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ABSTRACT

For evaluation the possibility of amaranth cultivation as a new crop with high value nutrient and high
production potential in Tabriz region, an experiment was conducted on randomized complete block design
based factorial in 3 replicates using two factor as different planting density 10, 20, 30 and 40 plants per m2

and different sowing dates in 20-Apr, 5-May, 20-May, 3-Jun, and 18-Jun in 2008-2009 crop season. The results
showed that delay in sowing reduced plant height at least 13.02 up to 33.17%, the number of inflorescence
per plant from 23.35 to 56.69%, number of seeds per plant from 22.75 to 71.44%, grain yield per plant from
5.09 to 92.78% and yield from 27.41 to 79.88%, plant biomass from 39.34 to 79.91%. This shows the
importance of sowing date determination of this crop in the region. Increasing plant density led to increase the
number of inflorescence per plant up to 56.69% and reduced the number of seeds per plant up to 63.74% but
the yield per area unit increased in low density and decreased in very high density (40 plant. m2). Interaction
between delay sowing and increasing plant density decreased leaf area at least 19.63 up to 97.15%, oil in seeds
from 22.20 up to 98.26%, shoots oil from 34.38 to 93.81%, seed protein content from 2.99 to 92.23%, shoot
protein from 3.74% up to 65.81%. Therefore, early sowing dates with low density increased growth period and
reduced competition, so increased production potential of amaranth.
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Introduction

World increasing population and destruction of
natural resources and the urgent need to increase
food products are known the basic problems of
world. Increasing world population will be reduced
crop cultivation area. For this reason, food production
must increase [20]. Otherwise the pressure increase
on natural resources and threaten the stability of
agricultural systems [12]. Attention to new crops
with high production potential is one of the most
important strategies to increase crop production. After
1980, amaranth as a new crop attracted the attentions
in North America and now is a well known plant,
although in compare with other cereal has less
importance, but the successful cultivation and
development of new cultivars supply food in the

future [5]. Amaranth is a plant that has leaves similar
to spinach leaf and cultivated for its leaf or seeds
[18]. Amaranths genus crops can be grow up to 2
meters height and produce fifty thousands seeds. This
crop can grow even in poor soils and has a high
resistance to heat and drought [21]. This crop
cultures in a wide range of weather conditions, soil
and agricultural systems, and is suitable for
cultivation in low-and high extension[2]. 

O’brain and Price [16] showed that increasing
row spacing from 20 and 38 to 76 cm. increased
yield. Planting seeds on suitable date maximize the
growth duration and complete seed maturation lead
to maximize yield and reduce the risk of unfavorable
environmental conditions on grain and forage quality.
When the planting date is chosen, plant mature
should be considered. When the proper planting date
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is selected, a cultivar with a suitable growth period
can be flower and produced seed in a proper time. If
a plant starts to flower early, maximum growth and
yield will not result. Early sowing can also increase
risk of late freezing 11 .Barros et al. [1] expressed
that early planting date increased amaranth leaf area
duration and water absorption during the critical
period be tween flower bud appearances to flowering.
Also early planting increased seed number per unit
area without reducing its weight and improved yield.
This crop has a good feature for export market and
amaranth cultivation is also significant for third
world developing countries with increasing population
and food shortages [19].

Therefore, the aim of this research was
evaluation of product development possibility of
Amaranth Tabriz climate.

Materials and Methods

A factorial experiment based on randomized
complete block design with three replications was
conducted during growing season of 2008- 2009 at
Islamic Azad University, Tabriz branch, Agricultural
Research Station in Tabriz located at 38E 3& N, and
46E 27& E, 1360 meters altitude in North West of
Iran with amaranth cv. Koniz (Amaranthus
hypochindriacus L.× Amaranthus hybridus L.).
Treatments consisted of 4 levels of different density
(10, 20, 30 and 40 plants per m-2, respectively on 50
cm. apart five row plots) as the first factor and five
different sowing dates (20-Apr, 5-May, 20-May and
3-Jun and 18-Jun) as the second factor. Based on the
plant apparent and its status, irrigation water added.
After planting and plant establishment weeds control
in plots were performed. During growth period, the
plant height and number of inflorescence were
measured. Leaf area measured by leaf area metter
(model ADM) in harvest time. After ripening of
amaranth, the middle rows of each plot harvested.
After harvest, grain number and yield per plant and
m2, biomass, and harvest index measured. Protein
content with Keldhal method and oil percent with
micro-souqksolate in shoot and seeds were measured.
MSTATC and EXCEL were used to analyze data and
draw graphs, respectively.

