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Deficit Irrigation and Source of Water: Possible Mitigation Option of Arsenic Load in Fodder Maize and Cowpea in Lower Gangetic Plain Zone of West Bengal, India 
Abstract
The objective of this experiment is to reduce arsenic uptake in fodder crops by managing through frequency of irrigation water and sources. Farmers of West Bengal grow fodder crops like maize, cowpea, lucerne, etc. in arsenic (As) contaminated areas during the winter season (November to March) under irrigated conditions. The experiment was executed in the arsenic-contaminated village (Ghentugachhi) with a Latitude of N 23º1(19.9(( and Longitude of E 88º34(31.8((, West Bengal, India during winter seasons 2017-18, 2018-19 and 2019-20. The total arsenic (As) found in the shallow tube well water was 0.120 mg L-1 (mean value) and the total arsenic content in pond water was 0.040 mg L-1 (mean value). The experiment was planned in a factorial experiment in a split-split plot design. The number of crops was two (fodder maize and cowpea), the source of irrigation was two and the frequency of irrigation was three. The crops were, therefore, tested against two sources of irrigation viz.: (i) Pond water and (ii) shallow tube well water; and frequency of irrigation water viz.: (i) Irrigation at 20  Days After Sowing (DAS), (ii) Irrigation at 20 and 35 DAS and (iii) Irrigation at 20, 35 and 50 DAS. The cowpea fodder crop received comparatively less arsenic uptake than maize fodder. Pond water irrigated fodder crops show significantly less arsenic concentration in plant parts compared to shallow tube well water irrigated fodder crops. The frequency of irrigation considerably showed the variation of arsenic concentration in fodder crops. The crops irrigated with single irrigation showed less arsenic uptake in plant parts than the two or three irrigation. Among the edible parts leaf arsenic uptake is less than the shoots.
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Introduction
In West Bengal, most of the rural farmers depend on the mix-farming (crop + livestock) for their livelihood. The state ranked fourth in the number accounting for 37.48 million livestock in the country (Roy et al., 2021).  However, the current production of fodder crops cannot provide the required feed demand for overall livestock production of the state as the availability of land for grazing/pasture is limited. In the state, mainly fodder crops like ricebean, fodder oat, fodder lathyrus, fodder maize, fodder cowpea etc., are grown. Mostly they are cultivated after paddy as their growing period is short which can be harvested within 60 DAS. In West Bengal, winter fodder crops are generally grown under fully irrigated conditions (Das et al. 2021). The farmers depend upon underground sources of water for irrigation purposes and the issue has acquired serious attention due to the uptake, translocation and biomagnifications of arsenic (As) in various vegetables and food crops (Chakraborty et al., 2014). The elemental arsenic is found naturally in all soils. Arsenic occurs in many minerals often in combination with sulfur and metals (Upadhyay et al. 2019). Arsenic contamination of water and soil has significantly increased recently in India and other Asian countries via both man-made and natural sources (Wevar  et al. 2023). Arsenic poisoning negatively impacts plants, soil, water, and human health, posing a serious threat to sustainable agriculture. Pesticides, fertilizers, and industrial processes that contain arsenic are widely used, which leads to soil contamination and reduces soil fertility and productivity. The drinking of groundwater contaminated with arsenic affects around 300 million people globally (Prasad & Sahni, 2023).  Along with drinking water, rice intake, which is a key staple meal for a huge population worldwide, is another common way to be exposed to arsenic (Singh et al. 2023). The world’s biggest health issues allied with arsenic are consumption of contaminated aquifer water in Bangladesh and West Bengal, India, potentially infecting millions of individuals (Anawar et al., 2002). Green fodder is an important component of livestock feed and nutrition. Soil and water arsenic concentration lead to its deposition in parts of plant fodder and forage crops which are found beyond the permissible limit set by the European Union (EC 2003) standardized as the maximum acceptable concentration (MAC) of 2 mg kg-1 for arsenic in complete feedstuffs. In recent times, pollution of groundwater with arsenic (As) groundwater in the Gangetic alluvial zone of West Bengal (covering about 39,000 sq. km area) has arrested considerable amount of attention as millions (9-10 Million) of individuals are suffering from this menace. The As concentration in groundwater (0.05 – 1.6 mg L-1), published from the contaminated regions of West Bengal, is several degrees of magnitude higher than the set Indian standard for the admissible limit in drinking water (0.05 mg L-1), which is also the maximum acceptable concentration, MAC, for drinking water in Bangladesh and other countries, besides the WHO guideline value i.e., 10 (g L-1 (Edition, 2011). Bhattacharya et al., (2012) declared that the utilization of rainwater for irrigation in aerobic paddy was an attainable way to reduce the extent of biomagnification of arsenic. Fodder crops grown in contaminated areas are later fed to milch animals and subsequently, the milk is polluted by the contaminants i.e. As (Zubair et al., 2017) and is transported to other metro cities. Thereby widening its effect from affected to unaffected areas. The principal objective of our experiment was to reduce arsenic uptake in fodder crops by managing through frequency of irrigation water and sources.  
Materials and Methods
Location of the trial
The assessment was conducted in the farmer’s field located (latitude is N 23º1(19.9(( and longitude is E 88º34(31.8(() in a village, Ghentugachhi, West Bengal, India, an area already contaminated with arsenic, in the winter seasons of 2017-18, 2018-19 and 2019-20. The content of total arsenic (As) in the shallow tube well water was in the extent of 0.116-0.127 mg L-1 with an average value of 0.120 mg L-1 and total arsenic content in pond water was in the order of 0.039-0.041 mg L-1 with average value 0.040 mg L-1.
Soil and climate

