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Lowland 1s located : 0-1,000 msl.
Highland 1s located : > 1,000 msl.

Temperate 1s located :  latitude > 30° N, S
Sub-tropical 1s located : latitude 20-30° N, S
Tropical 1s located : latitude 0-20° N, S
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Demand of maize is projected to be more than double by 2020
(IFPRI Vision document, 2006). Additional maize production will
largely depend on the productivity of the rain-fed, stress-prone
ecology of the region. The effect of climate change, rising
temperatures, and increased evapotranspiration losses and
eventually decreasing rainfall 1s expected to be particularly
negative in the agricultural context (The World Bank, 2007).
Recent analyses of climate risks based on statistical crop models
and climate projections for 2030 indicate Asia (Rijsberman 2006;
Lobell et al., 2008) will likely suffer negative impacts on several
crops Therefore, the rain-fed maize crop is prone to face drought

in addition to other abiotic (poor soil fertility plus water-logging
1n some areas,) and biotic constraints.



N

NS!CRC

Table 1 : Priority constraints ranking by agro-ecological

Stk rot Rust Soilinf. DM Drought Waterlog. BLSB

NOl’th *® *® *® * * *
Central * * * * *
Northeast * * * *

Priority * £ E £ gk * £

Modified from : Ekasingh B.S. et al. (2003)
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Downy mildew 18-20 °C 8 hr.
Nursery Establishment

9.00 pm- 3.00 am.

20,000-40,000 con. /ml



Insect Tolerance
Screening




Mass rearing of ACB
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Stress Management

v' Timing
v'Stress Intensity : germplasm

v Good screening technique

v'Uniformity



udloyma et al. (2004)

@ld reduction

under water stress NN =
at flowering stress : o

Inbred —— 73.8 %

Hybrid —— 52.8%

OPV —, 620% §
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Fig 1 : Mean grain yield (kg/ha) of hybrid over well water and water stress, NSW 04D
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Fig 2 : Mean grain yield (kg/ha) of inbred over well water and water stress, NSW 04D
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Drought tolerance

VS
Drought Susceptible

7

Leaf senescence
(1-10)
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Uniformity




Edmeades et al (1998) :
ideal secondary trait should be

» Genetically associated with grain yield under

stress.
» High heritability
» Cheap and fast to measure
» Stable within the measurement period
» Observed at or before flowering, so that

undesirable parents are not crossed




Traits for drought tolerance:

1) Grain yield
» Heritability: medium under grain filling stress;
medium to low under flowering stress.
> Relationship with grain yield : high
» Measurement : shelled , adjusted for grain moisture

2) Ears per plant
» Heritability: high and increasing with stress
intensity
» Relationship with grain yield : high
» Measurement : count number of ears and divide by
harvested plants



3) Leaf senescence

» Heritability: medium
> Relationship with grain yield : medium under
grain filling, selection for stay green

» Measurement : score on the scale 1-10

1 =10% dead leaf area 6 = 60% dead leaf area

2 =20% dead leaf area 7 =70% dead leaf area
3 =30% dead leaf area 8 =80% dead leaf area
4 =40% dead leaf area 9 =90% dead leaf area

5 =50% dead leaf area 1 =100% dead leaf area



4 ) Leaf rolling
»> Heritability: medium
> Relationship with grain yield : medium to
low, selection for unrolled leaves. Flowering

stress
> Measurement : score on the scale 1-5

1 = unrolled, turgid
2 = leaf rim starts to roll
3 = leaf has a shape of V shape

4 = rolled leaf rim covers part of leaf blade
S = leaf is rolled like an onion




5) Anthesis-silking interval (ASI)
» Heritability: medium, high level under flowering
stress.
> Relationship with grain yield : high under
flowering stress.
» Measurement : silking date-anthesis date

6) Tassel size
» Heritability: medium to high.
> Relationship with grain yield : medium under
flowering stress.
» Measurement : score on a scale 1-5

1 = few branches, small tassel
S = many branches, large tassel




PRECISION PHENOTYPING FOR
IMPROVING DROUGHT STRESS
TOLERANT MAIZE IN SOUTHERN ASIA
AND EASTERN AFRICA

NSFCRC, TAK-FA, THAILAND




imate data

November-March...




