Journal of Asian Scientific Research
ISSN(e): 2223-1331

ISSN(p): 2226-5724 d

DOI: 10.18488/journal. 2.2017.76.224.230 o ;,a »
Vol. 7, No. 6, 224-230 Z\ W ug
© 2017 AESS Publications. All Rights Reserved. 1(’*, A

URL: www.aessweb.com Yorcans o

AESS

PERFORMANCE COMPARISON OF THREE VARIETIES OF
AMARANTH (Amaranthus Hypochondriacus L.)) AT DIFFERENT
HARVEST TIME

W) Check for updates

Abdoulamir
Rahnama'-
Amir Reza Safaeie?

'Seed and Plant Improvement Institute, Agricultural Research, Education
and Extension Organization (AREEQ), Karaj, Iran

‘Animal Science Research Institute of Iran, Research, Education and
Extension Organization (AREEQ), Karaj, Iran

(+ Corresponding author)
ABSTRACT

Article History
Received: 6 March 2017
Revised: 8 June 2017
Accepted: 5 July 2017
Published: 17 July 2017

Amaranth is one of the native plants of Africa is that in addition to the relative
tolerance to drought conditions, has high potential forage production. The
experimental design was a randomized complete block with factorial method, three
varieties of Amaranth forage consist of Loura, Cim and Kharkovski and to harvest time
before and after flowering with four replications at the Seed and Plants Improvement

Keywords Research Institute of Iran in 2015. The results showed that significant difference
Forage crops between the tested varieties in terms of total dry and fresh forage yield, but there was
New crops

Varieties comparison
Harvest time
Yield quantity

not any significant difference between harvest time and interaction effects. Compare
average showed a figure Loura whit 161.0 cm in cutl had the maximum height and the
Cim and Kharkovski respectively, with 155.0 and 146.9 cm stem height ranked in next

Yield quality categories. The maximum stem diameter over the equivalent of 20.6 mm in class a

belongs to Kharkovski rather than the other two varieties with average 16.9 and 16.8
mm. Finally the Laura with 9090.3 and 13.05 total fresh and dry forage yield and
relative superiority of Crude protein, Crude fat, Digestibility, Relative Forage Quality
and Relative Feed Value compared to the other two varieties were superior.

Contribution/ Originality: This research has been implemented with the participation of the private sector,

Seed and Plant Improvement Institute and Animal Science Research Institute of Iran

1. INTRODUCTION

Amaranthus L. is one of the oldest food crops in the new world [17. Earlier studies predicted that the grain
Amaranthus L. was domesticated in the America [2, 837. This crop has about 75 species of annual flowering plants
distributed throughout the world’s temperate and tropical regions [47]. Three species of Amaranths (Amaranthus
hypochondriacus L., A. cruentus L. and A. caudatus 1..) Were domesticated in the new world, but spread to the old
world where they became important crop plants [57]. These crops have potential for higher nutritional value, better
adaptability to various ecological zones, and better resistance to biotic and abiotic stresses than most other staple
crops [1, 6. Amaranth (Admaranthus L.) is a hardy, fast-growing pseudo-cereal with C4 metabolism and wide

geographic and environmental daptability [5, 7]. One of the most important features of amaranth is less water
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consumption for normal growth (42 to 47%) than to other crops [87. Several studies were shown that Amaranth
leaves have height, nutritional value and are a good food source for feeding ruminator [9-117. Leukebandara, et al.
[ 127 reported that the high crude protein and ash content in Amaranth species that suggests this crop may provide
high quality forage for livestock. Forage quality parameters of Amaranth are similar or better than commonly used
forages [137 therefore Amaranth would be a good alternative to the problem of inadequate supply of quality forage
during the dry season [57]. The overall nutritive value of Amaranth as a forage is similar to the commonly used
forage and has an excellent forage quality at certain stages of development [127]. This study was carried out to

compare the three amaranth varieties forage yield quantity and quality in different two harvest time.
p gey q y q y

