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Abstract

The lengths of roots and root hairs and the extent of root-induced processes affect phosphorus (P) uptake efficiency
by plants. To assess the influence of variation in the lengths of roots and root hairs and rhizosphere processes on the
efficiency of soil phosphorus (P) uptake, a pot experiment with a low-P soil and eight selected genotypes of cowpea
(Vigna unguiculata (L) WALP) was conducted. Root length, root diameter and root hair length were measured to
estimate the soil volume exploited by roots and root hairs. The total soil P was considered as a pool of Olsen-P,
extractable with 0.5 M NaHCO3 at pH 8.5, and a pool of non-Olsen-P. Model calculations were made to estimate
P uptake originated from Olsen-P in the root hair zone and the Olsen-P moving by diffusion into the root hair
cylinder and non-Olsen-P uptake. The mean uptake rate of P and the mean rate of non-Olsen-P depletion were also
estimated. The genotypes differed significantly in lengths of roots and root hairs, and in P uptake, P uptake rates
and growth. From 6 to 85% of total P uptake in the soil volume exploited by roots and root hairs was absorbed
from the pool of non-Olsen-P. This indicates a considerable activity of root-induced rhizosphere processes. Hence
the large differences show that traits for more P uptake-efficient plants exist in the tested cowpea genotypes. This
opens the possibility to breed for more P uptake-efficient varieties as a way to bring more sparingly soluble soil P
into cycling in crop production and obtain capitalisation of soil P reserves.

Introduction

The generally poor food situation in Africa is related
to the low soil fertility of nitrogen (N) and the low
soil availability of phosphorus (P). Cropping and inter-
cropping of nitrogen-fixing legume crops are for that
reason an important choice to increase the supply of
high-quality protein for human need and for the im-
provement of the soil N status, but the low availability
of soil phosphorus may limit N2 fixation.

Cowpea is an important food, fodder and cover
crop in semi-arid Africa (Padulosi and Ng, 1990). In
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addition, cowpea is considered less prone to drought
and has a high yield potential especially when P fertil-
izers are applied (Mortimore et al., 1997). However, P
fertilizers remain the primary limitation to legume pro-
duction in the tropics (Sanchez et al., 1997). Legumes
differ in their P efficiency, defined as growth and yield
in low-P soils (Yan et al., 1995). In contrast, moderate
applications of P fertilizer often have only marginal
effect on yields due to P fixation by Fe- and Al-oxides
in the soils (Sample et al., 1980). Most of the soil-P
is bound in sparingly soluble P pools not immediately
available to support plant growth. Improving P uptake
efficiency in cowpea may then be an alternative to
achieve higher yields in cowpea. If such cowpea gen-
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otype can be identified or developed by breeding the
capitalisation of the soil P reserves could be enhanced.

Earlier (Nielsen and Barber, 1978; Nielsen and
Shjørring, 1983; Nye and Tinker, 1977) and recent
studies (de Willigen et al., 2000; Nielsen, 1993) have
revealed that net P uptake per unit weight of a plant
is determined by root length, uptake kinetics and the
root length per unit weight of the plant, and P move-
ment by diffusion to the root cylinder (Barber, 1995;
Tinker and Nye, 2000). Low P-soil is characterised
by a very low mobility of P. For that reason P has
to be very close to the root cylinder in order to be
bio-available (Nielsen, 1993). Root hair exploitation
of the soil increases the quantity of bio-available P,
because plant-available P in the root hair cylinder is
very close to P-absorbing root hair cell membranes.
Furthermore, root-induced processes in the soil–root
interface increase the transformation of non-available
soil P to plant-available soil P. These processes, e.g.,
changes of pH, and excretion of organic acids and/or
phosphatase are very important in low P soils. The col-
onization by mycorrhiza may increase P uptake later in
the season in annual crops. All these factors may vary
among genotypes.

Legumes such as common bean (Phaselous vul-
garis L.) and pigeonpea (Cajanus cajan L.) have
shown genotypic differences in their ability to obtain
P (Bonser et al., 1996; Subbarao et al., 1997). It ap-
pears that P-acquisition efficiency traits in common
bean have been acquired during or after domestication
(Beebe et al., 1997).

Due to the very low mobility of soil P in relation to
plant demand, it appears reasonable to look for differ-
ences among cowpea genotypes in their volume of soil
exploited by roots and root hairs. If root-induced pro-
cesses differ among the genotypes, it is expected that
the quantity of P absorbed by the soil volume exploited
by roots and root hairs would differ. This paper reports
results of such rhizosphere studies in pot experiments,
where the ability of eight selected cowpea genotypes
to acquire Olsen-P and non-Olsen-P was studied.

