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Abstract: Investigated salt tolerant top-ranking acces-
sions of Quinoa introduced on drought prone and salt
affected soils with higher clay contents, water holding
capacity, evapotranspiration and shallow water in Kur-
Araz (Azerbaijan) undergone all ontogenetic reproduc-
tive (pollen grain productivity, embryo and fruit devel-
opmental stages) and produce viable seeds. The floral
initiation stage varies between 66-77 days depending on
genotype, plant height, days to flowering and to seed
maturity, and dry weight biomass (p > 0.05). The inter-
action effect of location and genotypes was significant
for days to flowering and seed maturity and dry weight,
though not for plant height and seed yield. Three early-
middle and late-flowering, and thus early-middle and
late seed maturation clusters of quinoas was described.
Quinoa is predominantly self-pollinating species, but
pollination inside the inflorescence by means of wind
(anemophilous) or with support of small insects (ento-
mophilous) occurs. There was no significant difference
in the fruit and seed morphology among investigated
accessions of quinoa cultivated under new environ-
ments. Fruits of quinoa are simple, dry, indehiscent,
achene, monosperm with white pericarp in the mature
state and remainans of perigonium, albuminous white
or yellowish seed 1.8-2.5 mm in diameter. In quinoa
seeds the pericarp is very thin; as a result, the achene is
also referred to as utricle.
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Viable seed contains a peripheral, curved embryo sur-
rounding by perisperm and pericarp. Pronounced micro-
pylar endosperm (a non-embryonic tissue) of one or two
cell layers thick forms a cone surrounds the root apical
meristem of the embryo. Anatomy of quinoa micropylar
endosperm revealed similarities in structure with coleo-
rhiza cells in cereals. Both tissues serve as store reserve
and play vital role by protecting the root apical meris-
tem in the quiescent seed and control dormancy during
germination. Further investigation of micropylar cellu-
lar tissue of quinoa, where stores lipids, proteins and
minerals should be considered to select better adapted
genotypes with high seed yields and nutritional qua-
lity combined with salt-and drought-tolerance. Freshly
collected quinoa seeds have endogenous physiological
type of dormancy. All investigated quinoa accessions,
except Quinoa-Q2 showed high germination rate (78-
85%) through 16 hours at room temperature (24-25
°C). Identification of desirable genotypes needs to be
followed by work on optimization of cultural practices
and seed storage to maximize productivity under the
drought-prone and salt affected of Kur-Araz farming
areas. Early seed sowing in the field is required, thus
early flowering and seed maturation occurs long before
heat summer season starts.

Key Words: pollen grain, dry utricle fruit, micropylar
endosperm, pseudocereal plant, salinity, desertification,

Quinoa

INTRODUCTION

Kur-Araz lowland is highly susceptible to environmen-
tal degradation and affected by desertification, land de-
gradation and drought (DLDD) owing to its geographi-
cal and climatic characteristics. Harsh climate, scarcity
of fresh water and increasing ground water salinity are
severe limitation to productivity. Some 30-40% of the
cultivated areas have groundwater salinity of > 4dS/m
and soil quality rather poor to support the production of
the traditionally grown forages and vegetables. Most of
the salt-affected and alkaline agricultural lands (electri-
cal conductivity [EC] = 4-20 dS/m) with heavy clay soil
texture and low fertility is located in the central part of
Kur-Araz lowland. Many of the currently grown ma-
jor crops are water-thirsty (e.g. alfalfa, corn and salt-
sensitive vegetables). It is likely to become hotter and



PLANT & FUNGAL RESEARCH

drier due to climate change - increased water scarcity
and salinity further impacting agricultural production.

Diversification of production systems through intro-
duction of new salt-tolerant and water-use efficient crops
is a key adaptation measures for rural communities to
improve their incomes under climate change. Promo-
tion of alternative agricultural production systems can
assist in exploiting the available soil, water and crop
resources, and transferring of innovations in agriculture
[Hirich et al., 2014; FAO, 2016; Rao et al., 2019]. Ap-
propriate evaluation of non-traditional and traditional
crops tolerant to abiotic and biotic stress, including high
salinity (e.g. quinoa, sorghum, amaranthus, pearl mil-
let, legumes, perennial grass and bioenergy halophytes)
may become an integral component in improving lo-
cal food, crop-livestock feeding, farming production
and land rehabilitation systems [Toderich et al., 2014;
Choukr-Allah et al., 2016; Gasimova, 2018].

