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Abstract:

Common bean is an important component of the production systems and a major source of
protein. Nutrient solution concentration is a critical factor affecting plant growth in soil. Here,
we investigated the effects of Nutrient solution on the growth and Phaseolus vulgaris L. (
kidney bean) plants. First, were cultivated soil in two different nutrient with low, high
concentrations and distilled water as control (0.0; 1.375, 22mM). Shoot and root length yield
increased at (final week) days after plantation (DAP) of shoot and decreases of root length of
bean , we examined the effect of nutrient changes of the cultivation period on the growth using
high and low nutrient conditions. In plants transferred from high to low ,the number of attached
leaves increased toward the end of the first week of the cultivation period. Whereas this value
increased in leaf length on concentration of high nutrient 22mM and decreases in concentration
of lower 1.375mM of nutrient regime. The density of hairs showed on adaxal and abaxal leaf
surface not significant difference between them. Our results suggest that the regulation of
nutrient regime during the cultivation period affects the growth characteristics of bean. The
effect of nutrient on fresh and dry weight of shoot was affect by high dilution 22mM shoot
fresh weight, while the fresh weight root not affect by concentration on bean.

Keywords: Phaseolus vulgaris L. ( kidney bean), Nutrient solution, shoot , root, hairs.

1.1. Introduction:

Common bean is a staple food in a great number of developing countries, where it is used
daily as a primary source of proteins. The average yield of bean varieties cropped in
developing countries is still very low. The variables limiting yield include diverse
cultivation systems, restricted improved cultivar adoption and susceptibility to biotic and
abiotic stresses. Common bean is an important component of the production systems and
a major source of protein. Common bean (Phaseolus vulgaris L), also referred to as dry
bean, is an annual leguminous plant that belongs to the genus, Phaseolus, with pinnately
compound trifoliate large leaves. It is largely a self-pollinated plant though cross-pollination
is possible if the stigma contacts with pollen coated bee when extended. Seeds are non-
endospermic and vary greatly in size and colour from the small black wild type to the large
white, brown, red, black or mottled seeds of cultivars, which are 7-16 mm long . Generally,
common bean is considered a short-season crop with most varieties maturing in a range of
65 to 110 days from emergence to physiological maturing (Buruchara, 2007). Maturity
period can continue up to 200 days after planting (Gomez, 2004). The crop is not sensitive
to soil type as long as it is reasonably fertile, well-drained and does not have conditions that
interfere with germination and emergence (Wortmann et al., 1998). Common bean contains
high protein content, is a good source of energy and provides folic acid, dietary fibre and
complex carbohydrates (Edje et al., 1980). Common bean protein is high in lysine, which
is relatively deficient in maize, cassava and rice, making it a good complement to these
staples in the diet. It is the main grain legume crop . (Pachico, 1993). For the poor, common
bean plays a strategic role in alleviating malnutrition but other health related functions exist.
Regular consumption of common bean and other pulses is now promoted by health
organizations because it reduces the risk of diseases such as cancer, diabetes or coronary
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heart diseases in (Leterme and Munoz, 2002). This is because common bean is low in fat
and is cholesterol free. It is also an appetite suppressant because it digests slowly and causes
a low sustained increase in blood sugar. Researchers have found that common bean can
delay the reappearance of hunger for several hours, enhancing weight-loss programs.
Common bean is used almost entirely for human consumption but beans require processing
before they are eaten to degrade the toxic compound, lectin phyto-haemaglutinin, which
would otherwise cause severe gastric upset (Ferris and Kaganzi, 2008). common bean is
important for staggering food supply: leaves, pods, green grains and dry beans. It is
consumed as boiled green leaves, green immature pods and/or dry grains. The fresh form
of grain is the most preferred because of its fresh flavour, good taste, and requires
considerably little time to cook (approximately 40 min).

