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Abstract: Rapid leaching of nitrogen fertilizers is a factor limiting the long term success of revegetation on the Trelogan mine spoil
due to the physical structure of mine waste material, with its almost total lack of organic matter. A slow release nitrogen fertilizer
was examined, in addition to fast release sources, to assess its performance. Single and split doses of conventional nitrogen
fertilizers were also used to compare their effects. Shoot and root dry weight of Rumex aceiosa was greater than control at a
single and split application of NaNOQ 3 and only reot dry weight of Minuartia vierna was improved at the single dose of NaNO3; and
{NH,-50,. In contrast there was na effect of single and split doses of urea and NH,NO; and the single application of slow release
source [Golden-N} on the growth characters of Plantago lanceolata when compared to control. Split doses of conventiond

fertilizers were more effective than single doses.
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Introduction

Deficiencies in essential plant nutrients are almost universal
features of derelict land, and probably the single greatest
constraint on the vegetation establishment {Johnson and
Bradshaw, 1979). Abandoned non ferrous metal workings in
England and Wales and other heavy metal polluted areas of
the wvorld have attracted considerable attention especially
where adjacent land and water resources are subjected to
serious contamination by trace metals, in particular heavy
metals such as lead and zinc. The impact of mine drainage
wvater, dispersal of air borne particles and spoil tip erosion, on
receiving ecosystems has stimulated investigations into
potential hazards to human health {Davies and Roberts, 1975
and Thomas ef al, 1977), and agriculture (Davies, 1971;
Thornton, 1975} in affected areas. Polluted soils have toxic
concentrations of heavy metals, low nutrient status and
unfavourable physical conditions (Bremmer, 1965; Johnsaon
and Bradshaw, 1977). These problems can be overcome by
avoiding or countering the factors which inhibit growth. This
is based on countering toxicity of the substrate by sowin g
metal t olerant ecotypes which have evolved on mine wastes
and supply of nitrogen in its different sources.

In order to obtain plant growth on metal contaminated wastes,
slow release chemical fertilizers has been advocated (e.g.,
sulphur coated urea, {Gold-N} and urea formaldehyde) and
their value has been proven in several mine waste situations
{Johnson and Bradshawy, 1979; McNeilly and Johnson, 1981).
Such materials are nevertheless expensive and a single
application at seeding, even at higher rate (100 kg N ha ") is
rarely satisfactorybyitself for sustainable growth (Gemmaell,
1975). For the establishment of the vegetation on mine spoils,
considerably more valuable slow acting sources of nitrogen are
organic amendments such as sewage sludge, mushroom
compost and farmyard manure.

Materials and Methods

Seedlings: Seeds of three dicotyledon plant species, Plantago
fanceolata, Rumex acetosa, and Minuartia verna collected from
their indigenous Trelogan mine populations were sown in
growth room conditions (22+2°C, 16 h photoperiod {45
1molem? s7') and 66 % relative humidityl. The seeds were
sown in seed trays on moist paper towvel.

Nitrogen fertilizer treatments: Three weeks old seedlings (as
uniform in height and size as possible) were transplanted, five
per pot into mine vwaste in 130 mm diameter plastic pots. The
seedlings were thinned after two weeks to leave only three
seedlings per pot. P and K were added as superphosphate
{18 % P) and potassium sulphate {50% K] respectively. They
were incorporated into the surface 10 mm of the mine spoil
to provide uniform P and K nutrient contents. The
superphosphate and potassium sulphate fertilizers were
applied at rates equivalent to 44 kg ha ' (7.92 kg P ha™'} and
42 kg ha ' (21 kg K ha™') respectively.

Four nitrogen fertilizers, urea, (04%N],sodium nitrate, {16%
N}, ammenium sulphate, {21% N}, and ammonium nitrate
{34.56 % NJ and slow-release sulphur coated urea (Gold-
N,32%N]j,were incorporated 100 Kg N ha . They were added
either as a single treatment prior to seedling transplantation for
the conventional and slow release types, or as a split
application for conventional types only, equivalent to 50 N
ha' at the beginning of the experiment and 50 KgN ha' 4
weeks after seedling transplantation. Only P and K were
applied to the control (ne nitrogen) treatment.

The experiment was laid out in randomized complete block
design. The potted seedlings were grown in a glasshouse
maintained at 22+2°C with an 18 h photoperiod at 230
1moles m? s~', photosynthetically active radiation are
maintained at field capacity using tap wvater from above
regularly every day.

