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ABSTRACT

Correlation is the simultaneous variation of two variables. It is
often desirable to observe and measure the relationship between two
traits. A field experiment was conducted during the growing season
2018/2019, to calculate correlation for days to heading, plant growth,
spike traits, yield and its components in four wheat genotypes
(Gemmeiza-11, Sids-12, Shandweel-1 and Sahel-1) in M, generation
using sodium azaide at (0, 0.04, 0.06 and 0.08 %), at the Experimental
farm, Faculty of Technology and Development, Zagazig University,
Egypt. This research was conducted with three replications in split plot
design. Analysis of variance showed significant and highly significant
differences among treatments for all traits. Mean square du to genotypes
was significant and highly significant for days to 50% heading, plant
height, number of tillers/plant, peduncle length, spike length, number of
spikes /plant, number of spikelets / spike, number of grains/ spike, 1000-
grain weight, and grain yield /plant. Meanwhile, analysis of variance for
sodium azide treatments revealed highly significant for days to heading,
peduncle length, No. of tillers / plant, Protein content % and grain yield
plant. While it showed significant for No. of spikeliets /spike, No. of
infertile spikelets / spike, No. of fertile spikelets / spike, No. of spikes /
plant, straw yield / plant and biological yield/plant.

The results demonstrated significantly (P<0.05) positive
association between various traits, such as 1000-grain weight made
positive and significant correlation with harvest index % (0.71**) and
grain yield /plant (0.62 **). Straw yield/plant demonstrated positive and
highly significant association with biological yield/plant (0.99**), grain
yield/plant (0.83**). Meanwhile, biological yield/plant demonstrated
positive and highly significant association with grain yield/plant
(0.89**). Harvest index showed positive and highly significant
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association with grain yield/plant (0.72**). These results demonstrating
a comprehensive selection for these traits will ultimately improve grain
yield in bread wheat genotypes

Conclusively, genetic correlation coefficient represents the degree
to which respective traits are correlated therefore correlation coefficient
have predictive value in selection for water stress.
Key words:  Analysis of Genetic Correlation, traits in M, wheat,

Mutant, Sodium Azide, Water Stress

INTRODUCTION

Bread wheat (Triticum aestivum L.) is an important source of staple food
and is widely cultivated worldwide because of its good nutritional and technical
properties. Improvement in wheat plants is required due to limited genetic
resources of tropical wheat. In vitro strategy, mutation and selection can help
genetic variation obtain genetic diversity. The breeding combination has been
proven to make induction and selection of mutation more effective and efficient
(Maluszynski et al. 1995). In vitro mutation technique is essential in inducing
mutants, making it very important in wheat for breeding programs for
increasing drought tolerance.

Sodium azide (NaNs) is a chemical mutagen and has been one of the
most powerful mutagens in crop plants. It has been reported that sodium azide
affects plant physiology and decrease cyanide resistant respiration in tobacco
callus (Wen and Liang, 1995). Wannajindaporn et al., (2014) reported that 28
Dendrobium mutants were generated after exposure to NaNz under in vitro
conditions.

Sodium azide creates point mutation in the genome of plants through
metabolite and thus produced protein in mutant plants has different function
compared to the normal plants. The mutant plants produced by the treatment
of sodium azide are capable to survive under various adverse conditions and
have improved vyields, increased stress tolerance, longer shelf life and
reduced agronomic input in comparison to normal plants reported bay Dubey
et. al., (2017). Water stress is the most significant environmental stress in
agriculture worldwide and improving yield under drought is a major goal of
plant breeding (Cattivelli et al.,2008).

Correlation is the simultaneous variation of two variables. Correlation
coefficient represents the degree to which respective traits are correlated
therefore correlation coefficient have predictive value in selection. It is often
desirable to observe and measure the relationship between two traits.
Correlation shows that increase in a single traits cause simultaneous increase in
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the other. On the other hand correlation reflects the increase in one character is
associated with a decrease in the other (Bhutto et al., 2005). Mohammad et al.,
(2008) reported that the relationship among vyield increasing components
influence on the grain yield direct or indirect way of bread wheat. Dabi et. al.,
(2016), reported that days to 50% heading, days to maturity, grain-filling
period, spike length, and number of spikelets/ spike were non-significant
positive correlation with grain yield. Ayer et al., (2017), found that plant height,
1000-grain weight, biomass yield, and harvest index% showed positive
significant correlation with grain yield in their simple correlation analysis in
wheat genotypes. Ganno et. al., (2017) found that the grain yield had positive
significant correlation with plant height, 1000-grain weight, biomass yield, and
harvest index% both at genotypic and non-significant positive correlations
were observed between grain yield with spike length, and number of grains /
spike at both genotypic . On the other hand, grain yield showed non-significant
negative correlation with days to heading and number of spikelets/ spike.