The soil fundamental properties of the study location are given in Table 1. Arsenic status in the contaminated areas was taken in four samples before sowing of the fodder crops viz. 14.32, 15.49, 14.45 and 15.90 mg kg-1 in the same experimental plot at different locations with an average value of 15.04 mg kg-1.

Details of crop types, variety, sowing and harvesting 

The variety of fodder maize and cowpea, Ganga- 5 and CO-9, respectively, which are extensively grown in the arsenic-concerned area of West Bengal, were chosen for the study. The fodder crops were planted in the first week (4th, Dec.) of December after harvesting of rice.
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Fig.1 Map of West Bengal, district Nadia and Chakdaha block (Source: By author)

Experiment
The assessment was carried out in a factorial experiment in a split-split plot design. The number of crops was two (fodder maize and cowpea), the source of irrigation was two and the frequency of irrigation were three. The crops were, therefore, tested against two sources of irrigation viz.: (i) Pond water and (ii) shallow tube well water; and three frequency of irrigation water viz.: (i) Irrigation at 20 DAS, (ii) Irrigation at 20 and 35 DAS and (iii) Irrigation at 20, 35 and 50 DAS. So, for the experiment, number of total treatments was 12 and replicated three times. The net plot size was 4m × 5m. 

Arsenic analysis

Samples (whole plant) were taken at different growth periods, i.e., at 30, 45, and 60 DAS and later root, shoot and leaf were separated from each other. Samples of soil were air-dried and followed by ground and sieved through a sieve of 2 mm and kept in airtight polythene bags. For twenty-four hours, the sampled plants were oven-dried at 105◦C, ground and packed in airtight polythene bags. For determination of total arsenic, sampled plants were digested with a tri-acid mixture which was made in the ratio of 10: 1: 4 by volume (HNO3: H2SO4: HClO4) and kept overnight before pre-digestion. With Whatman no. 24 filter paper, the solution was then filtered and volume was made up to the desired amount. Later the solution was reduced with a 5% mixture of KI and ascorbic acid after sufficient dilution, if required, prior to analysis and finally observed for total As by a Perkin Elmer AANALYST 200 AAS coupled with Flow Injection Analysis System (FIAS 400).
Statistical analysis

The data taken earlier were subjected to statistical analysis by the ANOVA method. By Error of Mean Square through Fisher and Snedecor’s ‘F’ test at probability level 0.05 (Fisher and Yate,1963), the significance of different sources of variations were tested.
Results and Discussion
Accumulation of arsenic in different plant parts

