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ABSTRACT
Agronomic studies with Amaranthus

Pathleen M. Titus

A series of studies were undertaken to identify high
yielding varieties of amaranths and to determine optimum
cultural practices for the cultivation of the crop.

In a field study, 7 amaranth varieties, 6 from
Trinidad (Trin 1, Trin 2, Trin 3, Trin 4, Trin 5, and Trin
6) and one from Jamaica (Jamaica Native), were evaluated.
Jamaica Native was found to be most suitable for vegetable
production because of its succulence, later flowering
characteristics and high fresh and dry matter production.
vields of up to 18,670 kg/ha fresh weight and 3449 kg/ha dry
weight were recorded. Trin 3 on the other hand, was less
suitable because of its early and profuse flowering.

Jamaica Native was chosen for further agronomic
studies involving yield response to different levels of
nitrogen and potassium and the effect of nitrogen and
harvesting frequency on yield. Additionally, the nitrogen,
phosphorus, potassium, nitrate and oxalate content of the
leaves and stems were measured.

Jamaica Native was found to be highly responsive to
nitrogen but showed no response to potassium in the
experiments conducted. Increasing nitrogen tended to
increase fresh and dry matter yield.

Weekly harvesting proved to be more productive than

2-weekly and 3-weekly harvesting. At weekly harvesting there
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was no significant increase in yield when nitrogen was
increased from 300kg/ha to 600 kg/ha.

Increasing nitrogen also led to an increase in
the nitrate ,oxalate and nitrogen content of the leaves and

stems. Nitrogen and phosphorus content of the leaves and

stems decreased with time.
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CHAPTER 1 GENERAL INTRODUCTION

1.0 INTRODUCTION

Research on vegetable amaranths was started by the
Food and Agriculture Organization (FAO) in 1967. Field
experiments began in 1968 in home garden projects in Nigeria
and Benin and later germplasm collections were commissioned.
As a result of an FAO published report, vegetable amaranth
has started to attract the attention of researchers and

development agencies (National Academy Press, 1984).

Several desirable characteristics justify increased
interest in amaranth as a tropical food. Ferguson (1983)

noted that, amaranth demonstrates the following qualities-:

1. Wide genetic diversity which suggests that genetic
improvement may be rapid.

2. Wide range of climatic adaptability, the crop can
tolerate very wet conditions in addition to showing some
resistance to drought.

3. Rapid early growth and rapid accumulation of dry matter-
the crop has a C4 photosynthetic pathway thus making it
a more efficient convertor of solar energy than most
other vegetables.

4. Yields are high, up to 300 kg/ha dry matter per day have
been recorded.

5. It is possible to mechanise the whole production process.

6. Processing of the vegetable product into soups and other



convenience foods is possible.

j B | Classification and Nomenclature
The genus Amaranthus belongs to the family

Amaranthaceae in the order Caryophyllales which contains
about 800 species and 60 genera (Feine et al, 1979 ).

Grubben (1976) reported that the species are difficult to
recognise because characteristics of minimal importance have
been used to distinguish them and also because their
cultivation has given rise to numerous species. He further
stated that confusion in the taxonomy and nomenclature of
the amaranth used as leafy vegetables has been noted by De
Condolle in 1886, Bois in 1927, Sauer in 1950, and Bauer in
1975. Work on the taxonomic classification and description
of amaranth is being done at Rodale Research Centre in
Pennsylvania (Grubben and Van Sloten, 1981). It was however
reported that the taxonomy of the amaranth is still

confused, the basic problem being synonomy.

1122 Origin and Distribution

Historically, people have cultivated amaranths in
environments ranging from the tropical to semi-arid lands
(National Academy Press,1984). The centre of origin of the
crop is however debatable. Grubben (1976) observed that the
centre of origin is difficult to trace because the wild
ancestors are pantropical. He also pointed out that ' De
Condolle 1886 formerly thought that because of the

important <cultivation of cereal amaranth in India, the



centre of origin was India. Grubben (1976) reporting on a
later observation by Sauer (1967), noted that the presence
of numerous species in tropical America gives rise to the
hypothesis that this is the principal centre of origin.
Grubben (1976) supported the view that all grain amaranths
originated from Central and South America while the main
vegetable type A.tricolor originated somewhere in Southern
Asia. The National Academy Press (1984) in its report
presented information which agreed with Grubben (1976) They
reported that in Mexico, Central and South America are found
the grain types A.hypochondracus A.cruentus

and A.caudatus.The vegetable types are located in the hot,

humid regions of Africa, Southern China, Southern India and

where summer is too hot for lettuce or cabbage,A.palmeri is
the major green; and in Greece the leaves ofA.blitum form the
favourite salad (National Academy Press, 1984).

The predominance of grain and vegetable amaranths in
specific regions was noticed by Cole (1979). He suggested
that the purpose for which amaranth was selected in Eurasia
differed from those purposes in the Americas. In Eurasia the
crop was domesticated as a leafy vegetable while the
Americas developed it as a grain (Cole,1979). Basically,

these two uses, vegetable and grain, predominate today.



1.3 Morphology

Amaranthus is an annual herbacebus planf whose growth
habit is either prostrate or erect, branched or unbranched.
The stems and simple leaves have colours ranging from red to
green with a multitude of intermediates. The small chaffy
flowers could be white, purple, orange, red, or gold.
Sgedheads are sometimes as long as 50 cm with seeds ranging
from 0.9 to 1.7 mm in diameter. These seeds occur in large
numbers sometimes more than 50,000 per plant and are
cream, pink, gold, or black (Grubben,1976; Feine et al, 1979;

Purseglove,1981; National Academy Press,1984).

1.4 Importance and Uses

Amaranth was once an important crop to the Aztec
Empire before corn replaced it (Early,1971). As Berberich
(1980) reported, the Mayan Indians of Mexico's distant past
developed amaranth into a high yielding crop, then the
Aztecs made it more than their main food staple. He noted
that the Aztecs constructed idols of muyltipie deities from
amaranth and great gquantities were paid in tribute each year
to the Aztec king Montezuma. The Spanish explorer, Cortez,
in his determination to eradicate what he considered a pagan
culture, ordered mass destruction of the crop (Cole,1979).
Cortez reasoned that complete devastation of his enemy could
only be achieved by eliminating amaranth which typified
Aztec culture (Berberich,1980). ;

Today amaranth is important as a vegetable in parts



of tropical Africa and Asia. It often contributes as much as
25% of protein found in the daily diet (Grubben, 1976; Feine

etal, 1979). It is also grown and consumed as a vegetable

in many parts of the Caribbean region but particularly so in
Jamaica, Guyana and Trinidad and Tobago.

As a grain the crop is produced in the highland
areas of Latin America, Asia, India and parts of the United
sfatee of America (Grubben, 1976; Cole,1979). Amaranth seed
can be used in breakfast cereals or as an ingredient in
confection (Cole,1979; National Academy Press, 1984 ). The
grain is ground into flour and mixed with wheat flour or
corn. . giving an improved quality to the mixture
(Berberich,1980; National Academy Press,1984).

Other minor uses include the extraction of oil from
the seeds (Saunders and Baker,1982). This o0il they indicated
contains high amounts of linoleic, oleic and palmitic acids.
Leaves and roots of amaranth have medicinal qualities
(Grubben,1976). He also reported that amaranth is used as an
ornamental eg fox's tail and cock's comb; as a forage eg
pigweed; and in red dye preparation. In Africa, he noted,

amaranth has been used in the preparation of potash, salt

and soap.

1.5 Growth and Development of Vegetable Amaranths

Prior to 1976, there was little published data on
the growth.and development of vegetable amaranth. In 1976

however, Grubben conducted experiments in Western Dahomey on



the growth and development of the crop.To date, his work is
the only published material on the growth and development
of amaranths.

Grubben (1976) made the following conclusions from
his study. He found that amaranth is chiefly propagated by
seeds which germinate in 3-5 days.Seeds germinate rapidly at
temperatures above 21 oC (70 oF) and grow to transplant size
in approximately three weeks. Amaranth has a lower
temperature of 20 oC (68 oF) below which it would not
germinate or grow well.

Universally, two methods of cultivation are employed
namely (1) sowing directly into the field or (2)
transplanting 3-4 week old seedlings. He also reported two
methods of harvesting (1) uprooting the entire plant at
about 6 weeks or (2) repeated cuttings of the same plants.
In Trinidad and Tobago, amaranth is grown from seedlings and
harvested by repeated cuttings every week or every two
weeks (Titus,unpublished data,b 1984).

Grubben (1976) concluded from his experiments that
amaranth had a fast initial development and a high dry
matter content. He further indicated that maximum leaf
production was obtained when the leaf area reached about 7
times the surface of the soil (ie leaf area index=7). His
experiments compared this C4 plant amaranth to the C3 plant
celosia. He noted that the C4 cycle of photosynthesis
resulted in rapid growth and high yields under conditions of

high temperature (30-35 oC) and high light intensity. He



also observed differences between cultivars and that early
flowering was caused by daylength among other factors.
Growth and development studies on amaranth are
needed since as Grubben (1976) pointed out, bibliographical
data on this aspect of the crop are practically absent. It
is hoped that studies will yield information on differences

between the various cultivars.

1.6 Human Nutrition

Although 1leafy vegetables are not normally
considered an important source of protein, amaranth contains
a significant amount of useable protein (Kauffman and
Gilbert,1981). The good nutritional composition of amaranth
and Kauffman and Gilbert (1981),(see Table 1). The protein
content of the dry matter of the leaves is greater than 27%.
When compared to tomato and cucumber, amaranth is high in
protein, calcium, and ascorbic acid. Amaranth leaves also
have significant levels of thiamine (0.7 mg/100g dry matter)
and riboflavin (2.0mg/100g dry matter).

The above mentioned nutritional qualities contribute
to amaranth being considered as an important food source.
These nutritional qualities are important to its development
as a food source for low income people of Third World
countries as well as its use as an alternative crop in the
industrialised world(Feine et al, 1979).The 1eave3%f

probably all amaranth species are already utilised in the



TABLE 1.1 Nutrient Content per 100 grammes of edible

product. (Source Grubben and Van Sloten, 1981)

Amaranth Tomato Cucumber
Dry Matter 160g 6.5¢ 4.9¢g
Carotene 5.7mg 0.5mg trace
Iron 8.9mg 0.6mg 0.5mg
Calcium 410mg 10mg 13mg
Vitamin C 64mg 26mg . 16mg

Protein 4.6¢g 108 0.8g



diets of many tropical areas.

Amaranth however, has qualities which are a source
of concern since they can affect human and animal
health. High levels of nitrate and oxalate have been
considered negative quality factors in leafy vegetables.
Amaranth is known to contain qguantities of oxalate and
nitrate which could be toxic if injested in large amounts.
(Kingsbury, 1964) .

Oxalic acid injested as a chemical is corrosive to
the animal tissue it reaches (Kingsbury,1964). He further
states that oxalic acid is known to be toxic to livestock
under natural conditions and occurs in plants in the form of
soluble oxalates. Associated with oxalate poisoning are
nervous symptoms, reduced coagulability of the blood, acute
nephritis and unavailability of calcium.

Plants containing more than 1.5% nitrate as KNOg dry
weight have been known to be toxic to livestock
(Kingsbury,19 64),producing such effects as abortion,
depression of lactation, discoloured urine, digestive
disturbances and vitamin A deficiency symptoms. Schmidt et
al (1971), reported that intake of leafy vegetables highin
nitrate content have been considered the possible cause of
methaemoglobinmia after reduction of nitrate to nitrite.

Genetic factors are probably the primary determinant
in oxalate accumulation in leafy vegetables (Kingsbury,1964;
Maynard et al,1976 ).They also noted that many,if not most
of the plant species with high oxalate containing leaves

which are used as vegetables belong to the taxonomic



subclass Caryophillidae of which the family Amaranthaceae is
a member.

In an experiment conducted to determine oxalate and
nitrate contents of four tropical leafy vegetables grown at
two soil fertility levels, Schmidt et al(1971) found that
differences among species were greater than differences due
to soil fertility. It was however reported by Lorenz, (1978)
that environmental factors of fertilizer treatments, which
increased the cation content of leaves may effect an
increase in the oxalate content of the species in which the
compound is normally high.

Increased nitrate accumulation often follows high

rate applications of nitrogen fertilizers (Brown and
Smith, 1966; Lorenz,1978; Feine et al 1979)
Brown and Smith (1866) however reported that nitrogen
fertilization and weather conditions were of about equal
importance as factors influencing nitrate accumulation in
spinach, another green leafy vegetable. Fasset (1966),
suggested that vegetable nitrate content in relation to
fertilization needs to be studied.

Et would be. . difficult to develop feasible
fertilization practices which enhance growth, yvield,
succulence and general consumer appeal without somewhat
increasing oxalic acid and nitrates in amaranth
(Fasset,1966). Nevertheless, Kauffman and Gilbert (1981)
indicated that the antinutritive factors of nitrates and

oxalates are found in levels in amaranth similar to those

10



found in other green leafy vegetables such as spinach and
chard. Adverse nutritional effects are not to be feared with
a consumption of 100-200 grammes per day (Grubben and Van
Sloten, 1981).

The concern about nitrates centres around its
possible 1linkage to cancer. Nitrates can be converted to
nitrites which can combine with amines in the stomach to
form nitrosamines and these in turn can cause cancer
(Whitney and Hamilton,1981; Fretz,1983). It has however been
reported by Fretz (1983) that the vegetables containing
nitrites also have high levels of vitamins A,C, and E and
the mineral selenium, which are thought to block nitrosamine
formation:  ‘Eating® fraits” high i tinevitanins'a | "and " C""1s

therefore recommended.

1L Mineral Nutrition

Amaranth is an exacting crop with regard to soil
fertility and reacts favourably to high fertilizing on
poorer soils (Grubben,1976). In Nigeria,where the crop is
grown as a vegetable, Oke (1981) reported that one of the
major setbacks in the commercial production of amaranth is
the fact that in spite of increasing availability of
manures, not much work has been done on the optimum level

for maximum yield of the leaves.

Grubben (1976) reviewed the work of Lexander et al

(1970) which showed the results of a pot experiment done

using three levels of nitrogen on A. caudatus. These results

revealed that there were favourable responses ofA. caudatus

11
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to nitrogen fertilization regarding total production and
protein content.

In his own studies, Grubben (1976) obtained an
increase in the production of amaranth (fresh leaves and
stems) with 0.22 kg/kg of refuse and of 12.48 kg/kg of
N.P.K. fertilizer. He recommended using the complete
fertilizer 10-10-20 at the rate of 600 kg/ha if the crop is
harvested by cuttings.

Oke (1981) reviewed work done with respect to mineral
nutrition of amaranth. Reporting on work done by Kogbe
(1978), he noted thay after poultry manure was applied at O,
10,000, 20,000, 30,000 and 40, 000 kg/ha there was an
increase in yield with increased fertilizer application. The
highest fresh weight yields that Kogbe (1978) recorded
50,000 kg/ha (50 tons/ha) and 26,000 kg/ha (26 tons/ha)
respectively.Oke (1981) noted that Wilson (1971) obtained a
superior response at higher levels of fertilization. When
200 kg/ha of 15-15-15 were applied, yield was 22,190 kg/ha
fresh weight as opposed to 8,570 and 5520 kg/ha for 100 and
0 kg/ha 15-15-15 respectively.

