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Introduction

Barley is uscd as a source of malt in industry by brewers, in houscholds as pearled grains,
flour or grits in baby foods, soups, bakery products, and porridges. Its additional entry into the
food chain is livestock feed of whole, ground and distillery grains.

Drought and nitrogen deliciency often limit barley production. Water and nutrient effects are
highly interactive; improved water supply increases the nutrient uptake whereas the increased
efficiency of nutrients contributes to the more efficient use of available water (Payne et al.
1995, Végh and Szundy 2004). An increased N efficiency is associated with a higher capacity
for nutrient acquisition from the soil and/or a more economic N utilization in the plant tissues.
Production of cfficient genotypes under rcsource limitation has both environmental and
cconomic significances.

The aim of this study was to examine the effect of nutrient and water supply on the nitrogen
efficiency of barley varieties.

Methods

Two varieties of spring barley (Hordeum vulgare L.) were selected for this study: SK 1776
and Golf. The plants were raised in 4.5 dm™ pots of clay soil (clay: 54.4%, pH: 7.1, organic
matter content: 3.10 %). Three soil nutrient rates were applied by NPK fertilization. Soil
moisturc contents were adjusted to pF 3.7 (=D) and pF 2.0 (=W) pressure heads. After the
first sampling W soils were allowed to dry to the soil moisture level of D. Roots and acrial
parts were sampled in [our-leaf stage (day 20), before heading (day 41) and in flowering (day
61). Dry mass and N content of the living and senesced leaves, stems, ears and roots, and the
length of root system were measured. Nitrogen root uptake efficiency (NRE, mg plant N per
unit root length), nitrogen use efficiency (NUE, mg dry matter of shoot per mg N uptake of
plant shot + root) and leaf N loss ratio (LNL, N content of leaf litter in % of N in leaf tissue
were estimated.

Results and discussion

N, and water supply significantly affected shoot biomass and total plant dry mass (p <0.03),
(Table 1). Biomass and N accumulation was similar for the two varieties, strongly hindered
by nutrient limitation (p< 0.001). Water deficiency also restricted plant growth, as later water-
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stressed plants accumulated twice as much dry matter than plants water-stressed from early
seedling age. Increasing nutrient supply markedly increased dry matter production of the
genotypes on both soil water levels. SK 1775 could maintain higher growth rate in the drying
soil than Golf. Root growth and morphology of the varieties differed significantly (p<0.001),
though neither root dry mass, nor root length (L), were apparently affected by water and
nutrient supply for Golf (Fig. 1.).

Figure 1. Root growth of Sk 1775 (left) and Golf (right) in different treatments.

The root system of Golf consisted of much thicker, shorter roots than that of SK 1775 in cach
treatment. Increasing nutrient supply increased the root length of SK 1775 on each moisture
level. According to De Willigen & Van Noordwijk (1987) in moist soil small root length
densities are sufficient for the almost complete depletion of soil N. Under dry soil conditions
high root length densities are required whereas root growth is often limited by drought. In
nutrient and water stress root elongation induced by nutrient and water insufficiency in the
soil may result in longer, but much finer roots, such as for SK 1775. Its high response to water
and nutrient insulficiency (Figure 1.) indicates a capacity for a special adaptation to stress
conditions, i.e. compensatory root growth on low carbon/energy cost. The early, slower
growth of roots in moist, nutrient rich soil (W3 treatment in Figure 1.) becomes more rapid
with decreasing hydraulic conductivity and slower nutrient transport in the drying soil.

Nitrogen root uptake efficiency (NRE) offers an indication of root activity in N uptake. Soil N
depletion depends on the rate of growth and transpiration rate of a crop (Payne ef al., 1995).
Nutrient availability affects shoot N demand, which govern N uptake. de Magalhaes es. af
(1998) have reported that phosphorus supply also strongly affected nitrate uptake per unit of
root. In our experiment, in drying clay soil nutrient treatments significantly affected NRE values
(p<0.05), and Golf had much higher NRE in all nutrient and moisture conditions than SK 1775
(p<0.001).

Table 1. Parameters of N efficiency for spring barley varieties

(Treatments NRE (mgm?) NUE  (mgmgh LNL (%)

SK Golf SK Golf SK Golf
DI 1.24 2.34 40.20 38.04 16.12 20.07
D2 1.79 1.96 31.28 35.28 35.58 24.02
D3 2.04 3.74 29.97 30.69 9.79 13.42
Wi 1.39 1.92 44.73 45.25 33.30 43.76
W2 1.81 2.66 41.01 46.63 23.04 41.76
W3 2.03 3.28 42.39 45.91 32.35 34.86

