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Abstract

:

Nitrogen loss from agricultural fields results in contamination of ground and surface water resources due to leaching and runoff, respectively. Nitrogen transport dynamics vary significantly among agricultural fields of different climates, especially in the tropical climate. This study intended to evaluate the rainfall impact on nitrogen distribution and losses under tropical rain-fed conditions. The study was carried out in a sweet corn field for two growing seasons at the Malaysian Agricultural Research and Development Institute (MARDI) research field. The HYDRUS-1D numerical model was used to simulate nitrogen transport dynamics in this study. The observed nitrogen concentrations were used for calibration and validation of the model. Total nitrogen input to sweet corn was 120 kg/ha for both seasons. Nitrogen losses through surface runoff and leaching were dominating pathways. Surface runoff accounted for 35.3% and 22.2% of total nitrogen input during the first and second seasons, respectively. The leaching loss at 60 cm depth accounted for 4.0% (first season) and 18.5% (second season). The crop N uptake was 37.5% and 24.9% during the first and second seasons, respectively. Nitrate was the dominant form of N uptake by the crop that accounted for 83.6% (first season) and 78.5% (second season). The HYDRUS-1D simulation results of nitrogen concentrations and fluxes were found in good agreement with observed data. The overall results of simulation justified the HYDRUS-1D for improved fertilizer use in the tropical climate.
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1. Introduction


Solute transport in agricultural fields is dynamic in nature. Nitrogen (N) pollution has become a global environmental problem with serious implications on surface and ground waters [1]. The groundwater contamination due to agricultural activity depends on the amount of N applied and its effective use by crops [2]. N is an essential nutrient that highly affects crop yield [3]. Therefore, farmers apply N-fertiliser to high-yield crops. Corn also demands large amount of N for optimal yield. Due to a lack of management guidelines, most farmers apply fertiliser based on their experience and do not consider their environmental consequences [4]. N leaching out of the root zone due to excessive application of N-fertilisers is a potential cause of water resource pollution, which has been observed in many parts of the world [5,6].



In humid regions, low recovery of fertilizer by crop results in increased leaching of soil residual N to groundwater during off-season rainfall [7]. Rainfall triggers flow processes such as surface runoff, preferential flow, and the nitrate leaching [8,9]. Excessive water application is also a major factor that controls N leaching. Therefore, along with fertiliser optimum use of water is also a prerequisite. In soil, N is present in different forms such as organic N, ammonia (NH4+-N) and nitrate (NO3−-N). Due to its mobility, NO3−-N contributes to groundwater pollution more than any other form [9]. In the past, many research studies have been carried out to find the effect of reduced fertiliser rate on the crop. However, the reduction in the use of fertiliser may reduce the yield as well due to which the farmers are less willing to adopt this technique. Reducing the water application could be an option, particularly in tropical regions to reduce fertiliser leaching. Therefore we considered rainfed conditions and ignored scheduled irrigation. The current study focused to evaluate the effect of rainfall on nutrient distribution in the tropical region based on intensive fieldwork.



The simulation models have been very effective in describing transport processes and the extent to which management practices affect crop yield and the environment. However, the significance of their use is multiplied when the prediction is based on local soil and climate conditions [10]. Among different available models, HYDRUS-1D [11] has been widely used for water flow and solute transport simulations, and to analyze flow and transport processes in agricultural fields. HYDRUS-1D has the flexibility of accommodating different boundary conditions as compared to other models. The model can consider the root uptake of water and nutrient simultaneously. The model is capable of simulating soil water and solute dynamics under different management practices [12,13,14,15,16,17,18,19,20,21,22,23].