The family Amaranthaceae (former Chenopodiaceae)
comprises 100 genera and 1500 species. It is originated
in Andean region of South America; Ecuador, Bolivia,
Colombia and Peru [Elham, 2014]. One of high nutri-
tion crops recognized all around the world is Quinoa
-Chenopodium quinoa Willd. (Amarantaceae). Qui-
noa ecotypes (Chenopodium quinoa) adapted to vari-
ous environments, displaying wide genetic variability
with diverse growing periods (100-160 days), and have
been introduced into agriculture practices in more than
70 countries. Quinoa seeds are highly nutritious due
to the quality of their proteins and lipids and the wide
range of minerals and vitamins they store. The ability
of quinoa to produce high-quality proteins under ex-
treme environmental conditions makes it an important
crop not only for Andean communities but also for the
diversification of future agricultural systems over the
world [Rao et al., 2019]. Certain varieties grow well
in difficult conditions because they are drought- and
salt-resistant; plants grow in mountainous areas and
lowlands, which confirms its universality as a crop that
adapts to the surrounding climatic conditions [Zaman et
al., 2018; Toderich et al., 2013; Rao et al., 2019]. Due
to its high adaptability to different climatic conditions
and effective water consumption, quinoa is an excel-
lent alternative grain cash crops under ongoing climate
change. Quinoa is considered a healthy food due to its
high nutritional value, high protein content distinguish-
es quinoa from most other foods of plant origin (with
the exception of legumes): it contains all the essential
amino acids, and is also rich in minerals, vitamins, fatty
acids and other nutrients [Bertero, 2001; Soliz-Guerrero
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et al., 2002; Bosque-Sanchez et al., 2003; Jacobsen et
al., 2005, 2011; Razzaghi et al., 2011; Bazile et al.,
2015; Choukr-Allah et al., 2016]. Quinoa grain is rec-
ommended as an organic agricultural product during
long-term space expedition by NASA [Schlick, Buben-
heim, 1993].

According to A. Zurita-Silva et al. [2014] and B.L.
Graf et al. [2015] the worldwide inte-rest in quinoa as a
pseudocereal has grown extensively, thanks to its nutri-
tional qualities and its ability to adapt to marginal soils
with high salinity contents [Eisa et al., 2012], dry en-
vironments prone to frosts [Jacobsen et al., 2007] and
scarce water resources [Garcia et al., 2003].

This adaptability has allowed quinoa to be consi-
dered as a promising alternative to traditional crops in
a climate change scenario [Sosa-Zuniga et al., 2017].
Phenological growth stages of quinoa were studied in
Chile [Sosa-Zuniga et al., 2017]. Thin parenchyma con-
tains biologically active substances involved in meta-
bolic processes [Sapankevich, 1964; Rays, 1978].

Based on literature overview we have concluded
that there is insufficient information on quinoa seed
morphology and anatomy related to seed germination.
There is evidence that soil salinity, heavy clay texture
and temperature variables induced abnormalities during
reproductive stages development, which leads to for-
mation of sterile and low viability of pollen grain, low
rate of pollen tube growth, embryo differentiation, thus
early seed set low seed yield quantity and quality [Tapia
et al., 2007; Toderich, 2008; Vega-Galvez et al., 2010].
Data on the impacts of climate change on crop seed set
and production of quinoa is still limited.

Evaluating the effects of environment on quinoa
seed development stages and seed quality is very impor-
tant. Three cellular compartments were distinguished
within the quinoa mature seed: embryo, endosperm, and
perisperm responsible for nutrients accumulation and
allocation [Herman Burrieza et al., 2014]. However,
there is not information to which range soil salinity and
drought (summer heat) affects the cellular structure of
these storage tissues in quinoa seeds. Endosperm devel-
opment has only recently begun to be studied in quinoa
[Lopez-Fernandez, Maldonado, 2013b].

