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ABSTRACT 

Excessive fertilizers were applied to crops due to lack of precise nutrients content assessment of soil and 

water in SawahSempadan area. However, assessing the nutrients elements content of the irrigation water is 

essential in prescribing fertilizeron the irrigated farm. Three water samples were obtained from the study 
area in four different locations; Canal, Field, Drains and Shallow groundwater. These samples were 

subjected to a standard method of chemical analysis to quantify the following parameters; pH, Turbidity, 

Alkalinity, Potassium, Nitrate, Ammonia and Phosphorus. The results showed all were within the safe 
range for plants growth. While the quantity of some of the major fertilizer components such as nitrogen, 

potassium and phosphorus were significantly high. The canal water contained 118.4 kg/ha and 8.6 kg/ha of 
potassium and phosphorus respectively, these quantities were significant enough to affect the rate at which 

fertilizeris being applied to the farm. The total amount of potassium added by canal water amount to 20% 

of the total fertilizer applied throughout the season. Following these findings, it is strongly recommended 
that fertilizer application should not be based on soil nutrient mapping only but also nutrients content of 

irrigation water. This will reduce the cost of inputs, soil damage and increase profit. 

Keywords: Nutrients content, fertilizer application, rice, irrigation. 

 

1.0 INTRODUCTION 

 

Almost all irrigation waters contain some form of 

dissolved salts and trace elements, many of which 

results from chemical reactions from the rain, 

natural weathering of the earth's surface and by 

artificially from chemicals added to the soil such as 

fertilizers, pesticides and herbicides (Paul and 

Qaiyum, 2009; Zhang et al., 2012; Zachary et al., 

2004; Cui et al., 2010). In addition, drainage waters 

from irrigated lands and effluent from city sewage 

and industrial waste water in some cases can have 

significant impact on water quality (Aragu, 2004). 

In most situations, the primary concern is salinity 

levels, since salts can affect both the soil structure 

and crop yield. However, a number of elements are 

found in water which can limit its use for 

irrigation. The problem of development of soil 

salinity in irrigated areas is mostly due to 

application of already saline water and rise in 

groundwater table where dissolved salts are 

brought to the surface (Maina et al., 2012). 

Irrigation water quality can affect the yield of crop 

unless it is constantly been monitored. Irrigation 

has been practice for quite a long time in 

Tanjungkarang but the effect of this water property 

has not been reported. The definition of water 

quality is very much depending on the desired use 

of water and fertilizer application. Hence, different 

uses require different criteria of water quality as 

well as standard methods for reporting and 

comparing results of water analysis (Khodapanah 

et al., 2009). The importance of irrigation water 

quality is to assist in the production of high quality 

and high yield has been emphasized over the years 

through publications and various literature sources 

(Dabrowski et al., 2009; Bauder et al., 2008; 

Scagel et al., 2011).  

Irrigation water quality can be evaluated with a 

water- quality test. Besides affecting crop yield and 

soil physical conditions, irrigation water quality 

can affect fertility needs, irrigation system 

performance and how water can be applied. 
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Therefore, knowledge of irrigation water quality is 

critical in understanding the overall effect on yield, 

and in response what management changes are 

necessary for long-term system productivity 

(Keshavarz et al., 2012). Excess nitrate in water is 

one of the major environmental impacts of 

agricultural production, resulting in decreasing 

groundwater quality and increasing eutrophication 

of surface inland water and coastal marine 

environments (Quemada et al., 2013). 

The present practice in SawahSempadan area of 

Tanjungkarang Irrigation Scheme as regard to 

fertilizer application is based on the soil nutrients 

assessment i.e. nutrients mapping. However, 

Irrigation water nutrientis another vital source of 

chemical such as nitrates which may affect 

fertilizer application. So far few studies have been 

conducted related to the above case in 

SawahSempadan. This study will unfold the status 

of irrigation water quality in the study area; it may 

change the framework of fertilizer application 

based soil nutrient map currently practiced. 

Fertilizer application could be a source of the 

nutrient elements in the field, drainage and shallow 

ground water because of the huge amount applied 

every growing season and over a large area of land 

(Quemada et al., 2013; Paul and Qaiyum, 2009; 

Scagel et al., 2011). However, these problems can 

usually be overcome by good fertilizer and 

irrigation managementif only theamount in the 

field and water were properly determined. 

The purpose of this study was to assess the nutrient 

contents of the irrigation water in TanjungKarang 

irrigation Scheme, and toproffer recommendations 

by adjusting the fertilizer application and/or 

appropriate irrigation scheduling. 