Materials and methods

Growth medium

The soil used for the experiment was a Danish sandy
loam (clay 15%, silt 18%, sand 65%; Gahoonia et
al., 1999), to which no P has been applied since
1966. To facilitate isolation of roots, the soil was

Table 1. Main properties of the soil–sand mixture

Parameter Value

Bulk density 1.4 µg mm−3

Soil pH (0.01 M CaCl2) 5.4

Soil CEC (pH 7) 0.53 molc kg−1

Total soil C 0.5%

Total soil N 0.05%

Soil Olsen-P (NaHCO3)∗ 10 ppm P (0.014 µg P mm−3)

Soil P (NaOH)∗ 57 ppm P (0.078 µg P mm−3)

Total soil P∗ 260 ppm P (0.357 µg P mm−3)

∗Determined 14 days after the application of P, 10−3 µg mm−3

= ppm (µg g−1) × bulk density (µg mm−3).

mixed with an equal amount of purified riverbank
sand. Main properties of the soil–sand mixture are
given in Table 1. To facilitate nodule development
and thereby fixation of nitrogen, the soil N con-
tent was reduced (<10 µg g−1 N in soil solution)
by washing the soil. Subsequently the following fer-
tilizers were added to the soil (kg−1soil): 439 mg
KH2PO4, 124.5 mg K2SO4, 124.5 mg CaCl2·2H2O,
3.5 mg CuSO4·5H2O, 8.8 mg ZnSO4·H2O, 17.5 mg
MnSO4·H2O, 0.61 mg CoSO4·7H2O, 0.32 mg
Na2MoO4·H2O, 75 mg MgSO4·7H2O.

Genotypes

Eight varieties were selected from a screening exper-
iment performed by Sanginga et al. (2000) based on
different responses to P fertilization. The seeds were
provided from the International Institute of Tropical
Agriculture (IITA), Ibadan, Nigeria. Some properties
of the genotypes are shown in Table 5. The eight
varieties can be divided into three groups of dura-
tion. IT82D-889 and IT82D-849 are ‘short duration’;
IT90K-59, IT82D-716 and IT86D-715 are ‘interme-
diate duration’; and IT89KD-391, IT89KD-349 and
Danila ‘long duration’ varieties. As IT89KD-349 and
Danila are photosensitive they were transported daily
to a dark chamber for 12 h. This made them flower and
set pods earlier than expected.

Pot experiment

The pot experiment was conducted at The Royal Veter-
inary and Agriculture University, Copenhagen, in the
spring (April to June) of 1999 in a green house with
temperatures of (day/night) 25/18 ◦C, relative humid-
ity of about 70% and 16 hours of natural daylight.
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The plants were grown in 5.5 kg of air-dried soil–
sand mixture filled in 4.5-L pots (bulk density of the
soil of 1.4 µg mm−3).

Seeds were sterilized with 10% NaClO for 1
min, washed with distilled water and pre-germinated
(see Lynch et al., 1990). Pre-germinated seeds were
planted (on 1 April 1999) and Rhizobium inoculum
(commercial product Nitragen for cowpea with 100
mio viable Rhizobium spp. g−1, LibhaTech Inc) was
added at the time of planting. Five seeds were planted
in each pot and after 2 weeks the seedlings were
thinned to three plants per pot. Nine replicates of each
of the eight varieties were randomized on a table in
the greenhouse. The plants were watered every second
to the third day to ensure some drying out of the soil
between water applications. Four replicates of each
variety were harvested after 34 days (1st harvest) and
after 61 days (2nd harvest) after planting.

Sampling

Dry weight of the shoot biomass was determined
after drying at 60–65 ◦C for minimum 48 h. Roots
were washed manually just after harvest. All remov-
able nodules were collected and weighed fresh, and
after drying at 60–65 ◦C dry weight was determined.
Roots were conserved in 15% alcohol stored at 5 ◦C.
The nodules removed from the roots were weighed
separately.

Replicate and representative root system samples
(1 g fresh root) were collected from each pot. The
samples were spread out in a film of water on a shal-
low plastic tray and scanned, using ScanJet IIcx and
Dt-Scan software (Delta-T Devices, Cambridge, Eng-
land) for measurement of root sample length and root
diameter (Gahoonia et al., 1999). After scanning the
root samples were collected in coffee filters and the
dry weights were determined by drying at 60–65 ◦C.
For calculation of the total root length (L, m) per pot,
the following formula was used:

L = Ls(DWr/DWs)+Ls, (1)

where DWr is root dry weight of the whole pot exclud-
ing dry weight of the sample, DWs is root dry weight
of the sample and Ls is root length of the sample.