Plants can respond to the environment by altering their development. For example, the root
system is highly responsive to nutrient availability and distribution within the soil. This is
particularly true of phosphate and nitrate availability, which are the major growth-limiting
nutrients in natural environments. Relative to shoot growth, root growth is generally
favoured in nutrient-poor soils (Reynolds and D'Antonio, 1996). However, effective
nutrient acquisition is not only dependent on the amount of root but also on the three-
dimensional deployment of roots, the root system architecture (RSA). There is a large body
of evidence demonstrating that RSA can be greatly inuenced by nutrient availability, the
nutrient status of the plant (Fitter and Stickland, 1992; Williamson et al., 2001; Zhang and
Forde, 1998), and the heterogeneity of nutrient supply (Drew, 1975; Zhang and Forde,
1998). However, the mechanisms mediating these changes and their ecological significance
are still poorly understood. Shoot nitrate and phosphate status has been shown to play arole
in the regulation of the root + shoot allocation of resources and the control of RSA. Scheible
et al. (1997) found a highly significant inverse correlation between shoot nitrate levels and
total root growth. In Arabidopsis thaliana, lateral root elongation was suppressed by growth
on uniformly high nitrate concentrations (Zhang and Forde, 1998), even though other RSA
parameters such as primary root growth and lateral root number remained the same under a
wide range of nitrate concentrations (Zhang and Forde, 1998). In many plant species
nutrient-rich regions or patches stimulate local lateral root proliferation (Farley and Fitter,
1999). This proliferation response was found to be nutrient-specific in the classical work
with barley (Hordeum vulgare) (Drew, 1975; Drew and Saker, 1975, 1978; Drew et al.,
1973). Drew and co-workers demonstrated that locally applied nitrate, ammonium, and
phosphate, but not potassium, stimulated lateral root proliferation within a nutrient-rich
zone and suppressed it elsewhere. Localised root proliferation was suggested to be a direct
or indirect consequence of changes in metabolic activity in that particular part of the root
system. Given the contrasting mobility of nitrate and phosphate ions in soil, one might
expect nitrate and phosphate limitations to affect RSA differently. Nitrate diffusion is three
to four orders of magnitude faster than that of phosphate (Tinker and Nye, 2000) and the
high mobility of nitrate means that roots 1 cm apart might compete for nitrate after only 1
day (Tinker and Nye, 2000). Therefore, a low root density is in theory sufficient to capture
all the nitrate in a large volume of soil, raising the question as to why proliferation occurs
(Robinson, 1996). However, when two plants grow close together the ability to proliferate
roots in nitrogen-rich patches confers a competitive advantage because nitrate uptake is
proportional to relative root length density, the root length in a given volume of soil (Hodge
et al., 1999; Robinson et al., 1999). In contrast, because of the immobility of phosphate
ions, spatial exploitation of soil is particularly important for phosphate acquisition by plant
roots.

e 2. Material and Methods:

We use bean plant seeds , sandy soils ,nutrient solution (1.375and 22 mM) and distilled
water (DW) as control, pots, filter paper. First: This work aimed to study the effect of some
(nutrient solution) treatments (0.0, 1.375, and 22mM) on growth of bean. Pot experiments
were carried out during one month , in a growth chamber to investigate the effect of different
levels of (nutrient) on growth of bean (Phaseolus vulguris L.) . Seeds of bean (Phaseolus
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vulgaris L. were sown in basins in the chamber growth . At the ten leaf stage, the seedlings
were transplanted in pots, 20 cm in diameter. Each pot was filled with of dry sandy soil .
Each pot contained one seedling. Wash the soil used in the study with tap water and when
washed with distilled water , The seeds were surface sterilized (disinfected) with sodium
hypochlorite (Na2HCI) solution for 3 min and then thoroughly washed for 5 min with
distilled water. The soil is placed in large basin and then the seeds are sown them.
(Numbering of seeds 90 ) in the germination chamber . The culture conditions were 16-h
light at 25°C and 8-h darkness at 21°C. The pH of nutrient solutions was maintained
between 5.4 and 5.6 across all treatments.

It is watered by(DW) every day for ten days. The application of nutrient dilution treatments
started when the plants were established (after 10 days from transplanting and transferring
to the growth chamber). Plants were watered daily with distal water approximately 1000mi
of period 10 days. and then 2000ml of nutrient solution.

Then the seedling are separated in to small potting containing a filter paper and soil and
placed in them. Pots are placed in the large basins , each basin contains of 30 pots. It is
irrigated by (DW) for a week about 1000ml , after week it is irrigated once with the (nutrient
solutions (approximately 1 L/plant) containing (Ca (NO3)2 , KNO3, Mg (NO3)2, Mg SO4

, KH2P0O4). Composition of the nutrient solutions with 1.375 mM was as 0.468 Ca (NO3)2

,0.156 KNO3 ,0.141 Mg (NO3)2 , 1.0 Mg SO4 , 1.84 KH2PO4 , PH 4.5. The nutrient
solutions with 22 mM contained was as 0.75 Ca (NO3)2 , 0.25 K NO3, 0.225 Mg (N03)2,
0.1Mg SO4 , 0.184 KH2PO4 , PH 4.55. it is estimated at 1000ml. And then irrigated with
(DW)again. The following plant growth parameters were measured: Plant height, Number
of leaves, leaf length , width of leaf ,this parameters measured were carried by the methods
of Akonye and Nwauzoma (2003), root length , fresh and dry weight ( shoot and root ) (g),
number of hairs on upper and lower leaf surface, Specific root length (SRL), and other
parameters, per plant.

