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Abstract

Differences in growth, nodulation and arbuscular mycorrhizal fungi (AMF) root infection among recent cowpea
breeding lines from IITA were examined at low and high P levels in pot (94 lines) and field experiments (43 lines)

at Fashola in the derived savanna zone of Nigeria. Based on their growth performance, these lines were subdivided
into 5 groups: (i) poor performance under low and high P conditions; (ii) good performance under low P and poor
performance under high P; (iii) intermediate performance under high and low P; (iv) good performance under high
and low P conditions; and (v) good performance under high P and poor performance under low P. About 42% of
the breeding lines (18 out of 43 lines tested) had the same grouping for the field and pot experiments. Eight cowpea
lines (4 P-responders and 4 non-P-responders) were selected from the first experiment for subsequent studies on
the effect of P supply (0, 20, 40 and 60 kg P-hpon P uptake, P use efficiency, dry matter production, N-fixation,

AMF infection and N balance. Dry matter production, shoot/root ratio, total shoot N, and total N-fixed of the
non-P-responder line, IT81D-715, were strongly related to P uptake efficiency. The P-responder IT81D-849 had a
significant (95%) correlation between AMF and P-use efficiency. The cowpea lines fixed on average 22&g N ha
which was 70% of the plant total N. The N balance based on the difference between the amogufikefi ldnd

N exported through the harvest, ranged betweé0.6 kg N hal and +7.7 kg N hal. Based on its adaptability

to grow in low P soils and overall positive N balance, the cowpea line IT81D-715 should be recommended for
cultivation when P is the limiting factor.

Introduction attempt has so far been made to select cowpea geno-
types that can fix N at low levels of plant-available

Cowpea is of major importance to the livelihoods of P and N in the moist savanna zones of West Africa.
millions of pe0p|e' many of whom are the world’s Low levels of soil available N and P and Iarge crop
poorest (Quin, 1997). Cowpeas are also important in responses to N and P fertilizer applications are com-
the nutrient economy of low-input cropping systems Mmon for both cereals and legumes in the moist savanna
since they fix N through symbiotic association with ~ Of West Africa (Bationo et al., 1986). Nitrogen and P
bacteria, thereby improving soil fert|||ty and reducing fertilizers are often eXpenSive due to the lack of |Oca||y
the need for N fertilizer. The process of b|o|og|cd N available resources. Furthermore, fertilizer P can be
fixation by cowpea nodules requires large amounts of fixed into forms unavailable to plants by Fe and Al
P, and its availability is a primary constraint to Ffix- oxides found in tropical soils (Sample et al., 1980).
ation and therefore the N economy of many tropica| Application of CommerCia”y available P fertilizers or

ecosystems (Danso, 1992; Mortimore et al., 1997). No amendments can therefore not be relied upon to reas-
onably redress such nutrient depletion. It would thus

* FAX No: 234-2-2412221. E-mail: N.Sanginga@cgiar.org be desirable for crop plants to access a greater pro-
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Table 1.Physico-chemical characteristics of topsoil (0-15 cm
depth) at Fashola

Soil characteristics

Sand (%) 83.00
Silt (%) 16.00
Clay (%) 1.00
pH (H,0) 6.00
Organic C (%) 0.48
Total N (%) 0.04
Bray | P (mg/kg) 5.33
NH4-Acetate extractable cations (cmol/kg)
Ca 4.15
Mg 0.42
Mn 0.03
K 0.11
Na 0.03
Total Acidity (cmol/kg) 0.01

portion of the total soil nutrient pool than is otherwise
available to them. Inter- and intraspecific differences
in P uptake, accumulation and use are well known
for grain legumes such as mungbeafigfa radiatg
and soybearGlycine max(Gunawardenaetal., 1993;
Abdelgadir, 1998). However, mechanisms by which
these legumes exhibit differential abilities to grow at

