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THE EFFECT OF NITROGEN ON DRY MATTER
ALLOCATION IN YOUNG SPRING BARLEY PLANTS
(HORDEUM VULGARE L.)
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Department of Plant Physiology, Charles University, Prague, Czech
Republic

Spring barley plants (Hordeum vulgare L., cv. Kordl) were cultivated in nu-
trient solutions Hoagland 2 and Hoagland 3 containing 5 mM and 15 mM
concentrations of nitrate, respectively. In the two to three day intervals, sam-
ples consisting of 4 replicates, each containing 4 plants, were taken. Dry mass
of the leaf blades, remaining parts of the shoot, and of the roots were measured.
Shoot and total plant dry matter was calculated. Values of the dry mass time
course were fitted to an exponential function (except for leaf blades). Although
the differences in the initial values and differences in the relative growth rate
were rather small, the time course of the dry mass shoot/root ratio ditfered
considerably between the two treatments. It can be concluded that the dry mass
shoot/root ratio is an efficient measure not only to determine individual nutri-
ent deficiency but also to detect differences in the nitrogen supply in the region
of its general sufficiency.

spring barley; nutrient solution; nitrogen; relative growth rate (RGR);
shoot/root ratio; nitrogen deficiency determination

INTRODUCTION

Nitrogen and dry matter allocation represent the most important factors
determining the rate of plant growth. Nitrogen is of both “theoretical®“ and
“practical“ importance. The former may be seen in its quantitative superiority
among all the mineral elements contained in plant dry matter as well as in its
role as a constituent of proteins (Hikosaka, Terashima, 1996). The
latter may be expressed in the fact that a farmer is able to efficiently modulate
the time course of canopy productivity by timing various amounts of nitrogen
fertilizers Bockman et al., 1990). :

ny matter allocation plays a dominant role in yield formation. It also
considerably regulates most of the processes connected with dry matter pro-
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duction and distribution. Brouwer (1962) in his classical paper empha-
sized the role and the “responsibility* of both shoot and root in the acquisition
of energy and nutrients from both the atmosphere and the soil. The shoot is
responsible for providing enough carbohydrates while the roots look after
supply of water and mineral nutrients. Both shortage and excess of any of
these three substances negatively affect plant growth. Hence, a functional
equilibrium between the availability of carbohydrates, water, and mineral
nutrients is of prime importance. A plant has certain possibilities to modulate
the absorption of radiant energy, water and nutrients. However, the main and
long-lasting regulation of equilibrium may be achieved by preferential growth
of those organs that are able to supply the deficient substrate. Carbohydrate
deficiency therefore induces an increase in the allocation of dry matter into
the shoot while nutrient or water deficiency promotes the translocation of
assimilates into the roots. Differences in dry matter allocation are best seen
in changes of the dry matter shoot/root ratio (Baker, Milburn, 1989).

Studying mineral nutrient deficiencies most often involves treatments with
deficient and sufficient amounts of the appropriate substance (Repka, 1990).
In such a case, pronounced symptoms of nutrient deficiency are compared with
those of complete sufficiency. In this paper, the results of a study on the effects
of a good and increased nitrigen supply to young barley plants cultivated in
nutrient solutions are reported. They are evaluated by growth analysis.

MATERIAL AND METHODS

Spring barley plants (Hordeum vulgare L., cv. Koral) were germinated for
3 days at 22 °C in darkness and then transferred to nutrient solutions Hoa-
gland 2 (H2) or Hoagland 3 (H3) containing 5 mmol N per liter or 15 mmol
N per liter, respectively (La§tavka, Mindaf, 1967). Plants were culti-
vated at 16 hour photoperiod under irradiance of 320 umol.m'z.s'1 (photo-
synthetically active radiation). The day/night temperature was 23/18 °C with
fluctuations +2 °C.

In the time interval of 2 to 3 days 4 replicates, each containing 4 plants,
were sampled, oven dried and the dry mass of the leaf blades, roots and
remaining parts of the plants was measured. The experiment terminated when
the plants were 31 days old.

The statistical evaluation of the experimental data included the standard
errors (SE) of the samples that are given in the figures. The time course of
dry mass of the individual plant parts was fitted to the exponential function
of the general form:

(Dry Mass at day D)y=a.e RD,

8 SCIENTIA AGRICULTURAE BOHEMICA, 28, 1997 (1): 7-16

where R indicates the relative growth rate (RGR) in mg.mg'day™". Only the

time course of leaf blade dry mass was fitted to linear regression:

(Dry mass at day D)=a+b.D.