 

2.0 MATERIALS AND METHODS 

 
2.1 Study Area 

The base station chosen for this study was 

SawahSempadan which is located in the Middle 

West part of Peninsular Malaysia and sited 100 

km north of Kuala Lumpur. SawahSempadan is 

one of the eight irrigation compartments of the 

TanjungKarang Irrigation Scheme. The research 

area ‘Block C’ (Figure 1) is located at 

3
o
28’09.63465”N 101

o
13’26.48399”E with 

approximate altitude of 6.2 m above mean sea 

level.  

 

2.2 Materials 

The Materials and equipment used in this study 

were water sampling bottles, Turbid meter model 

HACH 2100N, Spectrophotometer (HACH, 

DR/2500), Mettler Toledo - S220 - pH Meter, 

and PerkinElmer® Optima™ 7300 DV ICP-

OES.  

 

 

 
 

Figure 1: Experimental Plot (Block C) SawahSempadan 

 

2.3 Methods 

Standard sampling techniques were employed as 

indicated in field manual for the collection of 

water-quality data (Myers, 2006). The samples 

were taken at a weekly interval from the date of 

transplanting to the end of the growing season of 

rice in the research area. The sampling points 

were; Rice field, Canal, Drainage, and Shallow 

well (underground) each with three samples for 

analysis. 

Heavy metals like phosphorus and potassium 

were determined using the PerkinElmer 

Optima™ 7300 DV ICP-OES instrument. While 

alkalinity was determined from the following 

relation. 

Alkalinity (mg/L) = 50,000 (10 ) 
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Spectrophotometer was used to determine the 

presence of Nitrate and Ammonia, while turbid 

meter was used for turbidity and mettle Toledo-

S220 was used for the pH measurements. 

Samples were prepared, all measurements and 

analysis were carried out in the Chemical 

Engineering laboratory at University Putra 

Malaysia based on standard procedures (Myers, 

2006). 

The practice of fertilizer application during the 

season of the study at SawahSempadan is as 

shown in Table 1. 

 
 

 

Table 1: Fertilizer application rate in SawahSempadan 

 

 

 
Table 1 displays the fertilizer allocation criteria 

based on the soil nutrients mapping in the study 

area for the season, first week NPK compound 

fertilizer was applied at the rate 250 kg/ha. Two 

weeks later Urea was added at the rate 100 kg/ha 

while in the 6
th

 week after transplanting both 

NPK and Urea was added to the at 250 and 42 

k/ha respectively. Finally, at the 8
th 

week, NPK 

was added at the rate 150 kg/ha in the ratio of 

12:12:17.2. 

This study designs its sampling techniques 

following the above criteria to determine the 

influence of these chemical fertilizers on the 

irrigation water. 

 

 

3.0 RESULTS AND DISCUSSION 

 
 

 

3.1 Results 

The results of the weekly assessment of irrigation 

water at TanjungKarang irrigation scheme was 

displayed in Tables 2-5.  

Table 2 contains the record of the values of the 

properties and chemical contents of the irrigation 

water in the canal. The nutrients content of 

catchment fresh water which was diverted from 

the on-the-flow river and directly into the farm 

presumably has no fertilizer components. 

However, the result shows normal and save level 

of pH ranges according to FAO irrigation water 

quality standard. Same applies to other element 

as they are related to the nutrient elements of the 

plants. Acidic water tends to keep minerals in 

solutions and will typically cause corrosion 

problems when levels were below 6.5 (Etesami et 

al., 2010). 

 

 

 

 

 

 

 

Week Fertilizer Quantity (kg/ha) Ratio Irrigation (mm) 

1 NPK 250 17.5:15.5:10 298 

2    70 

3 Urea 100 N/A 70 

4    62 

5    42 

6 NPK + Urea 250 + 42 12:12:20 42 

7    42 

8 NPK 150 12:12:17.2 42 

 9    84 

10    164 

 Total 926 
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Table 2: Water Quality of the Canal 
 

Week 1 2 3 4 5 6 7 8 9 

pH  7.205 7.863 6.790 7.540 7.360 7.750 7.823 7.810 6.833 

Nitrate, (mg/L) 2.850 3.067 2.333 6.000 5.650 2.060 2.303 2.903 0.433 

Ammonia, (mg/L) 0.760 0.130 1.087 1.183 0.713 0.660 1.223 2.217 0.960 

Alkalinity, (mg/L) 0.008 0.040 0.008 0.018 0.012 0.031 0.034 0.037 0.004 

Turbidity, (NTU) 24.867 12.733 56.400 13.667 80.067 74.867 70.700 35.233 64.200 

Potassium, (mg/L) 2.128 34.890 4.438 39.030 3.302 4.042 3.713 8.299 3.883 

Phosphorus (mg/L) 1.123 3.623 1.128 1.308 0.090 0.033 0.031 0.020 0.206 

 

