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I. NTRODUCTION Manure, dead plants and soil microorganisms are
important sources of nitrogen retuned to soil, but most

It is generally suggested that the excessive NO;~ of this nitrogen is insoluble and not immediately avail-
leaching from soil profiles is very serious in water able for plant use. Organic nitrogen should be firstly
pollution. The NO;~ leaching is closely related to the ammonified by soil to be availably taken up by plant.
availability of nitrogen sources in soil and the extent of In warm, moist soils with near neutral pH, NH," ions

nitrogen use by plant uptake. are further oxidized by bacteria to NO,; ™.
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The successful use of these ions as a N source
depends on the ability to assimilate most of inorganic
N and the assimilation dynamics is affected by the
availability of these ions. In many soils especidally in
agriculture, there can be a variation with soil pH(Rains
et al., 1964 ; Bassioni, 1971) or with season(Clarkson,
1985). Cold soil conditions leads to appreciable accu-
mulation of NH,’", because the activity of nitrifying bac-
teria significantly reduce under this condition. Ad-
ditionally NH," is absorbed to soil colloids, while NO,~
is not absorbed and is much readily leached.

Several studies showed NH," was indeed absorbed
more readily than NO;~ when the ions are supplied
together at the same concentration, especially at low
temperature(Frota and Tucker, 1972; Clarkson and
Warner, 1979 ; Ganmore-Neumann and Kafkafi, 1981 ;
Macduff and Wild, 1989), but that this might be at-
tributable largely to physical changes in different parts
of the cell membrane rather than to differences in rela-
tive sensitivity of NO; ™ versus NH," uptake to low tem-
perature (Macduff and Wild, 1989). Taking overall
respects into consideration, it is easily accepted NO;~
leaching from the soil may be more serious than NH,"
leaching in water pollution.

If development of accelerated net uptake of NO,~
by plant use might be an important strategy to decrease
the leaching rate from soil, there is little informations
NO;” uptake by

overwintering crops. In additionally regulation of NO;~

for estimating the dynamics
uptake is not yet understood under low temperature
circumstance. Its complexity seems to arise from the
possible correlation among various external factors
such as light (Grant and Turner, 1969), anaerobiosis
(Ezeta and Jackson, 1975), temperature (Macduff and
Hopper, 1986; Macduff et al., 1987) and prior nu-
tritional status (Lee and Rudge, 1986). Also it has
been reported that uptake of most nutrient ions includ-
ing NO,” and NH," depends on internal concentration

(Morgan and Jackson, 1988; Clarkson, 1985) in re-

lation to the change of membrane permeability (Raison,
1985).

Our interests focussed on an agrophysiological
practices for improving NO,” use by overwintering
plants to reduce NO,™ leaching from soils during late
autumn and early spring. The present study was
undertaken to investigate the influence of low culture
temperature on 1) the net NO,” uptake by some
overwintering species, 2) the accumulation on NO,~

and reduced nitrogen into plant tissues.

II. MATERIALS AND METHODS

1. Plant culture

The seeds of forage repe (Brassica napus 1., cv.
Swiss), barley (Hordeum vulgare 1.) and winter rye
(Scale cereale L.) were sterillzed with 80% ethanol and
twin 20. They were germinated on a wet filter paper at
room temperature (15~25°C), and transferred on wet
double-sheets (20 X 20cm) of filter paper to allow
elongation of roots and shoots. The seedling were sup-
plied with a compete nutrient solution on double-
sheets. Two-week old uniform seedling (15 plants per
10 L plastic pot) were hydroponically on a nutrient
solution. The composition of nutrient solution used for
hydroponic culture of grasses(barley and winter rye)
and for forage rape is given in Table 1. A small quan-
tity of CaCO, was added to each nutrient solution to
stabilize pH. The nutrient solutions were continuously
aerated and renewed every 5 days. The photo period
was controlled to 16 hours (day) and 8 hours (night)
with mercury vapor fluorescent at 50~ 60% of relative

humidity.
2. Measurement of NO,™ uptake

Two days before uptake experiment, the plants
were transferred to a fresh nutrient solution under at

ambient green house circumstance. The roots of uni-
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Table 1. Composition of nutrient solution used for the hydroponic culture of grasses (Hordeum
vulagare, Scale cereale) and Brassica genus.

