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Abstract

Two field experiment were carried out during 2008 and 2009 summer seasons
(5™ March), at the experimental farm of Faculty of Agriculture, Sohag Universit zy
Egypt, to investigate the influence of three plant densities (17.1, 11.4 and 9.1 plant/m~)
and four NPK equations i.e., 119.6-55.3-59.5, 159.5-73.8-119.0, 199.3 -92.2-178.5 and
239.2-110.7-238.0 Kg N-P-K/ha on productivity and quality of lima bean cv. ‘Raio de
sol’ grown in sandy soil. The obtained results showed that, plant population densities
significantly affected vegetative growth parameters i.e., (plant height and number of
branches/plant); yield and its components expressed as number of pods/plant, pod
length, pod width, number of seeds/pod weight of 100-seeds and total seeds yield as
well as quality characteristics i.e., protein, phosphorus and potassium percentages as
well as vitamin B1. However, the medium plant densities (11.4 plant/m ) resulted in
the highest values of pod length cm, weight of 100 seeds, and total seeds yield, in both
seasons. Increasing NPK rates significantly increased all studied characteristics in the
two experimental seasons. Moreover, the plants received the highest rate (239.2-110.7-
238.0 Kg N-P-K/ha) gave the highest values for all studied characteristics as compared
to other NPK equations.

The interaction between the two studied factors (plant densities and NPK
equations) significantly affected vegetative growth criteria, seed yield and its compo-
nents as well as quality characteristics. Meanwhile, the comblnatlons between
medium plant density and NPK application rate (11.4 plant/m and 199.3-92.2-178.5
Kg N-P-K/ha) recorded the highest values for pod length, number of seeds/pod, weight
of 100 seeds, and total seeds yield as well as all quality characteristics in both seasons.

INTRODUCTION

Lima beans (Phaseolus lunatus L.) rank among the most popular legumes in
tropical regions due to its ample adaptation and good protein production. As consequence,
the species is a pragmatic option to reduce the dependence on common beans especially
with the complicated problems faced the cultivation and production of common beans
(Vieira, 1992).

Lima beans are alternative food consumed processed, either as canned or frozen
green grains. It considered as very good source of cholesterol-lowering In addition to
lowering cholesterol, lima beans’ high fiber content prevents blood sugar levels from
rising too rapidly after a meal, making these beans an especially good choice for
individuals with diabetes, insulin resistance or hypoglycemia (Ensminger and Esminger,
1986). Lima beans grow well in sandy or medium texture soils (Filgueira, 2000).

Efforts are needed to grow this type of crops and to extend the basic knowledge
and suitable agricultural practices to involved persons. Now a days, great efforts are being
made all over the world for production more and better food to satisfy the needs of the
over increasing population of the world, especially, in the developing countries. In this
connection, high density sowing offer promising means of reducing the cost of growing
by increasing the productivity and making better use of input resources on a per area
basis. The literature offers little information relative to the effect of population density on
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the yield and quality of lima bean. (Matthews, 1933; Aranenda, 1981; Samali and
Rweyemau, 1987; Hornzy, 1988; Abubaker, 2008).

Mineral fertilizers play an important role of lima bean plant growth and
productivity. Nitrogen is essential for synthesis of chlorophyll, enzymes and proteins.
Phosphorus is essential for root growth, phospho-proteins, phospholipids and ATP, ADP
formation. Potassium play an important role of promotion of enzymes activity and
enhancing the translocation of assimilates and protein synthesis (Delvin and Withman,
1986).

Consequently, adjustment of the crop management by adding NPK fertilizers in
suitable amount for rare vegetable crop as lima bean especially, in new reclaimed soil and
in new cultivation region is one of the main purposes. It is a high nutrient demanding
species (Hester et al., 1951). Increase in both common and lima beans yield as conse-
quence of mineral fertilization is largely documented (Nleya et al., 1989; Vieira et al.,
1992; Kalyano, 1996; Frazao et al., 2004; Oliveira et al., 2004; Adriana et al., 2008 and
El-Tohamy et al., 2009).

