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A pot evaluation of the sensitivity of spring barley 
(Hordeum vulgare L.) to water stress applied 

at different growth stages 
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Institute for Land Reclamation and Grassland Farming, Falenty near Warszawa, Raszyn, Poland 

Abstract. Two-year pot experiments with three varieties of spring barley were carried 
Out. Water stress (water deficit of soil up to 40% of field water-holding capacity) was 
employed in four basic growth stages of plants: tillering, shooting (stem extension 
Stage), ear formation and milk maturity. Reactions of the plants to water stress were ex- 
Pressed by a decline in the grain yield of the studied varieties throughout the growing 
season. The greatest losses in production of spring barley grain due to the experienced 
water stress of the plants were found at the beginning of ear formation and milk matu- 
nty stages of the grain. The sensitivity of the plants to the stress caused by water deficit 
in the soil during the initial period of their vegetative growth was smaller. Varieties 
showed significantly different sensitivities to the experienced water stress, depending 
on the growth stage during which the plants suffered from the stress. 
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In different regions of Poland, shorter or longer periods of water deficit in the soil 
occur almost in each year and stage-specific alterations in the evaporative use of 
water can be observed. Water shortage is known to inhibit numerous physiologi- 
cal, Chemical and physical growth processes and to reduce evapotranspiration and 
Photosynthetic activity of plants, which results in decreased crop production 
CARLSON et al. 1980, KOWALIK 1989, VARLEV, POPOVA 1994). There are con- 
‘der able genotypic differences in the tolerance of crop plants to unfavourable soil 
Moisture (STARCK et al. 1995, GORNY 1999). The newly registered crop cultivars 
“xhibit a high yield potential, but simultaneously they show a broad variability in 
NL 
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water requirements (COBORU 1978-1997, MARTYNIAK 1986, MARTYNIAK et al. 
1995). The response to water stress is known to change with growth stage and 
stress duration (GÓRECKI, GRZESIUK 1978, MORAN et al. 1994, VARLEV, 
POPOVA 1994). 

The adverse effects of drought are more frequently noticed in spring cereals, 
especially during spring and early summer. At that period, winter cereals have 
a deep root system that enables them to utilize water from deeper soil layers. 

Therefore, a wide knowledge ofthe responses to less favourable soil water status 

at particular growth stages seems to be of great importance for the practice. Since 

such information may help in yield prediction, further improvements in research 

methods are necessary. 

Investigations were initiated at the Institute for Land Reclamation and Grass- 
land Farming in Falenty to estimate indices of yield reduction caused by water 

deficits at different growth stages in recently registered cultivars of spring cereals. 

In this paper, results of pot examinations on barley cultivars are shortly discussed. 
Plant material consisted of the following three cultivars of spring barley: the Ger- 

man cv. Maresi (brewery type, registered in 1991), the Polish cv. Rudzik (brewery 
type, registered in 1987) and the Polish cv. Rataj (fodder type, registered in 1996). 

Two randomized experiments were performed in 1997 (with four replications) 
and 1998 (with six replications) under controlled conditions of the vegetation-hall 

of the institute in Falenty. Plants were grown in modified Mitscherlich’s pots sup- 

plied with a saucer on percolating. The pots were filled with an arable soil (pH 6.4, 
field water capacity 23.2 %) that originated from the A horizon of the local experi- 

mental field. To optimize the soil fertility, macronutrients were added before sow- 

ing in the following rate (mg/pot): 28 N (as NHsNO3, 39%), 34 P 
(as superphosphate, 46%) and 52 K (as KCI, 60%). Sixteen pre-germinated seeds 

were sown in each pot. After emergence, plants were thinned to 12 per pot, and 

two of them were used as control plants for precise estimation of the growth stage. 
Soil moisture was kept constant by frequent weighing of pots and addition of 

water to initial pot weight. Soil water stress was applied at the beginning of the fol- 

lowing growth stages: tillering, shooting, heading and milk maturity. At thesć 

stages, the content of soil water was reduced to 40% of field water-holding capac” 
ity (FWC), near the wilting point pF = 3.4; after the first wilting symptoms werć 

observed, the soil water content was again increased to the control level. In 

the control combination, water content in the soil was maintained at 70-90% FWC 

throughout the growing season. For each pot, the daily water evapotranspiratio? 