2. MATERIALS AND METHODS

The experiment was conducted at the Karaj research station belongs to Seed and Plant Improvement Research
Institute of Iran in the spring 2015. This research located at 320 34' N, 280 32' S, the soil type at the experimental
site was sandy loam. The experimental design was a randomized complete block with four replications in the
factorial method with three varieties of Amaranth consists of Loura, Cim and Kharkovski and two harvest times
was performed before and after flowering. All amaranth varieties belonging to species A. Hypochondriacs L. Plots
consisted of six rows with 6 meter length, between and within row spacing were 0.6 and 0.1 meter respectively. Soil
was prepared in early bloom and seeds planted on the firmed bed at 1-2 Cm depth in mid May. Fertilization,
Irrigation weed and insect control were followed like to other leafy forage crop. Ten randomly selected plants were
collected at harvest time to measure growth parameters consisting, plant stems, height and diameter, leaf to stem
rate and tiller per plants. Two middle rows were used for the yield determinations. Dry weights were recorded after
drying the fresh forage at 750C in the oven for 72 h. Crude protein, Crude fat, Digestibility, Relative Forage
Quality and Relative Feed Value were determined in Iran Animal Science Research Institute laboratory. Analysis of
variance for all traits was done by the MSTAT-C software and for means comparison used Duncan’s multiple range

tests.

3. RESULTS AND DISCUSSION
3.1. The Overall Growth Trend

The overall process average figures for germination about 5 days after planting and emergence 7-9 days after
planting, step 3-leaf stage of the plant is about 15 to 17 days after planting happened. The rapid growth of the plant
after step 5-leaf stage and about 22 days after planting. First harvest before flowering in Kharkovski about 62 days
after planting, and in the other two varieties of 70 days after planting. The harvest time up after flowering in the
Kharkovski was determined about 82 days after planting, and the other two in 85 days after planting was done. The
second harvest before and after flowering Kharkovski variety, arrange 32 and 34 days after cutl, the figure is 41
and 48 days for Loura variety and 43 and 52 days after for Cim respectively. With regard to reducing the ambient
temperature of the third cut Kharkovski figure is approximately 59 days after the second and the remaining two
varieties arrange the figures 54 and 52 days after planting. Become rotten due to shoot and destroy the tillering

after flowering in cut8 did not produce acceptable performance (Table 1).

Table-1. Growth and cutting time of amaranth varieties (2016)

Treatment Harvest time 1 Harvest time 2 Harvest time3
Loura before flowering 12, Jul. 22, Aug. 15, Oct.

Loura after flowering 27, Jul. 13, Sep. -

Cim before tflowering 12, Jul. 24, Aug. 15, Oct.

Cim after flowering 27, Jul. 17, Sep. -

Kharkovski before flowering 4, Jul. 5, Aug. 3, Oct.
Kharkovski after flowering 24, Jul. 27, Aug. -

Source: seed and plants improvement institute
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3.1. Vegetative Traits

The results of analysis of variance showed that there were significant difference in plant height, stem diameter
and tiller per plants, but there were not any significant differences between stem diameter means in cut2 and leaf to
stem ratio in each cut. The harvest time treatment had significant effects on stem height and diameter in
consecutive cut and average number of tillers per plant, but this treatment had not any effects on leaf to stem ratio.
The interaction figure stem diameter, leaf to stem ratio and tiller per plant means having no significant eftect (Table

2).

Table-2. Mean square and of growth characteristics significant level

S.0.V d.f | Plant Plant Plant Plant Leaves/stem | Leaves/stem | Tiller per
height height diameter | diameter | cut2 cut2 plants
cutl cut2 cutl cut2

