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Abstract

The influence of induced growth patterns on the yield of Amaranthus cruentus L. (Large Green variety) was investigated in
the 2009 and 2010 early cropping seasons at the Federal College of Land Resources Technology, Kuru, Nigeria. Four growth
patterns (periodic harvesting without cut back, cut back at 10 cm from the base of the stem, cut back at 20 cm from the
base of the stem and continuous removal of inflorescence) were compared in a randomized complete block design with five
replicates. The three induced growth patterns enhanced shoot regrowth and development of leaves and branches. In the
20009 trial, green yield from the cut back at 10 cm (9.22 t ha™!) was significantly (P<0.05) different from the yield obtained
under natural growth conditions and continuous removal of inflorescence. For the 2010 early season trial, the green yield
from cut back at 10 cm (8.55 t ha™*) was significantly different from the yield for cut back at 20 cm (6.07 t ha™?). Floral ini-
tiation which was delayed by 29 days (2009) and 21 days (2010) after cutting the stem at 10 cm from the base prolonged
the proliferation of branches. The lowest number of branches and weight of leaves were recorded under natural growth
conditions in the two trials. The findings in this study indicate that Amaranthus cruentus growers could adopt the method
of cutting back the stem at 10 cm from the base at 21 days after transplanting in order to take full advantage of the yield

potential of the crop.

Keywords: Amaranthus cruentus, Growth Pattern, Cut Back, Number of Branches, Weight of Leaves.

1. Introduction

Amaranthus cruentus is grown widely in humid tropical
Africa for the green leaf. The crop is one of the few leaf
vegetables that can be used to improve the nutrition
and income of rural farming families because of its high
nutritional quality, ease of establishment and potential
for good yields with low level of inputs. It is a fast grow-
ing annual plant that is ready for consumption from 4-6
weeks after planting. The draught tolerant characteris-
tics of Amaranth make it a prospective dry land crop for
farmers in semi-arid areas [1]. Amaranth seed and leaf
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are good sources of vitamins (A, K, B6, C, riboflavin,
folate) and dietary minerals (Ca, Fe, Mg, P, K, Zn, Cu,
Mn). The seeds and leaves are high in protein. Protein
content of the cultivated A. cruentus is estimated at 16%
[2]. A. cruentus contains the essential elements that are
absent in wheat, oats and rice. Regular consumption of
A. cruentus helps in reducing blood pressure and cho-
lesterol level. Apart from the nutritious green parts of
the plant, the grains of A. cruentus also have economic
value. A. cruentus has an erect growth habit and can
grow up to a height of 1.2 m if it is not disturbed through
harvesting.
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Amaranthus growers harvest A. cruentus by uprooting
the young plants or cutting the leaves and tender branches
of the growing mature plants periodically. Periodic har-
vesting by cutting the branches and leaves over several
weeks tends to result in higher total yield. This method of
harvesting is similar to pruning. Pruning is the process of
cutting back plants to keep them within desired boundar-
ies and promote bushier growth. Cut back of main stem
in leaf vegetables enhances shoot regrowth. The position
of the cut may also influence the rate of shoot regrowth.
With the uprooting method of harvesting A. cruentus,
farmer has to replant 3—-4 times during the growing sea-
son. This implies additional work for seed bed preparation
and field management. Periodic harvesting of leaves and
branches on the other hand delays the initiation of flow-
ering and increases growth in the vegetative phase. This
method stimulates shoot regrowth and production of
more leaves and branches thus resulting in higher green
yield per plant and higher farmer income.

For commercial production, it is necessary to explore
ways of enhancing the performance of the crop not only
through fertilization but also through modifications in the
growth pattern. The natural growth patterns of plants when
altered or modified artificially affect growth significantly.
Crops like A. cruentus which regrow naturally when har-
vested by cutting the branches and leaves periodically is a
good example of crops that shows this growth behavior. In
a study on okra by Olasantan and Salau [3], pruning sig-
nificantly (P<0-05) delayed fruiting by 8-10 days, extended
length of harvest duration by 12-15 days and increased
number of pods/plant by 10-40% and pod yield by 9-36%
more than the control plants which had neither apical bud
removal nor pruning. Apical debudding of okra resulted
in increased vegetative development, enhanced dry matter
accumulation and reduced plant height [4].