Macro elements (mM)

Micro elements ( M)

grasses Brassica genus
KNO, 1.00 1.00 H,BO, 14.0
KCl 0.25 MnSO, 5.0
CaCl, 0.25 3.00 ZnSO, 3.0
MgSO, 0.20 0.50 CuSO, 0.7
K,SO, 1.00 (NH,):Mo,0,, 0.7
KH,PO, 0.40 0.40 CoCl, 0.1
K,HPO, 0.15 0.15 Fe-Na-EDTA 200.0

formly selected plants were rinsed several time with
distilled water and were immersed in a uptake buffer
solution for 5 min prior to uptake experiment in order
to saturate the free apace of root cell wall. Two plants
were transplanted on 10 mL of 10 mM MES hydrate-
KOH buffer, pH 5.5, containing 10 mg/L N-KNO..
The prepared plants were separately transferred to the
growth cabinets controlled to 25C and 5C after 3
hours of photoperiod. The uptake solution was
sampled at 1, 2, 4, 6 and 9 hours after temperature
treatment. The NO,~ concentration of uptake solution
was measured spectrophotometrically by the method of
Cawse (1967) with a modification in part. One mL of
uptake solution sample was added to 0.2 mL of 2.5%
(W/V) sulfamic acid and to 1.3 mL of 5% (V/V) per-
chloric acid. Absorbance at 210 nm was read after 10
min of incubation at ambient condition. The change of
volume caused by evaporation and sampling for analy-
sis was corrected by addition of distilled water accord-
ing to the difference of weight comparing with the in-
itial weight of container with plant at each sampling
time. NO,~ uptake was determined by the disappear-
ance of NO,™ from the uptake buffer solution. This
flux was experessed as umol NO;~ taken up per g
fresh weight.

3. Chemical analysis

Temperature treatment was prolonged until 9
days to analyse the contents of NO;~ and reduced N in
plant tissues. After 9 days of temperature treatment,
shoots and roots were separately harvested and stored
at deep freezer. About 250 mg of freeze dried sample
was separated to the soluble and insoluble N fraction
by two successive extraction with boiling water-ctha-
nol-chloroform according to Pace et al. (1982). The
separation of soluble fraction from the ethanol-water
phase was performed by filtration. The chloroform
phase was added to insoluble N residue. Nitrate and
amino N of the soluble fraction were further separated
using Dowex 50 H+ column as described by
Yoneyama et al. (1987).

Nitrate was measured by a colorimetric method

after reduction to nitrite on CdCu column (Ferrari and
Varner, 1971). The fraction of insoluble N and amino
acids N were mineralized by a Kjeldahl procedure. The
nitrogen determination of mineralized aliquots was do-
ne by microdiffusion and nesslerization as described by
Kim and Kim (1996).
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. RESULTS AND DISCUSSION

1. NO;~ uptake
Concentration of NO,” taken up by three
species under 2 regimes of culture temperature
represents in Figure 1. Comparing with three species
examined, the highest NO,™ uptake by Brassica napus
was observed at both of culture temperature during an
entire time course. The cumulative concentration of
NO;~ taken up during 9 hours was 1.8 and 1.4 times

higher at 5C and 1.3 and 1.5 times higher at 25C

than those of Hordeum vulgare and Secale cereadle,
respectively. Uptake rates experssed with pmol/gFW/
h of Brassica napus, Hordeum vulgare and Secale
cereale were 1.22, 0.66 and 0.89 at 5C and 1.78, 1.44
and 1.22, respectively, at 25T atter 9 hours of tempera-
ture treatment. The observation of a higher NO;™ up-
take by Brassica ngpus from our experimental con-
dition well confirms the results of Laine et al. (1993)
showed the highest V,, value comparing uptake of
NO,” by several catch crops within Hydrophyllaceae,

Poaceae, Brassicaceae and Fabaceae family.
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Fig 1. Time course of nitrate uptake at 5°C and 257 of culture temperature.
Values are given as means = S.E. forn = 5.