The main purpose of this study was to investigate the
peculiarities of the development of reproductive organs,
seed morphology and anatomy related to seed germina-
tion and seed yield for five new salt tolerant accessions
(genotypes) of quinoa introduced under marginal envi-
ronments of Kur-Araz lowlands (KAL) in Azerbaijan.
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MATERIAL AND METHODS

Location and soil. The field trials were carried out in
Kurdamir Experimental Station (KES) of the Institute
of Botany, ANAS, located on the right side of Baku-
Thilisi highway, in the middle part of Kur-Araz low-
land, 7 m a. s. 1., during 2015-2018 (Fig. 1). The labora-
tory experiments and trials were also conducted in the
greenhouse of the Institute of Botany to clarify the rel-
evant mechanisms (Fig. 1). Soil has clay heavy texture,
mostly moderate to high salinity (EC=6-12 dS m™") with
chloride- sulphate type, low organic matter (<1.5 %)
moderately alkalinity level (pH<8.4), high bulk density
(1.36 g cm™) and low nutrient (NP < 12-15 ppm) con-
tent. Soil had high swelling potential due to montmoril-
linitic clay minerals and low structure stability. Volu-
metric water content for field capacity and wilting point
were 0.42 g g and 0.23 g g'. Shallow water (1.5-2.1)
with mineralization 5-14 g I'! was available.

Quinoa plant germplasm - five selected salt toler-
ant quinoa lines marked as Q1, Q2, Q3, Q4, Q5 were
obtained from International Center for Biosaline Agri-
culture (ICBA). Each accession was planted in six field
trials. The plot size was 2 x 3 m, and distances between
plots in two directions were 1.2 m and 2 m. The dis-
tance between the rows was 60 cm, depth of planting
was 1 cm, density of seedling was two seeds per cell
98 per plot as recommended by ICBA. All trials were
conducted in three replications.

The plots were hand harvested when seeds were at
physiological maturity and contained 20 to 30% water.
After harvest the plants were dried at low air moisture
condition; during dry season, threshed, seeds were
cleaned and stored in cold room at 10 °C temperature at
12% water content.

RESULTS AND DISCUSSION

Flower and pollen morphology. All investigated ac-
cessions (improved lines) of C. quinoa are character-
ized by the presence of flat petiolate leaves and flow-
ers arranged in dense thyroid inflorescences usually
called glomerules. Leaves are 1-5 cm long and 0.4-2
cm broad; they are waxy-coated and mealy in appear-
ance, with a whitish coat on the underside. Flowers are
bisexual, rarely monosexual. Flowers consist of (4-) 5
perianth segments connate: basally or close to the mid-
dle, usually membranous margined and with a roundish
to keeled back; almost always 5 stamens, and one ovary
with 2 stigmas.

Investigated improved lines of quinoa cultivated in
open field were characterized by extended flowering
period. Significant differences among studied quinoa
accessions were revealed in dynamics of flowering pro-
cess. The floral initiation stage occurs at 66-77 days
after planting. Investigated quinoa genotypes showed
insignificant differences for plant height, days to flowe-
ring and maturity, and dry weight (p>0.05). The interac-
tion effect of location and genotypes was significant for
days to flowering and maturity and dry weight, though
not for plant height and seed yield.

Table 1 illustrates the difference in flowering dyna-

mics of C. quinoa in Kur-Araz environment (calculated
at 50% of flowers).
As seen from Table 1 three quinoa clusters were identi-
fied based on biology of flowering: early, middle and
late flowering, which was also reflecting on seed matu-
ration duration of quinoa accessions.
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Figure 1. Study area: 1.1. Central part of Kur-Araz lowland; 1.2. Clay structure of soil; 1.3. Quinoa field trials; 1.4.

Greenhouse experiments on Quinoa.
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Table 1. Dynamic of flowering of accessions of C.
quinoa 50% of opening flower the period of anthers
dehiscence. Average data for 2015-2017 years.