The influence of growth patterns due to modification
of plant height in leaf vegetable has not received serious
research attention in Nigeria. This can be attributed to the
fact that growers tend to be satisfied with the conventional
production and harvesting methods used in small por-
tions of land. The common methods include uprooting the
young plants and cutting back the main stem at a height
of about 15 cm from the base to encourage lateral growth
[5], stimulate shoot regrowth and allow regular harvesting
over a long period of about 6-8 weeks. Some growers cut
the stem at ground level at about one month after trans-
planting and pick the leaves and branches every two weeks
for about two months. Frequent harvesting of leaves and
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shoots delays the onset of flowering thereby prolonging
the harvest period [6]. A low level cutting (20 cm from
the base) stimulates the development of new strong shoots
while cutting close to the top of the plant produces weaker
shoots that may start flowering at an early stage [7].

With the increasing need for improved nutrition
through daily consumption of fruits and leaf vegetables it
becomes necessary to explore ways of increasing the pro-
duction and yield per unit area of land for vegetables like
A. cruentus which have high nutritional and medicinal
value. This study was designed to investigate the influ-
ence of natural and induced growth patterns on green
yield components of A. cruentus L.

2. Materials and Methods

The study was conducted at the Teaching and Research
farm of the Federal College of Land Resources Technology,
Kuru during the 2009 and 2010 cropping seasons. Kuru is
located on the Jos Plateau (Latitudes 8°50° N and 10° 10
N and Longitudes 8°22’E and 9°30’ E). Jos Plateau is in
the northern Guinea savannah vegetation zone. The mean
annual rainfall of Kuru varies between 137.75 cm and 146.0
cm. The experiment was laid out in a randomized complete
block design consisting of four treatments and five repli-
cates. Plot size was 2.5m x 3.0 m. A bed measuring 2.5m x
3.0 m was made for each plot with a height of about 30 cm.
The bed was divided into two equal halves (1.25 m x 3.0 m)
to facilitate field operations. Five soil samples were col-
lected with an auger at a depth of 0-15 c¢m for routine soil
analysis to determine soil physical and chemical proper-
ties. Decomposed poultry droppings were applied to the
field at the rate of 20 t ha™'. Each plot received 15 kg poul-
try droppings. The decomposing manure was worked into
the soil and left for 14 days to ensure proper decomposi-
tion before transplanting the seedlings. A. cruentus, Large
Green variety was used for the study. Seeds of the variety
were sown in three nursery beds measuring 1 m x 2 m in
drills 10 cm apart. The seedlings were transplanted at 21
Days After Planting (DAP) at a spacing of 40 cm x 20 cm.
Two to three seedlings were transplanted into each stand
and thinned to one after seven days giving a total of 90
plants per plot. At 21 DAP the treatments applied were:
1.Periodic harvesting without cut back, 2.Cut back at 10
cm from the base of stem and periodic harvesting, 3.Cut
back at 20 cm from the base of stem and periodic har-
vesting and 4.Continuous removal of inflorescence and
periodic harvesting.
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Weeds were controlled regularly by hand pulling. There
were no pest or disease problems on the field during the
experiment. Variables assessed include green yield, num-
ber of branches (10 cm long and above) and weight of
leaves (5 cm long and above). For the removal of inflo-
rescence treatment, all the flowers on each plant were
removed at 4-day interval. Harvesting of leaves and
branches was done every 10 days (1%, 2™ and 3™ harvest)
and every 7 days (4th, 5th, 6th harvest) from 30 days after
transplanting. The number of branches (10 cm long) and
above was counted at each harvest. The leaves on the har-
vested branches (4%, 5% and 6 harvest) for each treatment
measuring 5 cm long and above were gathered together
for leaf weight assessment. In A. cruentus, leaves and
branches make up the green yield. Treatment means were
analyzed with the Analysis of Variance technique follow-
ing the procedure of Gomez and Gomez [8]. The means
were separated using the Least Significant Difference
(LSD) technique at 5% probability level.