This investigation designed as a trail to spread of lima bean as a rare vegetable
crop in new cultivation regions and reducing the dependence on common beans, and
extend the farmers in Upper Egypt by basic knowledge and suitable agricultural practices.

MATERIAL AND METHODS

The present study was carried out during the summer seasons of 2008 and 2009 at
the Experimental Farm, Faculty of Agriculture, Sohag University, Sohag, Egypt where the
soil is newly reclaimed (Sandy Clay Loam as show in Table 1).

Lima bean seeds cultivar ‘Raio de sol’ was used in this study.

Three population densities were used in this study i.e., 17.1, 11.4 and 9.1 plant/m
resulted in sowing lima bean seeds on ridges 60 cm apart and’ sowing two seeds per hill in
distance 20, 30 and 40 cm between hills, respectively.

Mineral NPK fertilizers were applied at four equations i.e., NPK1 (119.6-55.3-
59.5), NPK2 (159.5-73.8-119.0), NPK3 (199.3-92.2-178.5) and NPK4 (239.2-110.7-
238.0) Kg/ha

Nitrogen fertilizer was added in the form of ammonium nitrate (33.5% N), at three
equal doses, the first was after three weeks from sowing and the others after two weeks
intervals. Phosphorus fertilizer was added during soil preparation in the form of triple
super phosphate (37% P,0s). Potassium fertilizer was added in the form of potassium
sulphate (50% K,0) at two equal batches the first during the soil preparation and the other
one with flowering and start fruits setting.

The treatments were arranged as a split-plot in randomized complete-blocks
(RCB) design with four replicates. The three population densities were arranged in the
main plots and four mineral NPK fertilizers equations were assigned in the sub-plots.

Each experimental unit was 10.5 m* consisted of five ridges 60 cm apart and 3.5 m
length. Sowing was done in 5 March in the both seasons. Recommended cultural
procedures other than the applied treatments were followed. At harvest time the following
characteristics were determined:

1. Vegetative Growth Characteristics. Ten guarded plants were taken at random from
inner ridges of each plot to measure the following:

1. Plant height (cm) (at the end of harvesting).

2. Number of branches/plant (at the end of harvesting).
2. Yield and Its Components.

3. Number of pods/plant.

4. Pod length (cm) (average 30 dry pods from each plot).
5. Pod width (cm) (average 30 dry pods from each plot).
6. Number of seeds/pod (average 30 dry pods from each plot).
7. Weight of 100 seeds (g)

8. Total seeds yield (t/ha)
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3. Quality Characteristics. Random samples of seeds from each treatment were taken
after harvesting and dried at 70°C. The dried samples were ground and used for the
determination of protein, Phosphorus and Potassium percentage as well as vitamin Bl
(thiamin mg/100 g) according to method described as recommended by A.O.A.C (2000).

Statistical Analysis

Data obtained during the two seasons of the study were statistically analyzed and
treatments means were compared using the Duncan’s multiple range tests (Gomez and
Gomez, 1984).

RESULTS AND DISCUSSION

Vegetative Growth Characteristics

Data presented in Table 2 clearly show that plant population densities significantly
effect on vegetative growth characteristics expressed as plant height (cm) and number of
branches/plant. The tallest plants (96.9 and 98.1 cm) were resulted in the highest plant
densities i.e., (17.1 plants/m~) as compared to the other two plant densities in the first and
second season respectively. This finding could be attributed to the reduction in light
intensity caused by high plant density, encouraged IAA synthesis, which caused cell
enlargement and hence plant height. On contrary, the lowest plant densities i.e., (9.1
plants/m?) recorded the highest number of branches/plant (3.5). This result might be due
to the above and below competitions between plants for light, minerals and water. These
results are in harmony with those reported by Hornzy (1988) and Abubaker (2008).

Plant height (cm) and number of branches/plant had gradually significant
increased from the lowest up to the highest NPK application rates in both seasons. This
might be due to the high nutritional status produced by the highest NPK rate. These
results are in agreements with those reported by Adriana et al. (2008).