Number of Number of Number of days
Accessions days before days at 5% up to 100%
flowering flowering flowering
Q1 52 60 67
Q2 56 67 78
Q3 50 59 64
Q4 58 70 78
Q5 48 54 60

Quinoa is a predominantly self-pollinating species
and considerable variation exists between cultivars for
many of the desired characters. Pollination can also
occur by geytonogamy (pollination inside the inflo-
rescence) by means of wind (anemophilous) or with
support of small insects (entomophilous). Analysis of
pollen grains at the 50% of flowering plants revealed
development of heterogeneity of pollen grains. Early
flowers produced a high percent of sterile pollen grains.
The pollen produced differ in its shape, size and dynam-
ics of growth of pollen tube that indicate the hybrid ori-
gin of quinoa accessions. Fertile sprouted pollen grain
has long pollen tube with well differentiated nucleus
and cytoplasm (Fig. 2). Despite of the presence of sig-
nificant quantity of sterile pollen grains the investigated
quinoa lines, especially Q2 and Q5 have high seed set
value. Even low fertility of pollen provides success of
pollination and double fertilization.

Figure 2. Evaluation of the germination of pollen grain:
2.1. Accession Q2; 2.2. Accession Q5, pollen germina-
tion, formation of germination tube.

Seed morphology. There was no significant difference
in the fruit and seed morphology among investigated
accessions of quinoa cultivated in new environments.
Fruits of plant are simple, dry, indehiscent, achene,
monosperm with white pericarp (Fig. 3), in the mature
state with remnants of perigonium, albuminous white or
yellowish seed 1.8-2.5 mm in diameter. In quinoa seeds
the pericarp is very thin; as a result, the achene is also
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referred to as utricle. In mature fruit is always dry and
often uncoloured and consists of one or several, rarely
multiple, undifferentiated layers of parenchymatous
cells. Thickness of pericarp does not exceed 40-60 pm.
The innermost pericarp layer, if present, often consists
of thick-walled parenchymatous cells. Druses of crys-
tals are relatively rare and are deposited in the subepi-
dermal cell layers.

The seeds are with a thin (5-15 um) yellow testa.
Studied samples have slightly depressed seeds with
ovoid outlines in cross-section. The shape of the seed
corresponds to the shape of the embryo. Seed of Q1 ac-
cession is fine (5-15 pm) and light yellow colour. Un-
like early described other types of C. quinoa thin light-
yellow seeds of lacks stalactites [Suxorukov, 2015].
Pericarp is partially separated by seed coat at harvest
time. Seed coat thickness in C. quinoa varies among
studied accessions and is composed of two cell layers,
the endotegmen (the inner layer) and the exostema (the
external one). The presence of oblate unicellular papil-
lae is noted in the outer layer of the pericarp. In mature
fruits the papillous cells often fail to maintain turgidity
thereby appearing crater-like. Morphology and anato-
my of embryo of investigated for Q1 and Q5 accessions
of quinoa shown close similarities.

Quinoa mature fruits are characterized by the pres-
ence of large central perisperm and well differentiated
peripheral embryo. Mature fruits of quinoa have a pro-
nounced micropylar endosperm, which is presented by
two cells layered surrounding the hypocotyl-radicle
axis of the embryo.

The biology of seed germination. The biology of seed
germination is a part of the general biology of the plant,
reflecting its formation and development in connection
with environmental factors. The fruits and seeds of the
Amaranthaceae species differ by biology of seed ger-
mination [Butnik, 1981, 1991]. Seeds of many species
either do not have dormancy period, or it is short, about
1-3 months [Martin, 1946]. Exogenous dormancy of
seeds is caused by the pericarp, endogenous - by the
properties and ontogenetic stages of embryo: its mor-
phological or anatomic underdevelopment, or a special
physiological state. Thin parenchyma contains biologi-
cally active substances involved in metabolic processes,
which is manifested in the allelopathic effect of seeds of
some species during germination [Sapankevich, 1964;
Rays, 1978]. According to archaeological data, seeds
of species of the genus Chenopodium remain viable
for 1500 years [Odum, 1965]. As the literature data
showed, the long-term preservation of seeds in fossils
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Figure 3. The structure of mature fruit at harvest time in
Chenopodium quinoa: 3.1-Accession Q1, 3.2-Accession
Q5: a - the location of the embryo (E) and the perisperm
(Pe) in the seed; b - pericarp (P); v, vl - cotyledon; g,
ql - radicle.

(fossil remains) is ensured by the presence of poorly
decomposing dead cells tests, therefore, representatives
of Amaranthaceae are stored in fossil residues [Suxoru-
kov, 2015].