Temporal variation in arsenic (As) content of various parts like root, shoot and leaf of fodder crops were estimated on 30, 45 and 60 DAS. The data base was generated for three consecutive years. Irrespective of treatments, a pattern of accumulating arsenic was noticed in the order of root> shoot> leaf. This trend supported the outcomes of Sinha et al., (2011) and Sarkar et al., (2012) respectively for sesame and rice crops, grown in the same location. The bioavailability of arsenic depends on various factors. Higher pH leads to an increase in the bioavailability of arsenic in plants (Huq et al., 2009). 
The root As (arsenic) content at harvest was observed maximum with fodder maize at with values pooled over three years of 21.35 g ha-1 which was 40.10 % higher than the other fodder i.e. cowpea. Arsenic content in roots (mg kg-1) showed that among the fodder crops, maize fodder arsenic content was observed more than cowpea. Among the sources of irrigation, root arsenic content was recorded more with irrigation from shallow tube well water (18.87 g ha-1) than pond water (17.72 g ha-1). Likewise, the arsenic content in roots was significantly different with different levels of irrigation. Fodder crops exhibited lower As accumulation with I1 and I2 than with I3. Root arsenic content reduction with irrigation at 20 DAS (I1) was 34.48% whereas in irrigation at 20 DAS and 35 DAS (I2), the root arsenic content was found only 15.79% at the harvest stage of crops from the arsenic content in roots with irrigation at 20 DAS, 35 DAS and at harvest i.e. 60 DAS. This might be the resultant effect of arsenic present in soil and irrigation water, the higher its content, the more will be absorbed by the crops (Bergqvist, 2011 Rajmohan and Prathapar, 2014). Likewise, different researchers had already concluded that arsenic concentration in root was much higher than in any other plant parts. Hedayetullah et al., (2023) also postulated that arsenic present in soil leads to bioaccumulation of arsenic in lucerne fodder. Chaturvedi (2006) reported that arsenic extraction by plants increased with increasing soil arsenic concentration. Arsenic was predominantly concentrated in roots and less accumulation was observed in shoots (Devi et al., 2023). 
The shoots As content observed in maize crop at harvest stage i.e.60 DAS with values pooled over three years was 12.55 g ha-1 (Table 2). Whereas in cowpea crops, the shoots As content observed at harvest stage with pooled value over three years was 8.25 g ha-1. The lower arsenic content was recorded in cowpeas with a value of 8.00 g ha-1 in 2017-18 at the harvest stage (Table 2) and cowpeas had pooled arsenic content in shoots of 34.26% reduction from maize crop. Arsenic in shoots (g ha-1) showed that among the fodder crops, maize fodder was observed more than cowpea in shoots. Arsenic was distributed in roots, shoots and leaves, as root>lower leaf>stalk>middle leaf>upper leaf (Cao et al., 2019; Chang et al., 2012 Devi et al., 2023). Similarly, arsenic content in shoots was exhibited more with irrigation from shallow tube well water (10.69 g ha-1) than pond water (10.11 g ha-1). The arsenic content in shoots was significantly different with different levels of irrigation. Fodder crops exhibited lower As accumulation with I1 and I2 irrigation levels than with I3 as more irrigation with polluted water will eventually increase the uptake of arsenic and its availability in shoots (Rajmohan and Prathapar, 2014). The shoot's arsenic content reduction with irrigation at 20 days after sowing (I1) was 35.93 % whereas irrigations given at 20 and 35 DAS (I2) exhibited shoot arsenic content of 17.53 % at harvest stage of crops than the arsenic content recorded with I3.