RESULTS AND DISCUSSION

Nitrogen availability influences barley growth from the very beginning. In
experiments with dark germinated and grown barley plants nitrogen defi-
ciency affected the rate of respiration and the shoot/root ratio when plants
were only 5 days old (Natr, 1988, 1993). However, many experiments
studying the effects of nutrient supply use the concentrations of ions that
range from its absence from the solution to very high concentrations. In the
experiments reported here, the differences between nitrogen availability were
low and corresponded to sufficient N supply. The standard Hoagland 2 solu-
tion contains 5 mmol N per liter solution in the form of NO3 while Hoagland
3 15 mmol N per liter in the same chemical form. Even the lower concentra-
tion corresponding to the solution of Hoagland 2 should supply the plants
with sufficient amounts of nitrogen (La§tavka, Minaf, 1967). The ob-
tained results prove this assumption because in total dry mass of plant (Fig. 1)
a relatively very small difference was between the two treatments. Strange
enough, the RGR values were identical for plants cultivated in Hoagland 2
and Hoagland 3, i.e. 0.075 mg.mg~'.d”" indicating that the daily incfease in
dry mass corresponded to 7.5 per cent. The difference between the two treat-
ments seems to start from the very beginning of growth. According to the
fitted function, the calculated value for Day = 0 equals 28.8 mg and §4.9 mg
per plant for the H2 and H3 treatment, respectively. The experiomental valuecs
for the Ist sampling, .i.e. Day = 4 equal 27.9 mg and 30.9 mg for the H2 and
i?;rrziarfrr;r;;ilrt‘;gnfmgs o‘ur pre\{ious re‘sults, that even during the first days
thecpresenc@ i ablf)n, the ‘co.leloptlle,v leaf and root growthiwas modified by
e sence of nitrogen from the ambient solution (Natr, 1988,
me:tl,etgztz;laals? cl(.);htrrlln ‘the assumption, that durir'lg this short-term experi-
. f[ V:ggocxpressed as dry matter increase was exponential
e Gk by fi{[i th). ;t was therefore ful!y Jl_lStlfl.ed to calculate the

., ng the data to the~exponent1al function (Hunt, 1982).
blon Eig. 2) Calllslll(])nt r(l;ay be drawn f‘rom‘the data on shoot dry mass per
B g oo of [1?: las the. sum of legf blade dry mass (Fig. 3) and the
e : p\ant‘ (.Fxg.r2). Again, the shoo_t dry mass differs from

e fitted function for the Day = 0 while the RGR values are
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I. Experimental data (individual points)
and fitted curves of exponential function
of the time course of dry mass (mg) per
plant of young barley plants cultivated 31
days in Hoagland 2 (@) or Hoagland 3
(H) nutrient solutions containing 5 mM
and 15 mM nitrate, respectively

2. Experimental data (individual points)
and fitted curves of exponential function
of the time course of dry mass (mg) per
plant of young barley plants cultivated 31
days in Hoagland 2 (@) or Hoagland 3
(H) nutrient solutions containing 5 mM
and 15 mM nitrate, respectively

BELOW: Shoot dry mass consisting of
leaf blades and leaf sheaths

ABOVE: Shoot plant parts with leaf blade
dry mass excluded. Vertical bars indicate
the + standard error
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2 —1 I [ . .
pmctically identical reaching 0.08 mg.mg .day™, i.e. 8 per cent increase in
«

dry mass per day. . e . o

The changes of the dry mass of the remaining parts of the plant consisting
mainly of leaf sheaths y.ielded dlffere?nces in RGR reaching some 10 per cent
(relative value). The daily dry mass increasce correspo-nds to 9.0 per cent and
9.7 per cent for the H2 and H3 treatments,. 1‘e§pect1Ycly. The fitted curve
(Fig. 2) indicates similar values at the beginning of the experiment with
considerable divergence by its end.

The only values where the exponential fit yielded inadequate results were
those for leaf blade mass per plant (Fig. 3). The linear regression seemed to
produce the best fit indicating the constant dry mass increase of 3.36 mg and
3.95 mg per plant and day for the H2 and H3 treatment, respectively. Because
of the relatively small values of standard errors of the leaf dry mass (see
Fig. 3), the difference is statistically significant. The difference between the
treatments reached some 15 per cent and clearly indicates the positive effect
of higher nitrogen concentration in plants cultivated in the H3 treatment on
leaf area development (Saeki, 1961; Natr, 1989).