For measurement of root hair lengths, soil cores
with roots of each genotype were collected at the
first harvest. The soil cores were immersed in water
overnight and the soil attached to roots was removed
by ultrasound treatment (120 W, 47 kHz) in an ultra-
sound bath (Branson 5200) for a few minutes (Gahoo-

Figure 1. Root hairs after 31 days of planting: (a) Danila and (b)
IT90K-59.

nia and Nielsen, 1997). For each genotype the images
of six roots bearing root hairs were taken, using a
video camera fitted to a microscope interfaced with a
computer image grabber board. Root hairs were meas-
ured using the Quantimet 500+ Image Processing and
Analysis System (Leica). The lengths of 30 root hairs
were measured on each picture. In total, 180 root hairs
in each variety were measured. The measured root hair
length was assumed to represent the root hair zone
providing the plants with nutrients.

It appeared that the density of root hairs was high
enough to exploit the entire soil volume inside the
perimeter of the root hairs (Figure 1).

Analytical procedures

Soil C and N was determined by a combined elemental
analyser (Carlo Erba NA1500) and mass spectropho-
tometer (ANA-MS method). Soil P was determined
by sequential extraction, first with 0.5 M NaHCO3
(pH 8.5) and then with 0.1 M NaOH (described in
Gahoonia and Nielsen, 1995) a method earlier used
to quantify the P available fractions in tropical soils
(Manske et al., 2001; Oberson et al., 1999). Total P
was released by dry ashing at 700 ◦C and extraction
with 6 M HCl. The P in the extracts was determined
by the colorimetric method suggested by Murphy and
Riley (1960) pH was measured in 0.01 M CaCl2.

Shoots were finely ground. Carbon and nitrogen
contents were determined by mass spectrometry. One
gram of the dry shoots was ashed at 500 ◦C for 3 h,
extracted with 3 M HCl as mentioned above.

Model

The quantity of Olsen-P (Q1) in the root hair zone (V)
and the Olsen-P (Q2) moving by diffusion into the root
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hair zone can be considered as readily bioavailable
soil-P. The quantity of non-Olsen-P (Qnon−Olsen−P)
absorbed by the plants may then be estimated by:

Qnon−Olsen−P = QP − Q1 − Q2 (2)

in which QP is the quantity of P absorbed by the plant
(mg P per pot).

It is assumed that the whole root length (L61) is
active in the experimental period 6 days after planting,
and that the density of root hairs is high enough to
deplete the Olsen-P in the entire soil volume inside the
outer perimeter of the root hairs. The volume explored
is then estimated from:

V61 = πL61(ς + ro)
2, (3)

Q1 = 14V61 (4)

in which ς is the root hair length, ro is the root radius,
and L61 is the root length in cm per pot 61 days after
planting. The 0.014 µg P mm−3 is the concentration
of Olsen-P in the soil (Table 1). It is assumed that P
depletion zones do not overlap.

The low concentration of P in the soil solution im-
plies that P movement by mass-flow can be neglected.
The P (Q2) that diffuse through the outer perimeter of
the root hair zone can then be calculated from:

Q2 =
t=61∑

1

q = π(Olsen − P)

t=61∑

1

(�Lt(
√

2De(61 − t) + ς + ro)
2 −

(ς + ro)
2) (5)

in which q is the quantity per day and t is time vary-
ing from 1 to 61 and �Lt is the root length growth
at day t, assuming exponential growth, e.g., �Lt =
Lt−1ek and k = ln(L61/L34)/(61–34). The mean dis-
tance,

√
2De(61 − t) of diffusion to each �Lt was

estimated from:
√

2De(61 − t) = √
2(61 − t)Dlf θ/b (6)

in which De is the diffusion coefficient of Olsen-P in
the soil, Dl = 0.89 10−3 mm2 s−1 is the diffusion coef-
ficient of H2PO4

− in water at 25 ◦C, θ is the relative
weight content of water in the soil, f is the imped-
ance factor and b = �C/�c is the differential buffer
power. Equation (6) is in accordance with the theory
of diffusion in soils by Tinker and Nye (2000).