Although the above results indicate a general
increase in production with increased fler tiliiti2er
application, there is clearly need for research in this area.
It is important to determine an optimum level of fertilizer
application beyond which it would not be economical to

operate. From these results, it is not possible to ascertain

maximum or minimum levels.
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1.8 Objectives of this Study

The general objectives of this study were to
identify high yielding cultivars of amaranth, to study
growth and development and to determine optimum cultural
practices for the cultivation of the crop. The study was
carried out in three experiments which examined the
following -:

1. growth, development and yield of 7 cultivars of vegetable

amaranth, six local and one imported from Jamaica.

2 the response of amaranth to varying amounts of nitrogen

and potassium;

3 yield and composition as affected by nitrogen and

harvesting frequency.

NOT TO BE REMOVED
FROM THE LIBRARY




2.0 CHAPTER 2: GROWTH, DEVELOPMENT AND YIELD OF SEVEN

VARIETIES OF VEGETABLE AMARANTH

2.1 INTRODUCTION

Grubben (1976) conducted several experiments in
Western Dahomey on growth and development of vegetable
amaranths. He noted the absence of much bibliographical data
pertaining to the vegetative growth of vegetables belonging
to the family Amaranthaceae and pointed out that although
there is a possibility of finding analogies in related plant
species, these may not yield enough data to fully explain
amaranth’s behaviour in the field.

Grubben (1976) in a comparative study of amaranth
and celosia, a leafy vegetable closely related to amaranth,
noted that amaranth, with its C4 photosynthetic cycle,
initially grows more rapidly in height and develops more
rapidly than celosia, a C3 plant. He found that amaranth
develops leaves quickly until the age of about 6 weeks
after which the plant flowers and this has a negative effect
on the total weight and quality of the leaves. He surmised
from his studies,that amaranth is suitable for harvesting by
repeated cutting since the plant branches and develops well
after the 1st and 2nd biweekly cuttings. It was however
observed that amaranth produces seeds and ages rapidly after
the 3rd cutting. He further observed that from 5-6 weeks
onwards, the main sink consists of " stalks"( stems ) and

inflorescenses. From this period on lengthening of the"



stalk"(stem) is as a consequence of development of the
inflorescence. The advanced stage of flowering made a 4th
cutting for vegetable material impractical in Grubben’s
(1976) studies.

From a survey conducted by Titus (1982,unpublished
data), in the Aranguez/Mt Lambert area of Trinidad, it was
observed that farmers generally harvest by repeated
cuttings. Three week old seedlings are transplanted into the
field and the 1st harvest begins about the 3rd week after
transplanting. Subsequently, weekly harvests are done and
continues even after flowering begins. When the plants start
to flower, the farmers simply pick off the flowers and
harvest the vegetative top growth. Several harvests are
obtained from the same plants.

Yield experiments done in India by Mohideen (1982),

2
have shown vegetable amaranth to produce (2.5-3.0 kg/m

/plot)25,000-30,000 kg/ha of green vegetable material. IA
these experiments, harvesting was done weekly for 70 days
giving a total of 10 clippings (or cuttings) Oke (1981) in
Nigeria reported a yield of wup to 50,700 kg/ha (50.7
tons/ha) using 40 tons poultry manure. He however noted that
Wilson (1971) achieved a yield of( 100 tons/ ha)

100,000 kg/ha fresh weight using mineral fertilizer. Oke
(1981) also reported that a yield of (30 tons/ha) 30,000
kg/ha of fresh vegetable material had been achieved in
Taiwan after 30 days of growth.

The experiment reported here examines the growth,

development and yield of seven varieties of vegetable

15



amaranth. The objective of this study was to determine
whether different varieties of amaranth had similar patterns
of growth, development and yield when grown under the same

conditions and to identify high yielding cultivars.

2.2 Materials and Methods
An experiment was conducted at the University Field

Station on the soil type described as River Estate Loam (see

appendix) The area used was under bamboo grass (Paspalum
fasiculatum) for the previous two years. The experimental

design was a randomised block with four replications. Plants
were spaced 30cm x 30cm apart, in plots that were 3.6cm x
1.8cm. Between the plots was a space of 1.5 metres.

Seven varieties of amaranth were used 1in this

experiment, six were local and one was from Jamaica. The six

local varieties . were Trin 1 (Field Station Red), Trin 2
(Very Red Aranguez), Trin 3 (Pink Aranguez), Trin 4 (Pale
Red Aranguez), Trin 5 (Big Leaf White), and Trin 6 (Pink
Matura). The imported variety was Jamaica Native.

Seeds were sown in seed boxes on 84-01-24. The
germinating medium consisted of soil, manure and rice husks

in equal proportions. Seedlings were transplanted into the
field, which had previously been ploughed and rotavated
on 84-02-22.

The experimental plots were designed so that both

growth analysis and yield analysis by repeated cuttings

16



could be done. Each plot was divided into two sections with
fifty five plants for growth analysis and fifteen plants
for repeated cuttings. All the sample plants were fully
guarded by other plants.

Five harvests were done for growth analysis studies,
the first one being on 84-03-19 and the others at weekly
harvests thereafter.At each harvest three plants were
uprooted and data taken on leaf area, leaf number and dry
matter of leaves, stems, inflorescences and roots. Leaf area
was measured on an automatic leaf area meter type AAM-5
manufactured by Tokyo Hayashi Denko Company Limited. To
determine dry weight, samples were oven dried at a

temperature of 80 0C for at least 48 hours.

For yield estimation, three plants were ratooned or
repeatedly cut at each of the five harvests. Young,
succulent leaves and stems (marketable material) were

harvested. Both fresh and dry weights were recorded.

2.3 Results
2.3.1 Yield Analysis
2.3.1.1 Yield Fresh Weight
When harvesting was done by repeated cuttings, there

were similar trends in fresh and dry matter production for

the 6 local varieties (Table 2.1). For all these varieties,

highest yield was at the 4th week (2nd harvest) and they
were not significantly higher than all the other
varieties.At the other cuttings, Jamaica Native recorded

comparable yields to the 6 local varieties. Approximately
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TABLE 2.1

Varieties 3

TRIN 1.
TRIN 2
TRIN 3
TRIN 4
TRIN §
TRI& 6

JAMAI CA
NATIVE

MEAN

3607(22.

3684(19

3742(20

3883(20

2366(16

3294(21.

6302(33

3840

Total fresh weight yield and fresh weight

yield at weekly harvests for seven amaranth

varieties (Kg/ha).

(Numbers in parentheses are weekly values

expressed as a percentage of total yield).

1)

.8)

.4)

.8)

.0)

7)

.8)

Weeks
4

SE 801.1

4175(25.6)

5479(29.5)

5034(27.4)

5517(29.6)

4021(27.1)

2605(23.7)

3931(21.1)

SE 3022

4537

Cv 46.48

after

5

3542(21.7)
3941(21.2)
4236(23.1)
3512(18.8)
3165(21.3)

2987(19.7)

3874(20.8)

3608

transpianting

6

2488(15.3)

3063(16.5)

3105(16.9)

3214(17.2)

2697(18.2)

.2688(17.7)

2682(14.4)

2848

7

2486(15.3)
2426(13.1)
2261(12.3)
2545(13.6)
2578(17.4)

2613(17.2)

1881(10.1)

2399

18

TOTAL

16,298
18,593
18,378
18,671
14,827

15,187

18,670
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TABLE:2.2 Weekly and total dry matter yield

of seven amaranth varieties (kg/ha)

Weeks after planting

Varieties 3 4 5 6 7 Total
SE 86.3 SE 192.9
Trin 1 i 634 830 621 551 531 3167
TrIn:.e 668 994 671 628 542 3503
Trin 3 699 954 112 637 558 3560
Trin 4 639 926 600 633 527 3325
Trin 5 514 818 628 604 577 3141
Trin 6 614 751 591 573 553 3082
Jamaica 908 748 690 609 494 3449
Native
SE 32.6
Mean 668 860 645 605 540

CV 26.00 %



TABLE: 2. 3

Varieties

Trin, 1
Trin 2
Trin:3s
Trin 4
Trin S5
Trin 6

Jamaica
Native

Mean

Weekly and total yield dry matter percentage

of seven amaranth varieties

18.80
18.56
19.33
18.06
22.78
18.74

15.23

18.79

23.

18.

19,

18.

225

21

21

61

74

45

15

20

.03

.01

20.68

SE 3.01

20.

18.

11.

19.

2d

19.

18

SE 148

91

50

86

.39

94

.98

19552

CV 27.16:%

Weeks after planting

26.34

23.59

22.63

23.8

24 .94

21.88

23.33

23.79

29.99

23.86

27.17

23.52

25.60

21.41

23.65

2503

S.E.

Mean

1.35

23.93

20.65

219522

20.69

23.38

20.60

20.44
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TABLE:2.4 Total dry matter of seven amaranth varieties
(yield in kg/ha)

Weeks after planting

Varieties 3 4 5 6 7 Mean
SE 704.5 SE 318.1
Trinil 2283 4982 7015 105261 10,095 6927
Trin 2 2217 3997 7651 10,599 7392 6372
Tring3 2832 5421 6312 1272 8341 6035
Trin 4 2002 5043 5667 9171 8904 6157
Trin 5 2308 5402 6736 8306 8766 6304
Trin' 6 2506 5224 6758 8521 6976 53996
Jamaica 2444 4617 7382 9253 8435 6426
Native
SE 268.9
Mean 2373 4955 6788 9055 8414

CV 22.30 %
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FIGURE 1: Total dry matter yield of seven amaranth varieties at 5 different harvest
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gradual as Trin 1, Trin 4 and Jamaica Native. Trin 1 had
significantly higher total dry matter values than the other
varieties which were not significantly different from each
other (Table 2.4).
2.3.2.2 Leaf Number

The general trend was an increase in leaf number
from the 3rd week after transplanting to the 6th. Week 7 had
a significantly lower number of leaves than Week 6 (Table
2.5). In examining the individual varieties, Jamaica Native

had a significantly lower number of leaves (p=0.05) than all

the other varieties. Among the other varieties there were
no significant differences. Greatest leaf number was
achieved. at Week 2 in Trin 1, 25 sadiand 5./ Ini Trin 3 and

Jamaica Native, this occured at Week 5.

2:.3.2.3 Leaf Area

The results for leaf area are presented in Table
2.6 and show an increase in leaf area up to the 6th week
then a rapid decline atthe 7Tth for all the varieties,
Greatest production was at week 6. Leaf area at Week 3 was
significantly lower than at weeks 5,6, and 7. Although
Jamaica Native initially had a higher leaf area than the

other varieties, they all had similar leaf areas at Week 7

(Table 2.6).

2.3.2.4 Leaf Size

The mean values indicated on Table 2.7 show that

Jamaica Native had significantly larger leaves than all the

24



TABLE:2. 5

Varieties

Train

Trin

Trin

Trin

Trin

Trin

Jamaica
Native

Mean

5

6

25

Leaf number per plant of seven amaranth varieties

Weeks after planting

3 4 5 6 4 Mean
SE 15.28 SVEL 65083
102 126 152 191 149 144
88 101 189 190 114 136
110 154 206 135 189 159
84 147 148 164 161 141
93 125 164 179 167 145
105 125 174 173 161 148
66 93 135 121 95 102
SE | 8L
93 125 167 165 148

CV . 21:.67.'%



TABLE:2.6

Varieties

Trin 1
Trin..2
Trin 3
Trin 4
Trin 5
Trin 6
Jamaica

Native

Mean

Leaf area per plant of seven

1061

1093

1260

1022

974

1046

1305

1109

amaranth varieties (cm?)

Weeks after planting

1545

1436

1533

19717

1612

1670

1761

1648

SE

5

S.E.

2214

2608

1810

1803

1902

2127

2630

115.

2156

Ccv

6

305.2

2913

2736

1568

2353

2229

2527

2685

2430

32.67 %

2559

1640

19717

2252

2203

1762

1573

1995

~no
o

Mean

S.E.136.5

2058

1903

1630

1881

1784

1825

1991




other varieties and that Trin 3 had significantly smaller
leaves than Trin 1,2,4, and Jamaica Native. Among the other
varieties there were no significant differences. Trin 1, 2,
and Trin 5 had their largest leaves at Week 7 the other

varieties had theirs at Week 6.

2.3.2.5 Leaf Dry Matter

Trin 1, Trin 2 and Jamaica Native produced the
highest total 1leaf dry matter, though not significantly
different from the other varieties (Table 2.8). Mean values
show that the highest leaf dry matter production occured at
the 5th week. After the 5th week, there was a general
decrease in production. Leaf dry matter production was

significantly lower at the 3rd week than at the others.

2,'3:2%6 Leaf Weight Ratio

Although Jamaica Native had the largest proportion
of leaves to total dry matter, this difference was not
significant from the other varieties (Table 2.9). The mean
weekly values indicate that leaf weight ratio decreased with
time. There were no significant differences between the 3rd

and 4th weeks but Weeks 5,6, and 7 were significantly lower

than Weeks 3 and 4.

251320 € Stem Dry Matter
Stem dry matter showed no significant differences

among the varieties (Table 2.10 ). Stem dry matter

£
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TABLE:2.7 Leaf size of seven amaranth .

varieties (cm? /leaf)

Weeks after planting

Varieties 3 4 5 6 7 Mean
SE 1.65 SE 0.74
Trin: 1 10.74 12.69 14.38 14.93 1T 28 14.00
Trin 2 12.45 14.26 13.63 14.33 15.14 13.96
Trin 3 11.65 10.43 8.43 12.10 10.70 10.66
Trin 4 12.21 14.28 12511 14.17 13.59 13.217
Trin S 10.42 12,93 11.65 12.39 13.53 12:18
Trin 6 9.93 13.35 12.30 14.50 11519 1225
Jamaica 19.35 19.20 19.99 22:12 1581 19.29
Native
SE 0.62
Mean 12.39 13.88 13.21 14.93 13.89

CV 23.53 %




TABLE:2.8

Varieties

Trin
Trin
Trin
Trin
Trin

Trin

Jamaica
Native

Mean

w

4
5
6

Weekly and total leaf dry matter

of seven amaranth varieties (kg/ha)

878

894

988

794

877

895

1008

905

Weeks after planting

4 5 6 7 Total
SE 196.6 S. B, 615.5
1371 28522 2306 2198 9275
1257 2692 2531 1688 9061
1319 1970 1584 1844 7704
1565 1889 2104 2048 8401
1381 2485 2028 2042 8812
1346 2422 2055 1626 8347
1611 2624 2194 1794 9229
SE 74:3
1407 2372 2115 1891

CV 22.63%



TABLE:2.9

Varieties

Trin 1
Trin 2
Trin 3
Trin 4
Trin 5
Trin 6
Jamaica

Native

Mean

29.

31.

30.

29.

31

27

29

29.88

Leaf weight ratio of

seven amaranth varieties

55

58

54

15

.53

15

.68

Weeks after planting

4 5 6
SE .03
30.78 34.24 45.38
33.70 34.19 43.01
30.24 32.08 40.59
30.79 35.99 42.87
30.25 32.68 43.50
31.57 33.85 42.00
30.88 37.03 42.64
SE 0.717
31.17 34.30 42.86
CV 11.09 %

47.