The heavy rainfall events in the tropical climate cause a significant increase in solute loss. In Malaysia, the amount of rainfall may potentially fulfil the crop water requirements to ensure nitrogen availability to plant. However, the uncertainty in the duration and frequency of rainfall can affect nitrogen distribution and crop uptake. Therefore, the study was carried out to quantify nitrogen losses through surface runoff and subsurface leaching from the sweet corn field. The study objectives were: (1) to evaluate the rainfall impact on nitrogen distribution and losses under tropical rain-fed conditions in presence of shallow water table, and (2) to calibrate and validate the HYDRUS-1D model for nitrogen transport in the humid tropics.




2. Material and Methods


2.1. Field Experiments and Measurements


2.1.1. Site Description


The experiment site was located (2°59’ N latitude, 101°42’ E longitude) in the Selangor, Malaysia at the Malaysian Agricultural Research and Development Institute (MARDI). In 2018, the recorded total annual precipitation of the area was 3652 mm. The daily temperatures variation ranged from 21.6 °C to 36.3 °C. The mean monthly temperature during the first and the second season was 28.1 °C and 28.8 °C. Most of the rainfall occurs in the months from October to December. Indeed, it is relatively dry for February and March. The research work was carried out for two sweet corn growing seasons (February–May 2018 and September–November 2018). The soil layer was classified as clay throughout the sampling depth of 0–140 cm. The physical properties of the soil are presented in Table 1. The variety of sweet corn used for cultivation was ‘Hibridmas’.




2.1.2. Experimental Design


The experiment was carried out in 770 m2 (35 m × 22 m) plot in real field conditions. Sweet corn seeds ‘Hibridmas’ were cultivated during both seasons at 10 kg/ha on 16 February 2018 and 5 September 2018, respectively. The plant-plant (P × P) and row-row (R × R) space were maintained as 20 cm and 75 cm, respectively. The crop was harvested on 3 May (first season) and 15 November (second season). The sweet corn growing periods for the first and second seasons were 76 and 71 days, respectively. The total rainfall during the first and second seasons were 75.8 cm and 79.7 cm, respectively.



The fertilizer management was based on recommendations from MARDI. The amount of N applied during each season was 120 kg/ha. The fertilizer was applied in four applications. The basal fertilizer applied was a compound fertilizer (NPK green) which contains about 15% of N, phosphorus, and potassium. For the second and third applications, the fertilizer was applied in the form of Urea. The fourth application of N was applied in the form of NPK blue. The rates for second, third and fourth applications were 25, 25 and 10 kg·N·ha−1. The basal fertilizer was applied during land preparation and plowed within 5 cm of topsoil. The top dressing was applied manually along the plant rows uniformly. Details of agricultural activities are listed in Table 2.




2.1.3. Measurements


In the experimental field, rain-gauge, 5TE sensors with EM 50 data logger, ET-gauge, observation well, Parshall Flume RBC and soil water samplers were installed as shown in Figure 1 and Figure 2. Data-logging rain-gauge and ET-gauge were used to record rainfall and evapotranspiration. The water drainage as a result of runoff was rescored using Parshall Flume RBC with CR200X logger (SZ-CR200X/7070). The 5TE sensors along with EM 50 data logger were installed at 20, 40, 60, 80, and 140 cm depths to monitor soil water content. The climate data (i.e., temperature, humidity, and wind speed) were obtained from the adjacent meteorological station. The reference evapotranspiration (  E  T 0   ) was computed through the Penman–Monteith equation [24] using available soil, crop, and climate data. Then, the crop evapotranspiration (  E  T c   ) was calculated as a product of the reference evapotranspiration (  E  T 0   ) and the crop coefficient (   K c   ) under normal conditions [24]. The Kc values for the early, development, mid and late stages of sweet corn were taken as 0.4, 0.8, 1.15 and 1, respectively [25]. Observation wells were installed to monitor the groundwater table. The water table fluctuated around 150 cm during rainfall as shown in Figure 3.