Our studies shown that in the structure of the seed of
all C. quinoa accessions there are no visible obstacles
to germination: the leaflets of the perianth, the pericarp
and spermoderm are thin parenchymatous, easily swel-
ling, the embryo with well-formed organs is structurally
prepared for germination. Apparently, the reason for the
short dormancy of seed is the peculiarities of metabolic
processes, and this type of dormancy is shallow endo-
genous physiological. Seeds of accessions Q1, Q3, Q4,
Q5 showed high germination rate (71- 85%), except for
accession Q2 (0%). Germination began after 7-9 hours
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at room temperature 24-25 °C (Fig. 4).

Freshly collected seeds of Q5 are more uniform in
size than other samples, however, there are both larger
and slightly smaller seeds. There were no germinated
seeds among them (Fig. 5.5). Seed collection of sample
Q-3 was carried out immediately on three replications
(Fig. 5.3). Both larger and smaller seeds are present,
with normally developed embryo and perisperm. Seed
collected of accession Q2 was held after rain on third
plot (Fig. 5.2). Seeds were placed in cloth bags. After
four days, individual germinated seeds were found.
After drying in germinated seeds, the formed roots
broke off, which affected the quality of the seeds. Hu-
midity caused the germination of seed in cloth bags and,
consequently, the death of germinated seeds. The seeds
of this sample are more heterogeneous in size. However,
both large and small seeds have well differentiated or-
gans of mature embryo. The collected of Q1 seeds was
also held after rain on third replications (Fig. 5.1). Seeds
are very heterogeneous in size. However, both large and

4.1.

I
Immadll A anda

[T Ti——

44
Figure 4. Laboratory germination of seeds provided by
the ICBA for sowing in 2016 in the territory of the KES.
4.1. Q1, Q3, Q4, Q5-germinated seeds; 4.2. Q2-not
germinated seed; 4.3. seed germination; 4.4. results
germination of seeds in Petri dishes.
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small seeds contain an embryo. Seeds were placed in
cloth bags, in which both small and large individuals
were sprouted.

Large and small frait.

E

Large and small fruit

Figure 5. Seed collection: 5.1. Q-1. Seeds harvested
after the rain caused the germination of individual
seeds. The roots formed after drying the seeds broke off.
Thus, it is confirmed that the collection of seeds should
be carried out in dry weather; 5.2. Q-2. Seed harvested
after the rain caused the germination of individual seeds.
Seeds are very heterogeneous in size. However, both
large and small seeds contain an embryo, small ones
also germinate, like large ones; 5.3. Q-3. in dry warm
weather. Seeds are more uniform in size. No germinated
seeds; 5.4. Q-4. in dry warm weather. Seeds are more
uniform in size. No germinated seeds; 5.5. Q-5. Seeds
harvested in dry warm weather. Seeds are more uniform
in size. No germinated seeds.

Thus, it is confirmed that the collection of seeds
should be carried out in dry weather. Humidity causes
germination of seeds, stored in cotton bags, consequent-
ly, leads to the death of germinated seeds.
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The germination of seeds in Petri dishes on distilled
water under the laboratory conditions began after one
day. It is interesting to note that the seeds are aligned in
size. The tip of the radicles of some seeds was damaged.
Perhaps this happened when the seeds were washed, and
this caused low germination rate. Some of the seedlings
were sown in pots of soil, and they continued to grow,
despite of damaged root. This experience confirms un-
usually high viability of quinoa seeds.

CONCLUSION

Our results shown that the seeds of C. quinoa acces-
sions have thin (5-15 mm) yellow testa that dominate
only in C. pamiricum, C. pallidicaule and, are unusual
for all lineages of earlier C. quinoa. The micropylar en-
dosperm (a non-embryonic tissue) forming a cone sur-
rounds the root apical meristem of the embryo. In qui-
noa micropylar endosperm being represented by one or
two cell layers thick, whereas described by P.B. Hernan
et al. [2014] has similarities with anatomy of coleorhiza
cells in cereals. Both seed structures serve the same role
during germination: both tissues store reserves, pro-
tecting the root apical meristem in the quiescent seed
and control dormancy during germination. Because of
the supposedly independent origin of monocotyledons
and dicotyledons, efforts to solve questions related to
seed evolution and particularly that of what determines
the fate of storage tissues should be furthered for both
grasses and quinoa. Hence, the present study may con-
stitute a contribution toward a more complete under-
standing of seed biology and thus may provide support
for broader phylogenetic studies.

