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DETERMINATION OF THE CRITICAL DAY LENGTH OF AMARANTHS
(Amaranthus sp.)

AL HAKIMI KHALID ALI AHMED

Abstract

This study discusses the research of photoperi@diction A. hypochondriacus L. variety No. 1008¢c/uentus L.
variety No. 17 and A. hypochondriacus x A. hylsidariety Koniz.

The field experiments manifested critical day langhger than 16 hours. Also the photoperiodic erkpent with

special equipment showed that all three varietitamaranth classified in literature as short-dayapis are not
strictly, in reality, short-day plants. Howevergtkompulsary short-day plants are very toleranthte length of the
day. The observed species and varieties behavedruhe conditions of mild climate (50°n.lat.) akms

responsive slightly to shorter days as plants feativiely photoperiodically sensitive which burstarbloom and
produce seeds also during the summer period withijdo days. Such as this it is possible to explamduccessful
cultivation of grain amaranths in the Czech Republi

Key words: Amaranthus hypochondriacus, Amaranthus cruentusaranthus hypochondriacus x Amaranthus
hybridus,photoperiodic reaction, critical day length, faatiltely short-day plants.

INTRODUCTION sowing in 1999 were harvested during the previgesr
from the material of our own experiment from thadh
Amaranth is an old cultural plant of American caetit SOWing which was carried out on May 7th 1998, i.e.
which ancient Incas, Aztecs and Mayas cultivate@ 5during usual sowing of the seeds of amaranth in
thousand years ago. Amaranth was the third moSdomouc. The same seed was used in the field atid wi
widespread plant in Central America before th&xperimental equipment.
discovery of America following corn and beansThe methodics of the experiment in an experimental
(MICHALOVA, 2000). area was based on the hypothesis of determinafion o
Among old cultures of the Andes research recentfjpe critical length of the day of prof. KOPETZ (B)5
concentrated on a group of amaranthméranthussp.) (PETR, 1959, 1962).
an old pseudocereal of an original Indian poputatio !ncreased sowings
Central and South America. In comparison with dsrea The experiment with increased sowing was based in
the seed of amaranths had considerably bettBlots where each plot had area 2.52 ffhe interval
nutritional properties. between increased sowing was |0 days. The seed of
In the Czech Republic the firm Bohemia Amaranbs.r. Particular varieties was sown by hand in spotsolvsr
under Specia] Operating conditions solved the mt with intervals of 35 cm from each other and thernwnal
of agricultural technology of amaranth. Consequentl between rows was 40 cm such way that produced
also production went into effect and the seed vedes s approximately 30 plants in an experimental arelandt
Biological properties and demands of various specfe During the vegetation period the growth phases of
amaranths, concerning their technology, methods @fmaranth ~were monitored according to the
storage and their use were discovered (JARogov,macrophenological scale for the evaluation of améra
1997). published in study JaroSova et al. (1997). The éstrv
The study of literature concerning amaranth habiappened in both years after the beginning of ifs¢ f
revealed that in spite of the basic information wutbo fall frosts at the end of October up to the begignof
photoperiodism of amaranth it will be useful togash November. The harvested material was dried in room
this property in the various species and varietés temperature. After drying the length of plant erga
amaranth under the conditions in the Czech Republic Were measured and the plants above the ground were
measured and their parts were determined.
MATERIALSAND METHODS Photoperiodic experiment

Photoperiodic experiment took place in an expertaden
area of The Department of Plant Science in The IBacu
of Agronomy in The Czech Agricultural University
adapted by prof. Petr. After the densier sowinbdres
placed in a plastic greenhouse of The Institute of
Subtropical Agriculture the seedlings at that tiwieen
rmey had the first true leaves were transplanted to

| received the seed from the firm Bohemia Amaiant
Olomouc in Moravia. The seeds of Amaranthus
hypochondriacus variety No. 1008, Amaranthus
cruentus variety No. |7 and a hybridAmaranthus
hypochondriacus x Amaranthus hybriduafiety Koniz
were first sowed in 1998. The seeds in the seco
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prepared dishes with an average 23 cm and height 2@as seven days. The plants on the ninth cart whiah
cm of ten plants in each dish Time after time deachonitored grew uninterruptedly under conditionsaof
plants were renewed by the same plants. The dishesrmal day.