During the crop growing season, water samples of surface runoff were collected when rainfall events occur to predict the nutrient losses from the field. Nutrients loss due to runoff was calculated by multiplying the values of NH4+-N and NO3−-N with water flux. Soil water samplers (SWS) that consist of porous ceramic cups, were used to collect soil solutions every week throughout the growing season. The SWS were installed at 20, 40, 60, 80 140 cm depths in plant rows (Figure 4) and evacuated to about 80 kPa with the help of a vacuum pump with a tensiometer to get a sample every time. Finally, the concentration of NH4+-N and NO3−-N were analyzed following Standard and Industrial Research Institute of Malaysia (SIRIM) procedure at United Plantations Laboratory, Teluk Intan, Perak. The cumulative N leaching at 60 cm depth was calculated by multiplying N concentration with corresponding water fluxes at 60 cm depth and integrated to the entire growing period.



The nutrient losses were calculated from the equation given as [26].


Subsurface losses (kg·ha−1) = 0.1 × C × DP



(1)




where, C is solute concentration in (mg/L) and DP is deep percolation (cm).



For plant N uptake analysis plant samples were taken on the later stage of the crop (56 day of the plantation) and the harvest day. The straw, grain, and roots of sampled plants were oven-dried at 70 °C. After that, the samples were weighed, ground and analyzed. Total N (TN) content was determined by CNS Trumac analyzer. The Cumulative N uptake was determined by multiplying TN concentration of the straw, grain, and roots of sweet corn with their respective dry weight.





2.2. HYDRUS-ID Model


2.2.1. Model Description


The one-dimensional numerical model HYDRUS-1D [11] was used to simulate soil water and solute dynamics in the sweet corn field. The model is capable of simultaneously considering the transport of multiple solutes that are subject to first-order degradation. The governing transport equations were solved using a Galerkin-type linear finite element scheme.



The partial differential equations for one-dimensional advective-dispersive N transport for a first-order chain reaction in variably saturated media is given as [12].



Total Nitrogen (TN):


    ∂ θ  C 1    ∂ t   =  ∂  ∂ z    (  θ  D 1 w    ∂  C 1    ∂ z    )  −   ∂ q  C 1    ∂ z   − μ  ′  w , 1   θ  C 1   



(2)







Ammonium nitrate (NH4+-N):


    ∂ θ  C 2    ∂ t   +   ∂ ρ  S 2    ∂ t   +   ∂  a v   g 2    ∂ t   =  ∂  ∂ z    (  θ  D 2 w    ∂  C 2    ∂ z    )  +  ∂  ∂ z    (   a ν   D 2 g    ∂  g 2    ∂ z    )  −   ∂ q  C 2    ∂ z   − μ  ′  w , 2   θ  C 2  + μ  ′  w , 1   θ  C 1  +  γ  s , 2   ρ −  r  a , 2    



(3)







Nitrate (NO3−-N):


    ∂ θ  C 3    ∂ t   =  ∂  ∂ z    (  θ  D 3 w    ∂  C 3    ∂ z    )  −   ∂ q  C 3    ∂ z   − μ  ′  w , 3   θ  C 3  + μ  ′  w , 2   θ  C 2  −  r  a , 3    



(4)




where,  C  is the solute concentration in liquid phase (mg·L−1),  S  is the solute concentration in the solid phase (mg·g−1),  g  is the solute concentration in gas phase (mg·g−1),  ρ  is the dry bulk density (g·cm−3),  θ  is the volumetric water content (cm3cm−3),  q  is the volumetric flux density (cm·day−1),    μ w    is the first-order rate constant for solute in the liquid phase (day−1),   μ  ′ w    is the first-order rate constant for chain reaction (day−1),    γ s    is a zero-order rate constant in the solid phase (day−1),    D w    is the dispersion coefficient for liquid phase (cm2·day−1),    D g    is the dispersion coefficient for gas phase (cm2·day−1),    r a    is the root nutrient uptake. The subscripts 1,2 and 3 represents N species urea, NH4+-N and NO3−-N, respectively. A linear Equation (5) describes the adsorption isotherm relating    S 2    and    C 2   .


