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Abstract

Drought is major constraint to wheat yield and globally causes significant yield losses. Increasing wheat tolerance to
drought by screening diverse germplasm and incorporation of tolerant genes is an important goal of wheat breeding
program. The present study was aimed at screening drought tolerant genotypes from CIMMYT bread wheat nurseries using
agro-traits and proline content. A panel of one hundred and eight comprising mixture of CIMMYT advanced wheat lines
along with local high yielding varieties were evaluated for phenological and yield traits along with proline content under
glasshouse and field conditions during two consecutive cropping years (i.e. 2014-15 and 2015-16). Results revealed that
proline content of genotypes was increased under drought stress and had a weak correlation with yield and yield
components. Using multivariate analysis technique, genotypes having higher yield and yield components under both stressed
and non-stressed conditions were identified and 15 high yielding varieties were identified and recommended for future
research. Thus, we can contemplate that it can be used as criteria for selecting tolerant genotypes under stressed condition.
These can be incorporated in local breeding program for developing drought tolerant varieties.
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Introduction

Wheat is cultivated over 9180 thousand hectares of land
with a global production of 768.49 million metric tons by
2020. A 0.55% increase in global wheat is predicted in 2021
with an addition of 4.17 million tons to the last year
production (Anon., 2020). It is grown in diverse range of
climatic conditions with altitude range from 15° to 60° N to
15° to 45° S and thus have to encompass great alteration in
temperature, rainfall and range of other biotic and abiotic
stresses (Braun et al., 2010; Lobell et al., 2011; Semenov &
Shewry, 2011). Effects of stress on plants are mainly related
to severity, duration of exposure and plant growth stage.
Booting, anthesis and grain filling duration in wheat are
highly sensitive to heat and drought stress (Barnabas et al.,
2008; Slafer et al., 2014). Major effects of drought stress on
wheat include impairment of membrane integrity, extension
of root length, effect on opening and closing of stomata,
inhibition of photosynthesis decrease in chlorophyll content,
reduction in transpiration, growth inhibition, hormone
composition, protein changes (Yordanov et al., 2000; Lawlor
& Cornic 2002; Praba et al., 2009), pollen sterility, grain
loss, accumulation of abscisic acid in spikes of drought-
susceptible wheat genotypes, and abscisic acid synthesis
genes in the anthers (Liu et al., 2010; Gyugos et al., 2019).

Phenotyping has major role in strengthening plant
breeding program as genomic data alone cannot explain
complexity of traits. Besides, phenotyping also offers an easy
way of visualization and selection of favorable traits
(Dudley, 2008). Selection of traits by adapting phenotypic
screening had improved the wheat yield over the years.
Reduction in phenological traits like days to heading and
days to maturity is considered to be an avoidance mechanism
in plants against drought and heat stress (Lopes et al., 2012).
Similarly, reduced plant height after incorporation of reduced
height gene in wheat had improved the crop yield under
stressful conditions, since genotypes are capable to maintain
their yield components such as grain per spike, spike length

under stress condition. Among different stress indices used to
screen genotypes, stress tolerance index is useful in selecting
genotypes having higher yield under stress and non-stressed
conditions ultimately helpful in wheat improvement (Shah et
al., 2020). Plant respond to abiotic stresses by accumulating
compatible solutes like sugars, antioxidant enzymes and
proline (Vendruscolo et al., 2007). All these compounds help
in survival of plants to abiotic and various studies reported
the role of proline in stress tolerance in wheat (Hong-Bo et
al., 2006; Wu et al., 2014; Harsh et al., 2016; Mwadzingeni
et al., 2016). Proline is involved in osmotic adjustment,
membrane stabilization and gene signaling to activate anti-
oxidizing enzymes that scavenge reactive oxygen species
(ROS) (Zivcak et al., 2009; Hayat et al., 2012; de Carvalho
et al., 2013; Zadehbagheri et al., 2014; Qaseem et al., 2019;
Liu et al., 2020). Apart from its importance, its correlation
with grain yield is either poorly known or inconsistent. The
present study was hypothesized that proline content may
have positive correlation with grain yield and its components
and may serve as screening tool for selection of tolerant
genotypes. Keeping this in view, this study was aimed to: 1)
evaluate the effects of drought on wheat yield and associated
traits and identification of drought tolerant and sensitive
genotypes among studied genotypes and 2) study the role of
proline content in drought tolerance and investigate its
association with grain yield.