(E) was estimated using the following equation: E = k (Wp — Wa — O), where: KiS 

a coefficient of conversion from weight unit of water (g/pot) per 1 mm of precip! 
tation, Wp is the pot weight on the preceding day at about 90% FWC, Wa is the ac” 

tual pot weight and O is the weight of percolating water. 
At harvest, the productive tillering, grain yield, straw yield and 1000-gra!" 

weight were determined. The degree of sensitivity to drought was estimated as 

a stress-induced reduction (in %) in the grain yield by a comparison of the stressed
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and control plants. Analysis of variance for the completely randomized design 
was performed. Fischer’s procedure was used to test the effects of experimental 
variation sources. 

Means of the daily water demand during the whole vegetation of three barley 
cultivars grown under optimal soil water supply are presented in Figure 1. There 
was a relatively broad stage-specific variation in the amount of evapotranspired 
water. Probably due to a limited leaf area in juvenile plants and diminished activ- 
ity of older ones, the water use was low during the earlier growth stages and at 
the final growth phase. The requirements for water considerably increased at 
the shooting stage and were the highest at heading and milk maturity (mean daily 
water consumption by the plants in that period exceeded 7 mm). After that growth 
phase, the water requirements significantly decreased and attained a minimum at 
full maturity. 

Considerable differences in water demand among the investigated cultivars 
Were noticed only after the plants attained generative growth stages. The highest 
requirements for water were exhibited by the fodder cv. Rataj, while the brewery 
Maresi used the lowest amount of water. 

The grain yield of plants grown under the optimal watering regime was as- 
sumed to be a measure of the potential grain productivity of spring barley. Means 
for the most important yield characteristics in barley plants grown under optimal 
(control) watering and those stressed at various growth stages are presented in Ta- 
ble 1. Yields of the spring barley grain under the conditions of optimal moisture of 
the soil varied between study years. The differences concerned all the studied va- 
rieties to the same extent. This was caused by the differentiated thermal conditions 
Which had a different effect on the productivity of barley. 

Many studies show that the changes in grain yield are mainly dependent on 
the Changes in density of productive tillers and 1000-grain weight. An increase in 
“ar number per unit area however, often leads to a decrease in 1000-grain weight 
(CARLSON et al. 1980, PECIO 1995). A similar direction of the changes in barley 
Brain shape with a different number of productive tillers can be observed in our re- 
Sults (Table 1). The yield reduction caused by stress of the plants due to the simu- 

lated drought was similar in both years of the study. The conditions of drought 
Caused a Significant decline of all the examined traits of the crop. A negative effect 
of drought on the productivity of spring barley was visible in the initial periods of 
ring and milk maturity stages. 

Analysis of variance corroborated the significance of genotypic and watering 
_ Ieglme effects for the variation in major yield components (Table 1). Except for 

| © Straw yield and productive tillering in 1997, no significant genotype-watering 
| "eraction effects were observed for the studied yield traits. 
| nder the control watering regime, cv. Rataj yielded most grain (Figure 1b). 
| WeVer, this cultivar was the most drought sensitive and after water limitations 

| *Pplied at various growth stages cv. Rataj produced the lowest yield of grain of
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Table 1. Means for major yield components of spring barley in water stress conditions 

applied at various growth stages, and summarized results of analysis of variance 

(significance of mean squares) for these characters 

Gninyild зоне ce 
Stressed growth (g/pot) feipot) 

stage 
(g) (no./plant) 

1997 1998 1997 1998 1997 1998 1997 1998 

Control” 22.2 184 175 213 462 48.3 2.6 2.2 

Tellering 21.6 18.0 16.7 190 466 48.7 2.6 2.2 

Shooting 20.0 17.2 15.2 153 454 48.5 2.5 2.1 

Heading 19.0 16.1 152 185 43.7 444 2.4 2.1 

Milk maturity 18.5 15.8 16.7 198 389 40.6 2.6 2.2 

LSD 223 0.97 1.39 185 246 267 017 0.09 

Analysis of variance: 

Cultivars (A) * ж* ж* жж жж жж * жж 

Stressed stages (B) xk *ж* жж жж жж жж жж * 

Interaction A x B * * — 

  