   S 2  =  k  d , 2    C 2   



(5)




where    k  d , 2     is the distribution coefficient for NH4+-N (L·mg−1).



The N transformation processes considered here include; hydrolysis of N species to NH4+-N, nitrification of NH4+-N to NO3−-N, denitrification of NO3−-N to N2/N2O, and root uptake of NH4+-N and NO3−N, where; hydrolysis, nitrification, and denitrification were considered as first-order reactions [27].The denitrification process was ignored in the study. The details of the simulation process and model description are presented in the flow chart (Figure 5).




2.2.2. Solute Transport and Reaction Parameters


N species, ammonium (NH4+-N) and nitrate (NO3−-N) were considered for simulations. N and NO3−-N were considered to be present in the dissolved phase. While ammonium was assumed to be present in both adsorb and dissolved phases. Therefore, the distribution coefficient (   k d    = 0 cm3·g−1) for N and NO3−-N. For NH4+-N,    k d    value was taken as 1.5 cm3·g−1 [28]. The first-order decay constant    μ w    for a chain reaction was set to 0.38 day−1 [27]. The nitrification rate coefficient was set to 0.02. The value is in the reported range [29].




2.2.3. Initial and Boundary Conditions


For water flow, the initial conditions were defined using initial soil water content. The upper and lower boundary conditions were defined as the atmosphere boundary condition (BC) with runoff and variable pressure head, respectively. The initial conditions for solute transport were defined in terms of N concentration in soil water, calculated from basal fertiliser and initial water content assuming that fertiliser was mixed in the top 5 cm of soil. The boundary conditions were set to concentration flux BC for simulation of NH4+-N and NO3−-N.




2.2.4. Root Distribution and N Uptake


The root depth was set to 60 cm. The root density was assumed to decline linearly from surface to 60 cm depth. Root depth estimation is based on field measurement. Ramos, et al. [22] made a similar assumption. According to Zhou, et al. [30] the 95% of maize roots distribute in the top 60 cm. Chen, et al. [31] considered root zone depth as 70 cm. Root uptake was assumed to be passive for both NH4+-N and NO3−-N [22,27].




2.2.5. Model Evaluation


The statistical procedure was performed to evaluate the agreement between observed and simulated data. The coefficient of determination R2, modelling efficiency (EF) and root mean square error (RMSE) used for this purpose are given as:



Coefficient of determination


   R 2  =    {      ∑   i = 1  n   (  O i −  O ¯   )   (  P i −  P ¯   )       [    ∑   i = 1  n     (  O i −  O ¯   )   2   ]    0.5      [    ∑   i = 1  n     (  P i −  P ¯   )   2   ]    0.5      }   2   



(6)







Root Mean Square Error


  R M S E =       ∑   i = 1  n     (  O i − P i  )   2   n     



(7)




where     P i   are predicted values;   P ¯   is mean of predicted values;  O  are observed values;   O ¯   is mean of observed values. The optimum value of    R 2    is 1 while for   R M S E   it is 0.






3. Results and Discussion


3.1. Model Calibration and Validation


For the calibration and validation purposes the data sets of the first and second seasons were used, respectively. The calibration of water flow related parameters has been discussed before [32], only the calibration of N transformation parameters is discussed here. The observed NO3−-N and NH4+-N concentrations at 20, 40, 60, 80, and 140 cm depths during the first season were used to calibrate the solute transport and reaction parameters. The calibrated transport and reaction parameters were then used to simulate solute flux for the second season, for model validation. The average values of the goodness of fit indicators R2 and RMSE for NO3−-N, and NH4+-N are listed in Table 3. The goodness of fit indicators is within the range of values reported by different researchers [12,22,33,34].




