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Influence of different application rates of nitrogen
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Abstract

The bacterial populations in the rhizosphere of wheat were investigated with plants grown
in soil at different nitrogen regimes. Nitrogen was applied to soil in different ways; two
different levels of nitrogen (250 mg N per plant and 50 mg N per plant) were added as a single
application or split in time during growth, and consequently smaller amounts were given each
time. The different application methods made it possible to study the bacterial populations
in relation to nitrogen concentrations in the roots and in the soil with comparable rates of
plant biomass production.

When the nitrogen was applied as a single dose at the start of the experiment significantly
larger total numbers of bacteria (colony forming units) were found in the rhizosphere of the
plants than in the other treatments. This was correlated with higher nitrogen concentrations
in the roots and with higher levels of extractable mineral nitrogen in the soil. In contrast, the
numbers of fluorescent pseudomonads were smaller when a high nitrogen rate was applied
once. Possible mechanisms for the observed changes in the microbial populations are dis-
cussed.
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Introduction

The larger numbers of microorganisms present in the rhizosphere compared to root-
free soil is due mainly to the input of carbon substrates released from roots (Whipps
& Lynch, 1986). In addition, several environmental factors influence both the
release of materials from roots and the microbial utilization of these root-derived
materials, and hence the abundance and composition of the microorganisms in the
rhizosphere (Whipps & Lynch, 1986). Increased nitrogen fertilization has been
reported to increase the numbers of bacteria in the rhizosphere (van Vuurde, 1978;
Kolb & Martin, 1988; Liljeroth et al., 1990). Other authors have reported no effect
of nitrogen on bacterial populations in the rhizosphere (van Vuurde & de Lange,
1978; Turner et al., 1985).

Increased nitrogen availability in soil could improve utilization efficiency of the
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exudates by microorganisms (Merckx et al., 1987; van Veen et al., 1989; Liljeroth
et al., 1990) since, in the rhizosphere, new carbon is continuously added by the roots
in an environment where the plant and the microorganisms are continuously com-
peting for nutrients. In these studies, plants appeared to be strong competitors for
nutrients compared to the microorganisms. Since nutrients, such as nitrogen, are es-
sential in both plant and microbial metabolism, competition for nitrogen could af-
fect microbial carbon transformation and thus the processes ultimately linked to
microbial biosynthesis and energy production.

Another reason for changes in microbial populations in the rhizosphere in
response to nitrogen additions could be altered root exudation, but few studies on
the effect of nitrogen on root exudation have been published. Bowen (1969) report-
ed that loss of amino acids from the root of Pinus radiata seedlings was reduced by
nitrogen deficiency but increased by phosphorus deficiency. Using 4C-labelling of
atmospheric CO,, Liljeroth et al. (1990) found that more of the root-translocated
carbon was released from wheat roots of plants grown at high soil nitrogen levels
than at low soil nitrogen levels.

In this study the effects of two different levels of nitrogen fertilization on the dy-
namics of the bacterial populations in the rhizosphere were investigated. The nitro-
gen was applied in two different ways, i.e. a single application or split application.
The different application methods made it possible to study the bacterial popula-
tions in relation to nitrogen concentrations in the roots and in the soil with compara-
ble rates of plant biomass production.

Materials and methods
Soil

A loamy sand (Ede) was air-dried to 10 % water content and passed through a 5-mm
sieve. Mineral nutrients and water were added; the final water content was 14 %
(—25.1 kPa). Plastic pots were filled with 1.5 kg soil. Mineral nutrients, except
nitrogen, were applied in the following amounts (mg per pot): P and K, 191 and 407,
as K,HPO,-3H,0 and KH,PO,, respectively; Cu 3.4 as CuSO,; B 0.8 as H;BO;;
Mo 5.5 as (NH,)¢Mo0,0,,-4H,0; Mn 1.4 as MnSO,-H,0; Zn 1.1 as ZnSO,-7TH,0;
Fe 2.5 as Fe-EDTA. Half of this nutrient mixture was thoroughly mixed with the
soil before filling the pots and the remaining part was added with the irrigation
water after 5 weeks of plant growth. Four nitrogen fertilization treatments were
used:

(I) 250 mg N per plant applied once,

(I1) 50 mg N per plant applied once,

(I11) 250 mg N per plant, multiple applications (split treatment),

(IV) 50 mg N per plant, multiple application.

