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ABSTRACT 
 

The field work was carried out at the Experimental Station, Faculty of Agriculture, Cairo University, Giza, 
Egypt. The seeds of Chenopodium quinoa Willd. were sown at season 2012 to study the micro-
macromorphological and anatomical characters of quinoa plant.  Macromorphological characters of seedling, 
leaves, stem, inflorescences, pollen, fruits and seeds and the micromophological features of pollen, fruit and 
seed surface sculptures performance by Scanning Electron Microscope (SEM), in addition to the anatomical 
characters were considered. The brief results obtained from the macromorphologyical studies indicated that the 
germination of quinoa seed is epigeal. The leaves are arranged alternately and lamina is ovatus shape, obtusus 
apix, breve augustatus base, sinuate margin. The blade is polymorphic in the same plant; rhomboid, triangular or 
lanceolate. The stem is aerial, erect, cylinder, green color and has a cutinized epidermis. Inflorescence is 
compound raceme and the panicle is amaranth form. The flowers are small, green, hypogynous and bisexual; the 
flowers incomplete, sessile and without petals. The pollen grains are circular, polypantaporate and intectate. The 
fruit of quinoa is coated with a thin pericarp and consists of embryo of two cotyledons, plumule and the radicle 
wrapping with a curvature at the micropylar end. The seed which envelopes the perisperm like a ring, and has a 
cellular endosperm tissue. The SEM results revealed that the pollen grains are spherical, pantoporate. The fruit 
is an achene; with a single seed, pale brown color and oblong shape. The seed surface sculpture is falsifoveate.  
       The anatomical structure of seedling and leaves were investigated; the prophyll has midrib region include 
concave adaxial epidermis, while the abaxial is convex and covered with a thick layer of cuticle. One vascular 
bundle in the midrib, surrounded by a layer of thick parenchymatous cells. The blade consists of upper and 
lower epidermal layers with a mesophyll in between. The mesophyll is composed of unarranged palisade and 
spongy cells in equal ratio. Hairs are glandular and many crystals of calcium oxalate dispersals in prophyll. The 
blades of mature leaves number two, six and twelve at age four and six weeks old have compact arrangement of 
epidermal cells and presence of cuticle layer, anisocytic stomata and glandular hairs. At the midrib region, 
abaxial and adaxial epidermises are convex. The midivein containing three vascular bundles with the largest in 
center, xylem contain large and lignificd vessels from each median and basal portion. At the blade region, 
stomata occur on both surfaces and mesophyll consisting of palisade tissue towards the adaxial surface occupies 
one-half of the whole thickness of mesophyll. Crystals are druses and abundant from calcium oxalate dispersals 
on leaf. The hypocotyl has 9 furrows and 9 ridges. The epidermis is one layer of regular compactly cells. 
Stomata and glandular hairs are present. The cortex has a chlorenchyma cells at the ridge and parenchyma cells 
in the furrows. Small and large vascular bundles are arranged in a ring. The crystals oxalates are present in 
parenchyma cells dispersal. The pith consists of polygonal parenchyma cells. The apical internode has 10 to13 
furrows and ridges constituting its general outline. Epidermis cells are small, square in shape and covered with a 
very thin layer of cuticle. Stomata and glandular hairs are found. The cortex has chlorenchyma and parenchyma 
cells. Minor and major vascular bundles are arranged in a ring, the pith cells are large in size and the crystal 
more appearance. In the median internode, the ribs are comparatively smaller in size than those associated with 
apical internode. The cortex of the stem consists of chlorenchyma, fibres and parenchyma. The starch sheath is 
easily recognized and the pericycle. The vascular cylinder has large (primary) and small (secondary) collateral 
bundles. The pith diameter is bigger than the apical internode. The base internode is cylindrical in outline; a 
periderm is formed in the sub epidermal layer. The trichomes and mechanical tissue are absent. The vascular 
cylinder is composed of collateral bundles; secondary xylem is more complex topography and embedded in 
lignified parenchyma cells. The primary xylem is recognized abutting the pith.  
             
