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Abstract. The aim of the present research started in 1977 as a lysimetric experiment in 

the Institute of Soil Science and Plant Cultivation in Puławy, was, among others, determination 

of the leaching dynamics for plant nutrients as related to type of soil and level of NPK fertiliza- 

tion. To this end, determination of soil water balance, changes in the chemical composition of 

the lysimetric filtrates and level of ion leaching during consecutive months and years of the the 

experiment. 

In the conditions of the present lysimetric experiment, effects of season, type of soil and plants 

on the amount of filtrates collected was observed. Nitrate concentration in the filtrates was related to 

the kind of soil, its utilization and fertilization level. Nitrate concentration in the water percolating 

through the fallow soil, particulary loess and loamy soils, was usually higher than the water from the 
cultivated soils. There was no effect (similarly to the previous years) of the fertilization level on the 

nitrate ions losses from the soil. The highest amount of nitrogen was lost from the fallow soil (the 

mean of 9.3-14.2 g т” year! ). 
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INTRODUCTION 

Nutrients which were not taken up by plants or adsorbed by the soil complex, 

may be transferred with rainfall down the soil profile to the ground water. It is 

necessary to protect water against pollution. Hence, there is a need to evaluate 

mineral component penetration from the soil to the ground water as a result of per- 

colation. 

There are a lot of methods to evaluate this process. One of them is a lysimetric 

experiment which has not been often applied in our country. 

The aim of the present research started in 1977 as a lysimetric experiment in
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the Institute of Soil Science and Plant Cultivation in Puławy, was, among others, 

determination of the leaching dynamics for plant nutrients as related to type of soil 

and level of NPK fertilization. To this end, determination of soil water balance, 

changes in the chemical composition of the lysimetric filtrates and level of ion 

leaching during consecutive months and years of the the experiment. 

METHODS 

Investigations were conducted in 1991-1994 at the Institute of Soil Science and 

Plant Cultivation in Putawy. 

Concrete lysimeters (1 m? surface area, 1.4 m depth) were filled with three differ- 

ent kinds of soil: brown soil developed from loamy sand, brown soil developed from 

loess, and grey-brown soil developed from light loam on heavy loam. Soil materials 

were put into the lysimeters following the natural genetic horizons. Plants were culti- 

vated in the following four-year cycles: potato, spring barley, winter rape and winter 

wheat. Three rates of mineral NPK fertilizers (simple, double and triple), liming, and 

bare fallow without any fertilization as a control, were applied in this experiment. 

For more details on the method see previous papers [4,5]. 

Soil filtrates were collected to polyethylene containers. Once a month, after 

weighing, the filtrate samples and rainfall samples were collected, and the NO3 

concentration was determined with the colorimeric method by means of phe- 

nolodisulphonic acid. 

RESULTS 

Lysimetric filtrates 

In this paper monthly means from the period 1991-1994 for the filtrates and 

rainfalls amount were presented. These results are the basis for the evaluation of 

the dynamics of NO3° ions leaching from the soil. The highest amount of rainfall 

was noted from May to October (Table 1). Comparing monthly mean levels of 

rainfall and lysimetric filtrates, it can be noted that the amount of water percolated 

through the soil is sometimes bigger than the amount of rainfall. It was observed 

in March for the cultivated soils and in December, January and March for the bare 

fallow soils (Table 4). It was the effect of such factors as low evaporation, subsoil 

freezing, heavy rainfall in the last days of the month. Hence, rainfall water was 

only partly infiltrated. During an intensive vegetation period from May to Septem- 

ber, the amount of filtrates from the cultivated soil was minimum (loamy soil) or it



DYNAMICS OF NITRATE LEACHING FROM SOILS 287 

Table 1. Percolating water as a percentage of rainfall in the cultivated plots 

Month Rainfall Soil 

  

  

  

  