During quinoa seed storage reserves starch (forming
compound and simple grains) localized in the seed peri-
sperm tissue [Prego et al., 1998]. Quinoa starch gran-
ules of investigated Quinoa lines range in size from 0.6
to 2.0 um. Seeds of quinoa Q1, Q3, Q4, Q5 accessions
provided for sowing had high laboratory germination
(71-85%), except for sample Q2 (0%). Freshly collected
seeds of all samples, including Q2, sown in Petri dishes
under laboratory conditions at room temperature (24-25
°C) began to germinate after 7 hours and showed high
germination rate (95-100%) through 16 hours. The rea-
son for the short dormancy of the seeds are, apparently,
the peculiarities of metabolic processes. This type of
dormancy is shallow endogenous physiological and is
characteristic of many members of the Amaranthaceae
family [Gus Gintzburger et al., 2003; Bazile et al., 2015].
Apparently, the reason for the short dormancy of seed is
the peculiarities of metabolic processes, and this type of
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dormancy is shallow endogenous physiological many
members of the Amaranthaceae family. Harvesting after
a rain causes the germination of individual seeds and
then, upon drying, causes damage to the root, which will
further affect the sowing qualities. Low field seed ger-
mination and seedling establishment are the main con-
straints in the Kur-Araz dryalnds environments. Grain
filling of quinoa occurred during hot summer season.
It is supposed that temperature and photoperiod of the
mother plant also influence seed dormancy. Spring sow-
ing, in which grain fill occurs in the summer, promotes
dormancy in quinoa seed. However, autumn ripening
reduces dormancy [Ceccato et al., 2015].

In conclusion all provided quinoa accessions under
the conditions of the KES went through all stages of on-
togenesis and formed viable seeds. Our studies showed
that quinoa has high adaptation to Kur-Araz agroclimat-
ic conditions with soils with higher clay contents, water
holding capacity, evapotranspiration and shallow water
and, therefore, has excellent potential as an alternative
crop to rehabilitate salt-affected farms which have be-
come uneconomical for the cultivation of the tradition-
ally grown crops. The high seed yield obtained under
marginal agro-climatic conditions of Kur-Araz (Azer-
baijan) are indicative of the quinoa potential. However,
further investigations are needed to study the perfor-
mance of a much wider range of genetically diverse
accessions at various soil and water salinities to fully
exploit the available genetic diversity within the crop.
The identification of each new high-yield and stress
drought- and salt tolerant accessions will result in better
products for growers, marketers, and processors.
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Soranliga davaml yiiksok saviyyali kinoya niimunalori
Kiir-Araz ovaliginda (Azarbaycan) yiiksok gil torkibina,
su saxlama qabiliyyatino, evapotranspirasiya vo sothi
sulara malik olan quraqliga meyilli vo soran torpaqlarda
introduksiya edilib. Bes kinoya niimunasinin todqiq
olunan biitin reproduktiv marhalslorinds (toxum
doninin mohsuldarligi, riiseym vo meyvonin inkisaf
marhalolori) hayat vo toxum amolagatirmo qabiliyyati
Oyranilib. Bitki genotipindon asili olaraq ¢igoklomonin
baglangic morhoalosi ¢igoklomo, toxumun yetigmosi
va quru ¢okiyo goro 66-77 arasi giin doyisir. Yer vo
genotiplorin qarsiliqli slagasi bitki boyu vo toxum
mohsuldarlig1 istisna olmagqla ¢igokloma vo yetismo
giinlori vo quru ¢oki baximindan shomiyystli idi.
Kinoyanin ii¢ erkon-orta, gec-gicokloma vo erkon-orta
va gec toxum yetismo klasterlori tosvir edilib. Kinoya
0z-0ziina tozlayan ndvlordir, lakin kiilok (anemofil)
va ya kigik hagoratlarin (entomofil) komayi ilo ¢igok
icorisindo tozlanma bas verir. Yeni otraf miihitdo
becarilon kinoyanin toadqiq edilmis sortlar1 arasinda
meyvo va toxum morfologiyasinda ohomiyyoatli
dayisiklik yox idi. Kinoyanin meyvalori sads, quru,
acilmayan, toxumca, diametri 1.8-2.5 mm, ziilali ag
vo ya sarimtil rongli, yetkin voziyyotdo ag perikarpl
perigoniumun qaliglar1 olan monospermdir. Kinoya
toxumlarinda perikarp ¢ox nazikdir; notico olaraq
toxumca kisocik do adlandirilir. Hoyat qabiliyyatine
malik olan toxum perisperm va perikarp1 shato edon
periferiya, ayri ruseymdon ibaratdir. Bir va ya iki hiiceyra
divart qalinliginin aydin goriinan mikropil endospermi
(embrional olmayan bir toxuma) embrionun kok apikal
meristemini ohato edsn bir konus amals gatirir. Kinoya
mikropil endosperminin anatomiyasi qurulus baximdan
taxil bitkilorindoki koleoriza hiiceyrolori ilo oxsardir.
Ehtiyat qida maddsleri hor iki toxumada toplanir vo
toxumda kokiin tops meristemini qorumaqda osas rol
oynayir vo clicorma zamani sakitlik dovriino nozarot
edir. Lipidlor, ziilallar vo minerallarin saxlandigi
Kinoya mikropil hiiceyra toxumasinin sonraki todqiqi
duz vo quragliga davamli olmaqla yiiksok toxum
mohsuldarligi vo qida keyfiyystino malik olan daha
yaxs1 uygunlasdirilmig genotiplori segmok {igiin nozara
alinmalidir. Endogen fizioloji tip sakitlik keciron tozo
toplanan kinoya toxumlar1 otaq temperaturunda (24-
25° C) 16 saatdan sonra yiiksok ciicormo doracasi (78-
85%) niimayis edir. Quraqgliq vo soranliga moruz qalmis
Kiir-Araz okin saholorinds arzu olunan genotiplarin
miioyyonlosdirilmosi  vo  mohsuldarhigi  artirmaq
liclin okin tocriibasi vo toxumlarin saxlanilmasinin
optimallagdirilmasi {izro islorlo miisaiyot olunmalidir.
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Saholors toxum erkon sopilmalidir, belo oldugda erkon
¢igokloma va toxumun yetismasi isti yay mdvsiimiindon
avval bas verir.