Result and Discussion

Delay in planting resulted in plant height
reduction. So the most plant height equivalent to
70.33 cm. in the first sowing date (20-Apr) and the
minimum amount of this component was 47 cm. in
the last sowing date (18-Jun). Delay in planting of
20-Apr to 5-May, 20-May, 3-Jun, 18-Jun order to
reduce the amount of plant height equivalent was
33.17, 29.38, 19.91 and 13.02%, respectively. Plant
height reduction by delayed planting related to

changes in temperature and day length during growth
season. Increase density up to 30 plant.m-2 increase
height significantly and to 40 plant.m-2 decreased
height significantly. So that maximum plant height
equivalent to 64.47 cm. in density of 30 plant.m-2

and lowest with 20.78% reduction the planting
density equivalent to 40 plant.m-2 (Table 2). Plants
by increasing height, try to achieve higher radiation.
Increasing density lead to competition on inputs
absorbance and reduced growth. Gimplinger et al. [9]
expressed that morphological characteristics of grain
amaranth responds to density and decreased height.
Despite of this answer, crop height affected by other
environmental factors such as availability of water.

Delay in sowing date resulted in a decrease in
amaranth inflorescence. Delay in planting of 20-Apr
to 5-May, 20-May, 3-Jun and 18-Jun reduced the
number of inflorescence per plant as 23.35, 41.36,
54.95 and 56.69 %, respectively. Decreased plant
growth with delay in sowing date decreased the
number of flower. Increasing density from 10
plant.m-2 to 20, 30 and 40 plants.m-2, increased
inflorescence number per plant as 1.02, 38.38 and
39.25%, respectively. Increased vegetative growth
increased reproductive components (Table 2).

Delay in planting decreased seed number per
plant significantly. This rate from 20-Apr to 5-May,
20-May, 3-Jun, and 18-Jun was 22.75, 33.03, 33.81,
and 71.44% respectively (Table 1). Increasing plant
density decreased seed per plant and this rate from
10 to 20, 30, and 40 plant.m-2 was 32.66, 58.28, and
63.74%, respectively, which depends on decrease of
assimilation partitioning to flowers (Table 2).

In all densities leaf area on the second sowing
date (5-May) was the highest. Delayed planting
decreased leaf area. Increasing density from 10 to 40
plant.m-2 in all sowing dates decreased leaf area.
Reducing leaf area with delay in sowing and
increasing density is reduction in growth period and
increasing competes on agricultural inputs, especially
light among plants. Maximum leaf area achieved by
density of 10 plant.m-2 as 206.3 cm2 and lowest leaf
area was 5.877 cm2 by fifth sowing date. This trend
was seen in all density treatment (Table 1). Nayak et
al. [15] expressed that sowing date in rice, had high
impact on growth and yield. Dong et al. [7] also
reported that delay planting reduced yield and fiber
production in cotton by decreasing reproductive
period. Naab et al. [14] reported that planting dates
and plant life duration affect on biomass production
rate and yield in peanut.

Oil percentage in seeds and shoots increased by
delaying in planting dates. Increase oil on the final
dates due to the substantial reduction in temperature
in reproductive stage. In each sowing dates, density
increasing decreased the amount of oil in seeds and
shoots. This reduction was results of reduction in fat
metabolic activity (Table 1). Maximum amaranth
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seed oil was equivalent 47.74% by low density and
at least in the last sowing date (18-Jun) the minimum
amount of this component equivalent to 0.83% in the
maximum density (40 plant.m-2) in the first planting
date (20-Apr) is equivalent to 98.25%. Flagella et al.
[8] showed that early planting dates decreased Oleic
acid and Palmitic acid level in sunflower, while the
amount of Linoleic and Aspartic acid increased.
Amount of seed oil was more than shoot and
dependes on genetic characteristics of this plant.