Table 2. Cowpea lines used in experiment |

Cowpea lines

Cowpea lines

1 Kanannado
*2 Danila
31T82E-32
4 |T82E-18
51T88F-2062-5
6 Vita-3
7 Vita-1
8 TVX-4659-03E
9 TVX-1850-01E
10 TVX-2724-01F
11 TVX-3236
12 1T91K-118-20
13 1T91K-93-10
14 IT90K-284-2
15 IT90K-76
*16 IT90K-59
*17 IT89KD-349
18 IT89KD-453
19 IT92KD-370
20 IT92KD-405-2
21 IT89KD-457
*22 IT89KD-391

23 IT89KD-260

24 1T89KD-245

251T92KD-170-1

26 IT92KD-279-3

27 1T88D-345
*28 1T82D-849

29 1T83D-492

301T86D-721

311T87D-611-3
*321T86D-716

331T81D-885

34 1T81D-994

35 1T85D-385D-2

36 1T86D-880

371T81D-1228-13

38 1T84D-449

39 IT89KD-288

40 IT92KD-258-9

411T845-2135
*42 1T81D-715
*43 |IT89KD-374

*The 8 cowpea lines selected for experiment Il.

low or high P supply are not completely understood Ibadan, Nigeria, using topsoil collected from the field
and few have been described to any extent (Singh etat Fashola. Selected physico-chemical characteristics
al., 1997). A better understanding of leguminous spe- (0-15 cm depth) of the soil measured according to

cies or cultivar differences in P and N nutrition may

help in breeding new cultivars for new areas where Table 1.

fertilizers are not readily available. The objectives of

[ITA analytical procedures (IITA, 1989) are given in

this study were (i) to determine specific differences Experiment I: Screening of cowpea lines under low

in growth response, P uptake and P use between re-and high P conditions
cent cowpea lines, (ii) to determine the relationships

between plant growth characteristics and P-uptake andPot experiment

P-use efficiency, and (iii) to select lines which have the
high nodulation and Mfixation potential and therefore
the positive N balance at low levels of P in the soil.

A randomized complete block design with three rep-
lications was used. Treatments included 94 cowpea
lines and two P levels (without and with 60 mg P kg
soil~1). Soil for the pot experimentwas collected from
0-15 cm depth from the field at Fashola. The soil was
air dried, sieved €2 mm screen) and weighed (5 kg
Field experiments were conducted at Fashola for 3 soil pot™1). A basal application of 60 mg K kg soil
years between 1994 and 1996. Fashola 5@ N, as muriate of potash and 1 ml of a combination of mi-
3° 55 E, soil type: Oxic Paleustalf) is located in the cronutrients (Vincent, 1970) per kg soil was applied
derived savanna of Nigeria in West Africa and has a to each pot before planting. Phosphorus was applied
bimodal rainfall pattern with about 1200 mm rainfall as KHPQy at the rate of 60 mg P kg soit where

per annum. A pot experiment was done at the In- appropriate. The seeds were surface sterilized with
ternational Institute of Tropical Agriculture (IITA) at  95% ethanol (1 min) and 3%4®, (5 min), and then

Materials and methods
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Table 3. Shoot dry weight (g plant! at mid-podding) and growth characteristics of selected P- and non-P-responder cowpea lines grown in
a low P soil

Cowpea lines P application Growth characteristics
Okg P hat 60 kg P hat Days to Canopy
(SSP) maturity (d) height (cm)

Non-P-responders

IT 81D-715 24.33 23.11 75-80 50

Danila 7.00 6.49 85-90 20

IT 90 K-59 11.78 3.24 70-75 50

IT 89 KD-349 14.55 11.38 75-80 35

P-responders

IT89KD-374 13.08 15.16 70-75 30
IT89KD-716 18.01 20.03 75-80 30
IT89KD-391 6.51 9.28 75-80 40
IT82D-849 17.68 25.33 65-70 50
LSD 5% (1) 9.00
LSD 5% (2) 2.00

(1) LSD (5%) for comparing cowpea lines within one P level.
(2) LSD (5%) for comparing P levels within cowpea lines.