The interaction between the two studied factors significantly effect on plant height
and number of branches in both seasons. However, the combination between the highest
plant density i.e., (17.1 plants/m®) and the highest NPK rates (239.2-110.7 -238.0) kg/ha
produced the hlghest plant height. On the other hand, the interaction between the lowest
plant density i.e., (9.1 plants/m”) and the highest NPK rates achieved the highest number
of branches. These results held well in both seasons.

Yield and Its Components

Results illustrated in Tables 2 and 3 reveal that plant densities significantly effect
on yield and its components expressed as number of pods/plant, pod length (cm), pod
width (cm), number of seeds/pod, weight of 100-seeds (%) and total seeds yield (t/ha).
Furthermore, the medium plant density i.e., (11.4 plant/m”) resulted in the highest total
seeds yield i.e., (2.004 and 2.011 t/ha) in the first and second season, respectively. This
result may be attributed to that the greater amount of light energy intercepted by foliage in
optimum plant density might in turn results in the increase the amount of metabolites
synthesized by plants, consequently the total seed yield per unit area became greater in
medium plant density than the highest or the lowest one. These findings are line with
those found by Samali and Rweyemau (1987), Hornzy (1988) and Abubaker (2008).

Regarding the effect of varying applied rates of NPK, the obtained results indicate
that NPK rates significantly increased yield and its components in the two experimental
seasons. Meanwhile, the highest values were recorded by the highest NPK rate i.e.,
(239.2-110.7-238 Kg N-P-K/ha) as compared to the lowest values produced by the lowest
NPK rate i.e., (119.6-55.3-59.5 Kg N-P-K/ha). These results held well in the two experi-
mental seasons. These results are coinciding with those reported by Vieira et al. (1992)
and Kalyano (1996).

Concerning the interaction between the two studied factors data listed in Tables 2
and 3 obviously show that the interaction significantly increased yield and its components
in both seasons. Moreover, the interaction between medium plant density (11.4 plants/
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m?) and NPK rates of (199.3-92.2-178.5 Kg N-P-K/ha) achieved the highest plant pod
length, number of seeds/ pod, weight of 100-seeds (g) and total seeds yield (t/ha) in both
seasons.

Quality Characteristics

Data tabulated in Table 4 indicate that plant densities significantly increased
quality characteristics i.e., (protein, phosphorus and potassium) percentages as well as
vitamin B1 (thiamin mg/ 100 g). However, the medium plant densities (11.4 plant/m?®)
gave the highest values for all quality characteristics as compared to other two plant
densities in both seasons. These results are in general trend with those reported by
Abubaker (2008).

Fertilizing lima bean plants with NPK application rates significantly affect on
quality characteristics. In addition, NPK rates of 199.3-92.2-178.5 Kg N-P-K/ha resulted
in the highest values of protein and phosphorus percentages. While, the highest NPK rate
i.e., (239.2-110.7-238 Kg N-P-K/ha) produced the highest values of potassium percentage
and vitamin B1 (thiamin mg/100 g) in both seasons. These results are confirmed by
Filgueira (2000).

The interaction between plant densities and NPK application rates significantly
affect on all quality characteristics in both seasons. Furthermore, the interaction between
medium plant density (11.4 plants/ m*) and NPK rates of 199.3- 92.2-178.5 Kg N-P-K/ha
recorded the highest values for all quality characteristics in both seasons.

CONCLUSION

It could be concluded that sowing lima bean at medium plant density (11.4 plants/
m?) and fertilized with proper NPK rates of (199.3-92.2-178.5 Kg N-P-K/ ha) give the
highest yield and quality under such conditions.
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Tables

Table 1. Soil characterization of the experimental site.

