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Abstract !
Bread wheat (Triticum aestivum L.) is a major grain crop and staple in many
regions of the world. The objective of this research is to discover high-
yielding genotypes while also analyzing gene variation, heritability, and Article History
progress of yield-determining variables related to bread wheat genotypes. Received: 21 March 2024
As a result, this study assesses the production potential, genetic diversity, Accepted: 15 June 2024
and heritability of bread wheat genotypes produced under irrigated

settings in Ginchi, Ethiopia. Sixty-four bread wheat advanced pure lines Keywords

. . . . Bread Wheat;
and standard checks were evaluated using a simple lattice (8X8) design. Genetic Variability,
The results show considerable phenotypic and genotypic variations among Heritability,
the tested genotypes for all considered traits. Traits such as grain yield Irrigated;

. . . Yield-Related Traits.
per hectare, biomass yield, number of kernels per spike, and thousand

kernels weight showed moderate phenotypic coefficients of variation. Broad
sense heritability ranged from 30% for biomass yield to 91% for days to
50% heading. Expected genetic advance as percent of means values
ranged from 3.73% for days to 50% emergence to 16.91% for thousand
kernel weight. The identified high-yielding genotypes, G31, G11, G51,
G6, G3, G34, G23, G5, G41, and G59, have shown promising potential
for advancing the breeding objectives in the field of irrigated wheat.
The study concludes that the use of these traits for direct selection
would bring advancement. The future scope of this research lies in the
confirmation of the identified high-yielding genotypes in multi-location
and season trials to further advance the breeding objectives in the field
of breeding programs.
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Introduction

Bread wheat is one of the most important cereal
crops in the world, farmed both irrigated and
rain-fed, and serves as a reliable food source for
many populations.® The study of bread wheat is
crucial due to its value as a cash crop, high level
of production per unit area, and its role in meeting
the dietary needs of society.'” The major producers
of wheat worldwide are China, India, and Russia,
whereas South Africa and Ethiopia are Africa’s
major producers.™ Even though wheat has been
grown in Ethiopia since time immemorial, bread
wheat, the third-most important cereal crop of the
country, is a newly introduced crop.* Wheat roughly
accounts for 17% of the nation’s annual grain
production.? Any breeding population's performance
improvement depends on available and created
genetic variability."

Previous research has been conducted on the
production and major producers of wheat globally,
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as well as its importance in Ethiopia. There is a lack
of research on the yield potential, genetic variability,
and heritability of bread wheat genotypes grown
under irrigated conditions in the central highlands
of Ethiopia. The development of high-yielding
adaptive genotypes for off-season cropping in the
central highlands of Ethiopia is in high demand,
and this study aims to evaluate the yield potential,
genetic variability, and heritability of bread wheat
genotypes grown under irrigated conditions in
Ginchi, Ethiopia. What are the yield potential, genetic
variability, and heritability of bread wheat genotypes
grown under irrigated conditions in the central
highlands of Ethiopia? This study aims to evaluate
the yield potential, genetic variability, and heritability
of bread wheat genotypes grown under irrigated
conditions in the central highlands of Ethiopia. It is
hypothesized that the bread wheat genotypes grown
under irrigated conditions in the central highlands
of Ethiopia will have high yield potential, genetic
variability, and heritability.
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Fig. 1: Study Area Map
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latitude and 38° 06' 11.8" E longitude. The region

has average minimum and maximum temperatures
of 11°C and 21°C, and a relative humidity of 64.4%

as well as the region has 1050 mm of regular annual

Materials and Methods

Description of Study Area

The study was carried out in the Ginchi sub-station

Ambo Agricultural Research Center experimental

rainfall. The major soil type of the area is heavy
vertisol with a pH of 7.8 for the uppermost topsoil.

field during the off-season (November twenty-one to
April twenty, 2021). The site is located at an altitude

(0-30 cm).”

of 2304 meters above sea level at 9° 01' 2.2" N
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Experimental Materials and Design

Experimental materials were constituted of sixty-
two bread wheat advanced pure lines in Table 1,
obtained from Ambo Agricultural Research Center
(AARC) and two released varieties from Sinana
and Bako Agricultural Research Center used
as standard checks. The advanced lines were
originally sourced from the International Maize
and Wheat Improvement Center and advanced by
the Kulumsa National Wheat Program located at
Kulumsa Agricultural Research Center (Table 2).
The experiment was laid outin an 8 x 8 simple lattice
design in two replications with a plot size length
of 256 m x 1.2 m =3m?2. Total plot 128; Spacing
between rows, adjacent plots, blocks, and replication
were 20 cm, 1 m, 1 m, and 2 m respectively. The
seed rate for irrigated conditions was 125 kg ha”,
and NPS was applied by drilling at sowing time.
While urea fertilizers were employed at a rate of 100
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kg ha”, urea was applied in equal parts during the
tillering and heading stages. Weeds were manually
managed as necessary. The data were collected
from a net plot area of 2m?.