The value of θ = 0.3 was estimated from the aver-
age content of soil water in the pot experiment. The f

= 0.304 was calculated from f = 1.58θ − 0.17 (Bar-
raclough and Tinker, 1981). The value of b = �C/�c
= 300 was calculated from:

cP in soil solution = 0.00334 COlsen−P − 0.03

for

COlsen−P > 0.058 µg P mm−3 (7)

which was determined by Gahoonia et al. (1994) for
the same soil.

The De value is then equal to 0.89×0.3×0.304×
10−2/300 mm2 s−1 = 2.7×10−7 mm2 s−1 which is
in accordance with values given by Jungk (1996) and
Gahoonia et al. (1994).

It is assumed that the root length development is
exponential. The soil volume exploited will then be
exponential, too. The mean volume of soil exploited
(V̄ , mm3)can then be estimated as:

V̄ = (V61 − V0)/ln(V61/V0), (8)

where V61 is soil volume exploited by roots at the end
of the experiment and V0 is the estimated soil volume
exploited by roots at the beginning of the experiment.
The V values were obtained from Equation (3).

Calculation of uptake rates

In accordance with Williams (1948) and Engels et al.
(2000) the mean uptake rate (U, 10−3 µg P mm−3

day−1) per volume of soil exploited by roots was
calculated from:

Usoil volume=(Q61/61)/V̄ , (9)

where Q61 is nutrient content (biomass * concentra-
tion) of P in the shoots, 61 = 61 days is the length
of the experimental period, V̄ is mean soil volume
exploited by root (Equation (8)).

The calculation of root density (RD, 10−2 mm
mm−3) followed standard methods. The percentage of
the soil volume within the root + root hair zone was
calculated from

%RZ = 100(π(ς + ro)
2 ∗ RD). (10)

Results

Biomass production, root length, root density, root
hair length, soil volume explored by roots + root hairs
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and P uptake are shown in Table 2. Biomass produc-
tion was significantly higher in the non-photosensitive
genotypes compared to the photosensitive genotypes,
IT89KD-349 and Danila.

From calculations based on Equation (2) we es-
timated the part of the P uptake that originated from
Olsen-P and from non-Olsen P. As seen in Table 2, a
widely varying part of the P uptake originated from
non-Olsen-P. The uptake of this P source from the
soil volume exploited by roots and root hairs varied
from 1 to 35 mg pot−1 among the cowpea geno-
types. The non-Olsen-P uptake may be considered as P
mainly mobilized from more strongly bound P due to
root-induced processes, e.g., acidification of the rhizo-
sphere, exudation of organic acids, phosphatase and
may be some effect of mycorrhiza colonisation.

Differences were observed among the eight gen-
otypes in total P uptake and in the mean uptake rate
per mm3 of soil exploited by the root + root hairs
(Table 2). The two photosensitive genotypes had the
lowest total P uptake and biomass production, whereas
the six other genotypes had a considerably higher P
uptake.

To asses the variability in P uptake efficiency of
the eight genotypes, soil volume exploited by roots
and root hairs, mean uptake rate per mm3 soil ex-
ploited by roots and root hairs, and mean uptake
rate of P from the pool of non-Olsen-P were cal-
culated. The values were expressed as fractions of
their mean (Figure 2). Values larger than 1.0 indicate
that the genotypes are above average in this character.
Four genotypes (IT82D-849, IT90K-59, IT82D-716
and IT86D-715) had a relatively high total P uptake,
whereas the two photosensitive genotypes had a very
low relative total P uptake. Three genotypes (IT82D-
716, IT86D-715 and Danila) have a relatively high
soil volume exploited. Two genotypes (IT90K-59 and
IT89KD-391) have a relatively high P uptake rate, and
particularly the uptake rate of non Olsen-P is high.
This indicates that these two cowpea genotypes do
have a higher intensity of the root-induced processes
releasing non-Olsen-P in the rhizosphere.

A strong correlation between N and P uptake was
found (r2=0.95, P < 0.01) (data not shown).

The Olsen-P in the rhizosphere soil represents only
a small fraction of P uptake. The data in Table 3 show
that the total P content in plants (shoots + roots and
root hairs) was higher than total P (Qtotal) in the soil
volume exploited by the roots and root hairs 61 DAP,
but lower than Qtotal + Q2 (Olsen-P diffused to the
volume exploited by roots and root hairs). If assumed

that non-Olsen-P was absorbed only from the volume
of soil exploited by roots and root hairs, Table 3 shows
that the fraction of total P absorbed varied from 6 to
85% among the cowpea genotypes. This indicated a
considerable variability in the capability to dissolve
and absorb non-Olsen-P.