(mm) sandy loess loamy 

1 2 3 1 2 3 1 2 3 

XI 43 32.5 29.0 34.1 18.8 9.5 11.8 34.3 20.0 15.3 

XII 35 49.7 52.3 55.4 44.0 36.1 34.3 77.8 62.2 56.5 

1 25 82.2 64.8 65.6 45.5 39.5 32.4 109.1 84.2 54.9 

II 27 16.8 20.9 16.8 18.7 2.6 4.9 36.6 44.0 22.0 

Ш 36 122.8 118.9 109.7 103.1 73.8 83.6 142.5 127.5 119.2 

IV 44 63.0 62.8 61.4 45.1 51.0 54.2 80.6 65.5 66.8 

У 47 8.5 6.8 6.8 - - - Td 5.1 5.5 

VI 60 1.8 0.8 1.0 - - - 3.3 2.8 2.8 

VII 38 - - = - = = 1.8 1,1 0.8 

VIII 54 - - - m - - 0.6 - - 

IX 73 - 5 = 3 = - 8.2 1.2 - 

X 55 24.3 11.3 1542 4.0 - - 27.8 19.0 - 
  

1,2,3 - level of МРК fertilization. my 

was total inhibition of percolation (loess soil and sandy soil). Incraesing levels of 

fertilization did not have any significant influence on the amount of filtrates received 

from the particular soils. Comparison of filtrate amounts from the individual objects 

that the highest amount of filtrates in a year was collected from the bare fallow soils. 

The monthly means were from 5.0 to 145.6% of rainfalls from the loess soil, 19.4 to 

129.2% from the loamy soil and from 20.5 to 1611% from the sandy soil (Table 4). 

During the year, from 14.4 to 36.2% rainfall water percolated on the average 

through the cultivated soils. Percolating through the bare fallow soils was higher 

and it was from 48.2 to 67.7% (Table Sa). 

Concentration of nitrate ions 

Nitrates are the main component of water pollution in the agricultural areas. 

Results obtained from the lysimetric experiment showed that there was a high 

probability of nitrate anion transfer with the filtrates. Monthly means of N-NO3” 

concentration calculated for the period 1991-1994 (Table 2) show that there is re- 

lation between the concentration of this nitrogen form in the filtrates and the kind 

of soil. During those years, the lowest concentration of nitrate ions was found in 

the filtrates from the cultivated loess soil and the highest from sandy soil. Among 

the bare fallow soil objects, the highest concentration of nitrates was found in the 

filtrates from loamy soil. Concentration of nitrate ions in the water flowing out 

from the fallow loess plots and loamy soil was always higher than in the filtrates
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Table 2, Concentration of nitrate ions (mg/dm>) in the cultivated plots 

  

  

  

  

  

  

  

  

  

Month Soil 

sand} loess loam 

1 2 3 1 2 3 1 2 3 

XI 45.7 57.6 59.9 8.0 122 23.5 12.8 18.9 21.2 

XII 37.7 42.4 42.1 7.1 8.7 19.4 17.2 21,5 25.6 

I 35.6 38.4 41.6 9.6 8.5 20.7 23.3 29.6 27.0 

II 46.7 58.9 57.8 7.0 14.3 23.1 23.5 24.6 33.9 

NI 40.3 50.7 46.1 15.9 15.1 24.3 25.5 231 30.1 

IV 29.0 32.7 31.6 31.0 31.4 25.6 26.6 20.7 36.1 

У 27.5 37.5 40.6 - - - 19.4 20.8 23.1 

У 36.4 30.0 50.0 = - - 25.0 20.6 17.6 
VII e - - - - - 14.3 12.5 16.7 
VII - - - - - - 8.3 - - 

IX - - - - - - ый 11.1 - 

X 36.1 371 45.3 2.3 - - 23.7 25.0 - 

1,2,3 - level of NPK fertilization. 

Table 3. Leaching of nitrate ions (g m) in the cultivated soils 

Month Soil 

sandy loess loam. 