Ahmad et al., (2018) reported that grain yield /plant was highly
significant positive associations with biological yield /plant, number of
spikelets /spike and spike length at genotypic level. Baye et al., (2020)
evaluated the association of yield and its components traits and determine the
direct and indirect effects of yield-related traits on grain yield. The result of
analysis of variance showed significant differences among the tested genotypes
for the majority of characters under study for both locations. This indicates the
presence of high variability among the tested bread wheat lines. Grain yield had
significant positive correlation with plant height, grains/spike, thousand grain
weight, biomass yield, and harvest index% at both genotypic including spike
length and with plant height, thousand grain weight/gm., biomass yield and
harvest index.

The current study was performed to estimate mean square and determine
the between grain yield and its relevant traits in M, generation of bread wheat.

MATERIALS AND METHODS

A field experiment was conducted during the growing season 2018/2019,
to calculate mean square, mean performance and correlation for days to
heading, plant growth, spike traits, yield and its components in four wheat
cultivars i.e (Gemmeiza-11, Sids-12, Shandweel-1 and Sahel-1) in M2
generation under water stress. The seeds of all wheat cultivars were soaked in a
solution of sodium azide four concentrations as follows at (0, 0.04, 0.06 and
0.08 %), for 8 hours. At the Experimental farm, Faculty of Technology and
Development, Zagazig University, Egypt. This research was conducted with
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three replications in split plot design, cultivars were in the min plot and
treatments in sub plot. on 17 November, in plots for obtaining M2 generation.
Each plot contains 10 rows each row was 3 meter length and 25 cm in width,
spaces between plants were 10 cm. water stress treatment it was irrigated
immediately after sowing and first irrigation was after 45 days for sowing and
second irrigation up to flowering stage.

Four genotypes of bread wheat involved in the present study were
obtained from Agricultural Research Center, Giza, Egypt, Name, pedigree and
origin of these genotypes are presented in Table (1). Physical and chemical
analyses of soil experimental were given in Table (2).

Table (1): Name, pedigree and origin of the four parental bread wheat
genotypes.

Genotypes Pedigree Origin

Gemmieza- | Bow"s"/Kvz"s"/[7c/seri82/3/ Giza 168/Sakha6lGM7892-2GM-1GM- | Egypt
11 2GM-1GM-0GM

Sids- 12 BUC//7C/ALD/5/MAY A74/0ON//1160147/3/BB/GLL/A/HAT 'S Egypt
"ISIMAYA

Sahel-1 -VUL//ICMH74A.630/4*SX.SD7096-4SD-1SD-1SD-0SD Egypt
N.S.732/pim/Vee"s" CR735-4SD-1SD-1SD-0OSD

Shandawell- | Site/Mo/4A/INACLTh.Ac//3*Pvn/3/Mirlo/Buc. CMss Egypt

1

Source: Wheat Research Section, Field Crops Research Institute, Agricultural
Research Center (ARC), Giza, Egypt.

Table (2): Soil mechanical and chemical analyses* of the experimental site at
30 cm soil depth.

Soil properties

Mechanical analysis :

Sand (%) 17.6

Silt (%) 215

Clay (%) 60.9

Soil texture Clay
Chemical analysis :

PH 7.85

EC mmhose /cm 98.1+-7.2
Total N (ppm) 1.1+-0.1 ppm
Awvailable P (ppm) 19.12+- 0.55 ppm
Available K (ppm) 350 pm
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The following data were recorded on ten plants: Number of days to
50% heading, plant height (cm.), number of tillers / plant, peduncle length
(cm.), spike length (cm.), number of spikelets / spike, number of infertile
spikelets / spike and number of fertile spikelets / spike, number of spikes/plant,
number of grains / spike, spike grain weight (g.), 1000-grain weight (g.), grain
yield/plant (g.), straw yield /plant (g.), biological yield/plant and harvest index.