44.

43.

44.

43.

43

44.

44 .48

.65

50

Mean

317.

317.

35.

36.

36.

35.

36.

SE 0.91

46

43

44

63

22

65

94



production however, increased significantly from the 3rd up

to the 6th week.

2.3.2.,8 Stem Weight Ratio

In Table 2.11 is seen the mean stem weight ratio for
the 7 varieties at each week. According to the means, there
was an increase in stem weight ratio each week and each was
significantly higher than the other. There were no

significant differences among the varieties.

2%3%2.9 Inflorescence Dry Matter

Inflorescence dry matter increased each week (Table
2.12). At the'' 3rd week, - all the's varieties ' had poorly
developed inflorescences. Both Weeks 3 and 4 were
significantly lower than the other weeks. The mean values
show no significant differences among the varieties although
Trin 3 had the highest inflorescence dry matter of all the
varieties. The earliest flowering variety was Trin 3 and the

latest Jamaica Native, as seen from Table 2.9.

232510 Inflorescence Weight Ratio

Trin 3 had a significantly higher inflorescence
weight ratio than all the other varieties (Table 2.13)
which were not significantly different from each other. The

general trend was a significant increase in inflorescence

weight ratio as the plant aged.

203 2.0 Root Dry Matter
Root dry matter was highest at Week 6 (Table 2.14).
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TABLE:2.10

Varieties

Trin @
Trin 2
Trin 3
Trin 4
Trin §
Trin 6
Jamaica

Native

Mean

Weekly and total stem dry matter

of seven amaranth varieties (kg/ha).

672

702

868

585

719

681

727

708

Weeks after planting

1528

1354

1633

1560

1627

1655

1443

154

SE 392.2

2389

2638

2030

2087

2209

2315

2809

SE 148.2

3 2354

Ccv

4684
4561
2957
3941
3616
3598

3952

3901

31.89 %

4909

3317

3656

4027

3797

3053

3804

3795

32

Total

SE 12271

14,181
12,573
11,144
12,200
11,967
11,302

12,735




Table:

Varieties

Trin

Trin

Trin

Trin

Trin

Trin

Jamaica
Native

Mean

5

6

Weekly stem fresh weight ratios of

seven amaranth varieties

Weeks after planting

3 4 5 6
SE 2.28
38.47 35.46 27.72 22.42
40.18 35.88 31.41 23.85
35.00 31.47 24.34 21.75
39.70 34.13 30.98 22.99
38.55 36.78 25.178 24 .35
35.82 36.18 25.61 24 .20
41.19 35.92 54.58 23.67
SE 0.86
38.42 35.12 28.63 23.32

CV 15.42 %

22.

23.

22.

22.

23.

23.

21.

22.61

03

07

99

50

39

26

33

Mean

29.

30.

26.

30.

29.

29.

31

22

817

93

29

04

.35



TABLE:2.12

Varieties

Trin
Trin
Trin
Trin
Trin

Trin

Jamaica
Native

Mean

5

6

16.

58.

13.

11

25.

19.

34

Weekly and total inflorescense dry matter

of seven amaranth varieties (kg/ha)

Weeks after planting

3 4 5 6 7 Mean
SE 105.6 SE 0.43
7 345.6 524 .4 1089.9 1249.9 645.6
<6 326.6 596.7 1384.4 968.8 656.7
8 605.6 914.4 1183.3 1454 .4 843.3
3 334.4 597.8 1235.5 1926.7 7043 .
1 359.9 601.1 951.1 1267.8 637.8
6 474.4 662.2 1033.3 971 .1 633.3
.4 317.8 549.9 1146.7 12213 647.7
SE 39.9
9 394.4 635.6 1146.6 1208.9

CV 31.03 %



TABLE:2.13

Varieties

Trin

Trdin

Trin

Trin

Trin

Trin

Jamaica
Native

Mean

.

6

.74

.24

g1

.65

.57

.06

vl D

é,

11.57

Weeks after planting

SE

SE

0.90

7.49

7196

14.52

10/ 26

9.23

9.88

725

0.34

9.0l

Ccv

10:.

13.

16

13.

2

21

12

12.68

Inflorescence weight ratios

of seven amaranth varieties

54

00

39

.46

+ 73

34

19.68 %

320

13.

3 Ey gy

15.

14.

13.

14

14.47

87

17

57

02

38

94

.34

308

Mean

SE 0.

40

A74<)

$52

.41

520

.50

AR

22




The 3rd week had a significantly lower leaf dry matter
production than all the other weeks. Week 5 was also
significantly lower than week 6. Trin 1 had the highest root
dry matter which did not differ significantly from the total

produced by the other varieties.

2.3.2.12 Root Weight Ratio

The mean root weight ratio for the 7 varieties as
represented in Table 2.15 indicates that the varieties were
not significantly different from each other. At the harvests
however, a significant difference was observed. There was a
decrease with time. Week 7 yielded the lowest root weight
ratio which was significantly lower than all the other

weeks.

2.4 Discussion

The results show that total dry matter, leaf number

and leaf area of all the varieties follow the same

trend of, a general increase up to week 6 and then a
decline in production. The plant spacing which Grubben
(1976) wused was 15 cm x 15 cm while in this experiment the
spacing was 30 cm x 30 cm. Leopold and Kriedemann (1980)

pointed out that higher densities usually afford greater
leaf area per unit land area and therefore a greater

potential for yield. It is possible therefore that in this
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TABLE:2.14

Varieties

Trin 1
Trin 2
Trin 3
Trin 4
Trin'bs
Trin 6
Jamaica

Native

Mean

716

617

918

610

701

904

707

739

Weekly and total root dry matter

of seven amaranth varieties (kg/ha)

Weeks after planting

4 5 6
SE 189.6
1581 1739 2182
1726 1060 2124
1399 1864 1549
1094 1583 1891
1442 2033 1712
1359 1749 1836
1400 1247 1961
SE 11,1
1429 1611 1894
CV 26.36 %

1740

1418

1388

1503

1660

1322

1617

1521

37

Mean

SE 593.6
7958

6945

7118

6681

7548

21710

6932




TABLE 2. 15

Varieties

Trin 1
Trin 2
Trin 3
Trin 4
Trin 5
Trin 6
Jamaica

Native

Means

38

Root weight ratio of seven amaranth varieties

34.38

26.65

33.85

31.39

37.09

33.60

27.54

32.07

31.

28.

32.

30.

29.

35.

28.

30.

Weeks after planting

24

01

35

51

36

97

97

S.E.

91

S.E. 2.03

22.81

21.92

21.93

19.62

21.30

20.15

19.80

21.08

21.67

20.13

21.36

20.75

20.69

22.06

21.35

21.15

¥ ¢ Mean

S.E. 0.91
17,74 25.57
19 .15 23.18
16.63 25.22
17.66 23.99
18.99 25.49
19.02 26.16
19.90 23.51
18.44
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experiment with its wider spacing, the full yield potentiai
was not achieved. Total dry matter, (1976) increased with
age up to week 6 then declined.The declining leaf area from
Week 6-7 could account for the reduction in dry matter at
the similar time period. Grubben (1976) made a similar
observation in his experiments and attributed this decline

to leaf fall from the base of the plant.

Although the highest leaf dry matter was achieved
at the 5th week highest total dry matter occured at the 6th
week. As the results show, inflorescence and stem dry matter
continued to increase in all cases right up to thg final
harvest. Grubben (1976) pointed out that leaf production is
adversely affected by inflorescence growth. This was clearly
shown in the results, with an increase in inflorescence dry
matter, there was a decrease in leaf dry matter. Leaf weight
ratio decreased from the 3rd to the 4th week, but an
increase in leaf area occured over the same time period.
This was probably due to the partitioningtoffdry mattersto
stems since stem dry matter increased dramatically over the
same time period. All the varieties had comparable stem dry
matter and stem weight ratios. Results in this experiment
confirmed previous reports by Grubben (1976) who noted stem

dry weight to increase with age. This was generally the case

with all varieties.

It was observed that a higher leaf number did not

necessarily indicate a higher total dry matter yield. This
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was exemplified by the variety Jamaica Native. As the
results show, this variety had the lowest leaf number of all
the varieties but nevertheless, produced the 2nd highest
leaf dry matter. The results also indicated that Trin 3 had
the highest leaf number but the lowest leaf dry matter
production. Further, the results show that Jamaica Native
had the largest leaves and Trin 3 the smallest among the
varieties. The large leaf size enabled Jamaica Native to
achieve a comparable leaf area with all the other varieties.
at the 6th week when leaf area was highest, the plants
also produced their largest leaves.

The varieties exhibited a difference in flowering
times and intensity. Trin 3 and Jamaica Native were the
extremes. Trin 3 could be described as early flowering while
Jamaica Native flowered late. The profuse flowering of Trin
3 and subsequently high inflorescence weight ratio, makes
this variety among the least attractive for vegetable
production, Jamaica Native on the other hand is more
desirable because later and lesser flowering means more
vegetative material will be available.

The amount of leaves and stems harvested was due to
the availability of vegetative material.It could therefore
be concluded that Jamaica Native with its early and high dry
matter production, can be described as an early variety
(producing 908 kg/ha dry matter at the first harvest)

At subsequent harvests however, dry matter production for
Jamaica Native was similar to that of the other varieties.

This could probably to due to the fact that the large amount
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of photosynthetic material (leaves and stems) removed
retarded regrowth. Looking at the final cumulative fresh
marketable material produced, Jamaica Native still produced

significantly more than many of the varieties.
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3.0 CHAPTER 3: RESPONSE OF AMARANTH TO VARYING AMOUNTS OF

NITROGEN AND POTASSIUM.

3.1 INTRODUCTION
In general the fertilizer rates for leafy vegetables
have been adopted by vegetable amaranth growers. High
nitrogen is usually suggested since nitrogen is important for
good vegetative growth. Leafy vegetables are considered to
be typical nitrogen responsive plants (Purshothaman, 1982 ).
The effect of nitrogen as noted by Russel (1978), 0 - gl % 0
increase leaf growth, produce more succulent leaves and
darken the green colour. Low nitrogen supply produces hard
fibrous leaves (Russel,1978). If well supplied with
nitrogen, leafy vegetables can be harvested earlier.
Insufficient nitrogen would give rise not only to reduced
yields but also to pale green leaves of low market value
(Purshotaman, 1982).

The lack of information on nutrient response in
amaranth has been noted by several authors
including Grubhben(1976), Oke (1981), who both studied the
response of the crop to applied nutrients and concluded that

increasing the level of nitrogen is responsible for higher

yields.

Weeds belonging to the genus Amaranthus are
particularly efficient in the uptake of potassium (Hoveland

1976). Grubben (1976) noted that amaranth also has a great

need for potassium in photosyhnthesis.




Grubben (1976) explained that data on nutrient
removal constitutes important information on the manuring of
amaranth. He noted that the mineral elements in the soil are
not enough to support productive growth of a crop of
amaranth since amaranth can exhaust a rather rich soil. It

is therefore necessary for each crop to be fertilized.

S Objectives

The objective of this study was to examine the
response of the amaranth variety Jamaica Native , to varying
amounts of nitrogen and potassium fertilizer. The study also

looked at nutrient uptake in the plant tissue.

3.3 Materials and Methods

An experiment was conducted at The University Field
Station on land that had previously been fallow and with no
fertilizer applied to it for a number of years. The
experimental design was a completely randomized block with 3
replications using the variety Jamaica Native. Four lefels

of nitrogen were applied, 0 kg/ha (N ), 75 kg/ha (N ), 100

kg/ha (N ), and 300 kg/ha (N ). Foropotassium the 1evels

were O ké/ha (K'%, T00"kg/ha ?K ), 200 kg/ha (K ), and 400

kg/ha (K ). Phgsphorus was appiied totakl the glots at the
3

ratel vef 95 kig/ha.” The fertilizers used were sulphate of
ammonia, triplesuperphosphate and muriate of potash. All the

fertilizer was incorporated into the field the day before

planting.

Transplanting of 3 week old seeedlings 25 cm apart
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was done on 14/8/84. Each plot measured 75cm x 125cm. The
first harvest was done three weeks after transplanting and
at two week intervals thereafter for 4 harvests. Yield data
were recorded by measuring the fresh and dry weight of the
harvested leaves and stems. The method of harvest was by
ratooning (repeatedly cutting the same plants). Dry matter
was obtained by drying the harvested material in an oven set
at 80 OC for at least 48 hours. Eight plants per plot were
sampled at each of the four harvests. Chemical analysis of
the leaves and stems were conducted to determine nitrogen,
phosphorus and potassium uptake. The dried leaves and stems
were ground using a 20 mesh wire and analyses done on the
harvested material. The samples were digested using

hydrochloric acid. On aliquots of the digested material,

phosphorus was determined using a spectrophotometre (Olsen
and Dean, 1965) and potassium by flame photometer
(Pratt,1965). Nitrogen was analysed for by the Kjeldahl

method (Bremner,1965).
3o 4 Results

REST Y Total Fresh Weight (leaves and stems)

Amaranth showed a highly significant response to
nitrogen with very high yields at high nitrogen levels
{Tables 3.1 ' and 20, The response to potassium was
significant only at the  18% harvest when K produced

0

significantly lower fresh weight of both leaves and stems

(Table 3.2) than K . The percentage distribution of the
3

fresh weight yields between harvests (Table 3.3), shows that

o




els

o
]
(e}

(%) 42.

TABLE:3.1
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The effect of nitrogen and potassium on

the total fresh weight yield of Jamaica

Native (kg/ha).

Nitrogen Levels

No Ny No N3 Potassium
2345 6419 8580 16,865
3255 7109 9295 17,083
2512 6895 10,370 13,457
2616 5365 6524 20,841
2682 6447 8692 17,062
.05(nitrogen) 1469.2 Ko
.05(potassium) 1469.2 Ky
.05(nitrogen x potassium) 2938.4 Ko
20

Means

8552

9186

8309

8837

0 kg/ha
100 kg/ha

200 kg/ha



TABLE:3. 2 The effect of nitrogen and potassium on
the total fresh weight yield of Jamaica
Native at 4 different harvests (kg/ha).
Harvests
Nig:ggig H, Ho Hga Hy Total
No 703 718 639 622 2682
Ny 2750 1806 1082 807 6445
N, 3830 2531 1479 851 8691
ﬁs 4660 8059 3386 957 17,062
Harvest 2986 3279 1646 809
Means
Potassium
Level
Ko 2560 3327 18717 787 8551
K, 2995 3591 1751 849 9186
K2 3067 2994 1446 801 8308
K3 3320 3204 1512 801 8837
Harvest
Means 2988 3281 1648 810
LSD P = 0.05 (harvest) 367.3
LSD P = 0.05 (nitrogen)367.3
LSD P = 0.05 (potassium) 367.3
LSD P = 0.05 (nitrogen X potassium) 734.6
CV (%) 42.20
Ny = 0 kg/ha Ko = 0 kg/ha
N; = 75 kg/ha K; = 100 kg/ha
N, = 100 kg/ha Ko = 200 kg/ha
N3 = 300 kg/ha K3 = 400 kg/ha
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TABLE:3. 3 The effect of nitrogen and potassium on the

Nitrogen
Levels

Mean

distribution of yields among harvests of

Jamaica Native.