On the other hand, the differences in root dry mass per plant between the
two experimental treatments are not statistically significant for all the sam-
plings in the course of the experiment. The RGR values were lower compared
with those for the shoot or rest dry mass (Fig. 2) and reached only
0.066 mg.mg'l.day” and 0.060 mg,mg’l.day" for the H2 and H3 treatment,
respectively. Although the experimental values were not statistically different
when their standard errors were compared, their calculated RGR values dif-
fered by some 10 per cent. This indicates clearly that more dry matter was
allocated into the roots of plants supplied with lower nitrogen content in the
course of the experiment. The time course of the two curves illustrating the
RGR values also shows that the difference between the two treatments in-
creases with the age of the plants. There were no differences at the beginning
of the sampling period either between measured or calculated values. The
calculated values for the Day = 0 were 7.50 mg and 8.18 mg while the
measured values on Day = 4 were 7.0 mg and 7.6 mg per root dry mass per
plant for H2 and H3, respectively.

Surﬁzzi}l Lc}htfergr;_ces in Lbe dry matter allocatiql} into the Aindividual plant parts
i drp an mal_ly yielded gonmderable dltfel‘epces in the shoot/root ratio
B oo i'a?lass (Fl‘g. 4).. Dprmg tbe Whole duration of the experiment, the
. H2-treatec110 \]Jvas steadily increasing in the H3-treated plants while that of
B 4 p ants was §lgwly decreasing. Hence, small differences found

ry mass of the individual plant parts yielded considerable difference

in the ti : . . T
o time course of the shoot/root ratio. This is the very conclusion of the
ole experiment.
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3. Experimental data (individual points)
and fitted lines of exponential function
(curve) of the time course of the root dry
mass (mg) per plant or linear regression
of leaf dry mass of young barley plants
cultivated 31 days in Hoagland 2 (@) or
Hoagland 3 (H) nutrient solutions contain-
ing 5 mM and 15 mM nitrate, respec-
tively. Vertical bars indicate the * stan-
dard error

BELOW: Root dry mass
ABOVE: Leaf blade dry mass

4. Values of the shoot/root dry mass ratio
calculated from measured values (points)
and fitted linear regression to these values
(lines) of young barley plants cultivated
31 days in Hoagland 2 (®) or Hoagland 3
(M) nutrient solutions containing 5 mM
and 15 mM nitrate, respectively

Brower (1962) was among the very f.irst authors explaining the p-ri.nci—
les of dry matter allocation into the individual plar?t parts under conditions
oy trient, water or radiation energy deficiency. His idea about the prefer-
glt?aul trans]ocation of assimilates into the roots when either water or nutrients
were deficient has been proved by many subsequ.ent experiments (Ea.m—
bers et al., 1990; Schenk, 1996). However., in most cases, suﬁ‘lcler.u
supply of nutrients was most often compared with various ngI:GC o’r. their
deficiency. In our experiments, even the lower concentration of nitrate in the
H2 treatment cannot be considered as a deficient one. Nevertheless, the H3
treatment supplied plants with a 3 times higher concentration of this nutrient.
It was shown that the shoot/root ratio represents an extremely sensitive indi-
cator of the nutrient availability (Natr, 1988). It is able to clearly indicate
not only nutrient deficiencies but also differences between those treatments
that could be otherwise considered as fully sufficient, i.e. having adequate
supply of the particular nutrient.

It may be that when the shoot/root ratio differences between treatments are
quite small, the time course of this parameter may provide more information
on the level of nutrient supply. Hence, the measurements and calculation of
the time course of the shoot/root ratio may considerably increase its sensiti-
vity and liability.

The importance of the dry matter allocation into the shoot and root has
been confirmed even in an in vitro experiment. Lipavska and Natr
(1991, 1992) supplied the in vitro cultivated rape plants with various amounts
of both carbohydrates and nitrogen. Under these conditions, roots became the
source organ not only of nitrogen but also of carbon. Even under these
experimental conditions the shoot/root ratio reflected the level of nitrogen
availability.

There is an increasing body of evidence that dry matter allocation repre-
sents one of the most important processes regulating plant response to exter-
nal conditions. However, not enough is known on mechanisms regulating this
allocation (N i¢i porovic, 1988; Turgeon, 1996). In other words, not
enopgh is known on mechanisms determining the degree of preferences of
the individual plant sinks under the given external conditions and at the given
developmental stage of the plant.