Materials and Methods

Plant materials: A diverse panel comprising of one
hundred and eight genotypes was evaluated against
drought stress for two cropping seasons. Ninety-eight
genotypes belonged to CIMMYT heat and drought
nurseries while ten were high yielding varieties from
Pakistan (Qaseem et al., 2018). The selection of
genotypes was done on the basis of their high 1000 kernel
weight under rainfed conditions and their parentage
diversity. The lines were evaluated under greenhouse and
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field conditions during 2014/15 and 2015/16 at the
National ~ Agriculture  Research  Center (NARC),
Islamabad, Pakistan. A total eight environment were
created Pot_2015 (Control and Drought), Pot 2016
(Control and Drought), Field_2015 (Control and Drought)
and Fied_2016 (Control and Drought).

Experimental design and crop establishment: Parallel
experiments were carried out under glass house and field
conditions for two cropping seasons. Glass house
experiments were carried in plastic pots (30cm x40 cm)
filled with loamy soil i.e. soil having equal quantity of
sand silt and clay. Six seeds of each genotype were
grown in a single pot and after germination three healthy
plants were kept for data collection. The field experiments
were planted in lattice design (3 rows, 2m long) with two
replications in tunnel. One-meter-deep ditch was also dig
around brick lined tunnel to prevent seepage of rainwater
inside the tunnel. Sowing was done with small hand drill
with row spacing of 22 cm. The same experiments both
under field and pot/glass house conditions were repeated
for two cropping seasons.

Stress treatments

Pot experiment: The drought stress was imposed by
withholding water after heading till maturity. Pots were
rehydrated after 2 days with 400ml water to prevent
permanent wilting. The moisture content of pots was
maintained at 30% of the total available water capacity
using Time domain refractometer (TDR). After maturity
pots were shifted back to normal conditions with optimal
agronomic practices. Respective control (without any
treatment) pots were grown at normal conditions with all
standard agronomic practices.

Field experiment: Stress was induced after heading using
two different water levels i.e. Control with normal
irrigation throughout crop cycle and Drought no irrigation
after heading till maturity. The non-stress treatment
(Control) set was kept open and irrigation was supplied
when required the stressed (Drought) plants were
prevented from rain by covering the tunnel with polythene
sheath during rainy days. Furthermore, fungicide was also
applied after intervals to prevent disease spreading due to
moist conditions inside the tunnel. After maturity stress
was removed, and data was recorded for agronomic traits.
Grain yield was estimated from seven plants from glass
house and field experiment grown in 1m row with 30
plants in each row for each genotype. From the glass
house experiment grain yield was extrapolated based on
thirty plants to agree with field data.

Data collection: Data for following traits was estimated:
awn length (AL), Plant above ground biomass (DW), days
to anthesis (DA), days to maturity (DM), flag leaf length
(FLL), flag leaf width (FLW), grains per spike (GPS),
grain yield (GY), harvest index (HI), leaf area (Area),
peduncle length (PL), peduncle extrusion (Pext), plant
height (PH), spikelets per plant (SPL), spike length (SL),
and tillers per plant (Till).
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Proline content (PC): Proline content was determined by
using method developed by Bates et al., (1973) with
slight modifications Abraham et al., (2010). Briefly, flag
leaf samples were cut from both non stressed and stressed
plant and were immediately stored at -20°C. Leaves were
cut into same size pieces (approximately 0.2g in weight)
and crushing was done in 3% sulfosalicylic acid. Two
milliliters of extract were mixed with 2 ml glacial acetic
acid and 2 ml of ninhydrin reagent. The mixture was
heated at 100°C in water bath for one hour and was
cooled at room temperature. Finally, four milliliters of
concentrated toluene were added to cooled samples and
absorbance was measured at 520nm using UV
Spectrophotometer.  Concentration of proline was
determined using a standard curve.