Harvest and growth measurements: The three species, P.
lanceolata, R. acetosa, and M verna wvere harvested 3 months
after tran splanting. The plants with roots were removed from
the pots and excess meisture on the plants were removed.
Roots and shoots of each plant in each pot were separated,
and transferred into an oven at 80 °C to dry. Shoot and root
dry weights were measured after drying for b days (Dancer
ef al.,, 1977; McNeilly and Johnson, 1981).

The data for root and shoot dry weight of 3 species were
transformed into logi and two way analysis of variance was
computed from PROC ANOVA by SAS package (SAS Institute
Inc., 1989). LSD was also determined for treatment mean
comparison (Steel and Torrie, 1980].
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Results

Mean shoot dry weight per plant: The mean square values
and their significance from the analysis of variance for mean
shoot dry weight is presented in Table 1. There was a
significant (p <. 0.001) difference between species, reactions
to different nitrogen fertilizer sources. There was ro
significant difference betwveen replicates.

Plantago lanceolata: P. lanceolata produced maximum and
significantly greater shoot dry weight (Fig.1] in the control
treatment in which only phosphorous and poetassium were
applied as superphosphate and potassium sulphate than in any
of the other conventional nitrogen sources. But urea and
ammonium nitrate seedlings did not survive, while treatment
with sodium nitrate produced more significant (p < 0.05)
shoot dry weight than ammonium sulphate.

Transplanted seedlings did not survive the split application of
both urea and ammonium nitrate. Sodium nitrate responded
slig htly less than ammonium sulphate when given as split
application. Split doses did not enhance shoot dry weight
compare control. A single application of sodium nitrate
produced more shoot dry matter than a split application.
Gold-N (sulphur coated urea) failed to produce significant (p <
0.06} increase in shoot dry weight. In comparison with other
nitrogen treatments, lovwer dry weight was recorded n
response to Gold-N than any other treatment except
ammonium sulphate. However, Gold-N and ammonium
sulphate in its single dose responded equally.

Rumex acetfosa: Under single sodium nitrate treatment, thi
species produced significantly (p < 0.0B] greater shoot dry
wweight than control as well as from other single applications
of nitrogen [Fig.2). However, seedlings did not survive under
single dose of urea, ammonium sulphate or ammonium nitrate.
The split application of sodium nitrate gave a significantly
{p < 0.05) greater response than the other split doses of other
N sources. Seedlings failed to survive in the split dose of urea.
The split application of ammonium nitrate gave greater shoot
growth in comparison with ammonium sulphate.

There was no survival in both single and split applications of
urea. The split doses of ammonium sulphate and ammonium
nitrate resulted in considerably less shoot growth than the
control. Urea, ammonium sulphate, and ammonium nitrate,
were toxic to plants of R. acetosaat the amount supplied {100
kg N ha '] as a single application.

When Gold-N vvas added as single application, the shoot dry
weight vield was significantly (p < 0.05] less than the control
treatment. Thus the supply of nitrogen was apparently too
high even with Gold-N, a slow-release formulation.

Minuartia verna. M. verna seedlings only produced shoot
growth in the single applications of sodium nitrate and
ammonium sulphate {Fig.3). These two treatments produced
significantly less shoot growth than control. Seedlings were
killed by applying urea and ammonium nitrate.

When split applications of nitrogen sources were added,
seedlings only survived after addition of ammaonium nitrate.
Shoot dry weight after this split dose was significantly less
than the single doses of sodium nitrate and ammonium
sulphate and less than the control. There was no survival at
the once application of Gold-N. The results demonstrated that,
with the exception of single was no effect of nitrogen source
in increasing the shoot dry mass of the other 4 species
examined in the experiment (Table 2).

Plantago lanceolata. A single application of sodium nitrate

Table 1: Mean squares and significances from the analysis of
and split applications of sodium nitrate in R. acetosa
there wvariance of shoot dry weight of three
dicotyledons growing in Trelogan mine spoil with
various nitrogen sources

Species. P. lanceolata A. acetosa M. verna
S.0V. | df M.S. df M. S. df M.S.

