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Abstract. The study was conducted to evaluate the dynamics of leaf formation in
introduced quinoa (Chenopodium quinoa Willd.) variety samples under irrigated
conditions. Six quinoa materials, including Checkl (Ames-654), New 14 (Ames-13761),
New 21 (BO-16), New 42 (CHEN-298), New 170 (P1433232), and New 141 (D-12229),
were evaluated during the 2025 and 2026 growing seasons. Leaf number was
determined at three successive developmental stages, and the mean value, standard
deviation, and coefficient of variation were used to characterize the variability of the
trait. In 2025, the mean number of leaves increased from 4.6-6.3 leaves at the first
developmental stage to 20.9-28.8 leaves at the second stage and 38.1-49.8 leaves at
the third stage. New 21 showed the highest leaf number at the first stage, while New
141 and New 42 demonstrated the highest values at the second and third stages,
respectively. In 2026, the same general tendency of increasing leaf number was
observed throughout plant development. New 21 maintained a high level of early leaf
formation, whereas New 42 and New 141 demonstrated superior leaf formation during
later developmental stages. The coefficient of variation was generally low at the second
and third stages, indicating comparatively stable expression of the trait. The results
demonstrate considerable differences among introduced quinoa materials in the
dynamics of leaf formation and indicate that leaf number at different developmental
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stages can be used as an informative biometric characteristic in the comparative

evaluation and selection of quinoa materials.

Keywords: Chenopodium quinoa Willd., quinoa, leaf number, leaf formation,
developmental stages, introduced variety samples, biometric traits, irrigated
conditions.

Annotatsiya. Tadgiqot sug ‘oriladigan sharoitda introduksiya gilingan quinoa
(Chenopodium quinoa Willd.) nav namunalarida barglarning shakllanish
dinamikasini baholash maqgsadida olib borildi. 2025 va 2026-yillardagi vegetatsiya
mavsumlarida oltita quinoa materiali, jumladan Checkl (Ames-654), New 14 (Ames-
13761), New 21 (BO-16), New 42 (CHEN-298), New 170 (P1433232) va New 141 (D-
12229) o ‘rganildi. Barglar soni o ‘simlik rivojlanishining ketma-ket uchta bosgichida
aniglandi hamda belgining o ‘zgaruvchanligini tavsiflash uchun o ‘rtacha giymat,
standart og ‘ish va variatsiya koeffitsientidan foydalanildi. 2025-yilda barglarning
o ‘rtacha soni birinchi rivojlanish bosqichida 4,6—6,3 donadan ikkinchi bosgichda
20,9-28,8 donagacha, uchinchi bosgichda esa 38,1-49,8 donagacha oshdi. Birinchi
bosqgichda New 21 eng yuqori barg sonini ko ‘rsatgan bo ‘lsa, ikkinchi va uchinchi
bosgichlarda mos ravishda New 141 va New 42 namunalarida eng yuqori giymatlar
gayd etildi. 2026-yilda ham o ‘simlik rivojlanishi davomida barglar sonining ortib
borish tendensiyasi kuzatildi. New 21 dastlabki barg hosil bo ‘lishida yuqori
ko ‘rsatkichni saqlab qolgan bo ‘Isa, keyingi rivojlanish bosqichlarida New 42 va New
141 namunalari yuqori barg hosil qilish ko ‘rsatkichlarini namoyon etdi. Variatsiya
koeffitsienti, odatda, ikkinchi va uchinchi bosqichlarda past bo ‘lib, ushbu belgining
nisbatan bargaror ifodalanishini ko ‘rsatdi. Olingan natijalar introduksiya qilingan
quinoa materiallari o ‘rtasida barg hosil bo ‘lish dinamikasi bo ‘yicha sezilarli farglar
mavjudligini ko ‘rsatadi hamda turli rivojlanish bosqichlaridagi barglar sonidan
quinoa namunalarini giyosiy baholash va tanlashda informativ biometrik belgi sifatida
fovdalanish mumkinligini ko ‘rsatadi.

Kalit so‘zlar: Chenopodium quinoa Willd., quinoa, barglar soni, barg hosil
bo ‘lishi, rivojlanish bosqichlari, introduksiya gqilingan nav namunalari, biometrik
belgilar, sug ‘oriladigan sharoit.