rinsed with sterile water (Vincent, 1970). Four seeds agricultural practices. Plant sampling was carried out
of each line were sown in each pot and thinned to two at mid-podding and maturity. At the first sampling
plants per pot one week after emergence. All plants time, three plants from the middle of each line were
were harvested at 8 weeks after planting (WAP), and dug out. To minimize damage to the root system, the
assessed for dry matter production (shoots and roots),soil around the plant was loosened using forks. How-
nodulation and mycorrhizal infection. Mycorrhizal in-  ever, at the harvesting stage (when pods browned), 10
fection was rated on fresh roots using the method by plants from the middle of each line were harvested.
Giovanetti and Mosse (1980) after clearing and stain- Plant samples were processed for shoot dry weight,
ing following the procedure described by Phillips and root dry weight, number and dry weight of nodules.
Hayman (1970). Mycorrhizal infection rate on the roots was determined
at mid-podding as described in the pot experiment.
The plants were left to dry in a greenhouse. When the
pods were dry, they were threshed by hand. The seeds
The area of the experimental field was 9 &5 m. were then dried for 24 h at 40C and Weig.heo!. Plant
The land was cleared of trees, ploughed and then disc-Sh00tS, roots, nodules and straw were dried in an oven
harrowed twice. Before the second disc-harrowing, the &t 80°C for 3 consecutive days before weighing.

field was sprayed with the herbicide gramoxone at a

rate of 9.44 L hal. A chisel plow was used to es- Experiment II: Response of selected cowpea lines to
tablish an inter-row distance of 75 cm. A strip-plot different P levels under field conditions

design with 3 replications and two treatments (two P

application levels and forty-three cowpea lines) was Eight cowpea cultivars (Table 3) selected from the
used. Single super phosphate (SSP) was the source ofield experiment conducted in 1994 were planted for
P (60 kg P hal) applied manually by broadcasting. two seasons in 1995 and 1996 at a spacing of 25 cm
Surface-sterilized seeds of 43 cowpea lines selectedwithin rows and 75 cm between rows. A split-plot
for their good growth (Table 2) from the pot experi- design with 3 replications was used for the experiment.
ment were sown by hand at a spacing of 25 cm within Main treatments were four levels of SSP (0, 20, 40
and 75 cm between lines. One week after emergence,and 60 kg P hal) and the cowpea lines were the sub-
the plants were thinned to one per hill. The cowpea treatments. The subplots measurec5@n. Each plot
field was sprayed and weeded according to standardreceived a basal application of 30 kg KHaas muriate

Field experiment



122

Table 4. Effect of P application on shoot dry matter (g per 5 plants) and shoot/root ratio of cowpea lines grown in the field at Fashola in
1995

Cowpea lines P application (kg P &)
0 20 40 60 0 20 40 60
Shoot dry weight [g (5 plants}t] Shoot/root ratio

Non-P-responders

IT81D-715 109 75 88 108 30 21 23 38
Danila 87 81 77 92 23 21 17 34
IT90K-59 74 75 68 87 22 24 26 20
IT89KD-349 77 94 81 108 21 28 15 33

P-responders

IT89KD-374 51 82 69 63 18 26 24 13
IT86KD-716 52 60 53 61 21 12 17 13
IT89KD-391 65 75 95 71 15 17 28 20
IT82D-849 82 114 92 107 18 31 a7 27
LSD (1) 13 7
LSD (2) 18 10

(1) LSD (5%) for comparing cowpea lines within one P level.
(2) LSD (5%) for comparing P levels within cowpea lines.

Table 5. Arbuscular mycorrhizal fungi infection rate (%) cowpea

of potash. No N fertilizer or bradyrhizobia inoculation lines grown at different levels of P application at Fashola in 1995

was applied. Two seeds were sown per hill and the
seedlings thinned to one per hill one week after emer- Cowpea lines P application (kg P1¥)

gence. Maize was used as a reference plant to allow 0 20 40 60
estimation of N fixation by the difference method
(Hardarson et al., 1984). The net contribution of N