26.

42.

44.

27.

35.

26.

28.

29.

47.

32.

=0

6

8

0

Harvests
Hj
23.
16.
: B
19.
19.
kg/ha
75 kg/ha
100 kg/ha
300 kg/ha

8

22.9

12.5

12.7



without nitrogen (N ), the yield was evenly distributed from
0
Harvest 1 to Harvest 4. With nitrogen however,(N ,N ,and N ),
Jeengl 3
the first two harvests yielded 70-75% of the total yield.

3.4.2 Fresh Weight of Leaves

Leaves showed a marked response to nitrogen (Tables
3.4 and 3.5),fresh weight increased with increasing levels
of nitrogen. The response to potassium was not significant
except at harvest 1 with K producing significantly less
fresh weight than K3 (Table 2.5).
3.4.3 Fresh Weight of Stems

Stem fresh weight responded moderately to added

nitrogen (Tables 3.6 and 3.7). The response to potassium was

not significant.

3.4.4 Leaves as Percent of Total Fresh Weight

At the first two harvests, leaves made up more than
70 % of the total fresh weight (Table 3.9). There was a
decrease in the amount of leaves, as a portion of fresh
weight with time. when no nitrogen was applied, leaves

constituted a lower proportion of the total fresh weight.

34D Total Dry Weight

There was a significant increase in total dry weight

as nitrogen was increased from 0 kg/ha to 300 kg/ha (Tables

310 ‘and 73.11).. There /- was no significant response to



Table:3.4 The effect of nitrogen and potassium on leaf

fresh weight yield of Jamaica Native (kg/ha)

Nitrogen Levels

Potassium No Ny Nj N3 Potassium
Levels Means
Ko 1522 4622 6380 12,083 6144
K, 2273 5359 6651 11,675 6489
Ko 1656 5113 77617 9597 6033
KS 1747 4017 4913 14,399 6270
Nitrogen 1799 4778 6428 11,931

Means

LSD P= 0.05 (nitrogen) 972.8
LSD P= 0.05 (potassium) 972.8

LSD P= 0.05 (nitrogen X potassium) 1946.0

CV ¥ 39.09

No = 0 kg/ha Ko = 0 kg/ha

N;i = 75 kg/ha K; = 100 kg/ha
N, = 100 kg/ha Ko = 200 kg/ha
N3 = 300 kg/ha K3 = 400 kg/ha



TABLE:3.5 The effect of nitrogen and potassium on

leaf fresh weight yield of Jamaica Native

at 4 different harvests (kg/ha).

Hy
No 479
N, 2138
N, 2990
N; 3614
MEAN 2309

Potassium Levels

Ko 1985
Ky 2307
K, 2398
K3 2532
Mean 2309
LSD P =
LSD P =
LSD P =

CV % 39.09

518

1379

1931

5430

2315

2379
2522
2160
2197

2315

Harvests

H3
403
731
954

2253

1085

1266
1098

955
1022

1085

0.05 (harvest) 243.2

0.05 (potassium) 243, 2

400

529

554

634

529

515

563

520

519

529

0.05 (harvest x potassium) 486.5

Total

1799

4771

6429

11,931

6145
6490
6033

6270



TABLE:3.6 The effect of nitrogen and potassium on stem fresh

Potassium
Levels

Nitrogen
Means

weight yield of Jamaica Native (kg/ha)

824

984

856

868

884

Ny

1796

1748

1780

1348

1668

LSD P= 0.05 (nitrogen) 554.8

LSD P =

LSD P = O.

CV % 55.93
No
Ny
N>

05

(nitrogen x potassium)1109.6

o kg/ha
75 kg/ha
100 kg/ha

300 kg/ha

0.05 (potassium) 554.8

Nitrogen Levels

N2

2200

2644

2604

1608

2264

N3 Potassium
Means

4808 2408

5408 2696

3860 2275

6444 2568

5182

= 0 kg/ha

= 100 kg/ha

= 200 kg/ha

= 400 kg/ha



TABLE:3.7 The effect of nitrogen and potassium on
stem fresh weight yield of Jamaica Native

at 4 different harvests (kg/ha)

Harvests
Hy Ho Hj Hy Total
No 224 201 236 222 883
N1 612 427 351 279 1668
No 840 601 525 297 2263
Ny 1046 2629 1133 323 5131
Mean 681 964 561 280

LSD P = 0.05 (nitrogen) 138.7
LSD P = 0.05 (harvest) 138.7

LSD P = 0.05 (harvest x nitrogen) 277.3

CV % 55.93

Ko 576 948 612 272 2408
K4 688 1068 653 286 2695
K2 669 834 491 280 2274
K3 789 1007 489 282 2567
Mean 681 964 561 280

LSD P 0.05 (potassium) 138.7

LSD P = 0.05 (harvest) 138.7

LSD P 0.05 (harvest x potassium) 277.4

CV % 55.93




TABLE:3.9

Nitrogen
Levels

Harvest
Means

Potassium
Levels

Harvest
Means

The effect of nitrogen and potassium on

53

the percent of leaves in the total fresh weight

of Jamaica Native at 4 different harvests (%)

Harvests

Hy Hj

65.6 7253
T7.7 76 .4
78.2 763
22,6 67.4
g do (i 70.6
715 71.5
7 7 400 | 720.3
78.2 2. 2
26.3 68.6
77.2 70.6

Ko = 0 kg/ha

K; = 100 kg/ha
Ko = 200 kg/ha

Ka = 400 kg/ha

64.0

67.6

64.4

66.5

64.3

67.4

62.7

66.1

67.7

65.9

N;

N2

Hy

64.4

65.5

65.1

66.3

65.4

65.4

66.3

65.0

64.8

65.4

0 kg/ha

75 kg/ha
100 kg/ha

300 kg/ha

Nitrogen
Means

67.1
74.1
74.1

69.9

Potassium
Means

1.9

0.1

72.6

70.9
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TABLE:3.10 The effect of nitrogen and potassium on

the total dry weight of Jamaica Native (kg/ha).

Nitrogen Levels

Ng N N N Potassium
Potassium . ’ . Means
Levels
Ko 632 1640 2172 3316 1940
K4 864 1780 2256 3228 2032
K2 656 1784 2436 27172 1912
K3 684 1308 1732 3660 1848
Nitrogen 708 1628 2149 3224
Means
LSD P = 0.05 (Nitrogen) 210.0
LSD P = 0.05 (potassium) 210.0

LSD P = 0.05 (nitrogen X potassium) 419.6

CV % 27.24
Ny = 0 kg/ha Ko = 0 kg/ha
N; = 75 kg/ha K; = 100 kg/ha
N, = 100 kg/ha Ko = 200 kg/ha
N3 = 200 kg/ha K3 = 400 kg/ha
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Table 3.11 The effect of nitrogen and potassium on total dry

weight of Jamaica Native at 4 different harvests (kg/ha).

Harvests
g vt mpes Hgd el
No 179 122 188 168 708
Ny 635 438 326 228 1628
N, 786 636 462 265 2149
N3 805 1306 835 297 3243
Harvest 601 638 453 240
Means
Potassium Total
Levels
Ko 551 670 480 237 1938
K4q 619 687 470 257 2032
K2 615 613 453 230 1912
K3 620 583 409 234 1846
Harvest
Means 601 638 453 240
LSD P = 0.05 (nitrogen) 52.5
LSD P = 0.05 (potassium) 52.5
LSD P = 0.05 (potassium x nitrogen) 104.9

CV (%) 27.24

Ny = 0 kg/ha Ko = 0 kg/ha

Ny = 75 kg/ha K, = 100 kg/ha
N, = 100 kg/ha Ko = 200 kg/ha
N3 = 300 kg/ha K3 = 400 kg/ha



potassium except at the 1st harvest when K was
. . . . 1
significantly higher than the other potassium levels (Table

3.10).

3.4.6 Dry Weight Leaves

Leaf dry weight (Tables 3.12 and 3.13) showed a
significant increase with increasing amounts of nitrogen.
Potassium response was only significant at the 1lst harvest
where K was significantly lower than the other potassium

0
levels (Table 3.12).

3.4 Stem Dry Weight

Stem dry weight increased moderately with nitrogen

(Tables ' 3.14). Although there was & general increase with

added nitrogen, the difference was only significant between

N and N . The response to potassium was however not
0 3

significant.

3.4.8 Dry Matter Percent

The dry matter response to nitrogen applicaton was
significantly lower at the highest nitrogen 1level (300
kg/ha) than at the other levels (Table 3.16) There was no
significant difference among the potassium levels. Leaf and

:

stem dry matter percent on Tables 3.17 and 3.18 show that N
had significantly lower dry matter percent than the othei
nitrogen levels. An increase in potassium had no significant

effect on the dry matter percent of the leaves and stems.
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TABLE:3. 12 The effect of nitrogen and potassium on

leaf dry weight yield of Jamaica Native (kg/ha).

Nitrogen Levels

Potassium Njg N, Ny N3 Potassium
Levels Means
Ko 328 1156 1580 2504 1392
K, 608 1368 1600 2256 1460
Ko 416 1344 1740 1956 1364
K3 444 964 1268 2596 1316
Nitrogen 464 1208 1548 2312
Means
LSD P = 0.05 (nitrogen) 157.6

LSD P

0.05 (potassium) 57.6
LSD P = 0.05 (nitrogen X potassium) 315.2

CV (%) 28.56

Ny = 0 kg/ha Ko = 0 kg/ha

N, = 75 kg/ha Ky = 100 kg/ha
N, = 100 kg/ha Ko, = 200 kg/ha
N3 = 300 kg/ha Kai= 400 kg/ha




TABLE 3.13

Nitrogen
Levels

Harvest
Means

Potassium
Levels

Harvest
Means

LSD P

LSD P

LSD P

CV (%) 28.56

The effect of nitrogen and potassium on

leaf dry weight yield of Jamaica Native (kg/ha).

118

462

564

595

435

400

445

443

452

435

121

344

478

943

472

480

513

460

434

472

0.05 (nitrogen) 39.4

0.05 (potassium)39.4

0 kg/ha
75 kg/ha
100 kg/ha

300 kg/ha

Harvests

Hj Hy
116 109
239 162
308 197
557 216
305 371
339 171
311 190
298 164
2713 159
305 373

0.05 (nitrogen X potassium) 78.8

Ko = 0 kg/ha

Ky = 100 kg/ha
Ko = 200 kg/ha
K3 = 400 kg/ha

Total

464

1208

1547

2311

Total

1390
1458
1364

1318

(&a)

(00




Table:3.14 The effect of nitrogen and potassium on stem dry

Nitrogen
Levels

Harvest
Means

Potassium
Levels

Harvest
Means

]
o

LSD P

n
o

LSD P

I
o

LSD P

CV (%) 30.

151

174

172

169

167

29

Hy

61
173
222
210

167

I

190

174

154

149

167

52

94

158

363

167

.05 (nitrogen) 16.6

.05 (potassium) 16.6

0 kg/ha

75 kg/ha
100 kg/ha

300 kg/ha

Harvest

Hz

72
88
154
278

145

141

159

155

136

145

.05 (nitrogen x potassium) 33.2

K1

K2

matter yield of Jamaica Native (kg/ha)

59
66

68
81

69

65
68

66
75

69

0 kg/ha
100 kg/ha

200 kg/ha
400 kg/ha

Total

244
418
602

933

548
574
548

529



TABLE: 3.15 The effect of nitrogen and potassium on

Potassium
Levels

Nitrogen
Means

LSD P =

|

LSD P

LSD P =

stem dry weight of Jamaica Native (kg/ha)

.05

.05

.05

CV (%) 30.29

236

255

240

243

244

(n

Nitrogen Levels

N;

485

412

440

344

420

itrogen)

N2

592

655

696

463

602

16.6

(potassium) 16.6

N3 Potassium
Means
878 548
974 574
814 548
1064 529
933

(nitrogen x potassium) 33.2

I

I

0 kg/ha
100 kg/ha
200 kg/ha

400 kg/ha

No = 0 kg/ha

N; = 75 kg/ha
N, = 100 kg/ha
N3 = 300 kg/ha




Table:3.16 The effect of nitrogen and potassium on

total dry matter percent of Jamaica Native (%)

Nitrogen Levels

Ng N, No ' N3 Potassium
Means
Potassium
Levels
Ko 26.8 27.0 27.8 22.9 26.1
K; 26.4 26.6 26.5 22.7 25.5
Ko 26.5 271 26.7 24.0 26.1
K3 26 .4 25.6 28.0 22.5 25.6
Nitrogen 26.5 25.6 27.2 23.0
Means
LSD P = 0.05 (nitrogen) 1.4

LSD P

0.05 (potassium) 1.4

LSD P = 0.05 (nitrogen x potassium) 2.7

CV % 13.23

Ng = 0 kg/ha Ko = 0 kg/ha

N; = 75 kg/ha Ky = 100 kg/ha
N, = 100 kg/ha Ko = 200 kg/ha
N3 = 300 kg/ha K3 = 400 kg/ha




Table:3.17 The effect of nitrogen and potassium on
leaf dry matter percent of Jamaica Native (%)
Nitrogen Levels
No Ny N, N3 Potassium
Means
Potassium
Levels
Ko 25.8 27 .4 29.2 23.9 26.5
Ky 26.4 27.% ., 28.1 23,31 26.3
K2 254 28.9 26,7 24.1 26.4
K3 25.72 25.4 28.3 23.4 257
Nitrogen 25.9 21.3 28.1 23.6
Means
LSD P = 0.05 (nitrogen) 1.89
LSD P = 0.05 (potassium) 1.89
“LSD P = 0.05 (nitrogen x potassium) 3.8
CV' %X 17.99
Ng = 0 kg/ha Ko = 0 kg/ha
Ny = 75 kg/ha Ki3 = 100 kg/ha’
N, = 100 kg/ha Ko = 200 kg/ha
N3 = 200 kg/ha K3 = 400 kg/ha




63

TABLE:3.18 The effect of nitrogen and potasium on

stem dry matter percent of Jamaica Native (3)

Nitrogen Levels

No N; Ny N3 Potassium
Means
Potassium
Levels
Ko 28.7 26.9 26.3 .o G & 25.8
K1 26.2 23.85 20.3 22.4 24%3
K2 28.0 23.9 27 .4 24.2 25.9
K3 28.0 25.8 28513 21%2 25.8
Nitrogen 21.8 25.0 267 e e
Means
LSD P = 0.05 (nitrogen) 1.8

LSD P = 0.05 (potassium) 1.8

LSD P = 0.05 (nitrogen x potassium) 3.6

CV % 17.54

Ng = O kg/ha Ko = 0 kg/ha

N; = 75 kg/ha Ky, = 100 kg/ha
N, = 100 kg/ha Ky = 200 kg/ha
N3 = 300 kg/ha K3 = 400 kg/ha




3.4.9 Total Plant Nitrogen Removed

Mean amounts of nitrogen removed by the plant
showed an increase when the amount of nitrogen added to the
soil was increased (Table 3.20) The amounts removed at the
N and N levels were significantly lower than that removed

0 1
at the N level. At the N 1level also, significantly lower

2 2
amounts were removed than at the N 1level (Table 3.20).
3
Increasing potassium had no significant effect on nitrogen
removal.
3.4.10 Percent Nitrogen in Leaves and Stems

The concentration of nitrogen in the leaves and stems
increased as nitrogen added to the soil was increased and
decreased with time (Tablé:3.19, 3.21-3.24). The increase in
percent total plant nitrogen in the leaf and stem,(Tables
3.22 and 3.24) at the N level was significantly higher than

1
the N level. Potassium had no significant effect on

0
nitrogen concentration in the leaves and stems.