with plants were placed on carts that were moved on

rails between the free area with normal lightingl an RESULTS

normal day length and dark area in a vegetatiorséou

where night period was assured. The progress of gradual sowings from the time of
On each cart there were nine dishes, three dighres f ger mination to blossoming

each variety. For each cultivated variety there ewerParticular sowings had different number of daysrfro
prepared 27 dishes on 9 carts together with 816tqla germination to blossoming. That we observed at all
i.e. 270 plants from each variety. By moving thetca monitored varieties in both years. More frequent
into the dark vegetation house the monitored plants sowings needed the highest number of days from
the eight carts were moved artificially from amat to sowing to blossoming whereas with plants sown later
a short day. the time to blossoming was shorter. On averager aft
During the vegetation period the beginning otwo years observation the difference among early an
macrophenological phases according to the increfiselater sown plants of variety No. 1008 was I8 days;
macrophenological scale was monitored. After theariety No. 17 16 days; and in variety Koniz 20ysla
transplanting all monitored plants grew in all disland The shortening of the time from sowings to blossami
carts only three days under normal conditions i.at later sowings is possible to explain by the tieacof
fourteen to sixteen hours a day during the sumimez.t amaranths classified as short-day plants to the
Under the first monitored term, that is after thosgys, conditions actually shorter days in the period leemv
the first cart with nine dishes was placed outdide July 27th and September 7th 1998 (15 hours 20 opn.
house for eight hours and then was moved insiddetUn to I3 hours) than in the period between April I'thd

the second term the first and the second carts wetene 19th 1998 ( I3 hours 40 min. up to 16 hours 20
under an eight hour period while the other cartsre min.). In 1999 the reaction aA. hypochondriacus
under a normal day. Under every other term amotheariety N0.1008 andA. hybridus variety Koniz was
cart was added. The interval of the eight obsetgads  similar.

Tab.1l. : The influence of gradual sowings on the numberdafys from germination to blossoming At
hypochondriacusariety No. 1008 (1998,1999)

Sowings Sowing Germination Blossoming
Number of days from germination to blossoming

1998 1999 1998 1999 199§ 1990 1998 1999
1. sowing 17.4. 23.4, 26.4 2.5] 19.6. 25.6. 54 54
2. sowing 27.4. 3.5. 4.5, 10.5 24.6. 3.17. 51 54
3. sowing 7.5. 14.5. 12.5, 22.5, 30.6. 17.)7. 49 56
4. sowing 18.5. 24.5. 27.5 28.5. 5.7 25.7. 39 58
5. sowing 28.5. 3.6. 1.6. 8.6. 10.7. 5.8. 39 58
6. sowing 9.6. 14.6. 15.6 21.6. 20.7. 12.8. 35 52
7. sowing 19.6. 24.6. 23.6 28.6. 27.7. 18.8. 34 51
8. sowing 26.6. 7.7. 29.6, 11.7, 8.8, 25.8. 40 45
9. sowing 7.7. 15.7. 12.7, 20.7|. 14.8. 2.9. 33 44
10. sowing 17.7. 26.7. 21.7 30.7. 22.8. 9.9. 32 41
11. sowing 27.7. 5.8. 1.8. 10.8. 7.9, 14.P. 37 35

Tab.2. : The influence of gradual sowings on the numbedafs from germination to blossoming At cruentus
variety No. 17 (1998, 1999)

Sowings Sowing Germination Blossoming
Number of days from germination to blossoming
1998 1999 1998 1999 1994 1999 1998 1999

1. sowing 17.4. 23.4. 28.4 2.5, 19.6. 29.6. 52 58
2. sowing 27.4. 3.5. 5.5. 10.5 24.6. 30.5. 54 51
3. sowing 7.5. 14.5. 11.5, 22.5 5.7} 8.17. 56 47
4. sowing 18.5. 24.5. 27.5 28.5. 8.7. 15.)7. 42 48
5. sowing 28.5. 3.6. 1.6. 8.6. 13.7. 27.7. 42 49
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6. sowing 9.6. 14.6. 15.6, 21.6| 17.7. 6.8. 32 46
7. sowing 19.6. 24.6. 23.6 28.6. 25.7. 14.8. 32 47
8. sowing 26.6. 7.7. 29.6] 11.7| 5.8 21.8. 37 41
9. sowing 7.7. 15.7. 12.7] 20.7| 17.8. 30.B. 36 41
10. sowing 17.7. 26.7. 21.7 30.7. 25.8. 13)9. 35 5 4

