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Abstract: Traditional leafy vegetables (TLVs) have over the centuries provided rural communities with food
and nutritional security.Amaranthus (Amaranthus hybridus L) is one of the underutilized TLVs in Swaziland
with promising nutritional and economic value. It is a hardy, drought-tolerant plant and is a crop with great
potential for adaptation to impending climate change. This study was carried out to determine water
requirements of amaranthus with the objective of saving as much water as possible, while obtaining the highest
yields attainable. Amaranthus plants were grown in pots in the greenhouse and subjected to four irrigation
regimes: were 40% of field capacity (0.40 FC), 65% of field capacity (0.65 FC), 85% of field capacity (0.85 FC) and
100 % of field capacity (1.00 FC).. Growth parameters as influenced by irrigation regime: field capacity (1.0 FC)
and 0.85 FC were significantly (P<0.05) different from the 0.65 FC and 0.40 FC. The 1.0 FC and 0.85 FC irrigation
regimes resulted in plants of higher leaves number, plant height, leaf area index, stem girth and fresh weight
than 0.65 FC and 0.40 FC. The fact that 1.0 FC and 0.85 FC gave similar higher growth parameters in many
instances than 0.65 FC and 0.40 FC, it may be recommended that water can be saved by use of 0.85 FC while
attaining maximum growth of amaranthus. Farmers wishing to grow amaranthus out of season can do so with
irrigation equivalent of 0.85 FC, less than field capacity and subsequently save water while obtaining maximum
yields possible.
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INTRODUCTION increasing. Actually, higher institutions of learning have

Traditional leafy vegetables (TLVs) including curriculla.
amaranthus have formed part of rural household food The leaves and the softest portions of the shoots are
security strategies  for  generations  in  Southern  Africa usually boiled in water and then cooked with onions,
[1-3]. The TLVs are usually rich in nutrients such as tomatoes, oil and or other additives of modern culinary
vitamin A and iron often lacking in the diets of children delights. Amaranth leaves are combined with condiments
and pregnant women [4]. Amaranthus is a TLV which has to prepare soup. The flavor of raw and cooked vegetable
become an essential part of food for most indigenous amaranth was reported as equal to or better than that of
people. This is especially so in the rural areas and the low spinach or other similar greens [1,5]. It can also be dried
income earning people in tropical Africa and sub-tropical for subsequent use during the dry season [6]. Despite this
countries like Swaziland [1]. In most countries amaranth favourable rating not much research has been done in
because of its wide adaptation was considered to be a aspects of amaranthus production. 
weed and nonsensical plant which was to be eliminated Amaranth is one of the few dicotyledonous plants
completely [1]. However nowadays most southern African that have what is known as the C  metabolism, a much
countries have become conscious of the increasing more efficient form of photosynthesis than the more-
importance  of indigenous fruits and vegetables in diets common C  and is linked to proficient production and
of their  habitants  [2, 3, 4] especially in this era of HIV drought resistance [3]. The C  amaranth metabolism
and AIDS. The role of amaranthus as a vegetable is therefore  predisposes it to high productivity and thus an

included indigenous or traditional vegetables in the
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essential vegetable candidate to ensure food and
nutritional security in developing countries of southern
Africa. It can survive with much less water than other
food crops in the region such as maize and beans. In good
growing conditions, each amaranth plant will produce
40,000 to 60,000 seeds seasonally [5]. 

Due to the continuous accumulation of greenhouse
gases and global warming there is continuous climate
change and variability which is characterized by frequent
droughts [7]. To add to this in Swaziland water for crops
is a limited resource. Therefore, proper and efficient use of
water becomes the main agenda and this requires
knowledge of water requirements of a particular crop [8].
Since the agricultural world is facing climatic changes and
sources of water are running out, it is proper to find how
much water is needed for efficient amaranthus production
while attaining relatively high yields of high quality crops.

 The objective of the study was to determine a near
optimum water requirement of amaranth with the objective
of saving as much water as possible while achieving
maximum yields possible.