Stress tolerance index: Stress tolerance index was used
as criteria for section and ranking of genotypes based on
their performance under both stress and non-stress
conditions.  Stress tolerance index was estimated using
following formula given by (Fernandez, 1992).

_ YpXYs
(Xp)?2

STI

Ys is yield of a genotype under stressed environment; Yp
is yield of a genotype under non-stressed environment;
Xp represents average yield of genotypes under non-
stressed environment.

Data analysis: The identification of trait correlations and
summary statistics were performed using routine
implements in the R package (www.r-project.org/).
Effects of treatment, genotype and environment and
significance of differences between treatments means
(Tukey’s test) was determined by using “agricolae”
package in R package (www.r-project.org/). Principal
component analysis (PCA) was performed on mean data
from all the treatment and environments. The PCA was
also executed using FactoMinor package while all graphs
were drawn using ggplot package in R software.

Results

Effects of genotype, treatment and environment on
agro-traits and proline content: Drought stress
significantly affected all agronomic and yield traits, the
mean values of all studied traits were significantly
reduced under drought stress in pot/glasshouse as well
as field conditions (Fig. 1A-1). The mean days to
anthesis was 112.55 and 104.06 under control and
drought stress treatment with earliest genotypes being
EB 18 and ES 24 respectively. The mean grain yield
under all the tested environments was 312.45g and both
optimum and stress treatments of pot experiment
conducted during 2016 (Pot_2016) were most
productive among all of pot experiment conducted
during 2016 (Pot 2016). Genotype EB 18 and EB 3
have highest yield under non stressed and stressed
treatment respectively while WY 34 and ES 12 had
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least value for grain yield under control and drought
treatment respectively. The average plant height across
all studied environment was 85.8 with control
treatment of Field 2016 having tallest plants and
drought treatment of Pot_2016 having shortest plants.
EB 18 and EB 7 were tallest under all stresses while
NARC and ZH 37 were shortest under drought and
non-stress treatment respectively. The average days to
maturity were lower under stressed environments with
EB7 and WY 19 took shortest time to mature, EB 12
took (149.83 days) to mature under optimum condition
and ES 25 took (140.17 days) to mature under drought
stress. The mean value for spike length across all
environments was 11.47 while the value of spikelets
per spike was 18.26 (cm). The average number of
grains per spike across all environments was 68.66
with control and drought treatments of Pot 2016
having highest number of grains per spike than all
other environments and treatments. Thus, mean values
for all yield and agronomic traits were reduced by
drought stress (Fig. 1A-1). The percent reduction (50%)
was higher for grain yield in Field_2015 environment
followed by Pot 2016 (33%). Similarly, grains per
spike and spike length undergo higher reduction during
Field_2015 environment while Field_2016 was adverse
environment for spikelets per spike (Fig. 2). Among
other studied traits harvest index and were severely
affected by drought stress while plant height was least
affected trait. To access the performance of genotypes
under both stressed and non-stress conditions stress
tolerance index (STI) values were used as criteria for
selection. Genotypes having higher value of STI were
tolerant while other having lower values were regarded
as sensitive one. Mean value of STI for present panel
was 0.81 with 45.6% of total genotypes have their STI
values above this average. Top ranked fifteen
genotypes and five genotypes with least STI rank are
listed in Tables 1a and 1b. Proline content significantly
changed across all environments with its higher
accumulation during Field 2016. The mean value for
proline content under all stress and non-stress
environments was 0.50 mg/g while overall there was
85% increase in proline content among all
environments during drought stress treatment. Highest
proline content 1.15 was recorded for lines EB18 and
ES 25 under drought stress (Fig. 3).

