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Pe3lome

Benyes, Y., T. [lempoesa, E. lNenyes, 2012. IsmeHeHus1 8 aHOpo2eHHama peakyusi Ha
nweHuya (Triticum aestivum L.) npu in vivo u in vitro eodeH cmpec. FCS8(1):173-178

WM3cnenBaH e edpekTbT Ha in vivo u in vitro BOQHWSI CTPeC BbPXy peakumnsita B aHTepHa
KynTypa npu nwenwuua ( Triticum aestivum L.). Ocem copTa 3umMHa 061KHOBEHa MLUeHuLa ca
oTrnedaHun npy HopmanHo BogoobesnevaBaHe M yCnoBMS Ha 3acyluaBaHe (in vivo BogeH
ctpec). MNoaxoaswmTe knacoBe ca cbbpaHu M aHTepuTe BefdHara ca 3anoXeHu BbpXy
XpaHuTenHa cpeaa Potato 2. KanycHata nHAyKUMS CbLLECTBEHO € peayumpaHa oT BOAHWS
AedunumnT Npu nonosuHaTa ot coptoBeTe. [JobMBBLT Ha 3eMeHn pacTeHns e HaMarneH camo
npu copT ‘CBuneHa’, 4oKaTo pereHepaumsata Ha anbuHOCHM PacTEHUsI € NMOHWXEeHa Npu
coptoBeTe ‘be3socTtasn 1’, ‘Kpuctan’ n ‘Togopa’. AHOporeHHaTa peakuns Ha MoAernHus
copt ‘CBuneHa’ e usnutaHa npu in vitro BoaeH cTpec, HayuMpaH oT NONMEeTUNEH rmuKor
6000 (MET) B koHueHTpauwus 0, 3, 6, 9, 12, 15 n 18%. YBenuuenara lMNEI koHueHTpauusa
penyumpa 3Ha4YMTenHo MHAYKUMATa Ha kanycu n emopronan. MNMo-BUCOKUTE KOHLEHTpaLMK
nopobpsBaT pereHepaumoHHaTa cnocobHOCT, HO MOHWXKaBaT NPOAYKUMSITA Ha anBUHOCHM
pacTteHusi. In vivo n in vitro BOOHUAT CTpec umaT cxodeH edeKT BbpXy peakuusTa B
aHTepHa KynTypa, Bofell A0 HaMarnsiBaHe Ha KanycHaTa MHOYKUMS U pereHepauusaTa Ha
anbyHOoCHM pacTeHus.

KnrouoBu gymu: AHaporeHHn napametpu — Cylwa — [NonvetuneH rmykon

Abstract

Belchev, I., T. Petrova, E. Penchev, 2012. Changes in androgenic response of wheat
(Triticum aestivum L.) under in vivo and in vitro water stress. FCS8(1):173-178

The effect of in vivo and in vitro water stress on anther culture response in wheat ( Triticum
aestivum L.) was studied. Eight winter wheat varieties were grown in a greenhouse under
normal water supply and drought conditions (in vivo water stress). Suitable spikes were
collected and anthers were immediately plated on Potato 2 medium. The callus induction
was significantly reduced by the water deficit in half of the varieties. The green plant yield
was decreased only in variety ‘Svilena’ while the albino plant regeneration was lowered
in varieties ‘Bezostaya1’, ‘Kristal’ and ‘Todora’. The androgenic response of the model
variety ‘Svilena’ was tested under in vitro water stress induced by polyethylene glycol 6000
(PEG) at concentration 0, 3, 6, 9, 12, 15 and 18%. Increased PEG concentrations reduced
considerably the induction of calli and embryoids. Higher concentrations improved the
regeneration ability but lowered the production of albino plants. In vivo and in vitro water
stress had a similar effect on the anther culture response leading to decrease of callus
induction and albino plant regeneration.

Key words: Androgenic parameters — Drought - Polyethylene glycol

173



Changes in androgenic response of wheat (Triticum aestivum L.) under in vivo and in vitro water stress

INTRODUCTION

Drought is one of the major natural abiotic stresses reducing to a great extent the
plant yield and becoming a factor with increasing importance because of the global climate
changes. Plants are sensitive to water deficit at any stage of their development but the
reproductive period is particularly vulnerable (Saini, 1997). In cereals, Saini and Aspinall
(1981) determined microsporogenesis as the most critical stage to water stress leading
to male sterility and subsequent grain yield reduction. The male gametophyte is more
sensitive to water shortage and also to high temperature in comparison to the female one
(Saini & Aspinall, 1982).

Anther culture is a modern biotechnological method for fast production of homozygous
lines from microspores. Many factors affect the anther culture response but the genotype
is of great importance (Belchev et al., 2000). The environment of growing of plants
(Orshinsky& Sadasivaiah, 1997) and culture conditions (Stober & Hess, 1997) can modify
the androgenic response. Anther donor plants are usually grown in greenhouses under
optimal parameters of the physical factors. However, plants from the field are preferably
used because of their better vigour and response (Tuvesson et al., 2000), but soil moisture
is sometimes insufficient for supporting the normal physiological status of the plants
resulting in changes in their metabolism and characters. On the other hand, adding of an
osmoticum to the induction medium simulates drought stress which allows screening of
tolerant lines under in vitro conditions (Tyankova et al., 2004).

