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Understanding drought tolerance

What is drought stress?
What is ,,drought tolerance”?

By what ways plants struggle against drought stress?
Which are the most succesful strategies?

How we can select for these components of drought
tolerance?




What is drought (water) stress?

,orought stress developes in the plant when the =7 & =2
water demand is higher than the water supply of ¥z &

the ambient environment.”
(Blum, 1988)

Drought stress is a highly complex ZZ &<
phenomenon. Its strength, length, timing, or co- ##=

occurence with other abiotic stresses (heat M- PR
stress, salt stress, etc.) is altering year after year &b '
under our conditions. - ;
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What is drought tolerance (DT) ?
* The plant’'s ability to adapt to water shortages.
* Surviving or economic yielding?
* In high-input agriculture (=practical DT) DT can be

characterized by the ratio between grain yield under

optimal and stressed conditions. By other words: DT is
practically equal to yield stability under drought stress.

Different strategies of plants, or Levitt's (1980)

categories:
- Escape mechanism (earliness)
- Dehydration avoidance (water savers (succulent plants) and

water users (effective root system))
- Dehydration tolerance (adaptation to drought on cellular level)

.....



How (by which traits) @ breeder can select for
drought tolerance?
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Morphological characters = visual selection ;

Phenologycal characters  visual selection %

Physiological traits field & lab tests

. Cytology traits lab tests =
' Molecular traits iab tests

How to select?




Visual selection (in the nursery)

Morphological traits
Early root size (lab tests) dehydration avoidance
Leaves (angle, size, waxyness, hairiness)
Sturdy leaves (slow senescence)
Awned spikes
Long lasting awns
Grain (plumpness, stability of grain size)
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Phenological traits

Slow development after emergence (rooting type)
Fast early growth in spring

Earliness in booting

Earliness in heading

Fast ripening (staying green)

Resistance to biotic stresses




Visual evaluation of stress symptoms

Leaf coloration (purple, dark green, yellowish)
Leaf firing (tip necrosis) R

Al AN b R R

Velocity of lower leaves’ senescence

Leaf rolling (adaptation!)

Depression of chlorophyll content (turning yellow)
Grain plumpness

Stability of plant height

Stability of grain size







Water retention ability (WRA) of excised flag leaves
Materials and methods:

1. Collecting flag leaves and determination of their fresh weight (FW1)
2. 24 hrs incubation and determination of turgid weight (TW)

3. 8 hrs desiccation under controlled conditions and determination of
desiccated weight (FW2)

4.  After a complete drying determination of dry weight (DW)

5.  Determination of relative water content of flag leaves with a fresh
weight (RWC1) and dessiccated weight (RWC2).

6.  Evaluation of reduction in RWC due to the 8 hrs dessiccation (WRA).

RWC1 = (FW1-DW)/(TW-DW)*100 %
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S0 GG{. RWC2= (FW2-DW)/(TW-DW)*100%

Water retention ability:
RWC2/RWC1*100%
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Evaluation of translocation capacity of stem reserves

Materials and methods:

1.Registration of anthesis

2. Spraying with desiccant
(2% solution of Na ClO;) 14 FEES s Ngwe =

e
~

days later =

3. Harvesting grain yield at
full ripening of control plots

be estimated by the S e
reduction in thousand kernel =t 7) iy
mass Q\V b

4. Degree of tolerance can
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Szeged, 2007
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— = Water
——————— withdrawal in
—— | the field
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Automatic rain shade

60m x 12m area

rain sensors, convertible plastic tunnel
automatic closing-opening mechanism
automatlc meteorologlcal measurements

water pump



Air temperature, soil temperature, wind speed and sun
irradiation between sowing time and harvest

Changing the air temperature in the drought tolerance trial

Wind speed in both treatments
kisérletben Szeged, 2007/2008
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Soil temperature between the sowing and harvest in both treatments Daily average solar radiation
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Changes of soil moisture content in both treatments between
sowing and harvest
Szeged, 2007/2008
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Determining the temperature of canopy eurface durrng severe
drought stress RN AN
Difference between canopy temperature of wheat genotypes on A

stressed and non-stressed treatments
Szeged, 2012
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Measurements: 06.12.2012.
Average temp. of control plots: 25,2C

Average temp. of stressed plots: 30,4C
Air temperature: 36,0C

1

. Surface temperature is significantly lower in
control treatment

2. Difference decreasing with ripening
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GK 17.11
GK 04.10

GK 41.10
| GK 20.10
| Gk 17.10
| GK 02.10

GK 48.11
| GK 03.03
| GK 63.11
| GK 47.10
| GK 46.10

30,5 % depression on the average

GK 42.10
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GK Mertor

Marcal / Sz6ke /{ Brutus
Marcal / Sz6ke /{ Brutus
Marcal / Sz6ke // Brutus
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2000 / Pur

