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Abstract

Wheat (Triticum aestivum L.) production levels in Uganda are very low and do not meet the huge national demands. This
is partly attributed to the lack of improved and end user acceptable varieties. To meet the demand, most of the wheat is
imported, costing Uganda valuable foreign exchange. This import burden could potentially be addressed by increasing
access to improved varieties among farmers. This study evaluated the performance of three CIMMYT improved wheat
nurseries (18TH STEMRRSN, 15TH HZAN, 41ST SAWSN) alongside two locally grown varieties (Kyehure Mixed and
Kacumu) at Kabale University in Southwestern Uganda for three growing seasons between 2024 and 2025. Apart from
spike circumference, nurseries had a significant effect on yield and other agronomic traits evaluated (P<0.05). The nursery
18TH STEMRRSN had the highest yield of 7.9 t/ha. This yield was 64.8% hgiher than the yield of local varieties, but
there was no difference among improved nurseries.The nursery 18TH STEMRRSN had the highest 1,000-grain weight,
was stable in terms of yield across the three seasons, was resistant to lodging because of their short height, and had mod-
erate field resistance to wheat stem rust. Therefore, 18TH STEMRRSN has the potential to improve wheat production in
Uganda. More studies on improved wheat genotypes across seasons and in different locations in Uganda are necessary
before recommendations for widespread adoption are made.
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Introduction changes associated with urbanization (Macauley & Rama-

djita, 2015). Per capita wheat consumption in SSA has also

Wheat (Triticum aestivum L.) is a major staple crop for mil-
lions of people in Sub-Saharan Africa (SSA) and much of
it is imported from countries outside the African continent.
Wheat consumption in SSA is increasing rapidly, faster than
any other major food grain (Mason et al., 2012). In all Afri-
can countries, wheat consumption has steadily increased
over the past 20 years, resulting from a growing popula-
tion, transitioning food preferences, and socioeconomic
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increased at the rate of 0.35 kg/year, outpacing maize and
rice (Mason et al., 2012). Wheat is considered a good source
of protein, minerals, B-group vitamins, and dietary fiber. It
is an excellent health-building food that helps in the pre-
vention and treatment of some digestive disorders (Igbal et
al., 2022). Wheat flour is used to prepare bread, produce
biscuits, confectionery products, noodles, and vital wheat
gluten or seitan. It is also used as animal feed, for ethanol
production, brewing of wheat beer, wheat-based raw mate-
rial for cosmetics (Igbal et al., 2022). Meanwhile, wheat
production in SSA is failing to keep pace with growing
demand (Mason et al., 2012). Wheat consumption in SSA
is generally higher in urban areas than in rural areas (Mason
et al., 2012). According to FAO, Africa produced 26.3 mil-
lion tonnes of wheat on 9.2 million hectares of land and
imported 41.7 million tonnes in 2023 (FAOSTAT, 2023). As
a result, Africa spent USD 15.4 billion on wheat imports
alone (FAOSTAT, 2023), making it the world’s biggest
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wheat importer. Wheat imports account for 60% of Africa’s
wheat consumption and 80% for SSA countries (Macauley
& Ramadjita, 2015).