MATERIALS AND METHODS

Description of Study Area: This experiment was
conducted in a greenhouse at the Horticulture Department
of the Faculty of Agriculture, University of Swazilandfrom
mid-January to mid-April, 2010. The study area is situated
at Luyengo Campus, a semi-arid region of Swaziland with
an altitude of 750 m above sea level. Luyengo is located
at latitude 26°34’ and longitude 31°34’. The long term
average rainfall of the area is 980 mm, with 75% falling
between October and March. Drought hazard is about
40%. The  long  term average temperatures for summer
and winter are 27 and 15°C, respectively. The plants were
grown  in  the  glasshouse  under  natural  photoperiods,
4 000-6000 lux light intensity.

Trial Design and Treatments: A randomized complete
block design (RCBD) was used with four treatments
replicated four times. Amaranth seeds were sown in cell
trays, germinated and the seedlings were grown for six
weeks in the trays. One amaranth plant was transplanted
in a plastic pot with an inside bottom diameter and inside
top diameter of 30 cm and height of 35 cm respectively.
The four treatments of irrigation levels were 40% of field
capacity (0.40 FC), 65% of field capacity (0.65 FC), 85% of
field  capacity  (0.85  FC)  and  field  capacity  (1.00  FC).
The irrigation levels were determined using tensiometers
(Irrometer Co., Riverside, California, USA) through
determination of soil water suction.  One  tensiometer  was

Table 1: Chemical properties of kraal manure and soil used in the
experiment

Exchangeable acidity Potassium Phosphorus
Material pH (meq/100 g) (mg/kg) (mg/kg)

Kraal manure 7.9 0.25 1490 22
Soil 5.6 0.15 133 2149

installed in a pot representing each treatment. The
tensiometers were installed at soil depth of 10 cm in order
to pilot irrigation. Corresponding irrigation levels were
applied  whenever  soil  water  potential reached -20 kPa
(or centibars) . The irrigation frequency was every two
weeks and it was the same for all treatments. Field
capacity was determined by the gravemetric method and
at field  capacity,  the  amount of water was found to be
4.8 liters. The amount of water needed to bring the soil
back to field capacity was 0.69 liters when maximum
allowable depletion (MAD) was one third of total
available moisture. These treatments of 0.40 FC, 0.65 FC,
0.85 FC and 1.0 FC corresponded to 0.28 0.45, 0.59 and
0.69 liters of water applied. The potting media used was a
mixture of kraal manure and field soil, mixed at the ratio of
1:1. Kraal manure was applied as a basal fertilizer at 60 t/ha
[9]. Chemical properties of the soil and kraal manure used
in this experiment are shown in Table 1.

Collection of Data: Plant parameters that were recorded
were number of leaves, plant height, stem girth, fresh
mass, leaf area, leaf area index and dry weight. The first
data collection were done two weeks after transplanting
(WAT) . Thereafter, data were collected at an interval of
two weeks. Temperatures were taken twice a day, in the
morning at 0730 hrs and in the afternoon at 1430 hrs in the
greenhouse using a mercury bulb thermometer. The
average temperature for the green-house was found to be
about 3-4°C warmer than outside temperature.

Data Analysis: The collected data was analyzed using
MSTAT-C statistical package [10]. The data was
subjected to analysis of variance (ANOVA) and where
significant differences were detected mean separation was
done by Duncan's new multiple range test (DNMRT) at
the 5 % probability level [11]. 

 RESULTS

Number of Leaves: At 2 WAT, irrigating amaranthus to
field capacity (1.0 FC) and 0.85 FC did not significantly
(p>0.05) increase leaf number compared to 0.65 FC and
0.40FC  (Table  2).  Four   weeks after   irrigation  regimes
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Table 2: Number of leaves of Amaranthus hybridus measured at two week

intervals

Treatment Week 2 Week 4 Week 6 Week 8

1.00FC 8a* 48a 66a 62a

0.85FC 8a 46a 61b 61a

0.65FC 8a 34c 48c 41c

0.40FC 8a 30c 38d 32d

*Different letters within columns indicate significant difference at (p<0.05).

Table 3: Plant height (cm) of Amaranthus hybridus measured at two week

intervals

Treatment Week 2 Week 4 Week 6 Week 8

1.00FC 20.350a* 32.225a 47.000a 63.975a

0.85FC 20.050a 29.550ab 41.250b 58.425b

0.65FC 19.925a 27.425c 31.000c 37.875c

0.40FC 20.725a 26.925c 29.250c 36.350c

*Different letters within columns indicate significant difference at (p<0.05).