Data Collected

Data was collected using the International Plant
Genetic Resources Institute procedure.® The
following plant-based data were recorded: the
number of tillers per plant (NTPT), plant height (PH),
spike length (SL), number of spikelets spike™' (SPS),
and number of kernels spike™' (KPS). Total net plot:-
Data on days to 50% emergence (DTE), days to 50%
heading (DTH), grain filling period (GFP), days to
90% physiological maturity (DM), thousand kernel
weight (TKW), Hectoliter weight(HLW), Grain protein
content (GPC), biomass yield (BY), grain yield (GY),
and harvest index (HI) traits were collected.

Table 2: Mean squared analysis of variance for fourteen parameters of 64 bread wheat
genotypes examined in Dandi District.

Traits Means square CV%

Rep Block within Genotypes Residual

Rep (Adj.) (Adj.) (inter-block)

(DF=1) (DF=14) (DF=63) (DF=49)
Days to 50% emergency 4.5 0.29* 0.25* 0.087 2.7
Days to 50% heading 2.53 1.82 37.78** 1.82 1.3
Days to 90% maturity 5.28 4.39 49.54** 4.309 1.2
Grain filling period 0.5 4.5 18.41** 3.6036 25
Plant height(cm) 47.37** 24.04** 49.79** 5.16 1.8
Number of tillers plant-1 0.0001 0.22 0.198ns 0.152 9.5
Spike length (cm) 0.206 0.39** 0.63** 0.14 2.8
Number of spikelets spike-1 0.67 0.89 3.66™ 0.66 29
Number of kernels spike-1 3.85 30.83** 48.47* 12.38 4.7
Thousand kernels weight 2.51 6.23 56.72** 10.02 4.2
Hectoliter weight (Kg) 7.5 6.48 10.027** 1.55 1.63
Biomass yield (Kg/ha) 9098114 2612827 3009801** 1321392 10.9
Grain yield (kg/ha)) 28375* 5180* 9664** 4139 6.2
Harvesting index (%) 0.0007 13.691 22.58** 7.365 5.2
Grain protein content (%) 0.18 0.699** 2.43* 0.178 1.08

Key ***, ** * Significant at P<0.001, 0.01 and 0.05 levels, respectively, SV=source of variation, DF=degree

of freedom CV=coefficient variation,
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Data Analysis

PBIB design analysis of variance, Tukey’s honest
significance difference means performance test, and
variability analysis were done using agricolae, and
variability packages of R software (version 4.1.0).

Results and Discussion

Analysis of Variance

Analysis of variance revealed significant differences
(P<0.01) across genotypes for every trait except
the number of tillers per plant (Table 2). Similarly,'®
discovered extremely significant variations between
genotypes in those mentioned traits. These include
the number of days to heading, days to maturity,
grain filling period, thousand kernel weight, plant
height, spike length, number of spikelets spike™,
and number of grains plant™, as well as the amount
of grain produced plot™, harvestindex, and hectoliter
weight. Analysis of variance reveals that the tested
genotypes differed in the majority of traits. Thus,
it might be exploited in future breeding efforts.

Mean Performance of Genotypes

The mean grain yield numbers varied from 3763
kg ha' for G45 to 6811 kg ha™ for G31. The total
population mean was 5561 kg ha™ (Table 3). G31
(6811 kg ha') and G11 (6806 kg ha') were the
highest grain yields. For the left genotypes yield
next to above their order, which was chosen for the
materials as good yielders as follows: G51 (6797
kg ha), G6 (6575 kg ha™), G3 (6556 kg ha™), G34
(6548 kg ha'), G23 (6430 kg ha'), G5 (6325 kg ha™),
G41 (6304 kg ha'), G59 (6213 kg ha), G36 (6177
kg ha'), G46 (6157 kg ha™'), and G25 (6153 kg ha™).
The lowest yield values were reported for genotype
G45 (3763 kg ha'), followed by G19 (3913 kg ha),
G29 (4126 kg ha), and G14 (4231 kg ha'). When
compared to check varieties, thirteen genotypes
showed higher mean grain yield values than the
standard check Liben, whereas forty genotypes
outperformed the standard check Obora.

