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ABSTRACT

For evaluation of drought stress on production of Amaranth, an experiment was conducted on randomized
complete block design based split factorial in 3 replicates using three factor as different planting density 5,
10, 20, 30 and 40 plants per m2, and different sowing dates in 5-Apr, 20-Apr, 5-May, 20-May, 4-Jun, and 19-
Jun in 2009-2010 crop season. The results showed that delay in sowing reduced plant height, number of
inflorescence per plant, leaf area per plant, shoot dry weight, and grain yield per plant. This shows the
importance of sowing date determination of this crop in the region. Increasing plant density (40 plant/m2)

decreased the number of inflorescence per plant, leaf area, shoot dry weight and grain yield per plant but
increased plant height. Results of experiment indicated that increasing water deficit lead to reduce in plant
height, number of inflorescence per plant, leaf area, shoot dry weight and grain yield per plant. Highest grain
yield were 44.68 g/plant with 5 plants per m2 density in 5-Apr planting and lowest were 10.39 g with 40
plants per m2 density in 19 June. Interaction between sowing date and plant density showed that the highest
grain yield per plant obtained in 5-Apr sowing date with 5 plants per m2 density and the least was obtain from
19-June with 40 plant per m2 and interaction between sowing date and irrigation levels showed that the highest
grain yield per plant obtained in 5-Apr sowing date with irrigation after 50 mm evaporation and the least was
in 19-June with irrigation after 170 mm evaporation. Therefore, early sowing dates with low density and high
irrigation levels increased growth period and reduced competition, so increased production potential of
Amaranth.
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Introduction

Drought is a natural disaster that causes the most
damage from 6 to 8 billion dollars worldwide and
can be comparing to any other natural disaster. It has
the greatest impact on the world's population every

year [27]. Drought is most important, non-biotic
factor that restricts crop production severely [4, 16].

Amaranth is considered as an important crop
with C4 photosynthesis pathway and nitrogen
metabolism, in recent years. Amaranth produces over
50,000 grains per plant and long inflorescences
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sometimes more than 1 meter long. 0.5 to 3 kg seed
rate is enough to 1 acre. Amaranth can grow in poor
soils, drought and heat condition, resists pest attack
and disease. Amaranth can produce seed yield from
1 to 6 tons per hectare and the amount of biomass as
70 tons per hectare [25]. The seed of this plant has
a high nutritional value [14,15]. This plant is
cultivable in a wide range of climatic conditions, soil
and agricultural systems [8].

Despite of high resistance of this plant to
unfavorable environmental factors Mng'omba et al
[18] showed that the drought especially in the final
stages of plant growth reduced yield and yield
components on 10 varieties of Amaranth. In high
density solar radiation absorption increased [11, 17]
but increasing planting density, decreases water
availability for plants thus the plants suffer water
shortages and yield decreased [10]. Researches
showed that different planting densities had
unsustainable effect on yield and quality of crops
[1,2,7,9]. Increasing Amaranth density increased grain
yield [13]. Gimplinger et al [13] reported that in two
cultivars of Amaranth (A. cruentus and A.
hypochondriacus) increasing plant density decreased
the number and diameter of branches. Increasing
density decreased grain weight and number per plant
from 38 g. and 48000 to 3 g. and 4800 grain per
plant. Seed yield in 8 or 17 plants/m2 densities
decreased from 270 g/m2 to 240 g/m2 in the density
70 plants/m2. Plant density had not affected on shoot
biomass.

Harvest index decreased from 0.36 for 8
plants/m2 density to 0.29 on 140 plants/m2 [13].
Optimum planting date is important for long growth
period and completing seeds ripening duration to
maximize yield and reduce the risk of environmental
conditions adverse effect on grain quality. Correct
planting date for each cultivar lead to suitable growth
season which produce higher seed, but early or late
planting encountered plant with early blooming or
end season drought. Yarnia [29] reported that
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% in Amaranth (cv. Koniz).
Terviani et al (2004) in their experiments on three
varieties of Amaranth (Amaranthus cruentus L., A.
hypochondriacus L. and A. mantegazzianus) in three
years in semi-arid regions observed that last planting
date had a lower yield because plants in late life
cycle encountered with high temperature and
unsiutable light conditions and thus yield reduced.
Planting date affect on plant height, days to
pollenization and biomass production. Plants grown
in the last planting date was shorter and had less
amount biomass. 

Therefore, the aim of this research was
evaluation of effect of plant density in different
planting dates on grain yield and some of yield
components in drought stress condition of Amaranth
(cv. Koniz) in Tabriz climate.