Statistical analysis:-

Data were statistically analyzed using spilt plot design in M, generation
with three replication. Data were statically analyzed, and mean values were
compared by using the least significant test (L. S. D) at 5% level (Steel et. al.,
1997). Correlation coefficients were calculated between pairs of studied traits
for wheat cultivars and sodium azide treatments according to Singh and
Narayanan (2000).

RESULTS AND DISCUSSION

Analysis of variance in M, generation as influenced by sodium azide:

The analysis of variance for days to 50% heading, plant height (cm.),
number of tillers/plant, peduncle length (cm.) , spike length (cm.) ,number of
spikes /plant, number of spikelets / spike, number of grains/ spike, spike grain
weight (g), 1000-grain weight (g.), grain yield /plant , straw yield / plant,
biological yield / plant and harvest index % in M, generation was separately
analyzed and presented in Tables (3 and 4)

The analysis of variance showed significant and highly significant
differences among treatments for all traits under study except the No. of
spikelets /spike, 1000-grain weight (g.) and harvest index % which were non-
significant. These results are harmony with those obtained by Ahmad et al.,
(2018) and Baye et al., (2020)

While analysis of variance between genotypes showed significant and
highly significant for days to 50% heading, plant height (cm.), number of
tillers/plant, peduncle length (cm.), spike length (cm.), number of spikes /plant,
number of spikelets / spike, number of grains/ spike, spike grain weight (g),
1000-grain weight (g.), and grain yield /plant, but non-significant for straw
yield/plant(g.), biological yield plant (g.) and harvest index % . These results
are harmony with those obtained by Baye et al., (2020). Meanwhile, analysis of
variance for sodium azide treatments revealed highly significant for days to
heading, peduncle length, No. of tillers / plant and grain yield plant. While it
showed significant for No. of spikeliets /spike, No. of infertile spikelets / spike,
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Table (3). Mean square of Days to heading, plant growth and spike characters
in four bread wheat genotypes and four different sodium azide

treatments.
S.V d.f Daysto| Plant | Peduncle | No. of Spike No. of
heading | height length tillers/ | length | spikeliets
(cm) (cm) plant (cm) Ispike
Replication 2 3.35 10.9 5.34 1.35 0.61 0.38
Genotypes 3 50.2*%* | 158** 24.1** 21.5%* | 21.9** 5.49*
Error A 6 7.81 3.30 244 0.579 0.35 0.90

Sodium azide 3 62.5** 12.46 7.03** 3.28** 0.35 3.45*

GxS 9 7.2* 29.6* 0.46 2.25%* 0.32 2.34

Error B 23 3.25 9.13 1.65 0.33 0.24 1.24

***Significant at 0.05 and 0.010f levels probability, respectively

No. of fertile spikelets / spike, No. of spikes / plant, straw yield / plant
and biological yield/plant.

The mean of square for interaction between genotypes and sodium azide
showed significant for all genotypes differed in their performance under
various levels of sodium azide. These results are harmony with those obtained
by Ahmad et al., (2018)

Mean performance of M, generation as influenced by sodium azide

The results presented in Tables (5, 6 and 7) show mean performance of
days to heading. it is obvious that all values of days to 50% heading varied
from 84.495 days (Sids-12) to 92.74 days (Sahel-1), while the effect of
sodium azide treatments decrease in this trait was observed due to 0.08 %
treatments with value of (84.82), 0.06 % treatment with value (87.74) and
control with value (88.32) less than 0.04 % (90.41). Mean performance for
plant height among four bread wheat genotypes. Gemmeiza-11 produced the
tallest height (91.02 cm.) otherwise Sids-12 was the shortest height (83.15 cm.).
while the effects sodium azide treatments it varied 86.62 cm; (0.06%) |,
87.79cm (0.08%) and 88.46 (0.04%) it less than control 88.99 c¢cm; for plant
height /cm:;. peduncle

Length is very important for selecting high yield. The data show the
mean performance for peduncle length it varied from 35.57cm., (Sids-12) to
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Table (5): Mean performance of days to heading and plant height for
Gemmeiza-11, Shandawel-1, Sids-12 and Sahel-1 by sodium
azide treatments and their interaction in M, generation under
water steers.