Results from combined analysis of variance showed
that all the genotypes, treatments and their interactions
had significant effects on all studied traits. Combined
analysis of variance for agro-morphological, phenological
traits and proline content is summarized in Table 2.
Highly significant differences were observed among the
main effects of genotype, environment and treatment
except interaction of genotype and environment which
had non-significant effects on tillers per plant and grains
per spike. Similarly, interaction of genotype and treatment
had a non-significant effect on grain per spike. Proline
content, days to anthesis and days to maturity were also
significantly affected by treatment genotypes and their
interactions (Table 2).

Table 1a. Summary of mean values yield and yield components of 15 tolerant genotypes based on STI rank under non-stressed of drought stress treatments.

Tolerant genotypes
4503 | EB15 | EB18 | EB19 | EB3 | EB4 | EB5 | EB7 | Est9 | ES31 | NARC | wyie | wys4 | zH1 | zH7

55+0.6

Treatment|Genotype

69+1.23

90+

54+0.86 52+1.65 44+1.82 48+0.45 39+0.45

79+0.55

54+154  44+1.22

79+1.34

49+1.45 43%1.21
82+1.32

57+0.65 59+0.65 58+0.56
64+0.51

65+0.55

650.67
69+0.99

Control

13

72+0.67 64+0.99

79£1.54

77£2.1

78+0.96 79£1.65

83+0.67

80+0.9

Drought

130+1.2 160+1.32 152+0.98 110+1.21 116+0.55 123+0.87 118+0.67 141+154 113+1.33 128+0.99 122+1.2 124+0.98 83+1.34 139+0.44 117+1.3

150+0.7

Control

189+0.34 156+0.34
44+0.76  40+0.88

65+0.92

127+1.1 12240.87 101+1.32 21740.63 151051 175+0.49 169+0.67 162+1.21 148+14 176+0.98 191+1.34 8014

38+0.34 61+0.44

Drought

40+0.56 40£0.78 50+0.98

76+1.42

48+0.43 39+£1.87 43t16
73+0.98

58+0.98

40£0.87
66+1.43

39+0.76  40+0.87

38+0.5

43+0.89

77+7.87
0.69£0.5 0.53+0.52 0.83+0.65 0.60+0.54 0.62+0.94 0.66+0.56 0.65+0.90 0.73+0.67 0.61+1.34 0.68+0.45 0.65+0.77 0.66+0.81 0.57+0.78 0.73+0.22 0.63+1.3

0.42+.99 0.28£0.45 0.27£0.56 0.40£0.11 0.30£0.79 0.44+0.99 0.47+0.78 0.46+1.29 0.46+1.43 0.41+0.42 0.48+0.40 0.40+0.69 0.45+0.54 0.50+1.2 0.45%1.3

Control

59+0.86  69+0.7 61+1.98

52+0.42

52+0.43

55+0.89 68+0.88

61+£0.54 60+0.24

Drought

Control

Drought

9+1.65

10+0.23
11+0.45
18+0.55
20+0.32

9+0.77  9+0.14

8+0.46

13+0.34
19+0.37
23+0.32

8+1.3
12+1.44
20+0.47
23+0.21

8+1.34

9+1.33
13+0.99
20+0.87
23+0.12

8+0.56
13+0.45
21+0.33
23+0.77

9+1.09
12+1.02
18+0.13
23+0.43

9+0.99  8+#0.54  10+0.89
13+0.32
20+0.19

9+0.99

9+1.2

Control

12+0.45
20+0.12
22+0.34

12+0.76
20+0.46
20£0.5

11+0.45
20+0.55
23+0.56

12+1.6
20+0.11

10+0.78
16+0.11

10+1.32
20+0.67
21+0.45

12+0.63 11#1.1

20+0.78
23+1.11

Drought

21+0.4

Control
Drought
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22+0.43

22+0.09 22+0.11

23+0.23
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Fig. 2. Percent reduction in yield traits caused by drought stress
during different environments.
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Fig. 3. Proline content A) Effect of environments and treatments
on proline content B) Percent increase in proline content during
drought stress over different planting environments.

