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Abstract

Production of the common bean (Phaseolus vulgaris) is often limited by the low availability of
soil phosphorus (P). Bean genotypes differ in their P efficiency, dry matter production and
partitioning under low P availability. Two genotypes of bean were used in this study cv.
Carioca (CNF 0554) with indeterminate growth habit (GH) and small seeds and cv. Prince
(commercially available) with a determinate GH and large seeds. Plants were grown in a
solution culture with either a non-limiting or low P supply and harvested at two occasions to
measure dry matter production (DM), DM partitioning, and growth parameters. The
determinate genotype produced a higher DM than the indeterminate genotype, due to the larger
seeds. At low P supply increased the root dry weight and decreased the leaf and stem dry
weight. No effect was detected on the total DM. The DM partitioning follows the same pattern
as DM production. Carioca invests less dry matter in the stem, and more dry matter in the root.
Low P availability also reduced the leaf area (LA), leaf area ratio (LAR) and specific leaf area
(SLA). Growth was affected differently between the genotypes by low P. There was a
reduction in relative growth rates (RGR) and net assimilation rates (NAR) for Carioca, but no
effect was found in Prince. A genetic variation for P response exists in bean genotypes with

different growth habits.

Keywords: Carbon partitioning, growth, Phaseolus vulgaris, phosphorus deficiency.

Boutraa T (2009) Growth and carbon partitioning of two genotypes of bean (Phaseolus
vulgaris) grown with low phosphorus availability. EurAsia J BioSci 3, 3, 17-24.

DOI:10.5053/ejobios.2009.3.0.3

INTRODUCTION

Common beans (Phaseolus vulgaris L.) are
considered to be the most important grain
legume for human consumption; and comprise
50% of the grain legumes consumed
worldwide (Broughton et al. 2003, Graham et
al. 2003). In several countries of Latin
America and Africa, beans are staple crops
serving as the primary source of protein in the
diet. A range of environmental factors, such
as low soil nitrogen (N) and phosphorus (P)
levels, and acid soil conditions are important
constraints for bean production in most areas
where this crop is grown (Graham et al.
2003). Besides N, phosphorus (P) is one of
the most essential elements for plant growth.
Crop production of common bean (P. vulgaris)
is often limited by low P in the soil (Hernandez
et al. 2007).
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Systematic evaluation of bean germplasm
for P deficiency at the International Centre for
Tropical Agriculture (CIAT) showed genetic
variation in P efficiency between cultivars.
This variation probably represents general
adaptation to low P and might be due to more
vigorous root growth (Lynch and Beebe
1995). Youngdahl (1990) suggested that lines
with large, fine root systems would have an
advantage in P deficient soils. Many
researches have proposed improvement of P
efficiency through breeding (Whiteaker et al.
1976, Fawole et al. 1982a). One of the most
important goals in plant breeding is
development of P-efficient genotypes with the
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ability to grow and vyield under P-deficient
environments (Yan et al. 1992, Hash et al.
2002, Yan et al. 2004). Plant P efficiency has
been defined in several ways. Fox and
Piekielek (1978) suggested that P efficient
genotypes are the ones that produce a large
quantity of harvestable dry matter per unit
time and area when grown in media with less
than sufficient P available for maximum yield.
Others (Loneragan and Asher 1967, Gerloff
1976, Gerloff and Gabelman 1983) have
argued that, to be accepted as an efficient
genotype under nutrient stress, this genotype
must yield approximately the same as an
efficient genotype under optimum supplies of
the nutrient.

Beebe et al. (1997) stated that efficient
genotypes are those which are able to
produce superior yields under phosphorus
deficiency conditions, irrespective of the
mechanisms involved. In a comparison
between wild and cultivated genotypes of
common bean, Araujo et al. (1997) reported
that cultivated genotypes have greater root
dry weights and root-to-shoot ratios than wild
genotypes, suggesting that selection under
cultivation could have resulted in plants which
invest preferentially in root production, a
potentially valuable trait in low P soils.
Patterns of dry matter diversion and root
plasticity may therefore be important features
influencing the ability of grain legume crops to
cope with soil deficiencies. Plants have
evolved other strategies for P acquisition and

use in limiting environments that include:
mycorrhizal symbioses, remobilization of
internal inorganic phosphate, increased

production and secretion of phosphatases,
exudation of organic acids, and modification
of root architecture (Plaxton 2004). Release
of P-efficient genotypes would reduce the
costs associated with P fertilizer applications,
minimize environmental pollution, and
contribute to the maintenance of P resources
(Cakmak 2002, Vance et al. 2003).