Treatments Dl}'! (1} hEEf]iI.'IE a[)%q Mean Plant hEigI.'I[ Eﬂﬂl} Mean

Control 0.04 006 008 Control 0.04 0.06 0.08

W % % W %

Gemmieza-11 | 8666 87 86 8133|8349| 0066 09263 8775 9306|9103
Sids-12 8366 8733 8433 8166|8857 834 8216 844 81468717
Shandawel-1 8766 0166 2033 8366|8440 013 8383 8436 8826 8316
Sahel-1 0533 9366 0133 8866|0274 896 9523 00 871|903l
Mean 8831 0041 87.74 8481 88.00 8846 B86.61 87.79
L5D
G 274 181/
gy 1318 2346
GGy 31038 .08,

Table (6): Mean performance peduncle length and number of tillers/plant
for Gemmeiza-11, Shandawel-1, Sids-12 and Sahel-1 by
sodium azide treatments and their interaction in M, generation
under water steers.

Treatments Peduncle length (cm) Mean Number of tllers/plant Mean
Control 0.04% 0.06% 0.08% Control 0.04% 0.06% 0.08%
W‘ 3930 3836 3843 3061 (3870| 616 596 561 333 | 377

Sids-12 3964 3468 354 3636|3357| 44 543 5T 506 | M
Shandawell | 3676 3328 3631 3697|3638) &1 8% 636 735 | 173
Sahel-1 388 3493 3525 3743 |3387| 966 79 666 666 | 772

Mean 3666 3581 3640 3764 8 10 613 615
I5D

G B N

% T EL]

Gx 82 104 0980
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Table (7): Mean performance spike length and number of spikelets/spike
for Gemmeiza-11, Shandawel-1, Sids-12 and Sahel-1 by
sodium azide treatments and their interaction in M, generation
under water steers.

Treatments Spike length/em Mean | Numberof spikelets/spike Mean

Control 0.04 0.06% 0.08% Control 0.04 0.06% 0.08%

% %

Gemmeiza-11 1504 1521 1493 1518 | 1500 2186 2406 221 231 | 2278
Sids-12 128 1183 1257 1325 (1261 22 214 2226 2133 | 2179
Shandawel-1 132 1291 1321 1313 [ 1311] 2406 2406 2186 231 | 2327
Sahel-1 228 1186 1202 117 | 1196 295 2293 2166 2063 | 2204
Mean 1333 1295 1313 13 nn o an um 1w
L5.0
G 0.597 0.951
Sa 0.416 0.941
G 53 0.832 1.8

38.70 cm., (Gemmieza-11). Regarding effect of sodium azide treatments it
changed from 35.81cm., (0.04%) to 37.64 cm; (0.08%) but (0.06%) and
control are between them. Regarding mean performance for No. of tillers/plant,
it changed from 5.14 (Sids-12) to 7.75 (Shandaweel-1). Regarding sodium
azide effects treatments exhibited the higher values of 7.08 and 7.02 control
and 0.04% respectively. But the 0.06% treatment give the lowest value for 6.13
no. of tillers /plant. Spike length it varied from 11.965 cm; (Sahel-1) to 15.095
cm; (Gemmeiza-11), while the effect of sodium azide treatments decrease in
this trait was observed due to 0.04 % treatments with value of (12.95 cm.), 0.06
% treatment with value (13.18cm.) and 0.08 % with value (13.31), its less than
control (13.33). Concerning mean performance showed significant differences
among four bread wheat genotypes. Shandweel-1 produced the heights value
(23.27) otherwise Sids-12 was the lowest value (21.79). While the effects
sodium azide treatments it varied 21.97 (0.06%), to 23.11 (0.04%) for No. of
spikelets\spike.