Acar sozlar: tozcuq danasi, quru kisacik meyva, mikropil
endosperm, taxila banzor bitki, soranhq, sohralasma,
Kinoya
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Apa3ckoii HU3BMEeHHOCTH (A3epoaiiKan)
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HccnenoBanHble COJIEYCTOWYUBBIE BBICOKO-PEUTHH-
TOBbIe 00pa3Ipl KMHOA, HHTPOMYIIMPOBAHHBIE HA TIIH-
HHUCTBIX TI0YBAaX, IMOIBEPKEHHBIX 3aCyXe W 3aCOJICHUIO
MpyU HU3KOM 3aJieraHWU TPYHTOBBIX BoJI B Kypa-Apasze
(AzepbaiimkaH), TPOIUTH BCE OHTOTCHETHYECKHE pe-
MPOAYKTUBHBIC CTAJANN PA3BUTHS (MIPOAYKTHBHOCTH
MIBUTHIIEBOTO 3€pHA, 3apOIBIIIa U TJI0AA) U IPOILYIIHPO-
Balll JKM3HECIIOCOOHBIE ceMeHa. l[BeTeHne n3menser-
ca Mexay 66 -77 MHSIMHU B 3aBUCUMOCTH OT T'€HOTHIIA,
BBICOTHI PACTEHUM, THEW O LIBETEHUS U CO3PEBAHUSA
(p> 0.05). Ommcansl TpW paHHE-CPEIHE-TIO3MHUX H
MTO3/THEIBETYIINX, M, CIIEJOBATEeIHHO paHHE-CPeIHe-
MMO3THAX W TIO3THECHeNbIX KiacTepax kumHoa. KuHoa
SBIISIETCS] TIPEUMYIIIECTBEHHO CaMOOTBUISIONINMCS BH-
JIOM, HO TIPOMCXOUT TIEPEKPECTHOE ONBUICHNE BHYTPH
COIIBETHS C IIOMOIIBIO BeTpa (aHEMO(DIITBHOE) WITH TIPH
MONZIEPKKE MEIKMX HACEKOMBIX (PHTOMOGHIHHOE).
3HaYUTENbHBIE PA3IHUAS B MOPQOJIOTHH ILIOMOB H
CeMSH cpeny MCCIeNOBaHHBIX 00pa3IoB KMHOA, BHIpa-
[IEHHBIX B yCIOBHSX WHTPOAYKIIMH HE HAOIIOMAHCH.
[Inoxpr KMHOA TIPOCTHIE, CyXHe, HE PacTPECKUBAIOIIHE-
csl, OHOJIETHUE, OHOCEMEHHBIE, C OETIBIM OKOJIOTLION-
HUKOM B 3PEJIOM COCTOSIHMH C OCTaTKaMH TIEPUTOHUS.
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CeMeHa 0eloro WM KENTOBAaTOTrO I[BETa JHAMETPOM
1.8-2.5 MM. Y ceMsIH KMHOA OKOJIOIIJIOJHUK OYE€HBb TOH-
KU U3-32 4ero ceMsi TaKKe YIIOMUHACTCS KaK MEIIOYEeK.
KuznecnocoOHbIe ceMeHa cofepkat nepudepuaeckuit
M30THYTHIN 3apOJbIIl, OKPY>KEHHBIN MepucriepMoM Hu
rnepuKapnueM. BplpakeHHBIA OOHO- WM JABYXCJIOW-
HBIl MUKPOIMISPHBIN 3HAOCIEPM (HE3IMOPHOHAILHAS
TKaHb) 00pa3yeT KOHYC, OKPYKAIOIIHii KOPHEBYIO aIlu-
KaJIbHYI0O MEPHUCTEMY 3apojbliia. AHATOMUS MHKPO-
NWUSIPHOTO 3HJOCIEPMa KHHOA IO CTPYKTYpE BBI-
SIBHJIA CXOJICTBO C KJIETKaMU KOJICOpe3bl y 371akoB. O0e
TKaHU NpeTHA3HAYCHBI ISl HAKOIUICHUS MUTATEeIbHBIX
BEILIECTB U UTPAIOT KU3HEHHO BAXKHYIO POJIb, 3aIlIUAIIAs
KOPHEBYIO alMKAJIbHYI0O MEPUCTEMY B MOKOSIIIEMCS Ce-
MEHHU U KOHTPOIIUPYS MTOKOH BO BpeMsl MPOPaCTaHUS.