Non-P-responders

o ) IT81D-715 26 30 16 07
fixation to the N balance of the soil has been calcu- Danila 28 24 07 04
lated as_follows (Peoples apd Craswell, 1992_): Net N IT90K-59 25 28 05 04
balance=Nf-Ns, where Nf is the amount of fixed IT89KD-349 o5 33 16 07

and Ns represents the total N in the seeds. The plots
were weeded by hand; spraying the crops with appro-  p_responders

priate insecticides controlled insect pests. Plants were IT89KD-374 28 34 12 04
sampled at mid-podding and at maturity as described IT82D-716 27 32 16 06
earlier, and the same parameters were measured in  |T82KD-391 22 28 17 07
addition to total N and P in the plant tissues. IT82D-849 28 31 16 05
Chemical analysis LSD (1) 1.7

LSD (2) 2.4

Analysis of P in the shoots was done using the vanado- : : —

lvbdate vellow method. and total N was determ- (1) LSD (5%) for comparing cowpea lines within one P level.
mo y y . ! . . (2) LSD (5%) for comparing P levels within cowpea lines.
ined by an automatic N analyzer following wet acid
digestion (IITA, 1989).

Statistical analysis

Analysis of variance (ANOVA) was done using the , L

SAS program (SAS, 1989) to determine treatment and ferences. Correlatlon.coefflments were computed for
interaction effects. Least significant differences (LSD) selected character pairs.

were calculated at the 5% level to assess treatment dif-
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Figure 1. Shoot dry weight variability of cowpea lines to low (no P applied) and high P (60 kg P/ha) application.

Shoot dry weight at high P
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Table 6. Total P accumulation in shoot and seeds of cowpea lines grown at different levels of P application at Fashola

Cowpea lines P application (kg P ) Means
0 20 40 60
Total shoot P (kg hal) Total seed P (kg hat)

Non-P-responders

IT81D-715 3.8 3.3 36 4.7 23

Danila 3.4 3.9 3.4 5.1 29k

IT9OK-59 2.6 4.3 3.8 4.9 343

IT8OKD-349 3.1 5.3 3.8 5.8 278

P-responders

IT89KD-374 2.0 40 35 2.8 18
IT86KD-716 2.6 3.0 2.8 3.9 2bg
IT82KD-391 3.1 4.4 4.8 48 29
IT82D-849 3.1 438 438 5.4 3
LSD (1) 0.8
LSD (2) 1.1

(1) LSD (5%) for comparing cowpea lines within one P level.
(2) LSD (5%) for comparing P levels within cowpea lines.
*Values followed by the same letter are not significantly differemt<ed.05.

Table 7. P use efficiency (g shoot dry weight per mg P in shoots) and P uptake (mg of P taken up in shoot biomass per g of dry roots) as a
response to P application in 1995

Cowpea lines P application (kg Py
0 20 40 60 0 20 40 60
P-use efficiency P-uptake efficiency

Non-P-responders

IT81D-715 0.37 0.24 0.27 0.26 97 90 88 155
Danila 0.30 0.24 0.24 0.19 78 95 74 169
IT90K-59 0.31 0.19 0.19 0.20 70 123 138 106
IT8BOKD-349 0.27 0.19 0.25 0.20 85 149 60 163

P-responders

IT89KD-374 0.30 0.22 0.21 0.25 64 119 115 51
IT82D-716 0.23 0.21 0.21 0.18 96 55 87 79
IT82KD-391 0.23 0.20 0.21 0.16 64 89 132 124
IT82D-849 0.29 0.26 0.21 0.21 59 125 227 127
LSD (1) 0.02 33
LSD (2) 0.03 a7

(1) LSD (5%) for comparing cowpea lines within one P level.
(2) LSD (5%) for comparing P levels within cowpea lines.
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Table 8. Effect of P application on total N accumulated anglfixed by cowpea lines grown in Fashola (1995)

Cowpea lines P application (kg P Y
0 20 40 60 Means 0 20 40 60
Total shoot N (kg N hal) Total N, fixed (kg ha'1)

Non-P-responders

IT81D-715 27.1 225 27.8 30.3 26.9 245 20.3 243 28.2
Danila 25.3 24.3 25.2 26.0 25.2 22.6 22.1 21.7 23.9
IT90K-59 24.6 20.6 20.8 27.2 233 21.9 18.4 17.2 25.1
IT89KD-349 21.2 27.2 24.9 325 26.4 18.5 25.1 21.3 30.4

