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Nitrogen Partitioning at Low Temperature in Fall-Sowing
Species :
I. Uptake of exogenous N and remobilization of endogenous N
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I. INTRODUCTION microorganisms) are often high. Farming practices that

leave the ground bare during winter are also pointed

Nitrate leaching from soil profile occurs mainly  out as a major reason of NO,  leaching. Cold soil
during autumn and early sping in temperate environ- conditions leads to appreciable accumulation of NH,'
ment. During these seasons, the mineralization rate of  because the activity of nitrifying bacteria significantly

organic nitrogen sources (manure, dead plants and soil reduce under this condition. Additionally NH," is
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absorbed to soil colloids, while NO;™ is not absorbed
and is much readily leached. Several studies showed
that NH,” was indeed absorted 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 attributable largely to physical
changes in different parts of the cell membrane rather
than to differences in relative sensitivity of NO;~
versus NH," uptake to low temperature (Macduff and
Wild, 1989). Therefore, it is generally suggested that
NO,” is more serious in water pollution than NH,
when excessive nitrogen leaches from soil profiles.

If the extent of NO,” leaching is could be varied
with the availability of nitrogen sources in soil and the
nitrogen uptake by plant use, the growing catch crops
should be considered a suitable farming strategy to
decrease NO,” leaching. Theoretically, production
of 2,000kg of dry matter per ha with a 5% total N
content would remove 100kg NO;~ per ha from the
soil profile. Several species within Poaceae, Brassicaceae
and Fabaceae family are fall-sown and grown for
green fodder production during especially autumn and
early spring. Physiological studies concerning NO,~

uptake are not available for these species. Additionally,

regulation of NO;™ uptake is not yet understood at low
temperature because the difficulty seems to arise from
the possible existence of a multiphasic system
(Breteler and Nissen, 1982), whose activity is modified
by numerous external factors such as light (Grant and
Turner, 1969), anaerobiosis (Ezeta and Jackson, 1975),
the change of membrane permeability (Raison, 1985)
and internal concentration in relation to the prior
nutritional status (Clarkson, 1985; Lee and Rudge,
1986; Morgan and Jackson, 1988). On the other
hand, the partitioning of nitrogen among different
organs results from the uptake and transport via xylem
and secondly phloem transport. The information of
remobilization of endogenous nitrogen, derived from
the hydrolysis of organic nitrogen pool such as protein
or free amino acids, therefore could constitute a basic
understanding about the cycling of nitrogen
compounds in plant (Simpson et al., 1986).

The present study was undertaken to quantify NO;~
uptake and remobilization of endogenous N in winter
rye and forage rape at low temperature culture condi-

tion.

II. MATERIALS AND METHODS

1. Plant culture

Table 1. Composition of nutrient solution used for the hydroponic culture of winter rye and

forage rape.

Macro elements (mM)

Micro elements (M)

Winter rye Forage rape
KNO, 1.00 1.00 H;BO, 14.0
KCl 0.25 MnSO, 5.0
CaCl, 0.25 3.00 ZnS0O, 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
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The sterilized seeds of forage rape (Brassica
napus L) and winter rye (Scale cereale L.) were
germinated on a wet filter paper room temperature (15
~257), and then transferred on wet double-sheets (20
X 20cm) of filter paper to allow elongation of roots
and shoots. The seedling were supplied with a
complete nutrient solution on double-sheets. Two-
week old uniform seedling (15 plants per 10 L plastic
pot) were hydroponically grown on a nutrient solution.
The compositions of nutrient soultions used for
hydroponic culture are given in Table 1. The
concentration and composition of some nutrient
elements were slightly modified from those employed
by Soussana (1986) and Kim et al. (1991) after the
preliminary cultivation. A small quantity 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. Pulse chase labeling of *NO,” and
calculation of nitrogen flows

Six weeks-old pants were contacted with 1 mM
K"NO; (15.8 atom %"°N) during 5 days. After labeling
the root system were rinsed out several times with 1
mM CaSO, solution. The plants afterward were placed
on non-labeled (1 mM K“NO,) nutrient solution. The
uniformly selected plants were separately transferred to
the growth cabinets controlled to 25°C and 5C. The
harvest of samples were carried out on 3, 6 and 9 days
after temperature treatment.