Meteorology station

Air Temperature (°C)
Humidity (%)

Rain fall (mm.)
Evaporation (mm.)
Cloud (%)

Radiation (hur.)

Wind speed and
direction(km./hrs.)

Soil Temperature (°C)




WS

WW

Profile

Cs

Cs

Cs

Cs

Cc7

C7

C7

Soil characteristics

Layer

L1

L2

L3

L4

L1

L2

Depth
(cm)

0-14
14-28
28-82

82-110+

0-26

26-45

45-110+

Color

10YR3/2

10YR3/2

10YR3/1

2.5YR3/0

10YR2.5/1

10YR3/1

10YR2.5/1

Texture

clayloam

clay

clayloam

clayloam to
clay

clay

clay

clay

Structure

moderate coarse
subangular blocky

weak fine
subangular blocky
medium moderate
subangular blocky
strong coarse

angular blocky

strong coarse
subangular blocky

moderate medium
subangular blocky

strong coarse
subangular blocky

Average
hardness (mm)

13

15

16

14

17

17

18




Material and methods

Material :

* hybrids from CIMMYT 148 +2 local check hybrids
local check : NS3 and NS 2

Design :

* 10x15 Alpha lattice design with 2 replications
* 2 rows/plot of 5.0 m. long
*0.75 m. x 0.20 m. 66,000 plant ha"




Water treatments:

Well water exp. (ww)

. Well watered under weekly irrigation
(30 mm./time) s

Drought exp. (WS)

. Irrigation was stopped from 9™ Jeaf stage to two weeks




Fertilizer application

> 150 kg ha! of N
> 50 kg ha'! of P,O.
> 50 kg ha'! of K,O




- S0l

ik
PR

5/02/




Well watered




Data Collection

Y. Days from planting to anthesis (AD) and silking (SD)

¥e Anthesis silking interval (ASI)

.= Chlorophyll content (CHE)

¢« Leaf rolling (1-5) (LRO)

¢ Number of ear plant! (EPP)

t¢? Grain yield at 15 % MC (GY)

‘¢* Seed weight (HKW) was obtained from 100 kernels

weight



Secondary traits

anthesis-silking interval
leaf rolling :
» before re-irrigation

Senescence:
» 30 days after silking
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Green Seeker

» Vegetative stage : Weekly measurements across all replicates
from 3™ leaf stage until 8" leaf stage

» Grain filling stage : weekly from two weeks after male
flowering till one week prior maturity

Trait was measured in both water treatments




I_.eat Porometer and Infrared

Thermometer

Under water stress

» Vegetative stage : 4 weeks after planting and again
2 weeks later.

» Stopped irrigation : two days after last irrigation and
then weekly until 3 weeks after the recovery irrigation
was applied

Under well water
> Vegetative stage : 5 weeks after planning
» Flowering stage : 8 weeks after planning
» Grain filling : 12, 13 weeks after planning



Measurements : 3 plants/ plot.
one leaf per plant
at the 4 leaf below flag leaf.

Period for measurement : 10 am. -2 pm.
sunny days expanded from 10am.-3pm.




Measurements :

- 6 plants/ plot.

- one leaf per plant

- at the 4™ leaf above
the uppermost ear




Table 2  Minimum, maximum and mean of some agronomic traits
of hybrid maize under water stress condition, 2010

Traits Min Max Mean
Tass 52 62 56 + 1.59
Silk 53 75 61 +4.12
ASI -1 18 5+3.11
Plt-Ht 127 191 152 + 10.64
Ear-Ht 38 106 86 + 8.64
GY (kgha) 105 5,087 2,591 + 972.49
Ear/pt 0.1 1.0 0.7+ 0.16
Moist 11.82 31.55 22.37 +2.92
HKW 12.41 31.76 25.82 +2.79