 Key words: Chenopoduim quinoa, micro-macromorphology, anatomy, stem, leaf, fruit, inflorescences and seed.  
 
Introduction 
 

Quinoa (Chenopodium quinoa Willd.) belongs to family Chenopodiaceae. It comprises some 100 genera 
and 1500 species. Quinoa is found worldwide. It is originated in the Andean region of South America; Ecuador, 
Bolivia, Colombia and Peru. Quinoa is consider the super food of the future, it is not a grain but a seed, and it is 
ground into flour for food use and substituted for grains, especially by those with gluten sensitivity. Quinoa has 
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been recognized for its nutritional benefits all over the world. It has great importance for the nutritional value of 
pseudo cereals, because the high content of dietary fiber has positive effects on the reduction of the cancer risk. 
Quinoa seeds are a complete food with high-nutritional value due mainly to their high content of good quality 
protein (Abugoch et al., 2008). Quinoa seeds contain essential amino acids like lysine, methionine and 
acceptable quantities of calcium, phosphorus, and iron in addition to relatively high quantities of vitamins like 
thiamine and vitamin C (Jancurová et al., 2009), in addition to vitamin E (Ng and Anderson, 2005). Seeds 
are rich in phosphorus, potassium, magnesium, zinc, copper and iron provides fibre as well as some B vitamins, 
in general, quinoa contained higher total mineral contents than the other cereals such as rye and wheat (FAO, 
2011). Quinoa seeds consumed by different ways; cooked, flour, extruded, bread, cookies, muffins, pasta, 
snacks, flakes, breakfast cereals, baby foods, beer and diet supplements (Bhargava et al. 2006). Quinoa leaves 
are also eaten as a leaf vegetable.  

Because quinoa is introduced and cultivated quite recently in Egypt and considered a new crop, the present 
investigation is an attempt to bring to light more information about the micro-macromorphological and 
anatomical structure of main stem, leaf, inflorescence and flower in addition to, pollen, fruit and seed surfaces 
structure of quinoa plant,  
 
Materials And Methods 

 
This study was performed at the Experimental Station, Faculty of Agriculture, Cairo University, Giza. 

Cultivation date was January 15 th

Specimens were taken fortnightly. A full microscopically study was carried out on specimens represented 
the main stem through terminal, median and basal portions, leaves through middle of the lamina. Mature fruits 
and seeds of were studied with light microscopy and scanning electron microscopy (SEM). The SEM 
micrographs were taken after mounting of the dry fruits and seeds with SPI supplies on copper stubs and coated 
with a thin layer of gold palladium in Edwards Sputter Coater Unit, S150B. Scanning was carried out by JEOL-
JSMT 100 Model, National Research Centre, Giza, Egypt. 

 2012 season. Chenopoduim quinoa Willd. seeds were obtained by personal 
contact through Non-Governmental National Organization from Denmark. The field trial included three 
replicates, each represented by one plot, the plot was 10 x 6 m with ridges 60 cm apart and the hills were spaced 
at 20 cm distance. Little of seeds were sown in each hill, and the stand was later thinned to one plant per hill. 
Land preparations and agricultural operations followed the normal recommended practices of crops cultivation.  

Microtechnique procedures given by Nassar and El-Sahhar (1998) were followed. Specimens were killed 
and fixed for at least 48 hrs. in F.A.A. (10ml formalin, 5ml glacial acetic acid and 85ml ethyl alcohol 70%). The 
selected materials were washed in 50% ethyl alcohol, dehydrated in a normal butyl alcohol series, embedded in 
paraffin wax of melting point 56ºC, sectioned to a thickness of 20 microns, double stained with crystal violet-
erythrosine, cleared in xylene and mounted in Canada balsam. Slides were examined microscopically. 
 
