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Abstract

Landjeva, S., G. Ganeva, 2006. Changes in the seedling growth parameters in three
common wheat (Triticum aestivum L.) cultivars subjected to drought stress and subse-
quent re-hydration.

Three common wheat cultivars, “Lozen 6, carrying a gibberellin-responsive height
reducing (Rhtf) gene, and “Todora” and “Gladiator113”, both carrying gibberellin-insen-
sitive Rht genes, were compared for drought tolerance based on growth parameters at
early seedling stage. The drought was induced by polyethylene glycol (PEG 10 % and 15
%). The seedling potential to resume the growth processes after subsequent re-hydration
was assessed. Under stress shoot growth was mostly inhibited at both concentrations,
followed by root growth inhibition, while the coleoptile growth was the least affected. Among
the cultivars, “Todora” had the longest coleoptile and shoots, and the highest tolerance
index (TI) for shoots and coleoptile under stress conditions. The Tl for roots was highest in
“Lozen 6”. Significant genotypic differences were found regarding root and shoot elonga-
tion at both PEG concentrations. Activation of growth processes after the subsequent re-
hydration was observed for coleoptile and shoots, while the growth of roots was less re-
covered, or even ceased. Significant genotypic differences were revealed regarding co-
leoptile elongation during the recovery after the PEG 15 %-stress and further shoot elon-
gation during the recovery after the PEG 10 %-stress. The obtained results suggest that
cultivars “Todora” and “Lozen 6” are drought tolerant at early seedling stage. The asso-
ciations between Rht alleles and coleoptile length under control conditions are also dis-
cussed.

Pe3rome

JlaHOxeea, C., I FaHesa, 2006. [lpomeHU 8 pacmexXHUme rnapamempu rpu mpu copma
obukHoseHa nweHuya (Triticum aestivum L.), nodnoxeHu Ha nocrnedo8amerHo 3acyuiagaHe
u pe-xuépamupaHe

HanpaseH e cpaBHUTENEH aHanM3 No OTHOLLEHME Ha TONEPaHTHOCT KbM 3acyluaBaHe
Mexay Tpy 6bnrapcku copta o6ukHoBeHa nweHuua, “NloseH 6” - Hocuten Ha rmbepenuH-
YYBCTBUTENEH reH 3a HUCKO cTvbno (Rht), “Topopa” n “Imaguarop113” - HocuTenu Ha
rmbepenuH-HedyBcTBUTENEH Rht reH. CpaBHEHMETO e HanpaBeHO Ha 6a3a u3meHeHue B
pacTexHuTe napameTpu B CTagun NOHWKBaHe. 3acyllaBaHeToO € CUMYNMpaHo 4pe3
pobassaHe Ha nonveTuneH rnvkon B Ase koHueHTpauuu (MEFM0 % n 15 %). NpoyyeHa e n
Bb3MOXHOCTTa 3a Bb30OHOBABaHE Ha pacTexHuTe npouecu cnep pe-xugpartauus. B
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YCNOBMSA Ha CTPEC B HaW-CUIHa cTeneH e nHxubupaH pactexa Ha Haa3eMHarta JacT, cnegsaH
OT TO3W Ha KOPEHUTE, AOKATO PACTEXbT Ha KoreonTuna e NoTUCHaT B Han-marnka cTenex.
OT u3scnegBaHWTe COPTOBE B YCOBMWSA Ha cTpec “Toaopa” ce xapakrepuavpa ¢ Hau-abnbr
KONeonTun n HaA3eMHa YacT U Han-BMCOK MHAEKC Ha TonepaHTHocT (AT) no oTHoLwweHne
Ha koreonTuna n Hag3emHaTa 4yacT. [pu “JloseH 6” e yctaHoBeH Haw-Bucok T no
OTHOLLEHME Ha KOpeHuTe. YCTaHOBEHM ca CTaTUCTUYECKWN A0Ka3aHW reHOTUMHU pasnuyns
Mo OTHOLLEHWE U3MEHEHWE ObIMKMHATa Ha KOpeHnTe 1 Hag3emHara vacT u npw asete MNMEM
KOHUEeHTpauun. AKTMBMPaHE Ha pacTexXHUTe npouecu crnep pe-xugpatupaHe e
HabnogaBaHO OTHOCHO pacTexa Ha KoneonTuna u HagsemHarta 4acT, 4oKaTo pacTexa Ha
KopeHuTe ce Bb30OHOBSABA B NO-cnaba cTeneH unu opu OKOHYaTernHoO ce npeycTaHoBsABa.
CraTucTM4eckn JoKasaHu pasnuyns Mexay COpTOBETE Ca YCTaHOBEHM MO OTHOLLEHWe
pacTexa Ha koneonTuna npu Bb3cTaHoBsiBaHe cnepg Tpetupane c MNEM 15 %, a no
OTHOLLEHME pacTexa Ha Hag3eMHaTa 4acT - Npu Bb3CTaHOBABaHe cnep Tpetupare ¢ MNEN
10 %. Mony4yeHnte pesyntatm nokaseaT, ye coptoBeTe “Topgopa” u “IlozeH 6” ca
TOMNepaHTHW Ha 3acyllaBaHe B paHHW OHToreHeTu4HN asun. B npeactasenarta pabora ce
o6cwxaa n B3anMoBpb3kaTa Mexay Rht reHute n gbmkuHata Ha KoneonTunia B HopmarHm
ycrnosus.
Key words: Wheat — Drought tolerance — Seedling stage - Rht-genes