The domestic consumption of wheat products in Uganda is
steadily rising. In Uganda today, annual wheat consumption
stands at about 800,000 metric tonnes (FAOSTAT, 2023).
Wheat has increasingly become an important crop not only
at the domestic level but also in the industrial sector. Yet, the
country remains a net importer of wheat in order to meet its
domestic demand. Uganda is among the low wheat produc-
ing countries, producing 25,000 metric tonnes, which is far
less than the world’s leading producers such as China, India,
and Russia, which produced 137.7, 107.7, and 104.2 mil-
lion metric tonnes respectively (FAOSTAT, 2023). In 2023,
wheat became the eighth most imported product in Uganda
with ~790,000 metric tonnes imported into the country at
a cost of about USD 256 million (FAOSTAT, 2023). The
reliance on imported wheat is becoming a serious chal-
lenge, considering that recent human-caused and natural
crises (such as Ukraine-Russia war, COVID-19 pandemic,
and the increasing climate change) are affecting produc-
tion and trade systems worldwide. Short- and medium-
term strategies are needed to amleiorate over reliance on
wheat imports, which could jeopardize food and national
security (Bentley et al., 2022). Uganda has the capacity to
grow wheat for its domestic demand and, thus, substitute
for wheat imports. Wheat has been grown in the highlands
of Uganda for many decades, although it has not become
a major contributor to food consumption in rural areas. In
the 1970s, cereals such as wheat and rice dominated the
food and income baskets of the highland regions of Kigezi
(Desanker & Magadza, 2001; FAO, 2004; Twagiramaria &
Tolo, 2016). The main wheat growing areas in Uganda are:
the Southwest (Kabale, Kisoro and Rukungiri); the west
(Kabarole, Kasese, Bushenyi and Mbarara); the east (Mbale
and Kapchorwa) and the West Nile (Nebbi) region in north-
western Uganda (grown in small quantities) (Kagorora et
al., 2021). Wheat production in Uganda, however, faced so
many challenges that led to low production and productiv-
ity in the region. Some of the reasons that have led many
wheat farmers to abandon the traditionally grown wheat
are low value varieties, that led to poor yields which do not
meet market standards; poor quality seeds; emergency of
new pests and diseases; and climate change (Desanker &
Magadza, 2001; FAO, 2004). The major diseases of wheat

Table 1 Wheat genotypes used in the study

are notably yellow rust (Puccinia striiformis), leaf rust
(Puccinia recondita), stem rust (Puccinia graminis f. sp.
tritici), Race Ug99 of the fungus Puccinia graminis tritici
that causes stem or black rust disease (Sepforia tritici), and
Fusarium head scab (Turyamureeba & Bungutsiki, 1991;
Pretorius et al., 2000; Singh et al., 2007, 2011). Introducing
improved wheat and or improving local wheat varieties that
meet the farmer and end user’s preferred traits such as yield,
grain quality, resistance to pests, and other culinary traits is
key in revamping wheat production in Uganda. The objec-
tive for this study was, therefore, to determine the yield and
agronomic performance of introduced CIMMYT improved
wheat lines (18TH STEMRRSN, 41ST SAWSN, and 15TH
HZAN) and local varieties of Kacumu and Kyehure Mixed.

Materials and Methods
Study Site

The study was conducted at Kabale University farm
(1°16°15.9"S, 29°59°02.0”). Kabale University is located
in the highlands of Kigezi subregion, in the Southwestern
agro-ecological zone (SW-AEZ) of Uganda.

The farm is located 2,000 m above sea level. The experi-
ment was set up on the foot slope of the hills at an elevation
of 11.5% with well-drained dark-red and brownish loamy
soils (Ferrasols).

Experimental Materials

The plant materials used in the study included three CIM-
MYT improved wheat nurseries that were procured from
International Maize and Wheat Improvement Center (CIM-
MYT) of Carretera México and two locally grown variet-
ies obtained from local farmers. The main features of these
genotypes and the origins are shown in Table 1.

Experimental Design and Crop Management

The experimental design was a randomized complete block
design (RCBD) established with four blocks. The treat-
ments assigned to the experimental units were five experi-
mental genotypes shown in Table 1. Each genotype was
replicated four times. The genotypes were evaluated across

SN  GENOTYPES ORIGIN  TYPE KEY TRAITS

1 18TH STEMRRSN CIMMYT Spring bread wheat (7riticum durum L.) Stem Rust Resistance Screening Nursery (STEMRRSN)
2 15TH HZAN CIMMYT Spring bread wheat (Triticum aestivum L.)  Elite Zinc Advanced Nursery (HZAN)

3 41ST SAWSN CIMMYT Spring bread wheat (Triticum aestivum L.) ~ Semi-arid Wheat Screening Nursery (SAWSN)

4 Kyehure Mixed Farmers ~ Not known Not known

5 Kacumu Farmers Not known Not known
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Table 2 Seasons in Uganda during which the experiment was carried out