The split treatments followed an exponentially increasing addition rate up to 48 days
of plant growth as described in Table 1. The nitrogen given at the start of the experi-
ment was thoroughly mixed with the soil together with the other nutrients; nitrogen
added later was given with the irrigation water.
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Table 1. Nitrogen additions to the soil in four different treatments: high/low N and single/split applica-
tion (mg N per pot as NH4NO;).

Day Treatment
I I1 I v
high N low N high N low N
single appl. single appl. split appl. split appl.
0 250 50 0 0
7 0 0 4 0.8
14 0 0 S 1.0
21 0 0 7 1.4
24 0 0 4 0.8
28 0 0 6 1.2
31 0 0 9 1.8
35 0 0 17 3.4
38 0 0 18 3.6
42 0 0 35 7.0
45 0 0 37 7.4
48 0 0 71 14.2
SS 0 0 37 7.4
Sum 250 50 250 50

Plants and growing conditions

Seeds of spring wheat (Triticum aestivum L. emend Thell., line C-R5B) were germi-
nated on moist filter paper and then planted in pots (one plant per pot). The surface
of the soil was covered with a layer of washed aquarium grit. Unplanted pots of all
nitrogen addition treatments were prepared as controls. The moisture content of the
soil was adjusted daily to 14 % by weighing the pots and adding sterilized deminer-
alized water. All pots were incubated in a growth chamber at 20 °C and a relative
humidity of 70 % during the day (16 h). During the night (8 h), the temperature and
relative humidity were 15 °C and 85 %, respectively. The light intensity was approx-
imately 650 uE m-2 s-1, After 20, 27, 34, 47 and 67 days of incubation, three
plants of each treatment were harvested and soil samples were taken for bacterial
and nitrogen analysis. Two samples per treatment were taken from the soils of the
unplanted controls.

Analyses

Bacterial numbers in the rhizosphere and unplanted soil were determined with plate
count methods. After separating the root system from the soil the roots were shaken
free of loosely adhering soil and root samples (10 g) with soil still adhering,
representing the whole root system, were placed in Erlenmeyer flasks containing 95
ml 0.1 % sterile sodium pyrophosphate solution and 10 g grit and shaken on a ro-
tary shaker for 10 minutes at 200 rpm. Tenfold serial dilutions of the suspensions
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were made with 0.1 % sodium pyrophosphate and plated out on culture media.
Root-free soil samples of 10 g were also taken and treated in the same way. When
the dilutions were made the roots were removed from the Erlenmeyer flasks and
washed in running tap water; root weight was determined and the actual weight of
the soil used for the suspension was then calculated. Total plate counts were made
on 1/10-strength Tryptic Soya Agar (TSA) (Martin, 1975) and the numbers of
fluorescent pseudomonads were counted on medium S1 (Gould et al., 1985). The
TSA plates were incubated for 10 days at 20 °C while the S1 plates were counted
after an incubation of four days at 24 °C.

Dry weights of shoots, roots and soil were determined after drying at 80 °C to
constant weight. Nitrogen contents of homogenized plant material were determined
after digestion of plant material in sulphuric acid and salicylic acid. The amount of
nitrogen was determined as NH,+ with Nessler’s reagent (van Ginkel & Sinnaeve,
1980). The presence of mineral nitrogen in soil was determined by extraction of 25
g soil (two replicates per pot) with 50 ml 0.5 M K,SO, on a rotary shaker for one
hour. After centrifugation at 18 000 rpm for 10 minutes, samples were taken for
NH,* and NO;- analysis. Nitrogen analyses were carried out with an autoanalyzer
according to van Ginkel & Sinnaeve (1980).

Statistical analyses

A two-factor analysis of variance over the entire time of the experiment was per-
formed with time and nitrogen treatments as the factors. Bacterial numbers were
log-transformed.

Results
Plant growth

Growth of shoots and roots was similar for treatments I (high N, single application)
and II (low N, single application) up to 34 days. Thereafter, the plants in treatment
I grew faster. The plants given nitrogen as split applications (I1I, IV) grew slower
up to 34 days. However, in the later stages of the experiment, the growth rates of
the plants in treatment III (high N, split application) were slightly higher than those
of plants in treatment I (Table 2). Thus, growth appeared to have been limited by
nitrogen supply in the early stage for the split application treatments. Plants with
the high nitrogen treatment (I en II) generally had higher shoot-root ratios than
plants with the low nitrogen treatments (II en IV).