Table 4: Stem girth (cm) of Amaranthus hybridus measured at two week

intervals

Treatment Week 2 Week 4 Week 6 Week 8

1.00FC 1.400a* 3.150a 3.325a 3.725a

0.85FC 1.425a 2.850b 3.025b 3.475ab

0.65FC 1.425a 2.350c 2.650c 2.87c

0.40FC 1.475a 1.970d 2.450d 2.65d

*Different letters within columns indicate significant difference at (p<0.05).

application, leaves number for plants in 1.0 FC and 0.85 FC
were significantly (p<0.05) more than 0.65 FC and 0.40 FC.
Number of leaves per plant in 0.65 FC and 0.40FC were not
significantly (p>0.05) different from each other (Table 2).
At six weeks after treatment application, water  application

at 1.0 FC and 0.85 FC significantly (p<0.05) increased
leaves number compared to 0.65 FC and 0.40 FC. The same
applied at eight weeks after treatment application, leaf
number for plants in 1.0 FC and 0.85 FC were significantly
(p<0.05) more than plants irrigated at 0.65 FC and 0.40 FC.
The highest leaf number (67) was obtained from
amaranthus irrigated at 1.0 FC and the lowest (32) from
plants irrigated at 0.40 FC.

Plant Height: Two weeks after treatment application,
plant height of 1.0 FC and 0.85 FC treated plants was not
significantly (p>0.05) higher than those of 0.65 FC and
0.40 FC treatment applications (Table 3). At four weeks,
plant height of 1.0 FC and 0.85 FC treatments was
significantly (p<0.05) higher than those of 0.65 FC and
0.40 FC treatments. However, plant height of 0.65 FC and
0.40 FC treated plots were not significantly (p>0.05)
different from each other. After eight weeks, soil water
regimes of 1.0 FC and 0.85 FC had significantly (p<0.05)
higher plant heights as compared to 0.65 FC and 0.40 FC
(Table 3).

Stem Girth: At 2 WAT, the stem girth of plants for all
treatments was not significantly different from each other.
Four weeks after irrigation application, 1.0 FC and 0.85 FC
had significantly (p<0.05) larger stem girth compared to
plants from 0.65 FC and 0.40 FC treatment applications
(Table 4). This was also seen after 6 weeks where 1.0 FC
and 0.85 FC treated plants had significantly (p<0.05) larger
stem girth  when compared to plants from 0.65 FC and
0.40 FC treatment applications. For 0.65 FC and 0.40 FC
treatment application there was no significant (p<0.05)
difference in plant girth (Table 4).

Table 5: Fresh and dry mass (g) of Amaranthus hybridus measured at two week intervals
Week 2 Week 4 Week 6 Week 8
------------------------------ ---------------------------------- -------------------------------- ---------------------------

Treatment Fresh Dry Fresh Dry Fresh Dry Fresh Dry
1.00FC 7.225a* 3.450a 18.300a 4.675a 28.700a 6.800a 32.750a 6.750a
0.85FC 7.200a 3.575a 16.300ab 3.750b 25.600b 6.100b 27.950b 6.150a
0.65FC 7.175a 3.475a 11.900c 2.900c 18.250c 4.575c 18.175c 4.500b
0.40FC 7.325a 3.575a 10.402c 1.575d 16.025d 4.000d 16.100c 3.800b
*Different letters within columns indicate significant difference at (p<0.05).

Table 6: Leaf length (cm) and leaf area index (LAI) of Amaranthus hybridus measured at two week intervals
Week 2 Week 4 Week 6 Week 8
------------------------------- ----------------------------------- -------------------------------- --------------------------