KOBOMUGI

Bks / Kbrds

Bks /f Dor [ Ati

liana /3/ Rbn // Kal / Galy

MM /K8 // Ibis /3/ Sed

Kalasz-Hunyad- sarga R DW

My EMESE

Csillag-Hurvad sarga R

Tisza CE bulk

DuffTtj{2o

BLFA/Inf/ZofOth

Dufoth

CY-45

Ks [ Galy

genotypes (62)

Ksg / Galy

Galy/ Kal /f Rbn

Kal / Galy /f N9fo1

Plai / GK2000

GK Elet

Lr19/4*Galy

Lr19/4*Békes

g /Martina//Martina/FUS...

Kal / Csil

Lr 29/ 3*¢1

CAPPELLE DESPREZ

Lr19/3* £l

Ati [ Lew /f Kal / Ati

Petur / Carlo /f Ati f ver

Kal / Complet /f Cipo f Ver

Petur / Capo

GK PETUR

Csillag / Capo

Smaragd / Kaldsz

Korall / Cinege

smaragd / Huszir (El / Kal)

Smaragd / lupiter

PLAINSMAN

Smaragd / Cinege

Sarka/Zerda

Rapor/Hana

Tt)/81.F.379//Ke

Tti/RC103/3/81.60/NB//KE

GK CSILLAG

TKM depression due to the water withdrawal in the field

Szeged, 2012
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Plant height

Heading time

Grain yield

temperature

cm

days

9

°C

7,7

136,1

396,0

25,2

66,8

133,2

273,0

30,4

10,9

2,9

123,0

-5,2

5,3

1,5

26,9

27,9

Control %

86,0

68,9

120,6




Correlations between some measured
traits (TKM, grain yield, plant height, canopy

temperature)

Plant height

Temp. I.
Plant height

0,358584***
0,227767*
0,228046*
0,5873849***

Temp. I.
0,292961*
0,008088

0,317272*

Temp. Il.
TKM
Grain Yield

Temp. l.

0,278769*
0,143481

TKM

0,26012

7

*

* |1

Grain Yield
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Multi-location (9) trials of advanced lines
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Utilizing some selection methods for producing wheat genotypes that tolerant to abiotic stresses

Selection of crossing partners
Crossing and -visual selection
F1 generation INFORMATION ~field tests
in greenhouse |ab. tests
;Head selections in F2 generatio i

~information

Visual selection based on:
|. Plant morphology:

-~ awns

~-erect leaves
--waxiness-hairiness
~|eaf firing and rolling
~-high kernel mass

--seed scoring data
--Tezistance against biotic stresses

~-high tilering ability

~-high adaptability

I| Plant phenology:

~-rapid emergence and growth in early stages
--earliness in heading

--garly ripening

Head selections in F3-F4 generations

F4 F5 information yield nals F4-F5 parallel head lines

T |H||u|u¢|||m|m||||

From the generation F5-  Parallel head lines and multiplication
four replicated yield trials  plots of the four replicated yield trials

T ST

‘ siauped Buissoin

Multi-location yield  Parallel head lines and multplicatio
* trials plots of the multi-location yield trials
I.II.II1IIII“I i
HII ‘ INFORMATION Testing advanced lines:
I”IIII'IIII” ~multi-location trials
l | ~late trials
IIIIII“IIII Il ~field selection tests
“IIIIIIIE I -Iab selection tests

OFFICIAL YIELD TRIALS 4~ *

suone|ndod Bunebaibag

siauped Buissoln

Advanced lines as crossing partners

Xing partners
Exotic materials
High yielding lines

Segregating populations
F2 - F4 head rows
Visual selection

B & C lines

F4-F6 plots

Visual selection

Yield performance tests
from one (or two) locatio

Advanced lines F6-
Multi-location
performance tests
Visual selection
Simple lab tests
Rain shelter tests




Complex stress-diagnostic system

20% of water capacity ,,drou@litsc of water c., ,,control”
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3 dimensional imaging
system (green pixels)

Automatic photography
from 11 directions

Automatic irrigation with
specific water dosage a
Plant moving automatic

Infra red gas analyser
CO, discrimination,

photosynthesis,
chlorophyll fluorescence

special software for
computing the results



Results...

Varieties and variety candidates with higher
level of drought tolerance:

1999: GK Verecke drought tolerant variety
2001: GK Csongrad drought tolerant variety

2005: GK Bekes, GK Csillag, highly adaptable cultivars, GK Hunyad, drought-stress
tolerant genotype

2010: GK Bereny drought tolerant varieties
2011: GK Futar highly adaptable variety

2012: GK 26.12 drought tolerant candidate
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