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ABSTRACT

High yielding crop varieties are the need of time as the population is accelerating with an exponential rate.
Genetic variability can be exploited to screen improved crop varieties to address the scarcity of food. We
investigated the agro-morphology in seven bread wheat genotypes collected from International Wheat and
Maize Improvement Centre Mexico (CIMMYT); Pakistan Atomic Energy Commission (NIA) Tando Jam
and Wheat and Research Institute (WRI) Sakrand. The experimental study was conducted at Wheat
Research Institute (WRI), Sakrand Sindh, Pakistan. The agro-morphological study of wheat is important
for the enhancement of yield production. Phenotypic correlation was calculated in all traits. Results
indicated the number of grains per spike had positive and significant correlation to grain yield per spike.
The days for maturity showed positive and significant correlation with plant height. The grain filling period
indicated positive and non- significant correlation to days for maturity, spike length, grain yield per spike,
plant height, number of grains per spike. Grain yield per spike had negatively non-significant correlation to
harvest index. It is concluded from this study that most promising genotypes ESWYT-136, ESWYT-104,
ESWYT-123, and SKD-1 were morphologically different from each other and are recommended for
breeding programs and cultivation.
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INTRODUCTION

Wheat (Triticum aestivum L) is the most
extensively grown grain food in the world
providing dietary protein and calories . The
estimated need of wheat to be 840 million tons to
1050 million tons, which is considered necessary
to feed the growing population worldwide . As
a consequence, wheat breeders are interested to
develop varieties, which are suitable for
cultivation in wider range of environmental
conditions 2. On the other hand, the best yield
traits of wheat are selected for breeding programs
and new varieties are formed, for the increase of
wheat production . In 2020, wheat production
for Pakistan was 24,946 thousand tons increasing
from 6,476 thousand tons in 1971 to 24,946
thousand tons growing at an average annual rate
of 3.11% putting Pakistan 8" among wheat
producing countries 1. Wheat production in the
country, however, has been well below a potential
variable. The main goal of this study was to
screen different bread wheat genotypes for agro-
morphological variations under field conditions
in Sindh province.

Different morphological attributes of
crop play an important role in determining the
grain yield and considered as a basic requirement
for plant breeding programs which increase the
crop production in different environmental
conditions. Ontogenetically, it is necessary to fix
spike number as it is an important yield
component in wheat and positively correlated
with other yield traits. "l Data recorded for days
to heading and days to maturity gives an insight
to wheat maturation period and prove helpful to
save input costs. [ Similarly, substantial
differences among plant height show that tallest
genotypes collect more photosynthates while
short stature varieties are appropriate for rain fed
areas as these varieties may accumulate more
biomass in the form of grains under drought

stress. Extended grain filling period is desirable
for high grain yield and that data may contribute
to wheat improvement programs. ' In a number
of studies harvest index was found to be
negatively correlated with plant height while
positively correlated with grain number per plant
and yield per plant. % Flag leaf area is another
important trait as it is main organ for
photosynthesis that provides a major source for
the growth and panicle development that sense
and indicates environmental clues for ecological
adaptation. (12 45.58 95 Photosynthetic
performance is governed by flag leaf in wheat and
about 41-43 % of the photosynthetic assimilates
are used for grain filling. ¥ Flag leaf area can be
associated a prime component underlying grain
yield. In this regard, flag leaf traits may lead to an
increase to crop grain yield. M Excessive
transpiration lost is checked by decreasing the
leaf areas in cereal crops under terminal drought
conditions. [*°!

In the present study we studied different agro-
morphological traits of seven bread wheat
genotypes under same environmental conditions.
The comparative performance for yield related
traits of wheat genotypes were recorded. The
maximum 14.02 grams, grain yield per plant was
recorded in ESWYT-104 and 14.20 grams in
ESWYT-123 while minimum 8.44 grams
produced by SKD-1 genotype. The maximum
plant height 97.66 centimeters recorded in
ESWYT-104 and minimum 77 centimeters
recorded in SKD-1. The ESWYT-136 produced
maximum 66.33 grains/spike while genotype
SKD-1 produced minimum 40.33 grains per
spike. This information will help in future to
secure wheat production through either
improvement in harvest index or via exploiting
the data collected for other agro-morphological
traits.
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MATERIAL AND METHODS
The current study was carried out at Wheat
Research Institute (WRI), Sakrand, Sindh,
Pakistan during the wheat growing season 2014-
2015. The experimental material consisted of
seven wheat genotypes. The four wheat
genotypes ESWYT-136, ESWYT-104, ESWYT-
107, ESWYT-123 were obtained from
International Wheat and Maize Improvement
Centre (CIMMYT), Mexico; two checks
SARANG and SUNHERY from Pakistan Atomic
Energy Commission, Nuclear Institute of
Agriculture (NIA) Tandojam and one SKD-1
HD-2329 obtained from Wheat Research
Institute (WRI) Sakrand. The randomized
complete block design (RCBD) was used for the
cultivation of seven wheat genotypes into three
replicates with a row length of 1m and space of
30 cm respectively. Standard agronomic practices
were carried out for ploughing, irrigation,
fertilizer application and weed control during
wheat growing season.