Developmental stage of the common bean plant for four week:

Stage 1:germination : The nutrient solutions absorption by the seed, emergence of the radicle
and transformation , to the primary root.

Stage 2: emergence : cotyledons appear at soil level and begin to separate ,the epicotyl initiates
its development.

Stage 3:primary leaves: totally opened primary leaves.

Stage 4: first trifoliolate leaf: the first trifoliolate leaf opens and second appears.

Stage5:third trifoliolate leaf : the third trifoliolate leaf opens and the buds on the lower nodes
produce branches.

Each stage begins of the plants, of the correspond of the description (Van Schoonhoven and
Pastor Corrales 1987)

Specific root length (SRL) = Root length / Dry weight root

Numbers of emerged seedlings were recorded daily according to the seedling evaluation
handbook of the Association of Official Seed Analysis (AOSA) (1983). (According to
Chapman and Pratt (1961).

Root / shoot ratio (R / S) was calculated for each treatment used for corn & wheat as following:
R /'S = Dry weight of root (g)/Dry weight of shoot (g).

Hair density=number of hairs / leaf area (cm2)

All data were subjected to statistical analysis according to the method of analysis of variance
and value of least significant difference (L.S.D.) at 5% was calculated to compare every two
means (Sendicor and cochran, 1980).

At the end of the growing seasons the individual leaf length was measured with a plastic ruler.
Specific shoot length= shoot length / Dry weight shoot

The fresh weights of stems and roots were weighed at end of growing season.

four week-old seedlings were harvested. Plants were divided into root and shoot and oven-
dried at 80°C for 48 h for determination of root, stem dry masses.
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Relative growth (cm/cm):

This term describes growth measured relative to the initial parametersr (West etal 1920)
RG = Hf- Hi /Hi

Where: Hi= initial height of the plant

Hf = final height of the plant.

1.3. RESULTS AND DISCUSSION :

Growth of Phaseolus vulgaris L. seedling under different nutrient solutions (0.0,1.375mM ,22
mM) was measured of following :

Various growth parameter such as shoot length and root length in the table 3.1.and Figure 3.1
were not significant differences in the weeks ( one , and final for shoot) and not effect on the
root length by concentration of nutrient regime.

Table 3.1. Effect of nutrient regime on shoot length (cm) during the first and final weeks
and root length (cm) of Phaseolus vulgaris L. ( kidney bean).

+ = Not significant. +=
SE Mean.
Treatment Shoot length(cm) first | Shoot length(cm) final
(mM) week week Root length (cm)
0.00 + + +
18.980+0.963 39.35+1.88 24.97+0.94
1.375 20.51+1.09 44.97+2.16 26.88+2.02
22.00 21.307+0.983 43.02+2.36 25.30+1.08
- 50 1 + M Shoot length(cm)
) 40 4 I 1 final week
§ 0 k4 Root length (cm)
‘g 30 -
]
.- 10 -
o
S 0.000 1.375 22.000

Nutrient regime ( mM

Figure 3.1. Effect of nutrient regime on shoot length (cm) during the final weeks and root
length (cm) of Phaseolus vulgaris L. ( kidney bean).

I+
1]

+ = Not significant.
SE Mean.

The parameters of mean of number leaves ,the number leaf pairs(primary leaf) , leaf palmate(
first foliolate) and leaf pairs palmate (third trifoliolate)of bean under different nutrient solutions
(0.0,1.375 ,22 mM) were not significant differences in the one week ,whereas the parameters
of number leaves ,final week, the number leaf pairs(primary leaf) , leaf palmate( first foliolate)
of Phaseolus vulgaris L were not significant respectively .(Table 3.2 and Figure 3.2)Whereas
leaf pairs palmate (third trifoliolate) ,the results showed significant differences in table 3.2.and
figure 3.3. Tukey's pariwise comparisons test reveals significant differences in leaf pairs
palmate (third trifoliolate) (P<0.032,F=3.57) between distal water (control) and concentration
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1.375 ,22 mM of nutrient regime of the same plant species were promoted under higher
concentrations (22mM) of nutrient regime.

Table 3.2. ffect of nutrient regime on number leaves during the first and final weeks of
Phaseolus vulgaris L. ( kidney bean).