Treatment Leaf length LAI Leaf length LAI Leaf length LAI Leaf length LAI
1.00FC 8.450a* 0.109a 8.900a 0.014a 9.050a 0.013a 6.350a 0.015a
0.85FC 8.425a 0.109a 9.075a 0.012b 8.675a 0.012b 5.925a 0.012b
0.65FC 8.425a 0.109a 8.950a 0.010c 8.67a 0.009c 6.275a 0.010c
0.40FC 8.475a 0.110a 9.400a 0.009c 8.97a 0.009c 6.025a 0.010c
*Different letters within columns indicate significant difference at (p<0.05).
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Fresh Mass: At 2 WAT, there was no significant (p>0.05) Leaf area index increased with increase in irrigation
difference in all treatment applications as far as fresh
weight of  plants  was  concerned. But after four weeks,
1.0 FC and 0.85 FC had significantly (p<0.05) higher fresh
mass compared to 0.65 FC and 0.40 FC treatment
applications (Table 5). However 0.65 FC and 0.40 FC
treatment applications did not significantly (p>0.05) differ
from each other in terms of fresh mass of plants. At 6 and
8 weeks, treatments of 1.0 FC and 0.85 FC had
significantly (p<0.05) higher fresh mass plants when
compared to plants from 0.65 FC and 0.40 FC treatments.
However, treatment of 0.65 FC had a significant (p<0.05)
difference when compared to 0.40 FC treatment
application at 6 W AT (Table 5).

Leaf Length and Leaf Area Index (LAI): At 2 WAT, the
leaf area of plants and leaf area index (LAI) were not
significantly (p>0.05) different for all treatments. At 4
WAT the leaf area of 1.0 FC and 0.85 FC treated plants
was significantly (p<0.05) higher than plants of 0.65 FC
and 0.40 FC treatment applications (Table 6). At 6 and
WAT, LAI increased with an increase in moisture content
and thus irrigating to field capacity resulted in a
significantly (p<0.05) higher leaf area index.

DISCUSSION

Application of 1.0 FC resulted in significantly the
highest number of leaves, plant height, stem girth, fresh
mass of plants. Leaf area and LAI when compared to the
other treatment applications except for 0.85 FC
application. This suggests that water application to or
close to field capacity promoted leaf emergence of
amaranthus plant. Watering the amaranthus excessively
should be avoided, always leaving the soil dry for a few
days  between  one  watering  and  the  other.  Therefore,
it is  advisable  to  irrigate  the  substratum  deeply  every
1-2 weeks with 2-3 glasses of water [8]. It may be an
interesting opportunity to explore lower levels of water
application than 0.85 FC but higher than water application
of 0.65 FC.

Application of 1.0 FC resulted in significantly higher
plant height compared to the other applications. However,
0.85 FC was not significantly different from 1.0 FC which
suggested that there was enough moisture content to
promote good plant growth. Similar results were
previously  reported  however  with  tissue  cultured
banana plantlents [12] and radish [13]. Height is
influenced by relative increase in water supply [12,13].
There is a positive correlation between soil water regimes
and plant height. 

water application. Application of 1.0 FC resulted in
significantly (p<0.05) higher leaf area index compared to
the other applications. Watering to field capacity was not
statistically different from 0.85 FC as far as leaf area was
concerned.  Leaf  area increased with water supply
because plants were able to photosynthesize more
efficiently [13]. There was probably an increased
accumulation of photosynthates which accelerated the
pace of growth in leaf number. Manipulation of the quality
of horticultural crops by fertigation has previously been
reported [14]. 

It is important to develop an amaranthus irrigation
schedule bearing in mind that water can be saved by
applying only a certain amount of water to achieve best
results, in an environment where water availability is
decreasing [7] and becoming more expensive [15].
Elsewhere the quality of the crop was actually improved
by use of less irrigation water [16]. In this investigation
soil water regimes had no direct influence (p>0.05) on leaf
length and leaf width. Amaranthus is one of the few
dicotyledonous plants that has the C  metabolism, a much4

more efficient form of photosynthesis than C plants and3

linked to proficient production and drought resistance [3].
This enables the plant to survive with much less water
without the plants wilting or drying, compared to many
plant species and this makes amaranthus a suitable crop
ideotype in the impending climate change era [17]. 

CONCLUSIONS

From the study, irrigating Amaranthus hybridus to
field capacity can result in relatively high yield, however
0.85 FC is quiet reasonable because there was no
significant  difference  in  yield of  amaranth  watered  at
0.85 FC or 1.0 FC. However, 0.40 FC would not be an ideal
water regime as this would result in plants being water
stressed and producing less biomass. With reference from
the findings from this study and some other cited
references, it is recommended that farmers should water
amaranthus at 0.85 FC to save water and still get
satisfactory plant response pertaining to the growth
parameters measured. 
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