INTRODUCTION

Under continental climate, drought is a frequent abiotic stress that can negatively
affect plant growth at different critical stages, which can finally result in a considerable
reduction of crop productivity. Seedling growth is one of the most sensitive stages in wheat
establishment. The genetic potential of plants to produce longer coleoptiles and to guaran-
tee rapid growth and early ground cover is of priority value for the efficient use of limited
soil water reserves (Reynolds et al. 2000; Richards 1996). Studies on the effects of height-
reducing genes (Rht) on the early stages of plant development showed that gibberellic
acid (GA) insensitive alleles Rht-B1b and Rht-D1b tend to restrict coleoptile and leaf elon-
gation, while GA-responsive alleles can reduce plant height to an extent similar to that of
GA-insensitive ones, and yet can produce longer coleoptiles and greater leaf biomass
(Botwright et al. 2001; Ellis et al. 2004). This is considered a beneficial trait under unfavor-
able soil conditions at sowing (Richards et al. 2001).

Recent studies on the distribution of Rht alleles among 89 Bulgarian common wheat
cultivars showed that 55 % of the modern semi-dwarf cultivars carry GA-responsive alle-
les, and the rest carry either the GA-insensitive alleles Rht-B1b, Rht-B1d or Rht-D1b, or a
combination of both Rht classes (Ganeva et al. 2005).

The aim of this work was to study the seedling growth response in terms of root,
coleoptile and shoot elongation of three Bulgarian common wheat cultivars carrying differ-
ent Rht alleles to drought stress simulated by addition of polyethylene glycol (PEG 6000),
and further, to evaluate the seedling potential for recovery of growth processes after re-
hydration.

MATERIAL AND METHODS

Plant material

Three Bulgarian common wheat (Triticum aestivum L.) cultivars were examined:
“Todora”, “Lozen 6” and “Gladiator 113”. Genotypes were chosen on the basis of their
reaction to exogenous gibberellic acid (GA): “Todora” and “Gladiator 113” are GA-insensi-
tive, and “Lozen 6” is GA-responsive (Ganeva et al. 2005).

Experimental design

For each cultivar, 100 seeds were surface sterilized and germinated at 23+x1°C in
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dark. On the 4-th day measurements (length of roots and coleoptile) were taken for each
genotype on 45 seedlings of similar size (I measurement). They were divided into three
groups, each of 15 seedlings, which were placed in Petri dishes on two treatment variants
(10 % and 15 % PEG) and on a control variant (distilled water). The effect of PEG-treat-
ment was evaluated after 5 days incubation at 23+1 °C by measuring of root, coleoptile
and shoot length (Il measurement). To assess the recovery potential of the three geno-
types, the stressed seedlings were transferred to distilled water for another 3 days, fol-
lowed by measuring of root, coleoptile and shoot length (Il measurement).

Data analysis

For each trait, mean and standard deviation were calculated. Student's t-test was
applied to compare the means within each treatment and each measurement. Tolerance
index (TI) was determined for the root, coleoptile and shoot length as a ratio between the
values obtained under stress and the corresponding values obtained from the control group
of seedlings (Macnair 1993). Analysis of covariance (Dowdy & Wearden 1983) was ap-
plied to study the existence of genotypic differences regarding root, coleoptile, or shoot
elongation in the control and under drought stress. We tested the null hypothesis H,, which
states that the three genotypes show the same growth response against Ha: At least one
inequality.