Correlation analysis: Grain yield showed significant and
positive association with all traits except DA and DM
under both stressed and non-stress treatment. Under well
water treatment grain yield was positively associated with
most of the traits except DA, DM, SPLS and TILL while
under stressed environment it was positively associated
with DA, DM, FLL, GPS, HI, PH and SL. Days to
maturity had strong positive correlations with DTH under
both stressed and optimum conditions, but with negative
correlations with almost all other traits. Plant height was
significantly correlated (r > 0.5, P < 0.05) with all traits
except DA well-watered conditions while under stressed
condition it had positive association with all traits except
DA. DM HI and AL under well-watered treatment
peduncle length were positively associated with all traits
except DA and DM while it was negatively associated
with DA, FLW, Pext and DM under drought stress. Pext
was positively associated with all traits except spikelet per
spike in well water treatment while under drought stress it
was significantly and positively associated with DA and
FLW under drought stress. All significant correlations
under non stress and stressed conditions are shown in
Figure 4A and 4B. The non-significant association either
positive or negative was kept blank in heatmap.

Principal component analysis (PCA): The rotated
component matrix Table 3 shows the proportion of total
variance explained by different principal components and
their correlations with variable traits. From drought
treatment, five principal components were important
having eigen value more than one, contributing 67.5% of
the total variation observed. The first two principal
components were the most influential with a cumulative
contribution to the total variation of 46.2%. FLL, PH and
GY were three major contributors to first principal
component, while SPL, SPLPS and Pext were major
contributors to second principal component (Fig. 3A-D).
All traits except DM, DA and Pext had positive
loading into the first principle component while AL, DM,
FLL, HI, PC, PL and TILL has positive loading for the
second principal component. Likewise, AL, FLL, FLW
GPS, SLP, PL and Tillers had high positive loading into
the third principal component and AL, Area, DM GPS,
HI, PC, Pext, PL and SL had high positive loading into
the fourth principal component. Similarly, six principal
components having Eigen value more than one were
important under optimum conditions, accounting for
73.3% of the total variation of which 42.9% was
accounted for by the first three components. All traits
except DA and DM had positive loading into the first
principal component while SL, SLP, Area, FLW, Tillers
and GPS had negative loading into the second principal
component. Three major contributors to first principal
component under drought stress were GY, STI and
Biomass while SPL, FLW and PL were major
contributors to second component (Fig. 6A-D).

Principal component biplot analysis:  The
relationships between the different variables and
genotypes with respective principal components are
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further illustrated by the principal component biplots in
Figs. (5E and 6E) for both stress and non-stress
conditions respectively. Smaller angles between
dimension vectors in the same direction indicated high
correlation of the variable traits in terms of
discriminating genotypes. Genotypes excelling in a
particular trait were plotted closer to the vector line
and further in the direction of that particular vector,
often on the vertices of the convex hull. Under stress,
most of the genotypes were scattered in the positive
side of the first principal component, with genotypes
such as HT25, WY 37 and EB 7excelling towards yield
which was contributed mostly by their high tiller
numbers and GPS, as well as optimum values for other
yield components. Based on STI value genotypes were

MIRZA FAISAL QASEEM ET AL.,

classified into high, moderate and sensitive. Of total
penal 24 genotypes were tolerant, while 56 and 28
numbers of genotypes were moderate and sensitive
respectively. Under optimum conditions, the genotypes
were also more concentrated on the positive side of the
first principal component with genotype. Based on
performance of genotypes i.e. having higher vyield
under non stress treatment genotypes were classified as
High performers (having vyield more than 140g),
Moderated performers (having yield more than 110g
but less than 140g)and Low performers (having yield
less than 110g). Altogether 24% genotypes have high
yield and were regarded as high performers while 44
and 32% genotypes were moderate or low performers
respectively.

Table 1b. Summary of mean values of 5 sensitive genotypes based on STI rank under non-stressed
of drought stress treatments.