Plant nitrogen content

The nitrogen concentrations in shoots and roots decreased with time (P < 0.001,
Table 3). The decrease was smaller in the two treatments with split application, i.e.
IIT and IV, than in single application treatments, as indicated by a significant inter-
action between time and nitrogen treatment (P < 0.001). The plants in treatment
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Table 2. Dry weight of shoots and roots of spring wheat at five harvest times. Means + SD (g per plant)
are given.

Day Treatment! LSD (P < 0.05)
1 I 111 v
20 shoot 0.56 0.58 0.47 0.39 0.11
root 0.16 0.17 0.17 0.17 0.06
27 shoot 1.68 1.54 1.15 0.71 0.41
root 0.55 0.62 0.56 0.36 0.24
34 shoot 3.66 3.60 2.28 1.56 0.77
root 1.27 1.26 0.96 0.70 0.23
47 shoot 8.85 6.46 6.18 3.04 0.61
root 1.92 1.61 1.22 0.72 0.31
67 shoot 15.18 7.73 12.39 5.79 0.76
root 2.38 1.50 2.03 0.92 0.16
! See table 1.

I usually had higher nitrogen concentrations both in the shoots and the roots than
the plants in all the other treatments. The concentrations of plant nitrogen were
generally higher in treatment III than in treatment IV. In treatment II, the concen-
trations were initially comparable to I but decreased quickly and by the end of the
experiment, the plant nitrogen concentrations were the lowest of all treatments. pH
of the soils (bulk soil of planted pots) was measured on day 67 and only minor
differences could be detected among treatments: 6.1 and 6.4 for high N and low N,
respectively.

Table 3. Nitrogen concentrations in shoots and roots of spring wheat (percent of plant dry weight).

Day Treatment! LSD (P < 0.05)
I 11 I v
20 shoot 4.0 4.8 4.0 33 1.2
root 3.9 3.3 2.5 2.0 0.4
27 shoot 4.4 2.5 2.3 2.2 0.9
root 3.4 1.7 1.5 1.7 0.7
34 shoot 2.7 1.3 1.8 1.2 0.2
root 2.8 1.0 1.3 1.0 0.3
47 shoot 1.6 0.7 2.2 1.2 0.2
root 1.8 0.8 1.5 1.0 0.3
67 shoot 1.0 0.9 1.3 0.8 0.6
root 1.5 0.7 1.7 1.0 0.3
1 See Table 1.
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Table 4. Extractable nitrogen in soil at five harvest times (mg N per kg soil).

Day Treatment!
I 11 111 Iv
20 NH,-N 47+12 <2 <2 <2
NO;-N 33+6 9+9 <2 <2
27 NH,-N 7+11 <2 <2 <2
NO;-N 84+3 <2 <2 <2
34 NH4-N <2 <2 <2 <2
NO;-N 32+3 <2 <2 <2
47 NH,-N 30+3 <2 7x1 <2
NO;-N S+1 <2 7+1 <2
67 NH,-N 29+2 2+3 25+2 <2
NO;-N <2 <2 <2 <2
I See Table 1.

Extractable nitrogen in soil

The amount of extractable nitrogen in soil (NO,;- and NH,+) was generally much
larger in treatment I than in all the other treatments (P < 0.001, Table 4). In treat-
ments II and IV, extractable nitrogen was not usually detectable while in treatment
III the levels increased towards the end of the experiment. At the second and third
harvest, i.e. day 27 and day 34, nitrogen was mainly found in the form of NOjy-,
while on days 47 and 67 NH,+ was also found. At the first harvest, NO;- and
NH,+ were found in comparable amounts.

Bacteria

In the unplanted control soil no significant differences in total colony-forming units
(CFU) were found among the treatments (Fig. 1b) although the numbers of fluores-
cent pseudomonads found in the unplanted controls were smaller in treatment I than
in the other treatments (Fig. 2b, P < 0.001). In the rhizosphere, however, signifi-
cantly larger total numbers of bacteria were found in treatment I (P < 0.001), while
the other treatments did not differ significantly (Fig. 1a). The differences became
evident after 34 days of plant growth. The numbers of fluorescent pseudomonads
in the rhizosphere were, in contrast to the total CFU, lower in treatment I than in
the other treatments (Fig. 2a, P < 0.01). The percentage fluorescent pseudomonads
of the total CFU was always lower than 0.2 % and decreased with time both in the
unplanted soil and in the rhizosphere (P < 0.05) and the percentages fluorescent
pseudomonads of the total CFU were significantly lower in treatment I (P < 0.05)
than in other treatments.
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Fig. 1. Bacterial numbers (total CFU) in the rhizosphere of wheat (a) and in root-free control soil (b)
at different nitrogen regimes. Symbols — o — high N single application; — @ — low N, single applica-
tion; — o — high N, split application; — m — low N, split application. Bars indicate standard deviation
from ANOVA.