The grain protein content values for the examined
genotypes ranged from 10.4% to 14.9%, with a
population mean of 12.34% (Appendix Table 1).
The grain protein content was highest for G17,
followed by G14, G20, G4, G19, G55, G27, G18,
and G29. Low grain protein content was found for

662

the Obora variety, followed by G42, G5, and G34.
All genotypes showed higher mean grain protein
content than the standard check, Obora. Aside from
this, sixteen genotypes showed a higher mean grain
protein content than the normal check Liben. This
conclusion was consistent with that of," who found
an average wheat grain protein content of 12%.
Hectoliter weight readings varied from 66.95 kg ha'
to 76.8 kg ha'', with an average value of 71.83 kg
ha'. According to the analyzed data, the maximum
hectoliter weight was observed on G55 (76.8 kg ha).
The left genotypes were the following: G12 (76.4),
G54 (76), G57 (75.6), G62 (75.6), G9 (75.1), and G1
(75.0). The lowest hectoliter weights were observed
for G41 (74.8), G48 (74.8), G59 (74.4), G40 (74.3),
and G23 (74.2). In general, sixty genotypes had
a greater hectoliter weight than the standard check,
Liben.

According to earlier research, nine genotypes were
classified as early maturing based on their mean
performance(Appendix Table 1). These include G17,
G35, G29, G8, G19, G3, G4, G25, and G11. The G63
has been shown to mature at approximately 136
days, making it the latest mature genotype. Next to
this, G45, G43, G41, and G40 have a similar value
of days to maturity at 129.5 days. The top ten most
promising genotypes were chosen for comparison
with the check varieties based on their performance
outcomes across all variables (Table 3 Appendix
Table 1). These genotypes performed above average
on attributes of interest. These include days to
50% heading, number of kernels spike™, thousand
kernel weight, biomass yield, the yield of grain
hectare, and harvesting index. In addition, they
had intermediate values for days to maturity, grain
filling duration, plant height, and hectoliter weight.

Furthermore, they found lower values for days to
50% emergence, spike length, number of spikelets,
and grain protein content. This finding was consistent
with,>2 who reported similar results on traits such
as days to maturity, plant height, grain filling period,
thousand kernel weight, hectoliter weight, spike
length, number of spikes per spike, grain spike
spike™, biomass yield, harvest index, and grain yield.
As aresult, the selected genotypes can go to the next
stage of the bread wheat advancement program.
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yield, and grain yield. For these traits, genotypic
differences were higher than environmental

Estimation of Variance Components

Genotypic and phenotypic variances were more than

variances. The lowest genetic variation was seen

20%. For multiple traits that were investigated. These
include days to maturity, plant height, thousand

for days to 50% emergence, grain protein content,

and spike length.

kernel weight, number of kernels spike™', biomass
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Genotypic and Phenotypic Coefficients Variation
Grain yield, biomass yield, thousand kernel weight,
and number of kernel spike™ characteristics all
showed moderate phenotypic coefficients of variation
(PCV). The features with the lowest PCV were days
to 50% heading, 50% grain filling period, days to
maturity, plant height, and spike length (Table 4).
The genotypic coefficient variation (GCV) was less
than 20% for all characteristics except grain yield.
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The previous results were in line with those of
Haydar."® Because grain yield exhibited low GCV,
it must be considered when using grain yield as a
selection measure for improving these genotypes.
In general, the PCV estimation was somewhat higher
than the matching GCV, showing the importance
of external factors in character expression. This was
consistent with the findings of 51

Table 4: Variability, heritability, and genetic advance estimation for traits of the
genotype in the study

Characters Range Mean Sem o% o0’ o% ECV GCV PCV H? GA GAM
(%) (%) (%) (%)