Table3 Minimum, maximum and mean of some agronomic traits
of hybrid maize under water stress condition, 2010

Traits Min Max Mean

Rolling 1 5 4+ 0.68

Senescence 3 8 5+ 1.05




Table4  Minimum, maximum and mean of chlorophyll content of
hybrid maize under water stress condition, 2010

Traits Min Max Mean
SPAD 1 (4) 33.9 55.9 47.3 + 4.09
SPAD 2 (11) 32.1 58.8 45.7 + 4.51
SPAD 3 (19) 27.8 53.9 41.9 + 4.91
SPAD 4 (26) 27.6 53.0 43.2 + 4.34
SPAD 5 (35) 23.9 534 41.3 + 4.94

SPAD 6 (42) 24.5 50.9 38.8 + 4.44




Table 5 Minimum, maximum and mean of vegetative indices of

hybrid maize under water stress condition, 2010

Traits Min Max Mean
NDVI 1 (-41) 0.230 0.370 0.290 + 0.03
NDVI 2 (-34) 0.310 0.480 0.390 + 0.03
NDVI 3 (-25) 0.630 0.820 0.750 + 0.03
NDVI 4 (-18) 0.780 0.850 0.820 + 0.01
NDVI 5 (15) 0.400 0.660 0.550 + 0.04
NDVI 6 (21) 0.430 0.700 0.580 + 0.05
NDVI 7 (28) 0.460 0.720 0.600 + 0.06
NDVI 8 (35) 0.390 0.690 0.570+ 0.06




Table 6 Minimum, maximum and mean of stomata conductance
of hybrid maize under water stress condition, 2010

Traits Min Max Mean
Poro 1 (-23) 141.8 580.5 313.5 + 85.58
Poro 2 (-9) 46.3 492.2 250.4 +76.70
Poro 3 (7) -0.1 182.1 71.2 + 30.87
Poro 4 (15) 5.4 154.0 60.9 + 23.15
Poro 5 (21) 69.6 396.0 156.8 + 42.08

Poro 6 (35) 23.7 203.2 115.0 + 31.53




Table 7 Minimum, maximum and mean of canopy temperature
of hybrid maize under water stress condition, 2010

Traits Min Max Mean
Temp 1 (-23) 27.6 33.2 29.9 + 0.77
Temp 2 (-9) 25.8 30.4 27.7+0.76
Temp 3 (7) 31.5 37.0 34.2 + 1.25
Temp 4 (15) 31.1 37.7 34.0 + 1.13
Temp 5 (21) 27.5 38.4 30.9 + 4.16

Temp 6 (35) 29.3 35.8 32.1+1.12




Table 8 Phenotypic correlation coefficient (r) between grain yield
and secondary traits under water stress, 2010

Traits r
Silk -0.2907%*
ASI -0.2745%
Plt-Ht 0.3934*
Ear-Ht 0.180.7%*
Senesence -0.4158%*
Leaf roll -0.5199*
Ear/pt 0.2317*
Moist 0.3746*
HKW 0.2729%




Table 9  Phenotypic correlation coefficient (r) between grain yield
and chlorophyll content under water stress, 2010

Traits r
SPAD 1 (4) 0.3628%*
SPAD 2 (11) 0.4911*
SPAD 3 (19) 0.5531*
SPAD 4 (26) 0.4468*
SPAD 5 (35) 0.2170%

SPAD 6 (42) 0.1739%




Table 10 Phenotypic correlation coefficient (r) between grain yield
and vegetative indices under water stress, 2010

Traits r
NDVI 1 (-41) 0.0687s
NDVI 2 (-34) 0.1291ns
NDVI 3 (-25) 0.2098*
NDVI 4 (-18) 0.1444ns
NDVI 5 (15) 0.3785%
NDVI 6 (21) 0.2398+*
NDVI 7 (28) 0.2800%

NDVI 8 (35) 0.2302%*




Table 11 Phenotypic correlation coefficient (r) between grain yield
and stomatal conductance under water stress, 2010