3.4.11 Total Plant Phosphorus Removed

The phosphorus content of the leaves and stems as

reflected by the amount removed (Table 3.25) was not

significant ne

3.4.12 Percent Phosphorus Leaves and Stems

64

jther when nitrogen nor potassium were increased.
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19 The efffect of nitrogen and potassium on the total

TABLE: 3.
Nitrogen H
Levels
N S
0
N 4
1
N 6
2
N 8
3
Harvest
Means 5
Potassium
Levels
K 5
0
K 53
1
K2 5
K 6
3
Harvest
Means 5
LSpHP = 0705
LSPiP = :0.05
LSD P = 0505
LSD P = @105
CV (%) 2329

concentration of nitrogen in

Harvests

H3

3.68

3.2

(nitrogen x potassium) 0.98

a

ha

1 H2
53 434
. 16 3. T2
.46 3.64
«94 D22
«92 4, 23
.99 die 22
.89 4.84
T 4631
.19 30D
+62 4w 23
(nitrogen) 0.49
(potassium) 0.49
(harvests) 0.49
NO = 0 kg/ha
N1 = 75 kg/h
N2 = 100 kg/
N = 300 kg/

ha

KO

K1

K2

H4

<29

.05

27

.34

<99

.10
.02
.74

.08

99

0 kg/ha
100 kg/ha
200 kg/ha

400 kg/ha

Jamaica Native (%).

Nitrogen
Means

Potassium
Means

4.55
4.67
4.37

4.43



TABLE 3.2

Potassium
Levels

Ko

Means

0

20.

34.

25.

25.

26.

66

The effect of nitrogen and potassium on
the total amount of nitrogen removed by

Jamaica Native (kg/ha)

Nitrogen Levels

No Ny No Nj Potassium
Means

3 66.9 106.9 198.9 98.3
8 I kT § 985.7 198.5 101.2
3 203 114.9 137.8 87.0
8 48.3 122 223.3 92.4
6 65.3 97.4 189.6

= 0 kg/ha Ko = 0 kg/ha

= 75 kg/ha K; = 100 kg/ha

= 100 kg/ha Ko = 200 kg/ha

= 300 kg/ha K3 = 400 kg/ha
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TABLE:3.21 The effect of nitrogen and potassium on

the nitrogen content of the leaf of Jamaica Native (%)

Nitrogen Levels

Ng N, Ny N3 Potassium
Means
Potassium
Levels
Ko 1.95 2.48 2.83 89.17 2.61
Kq 2:.18 2.63 2.58 3.58 2.59
K, 2.27 2.29 2.85 2.94 2.59
K3 2.21 219 2.34 3.43 2.55
Nitrogen 2.15 2.40 2.65 3.28
Means
LSD P = 0.05 (nitrogen) 0.27
LSD P = 0.05 (potassium) 0.27
LSD P = 0.05 (nitrogen X potassium)0.54
CV 36.63

Ny = 0 kg/ha Ko = 0 kg/ha

N, = 75 kg/ha K; = 100 kg/ha
N, = 100 kg/ha Ko = 200 kg/ha
N3 = 300 kg/ha K3 = 400 kg/ha
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TABLE:3. 22 The effect of nitrogen and potassium on nitrogen

content of the leaf at 4 different harvests (%)

Harvests
Nitrogen H1 H2 H3 H4 Nitrogen
Levels Means
NO 1.98 2.45 213 2.06 2.15
N1 2491 2.28 225 2.56 2.40
N2 3.36 2.14 2.36 2.15 2.65
N 4.52 319 2.84 2.58 3.28
Harvzst
Means 3..09 251 2.39 2.48
Potassium Potassium
Levels Means
K 2.88 2553 2008 2263 2.61
KO 3..09 288 23 2561 2.74
K1 2 e S 2.68 2.24 2:31 2,59
K2 3 2 LD 2508 237 200
HarveZt
Means 3 291 2+39 2.48
LSD P = 0.05 (nitrogen) 0.27
LSD P = 0.05 (potassium) 0.27
LSD P = 0.05 (harvests) 0.27
LSD P = 0.05 (nitrogen x potassium) 0.54

CV (%) 36.63

NO = 0 kg/ha KO = 0 kg/ha
N1 = 75 kg/ha K1 = 100 kg/ha
N = 100 kg/ha K = 200 kg/ha
Nz = 300 kg/ha K2 = 400 kg/ha
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Table:3.23 The effect of nitrogen and potassium on the nitrogen

content of the stem of Jamaica Native (X).

Nitrogen Levels

Potassium No N, No N3 Potassium
Levels Means
Ko 1.26 1.60 2.09 2.83 1.95
K4 1.85 1.63 1.66 2.57 1.93
Ko 159 1.64 1.86 2.03 1.78
K, 1.56 1.49 1.83 2.67 1.89
Nitrogen
Means 1.56 1.59 1.86 2.53
LSD P = 0.05 (nitrogen) 0.29
LSD P = 0.05 (potassium) 0.29
LSD P = 0.05 (harvest x nitrogen)0.59

CV % 38.98

No = 0 kg/ha Ko = 0 kg/ha

N, = 75 kg/ha K; = 100 kg/ha
N, = 100 kg/ha Ko = 200 kg/ha
N3 = 300 kg/ha K3 = 400 kg/ha
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TABLE:3.24 The effect of nitrogen and potassium on the nitrogen

content of the stem at 4 different harvests (%)

Harvests
Ni;::g:n Hq Ho Hj Hy Ni;:gign
No 1.55 1.89 1.58 1.24 1.587
N, 2.25 1.44 a lige b ¢ 1.50 1.59
Ny 3.10 1.51 1.32 1.53 1.86
N3 4.43 2.03 1./88 1.76 2.53
Harvest
Means 2.83 1.72 1.41 3501
Potassium Potassium
Levels Means
Ko 3.02 1.90 1.41 1.46 1.95
K4 2.80 1.95 1.55 1.41 1.983
Ko 2.59 1.63 1.48 1.43 3528
K3 292 1.39 1.52 s B . 1.89
Harvest
Means 2.83 2 L 1.49 1.51
LSD P = 0.05(nitrogen) 0.29
LSD P = 0.05(potassium) 0.29
LSD P = 0.05(harvests) 0.29

LSD P = 0.05(nitrogen X potassium) 0.59

CV (%) 38.98

No = 0 kg/ha Ko = 0 kg/ha

N, = 75 kg/ha K; = 100 kg/ha
N, = 100 kg/ha Ko = 200 kg/ha
N3z = 300 kg/ha K3 = 400 kg/ha
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TABLE:3. 25 The effect of nitrogen and potassium on

Potassium Nl

Levels

Ko

Means

53.6

72.4

55.7

61.0

60.7

=
(o
]

2
N
I

2
w
]

the total amount of phosphorus removed

by Jamaica

147.1

172.8

177.2

105.7

150.7

0 kg/ha
75 kg/ha
100 kg/ha

300 kg/ha

Native (kg/ha)

Nitrogen Levels

N3 Ny Potassium
Means
206.1 b gy @) 17150
196.3 237.6 169.8
223.9 235.9 173.2
151.0 302.7 155.1
194.3 263.4
Ko = 0 kg/ha
K; = 100 kg/ha
K, = 200 kg/ha
K3 = 400 kg/ha



Tables 3.26 to 3.29 show the phosphorus
concentration in the leaves and stems at different harvests
and nitrogen levels. The phosphorus concentration in leaves
showed no significant difference among the nitrogen or
potassium levels (Table 3.26) . With the stems however, at
N1, a significantly higher concentration of phosphorus was

found than at the N level.
3

3.4.13 Total Plant Potassium

As Table 3.30 shows, total potassium removed by the
plantl tended to increase with increasing levels of both
nitrogen and potassium. When neither potassium nor nitrogen

were added, lower amounts of potassium were removed than at

the other levels.

3.4.14 Percent Potassium in Leaves and Stems

The percent potassium in the leaves and stems
tended to increase with increasing amounts of potassium and
nitrogen added to the soil (Tables 3.31 to 8%34).  ‘When no
potassium was added, the potassium concentration was
significantly lower in Dboth leaves and stems than when
potassium was added to the soil. There tended to be a

decrease in potassium concentration with time.

3.4.15 Leaf Protein Content
Table 3.35 shows the protein content for the four

harvests at the various nitrogen levels.Leaf protein content

was noticed to increase with increasing nitrogen from N to
0

N (Table 3.36). At the N level protein content was
3 3
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TABLE:3.26 The effect of nitrogen and potassium on
the concentration of phosphorus in the

leaves of Jamaica Native (%).

Nitrogen Levels

Potassium NO N1 N2 N3 Potassium
Levels Means

K 0.3 0.39 0.46 0.38 0.41
0

K 0:.:35 0.40 0.41 0.38 0.39
1

K 0.42 035 0.45 0.48 043
2

K 0.39 O30 0.356 0.40 .38
3

Nitrogen 0.38 0.38 0.42 0.41
Means

LSD Pi= 0,05 (nitrogen).0.07

LSD P = 0.05 (potassium) 0.07

LSD P = 0.05 (nitrogen x potassium) 0.14

CV % 44.51

K =k /ha NO = 0 kg/ha
KO = 100 kg/ha N1 = 75 kg/ha
K1=200 kg/ha N =100 kg/ha
K2 = 400 kg/ha N2 = 300 kg/ha

3 3



TABLE 3.27

74

The effect of nitrogen and potassium on

the total concentration of phosphorus in

the leaves of Jamaica Native(%)

Nitrogen

Ha

Level

NO

rvest
Means

s

Potassium

Ha
M

CV

Level

K
0

K
1
K
2
K
3
rvest
eans
1.SD. P
LSD P
L.SD. P
LSD_ PR

(%)

s

0.05

0.05

0.05

0.05

44 .51

0.63

0.78

069

0.66
0.65
0.74

0.69

0.69

Harv

0.32
0.41

0.31

0.33

(harvest) 0.07

(nitrogen) 0.07

(potassium) 0.07

(harvest x potassium)0.14

0 kg/ha
100 kg/ha
200 kg/ha

400 kg/ha

ests

H3

0.22

0.19

H4

.45
e 37
.36

.30

237

el
.39
o 3

» 33

o3

1"

Nitrogen
Means

0.39
0.38
0.42

0.42

0 kg/ha
75 kg/ha
100 kg/ha

300 kg/ha



The effect of nitrogen and potassium

on the concentration of phosphorus in

the stems of Jamaica Native (%).

Nitrogen Levels

N2

0.19

TABLE:3.28
Potassium NO N1
Levels
K 0447 0.49
0
K 0.48 0. 57
1
K 042 0.64
2
K 0.49 0.43
3
Nitrogen 0.46 053
Means
LSD P =2 0.05\ (nitrogen) 0.09
LSD P = 0.05 (potassium) 0.09
LSD P = 0.05 (nitrogen x potassium)
CV % 51416
K =0ikg/ha
0
K =100 kg/ha
1
K = 200 kg/ha
2
K = 400 kg/ha

N

3

.45
«35
.36
.42
«39

0 kg/ha
75 kg/ha
100 kg/ha

300 kg/ha

75

Potassium
Means

0.47
0.46
0.47

0.46



TABLE: 3.29

Nitrogen
Levels

N
0

N
1
N
2
N
3

Harvest
Means

Potassium

Levels

K
0

=

1

2

= W

3
Harvest
Means

1]
o

LSD P

1l
o

LSD P

1
o

LSD. B

1]
o

LSD P

CV (%) 51.

.05
.05

.05

16

76

The effect of nitrogen and potassium on

the concentration of phosphorus in the

stems of Jamaica Native at four different

harvests. (%)

0.87

0.69

0.84

0.86

0.86

0.82

=N

.46

«35

0.51

0.39

Harvests

0.26

.05 (nitrogen) 0.09

(potassium) 0.09

(harvest) 0.

09

(nitrogen X potassium) 0.19

0

1

N
N
N

2
N

3

0 kg/ha
75 kg/ha
100 kg/ha

300 kg/ha

Nitrogen
Means

Potassium
Means

0.48
0.46
0.48

0.47

0 kg/ha
100 kg/ha
200 kg/ha

400 kg/ha
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TABLE:3. 30 The effect of nitrogen and potassium on
the total amount of potassium removed by

Jamaica Native (kg/ha)

Nitrogen Levels

Potassium No Ny No N3 Potassium
Levels Means
Ko A2 198.4 268.7 325.6 217.5
Ky 11 3.6 279.1% 332.3 464 .8 297.5
Ko 85.8 266.7 348.3 419.4 280.1
K3 88.4 199.9 215.0 685.5 312.2
Means 91.3 236.0 306.1 473.8
No =0 kg/ha Ko = 0 kg/ha
N, = 75 kg/ha K; = 100 kg/ha
N2 = 100 kg/ha K2 = 200 kg/ha

300 kg/ha K3 = 400 kg/ha

2
w
I



TABLE: 331
Potassium
Levels
K 4
0
K 4
1
K
2
K
3
Nitrogen
Means
LSD B = 0. 0b(
LSDR =
LSD P =
CVs% w27 .20
KiEi=00 skg/ha
(0]
Kii=1'1001kg/ha
1
Kiri=1200(kg/ha
2
K = 400 kg/ha

4.,

4.

4.

The effect of nitrogen and potassium on
the concentration of potassium in the

leaves of Jamaica Native (%).