Rep 3 143.7 20.5 12.9 1.2 0.01 0.13 0.15

Varieties | 2 402.8%* 1815.8%%* 38.8%% 8.3n8 ns Q.72 ns 0.05 5.02%*

Harvest | 1 11704.2%% | 1584.4%* | 204.2%* 66.7%* 3.22 18 ns 0.07 2.80%*

time

Var*H. 2 864.8%* 574.9%* 5.518 1.8ns ns 9.99 ns - 0.01 .09ns

time

Error 15 | 26.5 60.7 4.9 2.1 2.09 0.09 .05

CV - 3.8 6.0 12.8 12.5 244 19.5 5.7

ns, * and ** are nonsignificant and significant at 5% and 1% levels respectively
By comparison, the average height of the shoot showed Loura whit 161.0 and 139.0 cm stem height in cutl
and 2 produce the highest plant height and placed in class a. The lowest plant height in cutl and 2, equivalent 146.9

and 116.3 cm were seen in Kharkovski variety and were placed in a separated class (Table 3).

Table-3. Amaranth growth characters comparison using Duncan’s Multiple Rage Test

Varieties Plant height cut1 Plant height cut2 | Plant diameter cut1 Tiller per
(cm) (cm) (mm) plants

loura 161.02 139.0 2 16.8 b 4.72 2

cim 155.0 b 187.9 2 16.9 b 4.36 2

kharkovski 146.9 © 116.8 © 20.6 2 3.2b

Means, in each Colum, followed by at least one letter in common are not significantly different at the 5% probability level

The plant height in harvest time before flowering treatment were less than to harvest time after flowering
treatment and on the contrary was a more tiller per plants and stem diameter. The other researchers have also
reported statistically significant difference among the amaranth varieties stems height [147]. There is a negative
correlation between the stem diameter and height. The stem height usually reduces leads to an increase in diameter
[157]. The stem diameter means comparison was specified that the highest stem diameter equal 21.0 mm were seen
in cutl and harvest after flowering. In contrast, stem diameter at the cut2 was due to stem decay, this issue also

affected the leaf to stem ratio and forage quality (Table 4).

Table-4. Harvest time growth characters comparison using Duncan’s Multiple Rage Test

Harvest time Plant height | Plant Plant Plant Tiller per
cutl height cut2 | diameter cutl | diameter cut2 | plants
(em) (em) (mm) (mm)
Before flowering 132.3 " 123.0° 15.2 b 183 @ 4.48 2
After flowering 176.4 2 139.2 2 21.0 2 9.9P 3,78 L
Means, in each Colum, followed by at least one letter in common are not significantly different at the 5% probability level
226
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In this experiment, was not seen any significant difference between leaf to stem ratio, but leaf to stem ratio for
Loura, Cim and Kharkovski were 1.65, 1.56 and 1.49 percent in cutl and this trait in cut2 were 1.14, 1.28 and 1.29
percent respectively. Also, there was not any significant difference between the leaves to stem ratio of the point
harvest time treatments and interaction effects. The high growth rate and tiller strength after cutting are the best
traits for forage crops [16, 17]. The mean comparison was showed, that the Loura variety with 4.72 tillers per
plant had the highest and Cim and Kharkovski with 4.63 and 3.20 tillers per plant were in the next category. The
other research also reported that the harvest time had significant effects on tiller ability [97]. Delays in the harvest
reduced tiller ability in cut2, because of a delay in harvest decrease soluble shoot assimilates and increase pest
damage. The interaction effects showed Loura variety whit 5.05 tillers produce the highest tiller per plants in cut2
before flowering and the lowest amount equaling 2.75 tiller produce by Kharkoski after flowering treatment. The
interaction effects were shown that the highest plant stem equals 179.8 cm produced in Loura vareity and harvest
after flowering and the lowest stem height equals 117.0 cm were seen in Kharkovski and harvest time before
flowering treatment. The highest stem height in cut2 after flowering for Cim variety was 155.8 cm and the lowest

one was 113.8 cm in Kharkovski before flowering (Table 5).