Annomauun. Hccneoosanue nposedeHo ¢ Yeavio OYeHKU  OUHAMUKU
Gopmuposanus aucCmves Yy UHMPOOYYUPOBAHHBIX 00OPA3Y08 COPMO8 KUHOA
(Chenopodium quinoa Willd.) ¢ ycnosusx opowenusi. B meuenue eecemayuoHHbIX
ce30n08 2025 u 2026 200086 OviLu u3yueHsvl uwecms 06pazyos kuroa, exnrouas Checkl
(Ames-654), New 14 (Ames-13761), New 21 (BO-16), New 42 (CHEN-298), New 170
(P1433232) u New 141 (D-12229). Koauuecmeo ucmves onpeoensiiu Ha mpéx
HOCNe008aAMENbHbIX IMANAX PA3GUMUSA  pACMeEHUl, a Ol XApaKmepucmuxu
gapuabenbHOCMU  NPUSHAKA UCNONb308AIU CpeOHee 3HAYeHue, CMAaHOAPMHoe
omKIoOHeHue u Koaghgduyuenm sapuayuu. B 2025 200y cpednee Konuuecmeo aucmves
yeeauuusanocw ¢ 4,6—6,3 nucma Ha nepsom smane pazeumus 0o 20,9-28,8 nucma na
emopom omane u 38,1-49,8 nucma nma mpemwvem smane. Ha nepsom smane
HaubonvbUiee KOIUYecmeo IUcmoves ommeyeHo y obpazya New 21, mozda kax na
8MOPOM U MpembeM 5Manax Haubojee BvlCoKUe 3HAYEHUS 3apecucmpupo8anbvl
coomeemcmeernno y New 141 u New 42. B 2026 200y maxoice Habarooaracy obwas
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meH()eHuuﬂ yeenudeHus Kojauvecmea J1ucCnibes no mepe paseuniusl pacmeﬁuﬁ. O6pa3eu
New 21 coxpamsn 8blcOKULl YypoOBeHb pAHHe20 POopMUPOBAHUSA TUCMbES, M020ad KAK HA
nocnedyrowux smanax paseumus New 42 u New 141 xapaxmepuzosanuce 6o.ee
8bICOKUMU NOKazamenimu gopmuposanus aucmoves. Koagpguyuenm sapuayuu, xax
npaesuino, Obll HUSKUM Ha 8MoOpomM U mpemvem smanax, 4mo ceudemeﬂbcmeyem (0]
CpABHUMENIbHO CcmaouIbHOM npo:Ae6ileHuuU OAHH020 NPU3HAKA. HOle'-leHHble
pe3yibmamol  OeMOHCMPUPYIOM — HAAUYUE  3HAYUMEAbHbIX — PA3IUYUL  MeAHCOY
UHMPOOYYUPOBAHHBIMU 00PA3YAMU KUHOA NO OUHAMUKE (HOPMUPOBAHUS TUCMbES U
noKassvlearonl, 4no KOJAUYECMEBO JUCMbeB HA PA3IUYHbIX dmandax paseuniusil moancent
Uucnoiaboeamsvcsia 6 Kavecmee uuqbopmamueuoeo 6u0MempuquK020 npusHaKka npu
CPAasHUMENbHOU OYeHKe U ombope 00pa3yo8 KUHoA.

Knroueswvie cnoea: Chenopodium quinoa Willd., kunoa, xonuuecmso aucmoes,
Gdopmuposarue 1ucmoves, Smansvlt pazeuUmus, UHMPOOYYUPOBAHHbIE 0OPA3YbL COPMOB,
6u0MempuueCKue NPU3HAKU, YCI06UA OPOULEHUAL.

INTRODUCTION

Quinoa (Chenopodium quinoa Willd.) is an important annual crop characterized
by substantial diversity in morphological, physiological and agronomic traits. The
introduction and evaluation of diverse quinoa materials under new environmental
conditions are important steps in identifying plant materials with valuable
characteristics for agricultural production and breeding.