RESULTS

The analysis of variance revealed that under non-stressed conditions considerable
genotypic differences exist regarding coleoptile length; the longest coleoptile in 10-day-old
seedlings was obtained for “Gladiator 113” (Table 1). Analysis of covariance applied to
reduce the within-cultivar variability revealed significant genotypic differences in the con-
trol regarding coleoptile and shoot elongation, “Lozen 6” showing the highest growth rate
(Table 2).
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Fig.1. Tolerance index for seedling root, coleoptile and shoot length in three common
wheat cultivars subjected to PEG-induced drought

Under PEG-simulated drought, shoot growth was mostly inhibited at both concentra-
tions, followed by root growth inhibition, while the coleoptile growth was the least affected
(Fig. 1, Table 1). Under stress the longest coleoptile and longest shoots were recorded for
“Todora”. The highest Tl for shoots and coleoptile was also calculated for “Todora”,
while the TI for roots was highest in “Lozen 6”. By the analysis of covariance significant
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genotypic differences were found regarding root and shoot elongation at both concentra-
tions (Table 2). The highest root elongation was recorded for “Lozen 6” and the highest
shoot elongation for “Todora”.

Table 1. Mean values and standard deviation of the seedling growth parameters
of three wheat cultivars before starting stress (1),
after exposure to PEG —induced drought (10 % and 15 %) (1),
and after the recovery period (l11)

Cultivar Treatment I Root Ienliq th {cm) m

Control 2.66+0.70b* 12.45+2.77a 15.74+£3.77a

.Lozen 6“ PEG 10% 3.21+0.94ef 8.76+1.06d 8.74+1.03d
PEG 15% 2.86+0.60hi 7.44+1.31g 8.01+1.469g

Control 3.16+£0.60a 13.99+1.86ab 16.45+2.30a

,Todora“ PEG 10% 3.11+0.62e 7.85+0.87e 7.59+£1.08e
PEG 15% 2.85+0.67h 6.83+1.27gh 8.00+1.60g

Gladiator Control 3.05+£1.28ab 14.64+3.01b 17.70+3.58a
‘%13“ PEG 10% 2.47+0.92d 7.83+1.24e 7.88+1.21e
PEG 15% 2.25+0.969g 6.19+£1.06h 6.76+1.22h

Coleoptile length (cm)

Control 0.85+0.10b 3.37+0.31c 3.4610.35¢c

.Lozen 6“ PEG 10% 0.82+0.11e 3.09+0.56d 3.15+0.53d
PEG 15% 0.7320.11h 2.60£0.62h 2.90+0.73g

Control 1.09+0.10a 3.15£0.14b 3.17£0.15b

»rodora“ PEG 10% 1.16+0.16d 2.91+0.40d 3.02+0.22d
PEG 15% 1.15+0.13g 3.06+0.48¢g 3.08+0.33¢g

Gladiator Control 0.7320.19c¢c 3.7510.44a 3.761£0.44a
313“ PEG 10% 0.70+0.15e 3.26+0.55d 3.34+0.46d
PEG 15% 0.71£0.27h 2.70+0.81gh 3.34+0.72¢g

Shoot length (cm)

Control 0.85+0.10b 9.00+£0.95a 12.78+1.62a

,Lozen 6“ PEG 10% 0.82+0.11e 3.494+0.53e 4.39+1.23e
PEG 15% 0.73+£0.11h 2.60+0.62h 5.28+1.61h

Control 1.09+0.10a 9.19+0.44a 12.10£0.60a

»Todora“ PEG 10% 1.16+0.16d 4.98+0.72d 7.13+0.99d
PEG 15% 1.15+0.13g 4.25+0.94¢g 8.28+1.77¢g

Gladiator Control 0.7320.19c 9.01+1.95a 12.30+2.18a
‘%13“ PEG 10% 0.70£0.15e 3.47+0.84e 4.27+1.50e
PEG 15% 0.7120.27h 2.70£0.81h 4.58+1.90h

Means followed by a various letter differ significantly at P>0.05 by t-test, performed

within each measurement and each treatment (letters sets “abc”, “def” and “ghi”
were used to depict significant differences within treatments: control, PEG 10%

and PEG 15%, respectively).