Results And Discussion 
 
A- Morphological study: 

 
Germination of the quinoa seed is epigeal (Fig. 1, a). The leaves are thick, fleshy, broad and smooth. Leaves 

arranged alternately and petiolate, thin and grooved on their upper part. Leaf  blade is ovatus shape, obtusus 
apix, breve augustatus base, sinuate margin (Figure 1, c). Leaf blade is vary; large, rhomboid and triangular 
broad in lower part, while in the upper part (around the inflorescences) they are small and lanceolate; they are 
waxy-coated. Edges are sinuate leaf (Cronquist, 1981). The blade is polymorphic in the same plant; rhomboid, 
triangular or lanceolate, flat or wavy, quite thick, fleshy and tender. The leaves are rich in calcium oxalate, 
which forms a sort of grit on the surface (Figure 1, b and c). Quinoa is forming the major length of the stem after 
two weeks; annual plant usually about 70 and 100 cm high, one main stem aerial and erect, thick, green color 
and has a cutinized epidermis. It is cylindrical at base and angular from the ramifications as the leaves are 
alternate giving an exceptional configuration (Figure 1, b). 

Inflorescences are started appearance about seven weeks after sowing. It is compound raceme (panicle), 
made up of a central and secondary axis and tertiary branches (Fig.1, d). The panicle is amaranth form 
confirmed with that describe by Cronquist, 1981.  

The flowers are very small, green hypogynous have a simple perianth and are hermaphrodite (bisexual) and 
self-fertilizing (Fig.1, e and Fig.2). The flowers incomplete, sessile and without petals (Fig. 1, e). The flower in 
transverse section (Fig. 3), formed of five green sepals perigonium surrounded by calcium oxalate crystals, at 
the center of each sepals there is one small vascular bundle embedded in the ground tissue. The epidermal cells 
of sepals develop trichomes. Androecium contains five short stamens, yellow curvatures and short filaments 
alternate with the sepals; the stamen consists of a two-lobed and four-loculed. The filament is relatively simple 
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in structure, parenchyma surrounds the vascular bundle and the anthers have 4 pollen sacs (locules). Gynoecium 
with a central stigma that is feathery and ramified with two stigmatic branches. The ovary is ellipsoidal, superior 
(hypogynous, the ovary is found at a level above that of the other parts) and anatropous (ovule is curved with the 
micropyle at one side of the funcile), one carpel is fused to an ovary with one basal ovule (Fig 2, a, b and c).  

The longitudinal section of the mid mature fruit of quinoa is shown in Figure 4 (a and b). It is obvious that 
the fruit is coated with a thin pericarp and consists of the embryo which formed of two cotyledons with the 
plumule in between and the radicle wrapping with a curvature at the micropylar end, the seed which envelopes 
the perisperm like a ring. The perisperm is the main storage tissue and is mainly made up of starch seeds. It is 
polygonal in shape, with thin straight walls and with large aggregates of starch (Fig. 4, a). Quinoa seed also has 
a cellular endosperm formed by different layers that completely surround the embryo from which it is separated 
by a layer of air. The endosperm is adhering to the seed coat from their outer sides; it is tissue contains food 
reserves for the nourishment of the embryo (Fig. 4, b). Gallardo et al. (1997) suggested that after the seed is 
hydrated, the cells of the endosperm enter into contact with the embryo which rapidly consumes it during its 
growth. The previous obtained results were in accordance with those stated by Prego et al. (1998). 

In this connection, Mastebroek et al., (2000) stated that the embryo surrounds the perisperm is 
dicotyledonous and is part of the bran fraction of the seed; it is high in proteins and lipids, and contains most of 
the ash, fiber, and saponins. As mentioned previously, carbohydrates, proteins, and lipids are the main 
component of the seeds, and they are mostly responsible for the functional properties that have made them new 
ingredients in the development of new products. 
 