3.2. Nitrogen Concentrations in the Soil Profile


Figure 6 presents the comparison between simulated and observed concentrations of NO3−-N in soil profile within the root zone (0–60 cm) during two seasons of the sweet corn. The maximum simulated NO3−-N concentrations in the root zone during the first and second seasons of sweet corn were recorded as 26 mg/L and 20.2 mg/L, respectively. Whereas the maximum observed NO3−-N concentrations for the first season and second season of field crop in root zone were 24.2 mg/L and 18.4 mg/L. The maximum concentrations were observed in topsoil (20 cm). The difference in maximum value between two seasons is regular rainfall events that occurred during the second season. The leaching rainwater carried the dissolved NO3−-N to deeper soil depth quicker than the first season where the resident time NO3−-N was higher. This reflects in high NO3−-N concentrations at 60 cm depth in the second season. Relatively longer NO3−-N resident time in topsoil is supported by the fact that concentrations at 20 cm tend to increase with time till the 61st day of growth while in the second season it increased till 51st day. The fertilizer application timing during the growth period was the same for both seasons. As the initial input value was defined as N concentration in a chain reaction, the minimum NO3−-N concentration value for both seasons was 0 mg/L. The simulated and observed NO3−-N concentrations in soil profile below the root zone (60–140 cm) are also presented in Figure 6. The NO3−-N concentration at 140 cm depth is negligible during the first season as compared to the second season. Figure 7 presents the NH4+-N concentration within the root zone. The results imply that NH4+-N remained within the root zone. No concentrations of NH4+-N have been recorded below the root zone. Overall both NO3−-N and NH4+-N concentrations were higher in shallower depths (root zone) due to direct contact with fertiliser applied surface.




3.3. Crop Nitrogen Uptake


The cumulative nitrogen uptake during the two sweet corn seasons was slow during the initial stage of the crop (Figure 8). The N uptake values reached 1.48 kg/ha and 1.32 kg/ha on the 20th day of plantation for the first and second seasons, respectively. The N uptake increased significantly after the 30th day of plantation and finally reached 45.1 kg/ha and 29.9 kg/ha during the first and second seasons, respectively. The N uptake accounted for 37.5% (first season) and 24.9% (second season) of total nitrogen input. The difference of N uptake between seasons is relatively consecutive rainfall in the second season and shorter growing season. The larger water content caused the reduction of N uptake [35]. Fuhrmann, et al. [36] found less N uptake by corn as compared to rice. The observed N uptake values were 22.9 kg/ha and 34.1 kg/ha on 56th and 76th day (harvesting) during the first season, 22.9 kg/ha and 34.1 kg/ha on 56th and 71st day (harvesting) during the second season. On later stages, NH4+-N uptake stopped which showed that all NH4+-N has been converted to NO3−-N. The NO3−-N was the dominating form of N uptake by the plant that was recorded as 83.6% and 78.5% of total N uptake in first and second seasons, respectively. The NH4+-N portion of total uptake was 16.4% in the first season and 21.5% in the second season.




3.4. Nitrogen Loss Due to Surface Runoff


The comparison between the simulated and observed N runoff losses during two seasons is shown in Figure 9. The simulated runoff values were determined considering the N concentrations at the surface observation point that represents runoff concentration. The observed amount of NO3−-N and NH4+-N lost through runoff were 29.6 kg/ha and 10.2 kg/ha, 14.8 kg/ha and 8.6 kg/ha during the first season and second seasons, respectively. The cumulative observed runoff loss was 39.8 kg/ha (first season) and 23.4 kg/ha (second season). The simulated runoff loss was 42.4 kg/ha (first season) and 26.7 kg/ha (second season). As the hydraulic conductivity of heavy textured soils is low, these high runoffs were expected under high-intensity rainfall. Few intense rainfall events during the first season caused the high N loss though the overall amount of rainfall was relatively less during the first season. The N loss due to runoff that occurred immediately after fertilizer application was significantly high as compared to subsequent runoff losses. However, the rate of loss through immediate runoff also vary among fertilizer applications and between two seasons. The variation in the rate of loss depends on the time gap between fertilizer application and rainfall occurrence and other factors that control the runoff, i.e., the antecedent moisture level, duration, and intensity of rainfall. Caiqiong and Jun [37] observed a significant increase in runoff generation chances when rainfall amount exceeded 10 mm during the study period.