 

Table 3: Water Quality of the Field 

 

Week 1 2 3 4 5 6 7 8 9 

pH 6.46 7.08 6.60 7.50 7.47 7.04 7.69 7.47 7.65 

Nitrate(mg/L) 1.92 11.00 1.66 2.13 4.44 2.18 4.79 1.64 1.85 

Ammonia(mg/L) 2.10 18.50 7.53 0.55 0.54 0.51 1.27 1.30 0.84 

Alkalinity(mg/L) 0.00 0.02 0.00 0.02 0.02 0.01 0.05 0.07 0.04 

Turbidity (NTU) 16.08 17.00 31.38 27.35 32.21 39.13 39.32 44.66 65.57 

Potassium(mg/L) 4.03 3.24 1.64 4.59 33.87 11.45 2.59 1.27 0.90 

Phosphorus(mg/L) 10.24 4.70 0.36 1.22 0.44 0.05 0.89 0.76 0.10 

 
Table 3 contains the record of the values of the 

properties and chemical contents of the irrigation 

water in the field; this is where the rainfall, 

irrigation water and fertilizers were mixed. 

Fertilizer application as scheduled in table 1 

clearly indicated that application of fertilizer 

began from the first week after transplanting by 

applying NPK fertilizer, it was repeated in the 

third week but with Urea while sixth and eighth 

week with compound fertilizer (NPK). This was 

where accumulation of some of the nutrients 

happened due to the combination of the nutrients 

contents in irrigation water and that of the 

fertilizer, which was why this study focuses more 

on the nutrients element. It could be observed 

that significant amount of phosphorus and 

potassium existed in the field from the first week 

of transplanting and this reading was taken 

immediately the rice was transplanted just before 

the first fertilizer application. 

 

 

Table 4:  Water quality of the Drainage 

 

Week 1 2 3 4 5 6 7 8 9 

PH 7.100 7.137 6.770 7.707 7.550 6.307 7.703 6.903 7.983 

Nitrate(mg/L) 1.700 3.967 1.567 3.567 5.650 3.083 7.033 1.427 1.407 

Ammonia(mg/L) 0.485 0.530 1.000 0.223 0.403 1.637 1.650 0.900 1.933 

Alkalinity(mg/L) 0.006 0.009 0.020 0.050 0.021 0.005 0.025 0.005 0.050 

Turbidity (NTU) 71.467 6.087 3.820 5.463 11.790 15.020 11.600 17.833 104.100 

Potassium(mg/L) 1.141 2.215 3.950 3.922 1.537 19.310 7.794 34.360 2.144 

Phosphorus(mg/L) 1.135 18.860 0.220 1.028 0.179 0.258 0.048 1.761 0.004 
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Table 4 contains the record of the values of the 

properties and chemical contents of the irrigation 

water in the drainage, it was highly anticipated 

that drainage will contain these elements for the 

fact that in case of high rainfall event that over 

flows the drainage will wash away fertilizer into 

the drainage. Fortunately for this season of study 

that did not happen, therefore drainage contained 

almost no water except small quantity which was 

as results of some rainfall events. 

 

Table 5: Water Quality of the Shallow Well 

 

Week 1 2 3 4 5 6 7 8 9 

PH 6.77 8.02 7.69 7.75 7.59 7.63 8.27 7.70 7.53 

Nitrate(mg/L) 2.03 5.76 2.20 2.34 0.92 1.84 5.13 1.94 2.57 

Ammonia(mg/L) 1.14 0.84 1.02 0.60 0.63 0.63 1.47 1.39 1.26 

Alkalinity(mg/L) 0.00 0.07 0.04 0.04 0.03 0.03 0.19 0.05 0.09 

Turbidity 36.11 15.18 22.70 23.38 16.81 19.53 36.44 55.84 65.24 

Potassium(mg/L) 0.25 0.90 21.23 23.32 20.86 35.54 24.67 5.87 2.48 

Phosphorus(mg/L) 9.91 4.70 0.62 2.02 0.70 0.85 0.73 13.36 0.08 

 
Table 5 contains the chemical elements of the 

shallow ground water which according to some 

of our studies rose due to the percolation of 

irrigated water. However, the results shows that 

significant amount of phosphorus exist in the first 

week after transplanting, this happen also in the 

third to seventh week of transplanting there is 

significant amount of potassium, but this may be 

due to the fertilizer leached to the water table. 