Table-5. Varieties*Harvest time interaction growth characters comparison using Duncan’s Multiple Rage Test

Var*H.time Plant height cutl(cm) | Plant height cut2 (cm)
Loura before flowering 142.8 P 135.0°
Loura after flowering 179.3 2 143.0°
cim before flowering 137.0° 120.0 ©
cim after flowering 173.3 2 1565.8 2
kharkovski before flowering 117.0 ¢ 113.8 ¢
Kharkovski after flowering 176.8 2 118.8 ¢

Means, in each Colum, followed by at least one letter in common are not significantly different at the 5% probability level

3.2. Fresh and Dry Forage Yield
Analysis of variance showed significant difference between varieties, fresh and dry forage in consecutive cuts
and total forage yield. The harvest time also had significant effects on fresh yield in consecutive cuts and dry yield

in cut2 but had not any effects on total yield and finally interaction effects had significantly different effects for fresh
and dry forage yield in cut2 (table 6).

Table-6. Mean square of fresh and dry yield in different cutting

S.0.V d.f Fresh Dry Fresh | Dry Total fresh | Total dry

yield cutl | yield yield yield yield yield

cutl cut2 cut2

Rep 3 87.6 7.8 6.4 0.11 78.7 6.9
Varieties 2 296.3%* B 18.8%% | 0.4 %% | *¥498.9 * 8.8
Harvest time 1 216.0 * 4.1 64.6 ** | 1.4 %% 45.0 s ns 0.71
Var*H. time | 2 16.4 s 0.73" 16.1%* | 0.22 ** | ns 15.3 0.10 s
Error 15 40.8 1.1 1.1 0.04 39.4 1.24
CV - 9.8 10.9 6.1 18.1 7.6 9.4

NS, * and ** are nonsignificant and significant at 5% and 1% levels respectively

The yield comparison showed that there were significant difference between varieties, fresh and dry yield in
consecutive cuts and total yield. The highest fresh and dry yield in cutl and 2 equally 72.08, 18.18 tons per hectare
fresh yield and 10.43, 2.62 tons per hectare dry yield belong to Loura variety and the other two varieties were
placed in the next class. The Loura total fresh and dry forage yield was 90.80 and 13.05 and it placed in class a, the

total forage yield of two other varieties was less than Loura variety and were placed in common group b (Table 7).
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Table-7. Amaranth varieties, fresh and dry yield comparison using Duncan’s Multiple Rage Test

Varieties Fresh yield Dry yield Fresh yield | Dry yield | Total fresh | Total dry
cut 1 cutl cut 2 cut 2 yield yield
( ton. ha) ( ton. ha) ( ton. ha) ( ton. ha') | ( ton. ha') ( ton. ha)
Loura 72.08 2 10.43 @ 18.18 @ 2.624 90.80 13.05 2
Cim 63.68 P 9.12 P 17.80 2 2.50 2 80.99 b 11.62 P
kharkovski 60.24 b 8.82 b 15.60" 2.19" 75.86 P 11.00 P

Means, in each Colum, followed by at least one letter in common are not significantly different at the 5% probability level

In addition, the harvest time treatments had significant effects on fresh and dry yield. The harvest after
flowering in cutl whit 68.83 tons per hectare fresh yield was superiority because of this treatment growth period
was 15 to 20 days longer than the before flowering harvest treatment. Finally, there was no significant difference
between the total fresh and dry forage yield for harvesting time treatments. In this regard, the best treatment is

determined considering the ease of harvest and forage quality (Table 8).

Table-8. Harvest time fresh and dry yield comparison using Duncan’s Multiple Rage Test

Harvest time Fresh yield cutl | Dry yield cut2 | Fresh yield cut 2 | Dry yield cut2
( ton. ha') ( ton. ha") ( ton. ha) ( ton. ha)

Before flowering 62.83 b 9.05 @ 18.67 * 2.68 2

After flowering 68.83 @ 9.872 15.89 2,19

Means, in each Colum, followed by at least one letter in common are not significantly different at the 5% probability level

The comparison of interaction effects was shown significantly different between fresh and dry forage yield in

cut2. The most fresh and dry yield equations 21.45 and 3.04 tons per hectare were produced by Loura variety and
harvest time before flowering (Table 9).

