DEPENDENCE OF FREE ALANINE LEVELS IN
FESTULOLIUM AND TRIFOLIUM PRATENSE L. ON TYPES
OF N NUTRITION"®

M. Neuberg, D. Pavlikova, J. Balik

Czech University of Life Sciences Prague, Faculty of Agrobiology, Food and Natural
Resources, Department of Agro-Environmental Chemistry and Plant Nutrition, Prague,
Czech Republic

This study aims to reveal and to compare effects of two various systems of nitrogen (N) nutrition, namely (1) injection by
CULTAN (Controlled Uptake Long Term Ammonium Nutrition) method and (2) conventional application, on free alanine,
total N content and visual symptoms in Festulolium and Trifolium pratense L. plants. Calcium nitrate (CN) or ammonium
sulphate (AS) were used as N source in the pot experiment. The yield of Festulolium and Trifolium pratense L. above-ground
biomass was more substantially enhanced after conventional application of both AS or CN in comparison with CULTAN
method. The highest concentration of free alanine was detected in conventional-treated Festulolium with AS and in conven-
tional-treated clover with AS. The contents of N in the above-ground dry biomass were comparable at all harvesting periods.
Visual symptoms suggest that N applied conventionally can maintain better distribution patterns of nutrients and provide im-

proved conditions for growth and N uptake.
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INTRODUCTION

Festulolium (Poaceae), a cross between Lolium
multiflorum Lamk. X Festuca arundinacea Schreber.,
and clover (Fabaceae, Trifolium pratense L.) are com-
monly used as field crops with high request for N.
They obtain N from soil, where is usually available
to plants in an inorganic form such as nitrate (NO;),
nitrite (NO,) or ammonia (NHI) (Sakakibara et
al., 2010), arising from mineralization of organic
matter or fertilizers.

Subsequent use of N by plants involves several
steps including uptake, assimilation, translocation and,
when the plant is ageing, recycling and remobiliza-
tion(Masclaux-Daubresse et al., 2010).
There are, however, complex interactions with many
other aspects of N metabolism, including (1) storage
and remobilization of nitrate in different parts of
the plant, (2) de novo ammonium assimilation, (3)
recycling of ammonium released during photorespira-
tion (Hirel, Lea, 2001), (4) distribution of N
between the highly branched pathways of amino acid
biosynthesis (Morot-Gaudry et al., 2001)
and (5) multifarious fates of free amino acids, which
can be exported, stored in the vacuole, used for pro-
tein synthesis or diverted into secondary metabolic

pathways leading to phenylpropanoids, alkaloids and
tetrapyroles (Heldt, 1996).

At the conventional surface application of nitro-
gen fertilizers, the plants, both grass and clover, take
up nitrogen mainly in the nitrate form. At the same
time, clover, similar to other legumes fertilized with
mineral nitrogen, produces nodules as a prerequi-
site of N, fixation. Nodule formation and therefore
N, fixation may be reduced when N is supplied as
mineral fertilizer (Kozlovsky et al., 2009).

Nitrogen fertilizers can be applied by conventional
application or by an alternative method. An alternative
method of fertilization is the CULTAN (Controlled
Uptake Long Term Ammonium Nutrition) method; it
uses a special injection technique to apply nitrogen
solutions rich in ammonium ions into soil, into a
depth of 7-20 cm, where it is retained in the spots
with high concentration of ammonia, the so-called
depots (Sommer 2002; Kozlovsky et al.,
2009). Although, it is well known that high con-
centrations of Nl—l;r can be toxic to plants leading to
severe growth depression and physiological stresses
(Britto, Kronzucker, 2002).