Treatment Genotype Sensitive genotypes
6006 ES12 ES24 ES25 ZH37
Control GPS 66 £ 0.45 74 £0.87 73+£0.43 63+0.4 61+0.4
Drought 57+0.34 7519 74 £0.79 74+ 1.34 62 £ 0.5
Control GY 73+1.34 91 +1.56 77 £0.88 84+13 90 +£0.43
Drought 73+0.98 53 +£1.65 73+0.97 62+1.1 60 +£1.76
Control i 37 +£0.65 42 £1.43 25+ 0.64 38+£1.9 36 £0.43
Drought 59+0.72 64 £1.45 61 +£0.23 59+1.43 52+ 1.2
Control PC 0.32 £0.65 0.29+£1.43 0.39+1.34 0.36 £0.34 0.37£0.87
Drought 0.57£0.33 0.51+1.78 0.70 £ 1.67 0.70 £ 0.98 0.60 £ 0.54
Control SL 12 £0.25 11+£0.88 12+1.3 12+1.33 9+0.54
Drought 12 £ 0.59 13+£0.77 12 £1.98 12+1.34 9+05
Control SLPp 20+ 0.34 20+0.18 21+0.34 19+0.33 19 + 0.67
Drought 22 +0.23 22+0.11 21+0.17 21+£0.19 18 £ 0.08
A Till B ¥ Till
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Fig. 4. Correlation analysis for Agro traits and proline content: a) correlation among traits under optimum condition b) correlation

among traits under drought Stress.

Fig. 4. Correlation analysis: A) Correlation among studied traits under non stress conditions. B) Correlation among studied traits under
drought stress conditions. The blank squares in both heatmaps represent non-significant correlation.
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Discussion

Development of drought tolerant germplasm and
improvement of wheat through incorporation of tolerant
varieties is ultimate goal of wheat breeding. Screening of
genotypes through managed drought stress is an effective
way of selecting material to improve breeding program.
In the present study, the significant differences among
genotypes for measured trait showed that germplasm used
in present study was highly diverse and are a good source
for diversity in breeding program. The differential
responses of genotypes to different water regimes were
helpful in identifying genotypes having high tolerance to
drought stress. This diversity in response of genotypes to
treatments, environments and their interactions is due to
diversity in parentage among genotypes and high
heritability of studied traits. Selecting genotypes able to
maintain higher yield under stressed and non-stressed
conditions can perform well in either of treatment. In
present study genotypes which had higher yield under
stress condition had also higher yield under drought stress
and these finding are in accordance with studies by
(Foulkes et al., 2007). In present study genotype WY 37,
EB 18, ES 8, EB 14, EB 7, EB 11, ZH 1, HT 19, EB 27
and 4503 had higher yield under both stress and non-
stress conditions, all these lines were advance from
CIMMYT and had better performance than local varieties.
The better performance might be attributed by the fact
that these were developed by CIMMYT for cultivation in
heat and drought prone areas and were better adapted to
summer planting, and thus may as good source of
diversity for spring cultivation. The positive and
significant association of traits with grain yield shows
direct contribution of these traits in grain yield. In the
present study, seven studied traits namely Area, Biomass,
HI, PC, PH, PL and SL had positive association with
grain yield suggesting that improvement in these traits
could lead to yield enhancement and these traits must be
targeted during selection (Dodig et al., 2012,
Mwadzingeni et al., 2016). Under non stress treatment
awn length, biomass, flag leaf length, and leaf area had
maximum contribution to grain yield and could be
targeted for further enhancement of yield under such
conditions. Among the yield components those genotypes
which had higher value of grains per spike, spikelets per
spike and had more surface leaf area had higher yield
which can be justified by more grain number per plant
and eventually could compensate reduction in grain
weight under stress (Fig. 2) (Slafer et al., 2014)..
Similarly, those accessions which take more time to
mature and have broader leaves and tall stems under
optimum or non-stressed conditions had more reserves to
be utilized during grain filling duration. Such genotypes
are ideal for selection to get higher yield under optimum
conditions (Shavrukov et al., 2017). In present study all
these traits had high to moderate correlation with grain
yield under optimal growing conditions. But under stress
conditions the days to maturity had a negative relation
with yield implying the avoidance mechanism of
genotype i.e. genotypes use most of their resources to
cope with the stress and manage to complete its life cycle
prior to stress (Blum, 2011). This cause reduction in grain

filling duration and genotypes having high rank under
optimum conditions fall to lower ranks under stress.
Genotypes with higher stress tolerance index (STI) value
had higher grain yield under optimum and stress
conditions showing reliability of this index in selecting
tolerant genotypes (Fernandez, 1992).