P-responders

IT89KD-374 15.7 243 224 20.0 26% 13.1 222 18.8 17.9
IT82D-716 15.8 19.3 18.2 17.8 17.8 13.1 17.1 14.6 15.7
IT82KD-391 20.6 215 30.2 21.7 235 17.9 19.4 26.6 19.6
IT82D-849 225 29.4 29.7 34.0 289 19.9 27.3 26.2 31.9
LSD (1) 4.0 3.9
LSD (2) 5.6 5.6

(1) LSD (5%) for comparing cowpea lines within one P level.
(2) LSD (5%) for comparing P levels within cowpea lines.

Results considered as intermediate (Group 3). Eighteen out
of the 43 cowpea breeding lines (42%), which were
Experiment I: Screening of cowpea lines under low  grouped as described above, ended in the same groups
and high P conditions under both pot and field conditions. Based on shoot
dry matter response to P application, eight lines were
selected and subdivided into two groups according to
There were highly significant differenceg (<0.001) P response observgd (Table 3). These lines were used
in shoot dry weight among cowpea lines at high (60 kg for further field studies in 1995 and 1996.
P hal) and low P (0 kg P hal) P levels both in the
pot and field experiments (Figure 1). Phosphorus ap-
plication increased nodule weight (from 61 to 131 mg
plant™1) but reduced AMF root infection rate (from 44 Growth response and AMF root infection
to 24%), but large differences in these root parameters
occurred between cowpea lines both at low P and high The non-P-responders did not show any significant be-
P (data not shown). Five major P efficiency groups nefit of the P fertilization whereas the shoot dry weight
of cowpea lines were distinguished. Group 1, which of the P-responders increased significantly with P ad-
grew poorly under both low and high P, included about dition in 1995 (Table 4). Significant differences in
51% and 35% of the cowpea lines, respectively under shoot biomass production between breeding lines oc-
potted and field conditions (Figure 1). At the other curred especially in the P-responder group. Increasing
extreme, Group 5 comprised only 2 cowpea lines in the level of P from 0 to 20 kg P ha increased shoot
both test conditions, with high growth vigor under dry matter production of lines IT82D-849 (39%) and
both low and high P. Five cowpea lines grew well un- 1T89KD-374 (61%), but further P addition did not res-
der low P and their growth was depressed by high P ultin any significantincrease in shoot dry matter. Root
(Group 2) in the pot trial and one line expressed this dry weight of the P-responders varied with P addi-
feature in the field. About 2.3% of the lines in pots tion, whereas the non-P-responders had no significant
and 7% in the field grew poorly at low P conditions variation with application of P (data not shown). Sig-
but had better growth at high P (Group 4). The other nificant differences in shoot/root ratio were observed
cowpea lines (30% for the pots and 51% in the field) in the P-responder group while the non-P-responders
showed no or slight responses to P addition and were maintained a similar shoot/root ratio at different levels

Plant growth, nodulation and AMF root infection

Experiment II: Response of selected cowpea lines to
different P levels under field conditions
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Table 9. Effect of P application on the N-balance of cowpea lines
grown in a low P soll

of P (Table 4). Atvery low (0 P) and very high levels of

P (60 P), the P-responders showed a relative increase
of the root biomass as compared to the shoots. The  cowpea lines P application (kg PTH)
highest shoot/root values were obtained at 40 kg P 0 20 40 60
ha 1. AMF root infection was significantly affected by
P application in both groups but it was only slightly af-
fected by cowpea lines (Table 5). The highest infection

Nbalance (kg N hal)*
Non-P-responders

. e . IT81D-715 -2.9 0.1 55 11.1
V\{as.c?btamed at 20 kg P _héafter which it dec;hne_d Danila 32 _58 -23 6.3
significantly (P<0.05) at higher rates of P application. IT90K-59 26 -106 -93 -36