Amino acid metabolism has the central role in stress
resistance of plants. Changes in the content of free
amino acids in Poaceae have been studied for various
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types of stresses. Acidity stress increased the proline
content and reduced the histidine and arginine content
in Pennisetum clandestinum Hochst. (Sidari et al.,
2004). The contents of glutamine, asparagine and
arginine in Deschampsia xexuosa (L.) Trin. increased
at nitrogen stress (Ohlson et al., 1995). The
content of proline has been observed to accumulate in
Hordeum distichum L. and Triticum aestivum L. after
coldstress(Chu et al., 1999)andaccumulation of
alanine under anaerobic conditions in Hordeum vulgare
roots were observed (Good, Muench, 1992).
In the present study, we would like to address a
question whether free alanine accumulation in the
Festulolium and clover can be manipulated by an
addition of N, either in form of ammonium sulphate
(AS) or calcium nitrate (CN), by (1) a newly developed
CULTAN method or (2) conventional application and
to correlate the biochemical effects with the physi-
ological effects, expressed as visual symptoms and
biomass reduction, at time intervals after exposure.

MATERIALS AND METHODS

Experimental setting

Festulolium and clover seeds were germinated
and plants were cultivated in pots (containing 10 kg
of chernozem — Suchdol; from May to September)
in the outside vegetation hall (Czech University of
Life Sciences Prague, Czech Republic) under natural
light and temperature conditions (long-term mean for
selected area). The water regime was controlled and
the soil moisture was kept at 60% MWHC (maximum
water holding capacity).

The experimental setup consisted of ammonium
sulphate [(NH,),SO,] or calcium nitrate [Ca(NO,),]
treatments using either (1) conventional application
or (2) CULTAN method (i.e. injecting N application;
Feng et al., 1997; Sommer et al., 2002;
Kozlovsky et al., 2009). N fertiliser was
applied to the developing plants after leaves began

forming, namely at rates 40 ml of 2.68 M AS or CN
(equivalent of 3 g of N per pot by conventional ap-
plication or into top soil, 100 mm depth, on two points
of pot by CULTAN method).

Plants (above-ground biomass) were harvested
1(1),3(2),5(3),22(4),60(5)and 125 (6) days after
treatment. Samples were frozen in liquid nitrogen for
transport and stored at —30°C until next extraction
procedure.

Determination of nitrogen and nitrate

The dried above-ground biomass was used for de-
termination of total N contents. For determination of
total N content the plant material was decomposed by
a liquid ashing procedure in H,SO, solution (1:20 w/v)
and analyzed by the Kjeldahl method on a KIELTEC
AUTO 1030 Analyzer (Tecator).

Extraction of amino acids

Samples were homogenized in liquid nitrogen and
total amino acid compounds were extracted from 1 g
(fresh weight; FW) above-ground frozen plant tissue
with 10 ml of absolute methanol containing redistilled
water (7:3 v/v). Homogenate was centrifuged at 9000 g
during 20 min. Supernatant was removed, filtered and
EZ: fast procedure was made.

Samples were analyzed for amino acid contents
by the gas chromatography coupled with mass spec-
trometry detection using a HP 6890N/5975 instru-
ment (Agilent Technologies, USA; Pavlik et al.,
2010a).

Statistical analysis

The significant difference among conventional ap-
plication and using of CULTAN method was determined
at the 95% confidence level using the Tukey honest
significant difference test. Statistica for Windows ver-
sion 7.0 CZ was used (StatSoft, Inc., Tulsa,
O K). Values expressed as micromoles per gram of fresh
weight were used to perform the statistical analysis.

Table 1. Nitrogen contents in above-ground dry biomass (DW) of Festulolium and clover

Festulolium Clover
Time of harvesting CN AS CN AS
1 2 1 2 1 2 1 2

1 2.99 1.55 2.13 1.98 2.98 3.92 3.45 3.73
2 3.00 2.74 2.41 2.31 3.76 4.09 4.16 4.03
3 3.36 3.24 2.85 3.24 3.90 4.08 3.84 4.12
4 4.23 3.81 4.35 4.47 3.32 3.49 3.19 2.81
5 3.78 3.65 3.85 3.63 3.19 3.36 3.18 2.54
6 3.45 3.47 3.52 3.52 3.14 3.15 3.19 2.36

Values represent percentage content of N (%; 1 — conventional application; 2 — local application; CN — calcium nitrate;

AS — ammonium sulphate)
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RESULTS

Biomass accumulation

Various fertilizing systems and their relationship to
N (NH;r or NO;)nutrition were assessed in the present
study to follow the dynamics of N uptake; namely (1)
a conventional application and (2) a local application
by CULTAN method.