Short stature genotypes had low yield in both stress
and non-stress conditions possibly due to less development
of root system and less availability of stored reserves to
growing grains. It is proven that genotypes with Rht-B1b
and Rht-D1b genes had lower yield under either condition
than genotypes lacking these two genes (Butler et al., 2005;
Borrell et al., 1993). In the present study, local check
Pakistan 2013 was with reduced height and took less days
to mature among all other studied local checks and thus
was able to maintain high grain yield, high grains per spike
and this high tiller number. The short stature of Pakistan
2013 might affected other yield components under
optimum conditions, thus reducing their rank for vyield
under non stress conditions (Dodig et al., 2012).

The PCA analysis showed that area, GY, FLW, SL, STI
and Biomass were more influential during stress and
contributed maximum to variation explained by first two
components. All these traits must be selected together to
maximize yield under drought stress conditions.
Furthermore, selection of genotypes based on vyield
components could enhance selection of alleles of genes
favoring yield under stressful environments, accumulation of
these genes in wheat accessions may result in increased
survival rate at the expense of grain yield (Passioura, 2012).
In non-stress treatment many yield components have positive
loading indicating importance of these traits in selection and
simultaneous incorporation in breeding program.

Accumulation of osmolytes for example proline,
sugar and various antioxidant enzyme is first and strong
response to stress and is proven in various studies by (
Rampino et al., 2006; Vendruscolo et al., 2007; Bowne et
al., 2012). Most genotypes vary in their response to stress
and so is the accumulation of proline and other osmolytes,
usually tolerant genotypes accumulate more proline than
others. Increase concentration of proline in wheat
genotypes play a vital role in osmotic adjustment and thus
enhance their tolerance to stress (Nio et al., 2011; Lum et
al.,, 2014). Role of proline in osmotic adjustment and
enhancing tolerance of genotypes to drought stress is
reported in various other crops including; sugar beet
(Beta vulgaris) (Gzik, 1996) and alfalfa (Medicago
sativa) (Irigoyen et al., 1992). Under non stress
conditions, proline content had significant but weak
association with grain yield suggesting its role in osmo-
protection, but it cannot be used as indicator for selection
under drought stress. In a similar study (Tardieu, 2005)
reported non-significant weak correlation between grain
yield and proline content. So, these finding suggest that
proline content cannot be used as selection criteria but
due to its positive correlation with yield under stress it is
an important trait for enhancing grain yield under adverse
conditions (Zahedi et al., 2016). In the present study
proline content was found positively associated with grain
yield under drought stress is in accordance with previous
finding suggesting its major role in drought tolerance. So,
in conclusion, proline is accumulated in response to stress
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in various plants and it had a key role in mitigating stress,
but when it is measured at a single point it may not serve
as good indicator for selection of genotypes based on their
yield. Its positive association with grain yield in some
studies proved its role in maintenance of grain yield under
stressful conditions, but further studies are still required to
find out rate of proline accumulation among genotypes
with change in stress severity and growth stage of plant.
This can be achieved by comparing proline accumulation
in a set of stress tolerant and susceptible genotypes. The
results from the present study showed that the germplasm
had useful diversity for drought tolerance.

Conclusion

This study was aimed at evaluating drought tolerant
genotypes from CIMMYT bread wheat nurseries using
agro-traits and proline content. Results discovered that
proline content of genotypes was increased under drought
stress and showed a weak correlation with yield and yield
components. Besides, this study identified 15 high
yielding varieties and recommended for further research.
These can be incorporated in local breeding program for
developing drought tolerant varieties to meet our needs.
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