Materials and Methods

A split factorial experiment based on randomized
complete block design with three replications was
conducted during growing season of 2009-2010 at
Islamic Azad University, Tabriz branch, Agricultural
Research Station located at 38E3` N and 46E27`E,
and 1360 m altitude in North West of Iran with
Amaranth cv. Koniz (Amaranthus hypochindriacus
L.× Amaranthus hybridus L.). Annual rainfall,
temperature and maximum temperature were 7.4mm,
13.2oC, 40.6oC, respectively. Soil pH is limited poor
until middle alkaline and with no salinity risk.
Treatments in this study consisted of five levels of
different density (5, 10, 20, 30 and 40 plants per m-2,
respectively on 50 cm apart five row plots) as the
first factor and six different sowing dates (5-Apr, 20-
Apr, 5-May, 20-May, 4-Jun and 19-Jun) as the
second factor and three levels for irrigation (50, 120
and 170 mm after evaporation of A class pan) in
main plot. Distance of sub plots was one no planting
row and distance of main plots was two no planting
rows and distance of replication was two meters. No
pesticide accomplished for nonexistence of pests and
specific disease in field. Weeding and weed control
accomplished in equal manner duration growth
season. According to results of soil test (table 1)
nitrogen distributed rate (100 kg/ha) at planting time
for all treatments and 100 kg/ha dressed in 20-25 cm
amaranth height. All treatments irrigated every week
until inflorescence appearance time and after this
section irrigation accomplished on experiment
treatments basis and evaporation of A class pan.

After ripening of Amaranth, the middle rows of
each plot harvested. After harvest characteristics such
as plant height, number of inflorescence, leaf area,
shoot dry weight, and grain yield per plant measured.
Leaf area measured by leaf area meter (model AM-
100) in harvest time. Data normalizing test was done
before statistical analysis and MSTAT-C used for
ANOVA and charts drew by Excel. Duncan multi
range comparison used for comparing means (p<5%). 

Results and discussion

Analysis of variance showed that different levels
of water stress, plant density, and planting date had
significant effect on evaluated characteristics.
Tripartite interaction between inflorescence number,
grain yield per plant and leaf area showed significant
difference (p<1%) (table 2).
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Table 1: Physicochemical analysis for soil in 0-30 cm depth
Depth pH Electrical Total nitrogen Absorptive phosphor Absorptive potassium
(cm) Conductivity %T.N P.P.M P.P.M

EC*103

0-30 7.67 1.8 0.138 72 560
Absorptive Absorptive Absorptive Sand% Silt % Clay %
zinc P.P.M Fe P.P.M Mn P.P.M
1.42 2.32 1.64 66 20 14

Table 2: Analysis of variance of different treatments
S.O.V df Plant height inflorescence number Leaf Area shoo t dry weight Grain yield per plant
Replication 2 85.17 n.s 0.064 ns 7016.49ns 19.92ns n.s   2/145
irrigation level 2 1969.9** 106.72** 7885199.17** 34495.44** 1340/753**
Error a 4 95.61 0.199 20198.47 53.61 10/226
Sowing date 5 230.51n.s 65.09** 687301.48** 4335.63** 2879/353**
Sowing date * 10 10.36 n.s 3.49** 38830.18** 80.95* 35/342**
irrigation level
Different density 4 3584.60** 32.59** 15272665.21** 7626.65** 1408/382**
irrigation level* 8 136.27 n.s 2.93** 2582031.06** 480.47** 33/459**
Different density
Sowing date * 20 9.80 n.s 3.99** 227746.62** 196.75** 89/085**
Different density
Different density * 40 3.82 n.s 0.625** 22184.54** 47.66n.s 11/229*
Sowing date* 
irrigation level 
Error b 174 120.50 0.168 7072.47 43.38 7/171
C.V(%) 11.27 12.76 19.10 12.06 12/22
* and ** significant at 5% and 1% respectively, ns : non significant

Plant height

The highest plant height obtained with irrigation
after 50 mm evaporation equal 102.2 cm and lowest
was obtained with irrigation after 170 mm
evaporation equal 92.86 cm. Thus, irrigation after
170 mm evaporation decreased plant height relative
to irrigation after of 50 mm evaporation as 14.9 %
(Figure 1).

Singh and Whitehead [24] reported that 3% soil
moisture decreased plant height but in 6, 12 and 18
% of soil moisture no significant difference viewed
between traits. 