Seasons Classification Months Planting date Harvest date Total pre- Minimum  Maxi-
ciptation  tempera-  mum
(mm) ture °C tempera-

ture °C
Season one 2024 First rainy season March to July 2024 10th March 2024 1st-2nd July 325.2 13.3 22.9
2024
Season two 2024 Second rainy season August to December 28th August 2024 27th Decem-  496.9 12.8 22.5
2024 ber 2024
Season three 2025  First rainy season March to July 2025  15th March 2025 2nd July 2025 393.7 12.9 22.0

Table 3 Scale for field scoring of wheat steam rust on wheat genotypes

Percentage
score on

Translation of
the scale

Translation
of percent-
stem, leaf or  age onto the
spike scale

0-10% 1

Description of
action

Very little or no
pustules or uredia
are present, often
with a hypersensi-
tive reaction

Resistant

11-20% 2 Moderately

Resistant

Some pustules or
small uredia are
present, often sur-
rounded by either
chlorotic or necrotic
areas.

Variable sized
uredia are pres-

ent; some with
chlorosis, necrosis,
or both.

Medium sized ure-
dia are present and
possibly surrounded
by chlorotic areas.
Large uredia are
present, generally
with little or no
chlorosis and no
necrosis.

21-40% 3 Intermediate

41-60% 4 Moderately

Susceptible

61-100% 5 Susceptible

three seasons in 2024 and 2025 (Table 2). Although there
are two growing seasons per year (first and second rainy
seasons), we treated each season as unique since in 2025,
wheat was not grown in the second rainy season due to
logistical reasons, making the study to have three distinct
growing seasons. Each experimental unit measured 6 m X
8 m, and blocks were separated by a separation strip of 1 m.

Wheat was planted in March of each first rainy season
and in August of the second rainy season at a spacing of
30 cm x 3 cm. A single seed was planted per hill at a depth
of 3 cm deep and no organic or inorganic fertilisers were
applied. Manual weeding was performed twice, that is,
20 and 40 days after sowing the wheat. No irrigation was
applied to crops during the growing season.

Agronomic and Yield Data Collection

Data were collected on the following agronomic yield and
yield related parameters: Plant height (cm) from the ground
to the tip of the spike, internode length (cm), spike length
(cm) was taken from top to the bottom of the spike, using a
calibrated clear plastic ruler, spike circumference (cm) taken
from the middle of the spike and stem circumference (cm)
were measured using a vernier caliper vernier and Number
of tillers was determined by counts. Internodal length and
stem circumference were recorded for the last internode just
below the spike. These parameters were collected every 30
days after planting (DAP) throughout the growing season
and averaged. At harvest, the wheat was threshed, and the
weight (g) of 1000 randomly sampled wheat grains was
recorded for each genotype. From each experimental unit,
the weight of wheat grains per genotype was measured in
kilograms (kg) and later used to compute yield in t/ha with
the weight adjusted to 12.5% moisture content.

Disease Data Collection

Wheat genotypes were evaluated based on the stem rust
severity on stem, leaves and spikes under natural infection
and field conditions. Disease scoring was noted as percent-
age of the rust infection on the plant area and later translated
on scale as shown below (Table 3).

Data Analysis

The data analysis was done in R (Core Team, 2025) using
RStudio (Posit team, 2025) as an integrated development
environment. The fixed effects were season, genotypes, and
season X genotypes interaction, while, replications were
nested within season and formed the error term for esti-
mating the effect of seasons on dependent variables under
consideration. Treatment means of the different dependent
variables, were separated using honestly significant differ-
ence (HSD) at 5% significance level. The GGE scatter and
ranking biplots across seasons were generated for only the
yield using GenStat (Payne et al., 2011).
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Table 4 Table of mean squares from ANOVA for wheat yield and growth parameters at Kabale university farm and Butanda in Uganda