The highest shoot oil percentage obtained by last
sowing date and 10 plant.m-2 as 38.66% and the least
amount equivalent to 2.39% from 40 plant.m-2 and
sowing dates 20-May (Table 1). Milthorpe et al. [13]
reported that increasing planting density decreased
the amount of oil in the leaves of Eucalyptus
polybractea plant

Protein rate in seeds and shoots decreased by
delaying in sowing dates, significantly. The trend of
protein changes with delay in planting dates was
inverse on oil percentage. Any increase in planting
density reduced the amount of protein in seeds and
shoots. maximum amaranth seed protein obtained in
the first sowing date (20-Apr) with maximum density
(40 plant.m-2) equivalent to 8.81% and with 10
plants.m-2 protein content was 0.62% the last sowing
date (18 -Jun) (Table 1). Pospisil et al. [17] reported
that the lower yield of this plant in compare to
cereals, increasing concentrations of grain protein in
crop and an appropriate combination of amino acids
will increase this plant nutritive value

Shoot maximum protein equivalent to 12.35 %
obtained by density of 10 plant.m-2 and 20-Apr and
the minimum shoot protein was 4.22% in 18-Jun
with a density of 40 plant.m-2. The reduction rate
was 65.80%. Gova et al. [10] have reported that
decreasing planting density, decreased shoot protein
in corn.

Delay in planting decreased grain yield per plant
and area unit. Maximum grain yield equivalent to
0.25 kg.m-2 on the first sowing date (20-Apr) and
minimum yield equivalent to 0.051 kg.m-2 obtained
in the last sowing date (18-Jun), respectively. Delay
in planting from 20-Apr to 5-May, 20-May, 3-Jun,
and 18-Jun reduced grain yield as 27.41, 48.83,
54.77 and 79.88% (Figure 1). The highest seed yield
per plant produced in 10 plant.m-2 in the first
planting date and minimum seed yield density
produced in 40 plant.m-2 in the fifth planting date,
respectively. Decrease was equivalent to 92.78 %
(Table 1). De Troiani et al [6] showed in their
experiments on three cultivars of amaranth
(Amaranthus cruentus L., A. hypochondriacus L. and
A. Mantegazzianus in three years that all the last
planting dates yield was low because the plant life
cycle limited with temperature and lighting conditions
and thus yield reduced. Density increased from 10 to
20 and 30 plant.m-2 increased yield per m2,

respectively 2.0 and 47.82%, but density 40 plant.m-2

to 10 plant.m-2, decreased yield 18.2% (Figure 2).
Increasing density, decreases water availability

for plants and so plants encountered water deficient
and thus yield is decreasing Carmi et al. [4]. Brahim
et al. [3] showed density effect on the Lesquerella
fendleri growth and yield. Increasing density, reduced
the number of branches per plant, number of seeds
per plant, grain yield and harvest index. although the
density had not effect oil yield of this plant, but with
increasing density oil rate per seed rised

Plant biomass as indicated in dry matter of
organs of the plant which delay in planting date
reduced significantly. Reduction in the biomass
components such as plant leaves, plant height and
number of lateral branches, reduces net assimilation.
Delay in planting from 20-Apr to 5-May, 20-May, 3-
Jun, and 18-Jun led to decreasing from 39.34, 59.60,
65.29 and 79.91% respectively (Figure 3). Density
increased from 10 to 20, 30 and 40 plants per m2

increased biomass as 126.3, 316.8 and 263.6,
respectively (Figure 4). Zolleh et al. 22 expressed that
the effects of planting dates and density on flower
and biomass was significant in cumin (Cuminum
cyminum L.). They expressed that early planting
dates increased biomass and plant height. Harvest
index and 1000 kernel weight was not affected by
planting date and plant density also.

Delay in planting from 20-Apr to 5-May, 20-
May, 3-Jun, and 18 Jun increased harvest index as
0.52, 2.68 and 1.84 and 10 %, respectively (Figure
3). Gimplinger et al. 9 in their review on the two
varieties of amaranth (Amaranthus cruentus,
Amaranthus hypochondriacus) showed that harvest
index decreased by 8 plant of 140 plants per cm2

from 0.36 to 0.29 m2. Planting date is one of the
most negative factors that can compensate stress
effects on plants and decreases environment effects.
Planting date should be selected such a way that the
process does not coincidence in stress-sensitive
plants.

General Consequences:

Based on the results of this study Amaranth
cultivation as a new crop recommendable. It
produced of 0.253 kg.m-2 seed with more than 30%
oil percentage and more than 8% protein content in
seed can compete with conventional crops in Tabriz
region condition. Biomass production was 7.63 kg.m-2

with more than 20% oil percentage and more than
12% protein content in shoot can compete with
conventional crops. Cultivation of this plant in early
date and low density increased growth period and use
agricultural inputs and reduced competition provide
better situation for metabolic activities and therefore
can produce high yield.
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Fig. 1: Sowing date effect on yield of amaranth