Nitrogen Levels

NO N1 N2 N3

.65 5.10 4.70 4.10
.98 5.10 5.52 6.30
98 5.76 4.85 5.77
38 5.95 6.22 6.88
75 5.48 5.32 5.76

nitrogen) 0.58

0.05 (potassium) 0.58

0.05 (nitrogen x potassium) 1.16

N =280 kgd/ha
0

N =765 kg/fha
1

N =100 kg/ha
2

N '=.300 kg/ha
3
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Potassium
Means
4.64
5.48
5.34

5.86



TABLE:3.32

Nitrogen
Levels

Harvest
Means

Potassium
Levels

K
0

K
1
K
2
K
3
Harvest

Means

LSD P

LSD P

LSD P

LSD P

CV (%) 27.20

The effect of nitrogen and potassium on

the concentration of potassium in the leaves

of Jamaica Native at 4 different harvests (%)

H1

5.98

4.27

5.50

6.28

5.37

0.05 (nitrogen)
0.05 (potassium)
0.05 (harvest)

0.05(nitrogen X

NO

Harves

0.41
0.41
0.41

potassium)

0 kg/ha

75 kg/ha

100 kg/ha

300 kg/ha

ts

H3

6.48

5.85

6.12

6.20

6.16

H4 Nitrogen

Means
.80 T S
«15 5.48
«43 5.32
.47 0. 76
.46

Potassium

Means
.00 4.64
.38 5.47
AR bv34
.80 5.86
.46
0 kg/ha
100 kg/ha
200 kg/ha
400 kg/ha
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TABLE:3.33

Potassium
Levels

Nitrogen
Means

LSD P 0.05

LSD P 0.05

LSD P 0.05

CV (%) 28.97

80

The effect of nitrogen and potassium on
concentration of potassium in the stems of
Jamaica Native (%)

Nitrogen Levels

NO N1 N2 N3 Potassium
Means
.56 T 00 .67 D. 72 6.99
8117 10.58 9. 22 8.10 9.02
8.10 9.18 9.45 9.37 9.03
8553 9.33 9.67 11.85 9.85
8.09 9.03 9.00 8.76

(nitrogen) 1.01
(potassium) 1.01

(nitrogen x potassium) 2.02

NO = 0 kg/ha KO = 0 kg/ha

N1 = 75 kg/ha K1 = 100 kg/ha
N2 = 100 kg/ha K2 = 200 kg/ha
N = 300 kg/ha K = 400 kg/ha
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TABLE:3. 34 The effect of nitrogen and potassium
on the concentration of potassium in the
stems of Jamaica Native at 4 different

harvests (%)

Harvests
Nitrogen H1 H2 H3 H4 Nitrogen
Levels Means
N0 7.78 9.28 7.25 8.05 8.09
N1 9.37 9.97 8.85 7.92 9.03
N2 10.30 10.43 8.16 12 9.00
N 9.05 97D 8.45 7.178 8.76
Harvegt
Means 9.12 9.86 8.18 e
Potassium Potassiul
Levels Mevels
K 6.61 7.48 7.02 6.83 6.99
K0 9.92 11.32 6.77 8.07 9.02
K1 8.77 10.47 9.38 7.48 9.03
K2 11.20 10,17 9.53 8.48 9.85
Harvesi
Means 9.12 9.86 8.18 T7.72

LSD P= 0.05 (nitrogen) 0.41

LSD P = 0.05 (potassium) 0.41

LSD P = 0.05 (harrvest) 0.41

LSD P = 0.05 (nitrogen X potassium) 0.82

e A NO = O kg/ha KO = 0 kg/ha
N = 75 kg/ha K = 100 kg/ha
N1 = 100 kg/ha K1 = 200 kg/ha
N2 = 300 kg/ha K2 = 400 kg/ha



TABLE:3.35 Effect of nitrogen and potassium on leaf

Harvests

H1
H2
H3
H
4
Nitrogen

Means

LSD P

LSD P =

LSD P =

CV % 36.63

N = 0 kg/ha
NO = 75 kg/ba
N1 = 100 kg/ha
N2 = 300 kg/ha

protein content of Jamaica Native (%).

NO

12.35
15.31
13.31
12.84

13.45

0.05 (harvest)

2.

N1

15.69
14.23
14.04
15.94

14.97

0.05 (nitrogen) ‘24

4

0.05 (harvest x nitrogen

4

.8

N2

21.03
13.34
14.76
ittt o

16.57

Nitrogen Levels

N3

28.22
19.96
17.76
16.09

20.51

82

Harvests
Means

19.32
15.71
1459

156.51



significantly higher than at all the other levels. There was
a general decrease in protein from harvest 1 to 4. Protein

content at the 1st harvest was significantly higher than at

the other harvests.

a5b Discussion
The effect of nitrogen is reflected in the increase

in dry matter with nitrogen application. As the results

indicated, 1leaf and stem dry matter production increased as
nitrogen increased. A similar effect was noted earlier by
Grubben (1976) and Oke (1981). The increase of dry matter

with increasing nitrogen suggests that it is possible that
higher 1levels of nitrogen than the highest used in this
experiment (300 kg/ha) could lead to higher dry matter

production. The lower dry matter percent at the N level,
3

but higher fresh weight is probably related to the
succulence of the plant. As Russel (1978) indicated,

nitrogen promotes more succulent growth. Leaves at the N
3

level would therefore have a higher moisture content

relative to the other levels.

When nitrogen was added, the first two harvests as

the results show, yielded 70-75 % of the total recorded

yields. This suggests that after the first two harvests the

effect of nitrogen was no longer significant. It is possible

that adding nitrogen after the 2nd harvest may lead to a

significant increase in yield or it might be more profitable

to replant a new crop. Further work is necessary to justify
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these assumptions. The best time for applying nitrogen

should also be investigated.

The yield response to nitrogen as shown in the
results, were not significantly affected by potassium.
Higher levels of potassium did not affect the nitrogen trend
to increased leaf and stem dry matter with increased
nitrogen. This suggests that potassium is not essential for
nitrogen uptake in amaranth.

It was also observed that nitrogen and phosphorus
are usually present in progressively diminishing amounts as
the leaves and stems age. This could probably be due to the

plant’s decreased ability to absorb these nutrients with age

or as Grubben (1976) pointed out, there were large demands

relative to the supply of these elements. Phosphorus
content in this experiment ranged from .35% to .9% while
Grubben (1976) reported an average of 6%.

The decreasing nitrogen with age was explained by
Grubben (1976), as the possible result of amaranth
remobilising an important part of the nitrogen to the
inflorescences and other parts of the plant when the plant
is finished its life cycle. Nitrogen content of the leaves
and stems in this experiment ranged from 2% to 6%.
Grubben (1976) reported 10% in young leaves of amaranth.
s could probably be attributed to the lower

These lower level

levels of nitrogen used, cultivar differences,or stage of

harvest.

The potassium content of the plant tissues in this
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experiment ranged from 4-12%. Grubben (1976) however
reported a potassium content of 12- 14%. He also noticed
that the potassium content of the stems was higher than that
of the leaves. This was also found to be so in this
experiment.

High protein content is positively linked to high
nitrogen application (from the results). The decrease in
nitrogen as the plant aged resulted in a decrease in
protein. Similar results were obtained by Oke (1966). He
reported 30% protein in amaranth leaves which is higher
than those obtained in this experiment (12-28%).

The results with regard to nutrient uptake are
definitely not conclusive. Sampling of the entire plant,
flowers and roots, is necessary to determine the amount of
nutrient partitioned to these parts. It would seem that
adding nitrogen seems to increase both dry matter and
protein content. It 1is however necessary to determine an

optimum level after which it would not be profitable to

apply more nitrogen. The response to nitrogen differs under

environmental conditions, more studies should therefore be

undertaken to confirm these findings.
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4.0 CHAPTER 4: AMARANTH YIELD AND COMPOSITION AS AFFECTED BY

NITROGEN AND HARVESTING FREQUENCY

4.1 INTRODUCTION

Vegetable amaranth is harvested either by wuprooting
the entire plant or repeatedly cutting the same plant. The
time interval ©between harvesting by the latter method
varies. Grubben (1976), in Dahomey, noted that the yield
from three cuttings at two week intervals was less than
cutting at three week intervals in two harvests. On the
other hand, Mohideen (1982) reported that in India, clipping
is done at weekly intervals. The farmers in Trinidad also
harvest the crop every week (Titus,unpublished data,1984).

Grubben (1976) concluded from his studies that
amaranth is suitable for harvesting by repeated cuttings
since taking away an important portion of the assimilating
parts while leaving the root system intact stimulates the
plant to repair the lost assimilating organs. He also noted
that after a cutting, new leaves originate from the axillary

buds until a sufficient leaf surface has been gained for

reaching the reproductive stage.

Nitrate accumulation in plants is a natural
phenomenon resulting from uptake of the nitrate ion in
excess of its reduction and subsequent assimilation

(Maynard et al,1976; Lorenz,1978). Schmidt (1971) suggested

oxalic acid is the possible compulsory end product of

incomplete respiration of organic substrates.



He also suggested that oxalic acid may be synthesised in
response to cation excess created by metabolic incorporation
of some inorganic ions. The nitrate and oxalate contents of
some vegetable crops have caused concern since, if eaten in
large quantities both nitrate and oxalate may be toxic to
humans and animals. As already indicated (Chapter 1) the
intake of vegetables high in nitrates have been linked to
methemoglobin and eventually cyanosis (Schmidt, 197175
Maynard et al, 1976).

When large quantities of oxalic acid are injested by
humans, calcium uptake is inhibited (Oke,1967). He indicated
that calcium becomes bound in the digestive tract as calciun
oxalate and is excreted in the faeces. Reporting on work
done by Hazard et al(1938), Oke (1967) noted that oxalate can
decrease serum calcium which leads to a reduction in the
coagulability of the blood resulting in a decrease in the
function of the heart.

Environmental factors were also recognised as
affecting nitrate levels in plants (Schmidt et al, 1971;

Maynard et al, 1976). Influential environmental factors

include shading and water availability. Vegetables grown

under deficient 1light conditions have been reported to

accumulate more nitrates (Lorenz,1978). He also pointed out

that moisture stress which causes a reduction or cessation

in growth can lead to nitrate accumulation since nitrate

assimilation continues despite the lessened growth.

High levels of soil nitrogen have been linked to
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high oxalate and nitrate levels in plant tissues (Barker et
al, 1971; Schmidt et a11971; Brown et al,1966) It was
observed that with a plentiful supply of nitrogen, nitrate
absorption may then exceed its reduction and assimilation
within the plant. In experiments conducted on spinach by
Barker et al (1971), increased rates of nitrogen application
were reported to cause a substantial increase in the nitrate
concentration of the tissues.The highest concentration
(3.65%) was found at the highest rate of application(450
kg/ha). The lowest concentration occured where no nitrogen
was applied (0.13%). A study on amaranth by Schmidt et
al(1971) revealed that both nitrate and oxalate content of
amaranth increased with increasing fertility levels. It was
however suggested that application of nitrogen fertilizers
are probably too often blamed in instances of high nitrate
accumulation (Barker et al, 1971). These authors cited as
evidence the fact that spinach harvested from several fields

over a period of years varied in nitrate concentration by a

factor of 5 or more with the same amount of fertilizer.

Hill and Rawate (1982) noted that although they

found a high level of oxalate in amaranth, the values

reported were comparable to those reported for other leafy

vegetables eg spinach and chard. Schmidt et al(1871) also

noted the similarity in oxalate and nitrate content of

amaranth to those vegetables belonging to Caryophillidae.

The lethal dose of oxalic acid for man has been

reported as 2-5 grams (Oke,1967). Nitrate toxicity is said

to be low and widely varied, being in the order of 15-70 mg
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nitrate N(N03N ) per kilogram of body weight (Maynard et
al ,1971). Amaranthus is generally cooked before it is eaten
and cooking removes most of the nitrates and oxalates
(Grubben,1976). The danger of oxalates and nitrates in
amaranth is therefore perhaps exaggerated.

The objectives of this experiment were to determine
under Trinidad conditions (1) the effect of nitrogen on
yield and nitrate and oxalate content of amaranth and (2)
the effect of harvesting frequency on yield and nitrate and

oxalate levels in amaranth.

4,2 Materials and Methods

An experiment was conducted at the University Field
Station from December 3rd 1984 to January 6th 1985 using the
variety Jamaica Native. The area used had been planted with

cassava to which no fertilizer had been applied for a number

of years. Land preparation included ploughing and
rotavating. The experimental design was,a randomised block
with three replications. Phosphorous (75 kg/ha) and

potassium (100kg/ha) were applied to all the plots as

triplesuperphophate and muriate of potash respectively. The

levels of nitrogen were 0 kg/ha, 300 kg/ha and 600 kg/ha.

Nitrogen was applied as sulphate of ammonia, and was

applied in split equal dosages the day before transplanting

and immediately after the 2nd harvest at week 4.

Repeated cuttings were taken every week ( 6

harvests), every two weeks (3 harvests) and every three



weeks (2 harvests). Harvesting started on the 3rd week after
transplanting. Marketable material, young succulent
material, was harvested from 10 plants per plot and fresh
and dry weight recorded. Dry weight was obtained by drying

the plant material in an oven at 80 0C for at least 48
hours. On the harvested material, leaf number was counted,
stem thickness was measured using a vernier caliphers and
leaf area determined on a leaf area metre type AAM-5
manufactured by the Tokyo Hayashi Denko Company Limited.
Immediately before each cutting plant height was measured
from the soil level to the top most part of the plant.

Other cultural operations included pest control by
spraying every week with pecis, Tamaron, or Ambush at the
rate of 50 cc/l. Hand weeding operations were also carried
out in the early growth stages of the plants.

Levels of nitrate and oxalate were determined on the
dried material. For each sample, stems and leaves were ground
together using a 20 mesh wire. Nitrate was determined by a
nitrate Ion Specific Electrode Orion Model 93-07 (Orion
Booklet ). A 400 mg sample of ground material was placed in

a 125 ml Erlenmeyer flask with an aqueous extracting

(SO )" 3"18 H 0, 002" M
2 4 2

and 0.025 M NH SO H. Extraction was
4 2 3
The sample was filtered and

solution which contained 0.025 M N

H BO , 0.015 M Ag SO
3 3 2 :
done on a shaker for 30 minutes.

the nitrate content of the filtrate determined ( Marderosian

et al,1980).
Oxalate analysis was done using the colorimetric

method according to Burrows (1950). One gram of dried plant
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material was added to 10 ml distilled water and 10 ml citric
acid reagent in a 125 ml Erlenmeyer flask. The sample was
extracted on a shaker for 30 minutes at room temperature.
After filtering, the extract was dissolved in 50 ml of 0.4N
HCl and shaken in a 125 ml Erlenmeyer flask for a further 30
minutes. The sample was filtered and 2 ml of filtrate added
to 2 ml iron ferrous reagent. The absorbance was read at 540

nm using a Bausch and Lomb spectrophotometer.

4.3 Results
4,31 General Observations

At transplanting, all the seedlings were similar in
appearance. After one week in the field, definite
differences in the growth of the plants could be observed.
The plants which were not supplied with nitrogen appeared
stunted with small pale green leaves and reddish stems.
Those supplied with 300 kg/ha and 600 kg/ha nitrogen, were
taller with large dark green leaves and stems.There was a

marked increase in plant height with nitrogen and also with

lengthening of time between cuttings( Table la ) .Those cut

every week remained short averaging 27 cm compared to 42 cm

for every two weeks and 63 cm for every 3 weeks. Floral

initiation began earliest in the no nitrogen plants (NO)

while N (300 kg/ha) and N (600 kg/ha) started flowering
1 2

around the same time. Rainfall, totalling 84.5 mm for the

entire growing period, was heaviest during the first three

weeks.
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Table:4.1

Nitrogen
Levels

No

Harvest Means

Every
Week

18.65

31.42

29.66

26.58

LSD P=0.05 (nitrogen)

LSD P=0.05 (harvest)

5.78

5.78

variety Jamaica Rative( cm2 )

Every
2 Weeks

23.59

50.20

50.75

41.51

LSD P=0.05 (harvest x nitrogen) 10.02

CV (%) 15.73

The effect of nitrogen and frequency
of harvest on plant height in Amaranth

Harvesting Intervals

Every
3 Weeks

26.09

80.49

83.75

63.44

92

Nitrogen
Means

22.717

54.04

54.72



A3 Fresh Weight / Dry Weight

The general trend observed was towards an increase
in total fresh and dry weight with increasing nitrogen
(Tables 4.1,4.2) The yield obtained without nitrogen was
significantly lower than at the other nitrogen levels (300
kg/ha and 600 kg/ha).At the 2 weekly and 3 weekly harvesting
intervals, yield increased with increasing nitrogen up to
600 kg/ha. Highest total fresh weight was recorded when
harvesting was done every week. There was a decrease in
yield with an increase in the time interval (Table 4.2), with
the 3 weekly interval having a significantly lower yield than
harvesting every week. There was however, no significant
difference in total dry matter between the three different
intervals (Table 4.1a). This resulted from an increase in the
dry matter content of the plant tissues as the interval

between harvests increased (Table 4.5).