Source of variation d.f. Mean squared error

Plant height stem Internode ~ Number of Spike Spike 1,000- Yield

circumference length tillers length circumference  grain
weight

Season 2 614.6™ 7.97% 1508%** 19.6™ 12.9™ 8.5 205%* 76.1%*
Replications within 9 670.1 6.43 1334 11.1 3.37 2.6 27.4 19.2
season
Genotype 2325.7*%*%*  0.816"™ 602.3***  38.3%* 9.88***  0.87" 75.7* 20.2%*
Genotype x Season 8 237.8™ 0.416™ 30.9" 17" S5.17%%*  0.75% 11.3™ 9.1™
Residual/Error 36 148.5 0.385 28.5 9.81 0.551 0.25 20.8 3.8

*** Significant at <0.001 probability level, ** Significant at <0.01 probability level, * Significant at <0.05 probability level, ns=non-significant

at 0.05 probability level, d.f=degrees of freedom

Table 5 Mean performance of yield and agronomic wheat parameters among three wheat growing seasons

Season Plant Stem circumference  Internode Number  Spike Spike 1,000 Yield
height length of tillers  length circumference grains
weight

cm g t/ha
Season one 2024 79.5 32 31.2a 8.7 11.9 2.8 37.0a 4.5a
Season two 2024 73.6 2.1 14.4b 8.2 11.1 4.1 44.6b 8.1ab
Season three 2025 68.4 22 26.6a 6.8 10.3 3.1 39.4a 5.1a
Mean 73.8 2.5 24.1 7.9 11.1 33 40.3 5.9
HSDy o5 229 22 10.2 29 1.62 1.4 4.62 3.4
P-value 0.43 0.34 <0.001 0.23 0.06 0.09 <0.01 0.05

HSD, honestly significant difference

Results

Analysis of Variance for the Effect of Wheat
Genotypes on Yield and Agronomic Traits

Genotypes had a significant effect on wheat yield and agro-
nomic parameters including plant height, internode length,
number of tillers, spike circumference, and 1,000 grains
weight and yield (P<0.05; Table 4). However, there were
no significant effect of genotypes on stem circumference
(P>0.05; Table 4). The effect of seasons was significant on
internode length and 1,000-grain weight. Genotype x sea-
son interaction had a significant effect on spike length and
spike circumference (P<0.05).

Effect of Seasons on Average Yield and Agronomic
Traits

The plant height, stem circumference, number of tillers,
spike length, spike circumference, and yield did not dif-
fer among the three seasons and had an average value of
73.8 cm, 2.5 cm, 7.9, 11.1 cm, 3.3 cm, and 3.7 t/ha, respec-
tively (Table 5). Internodal length of wheat averaged
across genotypes was significantly higher in season one
and three than in season two. Seasons one and three had
similar internodal length with an average of 28.9 cm com-
pared to 14.4 cm in season two (Table 5). The yield and
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the 1000-grain weight also statistically signifciant among
seasons. The seasons one and three having similar weights,
with a mean of 4.8 t/ha and 38.2 g for 1,000 grains wieght,
these values were substantially lower than that of season
two by 68.8 and 16.8% for yield and the 1000-grain weight
respectively.

Effect of Genotypes on Yield and Agronomic Traits

The heights of introduced CIMMYT improved wheat geno-
types were not statistically different, but their heights were
substantially lower than those of the two locally grown
varieties. On average, CIMMYT improved nurseries had a
height of 64.5 cm, which was 36.3% less than the height
of local varieties (Kyehure and Kacumu) (Table 6). Heights
were not statistically different among the two local vari-
eties (Table 6). Conversely, stem circumference did not
differ among the five genotypes and they had an average
circumference of 2.5 cm (Table 6). Internode lengths did
not vary substantially among CIMMYT improved nurser-
ies and were on average less than those of locally grown
variety by at least 29.4% (Table 6). There were also differ-
ences in internode lengths of local varieties with Kyehure
Mixed having 1.41 times more length than Kacumu, with
25.5 cm internode length. Kyehure mixed had a statistically
higher number of tillers than CIMMYT but no difference
with the Kacumu cultivar (Table 6). On average, CIMMYT
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Table 6 Mean agronomic and yield performance of wheat genotypes
Genotype Plant height Stem circumference  Internode =~ Number  Spike Spike 1,000 Yield