 

     
Figure 1:  Variation of pH level     Figure 2:  Variation of Nitrate level 

 
Figures 1-7 presents visualization of the trend of 

these nutrients elements in the canal, field, drain 

and well (ground water) from transplanting until 

when irrigation application was stopped. It could 

be observed that  all elements were grouped 

based on the sample locations. Fig.1 shows the 

trend of the pH values in the locations and the 

fluctuations of these values across the weeks, the 

higest and the lowest pH value was recorded in 

the drains, while the  shallow well maintain pH 

level moderately throughout the season. 

Figure 2 displays the nitrate level in the study 

area across the weeks, nitrate quantity was 

recorded to have fluctuated in all the sampling 

locations, the higest values occur in the field at 

the second week, it may be influence by the 

fertilizer application in the first week. While the 

lowest value obtainedin the drain in the third and 

eigth week. 

Figure 3 shows the ammonia content of the canal, 

field, drainage and shallow well water for the 

period of nine weeks of the active growing 

season of rice in the study area. The canal 

contained a resonable amount of ammonia and 

the quantity rose up to 2.5 mg/l and that amount 

to atotal average of 25.7 kg/ha which were 

brought in from the canal. 

Highest ammonia level was recorded at the field 

in the second week of the season and decline 

steeply to the lowest level. Nitrogen in irrigation 
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water (N) is largely a fertility issue, and nitrate-

nitrogen (NO3-N) can be a significant N source in 

irrigation water.

 

 
 

Figure 3:  Variation of Ammonia level   Figure 4:  Variation of Alkalinity level 

 
 

The alkalinity of the irrigation water fluctuate 

evenly in the four location of sampling points, 

but they were within the safe level according 

FAO irrigation water quality guidelines. 

Similarly, in the case of turbidity (Figure 5). 

However, high turbidity shown in the canal was 

due to the fact that the irrigation water was 

diverted from the run-off–the-river which runs 

through a thick forest watershed of composed 

organic matters. 

Figure 6 displays the potassium element being 

one of the macro element of plant and constitutes 

one of the major components of fertilizer. In the 

canal the quantity fluctuates but rose to a 

maximum of of 39.0 mg/l. The total average 

potassium that accumulate at the field due the 

canal water was found to be 118.4 kg/ha, and this 

is significant when it comes to fertilizer 

application. This was one of the most significant 

findings in this study, since knowing the nutrient 

element quantities is key to fertilizer application 

in terms of quantities as well as the ratio of the 

elements. 

 

       
 

Figure 5:  Variation of Turbidity level   Figure 6:  Variation of Potassium    level 

 
In similar scenario, phosphorus was one of the 

elements of compound fertilizer and its quantities 

does not appear as much as that of potassium, 

however, there was an evidence of some quantity 

in the canal water especially at the beginning of 

the second weekas shown in Figure 7, the trend 

goes in the same direction in the canal, field and  
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the drain but contrary to the case of shallow 

groundwater in the well where the phosphorus 

content decline sharply and then rose again 

toward the end of the season. The eigth and ninth 

week experience high phosphorus content, but 

the overall total average in the canal was only 8.6 

kg/ha. 

 

 

 
 

Figure 7:  Variation of Phosphorus level across the week 

 

 

4.0 CONCLUSION 

 
The irrigation water nutrients assessment was 

carried out at SawahSempadan of Tanjungkarang 

irrigation scheme, with the aim to unfold the 

nutrient content of the irrigation water to 

ascertain the safe level as well as the beneficial 

aspect to soil nutrients. The findings showed that 

all the nutrient elements were within safe level to 

the crops. However, in terms of finding any 

benefits, it is astonishing to note that substantial 

amount of the nutrients element was found in the 

irrigation water. This will change the pattern and 

rate at which fertilizer was being applied to the 

rice farm in this area. The study also indicated 

that these elements also move down to the 

shallow groundwater table, the effect on plant 

may be negligible as small quantity was found in 

the groundwater. On average, the canal delivers 

118.4 kg/ha and 8.6 kg/ha of potassium and 

phosphorus respectively into the farm. This is 

significant to affect the rate at which fertilizer 

were being applied to the farm. The total amount 

of potassium added by canal water constitutes 

20% of the total fertilizer applied throughout the 

season. This study could be used in the 

prescription of fertilizer in the farm and it will 

reduce significantly the amount of fertilizer 

applied to the farm, as opposed the current 

practice of fertilizer application based only on 

soil nutrient mapping.  
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