. Sources El 0.01780%%% 8 01036""* © 0.00022%%*
Replicates 3 o.o0001 7™ 3 cotoad® 3 0000008
Errar 27  0.00019 27 0000618 27 0.000008
Total 38 - 38 - 39 -

k%% = Significant at 0.001 NS = Non Significant

gave significantly greater root growth in comparison with all
the other nitrogen sources (Fig. 4). There was no seedling
survival in urea and asmmenium nitrate when added as a single
or split treatment. The control treatment had significantly (p
< 0.06]) highest root growth, of all the nitrogen sources.

In the split treatments of urea and ammonium nitrate
seedlings did not survive. Root growth in the split sodium
nitrate and ammeonium sulphate treatments was significantly
less than the contrd. Root dry weight in the single application
of Gold-N (sulphur coat ed urea) was significantly less than the
control. Differences in root dry weight between the nitrogen
treatments in which seedlings of P. janceolata survived were
not great and all were less than 20 % control treatment roct
biomass.

Rumex acetosa: Seedlings of Rumex acetosa survived only in
sodium nitrate treatment (single dose]. There was no
significant difference between root weight with this treatment
and the control {(Fig. b). Seedlings did not survive in single
treatments of urea, ammonium sulphate, and ammonium
nitrate.

The split application of sodium nitrate produced a root dry
wveight not significantly different from the single sodium nitrate
application, or control. With split applications of ammonium
sulphate and ammonium nitrate, there was some seedling
survival, and root growth, but it was very small as compared
to control. Application of Gold-N suppressed root growth very
substantially in comparison with the control (p < 0.0b).
Overall comparison single and split application of sodium
nitrate preduced the highest root dry weight yield but it was
not significantly greater than control. In contrast single
applications of urea, ammonium sulphate and ammonium
nitrate were sufficiently toxic kill all seedlings of A. acetosa
The same applied to split application of urea.

Minuartia verna: Plants survived only when grown in single
applications of sodium nitrate ammonium sulphate, and split
application of ammonium nitrate. Root dry weight vield was
significantly(p >> 0.05) greater than control treatment after
single dose of sodium nitrate (Fig.6) the seedlings did not
survive in the split applications of urea, sodium nitrate and
ammonium sulphate Root dry weight from split application of
ammonium nitrate was not significantly from control. Gold-N
did not allow any plant growth.

Over all effect of nitrogen sources on the root dry biomass of
five plant species and the result indicated that root dry matter
of A. acetosa increased after single and split doses of sodium
nitrate {Table 4). Similarly a single application of sodium
nitrate and ammonium sulphate allowed to increase the root
dry mass of M. vernaover control.
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Table 2: Mean shoot dry weight {% of control) of three plan species in response to various sources of Nitrogen growing on

Trelogan mine spoil

Treatments
u SN AS AN U split SN split AS split AN split GN
Species single single single single 50+50 50+50 50+50 50+ 50 single
100kgha™" 100kgha™ 100kg ha”' 100kgha™' 100 kg ha™ 100kgha™' 100 kg ha™' 100 kg ha™" 100 kg ha™’
P. lanceolate 0.0 30.8 10.6 0.0 0.0 18.0 19.4 0.0 10.0
A. acetosa 0.0 194.0 0.0 0.0 0.0 140.0 17.8 47.7 14.0
M. verna 0.0 62.6 62.1 0.0 0.0 0.0 0.0 13.8 0.0

Table 3: Means squares and significances from the analysis of variance of root dry weight of three dicotyledons growing in

Treloegan mine spoil with various nitrogen sources

Species P. lanceolate R. acetosa M. verna

S. 0.V df M.S. df M. S. df M.S.

N. Sources <] 0.030118*** <] 0.05663*** 9 0.000006***
Replicates 3 0.00002 3 0.003456M% 3 0.0000001M5
Error 27 0.00014 27 0.00422 27 0.000008
Total 39 - 39 - 39 -

*** = Significant at 0.001 NS = Non Significant

Table 4: Mean root dry weight (% of control) of five plant species in response to various sources of nitrogen growing on Trelogan

mine spoil
Treatment
u SN AS AN U split SN split AS split AN split GN
Species Single single single single 50+50 50+ 50 50+50 50+ 50 single
100kg ha=—' 100 kg ha=' 100 kg ha~' 100 kg ha=' 100 kg ha= 100 kg ha~' 100 kg ha=' 100 kg ha=' 100 kg ha™’
P. lanceolate 0.0 18.1 5.7 0.0 0.0 12.6 11.3 0.0 6.6
R. acetosa 0.0 132 0.0 0.0 0.0 111 7.5 40.0 4.7
M. verna 0.0 160 12.6 0.0 0.0 0.0 0.0 80.0 0.0
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Discussion