Root morphology

Root length and root hair length, respectively, differed
among the eight genotypes (Table 2). The length of the
roots varied between 89 and 365 m pot−1 and the root
hairs varied between 0.23 and 0.38 mm. Thus Danila
had 27% longer hairs than IT86D-715, which had the
second longest hairs. IT90K-59 and IT89KD-349 had
the shortest root hairs. No significant differences in the
root diameter 34 DAP (0.21 ± 0.001) were observed

Soil volume exploited by roots and root hairs
(Equation (3)) is an important root parameter. As a
result of the variation in root and root hair length the
soil volume exploited by roots + root hairs showed
also differences among the eight genotypes (Table 2).
The percentage of soil per pot within the root + root
hair zone is shown in Table 4. There was a large dif-
ference in soil volume within the root + root hair zone
with IT82D-716, and IT86D-715 having the largest
soil volume exploited (4.8%), whereas IT89KD-349
the smallest soil volume exploited (0.8%). This root
parameter seems to give a useful picture of the root’s
access to less mobile nutrients in the soil.

Danila was a good example of the large effect it
had to use soil volume exploited instead of root length.
Danila had the longest root hairs and a moderate length
of the root. Even so Danila exploited 4.5% of the
total soil volume (Table 4). Due to the considerable
variation in root length and root biomass root dens-
ity varied from 0.022 to 0.091 mm mm−3 (Table 2).
IT90K-59 and IT82D-716 showed the highest mean
biomass production of roots with 1.75 g dry matter
pot−1, and IT89KD-349 showed the lowest mean root
biomass production with 0.38 g dry matter pot−1. All
the genotypes formed nodules (Table 2) indicating
N2-fixation.

Discussion

Phosphorus uptake

The quantity of soil-P extracted as Olsen-P does not
account for all the labile P in the soil. The non-Olsen-
P fraction is therefore not entirely non-labile, strongly
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Figure 2. Total P uptake 61 DAP, soil volume exploited 61 DAP, uptake rate of P and the rate of non-Olsen-P depletion per unit soil volume
exploited by roots + root hairs as a fraction the means of the eight genotypes.

Table 3. P content in shoots (Qp), total soil P (Qtotal) within the soil volume exploited by roots and root hairs, Olsen-P moved by diffusion
to the volume exploited by roots and root hairs (Q2, Equation (5), and estimated percentage of total P absorbed from the volume exploited by
roots and root hairs 61 DAP

IT82D- IT82D- IT90K- IT82D- IT86D- IT89KD- IT89KD- Danila

889 849 59 716 715 391 349

Total P in shoot (mg P pot−1) 45.8±0.9 61.1±4.8 55.5±4.2 59.8±2.4 53.4±2.2 59.6±8.1 16.9±1.4 24.4±0.9

Total P in roots + hair zone,

Qtotal (mg P pot−1) 38 49 42 68 69 54 11 69

Qtotal + Q2 (mg P pot−1) 60 76 62 94 96 77 20 84

Percentage of total P absorbed∗ 63 69 85 50 38 69 70 6

∗Assuming that non-Olsen-P was only absorbed from the volume exploited by roots and root hairs.

bound P solely. The isotope exchangeable P accounts
for approximately 10% of the total P in P-exhausted
soils (Wild, 1988), which can be considered a better
indication of labile P than Olsen-P. However, the large
fraction of non-Olsen-P absorbed by the cowpea gen-
otypes (Tables 2 and 3) in this experiment indicated
that plant roots were able to induce transformation and
uptake of non-labile soil-P within the soil volume ex-
ploited by roots + root hairs. This is in accordance with
findings in other legumes such as pigeonpea (Ae et al.,
1990; Subbarao et al., 1997) and common bean (Beebe
et al., 1997).

The main strategies of soil-P acquisition by plants
are the development of roots and root hairs, estab-
lishment of concentration gradient over root mem-
brane, root induced processes dissolving soil-P and

association with mycorrhiza. From Figure 2 it ap-
pears that the eight cowpea genotypes can be grouped
(I, II and III) in accordance with soil P acquisition
strategies, such as development of root/root hairs and
root induced processes dissolving soil-P.

Group I is IT82D-716 and Danila that have a rel-
atively high volume of soil exploited by roots + root
hairs, but a low P uptake rate. These genotypes use
the strategy of root interception to acquire soil-P. It
is notable that Danila is also considered very drought
tolerant (Table 5).

