


Influence of different level of Boron on uptake of nutrients in wheat (Triticum aestivum L.) crop

Abstract: A field experiment was conducted to study the effect of levels of boron on nutrient uptake in wheat crop of rabi season 2012-13. Boron was applied at six levels (0.0, 0.5, 1.0, 1.5, 2.0 and 2.5 kg ha-1), with NPK @ 120:80:60 and the experiment were laid out in Randomized block design (RBD) with three replication. Results reveled that higher dose of boron (2 kg ha-1) recorded significantly boron uptake by grain (95.50 g ha-1), boron uptake by straw (145.27 g ha-1), total boron uptake (240.77 g ha-1), percent increase over control at boron level (344.80 kg ha-1) by grain and straw over control while highest boron content after harvest were recorded with 2.5 kg ha-1 boron application.	Comment by Chinmay Sahoo: Clearly state the main objective of the study.
Summarize the statistical significance of the results.
Include practical implications of findings for farmers or agronomists.
Introduction:
Wheat is the most important food security crop in the world with a production of 791.02 million tons (MT) on about 234 million hectares (Mha) (USDA, 2024). India contributes 14 % of global production of wheat. India ranks third position in wheat production. Uttar Pradesh contributes 30% of the total production of wheat in the country, Madhya Pradesh contributes 23%, and Punjab contributes 15%. Wheat serves as a staple food, contributing approximately 20% of the protein and calories consumed globally (FAOSTAT, 2015). It is consumed in various forms, including bread, cakes, biscuits, bakery products, and numerous confectionery items. The straw serves as animal feed and is also utilised in paper manufacturing (Iqtidaret al., 2006). Boron is a critical element for vascular plants (Warrington, 1923; Wimmeret al., 2020). Low availability of Boron (B) in soils hinders the development of floral organs and the elongation of pollen tubes, which leads to a loss of crop production (Shorrocks, 1997). Wheat has more sensitivity. Boron shortage is more severe than in maize and rice. Boron negatively impacts numerous stages of wheat growth and development. Wheat variety has varying responses to their adaptation to low boron levels in soils.	Comment by Chinmay Sahoo: Add Scientific name

Materials and Methods:
The experiment was conducted at research plot of UdaiPratap Autonomous College (U.P. College), Varanasi (Uttar Pradesh), adjoining the Department of Agricultural Chemistry and Soil Science during rabi season of 2012-13. The climate of this area is subtropical monsoon type.  The experiment was laid out in Randomized Block Design (RBD) with three replications. The experiment comprised with six levels of boronviz.(T0: Control, T1: 0.5 kg/ ha, T2: 1.0 kg/ ha, T3: 1.5 kg/ ha, T4: 2.0 and T5: 2.5 kg/ ha). There were total 18 treatment combinations. The uniform application of 120:80:60: N:P2O5:K2O kg/ ha except in T0 (absolute control) were applied.Seeds of wheat were sown with the spacing of 20 × 10 cm in the last week of November. All the recommended cultural was followed throughout the experimental period. Initial physico-chemical properties of experimental soil were presented in table 1. The data on nutrient uptakeswere recorded and analysed as per Panse and Sukhatme (1985); Sharma et al. (2012).	Comment by Chinmay Sahoo: Wrong references you should add the original reference

Table 1: Initial physico-chemical properties of experimental soil
	Parameters
	Values
	Parameters
	Values