Table-9. Varieties*Harvest time fresh and dry yield interaction comparison using Duncan’s Multiple Rage Test

Var*H.time Fresh yield cut2 ( ton. ha') Dry yield cut 2 ( ton. ha')
Loura before flowering 21.45 2 3.04 2

Loura after flowering 14.91 ¢ 2.19°¢

cim before flowering 17.98 P 270"

cim after flowering 16.63 2.31°¢

kharkovski before flowering 16.58 " 2.29 ¢

Kharkovski after flowering 14.63 © 2.08 ¢

Means, in each Colum, followed by at least one letter in common are not significantly different at the 5% probability level

Forage quality analysis showed that Loura variety whit 12% protein, 2.4% crude fat, 69.1% digestible, 171.5%

relative feed value and 174.6% relative forage quality were superior to other varieties (Table 10).

Table-10. Chemical composition and mineral supplements Forage three varieties of amaranth (% dry matter)

Varieties Crude Crude fat | Digestibility | Relative Feed | Relative Forage Quality
protein Value

loura 12.02 2.44 69.12 171.52 174.62

cim 11.8ab 2.2aP 68.54 165.120 167.5%

kharkovski | 11.5P 21> 67.4P 157.1° 158.0°

Means, in each Colum, followed by at least one letter in common are not significantly different at the 5% probability level
Some others researcher reported that amaranth forages have height levels of protein, fat and their silage have

height relative forage quality for dairy cow and fattened sheeps [11, 13, 18, 197.
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4. CONCLUSION

The results showed that the Loura amaranth variety whit 150 cm stem height, 14.5 mm stem diameter, 1.4%

leaf to stem ratio, 4.72 tillers per plant, tow cuts and 111 days growth duration, can produce 90.30 and 13.05 tons

per hectare fresh and dry forage yield, also Loura forage quality was superior to other varieties. The harvest time

before flowering was better than harvest time after flowering. Compare the average harvest time in terms of the

amount of forage produced showed that cut before flowering than cut after flowering in terms of the amount of

dried fodder production excellence. The growth duration of harvest before flowering was 23 days less than harvest

after flowering, this issue in terms of management and of having ample opportunity to prepare the ground for the

next crop of tremendous importance.

Funding: This study received no specific financial support.

Competing Interests: The authors declare that they have no competing interests.
Contributors/Acknowledgement: Both authors contributed equally to the conception and design of the
study.

REFERENCES

[1] J. B. Tucker, "Amaranth: The once and future crop," Bio Science, vol. 86, pp. 9-13, 1986. View at Google Scholar | View at
Publisher

[2] R. L. Myers, Amaranth, new crop opportunity. In: Janick, J. (Ed.), Progress in new crops. Alexandria: ASHS Press, 1996.

[38] R. O. Nyankanga, R. N. Onwonga, F. N. Wekesa, D. Nakimbugwe, D. Masinde, and J. Mugisha, "Effect of inorganic
and organic fertilizers on the performance and profitability of grain amaranth (Amaranthus Caudatus L.) in Western
Renya," Journal of Agricultural Science, vol. 4, pp. 228-282, 2012. View at Google Scholar | View at Publisher

[4] A. F. Reta, M. Bendevis, and S. E. Jacobsen, "The potential for utilizing the seed crop amaranth (Amaranthus Spp.) in
East Africa as an alternative crop to support food security and climate change mitigation," Journal of Agronomy and
Crop Science, vol. 201, pp. 821-829, 2014. View at Google Scholar | View at Publisher

[5] G. F. Stallknecht and J. R. Schulz-Schaefter, Amaranth rediscovered. In: J. Janick and J.E. Simon (Eds). New York: New
Crops. Willey, 1993.

[e] M. Palada and L. Chang, Suggested cultural practices for vegetable amaranth. the world vegetable centre (AVRDC). Shanhua,
Taiwan: International Cooperators’ Fact Sheet, 2003.

7] M. Dahiru, "Growth rate of vegetable Amaranth (Amaranthus Cruentus L.) as influenced by row spacing and nitrogen
fertilizer in Mubi, Northern Guinea Savannah Zone, Nigeria," International Journal of Innovative Agriculture & Biology
Research, vol. 4, pp. 8-20, 2016.