Group II is IT82D-889, IT82D-849 and IT86D-
715, which have a moderate volume of soil exploited
by roots + root hairs and a moderate P uptake rate.
These genotypes express more and less equal activity
into both strategies.
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Table 4. Volume of soil within the root + root hair zone in percentage of the total soil volume in the pot

IT82D- IT82D- IT90K- IT82D- IT86D- IT89KD- IT89KD- Danila

889 849 716 715 391 349

%RZ of

pot soil volume 2.6 3.4 3.0 4.8 4.8 3.8 0.8 4.5

Table 5. Information on the selected cowpea varieties (Singh, 1999, pers. comm.)

Variety Growth season Growth Resistance Photosen- Origin of Response to Seed color

sitivity∗ germplasm rock P-app.∗∗

IT82D-889 Extra early (60 days) Erect Multiple diseases, PIS Nigeria, Not known Red, smooth

(Popular variety) 8 viruses Tanzania, USA,

India

IT82D-849 Early (70 days) Erect, broad Major diseases, PIS Nigeria, Tanzania P response Brown, smooth

leaves striga

IT90K-59 Medium (75 days) Semi erect Multiple disease, PIS Nigeria, Tanzania, No P response Brown, rough

stiga, electra Botswana

IT82D-716 Medium (75 days) Very erect Multiple disease PIS Nigeria, Tanzania P response White, brown eye

IT86D-715 Medium (75 days) Long peduncles Multiple disease PIS Nigeria, USA, No P response White, rough

over canopy Tanzania

IT89KD-391 Late (80–85 days) Semi erect Aphids, bruchids PIS Nigeria, Tanzania P response Brown, rough

IT89KD-349 Late (80 days) Semi spreading Aphids, thrips, PS Kanananndo, No P response White, rough

bruchids, Nigeria, Tanzania

Danila Late (80–85 days) Spreading Very draught PS Nigeria No P response White, rough

(Local variety)

∗PIS – photo insensitive; PS – photosensitive.
∗∗Studied by Sanginga et al. (2000).

Group III is IT90K-59 and IT89KD-391, which
have a relatively low volume of soil exploited by
roots + root hairs but a high P uptake rate particularly
from non-Olsen-P. These genotypes to a large extent
use the root-induced processes to acquire P from the
strongly bound pools of soil-P, and invest less in root
development.

IT89KD-349 does not fit into any of these groups.
IT89KD-349 and Danila were the photosensitive gen-
otypes, which were put in a dark chamber for 12 h
every day. This resulted in early pod setting and a very
low biomass production compared to the studies of
Sanginga et al. (2000). By comparing just these two
genotypes, it is seen that they express very different
activity in the two strategies for P uptake. Danila has a
low P uptake rate but a relatively high soil volume ex-
ploited, and IT89KD-349 has a relatively low volume
of soil exploited but a high P uptake rate. It seems
obvious that the P uptake efficient cowpea genotypes
possess both the root interception strategy and the

strategy of root-induced processes as the expression
of activity within only one of these strategies does not
result in a high P uptake as seen in the case of Danila
and IT89KD-349.

The genotypes in group I are cowpea varieties
from Nigeria. The genotypes in group II have different
origins; IT82D-849 is a breed from Nigerian and Tan-
zanian lines. IT86D-715 and IT82D-889 are breeds
originating in USA, India, Nigeria and Tanzania lines.
The genotypes in group III are all breeds from the
same parent IT84S-2246-4, which may indicate that
root-induced mechanisms dissolving non-Olsen P are
inherited from this genotype. However, IT90K-59 is a
combination of an African selection and a cowpea line
from Botswana. IT90K-59 is the only tested variety
that possesses the Botswanan germplasm. Hence, the
high uptake of non-Olsen-P may come from this line.
IT90K-59 is considered a non-P responder (Table 5).

It can be concluded that the studied cowpea geno-
types differed in root length, root hair length, and in
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the intensity of root induced processes transforming
non-labile soil-P to labile soil-P. A more P uptake effi-
cient plant would be a combination of the high uptake
rate seen in IT90K-59 and the extended root system
seen in IT82D-716. Hence, traits of more P uptake
efficient cowpea plants exist, opening the possibility to
breed for more P uptake efficient varieties. This seems
to be one way to bring more sparingly soluble soil-P
into cycling in crop production and obtain capitalisa-
tion of the soil P reserves to benefit for the poorest
people who rely on this crop in the tropics.
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