length of tillers  length circumference grains

weight

cm g t/ha
18TH STEMRRSN 59.3a 24 19.0a 6.5a 10.6a 3.4 43.4b 7.9b
15TH HZAN 67.2a 2.6 19.5a 6.7a 10.5a 32 39.7ab 5.7ab
41ST SAWSN 66.9a 2.9 20.6a 7.2a 10.5a 3.7 40.5b 6.3ab
Kyehure Mixed 94.2¢ 22 35.9¢ 10.9b 11.1a 33 41.5b 5.0a
Kacumu 81.5b 2.5 25.5b 8.1ab 12.6b 3.0 36.6a 4.7a
Mean 73.8 2.5 24.1 7.9 11.1 33 40.3 5.8
HSD,) o5 12.2 0.79 5.3 3.1 0.74 0.5 4.55 1.95
P-value <0.001 0.10 <0.001 0.01 <0.001 0.17 0.014 <0.01

HSD, honestly significant difference

Table 7 Mean stem rust disease score for wheat genotypes evaluated
in 2024

Genotype Stem score Leaf score Spike score
41ST SAWSN 1.6* 1.3 1.1
Kyehure Mixed 1.9% 1.9° 1.2

18TH STEMRRSN 2.5% 2.0 1.2

15TH HZAN 2.9¢ 2.9¢ 1.2
Kacumu 3.69 3.5¢ 2.4°

Mean 2.5 23 1.4

LSD 0.05 0.6 0.5 0.6
P-value <0.001 <0.001 <0.001

Different letters within a column show significant differences
between the treatment means at P<0.05

improved nurseries had 60.7% fewer tillers than Kyehure
mixed with 10.9 tillers.

The yield (7.9 t/ha) of introduced CIMMYT improved
nursery (18TH STEMRRSN) was statistically higher than
the two local genotypes (Kacumu and Kyehure Mixed).
This nursery (18TH STEMRRSN) had a yield at least 1.57
times higher than the yield of local varieties (Table 5). The
locally grown varieties, Kacumu, Kyehure Mixed and the
CIMMYT nurseries 15TH HZAN and 41ST SAWSN had
yields that did not differ significantly. For the 1,000-grain
weight, the introduced improved CIMMYT nurseries:
18TH STEMRRSN, 41ST SAWSN, and the locally grown
Kyehure Mixed variety had a statistically higher weight
compared to the locally grown Kacumu variety. The intro-
duced CIMMYT improved genotype, 15TH HZAN, had an
intermediate 1,000-grain weight and did not statistically dif-
fer from Kacumu and the rest of the CIMMYT improved
nurseries (Table 6).

Kacumu, a local variety, had the highest spike length
of 12.6 cm and was substantially larger than the rest of the
genotypes by at least 5.7% (Table 6). The spike lengths
of 15TH HZAN, 18TH STEMRRSN, 41ST SAWSN, and
Kyehure mixed were not significantly different and had an
average spike length of 10.7 cm. Spike circumference dif-
fered between Kacumu and 41ST SAWSN, 41ST SAWSN

having the largest circumference of 3.7 cm, which was 1.24
times larger than the one for Kacumu (Table 6). There was
no difference in the circumference of the genotypes 18TH
STEMRRSN, 15TH HZAN, 41ST SAWSN, and Kyehure
mixed, with an average of 3.4 cm.

Mean Stem Rust Disease Score

The rust disease scores on stem, leaf, and spike were sig-
nificant different among genotypes (P<0.001; Table 7).
Locally grown variety Kacumu had significanty higher
scores than the other wheat genotypes for the stem (3.6) and
leaf (3.5) (Table 7). The introduced CIMMYT improved
genotype, 41ST SAWSN had the lowest score for the stem
(1.6), leaf (1.3), and spike (1.1) among all the evaluated
genotypes and these scores were substantially smaller than
the largest scores registered with Kacumu. The locally
grown genotype, Kyehure Mixed and the introduced CIM-
MYT improved nursery 18TH STEMRRSN had moderate
scores that were statistically similar, whereas 15TH HZAN
had relatively high scores for the stem, leaf, and spike, with
leaf score being significantly different from 41ST SAWSN,
18TH STEMRRSN, and Kyehure Mixed (Table 7).