On the other hand, the determination of the indicator consisting of the

oot/root value is difficult from the methodical point of view. It is relatively

:i‘lz t(C)OIIIllSeiz(lisureblroot. dry m_ass in.plants cu]Eivated in nutrient solution. How-

lyze’d o (l;:ra‘le dlfflCU’erS arise when field grown plants are to b? ana-

methodica; ha‘:uli' € _B ldha, 1990; Haberle t.tt a.l., ]996). If, this

ratio may becomlcap 1S overcome one day, the d_etermmatlon of the shoot/root
¢ generally used even by the farmers.

sh
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NATR L. (Katedra fyziologie rostlin Univerzity Karlovy, Praha, Ceska republika):
Vliv dusiku na alokaci Zivin u mladych rostlin jarniho je¢mene (Hordeum vulgare 1..).
Scientia Agric. Bohem., 27, 1997 (1): 7-16.

Rostliny jarniho je¢mene (Hordeum vulgare L., cv. Kordl) byly péstovany v Ziv-
ném roztoku Hoagland 2 obsahujicim 5 mM koncentraci nitratd a v roztoku Hoag-
land 3 obsahujicim 15 mM koncentraci nitratd. Kultivace probihala v 16hodinovém
dni pfi ozafenosti 320 umol.m™.s™" a teploté den/noc odpovidajici 22 °C/18 °C s ko-
lisinim +2 °C. V pravidelnych dvou az tfidennich intervalech byly odebiriny 4krat
4 rostliny a stanovena hmotnost suSiny listovych Cepeli, kofent a zbytku rostliny
s tim, Ze byla dopocitdna hmotnost suiny celé nadzemni ¢asti a celé rostliny.

Casovym priib&hem experimentalnich hodnot byla proloZena exponencidlni funk-
ce, jejiz exponent vyjadiuje hodnotu relativni rychlosti ristu, RGR (mg.mg™".den™).
Pouze pro prib&h hmotnosti susiny listovych epeli se ukdzala jako vhodné&jsi linearni
regrese.

RGR hmotnosti susiny celé rostliny (obr. 1) byla identicka a ¢inila 0.075 mg.mg™".den™",
c?i odpovidd dennimu p¥irdstku hmotnosti su§iny 7.5 %. Vyznamné véak gyly roz-
dily v pocate¢ni hodnoté vypodtené pro nulty den, a to 28,78 mg pro rostliny H2
av34,92 pro rostliny H3. Experimentdlné naméfené hodnoty pfi 1. (;dbél‘u, ktery pro-
(b)ebh(joétl).nélezlgv(;?ypt;)}if;tlil;vnoa;;riléozé:rli, Ci‘r}ily 277v8 mg pro H?. aﬁO,()() mg prf)vl/B:
A y L‘aﬁ(.)ve 170 pu’xbehil‘ l1{n(?lno§t1 su51{1y nadzvémm'castl

i : otnost suSiny zbylych ¢asti rostlin vykézala pfi stejnych
pocaFeLx}lch hodnotéch témé&¥ 10% rozdil v RGR (obr. 2).
pﬁrLﬁlsiizn;Lgrieng;e;eSé]r]r;otn(?sti SuS:iny l]:Slfl na stari rostlin poskytla hodnoty denniho
o ey kofer;ﬁ ]gvnd rostyll.nu ;310 H2 a 3,95 l'ng [31‘0 HB '(obr. 3). RGR hmot-
e se 151]‘d.meu obéma varlantlaml opét piiblizné o 10 % a Cinila

oy pomé;né mq[})fo rosflmy qu av5,98 mg.g” .c'len" pro H3.
N1 . L s;ﬂeﬂ(r)(z;(rj‘lly (\)/dptr'utbe’hu hdnlilotnostl suél/ny jedn(v)tliV)'Ich ¢asti rostlin
nadsemni oy (Obr.y4p;4 statné rozdily v hodnotach poméru hmotnosti suiny
Zemr?ikgzztil/);g:;:aly vysokou .citlivost a vhodnost parametru hmotnost susiny nad-
Y pro detekci st

Vim dusik ) avu zasobeni rostlin mineralnimi Zivinami, pfede-
Ikem. Timto parametre

m lze stanovit nejen vyrazny deficit, ale i pomérné
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malé rozdily p¥i celkov& dobré zasobenosti rostlin dusikem. Citlivost tohoto parame;-
ru lze zvysit stanovenim dynamického pribéhu jeho hodnot pfi nékolika casove
néslednych odbérech.

jarni je¢men; Zivny roztok; dusik; relativni riistova rychlost (RGR); pomé&r nadzemnj
Cast/koteny; detekce deficitu dusiku
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