B- Micromorphology studies: 
 
- Pollen grains: 

 
The results of light micrographs indicated the general shape of examined quinoa pollen grain was very 

small, circular, polypantaporate and intectate (apparently pillate to clavate).  
Plate (1, a and b) shown the pollen grains under scanning electron micrographs are spherical with many 

pores (pantoporate). The results of this studies show that pollen micromorphology can be used to superstation 
between species of this genus. The pollen grain of quinoa is spheroidal in shape and pantoporate (Punt et al., 
1994). The surface of grains is covered with minute of grains spinules (Nowicke, 1976). 
 
 - Fruit and seed surface structure: 

 
The SEM observation revealed that alveolate-fruited taxa C. quinoa is phenotypically distinct from the 

smooth-fruited (Plate 2, a). The fruit is an achene derived from a superior unilocular ovary. It has dorsiventral 
symmetry and is cylindrical-lenticular form. It is slightly wider towards the center. The ventral part of the 
achene has a scar from the insertion of the fruit in the floral receptacle. It has a perigonium that completely 
covers the seed and contains a single seed, pale brown colour and oblong shape (Plate, 2, a). The above 
mentioned results were confirmed with those of Wilson (1980), Wood et al. (1993) and Prego et al. (1998).     A 
seeds have testa of bage color; clavatus shape (Plate 2, b and c). The seed surface topography was observed that 
a pattern of seed surface was flatly tuberculate, and testa pattern was describe the developmental stages of 
epicarp cells (Plate 3, a to d). This result could be used for further studies as a taxonomic evidence to distinguish 
between quinoa species. The previous obtained results were in accordance with those stated by Gallardo et al. 
(1997) and Prego et al. (1998). 
 
C- Anatomical structure: 
 
- Leaf structure: 

 
- The prophyll: 

 
Transverse section of the prophyll at age two weeks (Fig. 5, a) reveal that the midrib region include adaxial 

epidermis is concave while, abaxial is convex and covered with a thick layer of cuticle especially at the abaxial 
surface. The abaxial epidermis has large and rectangular nearly shaped cells compared to the rather small and 
square cells of the adaxial epidermis. One vascular bundle in the midrib, oriented with the xylem (includes 4-5 
of vessels) directed towards the adaxial surface and little phloem towards the abaxial, the bundle is surrounded 
by one layer of thick parenchymatous cells.  
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Fig. 1: The morphological shapes of different part of Chenopodioum quinoa plant. 
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Fig. 2: The Longitudinal section of quinoa bud flower appears flower structure. 
Details: a, anther; an, anatropous; f, filament; o, ovary; se, sepaloid and tr, trichoms.(100X) 
 

 
a                                                                       b 

Fig. 3: Transverse section of floral buds of quinoa. 
Details: a, anther; c, calcium oxalate; f, filament; o, ovary; ov, ovule; se, sepaloid and tr, trichoms.(100X) 
 

 
 
Fig. 4: Medial longitudinal section of quinoa seed showing the pericarp (pe), seed coat (sc), cotyledons 

(c), endosperm (en) (in the micropylar region only), radicle (r), funicle (f), and perisperm (p).Bar 
= 500 mm. 

 

 
                                                a                                                             b 

 
Plate. 1: Pollen grain surface sculpture appearance as shown by SEM. 

       a: Pollen grain.  (3000X)     b: Portion of pollen showing pores and opercula.  (10000X) 
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                                  a  (1000X)                                                          b  (1500X) 

 
                                    c  (1500X)                                                         d  (6263X)              

 
Plate. 2: Mature fruit appearance alveolate-fruited taxa of Chenopodium quinoa. 
 