Season Scatter and Ranking Biplot for Yield

The scatter biplot for yield between the three seasons shows
an acute angle between vectors connecting season one of
2024, season two of 2024, and season three of 2025. The
scatter biplot also grouped season one of 2024, season two
0f 2024 in one mega season, and season three of 2025 in its
own independent season. The genotype 18TH STEMRRSN
appears in the same biplot sector as the two seasons of sea-
son one of 2024, season two of 2024, which were grouped
as one mega season, and 41ST SAWSN appears in the same
biplot sector as season three of 2025 (Fig. 1). From the cur-
rent study, partitioning genotype and genotype by season
interaction through bi-plot analysis showed that interaction
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Scatter plot (Total - 99.77%)

41SAWSN

@ea; f three 2025
'/;Seasovne%%\

5HZAN
RE MIXED

PC2-4.78%

18STEMRRSN

PC1 - 94.99%

Genotype scores
+ Environment scores
Convex hull

———— Sectors of convex hull
——— Mega-Environments

Fig. 1 A scatter biplot of the performance of genotypes in the mega
seasons encompassing the three seasons where wheat genotypes were
evaluated

Ranking biplot (Total - 99.77%)

41SAWSN

X
[e0]
P~
< +Season three 2025

1
) +S Aie 2024
o SHZAN +Season two 2024

KYEHURE MIXED
18STEMRRSN
KACUMU

PC1-94.99%

Genotype scores
—+ Environment scores
@) AEC

Fig.2 The Ranking biplots for wheat genotype performance under sea-
son one of 2024
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principal components axes (IPCA) for IPCA1 and IPCA2
explained 99.77% (PCA1 contributing 94.99% and PCA2
contributing 4.7%) of the total variation for yield in t/ha.

The ranking biplots showed that nursery 18TH
STEMRRSN was ranked first, followed by 41ST SAWSN
under season one 2024 (Fig. 2) and season two 2024. Under
both seasons, nursery 18TH STEMRRSN projected short
lines orthogonal to the biplot axis.

Discussion
Variation of Wheat Genotypes from ANOVA

There were differences in performance between genotypes
being evaluated for both agronomic, yield, and yield-related
parameters. This means that agronomic, yield, and yield-
related parameters evaluated responded differently depend-
ing on the genotypes under consideration. The presence of
genetic variation in the evaluated wheat genotypes is critical
for selecting good genotypes for advancement and also for
further improvement of the genotypes for yield and resis-
tance to abiotic and biotic stresses (Faysal et al., 2022). The
lack of significant differences for genotype by season inter-
action for most of the parameters indicated that the perfor-
mance of different wheat genotypes did not vary depending
on the season.

Mean Performance of the Wheat Genotypes

The introduced CIMMYT improved nursery 18TH
STEMRRSN outperformed the rest of the evaluated geno-
types for yield and weight of 1,000 grains. The weight of
1000 grains in wheat is an indicator of grain size and can be
used to estimate the milling performance and is also related
to test weight (Sissons et al., 2020). Test weight is a measure
of grain density and good grain packing into a given vol-
ume, with values of 76 kg/hL or higher desirable (Sissons
et al., 2020). However, two CIMMYT improved nurseries
(15TH HZAN 41ST SAWSN) did not yield better than the
two local varieties.

The CIMMYT improved nurserie performed better than
the local varieties (Kyehure Mixed and Kacumu) for plant
height and internode length. The local varieties were taller
than the CIMMYT improved wheat nurseries. This attribute
renders the local varieties susceptible to lodging, which in
turn affects wheat production. In wheat, traits such as plant
height, diameter and thickness stem, strength of upper and
lower internodes are correlated to lodging (Wang et al.,
2011; Mondal, 2020). Tall cereals such as wheat and rice
genotypes are highly prone to lodging, whereas their shorter
counterparts can withstand lodging pressure (Todaka
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et al., 2015; Shah et al., 2019). According to Niu et al.
(2022), the use of semi-dwarf genes in cereal crops signifi-
cantly improved yield stability through increased lodging
resistance.