DTE 7-80 734 026 0.13 0.06 0.19 050 329 599 31 028 3.73

DTH 64-89 7231 096 183 1798 19.80 187 586 6.15 91 832 115

DTM 113-136 123.58 1.47 4.33 2259 2692 168 3.85 420 84 8.97 7.26

GFP 44-58.50 51.27 139 385 728 1113 383 526 6.51 65 449 8.77

PH (cm) 70.52-9 8523 223 992 2021 2959 359 527 638 68 7.66 8.98
9.17

SL (cm) 7.6-1040 9.05 032 020 022 042 495 517 7.16 52 070 7.70

SPS 16.65-2 19.26 0.60 0.71 147 219 438 6.31 768 67 2.05 10.70
2.15

KPS 41-68.50 49.90 2.87 16.48 16.00 32.48 8.14 8.02 11.42 49 578 11.60

TKW (g) 34.65-62 5044 214 9.18 23.77 3295 6.01 9.67 11.38 72 853 16.90

HLW 66.95- 7183 088 155 424 579 173 287 335 73 363 5.06

(Kg hl") 76.8

BY (kg 7293.67- 1058 896.7 16083 7007 23090 11.98 7.90 14.35 30 949.9 8.90

ha) 16532.7 2.70 77.80 11 89.5

GY (kg 3763-6 5561 4.03 3241 3211 645232 10.24 10.19 1444 50 824 14.81

ha) 811 07 24.9

HI (%) 31.85- 5270 210 8.78 6.90 1570 560 499 752 44 359 6.80
59.63

GPC (%) 10.4%-14. 1234 0.38 029 0.07 136 439 837 945 78 1.88 15.27
90%

Key: 02e environment variance, o2g genotypic variance, 0?p phenotypic variance, ECV, environmental
coefficient variance, GCV genotypic coefficient of variation, PCV phenotypic coefficient of variation, H?
broad sense heritability, GA genetic advance, GAM genetic advance as percentage of the mean; DE= Days
to 50% Emergence, DH=Days to 50% Heading, GFP=Grain Filling Period, DTM= Days to 90% Maturity,
PH (cm) =Plant Height, KPS=Number of Kernels Spike"!, SPS=Spikelets Spike™, SPL (cm) =Spike length,
TKW (g) = Thousand kernel weight, GY (kg ha™') = Grain Yield, BY (kg ha') =Biomass Yield, HI = harvest
index, GPC= Grain protein content, HLW(Kg hl*)=hectoliter weight

Heritability and Genetic Advance as Percent
of Mean

The majority of the traits: days to 50% heading, grain
filling period, days to maturity, plant height, number
of spikelets spike™, thousand kernels weight, grain

protein content, and hector liter weight; lay on high
heritability class. The other four traits: number of
kernels spike™, spike length, grain yield hector”,
and harvesting index; were moderately heritable and
the remaining two (days to emergence and biomass
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yield) traits showed low heritability results (Table 4).
Similar findings were reported by also observed
high heritability for spike length, kernel spike™’, and
grain yield. These research findings of heritability
showed traits of consideration are least influenced
by the test environment.

Expected genetic advance as a percentage of the
mean (GAM) values ranged from 3.73% for days
to 50% emergency to 16.90% for thousand kernel
weight (Table 4). Moderate GAM was observed in
thousand kernels weights followed by grain protein
content, grain yield hector’, number of kernels
spike', days to 50% heading, and number of spikelets
spike™. This result is similar to®'® for grain yield
hector' and number of kernels spike. Whereas,
genetic advance as a percent of mean values was
low for days to 50% emergency, hectoliter weight,
harvest index, days to maturity, spike length, grain
filling period, biomass yield, and plant height.
Comparable results were reported on days to
50% of emergency, plant height, and days to 90%
maturity.'® Those characteristics with moderate
genetic progress as a percentage of mean values
also had high to moderate heritability (i.e. thousand
kernel weight, grain protein content, and grain yield
ha™). It demonstrated that the phenotypes accurately
described their genotypes, and that selection based
on phenotypic performance would be reliable for
improving bread wheat.

Conclusion

In conclusion, the results of this study demonstrate
the significant variations among the tested bread
wheat genotypes for all considered traits. The study
successfully identified high-yielding genotypes and
determined the variation in genes, heritability, and
advancement of yield-determining variables in
bread wheat genotypes under irrigation conditions
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in Ethiopia. The identified high-yielding genotypes,
G31, G11, G51, G6, G3, G34, G23, G5, G41, and
G59, have shown promising potential for advancing
the breeding objectives in the field of irrigated wheat.
The findings of this study can be used to guide
future breeding programs aimed at developing high-
yielding and adaptive bread wheat genotypes for
low-altitude areas and off-season irrigated farming
in Ethiopia.

Acknowledgement

First of all, we would like to thank Almighty GOD who
gave us health, strength, and patience to complete
this job. We would like to acknowledge the Ethiopian
Institute of Agricultural Research (EIAR), Ambo
University, and Ambo Agricultural Research Center
for their financial and technical support.

Funding Sources
There is no external funding source.

Conflict of Interest

The authors declare that they have no known
financial or interpersonal conflicts that might have
looked to have influenced the research presented
in this study.

Authors’ Contribution

Proposed proposal, study conception and design,
Data collection and data management, Data analysis
and interpretations of result and manuscript wrote
2nd. Author. Ermias Estifanos Desalegn
Interpretation of results, Reviewed and comment,
Written paper comment, Field supervisor and advise
way of data collection

3rd. Author. Negash Galata Ayena

Interpretation of results, Reviewed and comment,
Written paper comment, Field supervisor and advise
way of data collection.

Reference

1. Alemu Dabi Firew Mekbib and Tadesse
Desalegn, (2019). Genetic variability studies
on bread wheat (Triticum aestivum L.)
genotypes. Journal of Plant Breeding and
Crop Science. 11(2): p. 41-54.

2. Anteneh Adugnaw, Asrat Dagninet %J
Cogent Food, and Agriculture, (2020). Wheat

production and marketing in Ethiopia: Review
study. https://doi.org/10.1080/23311932.202
0.1778893. 6(1): p. 1778893.

3. Bonjean Alain P and Angus William J,
The world wheat book: a history of wheat
breeding. 2001: Lavoisier Publishing.

4. Desalegn Negasa and Chauhan Dinesh



10.