I ż 3 1 2 3 1 2: 3 

XI 0.64 0.72 0.88 0.06 0.05 0.12 0.19 0.17 0.14 

XII 0.66 0.78 0.82 0.11 0.11 0.21 0.47 0.47 0.51 

I 0.74 0.63 0.69 0.11 0.08 0.17 0.64 0.63 0.37 

II 0.21 0.33 0.26 0.03 0.01 0.03 0.23 0.29 0.20 

III 1.78 217 1.82 0.59 0.41 0.73 1.31 1.06 1.29 

ТУ 0.81 0.91 0.86 0.62 0.71 0.61 0.95 0.60 1,07 

У 0.11 0.12 0.13 - - - 0.07 0.05 0.06 

VI 0.04 0.01 0.03 - - - 0.05 0.03 0.03 

VIT - - - - - - 0.01 0.01 0.01 

УП - - - - - - 0.01 - - 

IX - - - - - - 0.07 0.01 - 

X 0.48 0.23 0.39 0.01 - - 0.36 0.26 - 
  

1,2,3 - level of NPK fertilization. 

from the cultivated plots. Seasonal changes were not observed. Nitrates are trans- 

ferred to the water with rainfall or due to the mineral changes of organic matter in 

the fallow conditions. In the objects, where the highest fertilization doses were ap- 

plied, a tendency to increase concentration of nitrate ions was observed in the fil- 

trates from the objects of the NPK II sandy soil and NPK III loess and loamy soils
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Table 3a. Leaching of N from the soil (% of rate) 

  

  

Years Level of Ist year 2nd year 3rd year 4th year Sum 

fertilization 

Sandy soil 

1991-1994 1 0.25 0 1,28 1.64 3.17 
Il 0.29 0 1,59 1.74 3.62 

1992-1995 1 0 2.53 6.12 0.21 8.86 
И 0 0.12 1.80 0.07 1.99 

1993-1996 1 4.10 7.50 0.24 0.08 11.92 
И 4.42 6.77 0.35 0.18 11.72 

Loess soil 

1991-1994 1 0 0 0.11 0.08 . 0.19 
I 0 0 0.29 0.40 0.69 

1992-1995 1 0 0.97 2.70 0 3.67 
И 0 0.71 1.53 0 2.24 

1993-1996 1 1.39 1.68 0 0 3.07 
I 1.86 2.05 0 0 3.91 
  

Table 4. Percolating water, concentration and leaching of nitrate ions from the fallow soils 

  

  

  

Month Precipi- Percolate Concentration Leaching 
tation % precipitation (mg dm?) (g п) 

(пт) р L G р L G р L G 
XI 43 83.8 59.6 59.6 48.2 39.7 55.3 1.74 1.02 1.42 

XII 35 107.4 105.4 95.7 40.7 36.4 42.4 1.54 1:35 1.43 

1 25 137.9 125.1 120.2 41.5 ЗО 37.8 1.45 1.04 1.15 

И 27 57.5 35.4 53.0 $1.9 35.8 44.4 0.80 0.34 0.63 

Ш 36 161.1 145.6 1292 47.2 32.6 41.7 2.74 1.71 1.94 

IV 44 89.8 80.0 70.9 34.2 43.6 47.1 1.36 1.56 1.48 

У 47 26.6 8.5 1.4 36.8 37.5 39.6 0.46 0.15 0.36 

VI 60 36.1 13.4 31.7 42.1 30.0 45.3 0.91 0.24 0.86 

VII 38 44.1 5.0 44.6 26.3 42.1 32.5 0.44 0.08 0.55 

УШ 54 20.5 - 27.1 19.1 - 33.1 0.21 - 0.48 

IX 73 60.4 31.4 43.9 304 28.1 47.4 1.35 0.65 1.53 

X 55 65.3 53.6 47.7 32.5 37.5 48.7 1.16 1.10 1.27 
  

P- sandy soil; L - loess soil; G - loamy soil. 

as compared to the NPK I objects. For example, the mean concentration of nitrate 

nitrogen in March, in the filtrates from the sandy soil NPK I objects was 40.3 mg 

dm (Table 2), while from the NPK II objects - 50.7 mg and NPK III - 46.1 mg. 