Mean Stem Rust Disease Score

The introduced CIMMYT improved nursery 41ST SAWSN
had significantly low scores for stem, leaf, and spike for
the stem rust disease. This nursery can be categorised as
resistant to wheat stem rust from natural infestation under
field conditions. The CIMMYT nursery 18TH STEMRRSN
and the locally grown Kyehure Mixed can be categorised
as moderately resistant under field natural infestation, while
the locally grown Kacumu and CIMMYT nursery 15TH
HZAN can be categorised as moderately susceptible. Wheat
production in Uganda has been heavily affected by fungal
rust diseases, mostly the stem rust caused by the Ug99 race
of Puccinia graminis tritici (Singh et al., 2011). Most of
the locally grown wheat varieties in Uganda are susceptible
to wheat stem rust. Wheat production in Uganda can be
boosted by promoting growing new wheat germplasm with
resistance to stem rust developed through breeding (Singh
etal., 2011; Kayim et al., 2022).

Seasons and Stability Performance

Season two 2024 which is the second season in Uganda,
running from August to December had statistically high
yields, 1,000 grain weight and short internode length for the
wheat genotypes. The increase in wheat yields for season
two 2024 could be attributed to increase in precipitation
that was recieved. Increase in precipitation significantly
increases wheat productivity (Lai et al., 2025). (Ousayd et
al., 2024) reported that rainfall is strongly and positively
correlated to wheat yields, most particulary in the months
of December to March in Morocco. Temperature fluctua-
tions negatively impact wheat yield (Ousayd et al., 2024).
According to You et al. (2009), authors reported that that a
1 °C increase in wheat growing season temperature reduced
wheat yields by about 3—10% wheat yields in China.
Stability studies are useful for selecting genotypes that
reliably perform well across different environments as
well as those adapted to specific locations (Gonzalez-Bar-
rios et al., 2019). The CIMMYT improved nursery 18TH
STEMRRSN appears in the same biplot sector grouping the
two seasons of season one of 2024, season two of 2024. This
result means that the CIMMYT improved nursery 18TH
STEMRRSN was the best performer in terms of yield in the
two seasons. CIMMYT improved nursery 41ST SAWSN
appeared in the same biplot sector as season three of 2025,
meaning that it was the best performer during that season

in terms of yield. The CIMMYT improved nursery 18TH
STEMRRSN had the shortest line projected on the axis for
two seasons (season one of 2024 and season two of 2024),
followed by 41ST SAWSN. This result means that nurser-
ies 18TH STEMRRSN and 41ST SAWSN were the most
stable compared to other genotypes evaluated. The length of
the lines between genotypes and their orthogonal projection
onto the biplot axis is a measure genotype stability. Short
lines indicate high stability while long lines indicate low
stability (Mullualem et al., 2024).

Conclusion

The introduced CIMMYT improved nursery 18TH
STEMRRSN had the highest yield in t/ha of 7.9 t/ha, had
high 1,000-grain weight, were stable in terms of yield
across the threes seasons, are resistant to lodging beacuse
of their short plant height and had moderate field resistance
to wheat stem rust. This work demonstrated that the intro-
duced CIMMYT improved nursery 18TH STEMRRSN is
a viable candidate for further evaluation and release. The
CIMMYT improved nursery 18TH STEMRRSN has so far
gone through the Early evaluation trials (EET) and is rec-
ommended to go through following steps are required for
introdction, development and release of new varieties in
Uganda as laid out by the Ministry of Agriculture, Animal
Industry and Fisheries (MAAIF). The steps include: Pre-
liminary yield trials (PYT), Advanced yeild trials (AYT),
National performance trials (NPT) and onfarm trials (OF)
while screening for pests and disease resistance. The CIM-
MYT improved nursery 18TH STEMRRSN could then be
recommended for release to the farming communities to
improve wheat production in Uganda. There is a potential
to reduce reliance on wheat import by adapting improved
genotypes such as 18TH STEMRRSN. The locally grown
wheat varieties in Uganda need to be profiled and character-
ised to ascertain their type.
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