Fig. 2: Plant density effect on yield of amaranth

Fig. 3: Sowing date effect on biomass and harvest index of amaranth

Fig. 4: Plant density effect on biomass and harvest index of amaranth
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Table 1: Effect of plant density and sowing date intraction on amaranth attributes
Density Sowing Date Leaf Area seed oil (%) shoot oil (%) seed protein (%) shoot protein (%) Yield
(plant.m-2) (cm2.plant-1) (g.plant-1)
10 20-Apr 117.7 cd 2.01 gh 3.35 hi 8.547 a 12.35 a 17.89 a

5-May 206.3 a 9.853 eg 4.587 gi 4.393 ij 8.613 b 12.46 ac
20-May 163.4 b 20.79 cd 4.737 gi 3.793 k 7.91 bc 16.98 a
3-Jun 124.1 c 25.13 c 10.46 f 2.513 l 5.89 be 16.98 a
18-Jun 61.27 fh 47.74 a 38.66 a 0.6233 m 4.897 de 3.48 ef

20 20-Apr 78.72 ef 3.81 fh 4.073 gi 7.167 b 7.887 bc 14.93 ab
5-May 165.8 b 6.72 fh 5.95 gh 6.07 c 7.063 be 9.537 be
20-May 112 cd 11.42 ef 6.013 gh 5.083 ef 6.983 be 6.857 cf
3-Jun 98.91 ce 18.78 cd 17.13 d 4.71 fi 5.9 be 4.69 df
18-Jun 31.99 hj 37.14 b 25.37 b 4.47 hj 5.257 ce 2.367 ef

30 20-Apr 67.62 eg 3.71 fh 3.577 hi 7.367 b 6.863 be 13.72 ac
5-May 95.88 ce 6.923 fh 5.747 gh 5.67 d 6.24 be 10.95 ad
20-May 67.62 eg 11.22 ef 6.213 gh 4.973 ef 7.187 bd 3.37 ef
3-Jun 67.62 eg 15.63 de 17.03 d 4.883 eh 5.8 be 3.98d f
18-Jun 23.21 ij 36.74 b 24.97 b 4.61 gi 5.76 ce 1.837 f

40 20-Apr 23.21 ij 0.833 h 2.393 i 8.81 a 6.393 be 8.467 bf
5-May 87.81 df 2.987 gh 5.95 gh 5.187 e 5.45 ce 2.24 ef
20-May 45.42 gi 3.8 fh 6.837 g 5.097 ef 5.097 ce 2.71 ef
3-Jun 29.27 ij 4.727 fh 13.77 e 5.007 eg 4.223 e 2.06 ef
18-Jun 5.877 j 36.16 b 21.99 c 4.14 jk 4.303 e 1.293 f

Table 2: Effect of plant density and sowing date on amaranth attributes
Sowing Date Density (plant.m-2)

----------------------------------------------------------------------------- -------------------------------------------------------------
20-Apr 5-May 20-May 3-Jun 18-Jun 10 20 30 40

Plant Height (cm) 70.33a 61.17ab 56.33bc 49.67c 47c 54.6b 57.47ab 64.47a 51.07b
Grain No.(plant-1) 7037a 5436ab 4713b 4658b 2010c 7766a 5261b 3240c 2816c
Inflorescence No. 2.355a 1.805b 1.381c 1.061c 1.02c 1.274b 1.287b 1.763a 1.774a

Acknowledgements

We wish to thank the Islamic Azad University,
Tabriz Branch, for financizl support of this project.

References

1. Barros, J.F.C., M. Carvalho and G.  Basch,
2004. Response of sunflower (Helianthus annuus
L.) to sowing date and plant density zunder
Mediterranean conditions. Europ. Journal
Agronomy., 21: 347–356.

2. Borneo, R. and A. Aguirre, 2008. Chemical
composition, cooking quality, and consumer
acceptance of pasta made with dried amaranth
leaves flour. LWT - Food Science and
Technology., 41: 1748–1751. 

3. Brahim, K., Ray, D.T. and D.A. Dierig, 1998.
Growth and yield characteristics of Lesquerella
fendleri as a function of plant density. Industrial
Crops and Products., 9: 63–71.

4. Carmi, A., Y. Aharoni, M. Edelstein, N. Umiel,
A. Hagiladi, E. Yosef, M. Nikbachat, A. Zenou
and J. Miron, 2006. Effects of irrigation and
plant density on yield, composition and in vitro
digestibility of a new forage sorghum variety,
Tal, at two maturity stages. Animal Feed Science
and Technology., 131: 120–132.