The leaves' As content was observed with maize at 30, 45 DAS and harvest stage respectively with values pooled over three years r of 0.794 mg kg-1, 1.552 mg kg-1 and 1.670 mg kg-1. Whereas in cowpea fodder crops, leaves As content was taken at 30, 45 DAS and 60 DAS with pooled values over three years of 0.689 mg kg-1, 1.364 mg kg-1 and 1.494 mg kg-1 respectively (Table 3). The lowest arsenic content was recorded in cowpeas with a value of 1.492 mg kg-1 in 2019-20 at the harvest stage. Arsenic in leaves (mg kg-1) showed that among the fodder crops, maize had arsenic content more than cowpea. Similarly, at harvest, the arsenic content in leaves was recorded more from irrigation with water from a shallow tube well (1.626 mg kg-1) than that of a pond (1.537 mg kg-1). Hedayetullah et al., (2011) disclosed that the content of arsenic in leaves and shoots was more in more irrigation water from shallow tube wells. Accumulation of arsenic present in leaves was noticed 5.47 % less in plots where crops were irrigated with PW (Pond water) than with STW (shallow tube well). The arsenic content in leaves was significantly different with different levels of irrigation. Hossain et al., (2008) disclosed that arsenic concentrations in Boro rice post-harvest straw increased significantly with an increasing amount of As in water for irrigation. Fodder crops exhibited lower As accumulation with I1 (1.492 mg kg-1) and I2 (1.592 mg kg-1) levels than with I3 (1.661 mg kg-1). Leaves arsenic content reduction with irrigation at 20 DAS (I1) was 10.17 % whereas in two irrigation levels leaves arsenic content was only 4.15 % at the harvest stage of crops than with I3.
The arsenic in roots shoots and leaves of fodder crops was affected by the various sources of water for irrigation and its frequency of irrigation. From the observations recorded, there was a significant interaction effect among the treatments on arsenic concentration in roots, shoots and leaves of fodder crops at the time of harvest (60 DAS) only. The lowest arsenic in roots, shoots and leaves were present in cowpea fodder with pond water and irrigation at 20 DAS, 35 DAS and 50 DAS. The minimum was found with C2×S1×I1 with 11.49 g ha-1 and 6.00 g ha-1 for roots, shoots and leaves respectively (Fig.2). This might be the results of less deposition of arsenic from the source and frequency of irrigation water into the soil (Hedayetullah et al., 2024).
 Conclusions
The present experiment indicated that the cowpea legume fodder crop observed comparatively less arsenic uptake than the maize fodder crop. Pond water irrigated fodder crops showed significantly less arsenic concentration in plant parts compared to shallow tube well water irrigated fodder crops. The frequency of irrigation (deficit irrigation) considerably showed variations in arsenic concentration in fodder crops. The fodder crops irrigated with single irrigation showed less arsenic uptake in plant parts than the two or three irrigation levels. Among the edible parts, leaf arsenic uptake was less than in the shoots. So, leaf arsenic concentration was always below the safe limit or MAC in both fodder crops. Shoot arsenic was not safe, as its concentration has increased with increasing age of the fodder crops.
Table 1 Important Physical chemical aspects of soil
	Particulars
	Value