11. sowing 27.7. 5.8. 1.8. 10.8, 3.9 24.D. 33 45

A. cruentusvariety No. I7 reacted in 1998 the sameand 2. These data in the tables enable the drasfing
However, in 1999, a slight difference when thenpéa graph 1 for the study of both years.

from the last sowing grew between August 5th and@he results of our experiment stated in table Wstiat
September 24th 1999 (14 hours 45 min. up to 12 Bpurin 1998 A. hypochondriacusvariety No.1008 had the
and between April 23rd and June 29th 1999 (14 htiurs shortest time from germination to blossoming at

min. up to 16 hours I5 min.). germination on June 15th. The period of the ciiititzy
is approximately from June 1st to June I5th. 1999t
Deter mination of a critical day is possible to determine the critical day from J@tieto

June 21st. If we calculate from the readings of years
In the experiment with gradual sowings we tried t@average then the period of the critical day fr
determine the critical day according to the metbhéd hypochondriacusariety No.1008 lies between June 5th
prof. Kopetz. His hypothesis concludes that frora thand June I8th.
findings of the time of the transition from the jpekr In determining of adequate day length for this @eiin
when the development and the growth igshe graphical drawing of the course of day lengtithie
photoperiodically slowed down to the period whemplace of experiments (l4°24’longitude  east,
plants are not slowed down. The above-mentionesD°08 latitude north) was the day length of 16 ol
author monitors gradual sowings the period frommin. - 16 hours 20 min. The critical period at thise
germination to blossoming (at cereals earing) dral tthere are the longest days in our country. AlsoAat
limit of the critical day places before the terfnsach .hybridusvariety Koniz andA. cruentusvariety No.l7 in
sowing when plants develop the fastest i.e. thetebio two years “average the critical day length is larthen
time from germination to blossoming, at cereals tt6 hours. This could mean that all three varietidés
earing (PETR, 1962). amaranths characterized in literature as shortpiiayts
In order to verify the use of this method we use thare not in reality strictly short-day plants howetleey
results of our experiments with gradual sowings ddre to the length of the day significantly tolerant
amaranths in 1998 and 1999 which are stated iretall

Graph 1: The course of natural day during a year in theelaf experiment with marked out period of theicait
day length aAmaranthus hypochondriacwariety No.l008the average of observations in 1998 and 1999)
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The influence of the transfer of plants to eightitso short day number of short days less than 35. Further deereas

to the number of days necessary to blossoming ghe number of short days did not have any subsianti
photoperiodic experiment influence on the progress of blossoming. At thiarde
The experiment showed that at the decrease of t short days) it is possible to state that theusscy
number of short days there increased the number @f the determination of photoperiodic reactiontis?
days necessary for the beginning of blossomings Thijays |t was at all three monitored varieties therth
became evident in both years of the observatioallat \,5riant of the experiment which is possible to
three monitored varieties of amaranths. Even thdbgh .p5racterize so that these plants germinated arblayd
length of this period from germination to blossoguin |gih which were blossoming around July 11th. In our
varied at the monitored varieties (at two yeargrage country, i.e. the Czech Republic, at this time ¢hir

A. hypochondriacus variety No. 1008 and A.  gpproximately sixteen hours a day. As an example of
hypochondriacus A. hybridusvariety Koniz 54 days, this dependence there can be graphs 2 and 3 which

at A. cruentusvariety No. 17 59.5 days) it happened inyg|ateto A. hypochondriacusariety No. 1008 andA.
all three cases that there was a significant chahtfee cruentusvariety No.I7.

Graph 2: The relationship between the number of short days and the number
of days from germination to blossoming during a photoperiodic experiment at
A. hypochondricus variety No. 1008 (average 1998 and 1999)
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Graph 3 - The relationship between the number of short days and the number of days
from germination to blossoming during a photoperiodic experiment at A. cruentus variety
No. |7 (average 1998 and 1999)
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The conducted photoperiodic experiment showed th&ur research with gradual sowing of seeds
the monitored species and varieties reacted agsplahypochondriacuon a piece of land in agreement with
slightly responding to the shortening of the dag, as the results of photoperiodic experiment with thanps
plants facultatively photoperiodically sensitivehe€be artificially moved from a long to a short day ineth
plants at desirable photoperiod speed up the tram$d vegetation house showed that the plants germinated
blossoming however they bloom also without thirague - Suchdol (50°latitude north) from the seed

photoperiod. originated in Olomouc reacted as facultatively
photoperiodically sensitive short-day , for theg#nof
DISCUSSION the day the plant were adaptable.