 
                           a                                    b                                c                               d    

Plate 3: Seed surface sculpture appearance epicarp cells development as shown by SEM. (10000X)       
 
At the blade prophyll shows that, it consists of upper and lowers epidermal layers with a mesophyll in 

between (Fig. 5, b). The both epidermises have large and nearly square shaped cells. The stomata are more 
frequently present in the lower epidermis, they have large air chambers. The mesophyll is composed of six 
layers of parenchymatous cells which are distinguished into a three layers palisade tissue and the same spongy 
tissue. The palisade tissue is   elongated perpendicularly to the surface of the blade being characterized by a 
prochloroplasts and are not compactly arranged and prominent intercellular spaces are seen. In addition, the 
spongy tissue is unarranged cells with many wide intercellular spaces. At several places the first layer of the 
spongy tissue may resemble the palisade layer in appearance and thus the number of palisade layers may be 
mistakable. The blade has smaller bundles are directly embedded in the mesophyll.  

The transverse section of the first leaf at a three weeks old plant of the midrib region (Fig. 6, a) shows that 
the both upper and lower epidermis became convex but the last one is more sharply. The chloroplasts are 
information above the two main vascular bundles and besides too, while it is   not found down it. The bundles 
are dividing to one small and anther is big, which being to divide again for consist main three bundles embedded 
in parenchyma cells. The biggest one has about 13 vessels and 8 in the small bundle.  

As the blade, stomata are more numerous on the lower epidermis than on the upper one, and have a small 
air chamber, it is of anisocytic type and have with oblong guard cells (Figure 7, a, b and c). The mesophyll 
tissue is rich by chloroplasts and slender cells full of plastids (Fig. 6, b). Trichomes are present on both surfaces; 
they are glandular hairs and many crystals of calcium oxalate dispersals on leaf.  

 
- The mature leaf: 

 
Therefore, the anatomical structure of leaf blades representing apical (number 12), median (number 6) and 

basal (number 2) were investigated. Transverse sections of leaves at age six weeks (Fig. 8, a, b and c) were 
nearly having the same structure. At the midrib region, adaxial and abaxial epidermises are convex but abaxial is 
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more convex, the both surfaces are compact arrangement, small and square shape cells which cavers with cuticle 
layer. The midvein are containing three vascular bundles the largest one in center while the lateral are small, 
surrounded by parenchaymatous cells, they seems more development in vascular tissues (xylem and phloem), 
where they have high amount from phloem elements and xylem contain large and lignification vessels from 
each median and basal leaf. The xylem includes about 13-15 of vessels in the center bundle and from 8 to 10 in 
the both lateral. 

At the blade region, both epidermises have rectangular cells. Stomata occur on both surfaces and located the 
same with surface of the epidermis. Mesophyll consisting of palisade tissue   towards the adaxial surface 
occupies one-half of the whole thickness of mesophyll and dense spongy tissue below the abaxial. Crystals are 
druses and abundant from calcium oxalate dispersals on leaf.  

Metcalfe and Chalk (1957) mentioned that the epidermis has glandular hairs and stomata are present on all 
parts of the leaf surface, the pores being orientated transversely to the median vein. Mesophyll consisting of 
more layer of palisade cells towards the adaxial surface and of rather dense spongy tissue below.  

 
- The petiole: 

 
The petiole of quinoa leaf as seen in the transverse section (Fig. 8, d) is arc shaped and tetragonal in outline, 

bounded by a uniseriate epidermis of nearly square shaped cells. The outer walls of the epidermis are covered 
with a thick cuticle layer. Stomata and trichomes are presented similar to those found on the leaf blades. There 
are 2-3 layers of compact parenchayma cells directly underling the epidermis.  The ground tissue consists of 
large parenchayma cells with small triangular intercellular spaces. 

The vascular tissues are formed of four main collateral bundles which are arranged in arc shape, and 
separated from one another by parenchyma cells. Xylem is directed towards the adaxial side. Crystals are 
dispersal in the ground tissue.   

In this connection, Metcalfe and Chalk (1957) revealed that in spices of Chenopodium the petiole is arc of 
individually distinct vascular bundles, a variously shaped arc of bundles and crystals of calcium oxalate situated 
in large idioblasts in the mesophyll, see also under epidermis. Oxalates allow the plant to absorb and retain 
moisture better from the environment, while protecting it from forest. This phenomenon is known as 
hygroscopic capacity of the sheet. 