The work described in this paper was
designed to explore the variability of dry mass
production and partitioning during the
vegetative growth of two genotypes of
common bean, differing in growth habits and
grown in a solution culture with different P
levels.
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MATERIAL AND METHODS

The Plant materials were two genotypes of
bean (Phaseolus vulgaris L.), Carioca (CNF
0554), with indeterminate growth habits and
small seeds (100 seed-weight 27 g), and
Prince with determinate growth habits and
large seeds (100 seed weight 48 g). The
research was conducted at the Experimental
Gardens, University of Leeds, UK, under
glasshouse conditions. Seeds were planted in
trays containing perlite to germinate and then
the 10-day-old seedlings were transplanted
into an aerated solution culture. The plants
were grown in 60-L tanks with a density of 18
plants per tank. The pH of the solution culture
was adjusted to between 5.5 and 6.5 and the
temperature was (22° during the day and 18°
at the night). There were three replicate plants
of each genotype in each tank, and 5 replicate
tanks for each P level. Plants were grown
under two phosphorus levels: High P (4.5 mg
P plant') and low P (3.3 mg P plant1). P was
added as KH,PO,. The standard nutrient
solutions were prepared according to the Long
Ashton formula (g L) (Hewitt 1966): 55
KNO;, 5 Fe-EDTA, 37 MgS0O,.7H,0, 70.8
Ca(NOj),, 16 NH4;NO3, 21.5 Na,S0O,4. 10H,0,
0.2 MnCl,.7 H,0, 0.017 CuCl,, 0.014 ZnCl,,
0.185 H;BO,, and 0.008 MoOj;. P was added

to the solution culture at three occasions (at
transplanting, 6 days after transplanting, and
11 days after transplanting). Tanks were
arranged in a randomised complete block
design to counteract the temperature and light
gradients. Plants were harvested on two
occasions during the growth period, harvest 1
(3 weeks after germination, four plants of
each genotype were harvested), and harvest 2
(4 weeks after germination, eight plants of
each genotype were harvested). Plants were
separated to leaves, stems and roots and
dried at 80°C for 48 h for the determination
of dry mass.

Leaf areas were measured with an area
meter (Delta-T Devices Burwell, Cambridge).
The following were calculated: specific leaf
areas (SLA, ratio of leaf area to leaf dry
weight (cm2 g)), leaf area ratios (LAR, ratio
of leaf area to total dry weight (cm2 g1)),
relative growth rates (RGR) (g g' day'), and
net assimilation rates (NAR) (g cm2 day1).
Data was analysed as a randomised complete
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block design using SPSS (Anonymous 1996).
Analysis of variance (ANOVA) was performed
for each variable. Statements of significance
indicate a 5% level of probability.

RESULTS

Because no effects of Phosphorus
deficiency were detected on most plant traits
at harvest 1, data was not shown. Treatment
effects on root dry weight were highly
significant (P= 0.001) for P and genotype,
but the Genotype X P level interaction was
not significant (Table 1). In the low P level,
root dry weight was significantly higher than
that in the high P level. Leaf and stem growth
was influenced by genotype (P= 0.001) and
P level (P= 0.001). The two-way interaction
was significant (P= 0.05) for leaf weight, but
not for stem weight. Leaf and stem dry
weight increased with increasing P level.
There was a highly significant effect of
genotype (P= 0.001) on total dry weight, in
contrast no effects of P levels were detected.
The interaction of Genotype X P level was
also not significant.

Genotypes with a large seed mass (cv.
Prince) produced a larger initial mass than
those with a small seed mass (cv. Carioca),
thus potentially influencing the ability to yield
a high final plant mass. The initial seed mass
of Prince was approximately twice as large as
that of the Carioca genotype and Prince had
higher dry masses of root, leaf, and stem, and
a higher total dry mass. A high correlation
between initial seed size and total dry mass
was reported using the same genotypes.

The dry matter partitioning was affected
differently by genotype and P levels. A highly
significant effect (P= 0.001) of P was found
on root fractions, but no effect of genotype
was observed (Table 2). The root fractions
increased when the P level decreased. Leaf
fractions were affected by genotype (P=
0.05) and P level (P= 0.001), and decreased
at low P level. Stem fractions were also
significantly affected by genotype (P= 0.001)
and P level (P= 0.05), and both stem and leaf
fractions were lower with low P than with
high P. The two-way interactions for
Genotype X P level were not significant for
any of the plant part fractions.

Leaf development was greatly influenced
by genotype and P level. P supply reduced the
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leaf area of Carioca by 44 %, but only reduced
SLA in Carioca by 24%. This is because low
P reduced leaf mass in Carioca by 26%,
whereas in Prince it only reduced leaf mass by
6%. This big effect on leaf mass in Carioca is
presumably one reason why Carioca
performance decreased under P deficiency.