AGRO-MORPHOLOGICAL TRAITS

The data of the following agro-morphological
traits were recorded at the different growth stages
of wheat.

GERMINATION PERCENTAGE (G %)

In all cultivated wheat genotypes, germination
percentage was recorded by calculating the
number of germinated seeds according to the
following formula.

DAYS TO HEADING (DH)

The days for heading were counted from the 1st
day of sowing up to the time when 75% heads
were produced in the wheat crop.

DAYS TO MATURITY (DM)

Days for maturity were recorded from the date of
sowing up to the physically and physiologically
maturity of wheat genotypes.

GRAIN FILLING PERIOD (GFP)

The grain filling period of wheat genotypes was
noted by subtracting the number of days to
heading from the number of days to maturity.
FLAG LEAF AREA (FLA) (cm?)

The flag leaf area of wheat genotypes was taken
by multiplying the flag leaf length and flag leaf
area width.

PLANT HEIGHT (PH) (cm)

The height of the plant was measured in
centimeters at the time maturity, from the base of
plant to the tip of the spike without awns and data
was recorded.

SPIKE LENGTH (SL) (cm)

The spike length from base to tip without awns
was measured in centimeters from the fertile
tillers of tagged plants from each replication.
SPIKELET PER SPIKE (SPS)

The number of spikelet each spikes was counted
and average number of spikelet per spike from ten
spikes was recorded.

GRAINS PER SPIKE (GPS)

The spikes of wheat genotypes were hand
threshed and average number of grains per spike
from each plant were counted and recorded.
TEN GRAINS LENGTH (TGL) (cm)

The ten grains length of each variety was
measured in centimeters using measuring scale.
TEN GRAINS WIDTH (TGW) (cm)

The width of ten grains of wheat genotypes was
measured in centimeters by foot scale.
HARVEST INDEX (%)

Harvest index is the ratio of grain yield which is
obtained from biological yield. In accordance
with the following formula.

Harvest index (%) = Grain yield / Biological yield x 100.

v, = Number of germinated Seeds x 100

Total number of sceds
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DATA ANALYSIS

The basic statistics parameters such as standard
error, maximum, minimum, standard deviations,
co-efficient of variation and the mean
comparative  performance of the agro-
morphological traits of wheat genotypes were
measured through Duncan’s Multiple Range Test
(DMRT) and by using Microsoft excel 2013,
which shows the variations among the traits. The
Pearson product-moment correlation coefficient
(or Pearson correlation coefficient, for short) was
used for measuring linear correlation among
genotype traits.

RESULTS AND DISSCUSION

Germination  percentage:  Non-significant
differences (P>0.4) were observed among
genotypes for germination. Mean data showed a
range of 53.33 to 94.29 %. The genotype
ESWYT-123 showed minimum 61.11% while
genotype SARANG indicated maximum 84.44
germination rates. Germination rate is one of the
important characters for plant breeding program
which increases the crop production in different
environmental conditions. "]

Days to heading: In our study, highly significant
differences (P< 0.0003) for this trait were
observed among genotypes. The frequency
distribution range for days to heading is 72-84.
The genotype SKD-1 took minimum 72.66 days,
while genotype ESWYT-104 took maximum
80.33 days to heading. The days for heading
indicated negative and non-significant correlation
to grain filling period, flag leaf area whilst, it
showed positive and non-significant correlation
to days to maturity, spike length, plant height and
harvest index. This parameter is reported to be
highly linked with maturity as genotype which
takes minimum days to heading save time and
escape time duration for drought. These findings
were in accordance with. 1