The aim of the present study was to determine the effect of reduced water supply on
plants (in vivo water stress) and polyethylene glycol added to the induction medium (in
vitro water stress) on the androgenic response of wheat varieties.

MATERIAL AND METHODS

In vivo water stress

Eight winter wheat ( Triticum aestivum L.) varieties were grown under two environments.
Seeds were sown in rows (each 1 m long, 0.2 m between the rows, 70 seeds/row) in a
greenhouse. Soil was primary irrigated with 120 I/m?, which was the only water the drought-
stressed plants received, while the control plants were periodically watered receiving a
total of 450 I/m? during the vegetation period. Suitable spikes were cut, surface sterilized
with 70% ethanol and anthers were immediately plated on Potato 2 medium (Chuang et
al., 1978). Fifteen spikes per each variety/treatment were collected and 30 anthers per
spike were put in a test tube with 10 ml induction medium. The test tubes with anthers
were incubated at 28 °C in darkness. Embryogenic structures (calli and embryoids)
induced from the microspores were transferred to 190-2 regeneration medium (Zhuang
& Jia, 1983), cultured at 25 °C with illumination 3000 Ix, 16/8 h photoperiod. Green and
albino regenerants were fully developed in approximately 30 days.

In vitro water stress

Donor plants of the highly responsive variety ‘Svilena’ were grown under field
conditions. Seventy spikes with anthers containing microspores at mid to late uninucleate
stage were cut, put in a vessel with water and stored at 4 °C for 8 days. Liquid Potato 2
medium added with 0, 3, 6, 9, 12, 15 and 18% polyethylene glycol 6000 (PEG) was used
for induction of calli and embryoids. Ten spikes were included for each treatment. The next
procedures were the same as described above.

The following androgenic parameters were estimated: i) callus induction presented
the number of calli and embryoids induced per 100 anthers cultured; ii) plant regeneration
was the percentage of green and albino plants regenerated from the calli transferred; iii)
green/albino plant yield was the number of green/albino plants produced per 100 anthers
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cultured. The data were analyzed using the computer procedure Biostat ver.6.0 (Penchey,
1998).

RESULTS

In vivo water stress

The plants subjected to drought developed faster and stayed smaller in comparison
to the normally watered ones. Suitable spikes for anther culture from the plants under
drought conditions were collected 1-2 days earlier than the control plants for the varieties
‘Bezostaya 1’ and ‘Svilena’, while for the rest varieties this period was 3-4 days (data
not shown).

The induction of calli and embryoids was significantly reduced (P = 0.05, 0.01) as a
result from the water stress in the varieties ‘Kristal’, ‘Svilena’, ‘Todora’ and ‘Zora’ (Table
1). Callus induction decreased more than three times in variety ‘Charodeyka’, similar to
variety ‘Zora’, but the difference was not significant. The water deficit did not substantially
change the production of embryogenic structures in the varieties ‘Bezostaya 1’, ‘Elitsa’
and ‘Vratsa’.

Table 1. Androgenic response of winter wheat varieties grown under normal water supply
(W) and in vivo water stress (D)

Callus Plant Plants regenerated /100 anthers
Variety induction,% regeneration,% Green Albino
w | D w | D w | D w | D
Bezostaya 1 4.4 33ns 625 143c 0.8 02ns 19 0.2a
Charodeyka 6.4 20ns 60.0 100.0b 2.3 13ns 1.5 0.7 ns
Elitsa 16.9 149ns 53.0 448a 8.7 54ns 0.3 1.3 ns
Kristal 438 292b 452 500ns 5.8 8.2ns 14.0 6.4 a
Svilena 1779 116.7a 286 324ns 333 208a 17.6 16.9 ns
Todora 36.2 18.7b 63.8 521a 41 26ns 19.0 7.2a
Vratsa 364 290ns 389 46.7a 4.7 86ns 94 5.0ns
Zora 17.7 58a 551 69.2b 9.7 40ns O 0
Mean 425 274 509 51.2 8.7 6.4 8.0 4.7
a, b, ¢ — the differences are significant at P = 0.05, 0.01 and 0.001, respectively; ns — not
significant

The plant regeneration decreased drastically from 62.5 to 14.3% in variety ‘Bezostaya
1’. A negative tendency (P = 0.05) was also registered in varieties ‘Elitsa’ and ‘Todora’.
Contrary, the water stress improved (P = 0.05, 0.01) the regeneration ability of the varieties
‘Charodeyka’, ‘Vratsa’ and ‘Zora’. Plants were regenerated from all induced calli of variety
‘Charodeyka’. A positive but not significant effect was observed in varieties ‘Kristal’ and
‘Svilena’.