Traits r
Poro 1 (-23) 0.1676%
Poro 2 (-9) 0.1172ns
Poro 3 (7) 0.3572%
Poro 4 (15) 0.2087*
Poro 5 (21) 0.0805"s

Poro 6 (35) 0.0578"s




Table 12 Phenotypic correlation coefficient (r) between grain yield
and canopy temperature under water stress, 2010

Traits r
Temp 1 (-23) -0.1127m
Temp 2 (-9) -0.1245"s
Temp 3 (7) -0.3635*
Temp 4 (15) -0.1435"
Temp 5 (21) -0.0393

Temp 6 (35) -0.0637m




Multiple linear regressions (stepwise) to explain
variation in grain yield

* Proportion of GY variation explained by the combination of
NDVI, SPAD & ASI

Combination of traits Drought

NDVI 0.05
SPAD 0.03
ASI 0.05
NDVI + SPAD 0.08
NDVI + SPAD + ASI 0.14

ASI accounted for the largest proportion of the genotypic variation in GY



Heritability of secondary traits

NDVI (days after anthesis)

-44 0.00
SPAD (days after anthesis) h

-37 0.42
9 0.63

-28 0.45
16 0.56

21 0.24
24 0.66 19 0.60
33 0.46

18 0.65
40 0.48

26 0.10

33 0.10

* Heritability of SPAD and NDVI ranged from low to moderate
» Heritability was highest at 24 days after anthesis (SPAD) and 12 days after

anthesis (NDVI)



Successful of breeding for stress tolerance

. Uniformity of trial

. Good Screening techniques/hotspot location

. Sources of resistance

. Accuracy statistic technique/more replications
. Over view causes of problem

. Experiences in IARs and national program

N N DN B~ W N -

. Team works [breeder, physiologist, entomologist,
pathologist etc.]
8. Use phenotypic correlation between traits of

interest [drought vs normal] for early screening



Research Development

&
Distribution of Hybrid Maize



Seed Distribution

Local Companies

DOA < Cooperative Org. l» Farmer

/

Farmer Asso.

_ Direct Sale




A Drought Tolerance Hybrid Maize
: g

“Nakhon Sawan 3"

growing areas in Thailand.

Advantage traits
% N53 yields 7.04 | ha'

Makhon Sawan Field Crops Research Center (NSFCRC)
has collaborated with CIMMYT on research and development
on maize breading for drought tolerance. Hybrid maize
Makhaon Sawan 3 (MS3), a cross between Inbred Takfa 1 and
Inbred Takfa 3, is a promising drought tolerance hybrid which
~  passed the steps of yield evaluation over major maize

& Tolerance to drought at flowering stage by yielding 522 tha'
@ Resistance to downy mildew {Peronoscleraspara sorghi Weston & Uppal)
and moderately resistance to rust (Puccinia polysora Underw.)

¢ Easy to hand harvest
l?n.r.urn-: .:Mrui-n

| e st s g e gt

Marphoiogical chamcien

e—

Prlief g

Participatory Variety Selection

The evaluation of farmers’ prafarences to NS3 was conducted an major
malze growing areas in Thailand during 2004-2008. Maore than 90
percent of thoss farmers prefermad overall of indnedual chaacieristics
such as high yield, shiny yellow-orange flint kernel, big ear, small cob,
standability, drought tolerance and easy to hand hanwest.

Seed Dissemination

Hybrid seed producion was lsunched io groups of farmers, farmer organisations
and local seed companies. A great impact has st existed since request for
seed production for seli-use significantly increased amaong farmers
and farmer arganisations,

Ui Firm Ikl ot Penchual=ses ooy s, 1987
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Advantage traits

€ NS3 yields 7.09 t ha"
@ Tolerance to drought at flowering stage by yielding 5.22 t ha"
@ Resistance to downy mildew (Peronosclerospora sorghi Weston & Uppal)

and moderately resistance to rust (Puccinia polysora Underw.)
¢ Easy to hand harvest