	Bulk density (Mg/ m3)
	1.37
	Available nitrogen (kg/ ha)
	214.8

	Particle density (Mg/ m3)
	2.57
	Available phosphorus (kg/ ha)
	16

	Porosity (%)
	47
	Available potassium (kg/ ha)
	130

	pH
	7.6
	Available sulphur (kg/ ha)
	12.4

	EC (dS/ m)
	0.29
	Available boron (ppm)
	0.42

	Organic carbon (%)
	0.54
	Texture class
	Sandy loam




Result and Discussion:
The data about boron uptake by wheat grain is reported in table 2 and represented in figure 1. The incorporation of boron improved the average boron uptake from 19.30 g ha-1 in the control (T0) to 70.17 g ha-1 (T1), 77.30 g ha-1 (T2), 83.27 g ha-1 (T3), 95.50 g ha-1 (T4), and 94.10 g ha-1 under T5 treatment. The data in table 1 clearly indicates that the application of B significantly changed B uptake by straw across all treatment levels. A comparable tendency was observed with straw, analogous to that of grain. Nevertheless, the extent of boron uptake in straw exceeded that in grain. This may be attributed to an elevated concentration of B in the straw and increased straw yield. The total boron uptake (grain + straw) altered by soil-applied boron is reported in Table 2 and represented in Figure 1. Analysis of the data revealed that higher amounts of applied boron significantly improved its uptake, rising from 54.13 q ha-1 in the control treatment to 344.80 q ha-1 with the application of 2.0 kg B ha-1 (T4). Analysis of the total dry matter yield (Table 3) and total boron uptake indicated that dry matter production peaked at 2.0 kg B ha-1, with a little decline noticed at the higher level of 2.5 kg B ha-1. This suggests that application of B over optimum level had negative influence on crop productivity. Analysis of the data on boron uptake by grain, straw, and total boron uptake revealed that a smaller proportion of total boron was utilised in grain production, while a greater amount was kept in straw. This implies limited mobility of B in plant. The rise in total B uptake was proportional to an increase in B level. The percent recovery of applied B ranged from 24.88 at T1 (0.5 kg B ha-1) to 7.22 percent at 2.5 kg ha-1. This indicated that maximum recovery occurred at 0.5 kg B ha-1, and it reduced with increasing levels of B treatment.	Comment by Chinmay Sahoo: Add some supporting articles

Influence of boron application on phosphorus and sulphur uptake
Boron, phosphorus, and sulphur are anionic nutritional elements, and the application of one may influence the uptake of another elements. The variable response of wheat to B might influence P and S nutrition; hence the effect of B treatment on the uptake of these nutrients by the wheat crop was taken under study.	Comment by Chinmay Sahoo: Add reference here

Table 2: Boron uptake by the wheat crop as affected by different treatments
	Treatment
	B uptake by grain
(g ha-1)
	B uptake by straw
(g ha-1)
	Total B uptake
(g ha-1)
	Percent increase over control at B level (kg ha-1)
	Percent recovery at B level (kg ha-1)

	T0
	19.30
	34.83
	54.13
	-
	-

	T1
	70.17
	108.37
	178.53
	229.82
	24.88

	T2
	77.30
	118.03
	195.33
	261.22
	14.12

	T3
	83.27
	127.53
	210.80
	289.94
	10.44

	T4
	95.50
	145.27
	240.77
	344.80
	9.33

	T5
	94.10
	104.67
	234.77
	333.72
	7.22

	
S.Em
	2.17
	2.53
	4.05
	-
	-

	C.D.
	6.91
	8.09
	12.93
	-
	-


Note: T0= Control (no input), T1= B @ 0.5 kg ha-1, T2= B@ 1.0 kg ha-1, T3= B @ 1.5 kg ha-1, T4= B @ 2.0 kg ha-1, T5= B @ 2.5 kg ha-1