A highly significant effect (P= 0.001) of
genotype was found on the leaf area (LA), but
no effect was detected on the specific leaf
area (SLA) or leaf area ratio (LAR) (Table 3).
The leaf growth was the most responsive to
the P level. The effect of the P level was
highly significant (P= 0.001) on LA, SLA, and
LAR. This effect could be seen from the big
reduction (37%) of the leaf area. The
decrease in leaf area, due to the low P level,
was accompanied by decrease in SLA and
LAR (Table 3).

Phosphorus deficiency reduced RGR
significantly for Carioca plants, while no
significant effect was found in Prince plants
(Fig. 1). A similar pattern of effects of low P
availability was observed on NAR (Fig. 2).

DISCUSSION

Considerable variation between the two
genotypes for root and shoot biomass
accumulation under P stress was observed.
Prince (Andean genotype) had significantly
greater vegetative biomass under low P
conditions than Carioca (Mesoamerican
genotype). The larger vegetative growth of
Prince could be attributable to its greater seed
size. The analysis of variance identified
significant effects of P level and genotype for
almost every trait.

The two genotypes showed different
patterns of partitioning (Tables 1 and 2).
Growth with a non-limiting supply of other
nutrients was responsive to P nutrition. In P
deficient plants, compared to plants given
adequate P, relatively more dry matter was
partitioned to roots than shoots. These results
are in accordance with the findings of other
researchers (Fredeen et al. 1989, Aloni et al.
1991, Ericsson et al. 1992, Jebara et al.
2005, Alkama et al. 2009). Root dry masses
were generally affected positively by the
reduction in the P level. The changed
partitioning of carbon caused by deficient P
supply resulted in higher root fractions at low
P levels. Our observations show that root
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Table 1. Dry matter production of bean plants of
two genotypes grown with a high P or low
P levels.

Total dry weight
(g plant”)

Root dry weight
(g plant”)

Leaf dry weight
(g plant™)

Stem dry weight

Genotype (g plant”)

HighP LowP HighP LowP HighP LowP High P Low P
Prince 0.97 1.37 2.76 2.59 1.36 1.25 5.09 5.21
Carioca 0.61 0.81 1.86 1.37 0.72 0.57 3.20 2.75
F-test
Genotype xxx I *en
Phosphoru
s ns
GXP ns * ns ns

¥, ** *** Gignificant at P =
respectively.

0.05, 0.01 and 0.001,

Table 2. Dry matter partitioning of bean plants of
two genotypes grown with high P or low P

levels.

Genotype Root fraction Leaf fraction Stem fraction

HighP Low P HighP LowP HighP LowP
Prince 0.189 0.261 0.544 0.496 0.267 0.243
Carioca 0.190 0.290 0.582 0.500 0.229 0.210
F-test
Genotype ns * *xx
Phosphorus ~ *** Hxx *x
GXP ns ns ns

Table 3. Leaf characteristics of bean plants of two
genotypes grown with high P or low P

levels.
Genotype Leaf area Specific leaf area Leaf area ratio
P (cm? plant™) (cm? g) (cm? g)
High P Low P High P Low P High P Low P
Prince 1403 946 510 371 276 182
Carioca 908 504 494 375 284 184
F-test
Genotype e ns ns
Phosphoru wx wnn
s
GXP ns ns ns
0.180 H High P
0.160
0.140 4
—
- 0.120 -
S
- 0.100
o
2 0.080 -
5
& 0.060 -
0.040 A
0.020 1
0.000
Prince Carioca
Genotype

Fig. 1. Relative growth rate (RGR) of two genotypes
of bean grown with high P and low P levels.
Vertical bars + SE.
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0.000

Prince Carioca
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Fig. 2. Net assimilation rate (NAR) of two genotypes
of bean grown with high P and low P levels.

growth is less affected by phosphorus stress
than shoot growth, leading to increased root
fraction. This is in agreement with many
reports (Ulrich and Berry 1961, Atkinson
1973, Cassman et al. 1980, Fawole et al.
1982b, Fist and Edwards 1987, Lynch et al.
1991, Oliveira, 1995), and is also in
accordance with the Brouwer hypothesis. If
there is a suboptimal nutrient supply, the
growth of the shoots will be checked sooner
than that of roots because the latter are closer
to the source of the deficient nutrient
(Brouwer 1962). For bean, P stress increases
the root fraction as predicted by this
hypothesis (Table 2).

Carioca plants differed from Prince plants
by having low stem fraction (Table 2). There
appeared to be less dry matter invested in the
stem and more invested in the roots. The
distinct differences in root fraction seem to be
related to the efficiency of these plants under
low P and they are able to produce a higher
number of pods and seeds compared to the
Prince genotype (Boutraa 1999). In P-deficient
plants, it seems therefore, that maintenance
of the export of photoassimilates from the
source leaves allows continued root growth
and thus an increase in root fraction (Cakmak
et al. 1994). The Carioca genotype in this
study had much smaller root dry weights than
the Prince genotype, but a similar root
fraction. It might possible that larger root
fraction is not an explanation for why Prince
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grows better than Carioca under low P
conditions.