Leaves are the principal organs responsible for photosynthetic activity, and the
number of leaves formed during plant development reflects the intensity of vegetative
growth. Consequently, quantitative assessment of leaf number can provide useful
information when comparing varieties and introduced samples. The expression of
morphological traits is not constant throughout plant development. The number of
leaves increases progressively as plants pass through successive developmental stages,
while the rate of leaf formation can differ among genetic materials. Therefore,
observations conducted at several stages may provide a more complete characterization
of vegetative development than measurements taken at a single stage.

The evaluation of quinoa materials under irrigated conditions is particularly
relevant for regions where irrigation plays an important role in crop production.
Differences in leaf formation among introduced materials may reflect their biological
characteristics and their response to local growing conditions. The present study
focused on six introduced quinoa variety samples and examined the dynamics of leaf
number during three developmental stages over two growing seasons. The main
objective was to determine differences in leaf formation among the studied materials
and to identify samples characterized by a comparatively high and stable number of
leaves during plant development.

MATERIALS AND METHODS.

The research was conducted under irrigated conditions using six introduced
quinoa variety samples. The studied materials were:

Code Variety/sample
Check1 Ames-654
New 14 Ames-13761
New 21 BO-16
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Code Variety/sample

New 42 CHEN-298
New 170 P1433232
New 141 D-12229

The experimental design consisted of six materials with three replications. The
experimental plot was established under irrigated conditions, and sowing in the first
experimental year was carried out on 1 April 2025. Observations were conducted
during the growing season in order to characterize the formation of vegetative organs
at successive stages of plant development.

Determination of leaf number. Leaf number was recorded at three
developmental stages. At each stage, leaves were counted on the plants included in the
observations, and the obtained values were used to determine the mean number of
leaves for each variety/sample.

The following statistical parameters were calculated:

e M+m — arithmetic mean and its error;
e ¢ — standard deviation;
¢ V% — coefficient of variation.
The coefficient of variation was calculated according to the equation:
V =(c/M)x100

where M represents the arithmetic mean and o represents the standard deviation.
The obtained values were compared among the studied materials and between
developmental stages in order to determine the dynamics of leaf formation.

RESULTS AND DISCUSSION

3.1. Leaf number at the first developmental stage. The first developmental
stage was characterized by relatively low leaf numbers in all studied quinoa materials.
However, considerable differences among the samples were observed.
In 2025, the mean number of leaves ranged from 4.6 + 0.34 in Check1 to 6.3 £ 0.41 in
New 21. The highest value was recorded in New 21, followed by New 170 with 5.9 +
0.36 leaves and New 42 with 5.8 £ 0.39 leaves. New 14 had 5.7 £ 0.33 leaves, while
Checkl and New 141 recorded 4.6 = 0.34 and 4.7 £ 0.33 leaves, respectively.

The coefficient of variation ranged from 11.80% to 15.20%. The lowest
variability was observed in New 14, whereas Checkl showed the highest variation.

In 2026, the mean number of leaves ranged from 4.8 + 0.32 in Checkl to 6.5 +
0.39 in New 21. New 21 again demonstrated the highest value. New 170 recorded 6.1
+ 0.34 leaves, while New 42 had 6.0 + 0.37 leaves. The lowest value after Checkl was
observed in New 141. The first-stage results therefore demonstrate a relatively
consistent pattern across the two years. New 21 was distinguished by a comparatively
high number of leaves during the initial phase of development.

Table 1. Leaf number at the first developmental stage in introduced quinoa
variety samples in 2025-2026

Variety/sample 2025 M+m c V, % 2026 Mtm c V, %
Check1 4.6+0.34 0.69 15.20 4.840.32 0.64 13.33
New 14 5.7+0.33 0.67 11.80 5.9+0.31 0.62 10.51
New 21 6.3+0.41 0.82 13.06 6.5+0.39 0.78 12.00
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Variety/sample 2025 M+m o V, % 2026 M+m o V, %
New 42 5.84+0.39 0.78 13.60 6.0+0.37 0.74 12.33
New 170 5.9+0.36 0.73 12.50 6.1+0.34 0.69 11.31
New 141 4.7+0.33 0.67 14.36 4.9+0.31 0.62 12.65

3.2. Leaf number at the second developmental stage. The second
developmental stage was associated with a pronounced increase in leaf number. In
2025, the mean values ranged from 20.9 + 0.55 leaves in Checkl to 28.8 + 0.39 leaves
in New 141.