IT89KD-349 -24 40 -84 8.1

Phosphorus accumulation, uptake and use efficiency

Application of 20 kg P hat significantly increased P-responders

total P accumulation of the P-responders (Table 6). :I:;)ED{;Z“ _;'2 I‘g _g'é S‘f
The non-P-responder group had the highest P accu- |T82K-D_391 :4'8 09 _2'8 :5'0
mulation at 60 kg P Ital. Phosphorus accumulation 1T82D-849 104 64 18 27
in seeds did not vary between groups, but differences

between breeding lines were observed, and were most | o ) 6.0

pronounced in the P-responder group (Table 6). All | gp (3 8.5

cowpea lines showed a decrease in P-use efficiency _ . —
(1) LSD (5%) for comparing cowpea lines within one P level.

(g shoot dry weight per mg P in shoots) with in- (2) LSD (5%) for comparing P levels within cowpea lines.

creasing amount of P applieql up to 60 kg P_ha_ *N balance is calculated from the difference between total N fixed
(Table 7). Phosphorus-use efficiency (PUE) was sig- and total N exported in seeds.

nificantly different among lines within each group.
IT81D-715 had the highest PUE within the non-P- ) .
responder group, while IT89D-374 and IT82D-849 P-responder group. The amount oj fixed in 1995
had the highest PUE among the P-responders. In con-Varied between 13.1 and 31.9 kg NtaThe N bal-
trast to PUE, P uptake efficiency (mg of P in shoot bio- ance calculated on the basis of N fixed and N exported
mass per g root dry weight) of both groups increased through the sleed harvest ranged betwed.6 and
with P application (Table 8). The non-P-responders 11-1 kg Nha= (Table 9).

attained a maximum at 60 kg P/ha, whereas the P-
responders exhibited the highest level of P uptake
efficiency at 40 kg P/ha.

Correlation of AMF, P and uptake and plant growth

P-use efficiency and % AMF were not significantly
correlated to most of the growth parameters (data not
shown). In comparing the two high yielding lines
Total N accumulation in the shoots ranged from 15.7 IT81D-715 (non-P-responder) and IT82D-849 (P re-
to 34 kg N hal (Table 8). The average total N values sponder), dry matter production, shoot/root ratio, total
were significant P<0.05) in the P-responder group shoot N and total N-fixed of the non-P-responder line
at 20 and 40 kg P/ha, while the non-P-responders (IT81D-715) were strongly related to P uptake effi-
had no significant effect with P addition. Total N in ciency. The P uptake efficiency of the high yielding
the shoots did not differ significantly within the non- P-responder (IT82D-849) was only correlated to root
P-responder group, while strong varietal differences biomass and shoot/root ratio.

were observed in the P-responder group. No response

to P was observed for total N in seed (data not shown).

Differences in seed total N between cowpea lines Discussion

ranged between 16.3 and 29.0 kg N/ha. All cowpea

lines nodulated profusely, the number and weight of This study showed pronounced differences in P nu-
nodules increasing with the addition of P (data not trition between the cowpea breeding lines. Different
shown). The percentage of N derived from the atmo- types of growth response to P application were il-
sphere was on average 70% over the 2 years, and wasustrated by cowpea lines such as IT81D-715 and
only significantly influenced by P addition within the 1T82D-849. With line IT82D-849, maximum vyield

Nitrogen fixation, N balance and seed production
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Table 10. Correlation matrix between P uptake and plant characteristics of cowpea lines grown in the field at Fashola in 1995(83%10;
correlation,** 99% correlation)

Cowpea lines P uptake

Sht Rt Sht/Rt TN NF PUE AMF
Non-P-responders
IT81D-715 **0.72 *—0.58 **0.94 **0.75 **0.74 ns ns
Danila ns *—~0.65 **0.95 ns ns ns ns
IT9OK-59 ns *—~0.63 **0.83 ns ns ns ns
IT98KD-349 *0.70 *—~0.64 **0.96 *0.64 *0.65 *—0.58 ns
P-responders
ITBOKD-374 **0.75 *—~0.65 **0.93 *0.64 *0.59 ns ns
IT82D-716 ns *—~0.60 **0.88 ns ns ns ns
IT82KD-391 *0.66 ns **0.89 *0.68 *0.68 ns ns
IT82D-849 ns **_0.75 **0.98 ns ns ns ns