Days to maturity: Statistically highly significant
(P< 0.0002) differences were observed in days to
maturity among different genotypes. The

frequency distribution range for days to maturity
is 113-122 days. The genotype SKD-1 registered
minimum 113 days while genotypes ESWYT-
104 and ESWYT-107 showed 118.5 days for
maturity. Days for maturity showed negative and
non-significant correlation with ten grains length,
flag leaf area and harvest index. Whereas positive
and significant correlation with plant height.
Minimum days to maturity and low plant height
may prove desired traits for the genotypes to be
grown in the areas with terminal drought. 617181
Grain filling period: This parameter is
documented to be strongly related to an increase
in grain weight that can be registered as an
important trait to screen in breeding process in
wheat. [ Non-significant differences (P>
0.0615) among genotypes were reported in our
study. The frequency distribution range of grain
filling period was 40-46 days. The genotypes
ESWYT-104, SKD-1 had taken minimum 40
days while genotype SUNHERY took maximum
44.33 days in the period of grain filling. Grain
filling period indicates the positive and non-
significant correlation with flag leaf area, days to
maturity, peduncle length, spike length, plant
height and grain yield per spike. Grain filling
period showed negatively non-significant
correlation with the harvest index.

Number of grains per spike: Different spike
populations can be the result of modifications in
the ability of genotypes to generate and to sustain
tillers. 1 The grains per spike indicated highly-
significant (P< 0.00) differences among
genotypes. The frequency distribution range for
number of grains per spike is 40-70 grains. The
genotype SKD-1 produced minimum 40.33
grains, while genotype ESWYT-136 with
maximum 66.33 grains in one spike was noted.
This finding suggests that ESWYT-136 can be
used to produce maximum number of grains per
spike. (18]

Grain yield per spike and grain yield per plant
(9): For these traits highly significant differences
(P<0.000) were recorded among wheat



179

Journal of Positive School Psychology

genotypes. The frequency distribution range for
grain yield per spike is 01-07 g per spike. In the
genotypes SKD-1 minimum 1.92 g while in
genotype ESWYT-136 maximum 3.53 g grain
yield per spike was recorded. This parameter
showed the positive non-significant correlation
with 100 grain weight and grain yield per plant.
Grain vyield per spike registers a complex
correlation with other yield attributes as it shows
positive correlation with specific traits while
represents negative correlation with others such
as harvest index in the present studies. These
studies are in accordance with. 20 Highly
significant (P<0.000) differences were observed
in our study for grain yield per plant. The
frequency distribution range for grain yield per
plant is 8-17g. The genotypes SKD-1 produced
minimum 8.44 g while ESWYT-104 and
ESWYT-123 produced maximum 14.19-g grains
per plant. The grain yield per plant indicated the
positive and non-significant correlation with
harvest index.

Ten grains length (cm) and ten grains width
(cm): Significant differences (P<0.01) were
observed for ten grain length trait. The frequency
distribution range is 06-09 cm. In the genotypes
ESWYT-107 minimum 6.01 cm length was
measured, while in genotype SKD-1 maximum
8.01 cm ten grains length was measured. The
frequency distribution range of ten grains width
is 03-06 cm. Genotype ESWYT-107 had
minimum 3.01 c¢cm width while in genotypes
ESWYT-136 and SUNHERY had maximum 3.28
cm ten grains width was observed.

Plant height (cm):

Plant height is controlled by both the genetic
makeup and ecological factors. Positive direct
effect of plant stature on crop yield has been
documented by various authors. 21221 The plant
height indicated non-significant (P>0.0945)
differences among 7 genotypes. The frequency
distribution range of plant height is 77- 101 cm.
In the genotypes SKD-1 minimum 76 cm while
in genotype ESWYT-104 with maximum 97.06

cm plant height was recorded. The plant height
showed negative and non-significant correlation
with harvest index. These findings are in
accordance with. %!

Peduncle length: Spike length presented
statistically significant differences across the
tested seven genotypes (P<0.01).The frequency
distribution range for peduncle length is 32-41
cm. In the genotype ESWYT-104 had minimum
32.55 cm peduncle length while in genotype
SUNHERY maximum 38.33 cm long peduncle
length was recorded. In our study Peduncle length
indicated positive and non-significant correlation
with grain yield per spike while it showed
negative non-significant correlation with harvest
index. The same results were reported by. 24 [21]
Spike length: Spike length registers vital role
towards the grain yield and total yield in wheat
plant. B! Statistically non-significant P value
(0.0601) was observed in the present study. The
frequency distribution range for spike length is
10-16 cm. Genotypes SKD-1 had minimum 10.50
cm spike length while, in genotype ESWYT-107
the maximum 13.11 cm length was measured,
which possibly linked to effective photosynthetic
activities and hence more assimilate translocation
in this genotype which increased the spike length.
[22]

Number of spikelet per spike: This spikelet trait
plays an important role to explain wheat grain
yield and the effects of variable agronomy and
genetics. [ Statistically highly-significant
(P<0.0004) differences were observed among
genotypes. The frequency distribution range of
spikelet per spike is 14-20. In the genotypes
SKD-1 with minimum 14.78 spikelet while in
genotype ESWYT-107 with maximum 18.55
spikelet were counted in the given study. The
spikelet per spike indicated the positive and non-
significant correlation to grains number per spike,
ten grains width and grain yield per spike.