[8] B. Johnson and T. Henderson, "Water use patterns of grain amaranth in the Northern great plains," Agronomy Journal,
vol. 94, pp. 1487-1443, 2002. View at Google Scholar | View at Publisher

9] D. Abbasi, Y. Rouzbehan, and J. Rezaei, "Effect of harvest date and nitrogen fertilization rate on the nutritive value of
amaranth forage (Amarantus Hypochondriacus L.)," Animal Feed Science and Technology, vol. 171, pp. 6—13, 2012. View at
Google Scholar | View at Publisher

[10] A. Andini, S. Yoshida, and R. Ohsawa, "Variation in protein content and amino acids in the leaves of grain, vegetable
and weedy types of amaranths," Agronomy, vol. 3, pp. 891-408 2018. View at Google Scholar | View at Publisher

[11] C. C. Chong, "Evaluation of six amaranth varieties," Animal Feed Science and Technology, vol. 78, pp. 846—354, 1996.

[12] I. K. Leukebandara, S. Premaratne, and B. L. Peiris, "Nutritive quality of thampala (Amaranthus spp.) as a forage crop
in Sri Lanka," Tropical Agricultural Research, vol. 26, pp. 624 — 631 2015. View at Google Scholar | View at Publisher

[13] J. Rezaei, Y. Rouzbehan, and H. Fazaeli, "Nutritive value of fresh and ensiled amaranth (Amaranthus

Hypochondriacus) treated with different levels of molasses," Animal Feed Science and Technology, vol. 15, pp. 158 — 160,

2009. View at Google Scholar | View at Publisher

229

© 2017 AESS Publications. All Rights Reserved.


https://scholar.google.com/scholar?hl=en&q=Amaranth,%20the%20once%20and%20future%20crop
http://dx.doi.org/10.2307/1309789
http://dx.doi.org/10.2307/1309789
https://scholar.google.com/scholar?hl=en&q=Effect%20of%20inorganic%20and%20organic%20fertilizers%20on%20the%20performance%20and%20profitability%20of%20grain%20amaranth%20(Amaranthus%20Caudatus%20L.)%20in%20Western%20Kenya
http://dx.doi.org/10.5539/jas.v4n1p223
https://scholar.google.com/scholar?hl=en&q=The%20potential%20for%20utilizing%20the%20seed%20crop%20amaranth%20(Amaranthus%20Spp.)%20in%20East%20Africa%20as%20an%20alternative%20crop%20to%20support%20food%20security%20and%20climate%20change%20mitigation
http://dx.doi.org/10.1111/jac.12108
https://scholar.google.com/scholar?hl=en&q=Water%20use%20patterns%20of%20grain%20amaranth%20in%20the%20Northern%20great%20plains
http://dx.doi.org/10.2134/agronj2002.1437
https://scholar.google.com/scholar?hl=en&q=Effect%20of%20harvest%20date%20and%20nitrogen%20fertilization%20rate%20on%20the%20nutritive%20value%20of%20amaranth%20forage%20(Amarantus%20Hypochondriacus%20L.)
https://scholar.google.com/scholar?hl=en&q=Effect%20of%20harvest%20date%20and%20nitrogen%20fertilization%20rate%20on%20the%20nutritive%20value%20of%20amaranth%20forage%20(Amarantus%20Hypochondriacus%20L.)
http://dx.doi.org/10.1016/j.anifeedsci.2011.09.014
https://scholar.google.com/scholar?hl=en&q=Variation%20in%20protein%20content%20and%20amino%20acids%20in%20the%20leaves%20of%20grain,%20vegetable%20and%20weedy%20types%20of%20amaranths
http://dx.doi.org/10.3390/agronomy3020391
https://scholar.google.com/scholar?hl=en&q=Nutritive%20quality%20of%20thampala%20(Amaranthus%20spp.)%20as%20a%20forage%20crop%20in%20Sri%20Lanka
http://dx.doi.org/10.4038/tar.v26i4.8124
https://scholar.google.com/scholar?hl=en&q=Nutritive%20value%20of%20fresh%20and%20ensiled%20amaranth%20(Amaranthus%20Hypochondriacus)%20treated%20with%20different%20levels%20of%20molasses
http://dx.doi.org/10.1016/j.anifeedsci.2008.12.001