A more efficient N utilization in metabolism may also improve crop performance in nutrient
and water stress. According to Gallais and Bertin (1999), we considered all the biomass,
including roots for estimating NUE. Nitrogen use efficiency (NUE) for SK 1775 decreased as
NRE increased with increasing water (p<0.001) and N sufficiency (p<0.01). NUE ranged
from 40 to 50 mg mg™"' N for both SK 175 and Golf at low nutricnt supply (D1 and W1) and
from 28 10 43 N (SK 1775) and 30 to 48 mg mg ~' (Golf) at D3 and W3. Depressed shoot
growth by drought limited the differences in the efliciency of internal nitrogen use in all N
supply. As the varicties bchaved similarly according the nutrient level, no significant
diflerence was shown between the cultivars regarding NUE. Payne et al. (1995) reported that
water stress reduced shoot NUE because it increased N concentration. In our experiment this
effect of water stress on NUE was not clear in the soil that was moist at first then was drying
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(W) but in that soil moisture treatment, where soil moisture content was maintained near the
wilting point from the beginning of the experiment (D). However, enhanced availability of
soil nutrients improved N use efficiency (p<0.001) in soil moisture as well as in nutrient
treatments. Internal nitrogen use efficiency of Golf was particularly sensitive for the water
supply (p<0.001).

NUE for SK 1775 was lower comparing to Golf, partly due to higher biomass allocation to the
root system for the maintenance of a compensatory root growth that resulted in much longer,
though finer roots in dry, low nutrient content soil.

Internal N utilization efficiency is strongly related to the translocation of N during prolonged N
deficiency (Bakken ef al. 1997). In drought when transpiration rate is low, uptake of soil N is
farther reduced by low water and N transport rate, N translocation from the drying or senesced
leaves contributes to maintain the N concentration high enough in plant tissues for metabolic
activity. N loss with dry leaves fallen down to the ground can be characterized by leaf N loss
(LNL).

LNL for SK 1775 was the only one among the studied traits with significant water x nutrient
interaction. Retention of N in dead leaf mass was the lowest in constantly low water and high
nutrient supply. The amount of N lost in dead leaves of Golf was higher than in SK 1775 in
flowering time. It was twice as much in the drying treatments (W), as in those with low
moisture content during the whole life cycle (D). Timing, particularly duration of water stress
affected significantly on N re-translocation from fallen leaves (p<0.001), influencing crop
NUE.

Conclusions

Dillerent strategies for growth and N use have been shown for the barley varieties in stress
conditions. They differed in root growth and morphology, compensatory root growth and
nitrogen root uptake efficiency. Dry matter accumulation was higher in treatments where soil
moisture content was sufficient during early vegetative growth, and in nutrient-rich soil. N
uptake was one of the most aflected traits by nutrient stress. Under stress conditions the
differences in nitrogen efficiency were due to both root capacity for N acquisition from the
soil (characterized by nitrogen root uptake efficiency: NER) and nitrogen utilization
efficiency in plant tissues (characterized by nitrogen use efficiency: NUE, and leal’ N loss:
LNL). SK 1775 had the highest root length in each treatment associated with lower NRE and
NUE. Golf had shorter root system but higher NRE and higher NUE, producing high shoot
biomass.

269



Vol. 34 No. 1 2006 Cereal Research Communications

References

Bakken A. K., Macduff J., Humpreys M. O. and Raistick N. 1997. A stay-green mutation of
Lolium perennc affects NO; uptake and translocation of N during prolonged N starvation.
New Phytologist, 135: 41-50.

Dc Magelhaes J.V., Alves V.M.C., de Novais R.F. 1998. Nitrate uptake by corn under
increasing periods of phosphorus starvation. J. Plant Nutr. 21. 1753-1763.

De Willigen P and van Noordvijk M. 1987. Roots, plant production and nutrient use
cfliciency.PhD Thesis, Landbouwuniversiteit te Wageningen, 282 p.

Gallais A. and Bertin P. 1999. Genetic variation and QTLs for NUE in maize. In: Proc. of
Workshop on NUE, COST 814 EC, 1999. Melle, Belgium 21-40.

Payne W.A., Hossner L.R., Onken A.B. 1995. N and P uptake in pearl millet and its relation
to nutrient and transpiration efficiency. Agron. J. 87. 425-431.

Rajkainé Végh, K., Szundy, T. 2004. Kukorica genotipusok vizellatottsiga ¢s vizhasznositdsa.
Agrokémia ¢és Talajtan. 53., 1-2. 2004, 55-74.

Kadar, 1. (2004): Szennyviziszap-adagok hatdsa a ndvény (Triticum vulgare L.)-talaj rendszer
néhany mikrobioldgiai és biokémiai tulajdonsiagdra (Impact of sludge treatments on some
microbiological and biochemical properties of plant (Triticum vulgare L.)-soil system. — in
Hungarian). Agrokémia ¢s Talajtan. 53. 3-4. 331-342 pp

Svetkova, K. Henselova, M.; Morvova, M. (2005): Effects of a carbonization product as
additive on the germination, growth and yicld parameters of agricultural crops. Acta Agron.
Hun. 33. (3). 241-250 pp

Tandcs, L., Matuz, J., Gerd, L., Petréczi, LM. (2005): Effect of NPK Fertilizers and
Fungicides on the Quality of Bread Wheat in Different Ycars. Cereal Res. Commun. 33 (2-3):
627-634 pp

270