Flag leaf area (cm?): Flag leaf area traits are
determining factors that influence plant
architecture and yield potential in wheat. ¢ In
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our study non-significant difference (P>0.3278)
for this trait was observed. The frequency
distribution range for flag leaf area is 32-47 cm?,
The minimum flag leaf area 32.72 cm? recorded
in genotype ESWYT-104 while the maximum
44,55 cm? flag leaf area was recorded for
genotype SARANG. The positive non-significant
correlation was noticed with peduncle length.
Smaller and erect flag leaves are reported to be
more tolerant to water loss due to rolling
capability under drought stress than any other
genotype with lax leaves that ultimately results in
higher yield potential in wheat. 27 281 On the

other hand, larger flag leaf area helps to collect
more photosynthetic products resulting in higher
yield. 2

Harvest index (%): Researchers suggest a
higher harvest index of crops in single plant to
accelerate yield gains in wheat varieties. % The
mean comparison for harvest index indicated
non-significant (P>0.5426) value for wheat
genotypes. The maximum 50.30 and 49.24
harvest index % were recorded in genotypes
ESWYT-104 and ESWYT-123 respectively. The
genotypes ESWYT-107 and SKD-1 showed
minimum 46.13 and 46.17 harvest index %.
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Traits ESWYT ESWYT ESWYT ESWYT SARANG | SKD-1 SUNHERY
136 104 107 123
Germination percentage% 63.333A 63.333A 74.443A 77.780A 84.443A 82.223A 81.110A
Days to heading 75.333B 80.333A 78.333A 74.333BC | 75.667B 73.627C 73.333BC
Flag leaf area cm? 44.500A 32.723A 35.253A 35.150A 45.657A 39.120A 40.067A
Plant height (cm) 95.16AB 97.57AB 97.44AB 89.27B 93.88AB 76.99B 117.77A
Grain filling period 42.667A 40.000B 41.667AB | 42.000AB | 41.667AB | 40.000B 44.000A
Days to maturity 117.00AB 118.67A 118.33A 117.00AB | 116.33B 113.00C 117.67AB
Peduncle length (cm) 34.497BC 32.550C 37.467AB | 35.327BC | 36.440AB | 34.657BC | 38.330A
Spike length (cm) 11.940AB 11.497BC | 13.103A 11.497BC | 11.327BC | 10.493C 11.730ABC
Number of spikelets/spike 17.440AB 15.883BC | 18.383A 16.883ABC | 17.773AB | 14.773C 16.327ABC
Number of grains/spike 66.333A 52.333AB | 64.333A 50.833AB | 53.333AB | 40.333B 50.667AB
Grain yield/spike (g) 3.5300AB 2.4167BC | 3.0367AB | 3.7067A 2.5733ABC | 1.7800C 2.5767ABC
Number of grains/plant 267.67AB 319.83A 326.17A 297.17AB | 254.33AB | 192.00B 250.17AB
Grain yield/plant (g) 11.727AB 14.017AB | 12.627AB | 17.113A 12.407AB | 8.437B 11.647AB
Ten grains length (cm) 6.8000AB 6.4000BC | 6.1000C 6.6333AB | 6.4500BC | 7.0833A 6.7167AB
Ten grains width (cm) 3.2833A 3.1500A 3.1333A 3.2500A 3.2000A 3.0167A 3.2833A
Harvest index % 48.23A 50.31A 46.13A 49.26A 47.64A 46.17A 47.17A

Table 1: Duncan’s Multiple Range Test (DMRT) of agro-morphological traits in seven bread wheat

genotypes
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Traits | DH GFP | DM FLA |PH PL SL [ NSPS | NGPS | TGW | GYPS | GYPP | HI
DH 1
GFP |[-0.39Ms |1
DM | 0.70NS | 0.34NS | 1