Figure 1: Boron uptake by the wheat crop as affected by different treatments

Phosphorus uptake (grain + straw)
As regards P uptake by wheat crops, it was revealed that B application greatly influenced it (Table 3). The total P absorption by the wheat crop changed from 3.84 kg ha-1 in the control (T0) to 14.18 and 14.33 kg ha-1 with T4 and T5, respectively. The amount of increase in P uptake above control was larger at the optimum B level (2.0 kg B ha-1) treatment. It was inferred that B application in B-deficient soil boosts the efficiency of wheat crops to exploit native phosphorous for their usage by crops. Increased root growth at even early stages owing to B treatment appears to be the key explanation for this. Irfanet al. (2019) also observed a favourable effect of B treatment on P uptake by the wheat crop.
Sulphur uptake (grain + straw)
As regards P uptake by wheat crops, it was revealed that B application greatly influenced it (Table 3). The total P absorption by the wheat crop changed from 3.84 kg ha-1 in the control (T0) to 14.18 and 14.33 kg ha-1 with T4 and T5, respectively. The amount of increase in P uptake above control was larger at the optimum B level (2.0 kg B ha-1) treatment. It was inferred that B application in B-deficient soil boosts the efficiency of wheat crops to exploit native phosphorous for their usage by crops. Increased root growth at even early stages owing to B treatment appears to be the key explanation for this. Dash et al. (2015) also observed a favourable effect of B treatment on P uptake by the wheat crop.
Boron content in post-harvest soil
The data on Boron which is available to plant have been represented in table 3. A glimpse over the data made it evident that application of boron at 0.5, 1.0, 1.5, 2.0 and 2.5 kg ha-1 significantly improve the mean available boron in soil from 0.39 (T0: control) to 0.66, 0.70, 0.78, 0.83 and 0.84 mg kg-1, respectively. The result also showed that the available B status of soil was enhanced due to B application to sufficient level (more than critical level of 0.48 mg kg-1) even after the harvest of wheat crop which confirm the general concept that a sufficient residual amount is left in soil after B application. Appreciable increases in B status of soil after their applications have also been reported by Manikant (2002);Sakalet al. (1999).	Comment by Chinmay Sahoo: Add some recent references after 2020

Table 3: Phosphorus and sulphur uptake and B content in post-harvest soil as affected by different treatments
	Treatment
	Phosphorus uptake by crop (kg ha-1)
	Sulphur uptake by crop (kg ha-1 )
	B Content in soil (mg kg-1)

	T0
	3.84
	6.16
	0.39

	T1
	10.15
	11.03
	0.66

	T2
	11.12
	10.87
	0.70

	T3
	11.97
	10.68
	0.78

	T4
	14.18
	10.48
	0.83

	T5
	14.33
	9.71
	0.84

	
S.Em
	0.25
	0.18
	0.01

	C.D.
	0.80
	0.57
	0.02


Note: T0= Control (no input), T1= B @ 0.5 kg ha-1, T2= B@ 1.0 kg ha-1, T3= B @ 1.5 kg ha-1, T4= B @ 2.0 kg ha-1, T5= B @ 2.5 kg ha-1

Figure 2: Phosphorus and sulphur uptake as affected by different treatments
Conclusion:
On the basis of above findings it can be concluded that, application of boron significantly and positively affected uptake of boron, phosphorus uptake in wheat crop and B status of soil. Boron application @ 2.0 kg ha-1 was found to be the optimum dose for wheat crop. Its application beyond 2.0 kg ha-1 may adversely affect the yield of wheat.	Comment by Chinmay Sahoo: Rewrite the conclusion according to the results you got
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Uptake of Nutrients
B uptake by grain  (g/ ha)	T0	T1	T2	T3	T4	T5	19.3	70.169999999999987	77.3	83.27	95.5	94.1	B uptake by straw	T0	T1	T2	T3	T4	T5	0	34.83	108.36999999999999	118.03	127.53	145.26999999999998	104.66999999999999	Total B uptake   (g/ ha)	T0	T1	T2	T3	T4	T5	54.13	178.53	195.33	210.8	240.76999999999998	234.76999999999998	
Uptake (g ha-1)


Uptake of phophrus and Sulphur
Phosphorus uptake	T0	T1	T2	T3	T4	T5	3.84	10.15	11.12	11.97	14.18	14.33	Sulphur uptake	T0	T1	T2	T3	T4	T5	6.1599999999999984	11.03	10.870000000000003	10.68	10.48	9.7100000000000009	
Uptake of P and S (kg ha-1)
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