 1.36 and 1.59 MJ m⁻² d⁻¹, respectively. These results are consistent with the findings of Adak et al. (2023), Bag et al. (2021).
Table 1: Radiation use efficiency of wheat as influenced by different sowing dates and nitrogen levels	Comment by Reynaldi Laurenze: it should be aligned
	Treatments
	Radiation use efficiency (MJ m-2 d-1)

	Main plot: Date of Sowing (D)

	       D1   :   1st   November
	1.58

	       D2   :   15th November
	1.85

	       D3   :   30th  November
	1.70

	                 S.Em. ±
	0.048

	                C.D. at 5%
	0.19

	                C.V. (%)
	9.79

	Sub plot : Nitrogen (N)

	       N1    :   0 kg ha-1 (Control)
	1.36

	       N2    :   60 kg ha-1
	1.59

	       N3     :   120 kg ha-1
	1.87

	       N4    :   180 kg ha-1
	2.02

	               S.Em. ±
	0.05

	               C.D. at 5%
	0.14

	Interaction (D×N)
	

	              S.Em. ±
	0.08

	              C.D. at 5%
	NS

	              C.V. (%)	Comment by Reynaldi Laurenze: Please add the explanations below the table regarding the meanings of abbreviations such as S.E., C.D., and C.V.
	8.82



3.2   Association of dry matter accumulation, leaf Area Index (LAI), absorbed photosynthetically active radiation (APAR)
The linear relationship between APAR and LAI is presented in Fig. 1. The regression equation (y= 0.0241x – 9.44) with a highest regression coefficient (R2=0.91) signifies a positive correlation between APAR and LAI.  	Comment by Reynaldi Laurenze: You should look for the correlation coefficient value if you want to explain the correlation between one variable and another, not just based on the coefficient of determination value. 
The Table 2 shows that high LAI was recorded in D2N4. D2N4 yielded the values of LAI 3.27, which were next to those for D3N4. D1N1 produced low LAI in general. The pattern of trend in radiation interception by the pertinent treatment combination was analogous with LAI. This result establishes a close interdependence between LAI and radiation interception.



Table 2 Data of mean leaf area index, mean dry mater and absorbed photosynthetically active radiation	Comment by Reynaldi Laurenze: It is advisable to display the results of post-hoc test (LSD/Duncan/HSD) if both the main plot and subplot treatments have a significant effect on the ANOVA.
	Treatments
	Mean LAI
	Mean dry mater (g per rml)
	APAR (MJ m-2 d-1)

	D1N1
	1.45
	82.9
	462.9

	D1N2
	2.12
	91.6
	478.0

	D1N3
	2.67
	105.1
	488.7

	D1N4
	2.92
	117.8
	509.0

	D2N1
	1.94
	100.9
	474.0

	D2N2
	2.49
	109.2
	492.0

	D2N3
	2.99
	125.2
	513.0

	D2N4
	3.27
	138.4
	532.8

	D3N1
	1.85
	97.9
	473.9

	D3N2
	2.35
	104.9
	487.0

	D3N3
	2.89
	121.8
	511.7

	D3N4
	3.04
	131.3
	526.0




Fig.1   Relation between LAI and APAR of different treatments
The linear relationship between APAR and the corresponding biomass is presented in Fig 2. The regression equation (y = 0.7294x – 250) with a highest regression coefficient (R2=0.96) signifies a positive correlation between APAR and biomass.

Fig. 2 Relation between dry matter accumulation and APAR of different treatments
The Table 2 shows D2N4 stood out with the highest APAR value (532.8 MJ m⁻² d-1) and recorded the mean dry matter accumulation (138.4 g per row meter length), suggesting highly efficient radiation use. This was closely followed by D3N4 (APAR: 526.02 MJ m⁻² d-1; Dry Matter: 131.3 g per row meter length), While D1N1 recorded the lowest APAR (462.9 MJ m⁻² d-1) and the lowest mean dry matter accumulation (82.9 g per row meter length).
3.3       LAI and dry matter accumulation
The result presented in Table 3 and Table 4 indicated that the sowing dates and nitrogen levels influenced the LAI and dry matter accumulation. The treatment D2 (15th November sowing) recorded the significantly highest LAI and dry matter accumulation from 30 DAS to harvest, which were statistically at par with D3 (30th November sowing). The lowest LAI and dry matter accumulation at all stages was observed under D1. While the N4 (180 kg N ha-1) recorded the highest LAI and dry matter accumulation which was statistically at par with N3 These results are in similar with the findings of Singh et al. (2021a).	Comment by Reynaldi Laurenze: Further explanation is needed to discuss the results obtained, supported by relevant literature. it must be explained why the results are as such
4.       CONCLUSION:
Radiation use efficiency (RUE) was significantly influenced by both sowing date and nitrogen levels. Wheat sown on 15th November and 30th November with 120 kg N ha-1 and 180 kg N ha-1 resulted in higher RUE, reflecting improved canopy development, leaf area index, and photosynthetic capacity. The lowest RUE and highest water footprint were recorded under 1st November sowing and with nitrogen level of 0 kg N ha-1. These findings offer valuable guidelines for nitrogen management and optimal sowing dates in wheat cultivation, highlighting the importance of radiation use efficiency for maximizing yields and ensuring efficient resource utilization.