On the basis of our experiments we don't agree thih

In frequent studies about photoperiodicity of psantstatement of JaroSova et al. (1977), that ,theonity] of
there was earlier payed attention also to varipesies genotypes of amaranth needs for the productioeeds

of amaranths. Fuller (1949) observed photoperiodi@ Short-day.” After all, all our plants which gerated
reaction at. caudatusand found out that this species isffom the first up to the seventh sowing grew, biossd

a short-day plant species. It blossomed under gint ej and gave germinable seed under conditions of days
hour day period and did not start to blossom gurinlonger than I2 hours.

uninterrupted illumination and also in Spring d@q A. CruentU$tayed in Nigeria aCCOfding to the National
twelve up to fourteen hours” days. According tdesearch Council (1984) at vegetation phase, i.e.
Chaudhri (1956)A. caudatushad the highest tendencyWwithout flowers for an extended time under their
to blossom in winter and early spring and the Ildwe§quatorial conditions with twelve hours’days ands wa
during summer. Sawhney et al. (1978) enlarged tHésed only as a vegetable. Kauffman and Webber Y1990
research uponA. tricolor varieta tristis, all their plants found out thatA. cruentusis less sensitive to the length
were short-day plants with the critical period @&Hours ©f the day than other amaranths. According to Afilis
and the minimal number 3-6 eight hours photopeciodi(!995) there were selected types neutral to thgtteof
cycles necessary for the appearance of the firdie day. When it was introduced to Pennsylvaniaennd
blossoms. Bermejo (1994) came to the conclusion thEe conditions of long days during summer time asw
although A. caudatus prefers short days it showsSown mostly very early in order to breed early mipg
agreeable adaptability in various environments eal  Plants (National Research Council, 1984). When asw
blossom also at twelve hours up to sixteen houtaya Cultivated near Olomouc it was possible to sovsitede
According to Angus et al. (1982) there responded ias the middle of May, i.e. after the danger of fatsts.
Gatton in eastern Australia (approximately 36%mtg¢ In spite of this fact the plants thrived, grew and
south) A. mantegazzianusonsidered now as the formblossomed during long days. Their seed normally
A. caudatugSauer, 1967) before blossoming as a shortipened and was germinable. (JaroSova, 1997)

day plant with the critical period around 14 houkfter ~ During our observation in the experimental area tied
blossoming it is not sensitive to the photoperiéd. vegetation house A. cruentusdid not react with its
temperature around 20°C and the photoperiod aréand demands to the length of the day differently in
hours the vegetation period was less than 67 days. ~ comparison with A. hypochondriacus Also at A.
The subject of our interest were the species ofranta hypochondriacux A. hybridusvariety Koniz there was
which up to now were little known and they ate found the similar sensitivity to the length oéttay.
hypochondriacusA_ cruentusandA. hypochondriacux During the evaluation of the results our observetio
A. hybridus According to National Research Councilrealized that if we don’t know an exact localitjage
(1984) A. hypochondriacuslid not blossom in summer and its latitude where there was originally prodlitee

in Pennsylvania (approximately 40°latitude north)seed of plants which we used in our research waatan
Nevertheless, it blossomed in greenhouses during shProperly —appreciate the significance of various
days in winter. It reacted like this as an obligato influences acting at multiple repetition growing
photoperiodically sensitive short-day plant. Thig€nvironment very different from the areas of orain
apparently contradicts the experience of BohemiPpundance.