The green plant yield was significantly lowered (P = 0.05) from 33.3 to 20.8 plants/100
anthers cultured in variety ‘Svilena’. The production of green plants was slightly increased
by the water deficit in varieties ‘Kristal’ and ‘Vratsa’, while in the rest of the varieties it
decreased. The albino plant yield was substantially reduced (P = 0.05) as a result from the
water stress in varieties ‘Bezostaya 1’, ‘Kristal’ and ‘Todora’. The other varieties either
regenerated more (‘Elitsa’) or less (‘Charodeyka’, ‘Svilena’ and ‘Vratsa’) albino plants
but the differences were not significant. No albino plant was produced from variety ‘Zora’
regardless of the treatment.

In vitro water stress
The callus induction of variety ‘Svilena’ from the liquid control medium 0 was 197.0%,
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the highest value of this trait (Table 2). Adding of 3% polyethylene glycol (3, PEG) did not
change considerably the percentage of structure induced. Subsequent increasing of the
PEG concentration (6-18) decreased drastically the induction frequency to 1.3 and 0.7% at
concentrations 15 and 18%, respectively. There was a significant difference between the
control medium and 9% PEG but the value of the latter was rather high (133.7%) within the
general tendency of callus induction decrease.

Table 2. Anther culture response of variety ‘Svilena’ to in vitro water stress (3-18)

PEG Callus Plant Plants regenerated/100 anthers
concentration,% | induction,% | regeneration,% Green | Albino
0 197.0 34.9 16.3 52.3
3 192.6 30.4 17.0 415
6 96.3 45.3 15.0 28.7
9 133.7 48.5 29.3 35.6
12 39.7 62.2 15.3 9.3
15 1.3 50.0 0.3 0.3
18 0.7 50.0 0 0.3
LSD 5% 1.4 3.3 1.7 2.1
LSD 1% 14.9 5.1 26 3.9
LSD 0.1% 18.1 7.9 4.3 5.3

The regeneration of plants from calli and embryoids induced on medium with 3% PEG
was reduced from 34.9 to 30.4% (LSD 5%). Higher concentrations improved regeneration
ability, which was as high as 62.2% at 12% PEG. Sporadic calli from the extreme
concentrations showed also better plant regeneration (50.0%).

The green plant yield was not so much affected at 3, 6 and 12% PEG in comparison
to the control medium. The regeneration of green plants from 9% PEG was increased to
29.3 plants/100 anthers while the value of this parameter at 15% PEG was only 0.3. No
green plant was produced at 18% PEG. The albino plant yield was substantially lowered
at all PEG concentrations in comparison to the control medium.

DISCUSSION

The callus induction was one of the androgenic parameters affected to the highest
degree by the insufficient water supply. All the varieties reduced the induction of calli and
embryoids under water stress but the differences were significant only in half of them.
Plant regeneration either changed in positive or negative direction, or was not changed
significantly. The regeneration of green plants was lowered just in one variety while the
production of albino plants was decreased in another three. The androgenic response of
variety ‘Vratsa’ was relatively stable under water deficit and plant regeneration was even
improved. Reduced soil moisture had a partially favourable effect on the anther culture
method as the green plant regeneration was kept at the same level while the regeneration
of albino plants was reduced in some varieties. Decreasing of the callus induction under
drought conditions is probably connected with abnormal anther development (sterility)
(Saini & Aspinall, 1981) and mortality of competent but weak microspores. After this
selection, the viable competent microspores realized their potential giving rise to green
plants mainly. Several studies (Lalonde et al., 1997; Saini & Aspinall, 1981; Saini et al.,
1984) have described the morphological and anatomic changes caused by water stress;
in our experiment such changes were observed as fast fading of sterile anthers during in
vitro cultivation. The reasons for male sterility under water stress are indirectly related to
changes in the vegetative organs which lead to changes in the carbohydrate metabolic
pathways in the reproductive tissue (Barnabas et al., 2008; Dorion et al., 1996; Saini,
1997).
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The model variety ‘Svilena’ showed a higher callus induction on liquid medium and
regeneration predominantly of albino plants which was in accordance with the observations
of Konzak and Zhou (1991) for other varieties. In our previous investigation (Belchev et
al., 1994) low concentration of PEG (3%) in solid medium stimulated callus induction and
regeneration of green plants, which was related to the higher osmotic potential of the
induction medium. Kang et al. (2003) observed maximum production of green regenerates
at 8% PEG; these data coincided with our results (9% PEG) and confirmed the positive
effect of the higher osmotic potential of the nutrient medium. Increased PEG concentration
in the induction medium reduced the callus and embryoid formation due probably to
mortality of the weak and potentially albinogenic microspores. The extreme concentrations
of the osmotic (15, 18%) lead to dying of almost all microspores and the anthers turned
white in a few days.

In vivo and in vitro water stress had generally equal effect on the androgenic response
decreasing the callus induction as well as regeneration of albino plants. The anther culture
could be a suitable method for fast production of lines with improved drought tolerance
using: i) crosses between parents with different drought tolerance (Khan et al. 2001); ii)
varieties and crosses under in vivo water stress; iii) in vitro screening of varieties and
crosses in a medium with an osmoticum.
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