	Mechanical constitution
Sand (g kg-1)

Silt (g kg-1)

Clay (g kg-1)
	248.00

397.00

355.00

	pH
	7.50

	OC (g kg-1)

Availability 
	5.6

	Nitrogen (kg ha-1)
	220

	Phosphorus (kg ha-1)
	57

	Potassium (kg ha-1)
	190

	Olsen extractable As (mg kg-1)
	3.29

	Total As (mg kg-1)
	15.04


· Table 2 Effects of fodder crops, source and frequency of irrigation on arsenic content of roots and shoots (g ha-1) at harvest i.e. 60 DAS
	Arsenic uptake in plant parts at harvest stage (g ha-1)

	Treatments
	Root As 
	Shoot As

	
	2017-18
	2018-19
	2019-20
	Pooled
	2017-18
	2018-19
	2019-20
	Pooled

	Fodder crops

	C1
	21.40
	21.41
	21.25
	21.35
	12.25
	12.73
	12.66
	12.55

	C2
	15.28
	15.02
	15.40
	15.24
	8.00
	8.14
	8.61
	8.25

	S. Em ±
	0.30
	0.26
	0.25
	0.27
	0.19
	0.04
	0.12
	0.12

	C.D (5 %)
	1.81
	1.60
	1.55
	1.65
	1.13
	0.27
	0.72
	0.71

	Sources of irrigation

	S1
	17.76
	17.69
	17.69
	17.72
	9.81
	10.23
	10.31
	10.11

	S2
	18.92
	18.74
	18.96
	18.87
	10.44
	10.65
	10.97
	10.69

	S. Em ±
	0.06
	0.10
	0.02
	0.06
	0.08
	0.04
	0.01
	0.05

	C.D (5 %)
	0.26
	0.41
	0.06
	0.24
	0.32
	0.17
	0.05
	0.18

	Frequency of irrigation

	I1
	14.45
	14.29
	14.45
	14.40
	7.97
	8.30
	8.05
	8.11

	I2
	18.50
	18.35
	18.68
	18.51
	10.09
	10.40
	10.83
	10.44

	I3
	22.07
	22.02
	21.84
	21.98
	12.33
	12.61
	13.03
	12.66

	S. Em ±
	0.26
	0.18
	0.41
	0.28
	0.21
	0.24
	0.09
	0.18

	C.D (5 %)
	0.77
	0.53
	1.22
	0.84
	0.64
	0.71
	0.28
	0.54


C1= Maize, C2= Cowpea, S1= Pond water, S2= Shallow tube well water, I1= Irrigation at 20 DAS, I2= Irrigation at 20 DAS and 35 DAS, I3= irrigation at 20 DAS, 35 DAS and 50 DAS, , NS= Not significant, DAS= Days after sowing.
Table 3 Impacts of fodder crops, source and frequency of irrigation on arsenic content of leaves (mg kg-1) at various stages of crop growth
	Treatments
	Arsenic in leaves (mg kg-1)

	
	30 DAS
	45 DAS
	60 DAS (Harvest stage)

	
	2017-18
	2018-19
	2019-20
	Pooled
	2017-18
	2018-19
	2019-20
	Pooled
	2017-18
	2018-19
	2019-20
	Pooled

	Fodder Crops

	C1
	0.795
	0.798
	0.789
	0.794
	1.552
	1.552
	1.552
	1.552
	1.704
	1.659
	1.647
	1.670

	C2
	0.689
	0.686
	0.691
	0.689
	1.361
	1.369
	1.362
	1.364
	1.494
	1.496
	1.492
	1.494

	S. Em ±
	0.004
	0.005
	0.007
	0.005
	0.004
	0.004
	0.002
	0.003
	0.032
	0.009
	0.005
	0.016

	C.D (5 %)
	0.025
	0.028
	0.041
	0.031
	0.024
	0.023
	0.014
	0.020
	0.196
	0.054
	0.033
	0.094

	Source of irrigation

	S1
	0.698
	0.696
	0.691
	0.695
	1.402
	1.413
	1.404
	1.407
	1.551
	1.536
	1.525
	1.537

	S2
	0.786
	0.787
	0.788
	0.787
	1.511
	1.508
	1.511
	1.510
	1.646
	1.619
	1.614
	1.626

	S. Em ±
	0.007
	0.003
	0.004
	0.005
	0.011
	0.009
	0.005
	0.008
	0.003
	0.005
	0.003
	0.004

	C.D (5 %)
	0.029
	0.012
	0.015
	0.019
	0.041
	0.036
	0.021
	0.033
	0.012
	0.020
	0.010
	0.014

	Frequency of irrigation

	I1
	0.745
	0.744
	0.740
	0.743
	1.381
	1.389
	1.383
	1.384
	1.494
	1.497
	1.485
	1.492

	I2
	0.745
	0.734
	0.741
	0.740
	1.494
	1.501
	1.494
	1.496
	1.609
	1.589
	1.579
	1.592

	I3
	0.737
	0.747
	0.738
	0.741
	1.494
	1.491
	1.496
	1.494
	1.693
	1.646
	1.645
	1.661

	S. Em ±
	0.007
	0.008
	0.007
	0.008
	0.007
	0.006
	0.009
	0.007
	0.010
	0.005
	0.005
	0.006

	C.D (5 %)
	NS
	NS
	NS
	NS
	0.021
	0.017
	0.026
	0.021
	0.029
	0.014
	0.015
	0.019


C1= Maize, C2= Cowpea, S1= Pond water, S2= Shallow tube well water, I1= Irrigation at 20 DAS, I2= Irrigation at 20 DAS and 35 DAS, I3= irrigation at 20 DAS, 35 DAS and 50 DAS, DAS= Days after sowing, NS= Not significant.