Table 3: Leaf area index of wheat as influenced by different sowing dates and nitrogen levels 	Comment by Reynaldi Laurenze: all the result must be present the LSD/HSD/Duncan Test if there's a significant effect based on the ANOVA test
	Treatments
	Leaf area index

	
	30 DAS
	45 DAS
	60 DAS
	75 DAS
	90 DAS
	Harvest

	Main plot: Date of Sowing (D)

	  D1: 1st November
	0.85
	2.05
	3.14
	4.31
	1.97
	1.41

	  D2: 15thNovember
	0.97
	2.33
	3.69
	5.05
	2.29
	1.69

	  D3: 30th  November
	0.91
	2.18
	3.51
	4.89
	2.19
	1.52

	S.Em. ±
	0.022
	0.053
	0.094
	0.142
	0.57
	0.040

	C.D. at 5%
	           0.087
	0.209
	0.369
	0.558
	0.224
	0.156

	C.V. (%)
	8.45
	8.39
	9.45
	10.37
	9.18
	8.92

	Sub plot: Nitrogen (N)
	
	
	
	
	

	N1:0 kg ha-1(Control)
	0.81
	1.31
	2.52
	3.33
	1.40
	1.12

	N2 : 60 kg ha-1
	0.87
	1.96
	3.43
	4.53
	1.86
	1.28

	N3 : 120 kg ha-1
	0.92
	2.68
	3.83
	5.38
	2.51
	1.78

	N4 : 180 kg ha-1
	1.05
	2.83
	4.03
	5.76
	2.84
	1.97

	S.Em. ±
	           0.023
	0.057
	0.104
	0.144
	0.054
	0.042

	C.D. at 5%
	0.067
	0.171
	0.310
	0.428
	0.160
	0.124

	Interaction (D×N)
	
	
	
	
	
	

	S.Em. ±
	0.039
	0.100
	0.181
	0.250
	0.093
	0.072

	C.D. at 5%
	NS
	NS
	NS
	NS
	NS
	NS

	C.V. (%)
	           7.45
	7.86
	9.08
	9.10
	7.52
	8.13



Table 4: Dry matter accumulation of wheat as influenced by different sowing dates and nitrogen levels
	Treatments
	Dry matter accumulation (g per row meter length)

	
	30 DAS
	45 DAS
	60 DAS
	75 DAS
	90 DAS
	Harvest

	Main plot: Date of Sowing (D)

	  D1: 1st November
	7.1
	40.4
	67.8
	109.4
	147.2
	224.1

	  D2: 15thNovember
	8.6
	49.9
	81.8
	131.4
	176.6
	262.2

	  D3: 30th  November
	8.2
	47.5
	77.7
	125.2
	172.2
	253.2

	S.Em. ±
	0.25
	1.64
	2.31
	3.3
	5.45
	5.91

	C.D. at 5%
	0.98
	6.43
	9.1
	12.97
	21.4
	23.23

	C.V. (%)
	10.79
	12.36
	10.59
	9.38
	11.42
	8.32

	Sub plot: Nitrogen (N)
	
	
	
	
	

	N1  : 0 kg ha-1 (Control)
	6.7
	38.2
	60.2
	140.4
	223.1
	240.4

	N2 :  60 kg ha-1
	7.3
	41.8
	66.7
	154.1
	230.4
	254.1

	N3 : 120 kg ha-1
	8.5
	47.7
	83.1
	175
	258.6
	275.4

	N4 : 180 kg ha-1
	9.44
	55.8
	93.1
	191.9
	281.8
	291.9

	S.Em. ±
	0.26
	1.49
	2.24
	5.18
	6.65
	5.18

	C.D. at 5%
	0.77
	4.43
	6.67
	15.39
	19.78
	15.39

	Interaction (D×N)
	
	
	
	
	
	

	S.Em. ±
	0.45
	2.58
	3.89
	6.5
	8.97
	11.53

	C.D. at 5%
	NS
	NS
	NS
	NS
	NS
	NS

	C.V. (%)
	9.79
	9.74
	8.89
	9.23
	9.40
	8.10
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