Journal of Asian Scientific Research, 2017, 7(6): 224-230

[14] E. Moshaver, H. Madani, Y. Emam, M. G. Nour, and S. Heidari, H., "Effect of planting date and density on amaranth
(Amaranthus Hypochondriacus) growth indices and forage yield," Journal of Experimental Biology and Agricultural
Sciences, vol. 4, pp. 541-547, 2016. View at Google Scholar | View at Publisher

[15] T. Henderson, B. Johnson, and A. Schneiter, "Row spacing, plant population and cultivar effects on grain amaranth in
the Northern great plains," Agronomy Journal, vol. 92, pp. 829-336, 2000. View at Google Scholar | View at Publisher

[16] G. J. Grubben, Plant resources of tropical Africa. Wageningen, Netherlands: PROTA, 2004

[17] S. Higgins, D. M. Richardson, and R. M. Cowling, "Modeling invasive plant spread: The role of plant environment
interaction and model structure," Ecology, vol. 77, pp. 2048-2054, 1996. View at Google Scholar | View at Publisher

18] D. M. Gimplinger, G. Dobos, R. Schonlechner, and H. P. Kaul, "Yield and quality of grain amaranth (Amaranthus Sp.)
in Eastern Austria," Plant, Soil and Environment, vol. 53, pp. 105 — 112, 2007. View at Google Scholar

[19] J. B. Zedler and S. Kercher, "Causes and consequences of invasive plants in Wetlands: Opportunities, opportunists, and
outcomes," Critical Reviews in Plant Sciences, vol. 23, pp. 431452, 2004 View at Google Scholar | View at Publisher

BIBLIOGRAPHY

1] R. A. Teutonico and D. Knorr, "Amaranth: Composition, properties, and applications of a rediscovered food crop," Food
Technology, vol. 39, pp. 49-60, 1985.

r2] W. F. Whitehead, T. H. Terrill, B. P. Singh, and S. Galaye, "Amaranth productivity and nutrient composition in

central Georgia," in Proc. XIX International Grassland Congress, Feb. 2001. Piracicaba, Brazil, 2001.

Views and opinions expressed in this article are the views and opinions of the author(s), Journal of Asian Scientific Research shall not be responsible or
answerable for any loss, damage or liability etc. caused in relation to/arising out of the use of the content.

230

© 2017 AESS Publications. All Rights Reserved.


https://scholar.google.com/scholar?hl=en&q=Effect%20of%20planting%20date%20and%20density%20on%20amaranth%20(Amaranthus%20Hypochondriacus)%20growth%20indices%20and%20forage%20yield
http://dx.doi.org/10.18006/2016.4(5).541.547
https://scholar.google.com/scholar?hl=en&q=Row%20spacing,%20plant%20population%20and%20cultivar%20effects%20on%20grain%20amaranth%20in%20the%20Northern%20great%20plains
http://dx.doi.org/10.2134/agronj2000.922329x
https://scholar.google.com/scholar?hl=en&q=Modeling%20invasive%20plant%20spread:%20The%20role%20of%20plant%20environment%20interaction%20and%20model%20structure
http://dx.doi.org/10.2307/2265699
https://scholar.google.com/scholar?hl=en&q=Yield%20and%20quality%20of%20grain%20amaranth%20(Amaranthus%20Sp.)%20in%20Eastern%20Austria
https://scholar.google.com/scholar?hl=en&q=Causes%20and%20consequences%20of%20invasive%20plants%20in%20Wetlands:%20Opportunities,%20opportunists,%20and%20outcomes
http://dx.doi.org/10.1080/07352680490514673