1.

CHEWAKA et al., Curr. Agri. Res., Vol. 12(2) 658-669 (2024) 666

Kumar, (2016). Variability, Heritability,
and Genetic Advances in Wheat (Triticum
aestivum L.) Breeding lines grown at Horro
Guduru Wollega Zone, Western Ethiopia.
International Journal of Advanced Scientific
Research and Management. 1(1): p. 24-28.
Endashaw Girma and Alemnesh Sisay,
(2018). Genetic variability, heritability, and
genetic advance for yield and quality traits in
M2-4 generations of bread wheat (Triticum
aestivum L.) genotypes. Turkish Journal Of
Field Crops. 23(2): p. 173-179.

Endashaw Girma , Wosene Gebreselassie,
and Berhane Lakew, (2021). Correlation and
Path Coefficient Analysis of Ethiopian Bread
Wheat (Triticum Aestivum L.) Varieties.
Getachew Agegnehu Abraham Feyissa,
Gemechu Keneni and Mussa Jarso, (2007).
Chickpea Varietal Response to Drainage on
Vertisol of Ginchi in the Central Highlands
of Ethiopia. Ethiopian Journal of Natural
Resources. 9(2): p. 191-207.

Gezahegn Fikre, Sentayehu Alamerew, and
Zerihun Tadesse, (2015). Genetic variability
studies in bread wheat ( Triticum aestivum L.)
genotypes at Kulumsa agricultural research
center, South East Ethiopia. Journal of
Biology, Agriculture and Healthcare. 5(7): p.
89-98.

Godfray H Charles J, Beddington John R,
Crute lan R, Haddad Lawrence, Lawrence
David, Muir James F, Pretty Jules, Robinson
Sherman, Thomas Sandy M, and Toulmin
Camiilla, (2010). Food security: the challenge
of feeding 9 billion people. science. 327(5967):
p. 812-818.

Haydar FMA, Ahamed MS, Siddique AB,
Uddin GM, Biswas KL, and Alam MF, (2020).
Estimation of genetic variability, heritability,
and correlation for some quantitative traits
in wheat (Triticum aestivum L.). Journal of
Bio-Science. 28: pp. 81-86.

Hussain A, Larsson Hans, Kuktaite Ramune,
Prieto-Linde Maria Luisa, and Johansson
Eva, (2009). Protein content and composition
in organically grown wheat: influence of

12.

13.

14.

15.

16.

17.

18.

genotype. Agronomy Research. 7(Special
Issue 2): p. 599-605.

M. F. Amin M. Hasan, N. C. D. Barma, M. A.
Rahman and Rahman And M. M., (2017).
Character association and path co-efficient
analysis in wheat (Triticum aestivum L.).
Bangladesh Journal of Agricultural Research.
42(3): p. 571-588.

Majumder DAN, Shamsuddin AKM, Kabir MA,
and Hassan L, (2008). Genetic variability,
correlated response, and path analysis of
yield and yield contributing traits of spring
wheat. Journal of the Bangladesh Agricultural
University. 6(2): p. 227-234.

Nigus Mulu, Shimelis Hussein, Mathew
IsacK, and Abady Seltene, (2022). Wheat
production in the highlands of Eastern
Ethiopia: opportunities, challenges and
coping strategies of rust diseases. Acta
Agriculturae Scandinavica, Section B—Saoil
& Plant Science: p. 1-13.

Nukasani Vamshikrishna, Potdukhe Nilkanth
Ramchandra, Bharad Swati, Deshmukh
Shradha, and Shinde Sachin Murlidhar,
(2013). Genetic variability, correlation and
path analysis in wheat. Journal of Cereal
Research. 5(2).

Sandeep Kumar, Naresh Pratap Singh,
Vaishali Aastha, Vishakha Burman, and Khyati
Lehri Neelesh Kapoor3, (2021). Analysis of
Genetic Diversity in Wheat ( Triticum Aestivum
L.) Using Simple Sequence Repeats Marker.
DOI:10.37273/chesci.cs2051101006v Chem
Sci Rev Lett 2021, 10 (37), 94-102.
Sandeep Kumar Naresh Pratap Singh,
Vaishali, Aastha, Vishakha Burman, Khyati
Lehri and Neelesh Kapoor, (2021). Analysis of
Genetic Diversity in Wheat ( Triticum Aestivum
L.) Using Simple Sequence Repeats Marker.
Tiwari Dev Nidhi, Tripathi Santosh Raj,
Tripathi Mahendra Prasad, Khatri Narayan,
and Bastola Bishwas Raj, (2019). Genetic
variability and correlation coefficients of major
traits in early maturing rice under rainfed
lowland environments of Nepal. Advances
in Agriculture. 2019.