Low P reduced leaf area is consistent with
several findings, for example; Radian and
Eidenbock (1984) showed that phosphorus
deficiency reduced leaf expansion in cotton,
and other researchers (Lynch et al. 1991,
Oliveira, 1995) reported that in common
bean, leaf area development was reduced by
phosphorus deficiency. Fredeen et al. (1989)
reported that reduction in the expansion of
the leaf surface with low P was mainly due to
an effect on the expansion of individual
leaves, although there was also some effect
on the rate of leaf emergence. They also
suggested that marked reduction in leaf area
expansion, which occurs with P deficiency,
might be due to an insufficiency of phosphate
for the expansion of leaf cells. In addition to
the reduction in leaf area and leaf area ratio
(LAR), low P level reduced specific leaf area
(SLA) (Table 3) for both genotypes. Using
common beans, Cakmak et al. (1994) found
that specific leaf dry weight was higher in the
control than in the P deficient plants. Smaller
values of SLA denote the production of
thicker leaves, and these probably have a
higher photosynthetic activity on a leaf area
basis. The biomass-based relative growth rate
(RGR) and the biomass-based net assimilation
rate (NAR) were severely reduced by P
deficiency (Fig. 1).

P efficiency is defined by Yan et al. (1995)

Boutraa

as the ability of plants to produce relatively
more vyield (either biomass or grain) with
suboptimal P availability. They also showed
that more efficient genotypes had larger root
systems (greater root biomass, greater root
length, and/or higher root:shoot ratio) than
the less efficient genotypes and observed
considerable variability for root and shoot
biomass accumulation under P stress.

Genotypes responded differently to P
supply. The fact that the individual vyield
components responded differently to P supply
(Tables 1, 2 and 3) suggests that different
mechanisms may underlie tolerance to P
stress (P efficiency) in the different
genotypes. Other aspects, such as seed size
may also influence P efficiency. This research
has shown that low P availability affected the
growth of bean genotypes by allowing more
dry matter to be partitioned to root than
shoot. On the other hand the shoot was
affected by reducing leaf development,
measured as leaf area. Our results confirm
that bean genotypes can differ in root:shoot
partitioning. We believe there is considerable
potential for improvement of P efficiency in
common bean through manipulation of
root:shoot partitioning.
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Dusuk Fosfor Kosullarinda Yetisen lki Fasulye (Phaseolus vulgaris) Genotipinde
Buyume ve Karbon Ayrisimi

Ozet

Adi fasulyenin (Phaseolus vulgaris) uretimi genellikle dusuk toprak fosforu (P) nedeniyle kisitlanir. Fasulye
genotipleri, P etkinligi, kuru madde uretimi ve dusuk P kosullarinda ayrisim konusunda farklilik gosterirler. Bu
calismada iki fasulye genotipi kullanildi; sinirsiz buyume ozelligi ve kucuk tohumlari olan cv. Carioca (CNF
0554) ile sinirli buyume ozelligi ve buyuk tohumlari olan cv. Prince (ticari olarak mevcut). Bitkiler, ya
sinirlandirici olmayan veya dusuk P icerikli cozelti kulturunde yetistirildi ve kuru madde (KM) uretimi, KM
ayrisimi ve buyume parametrelerini olcmek icin iki kez hasat edildi. Sinirli genotip, baslangictaki tohum
buyuklugu nedeniyle, sinirsiz genotipe oranla daha fazla KM uretti. Dusuk P mevcudiyeti, kok kuru agirligini
artirdi, yaprak ve govde kuru agirligini azaltti. Toplam KM'de degisim gozlenmedi. KM ayrisimi, KM uretimi
ile ayni yolu izledi. Carioca, govdede daha az, kokte daha fazla KM biriktirir. Dusuk P mevcudiyeti, yaprak
alani (YA), yaprak alan orani (YAO) ve spesifik yaprak alanini (SYA) azaltti. Dusuk P, buyumeyi genotiplerde
farkli etkiledi. Carioca'da, nispi buyume oranlari (NBO) ve net asimilasyon oranlarinda (NAQO) azalma gozlendi,
ancak Prince'de herhangi bir degisiklik yoktu. Fasulye genotiplerinde, farkli buyume ozellikleri acisindan P'a
verilen tepkide genetik bir farklilik mevcuttur.

Anahtar Kelimeler: Buyume, fosfor yetersizligi, karbon ayrisimi, Phaseolus vulgaris.
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