The calculations implied 2 assumptions : (1) all
endogenous N is uniformly labeled; (2) the retumn flux
from shoots to roots is negligible during the period
studied. The apparent change (dN) in nitrogen pool
during the periods of temperature treatment is the
difference between nitrogen inflow and outflow from

this pool:

dN = N inflow — N outflow = Nt+dt — Nt -+« (1)

where N¢ and Nt + dr are, respectively, nitrogen

contents at time ¢ and ¢ + dt. As plants were supplied

" with “NO, during temperature treatment, the decrease

of “N proportion is derived from '*NO, uptake.
Therefore, net uptake of NO,~ (N inflow) can be

calculated from “N dilution.
N inflow = Nt+dt (1 — Ez+dt/Ef) eeeeseeeres )

where Er and Ez+dr are atom % "N excess in this
N pool, respectively, at time ¢ and z+dr. N outflow
from this pool, corresponding to endogenous N
remobili-zation during d4f, can be calculated from

equation (1) :
N outflow =Nt — Nt +dr+N inflow -eeeeeeeeess 3)
Substitution from eqution (2) gives :
N outflow = (NLEt — Nt +dtNt+di) / Et +oeeeer @)

The term NtEf — Nr+dr. Nt+dr represents the net

change of *N amount in the pool during dr.

3. Chemical and isotope analysis

Roots and shoots were separately harvested.
The freeze dried samples were ground to the fine
powder by a vibration mill (Heiko Co. Ltd. Japan), and
kept in a freezer until further analysis. The N content
and "N abundance were deterimined by ANCA-SL
Cheshire, UK) using a
reference glutamic acid (N % = 9.52, N atom % =
0.362). The ground samples of 2 to 4 mg and glutamic

(Europa Science, Crewe,

acid of 1 to 2 mg were separately weighted into tin
cups, and then set on the ANCA-MS with CO,

removal system. The analytical precision of N content
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and "N abundance were within * 0.5 mg/g DW and

+ 0.01%, respectively.

H. RESULTS AND DISCUSSION

1. Growth and nitrogen accumulation

The dry matter production and nitrogen
accumulation elaborated by winter rye and forage rape
grown at 5°C and 25°C are given at Table 2. The
growth rate of leaves and roots depressed at 5°C. After
9 days at SC, dry weight of roots and leaves
decreased to about 18% and 9% for winter rye, and to
8% and 9% for forage rape comparing with the values

obtained at 25C.

Nitrogen content experssed as a unit of mgN per
plant allows us to precise the low temperature effcts
on nitrogen accumulation in plant tissues (Table 2).
After 9 days at 5°C, nitrogen content of leaves
decreased to averagely 20% in two species studied
although leaf growth decreased only 9% comparing
with the plants grown at 25°C. On the contrary, 5C
treatment induced a higher accumulation of nitrogen
than at 25°C in roots.

Nitrogen in roots of forage rape grown at 5°C was
about 16% highly accumulated while growth of this
organ was much severly depressed comparing with that
of 25C during 9 days. It is suggested that low
temperature significantly modifies the distribution of

Table 2. Changes in dry matter and total nitrogen cotent in leaves and roots of plants grown at
25 and 5T of growth temperature during 9 days. Each value is the mean = S.E. for

n=3.
Culture Time after temperature treatment (day)
Species Organs
temperature 0 3 6 9
.......................... Dry matter (mg/plant) cesesasscesessransranene
Secale 5T Leaves 781 £ 72 1,080 = 145 1,090 + 69 1,280 += 91
cereale L. Roots 179 £ 18 379 £ 31 380 = 32 420 = 36
25¢C Leaves 790 = 68 1,050 = 95 1,115 = 51 1,410 = 66
Roots 175 £ 21 308 + 25 320 & 24 510 £ 46
Brassica 5C Leaves 1,190 = 91 1,300 = 106 1,430 £ 99 1,670 = 112
napus L. Roots 108 = 11 133 £ 15 159 + 21 193 £ 17
25T Leaves 1,110 + 118 1,330 £ 94 1,590 £ 121 1,830 = 109
Roots 115 = 18 150 + 13 182 + 22 210 £ 19
........................ Nitrogen content (mg/plant) ceesvoesaannasanran
Secale 5T Leaves 345+ 2.8 423 + 41 386 + 6.2 458 + 3.9
cereale L. Roots 44+ 04 87 £ 06 105 + 0.9 13.7 £ 1.2
25¢ Leaves 352+ 3.8 451 + 3.8 524 + 5.1 574 + 49
Roots 43+ 0.3 11.0 = 1.1 125 = 09 148 = 19
Brassica 5C Leaves 325+ 3.8 422 + 4.1 508 + 4.8 632 £ 59
napus L. Roots 28+ 02 47 £ 05 64 + 0.5 9.7 + 09
25C Leaves 31.1 £ 2.8 486 + 3.9 604 + 59 792 + 6.6
Roots 30+ 02 44 + 05 55 %04 82 £ 0.7
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nitrogen among organs, which well accord with several
data obtained from field condition. We previously
observed in field condition that nitrogen accumulation
occurred during wintering period (Kim et al.,, 1995)
and absorbed nitrogen was incorporated to mainly
protein-N in roots of fall-sown forage rape (Chung et
al., 1994).