Sht: Shoot dry matter; Rt=root dry matter; S/R=shoot to root ratio; TN=total N; NFfskéd; PUPT=P uptake; PUE=P-use efficiency;
AMF=Arbuscular mycorrhizal fungi.

was obtained when 60 kg P hawas added to the soil.  In contrast to IT82D-849, P uptake of line IT81D-715

On the other hand, line IT81D-715 did not respond
to P indicating that the inherent soil P concentration
in Fashola was adequate for its growth. Similar lack
of response of soybean lines to P application in low

was strongly related to growth. Data indicate that P
uptake was the most important physiological mechan-
ism for this line as shown by the higher uptake values
and poor allocation of P from shoot to seeds (Table

P soils has also been reported at the same site (Ab-7). Mechanisms by which line IT81D-715 exhibited a

delgadir, 1998). Our data clearly show that the P
requirement for cowpea to achieve maximum growth
varies widely within the germplasm. It can be ar-
gued that if the ability to grow in low P soils (as in

Fashola) is one of the major selection criteria, lines
such as IT82D-849 that require P application for max-

similar ability to grow at low or high P supply were
not established. However, our results show that N
fixation was not affected by P stress, which illustrates
the fact that even under low soil P conditions, effect-
ive nodulation and I fixation can occur in the case
of cowpea. The data presented here indicate that the

imum biomass production would be at a disadvantage cowpea lines differ in their ability to fix Nunder low
compared to IT81D-715. There are three broad cat- P conditions. Percentage opNxed by these legumes
egories of mechanisms by which plants can increase was generally high (average over the 2 years: 70%)
their access to native or applied soil nutrients: i) by and is above values reported earlier for cowpea in the
increasing absorptive areas, ii) by favorably modi- moist savanna zone (Eaglesham et al., 1982). The best
fying the absorption mechanisms to increase uptake cowpea line in terms of N balance under a low soil
from low ambient concentrations, and iii) by rhizo- P condition was IT81D-715. This line should be bet-
sphere modification to increase nutrient availability ter suited to N- and P-deficient soils. Although other
(Bar-Yosef, 1991). We have shown that the breeding lines such as IT82D-849 presently being adopted by
lines within the P-responder group are able to adjust farmers in some areas of the moist savanna showed
their shoot/root ratio under differentlevels of P, i.e. un- comparable % W fixation, their optimum amount of
der P stress, these plants invest relatively more energyN> fixation and shoot dry matter production strongly
to proliferate their root biomass in order to increase depend on the application of P fertilizer.

the soil-root contact area. Our investigation shows that

differences between the two cowpea lines (IT81D-715

and IT82D-849) in their ability to absorb and use P ef- Conclusions

ficiently for biomass production, could largely account

for the difference in adaptation of these lines to low P Large differences between cowpea lines were ob-
soils. For example, line IT81D-715 had hlgher PUE at served for most of the p|ant parameters (growth, N ac-
both low and high P rates compared to 849 (Table 8). cumulation, nodulation andNixation). Cowpea lines
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differed widely in their P requirements for growth
and N fixation. Line 1T81D-715 with a positive N

balance and high P-use efficiency under low-P con-

ditions could be ideal for low-P soils in the savanna
region. However, as IT81D-715 also removed the
largest amount of P from the soil, further testing is

needed to examine its effect on the soil P status and the

long-term effect it will have on the P nutrition of sub-

sequent crops. The possibility to use less soluble and
much cheaper P sources (e.g. low-reactive rock phos-
phate) in combination with selected P-efficient cowpea

breeding lines could alleviate this P depletion. A line
such as IT82D-849, which requires P application for
maximum vyield, will be more suitable for soils with

high available P. These results suggest the need to take
the P requirements of these cowpea lines into account
when selecting and introducing certain genotypes in

the moist savanna zone.
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