 
- Stem structure:  

 
- Hypocotyl structure: 

 
The hypocotyl at two weeks old as appears in cross section (Fig. 9) has 9 furrows and 9 ridges. The 

epidermis consists of one layer of regular cells, arranged compactly. Epidermis cells are nearly square in shape 
and covered with a thin layer of cuticle. Stomata and little glandular hairs are present in the epidermis. The 
cortex has a peripheral zone of 3-4 rows of integrated choloranchyma cells at the ridge; and 3-4 rows more 
thickness in the furrows follow it about six rows from parenchyma tissues. Hypocotyl has 17 vascular bundles 
which produced from cambium situated in the pericycle. The vascular bundles are arranged in a ring and being 
separated from another by conjunctive tissue, the ten bundles are small and seven are large. The primary bundles 
have weakly developed vessels and little amount from phloem. It is worthy to note that the crystals oxalate 
which are present in parenchyma cells dispersal. The pith consists of polygonal parenchyma cells with relatively 
which tend to decrease in size towards the periphery; small triangular intercellular spaces are visible. 

The hypocotyl at three weeks old as appears in cross section (Fig. 10) has 9 furrows and 9 ridges but they 
are not sharply. Epidermis cells are nearly rectangular in shape and covered with a very thin layer of cuticle. 
Stomata and glandular hairs are present in the epidermis. The cortex has a peripheral zone of 8-9 layers of 
thickened cells at the ridge; and 5-6 similar layers in the furrows. The outer layers of cortex are small, thick-
walled and compact cells, while inner layers are large cells. 

Stem is become relative thick, the stele consists of 18 to 20 collateral bundles, divided to major bundles and 
minor bundles usually located in the region between any large ones. Each major bundle has 4 to 5 vessels, while 
the minor has 2 to 3 weakly developed vessels. The pith is become large space. The crystals oxalate increased in 
cortex and pith.  

 
- Apical internode structure: 

 
The apical internode was studied at the age four weeks old of transverse section shown in Fig. (11) as it 

represents the primary structure of the stem. The stem surface of quinoa plant has 10 to13 furrows and ridges 
too constituting its general outline. Epidermis cells are very small, square in shape and covered with a very thin 
layer of cuticle. Stomata and glandular hairs are found in the epidermis. The cortex has a peripheral zone about 
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4-5 rows of small cholorenchyma cells below the epidermis while a second follows zone consisting of 8-9 rows 
of small parenchyma cells.  

The stele consists of 25-30 collateral bundles, most bundles are minor in size and each one have about one 
to ten of narrow vessels and little amount from phloem. The pith cells are tent to decrease in size towards the 
periphery; small triangular intercellular spaces. The crystals are dispersal in internode.  

At the age six weeks (Fig. 12), the internode surface has a little deeply of furrows and ridges. Epidermis 
cells are nearly square in shape and cover with a thin layer of cuticle. The cortex consists of cholorenchyma 
cells that lies beneath the epidermis, notice about 4 -5 rows at the furrows which development to be 
collenchyma. It is evident that the strands of collenchyma constitute the chief mechanical tissue of the axis and 
from the furrows. Notice underlying the cholorenchyma 6 to 7 rows of parenchyma cells. 

The vascular bundles are arranged in a ring and being separated from one another by medullary rays. The 
stele consists of 28 to 32 collateral bundles of which 14-16 are major and the remainders are relatively minor. 
The minor bundles are usually located in the region between any of two major ones. Each minor bundle has 4 to 
5 weakly vessels developed, while the major ones more developed and have much number of vessels may reach 
12 lying in parallel rows. The pith cells are larger in size and crystal more appearance in cortex.  

This description is agreement with Metcalfe and Chalk (1957) they indicated that the stems of 
Chenopodium species are contain numerous vascular bundles, laid down, together with the conjunctive tissue 
around them, by a succession of rings or arcs of cambium, usually situated in the pericycle. The first bundles to 
be formed in the stem and are laid down before secondary thickening begins. The primary bundles grow in 
thickness to a considerable extent before the formation of secondary bundles begins. 
 