The highest plant height obtained with 40 plants
per m2 density equal 108.2 cm that have been
achieved with a significant difference with other
treatments and lowest was obtained with 5 plants per
m2 density equal 87.37 cm. The results showed that
with increasing row distance 18.92 percent reduction
in plant height observed (Figure 2).

Morphological characteristics of grain Amaranth
in response to planting density have been observed.
Population pressure can reduce plant height.
However, plant height response of other
environmental factors affects the availability of water
[13]. Gimplinger et al [13] reported that in two
cultivar of Amaranth (Amaranthus cruentus and
Amaranthus hypochondriacus) plant height increased
with increasing density but highest height in one of
years from three years of research observed in
average plant density.

Inflorescence number 

Anova showed significant effect of triple

interaction on inflorescence number. Mean
Comparison showed that the most number of
inflorescence equal to 6.34 observed by planting on
5-April and irrigation after 50 mm evaporation and
the least number of inflorescence produced by
planting on 18 June and irrigation after 170 mm
evaporation from pan, that was 78.71 % reduction
(Figure 3).

Sadeghi et al [22] reported that the early
planting increase number of inflorescences per plant
in black cumin.

Irrigation with density Interaction showed
significant difference. The highest inflorescence
number obtained with 5 plants per m2 density and
irrigation after 50 mm evaporation from pan equal
5.63 that have been achieved with a significant
difference with other treatments, and lowest was
obtained with 40 plants per m2 density and irrigation
after 170 mm evaporation from pan equal 1.74, that
decreased 69.06 % (Figure 4).

In water deficit condition, different planting
density had different effect on plant traits. For
example, one study showed that under enough water
in the sorghum, the low density increased grains per
panicle and grain weight. While increasing density in
this experiment reduced yield [6]. 

Significant differences in different densities with
different planting have been achieved. Planting 5
plants per m2 in 5-Apr had most inflorescence
number equal 7.12 and planting 40 plants per m2 in
18 June had minimum number of inflorescence equal
1.73, so this planting date reduction percentage was
75.74% (Figure 5).

Zolleh et al [30] reported significant difference
between planting date and planting density. On early
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Fig 1: Different irrigation level effect on amaranth height.

Fig. 2: Plant density effect on amaranth height.

Fig. 3: Different irrigation level and sowing date effect on amaranth panicle number.
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Fig. 4: Different irrigation level and density effect on amaranth panicle number.

planting date grain yield increased due to increasing
number of flowers per plant, number of seeds per
flower, and biomass. Early planting in low-density
increased yield.

Shoot dry weight

According to mean comparison, different levels
of irrigation with different sowing dates interaction
showed that the highest shoot dry weight obtained
equal 84.86 g on 5-Apr by irrigation after 50 mm
evaporation and the lowest dry weight was 24.72 g
in 18- June planting by irrigation after 170 mm
evaporation. Results showed that the highest shoots
dry weight obtained at planting on 5-April (Figure 6).
Different planting densities and irrigation level
interaction on shoot dry weight was significant.
Highest shoot dry weight was equal 98.83 g with
planting 5 plants per m2 and irrigation after 50 mm
evaporation, and also the lowest shoot dry weight
was equal 27.79 g by planting 40 plants per m2 and
irrigation after 170 mm evaporation and led 71.88 %
reduction (Figure 7).

Carmi et al [10] reported that increasing planting
density, decreases water availability for plants and
thus the plants are suffering water shortages.

Different levels of planting density and planting
dates on shoot dry weight was significant. Results
showed that the highest shoot dry weight obtained on
the 5-Apr by 5 plants in m2 as 90.33 g and the
lowest was equal to 36.33 g in 18-June and planting
40 plants per m2. This result showed 59.79 %
reduction in shoot dry weight (Figure 8). 

Sadeghi et al [22] reported that early planting
lead to increasing biomass. Asghari et al [3]
Reported that in densities of 6, 9, 12 and 15 plants
/m2 in chicory the most shoot, number of pods and
number of leaves obtained on six plant density/m2.
Because the shoots of plants increase to development
their Assimilation.

Leaf Area:

Highest leaf area per plant was equal 978.9 cm2

by planting in 5-Apr and irrigation after 50 mm
evaporation and the lowest leaf area per plant equal
95.69 cm2 in planting on 19-June and irrigation after
170 mm evaporation has caused 90.22 % reduction
(Figure 9). 

Rajala et al [20] reported that drought reduces
photosynthesis, plant water content and leaf area
development.