After the subsequent re-hydration of the stressed seedlings, the results indicated ac-
tivation of growth processes for coleoptile and shoots, while the growth of roots was less
recovered, or even ceased (Table 1). We applied analysis of covariance using the corre-
sponding values of the growth parameters from the Il measurement as a covariate vari-
able to test the null hypothesis. Significant genotypic differences were revealed regarding
coleoptile elongation during the recovery after treatment with PEG 15 %, and further shoot
elongation after PEG 10 %-recovery. The highest coleoptile elongation was recorded in
“Gladiator 113”, while the highest shoot elongation was observed in “Todora” (Table 2).
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Table 2. Analysis of covariance of the changes in seedling growth parameters
In three wheat cultivars after PEG-induced drought stress and subsequent recover

Root length Coleoptile length Shoot length
Ho Ho Ho
Treatment F value| against | F value against F value against
H, H, Ha
Control 3.079 20.149*** F>Fo_oo1,2,4o 21.556*** F>Fo_oo11214o
PEG 10 % 4.258* F>Fo,05,2,40 0.140 12.415*** F>Fo,oo1,2,4o
PEG 15 % 4.038* F>Fo,05,2,40 2.045 9.676*** F>Fo,oo1,2,4o
Control - dH0 0.311 5.436" F>Fo.01240 0.728
PEG 10% -dH,0  0.769 1.187 4.462* F>Fo.05.2.40
PEG 15% -dH,0  2.557 5.271*  F>Fo.01240 2.982
DISCUSSION

The present investigation indicates that the three cultivars display distinct responses to
drought stress at early seedling stage and to the subsequent re-hydration. This implies that
different mechanisms might be activated to overcome the stress. The GA-insensitive cultivar
“Todora” produces the longest coleoptile and shoots under drought stress. It is also charac-
terized with the highest Tl for coleoptile and shoots under both PEG treatments and the
highest potential to resume the growth of shoots after re-hydration. The more rapid shoot
elongation in “Todora” would enable faster ground cover, thus conserving soil moisture. In a
study on physiological responses of Bulgarian cultivars to drought at later developmental
stages, Yordanov et al. (2001) showed that “Todora” had minimal inhibition of photosynthe-
sis under mild stress, while under severe stress it was among the most sensitive ones.

Under drought stress the GA-responsive cultivar “Lozen 6”showed the highest Tl for
roots and the most intensive root growth. We suppose that the higher Tl in this cultivar is a
result of the slower growth rate of roots observed under control conditions. This is in compli-
ance with Blum et al. (1997), who suggested that greater stress tolerance of small plants is
derived from their relatively slower growth rate. The more extensive root growth of “Lozen
6” under stress combined with moderate reduction of shoot elongation would be of impor-
tance to increase the soil moisture use efficiency and to diminish its loss through evaporation.

Our previous studies showed that the GA-insensitive cultivars “Todora” and “Gladi-
ator 113” both carry the Rht-D1b allele, while the GA-responsive Rht allele in “Lozen 6”
has not been identified yet (Ganeva et al. 2005). According to the same study, the three
cultivars lack the 192-bp allele at locus Xgwm261 on chromosome 2D, diagnostic for Rht8
(Korzun et al. 1998), and carry the 174-bp allele. The results of the present investigation
do not show clear association between response to GA and the coleoptile length under
control conditions. The GA-insensitive cultivar “Gladiator 113” exhibited the longest co-
leoptile, while the GA-responsive “Lozen 6” has shorter coleoptile, though showing the
highest coleoptile elongation rate in control. These results do not fully confirm the associa-
tion of GA-insensitive Rht alleles with reduction of coleoptile length, reported by Ellis et al.
(2004), but agree with the findings of higher potential of GA-responsive genotypes to pro-
duce longer coleoptiles (Botwright et al. 2001). Recently, Clayshulte (2005) studied the
associations between coleoptile length, GA-insensitive Rht genes and the major allelic
classes at Xgwm261. They found no relationships between Rht-B1b and Rht-D1b and
coleoptile length and were unable to verify the diagnostic potential of WMS261 microsatellite
marker to identify genotypes with long coleoptiles. “Lozen 6” has a complex genealogy
involving Aegilops crassa, T. dicoccoides and the common wheat cv. “Avrora” as ances-
tors (Ganeva et al. 2005). It might be suggested that the GA-responsive Rht allele in “Lozen
6”, associated with shorter coleoptile, has its origin either from the wild parent, or from the
tetraploid wheat. This is in accordance with Ellis et al. (2004), who reported about a class
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of GA-responsive genes originated from durum wheats, which had reduced coleoptile length.
CONCLUSIONS

The observed genetic variability among the three studied wheat genotypes offers a
valuable tool for investigating the mechanisms of drought tolerance. Based on the data,
cultivars “Todora” and “Lozen 6” can be considered drought tolerant at early seedling
stage, the tolerance being achieved through different mechanisms. The results of this
study suggest that breeding could target creating of genotypes with potential for less re-
duced root system and less reduced shoots under unfavorable conditions.
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