 
 
Fig. 5: Transverse sections of leaf Chenopodium quinoa willd. prophyll at age two weeks.  

     a: Transverse section through the midrib.  (100X) 
     b: Transverse sections through the blade.   (200X) 
     Details: l ep, lower epidermis; pal, palisade tissue; ph, phloem; st, stomata;  
     spo, spongy tissue; u ep, upper epidermis; v b, vascular bundle and x, xylem. 

 

 
 
Fig. 6: Transverse sections of leaf Chenopodium quinoa willd. at age three weeks. 

     a: Transverse section through the midrib.  (100X) 
     b: Transverse sections through the blade.   (200X) 
     Details:chl, chloroplast; cr, crystal; mes, mesophyll;pa, parenchyma; st, stomata and v b, vascular 

bundle. 
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Fig. 7: The epidermal cells and stomata shape of quinoa leaf appears shape guard cells. 
 

 
Fig. 8: Transverse sections of leaf Chenopodium quinoa willd. at age six weeks.  

     a: Transverse section of apical leaf.   
     b: Transverse section of median leaf.    
     c: Transverse section of basal leaf. 
     d: Transverse section through the petiole of the median leaf. 
Details: chl, chloroplast; c, crystal; mes, mesophyll; ph, phloem; pa, parenchyma; st, stomata; tr, trichoms;  

v b, vascular bundle and x, xylem. 
Median internode structure: 

 
It is obvious that the median internode number 6 at age four weeks is ribbed, but the ribs are comparatively 

smaller in size than those associated with apical internode in the same age (Fig. 13). The epidermis composed of 
a single layer contains trichomes. The outer walls of the epidermis are thickened and covered with a thin layer 
of cuticle. The ribs of the stem mainly consist of chlorenchyma while at the angles, are three or five rows of 
fibres to support. The parenchyma of the cortex consists of 5 to 9 layers of small cells.  

The vascular tissues appear as a cylinder between the cortex and the pith, the starch sheath is easily 
recognized. The vascular cylinder is separated by interfascicular regions into large and small collateral bundles 
in alternate arrangement. The number of large bundles is 20 each one has 17-20 vessels in 5-7 rows whereas the 
smaller is 15 each one has 9-14 vessels in 2-7 rows. The phloem contains sieve tubes with companion cells, 
fibres and parenchyma cells.  

In six weeks old plants Fig. (14) the epidermal cells as well as the palisade tissue, fibres and parenchyma 
cells of the cortex appear keeping pace with the increase in the stem girth. Many of both kinds of cortical cells 
show elongation in the tangential direction. The fascicular cambium gives rise to much xylem and too little 
phloem. Moreover, the interfascicular cambium at some places develops secondary vessels opposite to the 
phloem groups lying between the bundles. Consequently the number of bundles is shown to increase than 
before. The pith cells continue their increase in size and therefore the pith diameter appears bigger than before. 

In this connection, Esau (1959) mentioned that the outer part of the primary cortex sometimes differentiated 
as palisade tissue. The secondary vascular bundles are embedded in the parenchymatous ground tissue in a 
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concentric, spiral or irregular manner as seen in transverse sections. The first pericyclic cambium produces a 
layer of pith like tissue before any secondary bundles are formed and this sequence of events causes the primary 
bundles to appear as if they are medullary. The primary bundles grow in thickness to a considerable extent 
before the formation of secondary bundles begins in the stems of Chenopodium species. 
 
Basal internode structure: 

 
The basal internode was studied at a four weeks old stage of growth. It is obvious that the basal portion is 

not ribbed as the remainder of the stem, but it is cylindrical in outline Figure (15).  The cortex consists of 7 to 10 
layers, all of compact parenchyma cells. The mechanical tissue, collenchyma, chlorenchyma and fibres are 
absent from the cortex.  