+ = Not significant. * = significant at P< 0.05 + = SEMean.
Similar letters = not significant. Different letters = significant.
Mean of number leaves
Number leaves ,first week Number leaves ,final week
Treatment ¥ ¥ T ¥ ¥ >
(mM) Primary First Third Primary First Third
leaf trifoliolate | trifoliolate leaf trifoliolate | trifoliolate
leaf leaf leaf leaf
0.00 1.0+0.00 | 0.88+0.063 | 0.30+0.187 | 1.00+0.0 | 0.50%0.09 1.50°+0.09
1.375 )
1.03+0.03 | 0.77+0.079 | 0.20+0.074 | 1.00%£0.0 | 0.50%0.09 1.47°+0.09
22.00 b
1.00+0.00 | 0.404£0.051 | 0.30+0.085 | 1.00+0.0 | 0.7740.08 | 1.20°°+0.07
1.20 -
3 + g Primary leaf
2 1.00 -
z 0.80 - H First trifoliolate leaf
§ 0.60 - i Third trifoliolate leaf
3 0.40 - I
g 0.20 -
€
3 0.00 -
0.000 1.375 22.000
Nutrient regime (mM

Figure 3.2.  Effect of nutrient regime on number leaves during the first weeks of Phaseolus
vulgaris L. ( kidney bean).

+ = Not significant. + = SEMean.
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2.00 7 H Primary leaf
150 M First trifoliolate leaf

ab  Third trifoliolate leaf
I
1.00

0.50

Nuber leaves ,final week

0.00
0.00 1.375 22.00

Nutrient regime (mM

Figure 3.3. Effect of nutrient regime on number leaves during the final weeks of Phaseolus
vulgaris L. ( kidney bean).

+ = Not significant. * = significant at P< 0.05 + = SEMean.
Similar letters = not significant. Different letters = significant.

Growth of bean seedlings under different concentrations of nutrient regime 1.375and 22 mM
and included control(distilled water ) and the measured of leaf length and width of leaf showed
in table 3.3. parameters of Phaseolus vulgaris were affected by different concentrations on
width of leaf and parameter of leaf length of same plant was showed significant differences
(P<0.05,F=3.07,P<0.007,F=5.28) respectively in figure 3.4. Tukey's pariwise comparisons test
found significant differences between the control treatment and higher “concentrations (22Mm)
. Was the increases the leaf length on concentration 22mM.

Table 3.3. Effect of nutrient regime on leaf length (cm) , width of leaf
(cm) on final week of Phaseolus vulgaris L. ( kidney bean).

* = significant at P< 0.05 *** = significant at P< 0.001.
Similar letters = not significant. Different letters = significant. =
SEMean.

Treatment (mM) leaf length (cm) width of leaf(cm)
7.93%+0.17 3.70°+0.12
1.375 8.75°+0.16 4.07°+0.12
22.00 8.41%*+0.20 3.77°°+0.11
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40 ab
35 ab

30 | *k*kk
25
20 - H width of
15 | leaf(cm)

M leaf
length
* (cm)

Mean of length and width
leaf

0.000 1.375 22.000

Nutrient regime (mM

Figure 3.4. Effect of nutrient regime on leaf length (cm) , width of leaf
(cm) on final week of Phaseolus vulgaris L. ( kidney bean).
* = significant at P< 0.05. *** = significant at P< 0.001.

Similar letters = not significant. Different letters = significant. =
SEMean.

In table 3.4,3.5 and 3.6 ,the parameters of number hairs on adaxial and abaxial leaf surfaces
and density of hairs on adaxial and abaxial leaf surface in figure 3.5 and Specific shoot length
and Specific root length and Relative growth of Phaseolus vulgaris L were not significantly
affected by different dilutions of nutrient regime respectively 0.0,1.375,22mM.

Table 3.4. Effect of nutrient regime on the mean number of hairs on adaxial and abaxial
leaf surfaces of Phaseolus vulgaris L. (kidney bean).

+ = Not significant. +=SE
Mean.
Mean hair number
Treatment (mM) . .
adaxial abaxial
0.00 + +
115.345.32 230.1+11.2
1.375 116.8+4.60 230.848.41
22.00 112.145.55 216.3+10.7

Table 3.5. Effect of nutrient regime on density of hairs on adaxial and abaxial leaf surfaces
of Phaseolus vulgaris L. (kidney bean)

+ = Not significant. +=SE
Mean.
Treatment (mM) Mean density
adaxial leaf surface abaxial leaf surface
+ +

0.00 3.91+£0.23 7.78 £0.54

1.375 3.46£0.23 6.82+£0.42

22.00 3.82+0.31 7.43 £0.62
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Table 3.6. Effect of nutrient regime on Specific shoot and root length and Relative growth
(cm/cm) of Phaseolus vulgaris L. (kidney bean).

+ = Not significant.
Mean.