Discussion

The plants grew faster in treatment [, although this became only evident after 27
days. In treatment III (high nitrogen, split application), growth was slower in the
beginning of the experiment, indicating nitrogen limitation. The aim of the ex-
ponentially increased addition rate of nitrogen with time in treatment III was to give
the plant the nitrogen needed for growth while avoiding high soil nitrogen concen-
trations. It can be concluded that a higher addition rate would have been necessary
for optimum growth. Nevertheless, by adding nitrogen in different ways it was pos-
sible, at least during part of the growing period, to create plants with comparable
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Fig. 2. Numbers of fluorescent pseudomonads in the rhizosphere of wheat (a) and in root-free contro!l
soil (b) at different nitrogen regimes. Symbols: — o — high N, single application; — @ — low N, single
application; — o — high N, split application; — m — low N, split application. Bars indicate standard
deviation from ANOVA.

dry weight production but with different concentrations of nitrogen both in the
plants and in soil.

The total numbers of bacteria were significantly higher in the treatment in which
nitrogen was applied at the higher rate in a single dose (I) than in any other treat-
ment. In this treatment the concentrations of nitrogen were considerably higher
both in the roots and in the soil during the main part of the experimental period.
It is difficult to conclude from the results which mechanisms led to the higher ‘total’
bacterial numbers, a higher exudation rate or improved microbial utilization of the
exudates, since more mineral nutrients were available (extractable) in the soil.
Qualitative changes in root exudation may also have occurred.
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Recently, indications of mineral nutrient limitations of microbial metabolism in
the rhizosphere have been reported (Merckx et al., 1987; van Veen et al., 1989; Lil-
jeroth et al., 1990). In experiments where plants were grown in 4C-labelled CO,
atmosphere, Merckx et al. (1987) found that in a nutrient-poor treatment, a greater
proportion of 14C accumulated in soil after 6 weeks, and a higher percentage of the
soil 14C residue remained in an easily extractable (or available) form, suggesting
mineral nutrient limitation for microbial growth. The decomposition of glucose, ad-
ded to soil, was found to be stimulated by higher mineral nutrient levels (van Veen
et al., 1989), while the decomposition rate of added straw, as measured by CO,
production, appeared to be negatively influenced by high nutrient levels. Thus, their
data agree with the present results that larger amounts of available mineral nitrogen
in soil stimulate microbial metabolism in planted soil.

While the total number of bacteria, counted on a relatively poor medium, were
larger at higher nitrogen concentrations, the numbers of fluorescent pseudomonads
were significantly smaller. This effect was evident both in the rhizosphere soil and
in the unplanted control soil, indicating a direct effect of nitrogen on these bacteria.
Perhaps some groups of bacteria are sensitive to high ionic concentrations. This
result is contradictory to the increased numbers of fluorescent pseudomonads found
by Merckx et al. (1987) in the rhizosphere of maize at a higher level of additions
of mixed mineral nutrients as compared to soils to which a smaller amount of miner-
al nutrients was applied. However, in the latter study the actual concentrations of
mineral nutrients in the soil were not measured. It is possible that the maize plants
quickly took up the nutrients and that high soil concentrations occurred only during
a short initial period. Besides, root-derived materials may be qualitatively different
for maize and wheat. Materials released from maize contain greater proportions of
simple sugars, which are readily available substrates for the metabolism of quickly
growing bacteria such as fluorescent pseudomonads. Merckx et al. (1986, 1987)
showed that root-derived products from maize were more efficiently utilized than
products from wheat roots.

In a paper by Miller et al. (1990) the general behaviour of fluorescent pseu-
domonads was studied in the rhizosphere of two wheat cultivars. The percentages
of fluorescent pseudomonads of the total numbers were always < 1 % and
decreased significantly with time. Further, the percentages were lower in the
rhizoplane than in the rhizosphere soil. A similar decrease with time was observed
here and generally the percentages were even lower in the rhizosphere soil than in
the root-free soil. These results indicate that fluorescent pseudomonads are not the
most rhizosphere-competent group of bacteria since other groups of bacteria appar-
ently increase in numbers and as a percentage of the total populations proposed by
Miller et al. (1990).
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