It is evident that all the three species wvere killed by a single
and split application of urea. A similar depressing effect was
also found by Davies (1973}, where urea application gave a
total dry vield of grass, that was less than that from
ammonium nitrate and sulphur coated urea. Johnson (1977)
found that urea gave the lowest shoot dry vield response on
fluorspar mine tailings from those of NaNOz;, NHiNOs,
{NH41250., sulphur coated urea, hoof and horn, and dried
blood. This may have been due to the loss of ammonia from
urea which is often more m arked than from ammaonium nitrate
and ammeonium sulphate (Volk, 198; Hamid and Mahler,
1994).

The three species in the experiment responded differently to
the single and split doses of NaNQ; in terms of shoot and root
dry weight. NaNO, was the least inhibitory source of nitrogen
assessed and the split application usually gave greater dry
wveight response than the single dose. These results were in
accordance in part with the results of McNeilly and Johnson
{1981), who reported t hat shoot dry matter yield per pot of F.
rubra from NalNO ;was great er on acidic Y Fan mine spoil than
on the calcareous Minera mine vvaste.

In all species nitrogen sources depressed vield whether applied

as a single or split application. In case of P. fanceolata, R.
acetosa, and M. verna a single application of ammonium
nitrate was lethal. A split application of ammonium nitrate or
ammonium sulphate often allowed survival but nevertheless
depressed plant yield. McNeilly and Johnson {1981) found that

ammonium nitrate and urea treatments had significantly
greater overall plant dry matter yield than ammonium sulphate
on calcareous Minera Pb/Zn mine spoil which was applied at
the same rate as in this experiment. In contrast ammonium
nitrate gave relatively better growth than urea, similar to the
findings of Pollett ef al. {1995). Lower production in urea may
hawve been due to greater loss from urea than ammonium
nitrate by volatilization in the nermal soil (Hamid and Mahler,
1994).

Split doses generally appeared to be less damaging to the
growth of three species examined in comparison with single

796

applications. Similar results vvere reported by McNeilly and
Johnson (1981]), when split doses of urea and ammonium
nitrate, gave significantly greater shoot dry matter yield than

a single application. This is due to low cation exchange
capacity of both wastes, and the consequent inability of the
material to retain ammonium ions when leached due to lack of
organic matta. Johnson (1977) also resulted the lower shoot
dry vields from plots treated with single applications of NaNO;,
than 2 and 3 applications of NaNO; probably therefore reflect
losses of the nutrient by volatilisation and leaching.

On the calcareous Trelogan mine speil single and split
applications of nitrogen fertilizers did not improve the dry
weight vield production of any of the species except
R. acetosa, where both applications of sodium nitrate gave a
higher vield than control treatment. However, M. vernaroot
dry weight was also found greater at single doses of sodium
nitrate and ammonium sulphate over the control. This
suggests that addition of nitrogen was in excessive amounts
either causing depression of plant growth due to high
canductivity, or toxic concentrations of ammonium ions. It is
almost certain that nitrogen is not the critical limiting soil
mineral in the Trelogan spoil. Similar results had been reported
by Smith {1973} who showed that nitrogen was not an
important limiting factor for plant growth on Trelogan mine
spoil from thelower mine site because application of nitrogen
in the form of slow release Nitroform, did not result any
increase in growth over the control. Smith argued that
phosphorous was the limiting factor in Trelogan mine waste.
But McNeilly and Johnson {1981) found that nitrogen was
indeed a limiting plant growth factor on both the calcareous
Minera mine and acidic Y Fan minespoils. The different results
of the two investigators may be due to different types of mine
spoil used and the species undertaken were originally from
different mines. The importance of adequate nitrogen supply
had been shown to be a major cause of sward regression in
restored derelict land and many substrates by Bradshaw and
Chadwick (1980], lack of nitrogen lead ultimately, to the
deterioration of even themost successfully established ground
cover vegetation.

From the results of this experiment it can be concluded that all
fertilizer additions did not bring about any significant vield
increase over the control except both doses of NaNO; added
to A. acetosa and single doses of NaNO,; and (NH,},50,
increasing only the root dry weight of M. vernathan control.
This also may have been due to the adaptation te lovv soil
nitrogen in plants on sites very low in nitrogen (Bradshaw
ef al., 1964).
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