3.5. Nitrogen Leaching


The details of simulated cumulative N fluxes at 20 and 40 cm depths during the first and second seasons are presented in Figure 10. The trend of vertical fluxes shows their higher accumulation during the second season. The significant amount of N applied during the first season was lost due to runoff, leaving behind a lesser amount of N to be infiltrated in the root zone as compared to the second season. The difference in vertical flux can be also attributed to relatively frequent and low-intensity rainfall events in the second season. A significant impact of rainfall contributed to leaching [9]. The cumulative flux of NO3−-N and NH4+-N continue to increase with time at 20 and 40 cm depths during both seasons. The NH4+-N flux decreased with increasing soil depth. The total NH4+-N flux at 40 cm dropped to 0.77 kg/ha and 2.55 kg/ha during the first and the second season due to various NH4+-N removal processes i.e., nitrification of NH4+-N to NO3−-N and plant root uptake in form of NH4+-N. As a result of nitrification, the NO3−-N concentrations in the root zone were much higher than NH4+-N. The NO3−-N concentrations that remained in the root zone were vulnerable to leaching along with water flux. The higher nitrate contamination was reported for larger precipitation [38]. The drop in cumulative N leaching curves at certain points shows the small additions of N from shallow water table as results of upward water movement due to capillary rise.



Figure 11 illustrates the daily and cumulative N fluxes at 60 cm depth. As the effective root zone was set at 60 cm, the leaching fluxes have been discussed for the top 60 cm of profile depth. The results of fluxes at 60 cm have been described as a sum of NO3−-N and NH4+-N as the most of the NH4+-N vertical flux occurred in the top 40 cm, the amount of NH4+-N present at 60 cm was negligible. The observed NO3−-N and NH4+-N concentrations at 60 cm were in the range of 0–24.2 mg/L and 0–4.1 mg/L, 0–18 mg/L and 0–4.4 mg/L during first and second seasons, respectively. The observed concentrations justify the NO3−-N as a dominant form in leaching water. The nitrogen (N) and water leaching are correlated. The comparison of N leaching between two seasons shows a similar pattern. The simulated N leaching loss accounted for 4.0% (4.8 kg/ha) and 18.5% (22.2 kg/ha) during the first and second seasons, respectively. Considering the heavy soil texture, the N leaching is significant for the second season. A study on corn under continuous furrow irrigation detected 18.3% (55 kg/ha at TNI of 300 kg/ha) of peak NO3−-N leaching. However, the rates of leaching were lower for low N applications [39]. The NO3−-N was again a dominating form of N leaching that was around 97% and 96% of total N leaching in first and second seasons, respectively. The NH4+-N portion in leaching was negligible. He et al. [35] reported 78% of N leaching in the form NO3−-N. As the NH4+-N was either utilized or converted to NO3−-N at shallower depths the NO3−-N ratio in the current study is high. The difference in simulated N leaching between two seasons is quite significant. The observed N leaching results were found in good agreement to simulated results.





4. Conclusions


The HYDRUS-1D simulation model was used to evaluate rainfall effects on nitrogen distribution and losses in the presence of a shallow water table under tropical rainfed conditions. The research was carried out for two different seasons to capture the variability. Since the rainfall met the requirement of crop water, further irrigation was not applied during growing seasons. The total amount of rainfall recorded during the second season was higher than the first season, which produced more leaching losses for the second season. Increase in leaching losses also caused the reduction in N uptake for the second season. However, the few high-intensity rainfall events resulted in more runoff losses during the first season as compared to the second season. This difference in N runoff and leaching losses between two seasons shows substantial impact on N transport dynamics due to small change in rainfall amount and intensity. Similarly, the use of scheduled irrigation in Malaysia would have dramatically increased the leaching losses. The study established the leaching and runoff as a main sink of N losses from crop field and in tropical climate, these losses may increase to an alarming level. The shallow water level on this site directly raises ground water pollution by leached N.