The data in Tables (8, 9 and 10) showed that mean performance for no. of
infertile spikelets\spike in four wheat genotypes in M, generation it varied from
1.74 (sahel-1) to 2.99 (shandaweel-1). Regarding effect of sodium azide
treatments it changed from 1.84 (control) to 2.38 (0.04%) for this trait under
water stress. Regarding mean performance for no. of fertile spikelets\spike as
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Table (8): Mean performance for number of infertile spikelets/spike for
Gemmeiza-11, Shandawel-1, Sids-12 and Sahel-1 by sodium
azide treatments and their interaction in M, generation under

water steers.
Treatments Numberof infertile spikelets/spike | Mean | Number spikes/plant Mean
Control 0.04 0.06 0.08 Control 0.04 0.06 0.08
L . % % %

Gemmieza-1l |00 9933 155 2066 | 177 | 528 493 48 46 | 490

Sids-12 1466 21 2233 2166 | 199 | 433 516 506 446 | 475
Shandawel-1 2866 3366 2066 28 | 200 | 646 54 616 630 | 608
Sahel-1 18 1833 1966 14 | 174 | 838 64 333 54 | 648
Mean 184 238 217 210 621 547 533 519
LSD

G 0.607 1.136

Sa 0306 0.697

GxSa 0873 1395

Table (9): Mean performance for number of grains/spike and spike grain
weight of Gemmeiza-11, Shandawel-1, Sids-12 and Sahel-1 by
sodium azide treatments and their interaction in M, generation
under water steers.

Treatments Number of grain/spike Mean Spike grain weight(g) Mean

Control 0.04 006 0.8 Control 0.04 0.06 008
Bow w Bow u

Gemmigeza -11 7308 7193 684 6805 | T036 | 376 413 301 39 | 3§

Sids-12 847 7366 731 8226 | 7893 | 399 34 328 348 | 341

Shandawel-1 01 6403 6343 631 | 6604 | 33 i 214 33 i

Sahel-1 618 6606 6163 336 | 6127 | 305 306 268 278 | 289

Mean 7241 6892 6764 GR.5D IS T K B N [ R ' |

L3D

G 9.926 0439

Sa 4164 0279

Gx % 2732 0.686
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Table (10): Mean performance for 1000- grain weight and grain
yield/plant of Gemmeiza-11, Shandawel-1, Sids-12 and
Sahel-1 by sodium azide treatments and their interaction in
M. generation under water steers.

Treatments 1000-Gramn weight Mean (zram vield/plant (g) Mean

Control 0.04 0.06 0.08 Control 0.04 0.06 0.08

% % % % % %

Gemmiera-11 | 14 717 M1 30| s [l DM g LA | sn
Sids-12 4608 4133 M1 Moo 4585 | 1486 1408 1500 1482 | 1449
Shandawel1 | 4807 4810 4196 4833 | 4661 | 194 384 1476 1712 | 1628
Sahel-1 4043 4636 4375 5038 | 4733 | 1949 138 148 1693 | 1627
Mean 4398 4087 459F  a03 1823 47 1500 153
LSD
G 1083 4629
S 3809 2187
G %3 112 1.960

influenced by sodium azide on M, generation in four wheat verities under water
stress, Gemmeiza-11 give heights value 21.002, but Sids-12 give lowest fertile
spikelets\spike (19.80). Regarding sodium azide effects treatments exhibited
the higher values of 20.86 and 20.73 (control and 0.04% respectively). But the
0.06% treatment give lowest value (19.79). Mean performance for yield and its
components ubjected wheat varieties to sodium azide doses resulted in
significant variation for No. of spikes/plant, Spike grain weight/gm. and No. of
grains/pike, but non-significant for grain yield \plant in all cases revealing the
great influence of the sodium azide doses on genetic makeup of wheat varieties.
Wheat cultivar Sahel-1 produced the greatest number of spikes / plant (6.48),
whereas Sids-12 was the lowest (4.75) for no. of spikes / plant. Regarding mean
effect of sodium azide treatments it varied from 5.19 (0.08%) to 6.21 (control),
for this trait. Sids-12 produced highest no. of grain /spike (78.93 grain) but the
Sahel-1 cultivar was give lowest no. of grain\spike (61.27 grain). While effect
of sodium azide doses it varied from 67.64 grain under using (0.06%) sodium
azide, 68.52 grain (0.08%) and 68.92 grain (0.04%), were less than (control)
72.42 no. of grain\spike. Spike grain weight mean performance changed from
2.897 (g) (Sahel-1) to 3.87 (Gemmeiza-11). Meanwhile, mean effects of
sodium azide treatment for this trait it ranged from 3.10 (0.06%) to 3.54
(control) under water stress. Regarding mean performance for 1000-grain
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weight, the Gemmeiza-11 produced heights weight for 1000-grain (55.14 g.)
whereas Sids-12 lowest for 1000-grain weight (45.85 g.) while mean effect of
sodium azide the treatments 49.87(g) (0.04%) and 50.3(g) (0.08%) were more
than (control and 0.04%) 48.98gm; and 45.98 (g) respectively. Mean
performance for grain yield\plant (g.) it changed from 14.69 (g) (Sids-12) to
16.28 (g) (Shandaweel-1). Regarding mean effects of sodium azide doses it
ranged from 14.7gm; (0.04%) to 18.23 gm; (control).