 
 

Fig. 9: Transverse sections of seedling hypocotel of Chenopodium quinoa willd. at age two weeks. 
 

 
Fig. 10: Transverse sections of seedling hypocotel of Chenopodium quinoa willd. at age three weeks.  
 

 
Fig. 11: Transverse sections of apical internode of Chenopodium quinoa willd. at age four weeks.  
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Fig. 12: Transverse sections of apical internode of Chenopodium quinoa willd. at age six weeks.  

a: Transverse section of whole stem.  (100X)  
b: Portion of transverse section of whole stem .  (200X)  
Details: ch, chlorenchyma; cr, crystal; ep, epidermis; f, furrow; pa, parenchyma; ph, phloem; pi, pith;r, 
ridge; ss, starch sheath; tr, trichoms; v b, vascular bundle and x, xylem. 

 

 
Fig. 13: Transverse sections of median internode of Chenopodium quinoa will. at age four weeks.  
 

 
Fig. 14: Transverse sections of median internode of Chenopodium quinoa willd. at age six weeks.  
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Fig. 15: Transverse sections of basal internode of Chenopodium quinoa willd. at age four weeks.  
 

 
 
Fig. 16: Transverse sections of basal internode of Chenopodium quinoa willd. at age six weeks.  

a: Transverse section of whole stem.  (100X)  
b: Portion of transverse section of whole stem .  (200X)  

Details: ch, chlorenchyma; co, cortex; cr, crystal; cy, cylinder vascular; fi, fibers; me, medullar bundle; pa, 
parenchyma; pal, palisade tissues; per, periderm; pi, pith; pv, primary vascular bundle; ph, phloem; tr, trichoms; 
sv, secondary vascular bundle and x, xylem. 

 
The vascular cylinder is composed of collateral bundles; secondary xylem is present in nearly a continuous 

cylindrical form consisting of vessels arranged in radial rows embedded in lignified parenchyma cells. The 
primary xylem is recognized abutting the pith. The anomalous secondary thickening include the development of 
numerous concentric bundles in the peripheral portion of the pith due to the formation of extra fascicular 
cambial rings which produces phloem on the inside and xylem on the outside. The phloem is well developed. 

At the age six weeks old (Figure16), the epidermis as well as the cortex are completely sloughed off, and a 
continuous well defined periderm. A periderm is formed in the sub epidermal layer. The mainly of a vascular 
cylinder surrounded by a periderm; trichomes are not observed. At this age the phloem region possesses more 
fibrous strands due to the transformation of several contiguous parenchyma cells of the primary phloem into 
fibres possibly after division into smaller cells followed by longitudinal intrusive growth of the resulting cells. 
These new fibrous strands are irregularly distributed among the rest of the primary phloem parenchyma cells 
which are still keeping pace with the increase in stem diameter by visible dilation. The medullary bundles tend 
to be separated from one another by thin rays of varying width. The secondary xylem is far prevailing the 
secondary phloem in amount and the ray cells extending in the phloem show marked dilation, besides new 
secondary rays appear extending close to the vessels. It seems that, the activity of the cambium is devoted after 
the previous age to the production of more phloem elements than xylem ones. This may attributed to the start of 
entrance of the plant into the stage of active flowering and setting of fruits.  

The previously mentioned structure of quinoa plant is in harmony with those given by Esau (1959) who 
noticed that pericyclic cork sometimes originating from cells intimately associated with, and possibly forming 
part of the secondary cambial layers. A thick layer of cork is composed of polygonal cells, noted at old stems. 
Noted long and narrow arcs of fibres in the pericycle, large sieve tubes recorded in the phloem of Chenopodium, 
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xylem usually including vessels with simple perforations and it is spiral thickening. The phloem strands very 
small in cross section.   
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	Plate 3: Seed surface sculpture appearance epicarp cells development as shown by SEM. (10000X)