667

CHEWAKA et al., Curr. Agri. Res., Vol. 12(2) 658-669 (2024)

6e GO'ElL 6009 ow9C' LY wCGCBCYVC8  xu6'69 0el'6G ol  ¢pGG6L 46298 4, 20V8 wG'GY sGELL sd 89 629
o L€l 4e99°€S re 60°99 +e9.¥0L  xb 969 V' 67F  woGECS uql’0C d-q1'6 q G'88 229G «S Vel ~wG'69 8¢9
re '€l 4e89CG oy 9CEV WCSC8 mMbl 698 00Gl Y wGR6LW-BG/E6 40 Gl'/8 G'CS a1 0L sG'L9 129

ww86'Cl  yeBIES w0 GLLS wpCV96  niCLL w1287 woGB LG nuGZ8L [BGG6 €918 -eG'9G G'LCl ay b2 929

wq V'€l 4elG'€S 4= €919 €Vl w190, 02 l'6G  01GGEY nuGL'GL U-BZE6  wo LL'O8 wiG LY sulll +w G'69 149

wa GL'EL ueBl'ES re 86°LG +8680L  x316'89 s6L'6F 01 GEGY a9/l ID96L  u69LL ol G G611 s0 G'89 29
be L'ClL  +88'6Y e €179 -e/68Cl e lV. VLS eG6°9S el'6L PS8 eGC'G6 wyG'8Y wslCl wyG'CL XA
wa Vel relVLS woVCCS w600l  w9LL  4pCCG o0 GO6F 96l bPP8Y e lVV8 G LG bG'6LL sib-d 89 (449
wa V'€l uwelBES o8 E6'BY w06 m180L weG99  00GL°LY 496l b-0/88 bv526€8 64q5'€S wslCl sb G L9 X49)

e GCVl €G0S  uwp LVLS +a/lG10L 00 €1 705 opG99F 5,626l Db066'8 ¢G5 V8 ol G 0CL su 69 029

e G6'CL 658V o €L'6E %CGC8.608 1689 eC9 owPEV nGlLLL JSWEZY  sb V9L ol G oGl 79 619

6e GO'El  4e€8CG 0o CLLS #0896  nilLL 0 9E°LG 00 809 mob /L D-088'8  woT6G8 woEG eECL 104 8LO

e 671 w6'LY  o1CV'SY #9CG6 xn¥'89  pe68G 0o GVOY nsG6'9L 0-QGC6 oo LLV8 w9t €Ll msiL9 LD
qC€l  uwelBES re ¥C'69 +el00LL  wo L'E€L G'l9  owl'€F bpGY'6L ABCG6 +6C0°€C8 qe8G SCl w19 919
w3 GL0L  e60CS  wed8VS +eG1G01L w€l  walVy 8eG8'GS  1qG0'0C W-BBE'6 b5 L8'ER 2959  pqG'8Cl wy G'CL SO

eGPVl C6'6F o LECY wul8Y8 mi€0L QLG N WAY 98l d-Q1Z6 opG8Y8 ¢S o0CL sd89 1459

md GG'LL VLY wo P87LS +el080L nu¥'LL 00828 ocuwtVEY 9Ll D068 n¥'6.L +e¥G G'LCl w G°€L €O
dp8Cl 4eB66'CS  we 9Ll VS w92E0L V9. s1 9'8Y 00 909 m’8L D0Z06 +4G0'C6 0eS  wiS'CCl bnG'0L A%

sy GlL°CL  +eGL'GS qe 90'89 se£CCCl nmCLL 209 e G9'ES b’ Ll 40606 10208 w9V swG'LLL oG L. O
w801 ebC'CS re 971G +el90LL i CTLL s3 V'6Y 00,09  nwg'8l re GG'6 uq L'68 wiG'LY wslCl w G°€L 0LO

wo €1 €089 e 8G %0/966  ee }'G.  00G'CS oy 9GY oG9l b 1l88  .C6'L8 woEG 64q9CL 6 €L 69

qGC°€l  e€L°LS re 969 B89Vl e C'CL e 9°GG N WAY G99l b0 €06 GLES 2G'09 sGVLL n¥9 89
ap 8'Cl web'€G we LG el LOL ~6°0L VS 00G6'LY  suG6'8L 4 €L8  qCG68 pGC¢S  wyG'0Cl sd 89 19
bo L'Cl 881G  0eGL'G9 pelV,Cl  apL'CL 00G9'CS 0 l'87 nGG'8lL .2 /86 1q.l6/8 2G99 44G'GCL su 69 99

wn GO0l 0eC€LG e G2'€9 +eGL0L1 mCLlL ¥ VS oy G9GY nol'L) bo 6 R AVA] w309 wslCl dxy LL go

e GOVl ©9L6Y oy l9'8Y #0086  xs L'69 HLLY oy GCVY 40696l ~CV'8  b5l8'E8 wyl sulll 5 0L O

suGl'Cl  8e80'GS  pe9G°G9 eB6E6LL  m8L9 0eGEBG e GVVS 1GC6l oqVPC6 wo€l'98 wyl sulll 5 0L €9

nSGV'CL 4eCSYS re ¥¥'69 +ePP60L e C°CL reB6VS 006609 +pG'6l 08l'8 wo |'G8 CS S Vel wy G'CL 49}