Farmers should consider avoiding planned irrigation and restricting fertilizer use before rainfalls, particularly in tropical climates, in order to minimize the losses of runoff and leaching. HYDRUS-1D was found useful in evaluating solute transport in the sweet corn field in the tropical climate. The model will help improve the quality of the groundwater, mitigate the loss of fertilizers and thus reduce production costs.
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Figure 1. Field layout of equipment installed for investigation of water and Nitrogen (N) balance components. 
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Figure 2. A view of the installation of different equipment in the field. 
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Figure 3. Comparison of observed water table fluctuation during the (a) first season and (b) second season of 2018. 
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Figure 4. The layout of soil water samplers installed at 20, 40, 60, 80, and 140 cm depth. 
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Figure 5. Flow chart presenting model simulation process and calculation of water and N balance components. 
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Figure 6. Comparison of simulated (Sim.) and observed (Obs.) NO3−-N concentrations during the (a) first season and (b) second season. 
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Figure 7. Comparison of simulated (Sim.) and observed (Obs.) NH4+-N concentrations during the (a) first season and (b) second season. 
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Figure 8. Comparison of simulated (Sim.) and observed (Obs.) cumulative nitrogen uptake during the (a) first season and (b) second season. 
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Figure 9. Comparison of simulated (Sim.) and observed (Obs.) cumulative N runoff fluxes during the (a) first season and (b) second season. 
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Figure 10. Comparison of simulated (Sim.) cumulative N fluxes at 20 and 40 cm depth during the (a) first season and (b) second season. 
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Figure 11. Simulated (Sim.) N leaching fluxes, cumulative N fluxes and observed (Obs.) cumulative N fluxes at 60 cm depth during the (a) first season and (b) second season. 
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Table 1. Physical properties of the soil in the experimental field at Malaysian Agricultural Research and Development Institute (MARDI).
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	Depth (cm)
	Clay %
	Silt %
	Sand %
	Textural Class
	Bulk Density (g cm−3)
	Conductivity Ks (cm d−1)





	0–20
	65.36
	9.79
	24.84
	Clay
	1.36
	12.86



	20–40
	53.28
	15.24
	31.45
	Clay
	1.39
	12.43



	40–60
	58.66
	13.12
	28.23
	Clay
	1.31
	12.78



	60–80
	70.20
	20.22
	09.58
	Clay
	1.22
	18.11



	80–140
	71.74
	18.03
	10.23
	Clay
	1.24
	17.56
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Table 2. Details of agricultural activities in the experimental field at MARDI during two sweet corn growing seasons.
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	First Season (2018)
	Second Season (2018)
	Agricultural Activities





	16 February
	5 September
	Basal fertilizer application

(60 kg N·ha−1) NPK 15:15:15; Sowing of sweet corn

(10 kg of seed·ha−1)



	10 March
	26 September
	Second fertilizer application

(25 kg N·ha−1)



	24 March
	10 October
	Third fertilizer application

(25 kg N·ha−1)



	5 April
	21 October
	Fourth fertilizer application

(10 kg N·ha−1)



	3 May
	15 November
	Harvesting
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Table 3. Statistical analysis of the comparison between observed and simulated N contents.
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Season

	
Solute

	
R2

	
RMSE (mg·L−1)






	
1

	
NO3−-N

	
0.99

	
0.62




	
NH4+-N

	
0.97

	
0.26




	
2

	
NO3−-N

	
0.99

	
0.46




	
NH4+-N

	
0.95

	
0.28












© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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