+=SE

Treatment (mM) Specific shoot length | Specific root length Relative growth
0.00 + + +
117.8+5.05 207.9416.6 1.098+0.06
1.375 123.8+11.9 193.1+14.1 1.248+0.08
22.00 142.1+25.5 200.9+16.8 1.040+0.08
9 _ g adaxial leaf surface
F 273 | + H abaxial leaf surface
c 5 1
o 4 -
s 3 |
2 .
1 .
0 .
0.000 1.375 22.000
Nutrient regime (mM)

Figure 3.5. Effect of nutrient regime on density of hairs on adaxial and abaxial leaf surfaces
of Phaseolus vulgaris L. (kidney bean)

+ = Not significant. +=SE

Mean.

The measures of parameters of seedling kidney bean, of the shoot fresh weight was affect by
different concentration of nutrient regime 1.375,22mM, included the control ,show in table 3.7.
Tukey's pariwise comparisons test reveals significant differences (P<0.001,F=7.87) in shoot
fresh weight within control and dilution 1.375,22mM, but parameters of root fresh weight
,shoot and root dry weight and Root/shoot ratio root were not significant show table 3.7 and
figure 3.6,3.7.

Table 3.7. Effect of nutrient regime on fresh and dry weight (g) of shoots, roots and root

/shoot ratio of Phaseolus vulgaris L. (kidney bean).
* = SEMean.

+ = Not significant. ** * = significant at P< 0.001

Similar letters = not significant. Different letters = significant.

Treatment
(mM) Mean values
S\,C;othftn(as)h Root fresh Shoot dry Root dry Root/shoot
INt@ | weight(g) | weight (g) weight (g) ratio
0.00 . + + T "
2.45°+0.20 1.29+0.097 | 0.352+0.023 0.134+0.008 0.40+0.025
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1.375 3.34+0.20 1.45+0.096 | 0.406+0.024 | 0.150+0.0090 | 0.39+0.025

22.00 3.44%°+0.20 | 1.450.135 | 0.377+0.023 | 0.151+0.0135 | 0.43+0.040

4 b ab H Shoot fresh weight (g)
M Root fresh weight(g)
)
o 3 1
K-
20
s 2.
=
(7]
o
' 1
©
()]
=
0

0.000 1.375 22.000

Nutrient regime (mM)

Figure 3.6. Effect of nutrient regime on shoot and root fresh weight (g) of Phaseolus
vulgaris L. (kidney bean).

+ = Not significant. ** * = significant at P< 0.001 + = SEMean.
Similar letters = not significant. Different letters = significant.

- 0.5 1 H Shoot dry weight (g)

= + H Root dry weight (g)

2 0.4 1 i Root/shoot ratio

©

) 0.3 -

2

> 0.2 -

T

5 0.1 -

[}

=

0 .
0.000 1.375 22.000
Nutrient regime mM

Figure 3.7 Effect of nutrient regime on shoot and root dry weight (g) of and root /shoot ratio
of Phaseolus vulgaris L. (kidney bean).

+ = Not significant. =SE

I+

The spatial — temporal fluctuation and occurrences of nutrient in the soil are monitored by
sensory mechanisms at root tips. This information tiggers chemical signals which may shop
root growth ( Asim etal 2020) The decrease in root length and root bio mass up on N and P
deficiency. In most studies , deficiency of nutrient , (e.g. phosphorus) supply. decreased
absolute root biomass (dry weight) as found in maize (Sheng etal 2012) ,Zhang etal 2012 —
Deng etal 2014, Li etal 2017) oilseed rape (Duan etal 2020) sugar beet (Hadir etal 2021) wheat
( Teng etal 2013) and common bean (Ochoa etal 2006). yet many studies have also
demonstrated that high ammonium concentrations inhibit conifer fine root production (Van
Dijk etal., 1990; Boxman et al.,1991; Olsthoorn et al., 1991; Ohlund and Nasholm 2001) . Most
conifer species exhibit far greater specific uptake rates for NH4 +compared to NO3 , (e.g.
Rygiewicz et al., 1984a,b; Kamminga-van Wijk and Prins, 1993; Buchmann et al., 1995;
Kronzucker et al., 1997). NO3 had relatively small effects on N nutrition, increasing the
proportion in the growing medium strongly depressed uptake of P, K, Ca and Mg. In general,
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the maintenance of charge balance across the plasmalemma is one of the key mechanisms by
which NO3 is thought to influence the uptake of other nutrient elements. (Mengel and Kirkby,
2001). Effect the compounds (containing (Ca (NOs)2 , KNO3; , Mg (NOs)2 , Mg SO4 , KH2PO4
). on measures of bean showed on the results .
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