Both treatments of Festulolium showed very dif-
ferent responses to ammonium or nitrate nutrition in
dependence on type of N application. The yield of
above-ground biomass was higher after conventional
application of both AS or CN (167.5gFWand 1714 g
FW per pot, respectively) in comparison with CULTAN
method (140.3 g FW and 141.4 g FW, respectively). The
same was found for clover biomass (data not shown).

Above-ground plant N

The contents of N in the above-ground dry biomass
were comparable at all harvesting periods although
slight differences between individual variants, espe-
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Fig. 1. Endogenous levels of free alanine in Festulolium above-ground
biomass during a 125 days period after application of calcium nitrate.
Calcium nitrate (CN) was applied by conventional application and
CULTAN method
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Fig. 3. Endogenous levels of free alanine in clover above-ground biomass
during a 125 days period after application of calcium nitrate. Calcium
nitrate (CN) was applied by conventional application and CULTAN method
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cially due to the time of distribution and soil proper-
ties, were found. For all treatments, the contents of
N increased markedly between the start of vegetation
and flowering and then tended to decrease slightly or
to remain constant up to maturity (Table 1).

Free alanine in above-ground biomass

Amino acid metabolism has the central role in
abiotic stress resistance of plants. Alanine is specially
discussed in relation to intracellular pH regulation.
Our results confirmed changes of free alanine levels
in plant growing under ammonium nitrogen stress. The
free alanine content significantly changed as a result
of N nutrition (Figs. 1-4). The highest concentration
(55.9 umol.g' FW; 54.6 pmol.g~! FW) of free alanine
was detected in conventional-treated Festulolium with
AS and in conventional-treated clover with AS. The
levels of free alanine ranged in dependence on the
type of application and nitrogen source; from 12.3 to
21.6 umol.g! FW in plants fertilized by conventional
application while from 16.2 to 66.1 umol. g”! FW in
CULTAN:-treated plants.
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Fig. 2. Endogenous levels of free alanine in Festulolium above-ground
biomass during a 125 days period after application of ammonium
sulphate. Ammonium sulphate (AS) was applied by conventional ap-
plication and CULTAN method
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Fig. 4. Endogenous levels of free alanine in clover above-ground bio-
mass during a 125 days period after application of ammonium sulphate.
Ammonium sulphate (AS) was applied by conventional application and
CULTAN method
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DISCUSSION

The dynamics of N uptake with regard to free
alanine levels in Festulolium and clover plants were
observed using various forms of N nutrition (NHZ or
NOy) and different types of N application.

Biomass accumulation

In our work, Trifolium showed signs of higher
sensitivity to NHInutrition compared to Festulolium
plants. According to Gerendas et al. (1997)
the chlorosis of leaves, and the overall suppression of
growth were found (both in Festulolium and clover).
Yield depressions among sensitive species range from
15% to 60% (Chaillou et al., 1986) and can
even lead to death (de Graaf et al., 1998).
Plants treated by locally applied N markedly reduced
growth immediately after injection of AS or CN. The
inhibitory effect was more dramatic directly at the place
of treatment by AS after which the leaves showed visible
signs of senescence such as wilting, brown spots, and
occasionally a beginning detachment from the stem,
for both plants. These results are compatible with the
significant reduction of the wheat dry matter produc-
tion in shoots and roots (Garnica et al., 2010).

Higher differences in biomass accumulation were
found by using CULTAN method, where a significant
reduction of biomass weight was detected in compari-
son with plants treated by conventional application.
The similar results were published by Neuberg et
al. (2010, 2011).

Above-ground plant N

The amount of plant N increased markedly from
the start of vegetation to early flowering phase in
Festulolium and Trifolium pratense L., and then tended
to remain constant up to maturity. This suggestion is
in agreement with the earlier results by Lawlor et
al. (2001) demonstrating that plants N content
unit biomass (N% in dry matter) is not a fixed value
and decreases as the crop develops and its structure
and biochemical composition change.