New 141 showed the highest value, followed by New 42 with 27.2 £ 0.45 leaves.
New 170 and New 21 recorded 25.7 £ 0.41 and 25.2 + 0.39 leaves, respectively. New
14 had 22.4 + 0.53 leaves, while Checkl had the lowest value.

The coefficient of variation ranged from 2.73% to 5.26%. Such relatively low
values indicate that the expression of leaf number was comparatively uniform within
the studied materials at this developmental stage. In 2026, a similar increase in leaf
number was observed. Checkl reached 21.8 leaves, while New 14, New 21, New 42,
New 170 and New 141 reached 23.2, 26.0, 28.0, 26.4 and 29.5 leaves, respectively.
New 141 remained the material with the highest leaf number at the second
developmental stage, followed by New 42. This consistency indicates a relatively
strong capacity for leaf formation during the intermediate period of vegetative
development.

Table 2. Leaf number at the second developmental stage in 2025-2026
Variety/sample 2025 M+m o V, % 2026 M+m o V, %
Check1 20.9+0.55 1.10 5.26 21.8+0.52 1.04 4.77
New 14 22.4+0.53 1.04 4.79 23.2+0.50 1.00 4.31
New 21 25.2+0.39 0.78 3.13 26.0+0.38 0.76 2.92
New 42 27.2+0.45 0.91 3.37 28.0+0.44 0.88 3.14
New 170 25.7+0.41 0.82 3.20 26.4+0.40 0.80 3.03
New 141 28.8+0.39 0.78 2.73 29.5+0.38 0.76 2.58

3.3. Leaf number at the third developmental stage. The third developmental
stage was characterized by the highest leaf numbers in all studied materials.

In 2025, New 42 showed the highest mean value, reaching 49.8 + 0.56 leaves.
New 141 followed closely with 49.2 + 0.84 leaves. New 170 recorded 45.1 + 0.89
leaves, while New 14 and New 21 had 41.6 + 0.82 and 40.0 = 0.74 leaves, respectively.
The lowest value was observed in Checkl, at 38.1 + 1.11 leaves.

The coefficient of variation ranged from 2.27% in New 42 to 5.86% in Check1.
The combination of a high mean value and low coefficient of variation in New 42 is
particularly noteworthy, indicating a relatively stable expression of high leaf number
at the later developmental stage. In 2026, the number of leaves increased further in all
studied materials. New 42 recorded the highest value of 51.0 leaves, followed by New
141 with 50.3 leaves. New 170 reached 46.2 leaves, whereas New 14 and New 21
recorded 43.0 and 41.2 leaves, respectively. Checkl had the lowest value of 39.5 leaves.
The results indicate that New 42 and New 141 were characterized by the greatest
accumulation of leaves during the later stage of plant development.

2026 SEPTEMBER VOLUME 1 ISSUE 2 250 o L]
ISSN 3093-950X https://iau-jaesa.uz/

[E] e


https://iau-jaesa.uz/

Table 3. Leaf number at the third developmental stage in 2025-2026

Variety/sample 2025 M+m c V, % 2026 M+m c V, %
Check1 38.1+1.11 2.23 5.86 39.5+1.04 2.08 5.27
New 14 41.6+0.82 1.64 3.95 43.0+0.80 1.60 3.72
New 21 40.0£0.74 1.49 3.72 41.2+0.72 1.44 3.50
New 42 49.8+0.56 1.13 2.27 51.0+0.55 1.10 2.16
New 170 45.1+0.89 1.79 3.97 46.2+0.86 1.72 3.72
New 141 49.2+0.84 1.68 3.42 50.3+0.81 1.62 3.22

3.4. Dynamics of leaf formation across developmental stages. The three-stage
observations clearly demonstrate progressive leaf formation in all six quinoa materials.
In 2025, Checkl increased from 4.6 leaves at the first stage to 20.9 leaves at the second
stage and 38.1 leaves at the third stage. New 14 increased from 5.7 to 22.4 and
subsequently to 41.6 leaves. New 21 increased from 6.3 to 25.2 and then to 40.0 leaves.
New 42 increased from 5.8 leaves at the first stage to 27.2 at the second and 49.8 at the
third stage. New 170 increased from 5.9 to 25.7 and subsequently to 45.1 leaves. New
141 showed an increase from 4.7 leaves at the first stage to 28.8 at the second and 49.2
leaves at the third stage.