NO;~ uptake significantly decreased in plants
grown at 5°C comparing with those grown at 25C in
all of three species examined. Nine hours after tempera-
ture treatment, the NO,” uptake by Brassica napus,
Hordeum vulgare and Secale cereale at grown at 5C
decreased to about 31, 50 and 27%, respectively,
compared with those grown at 25°C. Macduff and
Wild (1989) observed the decrease of about 50% for
total NO;”~ and NH,” ion uptake and 28% of net NO;~
uptake during 7 days of low temperature treatment
(3C) in Brassica napus. Inhibitory effects of low tem-

perature on nutrient uptake including NO,” and NH,'

has been widely reported. Comparative studies of NO;~
and NH," suggest that NO;” uptake is more severely
inhibited than NH,™ uptake at low temperature (Bloom
and Chapin, 1981; Macduff and Wild, 1989; Smart
and Bloom, 1991). In preliminary experiment, we
observed that low temperture led to a depression of
growth and nitrogen accumulation in root. The
increased internal concentration in root seems to be re-
lated to the decrease of N uptake at low temperature.
Raison (1985) suggested that low temperature changed
membrane permeability and the internal concentration

was closely linked to the dynamics of nutrient jon
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uptake.
2. NO;™ content in plant tissues

After 9 days of temperature treatment, dry
weight of leaves of plants grown at 5C decreased
averagely to 12% and those of roots decreased to 18%
compared with 25°C (data not shown). In comparison
with the plants at 257, total nitrogen contents in
leaves decreased at 5C for all of three species
examined while low temperature induced an increase
of total nitrogen content in roots Root nitrogen of
Brassica napus, Hordeum vulgare and Secale cereale
grown at 5 were increased to 24.3, 143 and 9.1%
than those of 25 C, respectively (data not shown).

NO;™ contents in leaves and roots of three plant
species after 9 days of temperature treatment are given
in Fig. 2. When same temperature was applied, no sig-
nificant difference of NO;™ content in leaves was
observed among three species. However, NO,™ content
in root significantly affected at 5C. NO,” accumu-
lation in roots of Brassica napus at 5C was the
highest among three species examined. NO;™ contents
in roots of Brassica napus, Hordeum vulgare and
Secale cereale grown at 5°C were 48.3 38.7 and 53.5%
higher than those of 25°C, respectively. These results
suggest that NO,™ reduction in roots may be inhibited
by low temperature. In the further experiment of a
series of this study, we determinend 32.5% lower ac-
tivity of nitrate reductase in roots of Brassica napus
grown at 5°C than at 25°C. Therefore, the distribution
and reduction of exogenous NO; ™ in plant tissue could
be linked to the status of internal NO;~ concentration
and plant growth (Crafts-Brandner and Harper, 1982;
Gojon et al., 1991).

3. Reduced nitrogen content
tissues

in plant

Reduced nitrogen contents in leaves and roots

of three plant species after 9 days of temperature treat-

ment are given in Table 2. The contents NH,'-N in
leaves and roots of three species were not significantly
affected by the culture temperature. Leaf tissues
contained higher NH,'-N than roots. Comparing with
the plants grown at 25, amino acids-N content in
leaves at 5C was slightly lower while that of roots

highly increased.

5
Leaves
4 -
Brassica Hordeum Secale
3 napus vulgare cereale
2

Roots

Nitrate content (mg N/g DM)

Fig 2. Nitrate content in leaves and roots
grown at 5C (ll) and 25°C(&2) during
9 days.
Values are given as means * S.E. for
n=>5.

Amino acids-N contents of in roots of Brassica napus,
Hordeum vulgare and Secale cereale grown at 5T
were 50.8, 40.9, 41.7% higher than those of 25T,
respectively. Protein-N was the largest pool of nitro-
gen representing about 55 to 70% of total nitrogen.
Although the temperature influence on protein-N con-
tent showed a similar pattern with that amino acids-N,
it was much less sensitive. Although we could not give
a direct eviodence from this experimental condition,
the high increase of NO,” (Fig. 2) and amino acids
(Table 2) in roots are closely related to the decrease of
NO,™ uptake at low treatment. Several reports suggsted

that some of NO,~ inducible membrane proteins might
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Table 2. Content of soluble reduced(NH, - N, amino acid-N) and protein-N in plant grown at
25C and 5°C of culture temperature during 9 days. Nitrogen source was supplied with
1mM KNOQO,. Values are given as means + S.E. for n=5.