In the filtrates from the loess soil NPK I objects, concentration of nitrate ions was 

(in the same month) 15.5 mg N- NO3 dm” from NPK II objects - 15.3 mg and 

from NPK III objects 24.3 mg N dm. A similar regularity was observed for the
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Table Sa. Percolating water as a percentage of rainfall, sum for the year 

  

  

  

Year Rain- Cultivated plots Fallow plots 

fall р L G Р тб 
(mm) 

2 3 1 2 3 1 2 3 1 2 3 
  

1991 425 30.0 26.1 284 18.9 21.4 24.1 33.9 277 30.6 53.4 274 43.9 
1992 568 7.2 106 10.6 - 19.0 13.5 5.8 71.3 48.4 58.6 
1993 489 41.9 39.1 40.0 26.8 49.8 422 38.1 76.3 51.9 60.0 
1994 668 324 257 242 12.9 423 32.7 216 675 584 57.9 
Sum 2150 - - - - - - - - - - 
Mean 537 274 24.8 25.0 18.5 144 14.9 36.2 28.8 23.0 677 482 55.8 

P - sandy soil; L - loess soil; G - loamy soil; 1,2,3 - level of NPK fertilization. 
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Table 5b. Concentration of nitrate ions (mg аш”), mean values for the year 

  

  

  

Cultivated plots Fallow plots 

Year р L G РЕ д 
1 2 3 l 2: 3 1 2 3 1 2 3 
  

1991 21.1 23.7 261 7.7 9.5 184 198 17.5 180 21.6 13.5 15.2 
1992 50.2 56.9 554 - dal - 22.5 17.1 16.3 52.9 262 473 
1993 40.9 43.5 472 172 184 263 165 19.9 30.0 41.8 573 64.9 
1994 40/7 54.3 487 18.1 25.9 38.5 29.2 316 43.3 328 351 382 
Mean 37.2 44.3 43.8 15/7 17.8 27.0 22.5 232 298 389 357 437 

Table Sc. Mean leaching of nitrate nitrogen (g m) in a year 

  

  

  

Cultivated plots Fallow plots 
Year р L G P L G 

l 2 3 1 2 3 1 2 3 1 2 3 
  

1991 2.70 2.63 3.15 0.62 0.86 1.88 2.85 2.06 235 490 1.57 2.84 
1992 2.06 3.42 3.32 - 0.01 - 2.43 1.31 0.54 2141 7.19 15.74 
1993 8.36 830 9.21 2.71 2.44 3.44 4.01 4.11 5.59 15.57 14.55 19.02 
1994 882 9.31 7.87 2.89 2.18 3.31 8.24 6.90 6.25 14.80 13.71 14.78 
Sum 21.94 23.66 23.55 6.22 549 863 17.53 14.38 14.73 56.68 37.02 52.38 
Mean 5.49 5.92 5.89 1.56 1.37 2.16 4.38 3.60 3.68 14.17 9.26 13.10 

loamy soil filtrates. The filtrates from the NPK I plots contained 25.5 mg of N- 

NO3 , from NPK II plots - 23.1 and from NPK III plots - 30.1 mg dm”. The lots- 

30.1 mg dm’, The annual means of nitrate nitrogen concentration in the investigated 

period (Table 5) pointed out to an increasing tendency observed together with an in- 

crease in the fertilizer rates, particulary in the case of filtrates from the loess and 

loamy soils. For the sandy soil with the lowest NPK fertilization rate, concentration
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of nitrate ions was 37.4 mg, while with the highest rate, 43.7 mg N-NO3 dm** and 

was similar to the NPK II - 44.1 mg. High concentration of nitrates for the filtrates 

from the loamy soil was observed, however, it was significantly lower than for the 

sandy soil, i.e.: for the NPK I objects - 22.2 mg dm, for the NPK III objects - 

30.1 mg N dm”. A similar tendency was noted for the filtrates from the loess soil. 

They had lower concentration of nitrates than the filtrates from the sandy and 

loamy soils. Also in this case a long-term and diversified fertilization influenced 

concentration of NO3 ions. Nitrates concentration in the filtrates from the NPK I 

objects was 15.7 mg, while from the NPK III - 24.2 mg N- NO3 dm. An in- 

crease in the mean N concentration of the filtrates together with an increasing 

NPK fertilization rate is not statistically confirmed. 