2.1 Soil Analysis

Before planting in 2009 and 2010, soil chemical proper-
ties were determined from bulked composite soil samples
collected from the experimental fields at 0-15 cm depth.
The samples were air dried, crushed and sieved with a 2
mm-mesh sieve. Soil pH was determined electrometri-
cally using a 1:2 soil/H, O ratio. Percentage organic matter
was calculated by multiplying the value obtained for
organic carbon by 1.724 (Van Bemmelar factor). The %
organic carbon was determined by the dichromate oxida-
tion procedure. Total N was determined by the Kjeldahl
method. Available soil P was determined by the colorim-
etry method after Bray P-1 extraction [9]. Exchangeable
bases (K, Na, Ca, and Mg) were extracted with neutral
Ammonium acetate solution. K and Na were determined
on a flame photometer. EDTA titration procedure was
used to determine the levels of Ca and Mg.

3. Results and Discussion

The results of the soil analyses at the sites of the experiment
during the 2009 and 2010 rainy seasons are presented in
Table 1. The soil at the first (2009) site is loam while that
of the second site is sandy clay loam. The two fields are
low in the major nutrients. pH values are 6.2 (2009) and
5.6 (2010). Green yield results (Table 2) in the two trials
indicate that the induced growth patterns influenced the
total yield of the Large Green A. cruentus variety. In the

Table 1. Chemical and physical properties of the soil
at the experimental sites

2009 2010
Soil property Mean* Mean*
pH (H,0) 6.2 5.6
pH (0.01 M CaCl)) 6.0 4.4
Organic carbon (%) 1.58 0.89
Total N (%) 0.025 0.140
Available P (ppm) 5.95 3.50
Exchangeable K 0.37 0.43
(Cmol kg)
Exchangeable Na 0.33 0.20
(Cmol kg)
Exchangeable Ca 2.23 4.20
(Cmol kg)
Exchangeable Mg 1.01 1.08
(Cmol kg)
H+Al 1.2 1.33
ECEC(Cmol kg™) 5.14 9.60
Clay (%) 27 24
Silt (%) 36 12
Sand (%) 37 64
Textural class Loam Sandy clay loam

*Average of five samples

Table 2. Green yield, number of branches and weight
of leaves of the Large Green Amaranthus cruentus
variety during the 2009 trial

Treatment (Growth Yield* Number Weight
pattern) (tha™) of of leaves*
branches* (kg/7.5* m)
A: Periodic harvesting 6.02¢ 53.0 0.56
without cutting the
stem
B: Cut back at 10 cm 9.22° 276.2 1.72°

from the base and
periodic harvesting

C: Cut back at 20 cm 7.28® 221.8 0.65*
from the base and
periodic harvesting

D: Continuous removal 6.94° 107.6 0.88*
of inflorescence and
periodic harvesting

SE £ 0.95 16.64 0.13
LSD 2.07 36.25 0.29

(0.05)

*Means followed by the same alphabet along the column are not
significantly different at 5% probability level.
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20009 trial, cutting of main stem at 10 cm from the base
followed by periodic harvesting gave the highest yield of
9.22 t ha™'. This yield was significantly (P<0.05) differ-
ent from the 6.94 t ha™' obtained for continuous removal
of inflorescence and 6.02 t ha™' obtained under natu-
ral growth conditions. The yields from the two cut back
treatments at 10 cm from the base (9.22 t ha™!) and 20 cm
from the base (7.28 t ha™') were not significantly differ-
ent. In the 2010 season, the highest yield (8.55 t ha™) was
given by the cut back at 10 cm treatment. This yield was
significantly different from the yield values of the other
treatments. In the two seasons of experimentation, growth
under natural conditions gave the lowest green yields.

The findings indicate that there is yield advantage
when the stem of the A. cruentus variety is cut back at 10
cm or 20 cm from the base at 21 DAP. Cut back in leaf
vegetables delays the reproductive phase and prolongs
vegetative growth. This enhances shoot regrowth because
A. cruentus re-generates naturally when the branches and
leaves are harvested. Flowering was earliest in the control
treatment since the plants were allowed to grow naturally.
The reproductive phase was also initiated early in the con-
tinuous removal of inflorescence treatment. Early floral
initiation in the two treatments was due to the fact that
the meristematic tissue was not disturbed by cutting the
stem. This agrees with the report of Olasantan [6], where
removal of apical bud on the main stem of okra delayed
the first fruit harvest when compared to the undebudded
control plants.