. Culture Nitrogen fraction

Species

temperature NH,*-N amino acids-N Protein-N

.................................. Mg N/g DW «ereermermvmissnssnninmnees

Brassica Leaves 25T 1.3+ 04 84 £ 08 305 + 2.6

napus L. 5C 1.7 + 05 7.7 £ 08 274 = 2.1

Roots 25T 23 203 59 = 05 16.5 £ 1.3

5T 29 £ 02 120 £ 1.3 211 = 14

Hordeum Leaves 25T 12 £ 02 82 £ 09 30.1 = 1.8

vulgare L. 5T 14 £ 02 74 £ 06 26.7 + 24

Roots 25¢C 25+ 04 62 + 07 176 + 14

5C 27 + 03 105 £ 1.0 18.5 = 19

Secale Leaves 25¢C 12 + 0.2 8.0 £ 06 295 £ 19

cereale L. 5C 1.5 + 0.2 72 £ 05 26.1 £ 2.1

Roots 25¢C 24 + 02 60 = 09 174 £ 1.0

5C 30 £ 0.2 103 £ 1.1 177 = 14

have a role in NO, ™ uptake. If low temperature change
membrane permeability (Raison, 1985), the increased
internal concentration of NO;~ and amino acids in
roots could have a strong influence on the low tempera-
ture response of NO;~ (Macduff et al., 1987 ; Macduff
and Wild, 1989). In addition, inhibition of NO;~ may
be controlled by the molecular signal of foliar origin.
Cooper and Clarkson (1989) postulated that nutrient
ion uptake was regulated by the pool of composed
amino acids circulating between roots and leaves. The
diminution of amino acids utilization in leaves under
low temperature stress induces to a depression of xy-
lem transport of amino acids and to an increase of
internal concentration. The inhibition of uptake seems
to arise from the changes of these physiological factors.

We are still in vagueness for the interpretation of

metabolic pathways resulting in an increase of internal

NO;~ and amino acids concentration in roos at low
temperature. The possible assumptions are; 1) the in-
crease of root flows from exogenous NO,~, 2) the de-
crease of reduction of exogenous or endogenous NO; ™,
3) relative decline of reduced N transport at low
temperature. Further studies therefore necessary with
an enzyme assay to estimate the activity of NO,~
reduction and an isotope "N labeling for investigating

the internal cycling of exogeous and endogenous NO; ™.
IV. SUMMARY

The experiments were undertaken to investigate the
dynamics of NO,” uptake at low temperature with
forage rape(Brassica napus), barle(Hordeum vulgare)
and winter rye (Scale cereale). A net NO,™ uptake

and the contents of nitrogenous compound in tissues at
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low temperature (5C) were compared with normal
temperature (25°C). The net uptake of NO;~ by Brass
ica napus was the highest among three species at both
temperature applied. During 9 hours after temperature
treatment, NO,™ uptake of Brassica napus, Hordeum
vulgare and Scale cereale grown at 5C decreased to
about 31, 50 and 27% compared with those grown at
257T. NO;™ contents in roots were much sensitively
affected by low temperature than those of leaves.
Comparing with the plants grown at 25T, NO,~
contents in roots of increased to 48.3, 38.7 and 53.5%,
repectively, for Brassica napus, Hordeum vulgare
and Scale cereale during 9 days. A relatively less
changes in the content of NH,"-N were observed
according to the temperature treatment. The ontents of
amino acids-N in leaves at 5°C slightly decreased
while that of roods remarkably increased compared
with 25°C. Protein-N was the largest pool of nitrogen
and its contents in leaves and roots showed a similar
response on the temperature treatment. These results
suggested that NO;~ uptake was inhibited at low
temperature. The dynamics of NO,;~ uptake could be
closely related to the increased concentration of NO;~

and amino acids in roots.
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