Contd.
	Treatment combinations
	Arsenic content in leaves (mg kg-1)

	
	30 DAS
	45 DAS
	60 DAS (Harvest stage)

	
	2017-18
	2018-19
	2019-20
	Pooled
	2017-18
	2018-19
	2019-20
	Pooled
	2017-18
	2018-19
	2019-20
	Pooled

	Fodder Crops × Source of Irrigation × Frequency of Irrigation

	C1×S1×I1
	0.750
	0.756
	0.740
	0.749
	1.448
	1.442
	1.446
	1.445
	1.585
	1.558
	1.539
	1.561

	C1×S1×I2
	0.757
	0.750
	0.745
	0.750
	1.533
	1.551
	1.530
	1.538
	1.663
	1.635
	1.623
	1.641

	C1×S1×I3
	0.741
	0.751
	0.738
	0.744
	1.537
	1.534
	1.532
	1.534
	1.751
	1.700
	1.684
	1.712

	C1×S2×I1
	0.842
	0.846
	0.824
	0.837
	1.528
	1.532
	1.531
	1.530
	1.658
	1.629
	1.627
	1.638

	C1×S2×I2
	0.832
	0.840
	0.848
	0.840
	1.632
	1.625
	1.637
	1.631
	1.765
	1.717
	1.702
	1.728

	C1×S2×I3
	0.850
	0.842
	0.838
	0.844
	1.636
	1.630
	1.638
	1.635
	1.798
	1.715
	1.709
	1.741

	C2×S1×I1
	0.657
	0.637
	0.657
	0.650
	1.202
	1.244
	1.226
	1.224
	1.264
	1.324
	1.313
	1.300

	C2×S1×I2
	0.654
	0.626
	0.630
	0.636
	1.348
	1.368
	1.343
	1.353
	1.460
	1.474
	1.452
	1.462

	C2×S1×I3
	0.631
	0.657
	0.638
	0.642
	1.346
	1.340
	1.347
	1.344
	1.581
	1.524
	1.539
	1.548

	C2×S2×I1
	0.731
	0.737
	0.739
	0.736
	1.346
	1.338
	1.327
	1.337
	1.466
	1.477
	1.459
	1.468

	C2×S2×I2
	0.737
	0.721
	0.741
	0.733
	1.464
	1.461
	1.464
	1.463
	1.548
	1.528
	1.539
	1.538

	C2×S2×I3
	0.725
	0.737
	0.739
	0.734
	1.458
	1.462
	1.467
	1.462
	1.643
	1.647
	1.647
	1.645

	S. Em (±) (C×S)
	0.010
	0.004
	0.005
	0.007
	0.015
	0.013
	0.008
	0.012
	0.004
	0.007
	0.004
	0.005

	C.D (5 %)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	0.127
	0.040
	0.024
	0.064

	S. Em (±) (C×I)
	0.010
	0.012
	0.010
	0.011
	0.010
	0.008
	0.012
	0.010
	0.014
	0.007
	0.007
	0.009

	C.D (5 %)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	0.102
	0.031
	0.023
	0.052

	S. Em (±) (S×I)
	0.010
	0.012
	0.010
	0.011
	0.010
	0.008
	0.012
	0.010
	0.014
	0.007
	0.007
	0.009

	C.D (5 %)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	0.035
	0.023
	0.018
	0.025

	S. Em (±)(C×S×I)
	0.015
	0.017
	0.014
	0.015
	0.014
	0.011
	0.017
	0.014
	0.020
	0.009
	0.010
	0.013

	C.D (5 %)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	0.059
	0.028
	0.029
	0.039
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Fig. 2 Interaction effects on the As uptake in root and shoot  at harvest stage (pooled over three years i.e.2017-18, 2018-19 and 2019-20)
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C1= Maize, C2= Cowpea, S1= Pond water, S2= Shallow tube well water, I1= Irrigation at 20 DAS, I2= Irrigation at 20 DAS and 35 DAS, I3= irrigation at 20 DAS, 35 DAS and 50 DAS, NS= Not significant, DAS= Days after sowing