Nitrate leaching 

Nitrate leaching (a product of filtrate concentration and amount), was very dif- 

ferentiated in the present lysimetric experiment during the whole year. This was 

also related to the kind of soil and object fertilisation. The lowest nitrogen losses 

by leaching were noted for the loess soil. Twice or triple higher losses were ob- 

served for the loamy and the sandy soils. During the year, the highest leaching was 

observed in March. This was obviously related to the highest amount of filtrates in 

that period. The annual means of nitrogen losses from the cultivated soils were: (in 

g m” year!) in the loess soil 1.37-2.16, loamy soil 3.60-4.38 and from sandy soil 

5.49-5.92. What was even more significant, nitrogen penetration to the soil water 

was: 9.26 g from the loess soil, 13.10 g from the loamy soil and 14.17 g m year" 

from the sandy soil in the fallow objects (Table 5c). On the basis of the present 

lysimetric experiment carried out in 1991-1996 on the sandy and loess soil (NPK I 

and NPK II objects) with the application of double ЗН МО labelling as a fer- 

tilizer, we can conclude that the amount of nitrogen fertilizer which was leached in 

the four-year period was for the sandy soil from 2.0 to 12.0% of the dose, while 

for the loess soil, from 0.2 to 3.9% of the applied dose. The highest losses were 

noted during rape cultivation, from November 1992 to April 1993 and during 

wheat cultivation, in the spring of 1994. 

DISCUSSION 

Among numerous problems related to fertilization, determination of losses in 

the mineral components as a result of leaching from the soils are of particular eco- 

nomic and practical importance. Level of leaching from the soil is the product of



S. SYKUT r o 5 
  

the initial ion concentration and amount of infiltrating water. In the lysimetric 

experiment conducted in 1991-1994, contribution of filtrates in relation to rain- 

fall water was at the level of 7.2 to 41.9% for the sandy soil, 0 to 33.2% for the 

loess soil and 5.8 to 49.8% for the loamy soil in the cultivated plots. For the soils 

from the fallow plots, it was higher, i.e.: 53.4-76.3%, 27.4-58,4% and 43.9 to 

60.0%, respectively. 

The above data confirms findings from other papers [1,3,7,8,11] and results re- 

ceived by the present author in 1978-1989 [9]. Concentration of mineral components 

in the soil filtrates results from many soil processes wich are modified by weather 

condition and agricultural factors. In this experiment, nitrate concentration in the fil- 

trates from the cultivated soils was from 2.3 to 59.9 mg dm’? and was related to the 

type of soil. Our investigation point out that there is significant effect of organic mat- 

ter mineralization on the concentration of nitrate ions in the filtrates. The above find- 

ing was confirmed by the N-NO3 concentration in the filtrates from the fallow 

lysimeters plots that ranged from 19.1-55.3 mg N dm'*, These values were similar to 

the results by other autors for both lysimeric and drain water [2,3,10]. Our investiga- 

tion showed that in spite of an increasing tendency in concentration level of nitrate 

ions as results of higher doses of fertilizers, the total amount of nitrate nitrogen 

leached from the NPK III object was lower or similar to the level observed for the low- 

est level of NPK fertilization. It was caused by a higher N uptake and higher amount of 

water used by the plants growing with better nitrogen supply conditions. 

CONCLUSIONS 

1. In the conditions of the present lysimetric experiment, effects of season, 

type of soil and plants on the amount of filtrates collected was observed. 

2. Nitrate concentration in the filtrates was related to the kind of soil, its utili- 
zation and fertilization level. 

3. Nitrate concentration in the water percolating through the fallow soil, particu- 

lary loess and loamy soils, was usually higher than the water from the cultivated soils. 

4. There was no effect (similarly to the previous years) of the fertilization level 
on the nitrate ions losses from the soil. The highest amount of nitrogen was lost 

from the fallow soil (the mean of 9.3-14.2 g m” year"). 
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