6G9€°CL  weSCTYS o0y 62'8Y +C 168 e G/ s1G'8Y GG uwqG6'6) ~uGC'8 = €€°9/ G'CS -ascl wy §'CL 1O

(%) 2odo (%) H A9 Ad  MH ML  SdIN Sds 1s Hd d49 wia HLQ ON39

I @|qeL xipuaddy



668

CHEWAKA et al., Curr. Agri. Res., Vol. 12(2) 658-669 (2024)

b G¥'LL
ap 8'CL
op6°ClL
mb V' LL
»G0°CL
ny G8'LL

e G6'Cl
n SY°CL

sy Gl'Cl

sy el
i 801
awGLLL
6L
~ 8L
wo GO'EL
i 8°0L

n G6'LL
wa €11

6 GECl
MA m.OF

my GL°0L
nG0¢Cl
ns 60

ma GE L

mu G9'LL

mu G9'LL
6q GG'El
m-n N.OF
~ 8L

md GG L)
mo 9L
ap 8'CL

+eC8'GS
4l G'CS
wel,'€G
62l 0'GS
we6'CS
4eC8'CS
w.'6€
eGY'99
weE1'¥S
1e,€°'99
e€/'8G
e€'CS
4e8G°CS
peGE 99
pel¥ 99
4eG6°'CS
N7 4%
6e/0°GS
8¢ LG
4eE1'€G
4e¥9'€S
V8’61
4e¥6'CS
nCE'8Y
GG LG
871G
ell'CS
p2l 999
pe81'99
mnﬂm.mm
qeC¥’ LS
pe6C'99

we CEVG
wo €€°CG
we €1°C9
wq ¥8°€S
wo69°CS
w8'1G
oy L6'6Y
e 2299
re €1°6G
re G0'8G
qe L6°L9
o1 CL'9Y
we €€°GG
re GL'8G
0s 92°0G
welG'19
0€9°LE
re¥C 89
wo 96°CG
e 2809
se 70'€9
e ¥8°09
re 86°8G
wo L1'C8
w8618
well 19
re €8S
pe8%'G9
e 96°9S
e €G89
ell'89
oy 6C°6Y

+0CELO
+09966
08911
+oV78.L6
w6110l
+096.6
0€CEl
+6€L01
+e0€601
68701
08911
+CC68
+e7€G01
+e8G701
+C668
80711
+ELY8
+el6S01
62701
el ¥l
oeVGLLL
+e0G2¢C|
+e86LLL
+e00801
+al€L0L
92021
wellClLL
79511
+0£966
+e0L701
seV V811
+6€9/.8

my ¥°0L
ERAYA
ve V'¥7L
nmy ¥ LL
pe9'GL
6 8'1.
e 89/
oe 9/

6 8'1.
wl L0
x1 C'69
xG6°99
q9°¢€L
6e 8V,
wo 'L
dp 8'CL
x1¢'69
wi 8°0L
wo'€L
dp L'CL
6e 8V,
ve EVL
my €01
wo V'EL
dp L'CL
wyE°0L
x1 C'69
mw 1702
s1CL

S-9 P.NN
i 8°0L
bp 9°CL

~1 6°EY
x G9'¥¢E
199
s3 9'6Y
s6 ¢ 6V
7474

x G0
H 8Ly
bp 8'LG
by L6V
wo G'€G
bp L'LG
W Gl LY
IS WAY
dp C'CS
e TAVA 4
xn €LE
s1 9'8Y
s1 9'8Y
€19
o V'GP
6e9'9G
rwE 9y
WG vy
s3 ¢'0G
v L'GY
ye €99
sy B6Y
18 v. Fm
u-o N.mm
ve 99
s3 §'6Y

e G8'CG
eG'€9
0e G0'LS
ve G9'GS
pe G9'99
oo G9'6F
00 G209
o-6 N@.V
ow GV'EY
01 GE'GY
re L'GG
0o B