0.4 -0.
FLA Ng 8 0.39Ns N236 1
PH |0.71M [ 0.29 [ 0,918 ;2'03 1
PL ;2'38 0.72N | 0.11Ns | 0.28N¢ ;,2'00 1
NS NS NS -0.19 NS NS
SL 0.51 0.37NS | 0.74Ns | 0.63Ns | 0.42 1
NS NS NS NS NS NS 081
NSPS | 0.35 0.38Ns [ 0.56NS | 0.22 0.63Ns | 0.45 w |1
NGPS | 0.47NS | 0.35NS | 0.64NS [ 0.16NS | 0.73NS | 0.14Ns 2;84 8;83 1
10GW ;2'09 0.82Ns | 0.55Ns | 0.31NS | 0.60NS | 0.30NS 2532 8;44 2549 1
-0.7 -0.77 071 |-022 | -0.73 | -0. -0.1
10GL N(S) 9 0.02Ns N(S) 0.35Ns NQ NQ 0.77 N2 3 N256 Ng 0
NS
GYPS [ 0.37NS | 0.43Ns [ 0.63NS | 0.17Ns | 0.71NS | 0.09NS SJG 8;78 0.97°S 2563 1
-0.34 0.1 48] 051 4 .
GYPP | 0.62Ns [ 0.15Ns | 0.84Ns N23 0.81Ns N(S) 3 288 SSS 259 8558 0.57Ns |1
Hi 011N 072 |-026 |-069 |-042 |-062 052 -0.63 | -0.66 |-0.54 | -0.60 003" | 1

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

Table 2: Pearson’s correlation

genotypes

coefficients among agro-morphological traits of seven bread wheat

DH; Days to heading, GFP: Grain filling period, DM; Days to maturity, FLA; Flag leaf area cm2, PH; Plant
height (cm), PL: Peduncle length (cm), SL: Spike length (cm), NSPS; Number of spikelets/spike, NGPS;
Number of grains/spike, TGW, Ten grains width (cm), TGL, Ten grains length (cm), GYPS, Grain
yield/spike (g), GYPP, Grain yield/plant (g), HI, Harvest index%, HGW.
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Traits Mean: SE MAX MINI S.D (OAY
Germination percentage 72.86+6.13 94.29 53.33 15.02 0.22
Days to heading 75.71+0.41 76.71 74.71 1.00 0.01
Flag leaf area(cm?) 38.92+2.88 46.13 29.38 7.05 0.19
Plant height (cm) 91.28+2.21 97.57 83.71 0.52 0.06
Grain filling period 41.76+0.47 43.14 40.71 1.16 0.03
Days to maturity 116.86+0.38 117.86 115.86 | 0.92 0.01
Peduncle length (cm) 35.59+0.79 37.81 33.04 1.95 0.05
Spike length (cm) 11.66+0.37 13.06 10.71 0.90 0.08
Spikelet per spike (cm) 16.81+0.57 18.57 14.86 1.40 0.08
Grains per spike 54.02+4.42 70.29 41.29 10.38 0.20
Grain yield per spike (g) 2.75+0.23 3.54 1.88 0.58 0.21
Grain yield per plant (g) 12.24+2.38 20.51 5.05 5.82 0.38
Ten grains length (cm) 6.60+0.12 7.01 6.21 0.30 0.04
Ten grains width (cm) 3.19+0.09 3.47 2.93 0.21 0.07
Harvest index % 47.86+2.42 50.31 46.13 5.92 0.34

Table 3: S.E Standard error, Mean, Max; maximum; Min: minimum, SD: standard deviation, CV:
coefficient of variations.




Akhtiar Ahmed Kalhoro

184

120 1 plant Height (cm) 120 1 Day to Maturity
100 - 100 -
E 80 80 -
= 0
2 60 - ® 60 -
I 0
S 40 - 40 -
a
20 - 20 -
0 - 0 -
1 2 3 4 5 6 7 1 2 3 4 5 6 7
4 Grain Yield Per Spike (g) >1 7 Harvest Index %
3.5 - 50 -
=
> 3 - 49 -
k-
% 2.5 - S 48 -
& 5, 3 a7 -
s £
() e |
£ 15 - g 46
=
.§ 1 _ (ILU 45 .
(G]
0.5 - 44 1
0 n 43 T
1 2 3 4 5 6 7 to2 3 4 5 6 7

Fig: Plant Height (cm) and Grain Yield Per Spike
of Seven bread Wheat Genotypes.

Fig: Days to Maturity (Days) and Harvest Index %
of Seven bread Wheat Genotypes

CONCLUSION

Genotypic differences in the ability to show
higher germination percentage suggests its role in
crop establishment at earlier stage. Current
research showed a significant improvement of
our understanding for wheat phenological or
agro-morphological variations that exists among
different genotypes. The findings of our work can
be used to screen and develop genotypes that will
better adapt the changing ecological conditions.
Traits like days to heading are correlated with
days to maturity and plant height with other

morphological traits that may play a key role for
wheat breeders to screen genotypes expressing
high biological growth and yield. It is concluded
from this study that genotypes ESWYT-136,
ESWYT-104, ESWYT-123, and SKD-1 were
morphologically different from each other and
are recommended for breeding programs and
cultivation.
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