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Effects of fertilizer N and slurry on N removal in soil
drainage water and herbage - a lysimeter study on 5 soils

Abstract

A two year study of the effects of fertili-
zer nitrogen (N) (300 kg/yr) combined
with pig or cattle slurry (~120 kg N/yr),
applied in winter or early spring, on N
removal in soil drainage water and her-
bage are presented. Treatment and soil
type affected N removals, usually to a
significant degree. Averaged over the two
experimental years, N removal in soil
drainage water from the treatments ran-
ged 40.2 to 69.2 kg/ha; it ranged 18.7 to
69.8 kg/ha among soil types.

The amount of N in drainage water (poo-
led over soils), from fertilizer N plus
winter slurry was equivalent to 14 to 17%
of the total N applied; it was 10% for
spring slurry plus fertilizer (Mean of two
years).

Introduction

Leached N is an important component
of N balance sheets and lysimeters are
the standard against which other me-
thods of measuring NO,-N leaching are
tested (GOULDING and WEBSTER,
1992). A new lysimeter unit at Johns-
town Castle afforded the opportunity to
measure leaching and uptake of applied
N on 5 soils over two years. Details of
the experiment and effects of treatments
on nitrate-N (NO,-N) concentrations in
soil drainage water are available in
RYAN and FANNING (1996).

Materials and Methods

Monolith lysimeters of 5 soils were sown
to perennial ryegrass (L. perenne) cv
Talbot. The soils consisted of two well
drained, deep soils, Clonroche, (Eutric
Dystrochrept) and Elton (Orthic Typu-
dalf); one well drained, shallow soil-
Oakpark (Rendollic Eutrochrept) and
two poorly drained, deep soils, Castle-
comer (Orthic Umbraquept) and Rathan-
gan (Orthic Fragaqualf). Over 2 years
fertilizer N (300 kg/ha) was applied

M. RYAN

incrementally during the growing season
and slurry (cattle C , pig P,) was applied
in winter or spring (pig P,).

Herbage was harvested 5 or 6 times in

1993 - °94; soil drainage water was col-
lected 6, 9, 5 times in 1993, °94, ’95.

Results and Discussion

The mean drainage water collected in Yr
1(7/4/93 to 25/5/94) was 926 mm; it was
474 mm in Yr 2 (26/5/94 to 19/5/95).

Effect of treatment:

Tables 1, 2 show the main effects of treat-
ment and soil on N removal in drainage
and herbage.

Of the total N applied in Yr I, 19, 15
and 12% was the equivalent removal in
the drainage water for the C, P, P, tre-
atments; the equivalent removals in Yr
2 were 9, 18 and 7%.

The higher drainage volume in Yr 1 com-
pared to Yr 2 would be expected to give
these results. Very high concentrations
(~50 mg/1) of NO,-N in the January -
February drainage from the shallow,
light Oakpark soil contributed signifi-
cantly to the exalted (18%) removal
in the drainage water for the P, treat-
ment in Yr 2.

Analyses carried out, 19/4/95, showed
absence of L. perenne from two Oakpark
P, lysimeters with only sparse vegetati-
on present. Such senescence would have
meant poor uptake of N in the latter por-
tion of Yr 2 leading to the very high
NO,-N concentrations recorded (RYAN
and FANNING, 1996).

The mean (2 year) drainage water from
the C, treatment was 691mm; the mean
(2 year) amount of N removed in the
drainage water was 60 kg/ha which equa-
tes to a mean NO,-N concentration in
drainage water of 8.7 mg/1. Similarly, the
mean drainage water from the P , P, tre-
atments was 703 and 706 mm, giving
mean NO,-N concentrations in the drai-
nage water of 9.8 and 5.7 mg/1 for mean
removals in the drainage water of 69.2
and 40.2 kg N/ha, respectively.

In Yr 1 the mean NO,-N concentrations
in the drainage water (pooled over soils)
from C, P , P, treatments were 8.8, 6.7,
5.7 mg/l; they were 8.4, 16.1, 5.8 mg/1
for Yr 2. Clearly the P, treatment gave
rise to unacceptable NO,-N concentrati-
ons in the drainage in the second of the
two experimental years which was the
year with the lower rainfall (and draina-
ge) amount.

N removals in herbage were lower for
all treatments in Yr 2 compared to Yr 1.

Effect of Soils:

Of the mean total N applied in Yr 1 (424
kg/ha) the removals in the drainage wa-
ter of the Castlecomer, Clonroche, El-
ton, Oakpark and Rathangan soils (7a-
ble 2) were 5, 18, 21, 14, 20%; the cor-
responding levels for Yr 2 were 4, 14,
10, 19, 9%.

There was a 4.4 to 4.7 fold difference
between soils in N removed in drainage
in Yrs 1 and 2. The difference factor for
herbage N was much lower at 1.5 to 1.9.
Apart from Oakpark, N removal in drai-
nage was greater in Yr 1 than Yr 2. To-

Table 1: Effect of *treatment (kg N/ha) on N removal (kg/ha) in drainage and

herbage
Yr1 Y r2 Yr1 Yr2 Yr1 Yr2
C,(428) (418) P, (422) (417) P,(422) (417) F test s.e.d
Drainage 80.9 39.0 62.0 76.4 52.7 27.7 NS il 16.1 10.9
Herbage 3358 2785 3199 282.0 3435 2947 NS NS 22.0 128
Total 416.7 317.5 3819 3584 396.2 3224 NS NS 20.1 17.8

*Slurry: Cattle = 128, 118 kg N/ha (Yrs 1, 2); Pig = 122, 117 kg N/ha (Yrs 1, 2)

Autor: Dr. Michael RYAN, Teagasc, Johnstown Castle, WEXFORD, Ireland
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Table 2: Effect of soil on total N removal (kg/ha) in drainage and herbage

Mean N input 424 kg/ha (Yr 1), 417 kg/ha (Yr 2)

Elton
Yr1 Yr2

Clonroche
Yr1 Yr2

Soil Castlecomer
Yr1 Yr2

Oakpark
Yr1 Yr2

Rathangan F s.e.d.

Yr1 Yr2 test

Drainage 20.0 17.3 76.7 574 872 436 582 813 840 388 *
Herbage 361.1 278.8 232.4 237.1 368.2 339.9 257.1 223.6 446.5 3458 ***
Total 381.1 296.1 309.1 294.5 455.4 383.5 315.3 304.9 530.5 384.6 ***

** 20.8 141
*** 28.3 16.5
** 26.0 22.9

tal N removals in Yr 1 were greater than
in Yr 2 for all soils; these were equiva-
lent to 90, 73,107, 74, 125% and 71, 71,
92,73, 92% of N applied in Yrs 1, 2 for

the soils as alphabetically listed in 7Table
2. N removal in the drainage for those
soils was 5, 18, 21, 14, 20% and 4, 14,
10, 19, 9% of N applied in Yrs 1, 2.
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In conclusion, N removal in drainage lay
in the range 17 to 20, 57 to 77, 44 to 87,
58 to 81 and 39 to 84 kg/ha for these
soils receiving total N inputs of 417 to
424 kg/ha as fertilizer and slurry in years
with soil drainage volumes of 474 and
926 mm.
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