Interaction of different levels of irrigation and
planting density showed significant difference.
Highest leaf area was 2368 cm2 per plant in 5 plants
per m2 density after 50 mm of evaporates from the
surface of pan and the least amount of leaf area
equivalent 2345 cm2 with 40 plants per m2 and
irrigation after 170 mm evaporation (Figure 10). 

High leaf area, with increasing receiving amount
of active solar radiation is important in increasing
grain yield [28]. Gan et al [12] showed that planting
density influenced leaf area and intensity of light and
thus received the soybean canopy photosynthesis.
Positive relationship is between the formation of
plant canopy photosynthesis and grain yield. 

The interaction between planting densities with
planting date showed significant difference. Highest
leaf area equivalent to 1850 cm2 produced in planting
on 5-Apr and 5 plants per m2 density and the lowest
leaf area equal to 50.57 cm2 with planting on 18-
June and 40 plants per m2 density. The reduction rate
was 97.27 % (Figure 11).

Grain yield per plant

Interaction of irrigation different levels and
different planting dates showed significant differences
among treatments. The highest grain yield equivalent
36.43 g by planting on 5-Apr with irrigation after 50
mm of water evaporation from pan. The results show
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Fig. 5: Different date and density effect on amaranth panicle number.

Fig. 6: Different sowing date effect on amaranth dry weight.

Fig. 7: Different density effect on amaranth dry weight.
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Fig. 8: Different sowing date and irrigation effect on amaranth dry weight.

Fig. 9: Different sowing date effect on amaranth dry weight.

Fig. 10: Different density and irrigation level effect on amaranth leaf area.
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Fig. 11: Different density and sowing date effect on amaranth leaf area.

that the treated water after 50 mm evaporation and
planting in 18-June has caused lowest grain yield.
Irrigation after 110 mm evaporation had maximum
grain yield by planting in 5- Apr and planting in 18-
June has been caused the lowest grain yield (Figure
12).

Rodriguez et al [21] reported that among the
stress factors, drought is most important factor that
reduces yield of many crops to more than 50%.
Pospišil et al [19] showed on five Amaranth varieties
including Koniz cultivar, planting on the first May,
generated the highest yield. In their study early
planting, caused rapid development of roots in
favorable environmental conditions probably and can
be more resistant to stressful conditions from their
view.

Interaction of different levels of irrigation and
plant density showed significant difference.
Maximum grain yield equivalent 32.09 g with
planting 5 plants per m2 and irrigation after 50 mm
evaporation from pan. In the irrigated condition, 40
plants per m2 reduced grain yield to 36.74%. The
irrigation after 110 mm evaporation and 5 plants per
m2 produced maximum grain yield as to 30.7 g and
the minimum grain yield in irrigation treated with
planting 40 plants per m2 equivalent to 15.67 g. In
irrigation after 170 mm evaporation and planting 5
plants per m2 maximum grain yield was 22.67 g and
the minimum grain yield in irrigation treated with
planting 40 plants per m2 was 13.29 g that has been
reduced 41.38 % (Figure 13).

Researchers have stated that increasing planting
density, water availability for plants decreases and
thus the plants are suffering water shortages and

therefore yield decreased [10]. Berenguer and Faci
[6] reported that increasing density reduced seed
yield.

The interaction of different planting densities and
different sowing date showed a significant difference.
Results showed that the maximum grain yield by
planting 5 plants per m2 on 5-Apr was 44.68 g and
lowest grain yield was equal to 10.39 g by 40 plants
per m2 on 19-June. The reduction was equivalent to
76.74% (Figure 14).

According to the researchers comments, grain
yield results from interaction of environmental and
genetic factors including soil type, planting date,
planting method, plant density, fertilizer and
irrigation time, between row condensation which has
an important role in obtaining high yield [23]. It has
been reported in Sunflower that early planting date
increased number of seeds per unit area without
reducing the weight and lead to increased yield [5].
Sadeghi et al [22] reported effect of four planting
densities (50, 100, 150 and 200 plants per m2) and
three sowing dates on yield and yield components in
black cumin, which 200 plants per m2 generated the
highest yield. While planting density, 150 plants per
m2 generated the highest grain yield.

Conclusion:

Early planting in this experiment, increased grain
yield by increasing biomass, shoots, number of
inflorescences per plant, number of seeds per
inflorescence and plant height. there were positive
correlation between total biomass and yield. 
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Fig. 12: Different sowing date and irrigation level effect on amaranth grain yield.

Fig. 13: Different density and level irrigation effect on amaranth grain yield.

Fig. 14: Different density and  sowing date effect on amaranth grain yield.
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