The mean number of branches (10 cm long and
above/7.5 m?) was similarly influenced in the 2009 and
2010 experiments in the four treatments (Tables 2 and 3).
The means obtained for the control and induced growth
patterns were significantly (P>0.05) different in the 2009
trial. For the 2010 trial, there was a slight departure. The
control treatment and continuous removal of inflores-
cence treatment were significantly different in their effect
on the number of branches. Values given by cut back at 10
cm and 20 cm from the base were not significantly differ-
ent. Leaves are borne on the branches hence the tendency
is for number of leaves to increase with increase in num-
ber of branches. This will eventually translate to increased
yield which is evident in the green yield result.

Number of branches is an indication of rate of shoot
regrowth. Branches are important in A. cruentus because
leaves are consumed with the tender branches. The point
of cutting on main stem from the base seemed to influence
rate of branch formation in the two cut back treatments.
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Table 3. Green yield, number of branches and weight
of leaves of the Large Green Amaranthus cruentus
variety during the 2010 trial

Treatment (Growth Yield * Number  Weight of
pattern) (tha™) of leaves *
branches* (kg/7.5 m?)
A: Periodic harvesting 4.20 42.2 0.69*
without cutting the
stem
B: Cut back at 10 cm 8.55 271.0° 1.66

from the base and
periodic harvesting

C: Cut back at 20 cm 6.07% 233.0* 0.64°
from the base and
periodic harvesting

D: Continuous removal  5.80? 111.0 1.05
of inflorescence and
periodic harvesting

SE+ 0.60 21.12 0.10
LSD 1.30 46.0 0.30

(0.05)

*Means followed by the same alphabet along the column are not
significantly different at 5% probability level.

Branch proliferation was more in the 10 cm cut back fol-
lowed by the 20 cm cut back. The delayed floral initiation
in the 10 cm cut back enhanced branching.

In the result for the weight of leaves (5 cm long and
above)/7.5 m? (Tables 2 and 3), the 2009 trial mean (0.56
kg/7.5 m?) for the control (natural growth condition)
was significantly different from the mean (1.72 kg/m?)
given when the main stem was cut at 10 cm from the
base followed by periodic harvesting. The means for the
other two induced growth patterns (cut back at 20 cm and
continuous removal of inflorescence) were however not
significantly different. For the 2010 trial, the mean (1.66
kg/7.5 m*) given when the main stem was cut at 10 cm
from the base was significantly different from the means
given by the control and the other two induced growth
patterns. The control treatment and cut back at 20 cm
from the base did not influence the weight of leaves sig-
nificantly. More leaves were produced in the 10 cm cut
back which gave the highest rate of branch regrowth as
a result of delayed flowering which prolonged vegetative
growth.

Normal flowering under natural growth conditions and
continuous removal of inflorescence affected branching and
reduced the rate of shoot regrowth which directly affect-
ed the formation of leaves and branches since vegetative
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growth stops at the beginning of reproductive phase. In the
two cut back treatments, flowering was earlier in the treat-
ment with cut back at 20 cm high by 29 days (2009) and
21 days (2010) when compared with cut back at 10 cm.
Cutting close to the meristematic tissue at the tip of the
stem (20 cm cut back) probably had little effect in delaying
the production of flowers which was delayed in the cut back
at 10 cm. This enabled plants in the 10 cm cut back treat-
ment to continue vegetative growth producing more leaves
and branches which increased green yield. These results
agree with the reports of Olasantan [6] and Olasantan and
Salau [5].

4. Conclusion

The findings in this study indicate that the yield of
Amaranthus cruentus can be increased significantly if the
main stem is cut back before periodic harvesting com-
mences. The three induced growth patterns enhanced
shoot regrowth and development of leaves and branches.
Regular harvesting every 7-10 days appears to delay
flowering and stimulates shoot regrowth and branch for-
mation. Continuous removal of inflorescence prolonged
the vegetative growth phase.

The results indicate that the yield of A. cruentus is
affected by changes in its natural growth pattern. The two
cut back treatments significantly (P<0.05) increased num-
ber of branches and total leaf weight resulting in higher
green yield when compared to the natural growth and
continuous removal of inflorescence treatments. Cut back
of main stem at 10 cm from the base followed by periodic
harvesting is recommended for economic production
of A. cruentus since it delayed flowering and enhanced
shoot regrowth. The findings in this study suggest that A.
scruentus growers could adopt this production method in

order to take full advantage of the yield potential of the
crop.
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