A similar developmental pattern was observed in 2026. The number of leaves
increased from the first stage to the second and third stages in all studied materials.
New 42 reached the highest value at the third stage, while New 141 remained close to
it.

Table 4. Dynamics of leaf number according to developmental stage in 2025-2026

Variety/sample 2025 2025 2025 2026 2026 2026
Stage | Stage Il Stage Il1 Stage | Stage 11 Stage Il1
Checkl 4.6 20.9 38.1 4.8 21.8 39.5
New 14 5.7 22.4 41.6 5.9 23.2 43.0
New 21 6.3 25.2 40.0 6.5 26.0 41.2
New 42 5.8 27.2 49.8 6.0 28.0 51.0
New 170 5.9 25.7 45.1 6.1 26.4 46.2
New 141 4.7 28.8 49.2 4.9 29.5 50.3

The dynamics indicate that the ranking of the studied materials changed during
ontogenetic development. New 21 demonstrated the highest number of leaves at the
initial stage, whereas New 141 became the leading material at the second stage. At the
third stage, New 42 demonstrated the highest leaf number. This pattern suggests that
early leaf formation and subsequent leaf accumulation represent related but not
identical characteristics. Some materials may initiate leaf development more actively
at the beginning of growth, while others may demonstrate stronger leaf accumulation
during subsequent vegetative development.

The relatively high values observed in New 42 and New 141 during the later
stages indicate a strong development of the leaf apparatus. This characteristic may be
of interest in further comparative studies of vegetative productivity and plant
architecture.
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3.5. Interannual comparison. Comparison between the two growing seasons
showed a generally similar pattern of leaf formation. The mean leaf number in 2026
was slightly higher than in 2025 for all six studied materials.

At the first stage, the increase ranged from 0.2 leaves in all materials. At the
second stage, the increase ranged from 0.7 leaves in New 14 to 0.9 leaves in Checkl
and New 141. At the third stage, differences between years ranged from 1.2 leaves in
New 21 to 1.4 leaves in New 42 and New 170. The general consistency of the ranking
of materials across years indicates that differences in leaf formation were not entirely
random. New 21 maintained a high position during the first stage, while New 42 and
New 141 showed superior performance during later stages.

From a breeding perspective, the stability of a morphological characteristic
across developmental stages and growing seasons is an important consideration.
Materials that combine a high mean value with comparatively low variability may be
useful candidates for further evaluation.

CONCLUSION

The investigation of six introduced quinoa variety samples under irrigated
conditions demonstrated clear differences in the dynamics of leaf formation during
three developmental stages.

In the first developmental stage, New 21 recorded the highest mean leaf number
in both years, with 6.3 leaves in 2025 and 6.5 leaves in 2026. At the second
developmental stage, New 141 demonstrated the highest values, reaching 28.8 leaves
in 2025 and 29.5 leaves in 2026. At the third developmental stage, New 42 had the
highest leaf number, with 49.8 leaves in 2025 and 51.0 leaves in 2026. New 141 was
also characterized by a high leaf number, reaching 49.2 and 50.3 leaves, respectively.
The coefficient of variation was relatively low at the second and third developmental
stages, particularly in New 42 and New 141. This indicates comparatively stable
expression of leaf number during the later phases of plant development. The study
demonstrates that assessment of leaf number at several developmental stages provides
more informative characterization of quinoa vegetative development than a single
measurement. The differences observed among the introduced materials indicate the
presence of distinct patterns of leaf formation. New 42 and New 141 can be considered
particularly noteworthy materials with regard to high leaf number during later
developmental stages, while New 21 demonstrated comparatively strong early leaf
formation.

Leaf number and its developmental dynamics may therefore be used as
supplementary biometric characteristics in the comparative evaluation of introduced
quinoa materials and in the identification of promising materials for further breeding
studies.
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