Sampling E.C. (1:5) pH(H,O) OM CaCoO; Clay Silt Sand Soil Total N NaHCOs;-P  Available K
depth dSm’™ (1:2.5) % % % % %  Texture (%) ppm ppm
0-25 0.21 7.35 2.51 11.27 29.70  23.12  47.18 SCL 0.199 8.3 374
25-45 0.15 7.73 0.09 52.15 3.19 6.00  90.81 S 0.053 19.5 178
45 -65 0.19 7.90 0.40 55.49 2.90 7.18  89.92 S 0.004 19.9 144
65 - 80 0.20 7.85 0.31 22.50 2.60 722 90.18 S 0.004 6.5 102

SCL= Sandy Clay Loam, S= Sand, NaHCO3-P= NaHCO;-P extractable-P.



Table 2. Effect of plant densities, NPK applications and their interaction on plant height,
number of branches/plant, number of pods/plant and pod length in both growing

seasons.
Treatments Plant height Number of No. of Pod length
(cm) branches/plant pods/plant (cm)
Densities
No. NPK 95008 2009 2008 2009 2008 2009 2008 2009
plants/m’ Rates
NPK 1 89.0F 90.1H 2.11 2.11 5.2] 5.31 274H 27.4H
17.1 NPK 2 952D 94 8EF 2.4H 2.3H 5.61 57H 28.0G 28.0G
’ NPK3 985C 99.2C 2.5GH 25GH 69F 69F 28.5EF 28.5F
NPK 4 1050A 108.0A 26GH 26FG 7.6E 7.7E 29.2CD 29.2DE
Mean 96.9A 98.1A 24C 2.4C 63C 64C 283B 28.3B
NPK 1 91.3E 924GH 2.7FG 2.7FG 6.3H 6.5G 28.2FG 28.1G
11.4 NPK2 950D 93.8FG 2.8EF 2.8F 78D 79D 29.6C 29.6C
) NPK 3 98.3C 97.2CD 3.1CD 3.1DE 9.5B 9.5B 30.7A 30.9A
NPK 4 101.3B 103.0B 3.6B 35BC 95B 9.5B 30.5AB 30.7A
Mean 96.5A 96.7B 3.1B 3.0B 83B 84B 29.7A 29.8A
NPK 1 854G  83.4I 3.0DE 3.1E 9.5G 6.8F 289DE 29.0E
91 NPK 2 90.8E 90.7H 3.3C 3.3CD 8.2C 85C 29.5C 29.5CD
’ NPK 3 95.5D 96.4DE 3.7AB 3.7AB 99A 9.8A 30.3B 30.3B
NPK 4 979C 99.1C 39A 3.8A 10.0A 10.0A 30.7A 30.6AB
Mean 924B  924C 3.5A 3.5A 86A 8.8A 299A 29.8A
Mean of NPK 1 88.6D 88.6D 2.6D 2.6D 6.0D 6.2D 282D 28.1D
NPK NPK 2 93.7C 93.1C 29C 2.8C 7.2C 7.4C 29.0C 29.0C
rates NPK3 979B 97.6B 3.1B 3.1B 88B 87B 29.8B 29.9B
NPK 4 101.4A 103.0A 3.4A 3.3A 9.0A 9.1A 30.1A 30.1A
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Table 3. Effect of plant densities, NPK applications and their interaction on pod width,
number of seeds/pod, weight of 100 seeds and total seeds yield in both growing

seasons.
Treatments Pod width Number of Weight of 100 Total seeds yield
(cm) seeds/pod seeds (g) (t/ha)