2. Dynamics of NO,~ uptake

The absorbed NO;~ from medium was quanti-
fied by "N labeling and its dynamics were expressed
as a cumulated N content per plant during examined
time course (Fig. 1.) Total content of absorbed NO,~
at 5°C was significantly lower than at 25°C for both of

species.

60

50 Secale cereale

5 |

50 | Brassica napus
40 L
30L
20 |

Cumulated uptake ( zg N/plant)

0 ! ! 1 !
0 2 4 6 8 10

Days after temperature treatment

Fig 1. Time course of cumulatve NO,
uptake by winter rye and forage rape
grown at 5C (O) and 25T (@) of
growth temperature. Each value is
the mean = S.E. forn = 3.

Time course showed that exogenous NO;~ uptake
was very quickly responded to low temperature,
showing 70.2% and 44.4% lower in winter rye and

forage rape than at 25°C during the first 3 days. Total
content of NO,” taken up at 5C during 9 days
decreased to  59.3% and 26.1%, respectively, for
winter rye and forage rape in comparison to those
estimated at 25C. In preliminary experiment with
NO,~ depletion method, we observed also a lower
activity of NO;™ uptake at 5C than at 25°C in several
overwintering species.

Inhibitory effects of low temperature on nutrient
uptake including NO;” and NH,” has been widely
reported. Macduff and Wild (1989) observed in
Brassica napus the decreases of about 50% for total
NO;™ and NH," ion uptake and 28% of net NO,”
uptake during 7 days of low temperature treatment
(3TC). In our experimental condition, the curves of
accumula-ted content of NO;~ uptake were nearly
linear regardless of culture temperature.

This fact could be interpreted that the dynamics
of NO,” ion uptake per plant is constant. Several
results suggested that the uptake of nutrient elements
was dependent on the energetic mechanism (Lauchi,
1976). Low temperature reduced the activity of roots
with decreasing Q10 value to between 2. and 3 and
results in the inhibition of uptake dynamics (Bravo and
Uribe, 1981 ; Macduff et al., 1987). We observed that
low temperature led to a nitrogen accumulation in root
despite of growth depression (Table 2). The increase of
internal N concentration in root seems to be related to
the decrease of N uptake at low temperature. Raison
(1985)

membrane permeability and the internal concentration

suggested that low temperature changed
was closely linked to the dynamics of nutrient ion
uptake.

3. Remobilization of endogenous nitrogen

The relative distribution of tracer “N between
shoots and roots during time course allows to quantify
the apparent remobilization of endogenous nitrogen.

The total amount of *N in the plant remained at 1,040
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+ 42 pgand 1,360 + 48 4g "*N per plant in winter
rye and in forage rape, suggesting that there was no
significant loss of "N to the medium throughout time
course of temperature treatment.

The amount of "N and percentage of currently
absorbed nitrogen in leaves and roots of winter rye and

forage rape grown at 5°C and 257 is given at Table 3.

The distribution of '*N into leaves was much higher
than that of roots in both of species regardless of
culture temperature. In the leaves of winter rye, N
content increased to 166 ug and 296 ug per plant,
respectively, in the plants grown at 5C and 25T
during the first 6 days.

Table 3. Changes in amount of *N distributed into leaves and roots of plants grown at 25°C and
5C of growth temperature during 9 days. Each value is the mean + S.E. for n = 3.
The values in parentheses represent the percentage of currently absorbed **N (CNC)*.