V water content in the soil was maintained at 70-90% of field water-holding capacity throughout the growing 

season 

* ** significant by Fischer's test at the Po os and Poo) levels, respectively 

a relatively low endosperm size (Figures 1b, c). As presented in Figure Ib, 

cv. Rataj exhibited the highest sensitivity to stress conditions applied during late! 

growth stages, and the drought-induced reductions in the grain yield of this variety 

reached 18-19%. In contrast, cv. Rudzik yielded less grain under optimal cond 

tions, but its grain yield and 1000-grain weight were found to be the highest unde! 

the most stressful conditions and the yield reductions did not exceed 9-1 3%, SUB 

gesting the highest drought resistance of this cultivar. | 

Results presented in Figure 1b indicate that the highest decrease in the gral 

yield of barley was observed in plants grown under water limitations applied # 

the beginning of generative growth and during grain filling (the beginning of m 

maturity). On average, the grain yield of stressed barley plants decreased by 

14-16% in comparison with the control plants. Barley plants indicated a distinct! 

lower sensitivity to water stress during their earlier growth stages (vegetati™ 

growth). 

As shown in Table 1, the drought-related growth limitations at the $6000 

stage inhibited tillering and reduced the number of productive tillers. Water def 

cit in the soil at the beginning of milk maturity considerably affected endospe™ 

size, which was evidenced by the marked reductions in 1000-grain weight.  



  

Е,
 
(
т
т
/
д
а
у
)
 

G
r
a
i
n
 

yi
el

d 
(g

/p
at

) 
1
0
0
0
 
gr
ai
n 

w
e
i
g
h
t
 

(g
) 

  

   

  

— Maresi 

-- - Rudzik 

          
  

sowing 

22 4 

21 4... 

20 - 

18 + 

18 - 

17 4 

16 + 

15 

control 

  
50 ] 

  

етегдепсе 

  

tillering shooting heading miik 

maturity 

Growth stages 

— Maresi 

--- Rudzik 

tillering shooting heading 

Growth stages 

  

wax 

maturity 

  

milk maturity 

  

  
  

milk maturity 

42 4 MA и. 

----Rudzik 

torres Rataj 
40 + 

38 т 7 т 1 

control tillering shooting heading 

Growth stages 

Figure |. Response of barley varieties to water stress in the particular growth stages 

i ! „tanges in the mean daily evapotranspiration in barley cultivars depending upon the growth stage at 
optima] soil moisture. b. Grain yield of barley cultivars depending on the stressed growth stage. 

_"llferences in the 1000-grain weight of barley cultivars caused by water stress applied at different 
growth stages
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In Poland, the unstable yielding associated with random fluctuations of clima- 

tic factors appears to be the main problem of the local crop production. Almost ev- 

ery year in different regions of our country and at different stages of the growing 

season, a deficit (rarely an excess) of soil water contributes to a marked yield re- 

duction. 

Results of the present study on barley corroborate, however, that water deficits 

at particular growth stages may have different consequences for grain yield. 

Moreover, the results seem to be a further reason to justify observations on the ge- 

netic determination of water use and different productivity of cultivars and species 

under water stress (GÓRECKI, GRZESIUK 1978, CARLSON et al. 1980, MARTY- 

NIAK 1986, STARCK et al. 1995, GÓRNY 1999). 

Our results suggest that depending on the genetic background cultivars of 

spring barley may exhibit a considerably different sensitivity to water stress and 

this variation may also result from non-uniform effects of stress conditions at pal- 

ticular stages of plant growth. 
As shown in our study, the simulated drought at the heading and milk maturity 

stages may reduce grain yield by 9-19%. Such a stress effect at the generative 

growth is in accord with the theoretical responsibility of a hypothetical plant pre- 

sented by HANSON and NELSEN (1980). Results of our previous study show, how- 

ever, that under field conditions with limited possibilities of water balance, such 

water stress at these growth phases may contribute to greater consequences and 

depress the grain yield of spring barley even by 30% as, for example, in 1992 

(MARTYNIAK et al. 1995). 

In conclusion, the investigated cultivars of spring barley exhibited a differen! 

sensitivity to water stress applied at various growth stages. Genotypic variation in 

the drought-induced yield depression may considerably depend on the stressed 

growth stage and its expression tended to enhance at the generative growth stages 

at which such stress conditions caused the strongest negative effects. 
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