0-0 F-w.v
0o B

wo G€'CG
w-2 m- rm
ve G9'GS
wq L'€EG
e GG

0o 6°'8¥
0o 0G

ol VY
se GEVG
0-0 .v.om
ow £V

op L9
op 99V
q€GL'C9
qeC 9V
awl Ly
o-e O-wm
oy 8'GY

uqG6°61
+eGE'LC
eGl°CC
659161
we6'0C
5L'6L
b-pGY'61
00GL'61l
3|CN-w _\
nGE'8L
+eGG°0C
G 8L
uq6'61
b-eGC'61
wGL'8L
we?'0C
-G 0C
€L
-eG9°LC
b-eGC'61
_.m0.0N
nuGl 8l
m8' 91
8'0¢C
nG'8L
b-eGE'61
6eGl°LC
-G8°0C
4pGG61
mG8'9L
uq50°0C
nuG0'8l

bo 6'8
dq L6
02 8C'6
b0 906
dq CL'6

1C9°L
798

b 1’8

6898
€98
bo 66°8
bo 10’6

e .v.o_\
w€C'8
bp G8'8
pe V6°6
b-o ON@
u-e Nm.m
re GCV'6
dq 916
4we€L'6
re ¥9'6
bp C8'8
re 786
ve 896
bo C6'8
6e L6
qe ¢'0L

0 C'8
HEY'8
o-e wm.m
1 8€'8

661
w1881
o Cl'.8
6 G6'C8
s '8
HCC'L8
qCl'88
s¢S'0L
wo L'L8
6698
+16°08
de G178
2q G°C6
sd€l'LL
16.9°C8
q G8°/8
o 1698
o 6°98
o LV'L8
pael¥'C6
q99°'L6
e Ll'66
uq 6'68
q 1'88
6-q L1'06
0 698
uq 18°68
qG1'88
+96°08
0 G€LL
wo 20°98
6 CL'C8

09
re¥G
w-66¥
5qG'€S
G LG
G'CS
2G99
w-66Y
welG
w9t
VA4
w408
w408
welG
w408
w8Y
w-yG'8Y
09
09
G'CS
welG
4o€9
G LG
G'CS
w-yG'8Y
wyG'6Y
VA4
4o€9
mnmmm
-G0S
6qG'€S
6qG'€S

wq §'GCl
pq §'8Cl
@ 0CL
=8¢l
o GE€CL
rqG'LCl
oq 8CL
@ 0CL
wq §'GCl
6L
b1G6LL
rqG'9Cl
oq 6CL
rqG'9Cl
6L

oq 6CL
qG'6Cl
oq 6CL
99’62l
pq §'8Cl
qG'6Cl
qG'6Cl
o VCL
46}

q GCl

~ G 8L
€Ll

69 9CL
oq 8CL
ra LCL
o VCL
o VCL

w G°€L
o m.VN
dx L1
o m.VN
wi CL
wp G2
o1GLL
dx L1
e GVL
6 €L
wy §'CL
0 G9.
oq 62
up G'GL
su 69
ql8
ql8

9-0 NN
0 G'L/
60 9L
pq G'8L
0 G9.
wy §'CL
069/
0 G9.
su 69
rs 99
6 €L

6 €L

0 G9.
by G'0L
by G'0L

199
099
699
8GO
189
999
GGoO
12°9)
€469
[4°19)
16O
059
6O
81O
LvO
O
SO
1449)
€vO
4]
7O
0o
6€9
8¢9
VAXD)
9€9
GO
€O
€9
[4%9)
[3%9)
0€9



669

CHEWAKA et al., Curr. Agri. Res., Vol. 12(2) 658-669 (2024)

80°L
80°L
€0y
19GS
1189
€9.€

wo GO'EL
m .V.O—‘
ws G801

26'S
A
8¢€°0
yeclL
6710
7010
wb'GY
M4 A4
29¢'CS

(o 2T
60l

12

1'2S
€969
Gg'Le
we 66°09
wo €€°CG
e GL°09

LELL
9
1'968
1'28501
oceel
19°€6¢L
e8YGEL
weC€0LL
weGCOLL

S0'9
A 4
144
¥¥°08
29
S9'v¢
x» 89
xd 869
pe 9°GL

680
8¢
ce0
G0'6
ol
9/

1-8 P.—‘m
ws L'CY
sd 6'7¥

69}
6¢

90
9¢'61
glee
G991
we G1YG
o0 6°09G
oe GG°9G

AR}
LYy
18'¢C
6'6Y
G689

(57
G6°L¢C
d29'61
peG'LC

629
8'l
€ce
€298
/166
2s0L
e 9V'6
re €86
oe LC'6

ol'v
(A
6¢’}
121G
G'89

144

ny LY'C8
oq €9°C6
w-o M”.ow

26'¢€
N4
96°0
LecL
68
¥9
eG'89
wlV
24

69°¢C
el
A"
8G'ccl
o¢l

el

oq 8CL

e 9€1

pq §'8CL

€L0

L'cC
9¢'0
ve'L

+w G'69
e 68
0 G'9.

(%9)
as
%AD
W3s
1)
Xew
Ui
99
€99
299