Culture

Time after temperature treatment (day)

Species temperature Organs 0 3 6 9
................................ ug 15N/p1ant ceencstaresttececsnsocrnsnnaas

Secale 5C  Leaves 624 = 58 ( 9.5)% 608 + 45 (72) 790 = 62 ( 9.7) 650 = 39 ( 7.0)
cereale L. Roots 416 + 32 (589) 431 + 35 (29.6) 249 + 32 (13.0) 390 + 34 ( 7.0)
25T Leaves 619 = 38 ( 94) 811 £ 35 ( 88) 915 =+ 51 ( 9.0) 822 £ 60 ( 69)
Roots 421 + 28 (589) 229 =21 (i1.1) 125 £ 12 ( 44) 218 =19 ( 72)
Brassica 5T Leaves 1,115 + 98 (20.2) 1,135 = 79 (15.1) 1,129 + 85 (12.0) 1,115 = 86 ( 9.1)
napus L. Roots 244 + 15 (54.7) 224 = 18 (282) 231 £ 24 (21.2) 244 = 18 (140)
25T Leaves 1,110 = 78 (19.5) 1,129 + 84 (12.8) 1,136 & 91 ( 9.8) 1,156 = 90 ( 7.1)
Roots 250 + 18 (559) 231 + 21 (320) 224 + 21 (24.1) 204 = 18 (13.7)

*CNC (%) = (N atom % of the tissue — 0.366 / '°N atom % of labelling solution — 0.366) x 100.

These increased amount of “N corresponded to the
decreased amount in roots. From the changes of “N
content among organs, it could be estimated that 90
and 163 g gN/plant (c.f équation 4 in calculation of N
flows) were transferred from roots into leaves at 5C
and 25°C. These results clearly indicate that remobillz-
ation via xylem reduces at low temperature condition.
The amount of N decrcased from 6 to 9 days after
temperature treatment, corresponding 75 g and 52 ug
of outflow from leaves of plants grown at 5C and
25°C. This outflow logically means the transport from
leaves to roots. The phloem transport therefore slightly
accelerated by low temperature. A N analysis of roots

and leaves of wheat showed that 80 to 95% of total

absorbed labeled N were transferred to leaves and 10
to 15% of nitrogen in leaves remobilized to roots
(Larsson et al., 1991). The similar estimation of
phloem transport of barley has been reported (Simpson
et al.,, 1982). On the contrary, there was no signifiant
changes in "*N distribution into organs of forage rape
at both of temperature treatment throughout the entire
time course.

In comparison with two species studied, winter rye
much sensitively responded to low temperature than
forage rape in the uptake of exogenous N (Fig. 1) and
the remobilization of endogenous N (Table 3.) The
notable differences between winter rye and forage rape

for remobilization of endogenous N seems to be
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related to the causality with the durability to optimize
the utilization of nitrogen within plants. Several reports
have shown that the control of inward and outward
fluxes might be strongly influenced by morphological
parameters such as root surface area, diameter and
density (Jackson et al., 1976 ; Ingemarsson et al., 1987).

Two possible assumptions can be taken from the
entire data obtained from this study ; 1) the dynamics
of NO,™ uptake is reduced in relation to the increase
of internal N concentration, 2) the remobilization of
endogenous N via xylem transport is decreased but that
of phloem transport is slightly accelerated by low

temperature despite of species specific.

Iv. SUMMARY

A pulse-chase labeling of *N on winter rye (Scale
cereale) and forage rape (Brassica napus) grown at
5C and 25°C was carried out to determine the effects
of low temperature on the uptake exogenous N and the
remobilization of endogenous N. The growth rate of
leaves and roots depressed at 5°C. After 9 days at 5C,
nitrogen content of leaves decreased to 20% on the
average while that of roots increased to 12% compared
with the plants grown at 25C. Total content of NO;~
uptake from medium was 23.0 and 43.5 mg N/plant,
respectively, for winter rye and forage rape grown at
5°C during 9 days. These values were corresponded to
59.3 and 26.1% lower uptake than those of 25C. A
large part of *N was distributed into leaves throughout
time course in both of two species. The content of °N
in leaves of winter rye at day 6 increased to 166 and
296 ug”N/plant compared with the initial value (day
0) in the plants grown at 5C and 257, corresponding
to 90 and 163 xg N of remobilization from roots into
leaves during the first 6 days. From 7 to 9 days, 75
and 52 ugN of outflow from leaves were occurred
at 5C and 25TC. However, little remobilization of

endogenous N was estimated in forage rape throughout

the entire time course regardless of temperature treat-
ment. Comparing two species studied, winter rye was
much sensitively influenced by low temperature on
the uptake of exogenous N and the remobilization of

endogenous N.
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