Amarant s.r.o. (JaroSova et al., 1997). In thdaroSova et al. (1997) although stated thai.
surroundings of Olomouc (49°34’latitude north) disua hypochondriacuwvariety No. 1008 was produced by the
grew and the plants blossome&l-hypochondriacysA. ~ selection  from original Nepalese forms, A.
cruentusand A. hypochondriacug A. hybridusduring hypochondriacusx A. hybridus variety Koniz is a
summer time, that is under conditions of long summéybrid originally from Russia and. cruentusvariety
days. O'Brien and Price (1983) found out that undéNo.I7 has an origin in Guatemala. They however
conditions in Southern Florida (approximatelymention about a subsequent selection of early andyh
27°latitude north) grain amaranth. hypochondriacys Plants atA. hypochondriacus< A. hybridus variety

A. cruentu} started to blossom in winter at less thafoniz. However, it is important to mention however,

half height of plants than those which were grown ithat Amaranthus was introduced to Nepal and Russia
May. long time ago (SAUER, 1967). It is very probabiatt

by repeated long term cultivation of amaranths unde
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the conditions of mild climate happens becausehef t CHAUDHRI I. I. (1956). Relation of the photoperiodic
influences of environment the lowering of differesc  flowering response to the endogenous annual rhyhm
among the original plants. We also cannot eliminate in Amaranthus caudatus. Beitr. Biol. Pfl, 32: 45864
undesirable influences of the uncontrolled polimaty FuLLER H. J. (1949). Photoperiodic response of
a pollen of introduced and wild also native weedy Chenopodium quinoa Willd. And Amaranthus
amaranths as evident in the differences of theurebh caudatus L. Amer. J. Bot., 36: 175-180.

tinges of flower heads. JAROSOVA J. (1997). How to grow amaranth. Uroda
7/97.
CONCLUSION JAROSOVA J., MICHALOVA A., VAVREINOVA S.,

MoUDRY (1999). Growing and use of amaranth.

In the experiment with gradual sowings the critday =~ Metodika pro zerdélskou praxi, 1997¢.13, 37s.
|engths at A. hypochondriacus,ariety No. |008, A. KAUFFMAN C. S.,WEBERL. E. (1990) Grain amaranth.
cruentus variety No.I7 andA. hypochondriacusc A. P. 127 — 139. In “ J. Janick and J. E. Simon (eds.)
hybridus variety Koniz appeared after June 1st, i.e. Advances in new crops. Timber Press, Portland, OR.
during the period when there are in Czech Repubic MICHALOVA A. (2000). Neglected crops and their use in
longest days. All three monitored varieties had the nutrition Il - new crops. Slovenska molhospodarska
critical day longer than 16 hours. It means tHhtraee universita, Nitra.
varieties of amaranth in literature described aststiay NATIONAL RESEARCH COUNCIL (1984). Amaranth :
plants are not in reality strictly of a short daywrever ~ Modern Prospects for an Ancient Crop. National
they are to the length of the day significanthetaht. Academy Press, Washington, D.C.
During the photoperiodic experiment we figured ouf BRIEN G. KELLY, PRICE, M. (1983) : Amaranth :
that at the decrease of the number of short dagreth Grain & vegetable types. Echo development notes,
increased the number of days necessary for theUSA.
beginning of b|ossomingA_ hypochondriacus,ariety PETR J. (1959) Methodics of the determination of the
No. 1008 andA. hypochondriacug A. hybridusvariety ~light stadium at longer day cereals. Shornik Vysoke
Koniz needed 54 days amil cruentusvariety No. |7 Skoly zendd¢lské v Praze.
59.5 days. PETR J. (1962). Determination of the critical day length
The photoperiodic experiment showed that monitored Of some varieties of wheat. Shornik Vysoke Skoly
species and varieties react under the conditiots wi zentdelske v Praze.
mild climate (50°latitude north) as plants reactingAVUER J. D. (1967). The grain amaranths and their
slightly to a shorter day, i.e. as the plants fatively ~ relatives : A revised taxonomic and geographic
photoperiodically ~sensitive. Under the desirable survey. Ann. Missouri Bot. Gard. 54 (2) : 103 — 137
photoperiod these plants accelerate the tranditard SAWHNEY S. KOHLI R. K., SAWHNEY N. (1978).
blossoming however they will blossom also withduis t Photoperiodic studies on Amaranthus. Fruit Research
photoperiod. Like this it is possible to explaineth Station. Punjab Agriculture University, Amritsar,
successful cultivation of the grain amaranths ie th Indie.
Czech Republic. WiLuiams  J. T. (1995). Cereal and pseudocereals.
Chapman & Hall. London. 280 s.
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