On Tables 4.3 and 4.4, fresh and dry weight vields

of nitrogen treated plants tended to increase with each

harvest both when the plants were harvested every week and

when they were harvested every 2 weeks. The final harvest in

each case (at the 9th week after transplanting) had

significantly higher fresh and dry matter yields than all

the other harvests. Harvesting every 3 weeks however, showed

a deerease. in yield from the st to the 2nd harvest.

The means for leaf fresh weight (Table 4.6) showed that

fresh weight yield decreased with increasing time between

harvests The decrease WwWas however only significant up to




TABLE:4. 2 Effect of nitrogen and harvesting

frequency on total dry weight yield
of Jamaica Native (kg/ha).

Harvesting Frequency

Every Every Every Mean
week 2 weeks 3 weeks
Nitrogen
Levels
No 1410 1351 1085 1282
N; 6408 5869 5603 5960
N, 5754 8222 7709 7228
Mean 4524 5147 4799
LSD P = 0.05 (nitrogen) 986 Ny = 0 kg/ha
LSD P = 0.05 (harvests) 986 N; = 300 kg/ha
LSD P = 0.05 (harvests X nitrogen) 1707 N, = 600 kg/ha
CV % 24.2




TABLE: 4.3

Nitrogen
Levels

Ny

Mean

LSD P = 0.05

LSD P = 0.05

LSD P

CV % 20.

]

o
Q
o

The effect of nitrogen and frequency of

harvest on total fresh weight yield of

Jamaica

Every
Week

5784

25,830

22,970

18,190

Rative (kg/ha).

Harvesting frequency

Every
2 weeks

4703

19,580

24,208

16,160

(nitrogen) 2793

(harvests) 2793

(harvests x nitrogen)

Every
3 Weeks

3441

17,700

23,720

14,950

4837

Mean

4643

21,030

23,630

Nd = 0 kg/ha

300 kg/ha

=
-
]

=
N
I

= 600 kg/ha



THE EFFECT OF NITROGEN AND FREQUENCY OF HARVEST

ON TOTAL FRESH WEIGNT OF JAMAICA NATIVE _(Kg/ha)

Table © 4.4
" Bias “k S S e e L "_"""f““—,“'"’"”"'"“” SEwreEe S o
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LSD P = 0.05 (nitrogen) =11539.8 LSD P = 0.05 (nitrogen) = I444.8 LSD P = 0.05 (nitrogen) = I906.1
LSD P = 0.05 (harvest x nitrogen) = 1322.3 LSD P = 0.05 (harvest x LSD P = 0.05 (harvest x
nitrogen = 2502.5 nitrogen = 2695.5
CVY S 30193 CVy =31.98 CV%Z =24.01

‘967



27

LSIAUVH 40 AONINOAWL ANV NAJOMIIN 40 LOAJddd AL

» 56 ZLU0E = %MD $9°19 = * %A) 0%°9t = 2D
L0I1™= .us3o13tu ¢°9€SI = usdoijtu
X 3s3A1eY) 60°0 = g QST X IS9AIRY) 60°0 = 4 (ST ¢'L8E = (uaBo1atu x 3sanzey) ¢yg = g as1
€8L = (uddomatu) ¢0°p = g 37 67988 = (uaBoilyu) ¢ 0 = 4 5] 0°8SI = (ua3013TU) €0°0 = 4 q§T
6£9 = (3s3a1ey) 600 = 4 as7 6°988 = (3s9a1RY) 60°0 = 4 @S] PSnle = (3s3a1eYy) 600
B s s e e
6802 2142 e 0hST 0821 8€7I 8LL 868 90L 219 [A%%
60LL LBIE sy 956€ 1z€ee S961 €6LS €€GT 606 8C11 961 £6L 8E€Y
%095 Z99e 291¢ 28€¢ 9881 0091 60%9 I9L1 LE1T ZLIT %201 L16 81h
G801 929 6SY z%9 GIv %62 1141 1% 882 992 161 971 6ET
ey e MBS M Gl
h TVLOL 9 € g ‘ v ! 7 TVIOL |% 9 c y € 4 1
S$)¥93m ¢ L13a3 SyeaM 7 K1oag ; ¥39m  A1aag
e T e e e b e e | IR e o e e e o TS SRS ST | s e M e e St € g e 4
..... 2 : o1qe]
(ey/33) FATLVN VOI.5VT 40 LHOTAN Aud 1VLOL NO S°v




98

TABLE: 4 .6 Effect of nitrogen and freguency of harvest on total
dry matter percent of Jamaica Native (%)
Harvesting Freguency
Every Every Every
Week 2 Weeks 3 Weeks Mean
Nitrogen
Levels
Ng 24.6 28.7 31.5 28.2
N, 24.8 30.0 33.0 29.3
N, 24.9 33.9 33.6 30.8
Mean 24.8 30.8 32.7
LSD P = 0.05 (nitrogen) 2.6 Ng = 0 kg/ha
LSD P = 0.05 (harvests) 2.6 N; = 300 kg/ha
LSD P = 0.05 (harvests x nitrogen) 4.4 N, = 600 kg/ha

CV % 10.35




the 10% level. Leaf dry matter vield was lowest at weekly
harvesting, Weekly harvesting show a significant increase in
fresh and dry matter of the leaves from N to N (Tables 4.7
and.4.8). A decrease from N to N whichowas significant in
the case of fresh weight. 1Both feaf fresh and dry matter
continued to increase when plants were harvested every 2 and
3 weeks (Table 4.7, Table 4.8). Stem fresh weight decreased
with increasing harvesting interval (Table 4.13) while stem

dry matter showed an increasing trend (Table 414y,

Harvesting every week showed a significant increase in fresh

and dry weight of stems from N to N , then a decrease at
0 1
N . When harvesting was done every 2 and 3 weeks stem fresh
2
and dry weight increased significantly from N to N (Tables
1 2

4.1 aiandiad g
Total dry matter percent as shown on Tables 4.5 and

4,10 indicates an increase with increasing nitrogen. N

0
nitrogen was significantly lower than N (300 kh/ha) and N
1 2
(600 kg/ha). The difference between N and N however was

1 2
not significant. The means for dry matter percent at weekly

harvesting (Table 4.10),showed no significant difference among

nitrogen levels. At the two weekly harvesting interval, dry
matter percent increased at every harvest while it decreased
from the 1st to the 2nd harvest when the plants were cut
every 3 weeks. Leaf dry matter percent (Table 4.15), show
increase with nitrogen and with harvesting interval. The

difference at the weekly harvest and at zero nitrogen was

significantly lower than at the other harvests and at the

an
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TABLE:4. 7 The effect of nitrogen and frequency of

harvesting on leaf fresh weight yield of
Jamaica Native (kg/ha)

Harvesting Frequency

Every Every Every Mean
Week 2 Weeks 3 Weeks
Nitrogen
Levels
No 3995 3429 2622 3349
N; 21,248 ¥6,112 14,622 125827
N, 18,656 20,208 19,872 19,568
Mean 14,632 13,250 1235373
LSD P = 0.05 (nitrogen) 2453 No = 0 kg/ha
LSD P = 0.05 (harvests) 2453 N; = 300 kg/ha
LSD P = 0.05 (harvest X nitrogen) 4249 N, = 600 kg/ha
CV % 21.8




THE EFFECT OF NITROGEN AND FREQUENCY OF HARVEST

ON LEAF FRISH WEIGHT OF JAMATCA NATIVE (Kg/ha)

Table 4.9
= e e
: Every week A Every 2 weeks H Every 3 weeks l
" ] s e S, b L [ S e SN Il e H
1 i : i "l
§ 1 2 3 4 5 6 TOTAL I 2 b 6 } TOTAL 5 3 6 POTAL l
. i e .
I i ]
: n "
: ; ;
N5l o452 331 669 618 822 1104 3995 1 817 936 1675 3428 1 1051 1571 2622
| : ;
i :l :!'
N i i
el 2139 3397 4237 3230 4053 4195 21257 ' 5120 4783 6273 16115 ” 7917 6706 14623
:: ;
W il il
N i i i
2 : 1850 20455 3410 2981 3428 4222 18646 u 5473 6532 8198 20203 : 11160 8719 19873
1 [l
= =.=
I L
Mean | 1480 2161 2772 | 2276 2768 3174 i 3803 | 4084 | 5362 i 6708 5665
! 1 It
LSD P = 0.05 (harvest) S i LSD P = 0.05 (harvest) = 1273.9 LSD P = 0.05 (harvest) = 1353.9
LSD P = 0.05 (nitrogen) s WP LSD P = 0.05 (nitrogen) = 1273.9 LSD P = 0.05 (nitrogen) = 1658.3
LSD P = 0.05 (harvest x nitrogen) = 1162.8 Gk LSD P = 0.05 (harvest x LSD P = 0.05 (harvest x
i R ] nitrogen = 2206.5 nitrogen = 2345.1
VT = 34.40 CV¥ = 25.24

CvX = .33.82
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TABLE:4.9 The effect of nitrogen and frequency
of harvests on leaf dry weight yield

of Jamaica Native (kg/ha)

Harvesting Intervals

Every Every Every
Week 2Weeks 3 Weeks
Nitrogen
Levels
Ng 948 1013 854
N, 5265 4950 4737
N2 4669 7146 65175
Mean 3614 4370 4056
LSD P = 0.05 (nitrogen) 898 No
LSD P = 0.05 (harvests) 898 Ny
LSD P = (harvests x nitrogen) 1555 N,
CV %26 -1
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Mean

938

4984

6116

0 kg/ha
300 kg/ha

600 kg/ha




THE EFFECT OF NITROGEN AND FREQUENCY OF HARVEST
ON LEAF DRY WEIGHT OF JAMAICA NATIVE (Kg/ha)

Table . 4.0
i m —— —
Ve s Every week i Every 2 weeks : 1 Every 3 weeks J
2 1l I
¥ m - f 210l
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] I [
! :I " "
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LSD P = 0.05 (nitrogen) = Y44 .8 LSD P = 0.05 (nitrogen) = 829.2 LSD P = 0.05 (nitrogen) = 728.7
LSD P = 0.05 (harvest x nitrogen) = 354.8 LSD P = 0.05 (harvest x LSD P = 0.05 (harvest x
nitrogen = 1436.3 nitrogen =1030.5
VX  =67.90 CVX = 33.84

cvx 41,62
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TABLE: 4

Nitrogen
Levels

No

Mean

LSD P

I

LSD P

LSD P

CV % 14.

104

R The effect of nitrogen and freqguency of

harvests on the stem fresh weight yield

of Jamaica Native (kg/ha)

Every
Week

1789

4576

4318

3562

Harvesting Frequency

Every

2 Weeks

1274

3462

4005

2914

0.05 (nitrogen) 358

0.05 (harvest)

358

0.05 (harvest x nitrogen) 620

2

Every
3 Weeks

819

3075

3842

2579

Mean

1294

3704

4054

0 kg/ha
300 kg/ha

600 kg/ha
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TABLE:4.12 The effect of nitrogen and frequency of

harvests on stem dry weight yield of
Jamaica Native (kg/ha).

Harvesting Interval

Every Every Every Mean
Week 2 Weeks 3 Weeks
Nitrogen
Levels
Ng 462 338 231 344
N,y 1144 918 865 976
N, 1085 1076 1134 1098
Mean 897 i i 4 § 744
LSD P = 0.05 (nitrogen) 144 Ng = 0 kg/ha
LSD P = 0.05 (harvests) 144 N; = 300 kg/ha
LSD P = 0.05 (harvests x nitrogen) 248 N, = 600 kg/ha

CV % 20.

‘.




‘THE EFFECT OF NITROGEN AND FREQUENCY OF HARVEST

ON STEAM FRESH WEIGHT OF JAMAICA NATIVE (Kg/ha)

Table 4.13
. T =~ ——
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THE EFFECT OF NITROGEN AND FREQUENCY OF HARVEST
ON STEM__DRY WEIGHT OF JAMALCA (kg/ha’

Table ke 13
il =l n
. Every week ‘? Every 2 weeks f Every 3 weeks
n
1 2 3 b 5 6 Hean " 2 4 6 Mean 3 6 Mean
1 i -
1
it
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Cvx = CV = 30.86 CVX  =17.84

L0T



THE EFFECT OF NITROGEN AND FREQUENCY OF HARVEST

ON_THE DRY MATTER PERCENT OF JAMAICA NATIVE

Tabl
5 4.15 AT 4 DIFFERENT. HARVESTS (%)
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other nitrogen levels. Stem dry matter percent (Table 4.16)

also showed an increasing trend with increasing nitrogen and

harvest interval.

4.3.1.2 Leaf to Total Weight Ratio

The proportion of leaves in the total fresh weight
increased with nitrogen application (Table 4.17). Similarly,
leaf weight ratio‘'also increased significantly with the
lengthening of the harvesting interval. Zero nitrogen
produced a significantly lower proportion of leaves to total

weight than N and N which were not significantly different

1 2
from each other. The dry weight ratio was similar for N and
1
N levels, but zero nitrogen was significantly lower than
2
both N and N (Table 4.19). 2
1 2

4,3.1.3 Leaf Number

The results for leaf number harvested are presented 1in
Table 4.21 The means indicate a significant increase in leaf
number as nitrogen increased from 0 kg/ha to 300 kg/ha. No
significant differences were observed when nitrogen was
increﬁsed from 300 to 600 kg/ha. Leaf number at thg weekly
harvesting was significantly higher than those at 2 andriig

weekly and 2 weekly cuttings showed a significant reduction

in leaf number as harvesting interval lengthened.

7: hoalh, e (0 | Leaf Area

An increase in leaf area of the harvested material

was observed with an increase in applied nitrogen (Table




TABLE:4. 1¢

Nitrogen
Levels

No

Mean

I

LSD P

]

LSD P

I

LSD P

CV % 11.7

The effect of nitrogen and frequency

of harvests on leaf dry matter percent

of Jamaica Native (%)

Every

Week

24.1

24.8

24.9

24.6

0.05 (harvest)

2

Harvesting Interval

0.05 (nitrogen) 2.9

42,

Every

2 Weeks

29.

30.

35.

31.

0.05 (harvest x nitrogen)

Every

3 Weeks

92

32.

33.

32.

}
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Mean

28.6

29.3

31.0

0 kg/ha
300 kg/ha

600 kg/ha
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TABLE:4.17 The effect of nitrogen and frequency of
harvests on stem dry matter percent of

Jamaica Native.