Free alanine (Ala) concentrations in above-ground plant
biomass

Free amino acid concentrations, especially those of
alanine, were analyzed in the above- ground biomass
of Festulolium and Trifolium pratense L. plants. Amino
acid metabolism may play an important role in plant
stress resistance, by osmotic adjustment and the ac-
cumulation of compatible osmolytes; detoxification of
active oxygen species and intracellular pH regulation
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(Singh, 1999).AccordingtoAlehina (1992),
significant changes in amino acid composition were
observed as a result of sources, rates and types of ni-
trogen fertilization. Ueda et al. (2008) reported
that ammonium supply strongly affected the content
and synthesis of the amino acids in the plants.

Marked increase of free alanine content in above-
ground biomass was detected in our experiment. The
results showed that free alanine accumulation was
higher when using the CULTAN method compared to
the conventional application. Many plants accumulate
alanine under anaerobic conditions and pests damages
(Good, Muench, 1992).

The alanine is markedly accumulated in response
to stress in plants and it is especially discussed in
relation to intracellular pH regulation. Naidu et
al. (1991) observed in Triticum aestivum L. an
accumulation of alanine after exposure to low tem-
peratures and this was explained by an accumulation
of citric acid enzymes leading to an increased synthesis
of the citric acid related alanine, and it was explained
by a reduced entry of amino acids into the respira-
tory chain, and reduced rate of protein synthesis.
Accumulation of alanine has also been reported in
Z. mays L. treated with the aryloxyphenoxypropi-
onic herbicide and it was suggested to be caused by
increased synthesis of alanine and a concentrating
effect due to decreased cell expansion or elongation
(Snipes et al., 1987). Accordingto Hjorth
et al. (2006) the increased content of free alanine
might be caused by a reduction in the rate of protein
syntheses and an increased synthesis of alanine due to
disturbance of the alanine aminotransferase reactions.
According to Atanasova (2008) the increase
of proline and alanine could serve as an indicator
for unbalanced nitrogen nutrition. Similar trend was
found in mixture of plants Festulolium and Trifolium
pratenseL.(Neuberg et al., 2010) orin maize
(Pavlik et al., 2010a,b).

CONCLUSION

In this article, we have focused on the comparison
of different N fertilizers (AS and CN) and types of
application (conventional and CULTAN methods) on
free alanine and total N content of Festulolium and
Trifolium pratense L. plants. To summarize, the con-
ventional application of nitrogen fertilizer resulted
in higher above-ground biomass accumulation (for
both CN or AS) as compared with CULTAN-method
application. The enhanced content of free amino and
free alanine support our hypothesis and suggest that N
applied conventionally can maintain better distribution
patterns of nutrients and provide improved conditions
for growth and nitrogen uptake.
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Zavislost hladin volného alaninu u Festulolia a jetele na typu N vyZivy
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Tato studie si klade za cil porovnat u¢inky dvou ruznych systémi N vyzivy, a to (1) metodou CULTAN
(Controlled Uptake Long Term Ammonium Nutrition) a (2) konven¢ni aplikace, a jejich vliv na hladiny vol-
ného alaninu a obsah celkového N u rostlin Festulolium a Trifolium pratense L. Pro tento pokus byl zalozen
nadobovy pokus, kde byl N aplikovan ve formé dusi¢nanu vapenatého a siranu amonného. Vynos nadzemni
biomasy byl vyssi, u obou rostlin, pfi aplikaci obou forem N konven¢ni metodou v porovnani s metodou
CULTAN. Nejvyssi obsahy volného alaninu byly detekovany u rostlin oSetienych siranem amonnym aplikovanym
konvencné. Celkové obsahy N byly srovnatelné v pribéhu vegetacni sezony u jednotlivych zpiisobi aplikace
ruznych forem N vyzivy. Vizualni symptomy naznacuji vhodnéjsi vzorec pfijmu N aplikovaného konvenéné.

dusikaté vyziva; volny alanin; Festulolium; jetel
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