Densities NPK
No. , R 2008 2009 2008 2009 2008 2009 2008 2009
plants/m ates

NPK1 22H 2.1E 73G 73H 84.0F 843D 1.5161 1.761F
171 NPK2 23G 24D 7.8F 7.8G 87.3E 87.1CD 1.659G 1.709EF

NPK3 25EF 24D 85E 8.6F 943D 859D 1.816DE 1.835CD

NPK4 2.6DE 26C 95D 69E 97.6C 97.5AB 1.968B 1.968B
Mean 24C  24C  83C 83C 90.8C 88.7B 1.740B 1.773B
NPK1 24F 24D 87E 87F 87.0E 87.8CD 1.709F 1.733DE
NPK2 26D 26C 100C 99D 929D 943B 1.897C 1.897BC
NPK3 28BC 29B 11.6A 11.6AB 103.3A 103.3A 2.213A 2.206A
NPK4 28BC 29B 11.6A 11.4B 102.8A 102.9A 2.194A 2.206A
Mean 27B  27B 105B 104B  96.5A 97.1A 2.004A 2.011A
NPK1 26D 26C 98CD 102D 872E 8&7.9CD 1.578H 1.421G
NPK2 27C 28B 109B 11.1C 924D 92.3BC 1.709F 1.704EF
NPK3 29AB 29B 113A 11.6AB 100.7B 102.2A 1.806E 1.802CDE
NPK4 3.0A 3.1A 11.6A 11.8A 101.4B 103.3A 1.849D 1.852BCD
Mean 28A 29A 109A 112A 954B 964A 1.735B 1.694C

NPK1 24C 24D 86D 87D 66.1D 86.7D 1.601D 1.587C

11.4

9.1

i\f}f;n‘)f NPK2 25B 26C 95C 86C 908C 912C 1.754C 1.764B
s NPK3 27A 27B 105B 10.6B 994B 97.1B 1944B 1.947A

NPK4 28A 28A 109A 109A 100.6A 101.2A 2.000A 3.929A
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Table 4. Effect of plant densities, NPK applications and their interaction on protein,
phosphorus, potassium and vitamin B1 contents in both growing seasons.

Treatments Protein Phosphorus Potassium Vitamin B1
% % % (mg/100g)
Densities
No. NPK 2008 2009 2008 2009 2008 2009 2008 2009
plants/m®> Rates
NPK 1 27.04] 26.89F 0.3621 0.364H 1.127H 1.128D  0.396J 0.398]
171 NPK 2 27.69H 28.06DE 0.383H 0.385G 1.181G 1.173D  0.4191 0.4191
’ NPK 3 29.67F 29.70C 0.411E 0.412E 1.225F 1.227BCD0.446F 0.446E
NPK 4 30.26D 30.12C 0.417DE 0.419D 1.328C 1.328BC 0.465D 0.465C
Mean 28.67C  28.69C 0.393C 0.395C 1.215C 1.214B  0.431C 0.432C
NPK 1 27.79H 27.88E 0.391G 0.383G 1.218F 1.221BCD0.432H 0.432H
11.4 NPK2 29.87E 29.90C 0.418D 0.416DE 1.267D 1.263BCD0.461E 0.458D
' NPK 3 31.94A 31.97A 0.459A 0.459A 1.365A 1.364B  0.490A 0.489A
NPK 4 3191A 31.95A 0.441C 0.444C 1.360A 1.515A 0.488B 0.488A
Mean 30.38A  30.42A 0.427A 0.425A 1.303A 1.340A 0.468A 0.467A
NPK1 27.181 27.23F 0.383H 0.384G 1.218F 1.212CD 0.432H 0.434G
9.1 NPK 2 28.38] 28.44D 0.403F 0.404F 1.250E 1.248BCD0.441G 0.440F
’ NPK 3 31.48B 31.75A 0.450B 0.451B 1.341B 1.342BC 0.482C 0.483B
NPK4 31.08C 31.08B 0.444C 0.443C 1.349B 1.342BC 0.482C 0.482B
Mean 29.53B  29.63B  0.420B 0.421B 1.289B 1.286AB 0.459B 0.460B
Mean of NPK 1 27.33C 27.33C 0.379D 0.377D 1.188D 1.187C  0.420D 0.421D
NPK NPK 2 28.65B 28.80B 0.401C 0.402C 1.233C 1.228C 0.440C 0.439C
rates NPK3 31.03A 31.14A 0.440A 0.440A 1.311B 1.311B 0.473B 0.473B
NPK4 31.09A 31.05A 0.434B 0.435B 1.346A 1.395A 0.478A 0.478A
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