Harvesting Interval

Every Every Every Mear
Week 2 Weeks 3 Weeks
Nitrogen
Levels
Ng 25.8 26.7 28.2 26.9
Nq 24.9 26.7 28.1 26.6
N, 25.4 26.8 29.5 2762
Mean 25.4 26.7 28.6
LSD P = 0.05 (nitrogen) 3.5 No = 0 kg/ha
LSD P = 0.05 (harvest) 3.5 N; = 300 kg/ha
LSD P = 0.05 (harvest x nitrogen) 5.6 N2 = 600 kg/ha

CV % 8.85
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TABLE:4. 18 The effect of nitrogen and frequency of

harvest on leaf weight ratio(fresh weight)

of Jamaica Rative.

Harvesting Interval

Every Every Every Mean

Week 2 Weeks 3 Weeks
Nitrogen

Levels

Ng 0.69 0,72 0.76 0.73
N, 0.82 0.82 0.83 0.82
N, 0.81 0.83 0.84 0.83
Mean 0,477 0.79 0.81
LSD P =0.05 (nitrogen) 0.014 No = 0 kg/ha
LSD P = 0.05 (harvest) 0.014 N; = 300 kg/ha
LSD P = 0.05 (nitrogen x harvest) 0.025 N, = 600 kg/ha
CV % 2.16
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TABLE:4. 19 The effect of nitrogen and frequency of

harvests on leaf weight ratio (dry weight)

of Jamaica Native.

Harvesting Interval

Every Every Every Means
Week 2 Weeks 3 Weeks
Nitrogen
Levels
Ng 0.67 0.74 0.86 0.76
Ny 0.82 0.84 0.82 0.83
N, 0.81 0.86 0.82 0.83
Mean Q77 0.81 0.83
LSD P = 0.05 (nitrogen) 0.026 Ny = 0 kg/ha
LSD P = 0.05 (harvest) 0.026 N; = 300 kg/ha
LSD P = 0.05 (nitrogen x harvest) 0.045 N, = 600 kg/ha

CV % 3.89




TABLE: 4

Nitrogen
Levels

No

Mean

LSD P

LSD P =

LSD P

CV % 14.

-20 The effect of nitrogen and freguency

of harvests on leaf number per plant

of Jamaica Rative.

Harvesting Interval

Every Every
Week 2 Weeks
56 48
152 i08
155 119
321 92

0.05 (nitrogen) 12

0.05 (harvest) 12

0.05 (nitrogen x harvest) 21

7

114

Every Mean
3 Weeks
36 47
96 119
107 127
80
No = 0 kg/ha
N; = 300 kg/ha




4.22). The increase was significant from the zero nitrogen
to the Nl level but the difference was not significant when
nitrogen was increased to 600 kg/ha. Highest leaf area

occured at the weekly harvests and was lowest when the

plants were cut every 3 weeks.

4,3.1.5 Leaf Size

Results for leaf size on.Table 4.23 show that there
was no significant difference in leaf size when harvesting
intervals differed. The general trend nevertheless, was
towards a small increase in leaf size as the harvesting
interval lengthened. A significant increase in leaf size to
increasing levels of nitrogen was observed. The largest
leaves were produced at the highest level of nitrogen (600
kg/ha) . Zero nitrogen had significantly smaller leaves than

the other levels.

4.3 46 Stem Thickness

The means for stem thickness (Table 4.24) indicate
that increasing nitrogen from zero to 300 kg/ha caused stem
thickness to increase significantly. A further increase to
600 kg/hh did not however have any significant effect. The

stems also became thicker as the time between harvests

lengthened.

43 wikiced Oxalate and Nitrate Content

Oxlate and nitrate content in the plant tissue are
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TABLE:4.21 The effect of nitrogen and frequency of

harvests on leaf area per plant of

Jamaica Native (cmz)

Harvesting Interval

Every Every Every
Week 2 Weeks 3 Weeks
Nitrogen
Levels
Ng 516 465 341
Ny 3442 2471 2077
N, 3334 2836 3042
Mean 2431 1924 1820
LSD P = 0.05 (nitrogen) 420 Ng
LSD P = 0.05 (harvest) 420 N,
LSD P = 0.05 (nitrogen x harvest) 727 N,

CV % 24.33

116

Mean

441

2663

3071

0 kg/ha
300 kg/ha

600 kg/ha
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TABLE:4.22 The effect of nitrogen and frequency of harvests

on leaf size of Jamaica Native (cnz)

Harvesting Interval

Every Every Every Mean
Week 2 Weeks 3 Weeks
Nitrogen
Levels
No 9.14 9.83 9.65 9.54
N; 22.58 22.91 21758 22.36
N, 21.39 23.74 28.34 24 .49
Mean 17,70 18.83 19.86
LSD P = 0.05 (nitrogen) 1.61 No = 0 kg/ha
LSD P = 0.05 (harvest) 1.61 N; = 300 kg/ha
LSD P = 0.05 (harvest x nitrogen) N, = 600 kg/ha

CV % 14.4
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Table:4. 23 The effect of nitrogen and frequency of harvests
on stem thickness of Jamaica Native (mm).
Harvesting Interval
Every Every Every Mean
Week 2 Weeks 3 Weeks
Nitrogen
Levels
Ng 0.27 0.35 0.41 0.35
N; 0.54 0.66 0.93 0.71
N2 0.54 0.68 1,02 0.75
Mean 0.45 0.56 0.79
LSD P = 0.05 (nitrogen) 0.047 Ng = 0 kg/ha
LSD P = 0.05 (harvest) 0.047 N; = 300 kg/ha
LSD P = 0.05 (harvest x nitrogen) 0.082 N, = 600 kg/ha

CV % 9.42



given on Tables 4.25 and 4.26. The means indicate a general

increase in both oxalate and nitrate with increasing
nitrogen. Oxalate content, like nitrate content tended to
decrease from the 1st harvest to the last. On the other
hand, nitrate increased with time. The difference in mean
nitrate and oxalate content as a result of different
harvesting frequencies was not significant. There was a
marked increase in nitrate content of plant tissue at 600

kg/ha nitrogen, with increasing frequency of harvesting.

4.4 Discussion

Fresh and dry matter production increased in
general with higher nitrogen application. Harvesting every 2
and 3 weeks showed an increase in both fresh and dry weight
with increasing nitrogen. Harvesting every week on the other
hand, gave no significant differences in fresh and dry
weight yields between 300 and 600 kg/ha. This suggests that
at 2 and 3 week intervals, the plants probably had a longer
time to respond to the applied nitrogen and so gave a
positive response to the higher 1levels of nitrogen.
Harvesting every week probably did not enable the plants to
effectively convert the absorbed nitrogen to dry matter. It
is implicit that for weekly harvesting, applications of wup
to 600 kg/ha may be excessive. The agronomic optimum under
the conditions tested is probably somewhere between 300
kg/ha and 600 kg/ha.

The results also show that although there was no

significant difference in the dry weight values for the 3
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TABLE:4.24

Nitrogen
Levels

No

Mean

LSD P

LSD P

LSD P

CV % 37.90
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The effect of nitrogen and fregquency of harvests

on oxalate content of Jamaica Native

Every
Week

Harvesting Interval

Every
2 Weeks

0.05 (nitrogen) 0.28

0.05 (harvests) 0.28

0.05 (nitrogen'x harvest) 0.49

Every
3 Weeks

(%)

Mean

0 kg/ha
300 kg/ha

600 kg/ha



TABLE:4.:.54¢
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The effect of nitrogen and frequency of harvests

on nitrate content of Jamaica Native (%).

Harvesting Interval

Every Every Every Mean
Week 2 Weeks 3 Weeks
Nitrogen
Levels
Ngo 1.26 1.33 .25 3.28
Ny 1,30 1.45 1.34 1.36
N, 1.68 1.48 1.38 3559
Mean 1.41 1.42 1.33
LSD P = 0.05 (nitrogen) 0.14 No = 0 kg/ha
LSD P = 0.05 (harvests) 0.14 N; = 300 kg/ha
LSD P = 0.05 (harvests x nitrogen) 0.24 N, = 600 kg/ha

Cv % 12.0



harvesting frequencies, 3 weekly harvests (2 harvests)
yielded somewhat less than weekly harvests (3

harvests). From the results, it could be surmised that

rlants harvested weekly were more succulent than those which
remained in the field for a longer period of time as shown
by their high fresh weight but comparable low dry weight
because of lower dry matter content. This is probably due to
fresh young regrowth being harvested at each weekly cutting

whereas, after two and three weeks the harvested material

was somewhat older and less succulent. As indicated, the
three week interval was the least productive; it yielded
the 1lowest leaf dry matter, leaf number and 1leaf area.

Grubben (1976) from his experiments in Dahomey recommended
harvesting every three weeks. Here in Trinidad this period
is probably too long as seen from the results. As already
pointed out, amaranth is a rapidly growing C4 plant which
grows best under high temperatures. The average temperature
during the growth period was 30.6 oC which can be considered
high and capable of promoting rapid growth.

The results show that harvesting every three weeks
and the highest level of nitrogen combined to produce the
highest leaf weight rgtio. The increasing leaf weight ratio
with increasing nitrogen is to be expected since nitrogen
stimulates leaf growth in preference to stem growth. The
larger plants at 2 and 3 weeks intervals also had a higher
leaf weight ratio than those cut every week. The similarity
in dry weight ratios at 300 kg/ha and 600 kg/ha, but

difference in fresh weight is probably because at the
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higher nitrogen level, the leaves are more succulent. This
succulence is reflected in the higher fresh weight and low
dry matter. The optimum for dry matter production is
probably reached at the N level (300 kg/ha) or somewhere
below the N2 level (600 kg/;a)

Nitrogen promoted the development of leaf number,
larger leaves and thicker stems which combine to give a
higher fresh weight. Palatability was decreased when no
nitrogen was added since the leaves and stems were less
succulent.

Corresponding to results of Barker et al (1971),
and Schmidt et al(1971), oxalate and nitrate content
generally increased with added nitrogen. The results of this
experiment also indicated an increase in the nit;;gen
content of the leaves and stems as the amount of nitrogen
added to the so0il increased. This suggests a positive
relationship between increasing nitrogen in the soil,
increasing amounts of nitrogen in the plant tissue and
increasing amounts of nitrates and oxalates in the plant.
Barker et al (1971), reported that when nitrogen was
sidedressed onto plots previously fertilized, there was an
inc;ease in the nitrate concentration in the plant
tissue.Similar results were obtained in this experiment.
Nitrogen was sidedresed onto the experimental plots at week
5 and the nitrate and oxalate content showed an increase
when analysed at week 6.

It should be noted that only at high nitrogen levels
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(600 kg/ha) was there a marked difference in the nitrate

content of the leaves, This difference was evident at the
weekly harvesting treatment. Oxlate content of the plant
tissue on the other hand, showed significant increases from

the N level. This shows that oxalate content of plant
1
tissue is more rapidly affected by nitrogen application than

nitrate content.

Increased nitrogen which promotes higher dry matter

content and greater succulence, also leads to increased
nitrate and oxalate content. As suggested by Fasset et al
(1966), it would ‘be iidifficult  to develop feasible
fertilization practices which enhance growth, yield,

succulence and general consumer appeal without somewhat
increasing oxalic acid and nitrate content.

From the results obtained, it can be concluded that
weekly harvesting is the most productive. It is necessary to

do further fertilizer experiments to determine the optimun

level for maximum production, since no definite conclusion
can be drawn from these results. Under the conditions of
this experiment, it is possible that the optimum lies

etween 300 kg/ha and 600 kg/ha for weekly harvesting.



5.0 Chapter 5: GENERAL DISCUSSION

From the experiments conducted, it could be
concluded that amaranth exhibited a potential for high
vields. Fresh weight yields of up to 23,827 kg/ha and dry
weight yields of 6,409 kg/ha were recorded. These yields
were lower than those obtained by Grubben (1976) and Oke
(1981)

In comparing the seven varieties it was discovered
that all seven had similar growth and development patterns
since total dry matter, leaf number and leaf area all
followed the same trend. They all also showed a significant
increase in inflorescence and stem dry matter from week 3 to
week 6.

In selecting an outstanding cultivar, the parameters
of high dry matter yield and early time to flowering were
the most important. Jamaica Native was selected for further
work on the basis of its high dry matter yield (908 kg/ha at
the 1st harvest, 3 weeks after field establishment). It was
also taken into account that more than 50% of the total
marketable material of this variety was obtained at the 1st
two harvests. This variety also flowered latest and produced
the least amount of inflorescence material among the other
varieties, which gave it an advantage over the other

varieties as a good selection for vegetable production.
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A number of factors emerged during these studies
which could be recommended for the more efficient
cultivation of amaranth. When establishing amaranth from
seedlings, three week old seedlings should be planted into
the field at a recommended spacing of 25cm x 25cm. Weed
control is necessary during the early growth stages of
amaranth. The rapid growth of amaranth however should enable
sufficient ground cover to preclude further weed control
from about the 5th week after the plant has been
transplanted into the field.

Harvesting should be done weekly starting at the 3rd
week after transplanting. Weekly spraying with a broad
spectrum insectcide eg. Decis or Tamaron will provide
adequate control under Trinidad conditions.

Applying nitrogen at 300 kg/ha and harvesting weekly
provided the best yields. Applications of up to 600 kg/ha at
this harvesting interval did not give a further increase in
vield. High nitrogen application not only increased quantity
(dry matter accumulation), but quality (succulence). Plants
to which nitrogen was added had a lower dry matter content
than those to which no nitrogen was added. High crude
protein accumulation also paralled high nitrogen
application.

Adding nitrogen led to an increase in the levels of
nitrate and oxalate found in the leaves and stems. This
negative quality factor, as already pointed out, should not
concern since both nitrate and oxalate may not have

cause

accumulated in sufficient quantities to be detrimental.
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Potassium application did not affect the vield
response to nitrogen in amaranth. Both nitrogen and
phosphorus content of the leaves and stems decreased as the
plant parts aged.

It could therefore be concluded that for higher
yields and more succulent vegetable material, B AR 1
necessary to add nitrogen under Trinidad conditions.
Amaranth could also be considered to have a high nitrogen
requirement.

It is suggested that the effect of direct seeding as
opposed to transplanting be evaluated in order to determine

the Dbetter method of establishing the crop. A greater

density than those used in these experiments could probably

lead to higher yields as suggested in Chapter 2. This should
be examined.

In addition, since there are no concrete
recommendations as to the best level of nitrogen required
for the most economical production of amaranth, further

experiments should be conducted to determine the best level.
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APPENDIX TABLE 1. Physical and chemical properties of soi's

Mechanical Analysis

($ oven dry soil)

o¢ the River Estate Series (Source

Brown & Bally (1970))

N

Depth 250 Ca Mg K Na p
pH : e Base (3 ovan
(cm) - im.e. cer 100 gm. oven dry soil) i v eoilh (prm)
Coarse Sand Fine Silt Clav
Sand

0o - 7.5 6.6 12 54 16 18 9.3 10.3 1Y~ 005 0,05 100 2.0 0.26 a4
| 1.5 = 22.5 6.6 20 56 9 16 35 3.8 0.4 0.02 0.01 100 07 0.08 28
f2.5- 5205 6.6 19 58 8 15 8 1.8 0.3 §:01 = 0.0} 92 0.7 0.07 12
|
52.5 - 82:5 6.3 5 49 18 34 5.8 oL L 9,03 01 87 1) 00
i
B2.5 - 13500 6.3 1 48 18 34 4.5 4.0 0.3 0.02 - <i0.09 85 = = 3

- vET