Genetic correlation in M, generation as influenced by sodium azide:-

Results presented in Table (11) show genetic correlation in M, generation
and their parents as influenced by sodium azide. The results demonstrated
significantly (P<0.05) positive association between some pairs of traits. Days to
50% heading showed positive and significant correlation with each of number
of tillers/plant (0.87**) and number of spikes/plant. Moreover, plant height
demonstrated positive and highly significant association with harvest index %
(0.66**), grain yield/plant (0.69**) and with 1000- grain weight (0.57*). These
results are in agreement with Dabi et. al., (2016)

The trait peduncle length exhibited significantly positive correlation with
spike length (0.96**), spike grain weight (0.66**), 1000-grain weight (0.96**)
and harvest index % (0.96**). Whereas spike length revealed positive and
significant correlations with spike grain weight (0.74**), 1000-grain weight
(0.82**) and harvest index % (0.60*). Therefore increasing led to an increase in
spike grain wheat, 1000-grain weight and harvest index %. These results are in
Ganno et. al., (2017) and Ahmad et al., (2018).

The trait number of tillers/plant indicated significantly positive
association with number of spikes/plant (0.906**), spikelets/ spike (0.69**),
straw yield/plant (0.52*), biological yield/plant (0.55*) and grain yield/plant
(0.58*). Also number of spikes/plant established positive and significant
correlations with straw yield/plant (0.68**), biological yield/plant (0.69**), and
grain yield/plant (0.64**). These findings a comprehensive selection for these
traits will ultimately indirect improve grain yield in bread wheat genotypes
under sodium azide. These results are in agreement with Mangi et. al., (2016).

Moreover, number of spikelets/spike showed also positive and significant
correlation with grain yield/plant (0.54 *). Meanwhile, trait spike grain weight
indicated a positive and significant correlation with both 1000-grain weight
(0.66**) and number of grains/spike (0.74**). Demonstrating a comprehensive
selection for these traits will ultimately improve spike grain weight in bread
wheat genotypes. Mangi et. al., (2016) and Ayer et. al., (2017).
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The results demonstrated significantly (P<0.05) positive association
between various traits, such as 1000-grain weight positive and significant
correlation with both harvest index % (0.71**) and grain yield /plant (0.62 **).
The character straw yield/plant demonstrated positive and highly significant
association with biological yield/plant (0.99**) and grain yield/plant (0.83*%*).
Meanwhile, positive and highly significant association was registered between
grain yield/plant and biological yield/plant valued (0.89). The character harvest
index demonstrated positive and highly significant association with grain
yield/plant (0.72**). Hereby a comprehensive selection for these traits will
ultimately improve grain yield in bread wheat genotypes. These results are in
Mangi et. al., (2016), how reported that positive and significant association
spike length demonstrated with grain yield (0.852%). spikelets /spike exhibited
significantly positive correlation with grain yield (0.872*), whereas grains /
spike also positive and significant correlations with grain yield (0.825*) and
grains weight spike (0.902*). (0.896%*), spikelets / spike (0.849%*), seed index
(0.855*) and grains weight / spike (0.961*). (0.888*). Moreover, there was also
a positive and significant correlation (0.947**) between harvest index and grain
yield characters spike length, spikelets spike, grains spike.

Conclusively, genetic correlation coefficient represents the degree to
which respective traits are correlated therefore correlation coefficient have
predictive value in selection for water stress.
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