JanbHeilmee uccieqoBaHUEe MUKPONWLISIPHOM TKaHU
KHHOA, TJIC XPaHATCS 3arachl )KUPOB, OSITKOB U MUHEPA-
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JIOB, JTOJIKHBI PACCMAaTPUBATHCS JJIs 0TOOpa TEHOTHUIIOB,
COYCTAIIIUX BBICOKHH BBIXOJ] KAYECTBCHHBIX CEMSH
U COJie- U 3aCyXOyCTOHYMBOCTHIO. CBEXKEOTOOpaHHBIC
ceMeHa KMHOA MOKa3aJii BEICOKYHO CKOPOCTh MPOpacTa-
Hus (78-85 %) uepes 16 wacoB npu KOMHATHOM TeMIie-
parype (24-25 °C) kpome Q2.

Wnentudukanys HaAWTydIIMX TEHOTUIIOB JIOJDKHA CO-
MIPOBOXKAATHCS PA0OTOM MO ONTUMH3AIMK TEXHOJIOTHU
BBIPAIUBAHNS W XPAHEHUS CEMSH, YTOObI MaKCHMHU-
3UPOBATh MPOJAYKTUBHOCTh B 3aCYIUIMBBIX 3eMisix Ky-
pa-Apasa, MOABEPKEHHBIX 3aCOJICHUIO. PaHHUI Cpok
MOCEeBa CEMSH Han0oJee ONTUMANBHBIN, TaK KaK I[Be-
TEHUE U CO3PEBAHHUE CEMSH MTPOUCXOST 3a]0JT0 0 Ha-
CTYIUICHUS JICTHEH JKaphbl.

Knrouegvle cnosa: nviibyegoe 3epHO, 0OHOCEMAHHbLU
n100, MUKDONUIAPHBLIL SHOOCHEPM, NCeB003NAKO80e
pacmeHue, 3aco1eHHOCMYb, onycmvinuganue, Kunoa