5. Cervantes, S.J.M., 1996. Amaranth: A Mexican
source of forage not utilized. (El amaranto
recurso forrajero Mexicano no aprocechado.) (In
Spanish.). Vet. Mex., 17: 289–296.

6. De Troiani, R.M., T.M. Sánchez, N.B. Reinaudi
and L.A. de Ferramola, 2004. Optimal sowing
dates of three species of grain-bearing amaranth
in the semi-arid Argentine Pampa. Spanish
Journal of Agricultural Research, 2(3): 385-391.

7. Dong, H., W. Li, W. Tang, Z. Li, D. Zhang and
Y. Niu, 2006. Yield, quality and leaf senescence
of cotton grown at varying planting dates and
plant densities in the Yellow River Valley of
China. Field Crops Research, 98: 106–115.

8. Flagella, Z., T. Rotunno, E. Tarantino, R.
Caterina and A. Di De Caro, 2002. Changes in
seed yield and oil fatty acid composition of high
oleic sunflower (Helianthus annuus L.) hybrids
in relation to the sowing date and the water
regime. European Journal of Agronomy., 17:
221–230.

9. Gimplinger, D.M., G.S. Erley, G. Dobosc, H.P.
Kaul, 2008. Optimum crop densities for potential
yield and harvestable yield of grain amaranth are
conflicting. Europ. Journal Agronomy., 28:
119–125.

10. Govea, F.E.C., R.E. Muck, K.L. Armstrong and
K.A. Albrecht, 2009. Ferment ability of
corn–lablab bean mixtures from different
planting densities. Animal Feed Science and
Technology., 149: 298–306.

11. Jinks, R.L., I. Willoughby and C. Baker, 2006.
Direct seeding of ash (Fraxinus excelsior L.) and
sycamore (Acer pseudoplatanus L.): The effects
of sowing date, pre-emergent herbicides,
cultivation, and protection on seedling emergence
and survival. Forest Ecology and Management.,
237: 373–386.



46Adv. Environ. Biol., 4(1): 41-46, 2010

12. Labrada, R., 1997. Problems related to the
development of weed management in the
developing world. FAO. Rome.

13. Milthorpe, P.L., M.I.H. Brooker, A. Slee and
H.I. Nicol, 1998. Optimum planting densities for
the production of eucalyptus oil from blue
mallee (Eucalyptus polybractea) and oil mallee
(E. kochii). Industrial Crops and Products., 8:
219–227.

14. Naab, J.B., F.K. Tsigbey, P.V.V. Prasad, K.J.
Boote, J.E. Bailey, R.L. Brandenburg, 2005.
Effects of sowing date and fungicide application
on yield of early and late maturing peanut
cultivars grown under rain fed conditions in
Ghana. Crop Protection., 24: 325–332.

15. Nayak, D.R., T.K. Adhya, Y.J. Babu, A. Datta,
B. Ramakrishnan and V.R. Rao, 2006. Methane
emission from a flooded field of Eastern India as
influenced by planting date and age of rice
(Oryza sativa L.) seedlings. Agriculture,
Ecosystems and Environment., 115: 79–87.

16. O’Brien, G.K. and M.L. Price, 2008. Amaranth
grain and vegetable types. ECHO Technical
Note. WWW.Echonet.Org.

17. Pospisil, A., M. Pospisil, B. Varga and Z.
Svecnjak, 2006. Grain yield and protein
concentration of two amaranth species
(Amaranthus spp.) as influenced by the nitrogen
fertilization. Europ. Journal Agronomy., 25:
250–253.

18. Resio, A.N.C., M.P. Tolaba and C. Suárez,
2009. Correlations between wet-milling
characteristics of amaranth grain. Journal of
Food Engineering., 92: 275–279.

19. Saunders, R.M. and R. Becker, 1984.
Amaranthus: A potential food and feed resource.
p. 357–396. In Y. Pomeranz (ed.) Advances in
cereal science and technology, Vol 6. Am.
Assoc. Cereal Chem., St. Paul, MN. U.S.A. 

20. Strom, C., 2006. Agriculture history. ISSN:0002-
1482: 80.

21. Svirskis, A., 2003. Investigation of amaranth
cultivation and utilisation in Lithunia. Agronomy
Research, 1(2): 253-264.

22. Zolleh, H.H., S. Bahraminejad, G. Maleki and
A.H. Papzan, 2009. Response of cumin
(Cuminum cyminum L.) to sowing date and plant
density. Research Journal of Agriculture and
Biological Sciences., 5(4): 597-602.


