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Rhizobal inoculation with commercial cowpea *FI.° mixed strain inoculant

as compared to noninoculation, and effects of four levels (0, 14, 28, and 84 kp-ha-")
of fertilizer N (CaNO3-15.5% N) on yicld and N, fixation components in cowy-ea | Vigna
unguiculata (1.) Walp.] were investigated in a fiedd study. Plants were geowa on a
vertic albaqualf, fine, montmorillonitic, thermal soil with a pH of 6.7. Three high (1)
and two low (1) Ny-fixing, indeterminate cowpea cultivars, *H-California Blackeye No.
5, *H-Brown Crowder', *H-Tennessee White Crowder’, *L-Lady’, and *L-Mississippi
Silver®, were used. In inocenlated plants, N, fixation was significantly reduced with
increasing N teve's, Although high-fixing cultivars produced more and larger nodules
and expressed higher nitre genase activity than the low fixers, e significant differences
in top dry weight and total N/plant were observed between these sroups at the time of
flowering. Seed yicld was greater in rhizobia-inoculawed plants than in the noninocu-
lated, fumigated contrals. A significant lincar increase in seed vield was observed with
increasing N levels in the noninoculated, funiigated controls. The addition of fertilizer
N to cowpeas inoculated at planting did not increase seed yield. In high-fixing enltivars,
N; fixation did not directly influence seed yield, but increasea yegetative matter was
produced. Sced and biomass yield were influenced by N, fixation in low-lixing cultivars.

Seed vield of cowpea, a popular food grain
legume in several parts of the world, 1s gen-
crally lower than that of cereals (93, Nitogen
(N) deficiency, a common problem associ-
ated with tropical soils, can restrict the

expression of the genetic yield potential of

cowper cultivars. Numerous irvestigations
on they ceffect of combined N (NH; and
NOq) on nodulation have demonstrated that
maximum symbiotic fixation is associated
with growth media deficient in combined N
(14,17, 23 High levels of fertilizer N were
found to reduce oot hair infection (3, 16),
nodule number (3), noduic growth (21, ni-
trogenase activity ¢H0), and the total amount
of biologically fixed N (1), The magnitude
of inhibition was influenced by plant species
(1), Lost genotype (10, 25y, growing scason
(18), strain of Rhizoliwn: (4 8), and the torms
of N fertilizer (4). Svnergistic effects of an-
plicd N on N fixation with low levels «f N
were also reported in sovbean (Glveine mav)
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and cowpea (7). Although cowpea symbiot-
ically fixes Na, it has been a recommended
practice to fertilize cowpea with N (11, 20).
In Texas, reports indicated that cowpea
showed Tittle vield respoprse o N fertilizer
application above 20 kp-ha 1 (19). Addition
ot increasing levels of NOy fertilizers up to
20 keeha U had an adverse effeet on N, fix-
ation in both high- and low-fixing cultivars
(4.

Although the inter: lationships between N,
fixation and sced yield in soybean have been
studdied extensively (20 6), this ~ubject has
not been thoroughly investigated in field-
grown cowpea, The cefficiency with which
bialogically fixed und fertilizer N are con-
verted into seed yield is depeandent < cul-
tvar and environment (8). Also, N, fixation,
translocation of N, and sced production are
interrelated paenomena that should be stud-
ied simultancously. Therefere, the objuctive
of this study was to investigate the interac-
tion between inoculation and N levels on N,
fixation and seed and biomass yield in cow-
peit.

A ficld study was condwe ted at College
Saation, Texas in Summer 1982 on a vertic
albaqualf, fine  ~ontmorillonitic, thermal soil
at pH 6.7, In an ifort to eliminate the native
rhizobia, the cxperimental site was fimi-
gated with methyl bromide (i, = 100%)
at 436 kg-ha ' Enumeration of rhizobia in
the experimental soil at different locations
by the most probable number (MPN) method
(22) was made both before and two weeks
after fumigation. The native rhizobial pop-
ulation was reduced from 1000 cells/g of soil
to abmost zero as a result of fumigation.
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A split-plot design with three blocks was
used. Two levels of inoculation, no inocu-
lation and iroculation with rhizobia, and five
cowpea cultivars, for a total of 10 treatment
combinations, were allocated to main plits
within cach block. The three high (H) and
two low (L) N-fixing. indeterminate cow-
pea cultivars used were *H-California Black-
cye No. 87, "H-Brown Crowder’. "H-
Tennessee White Crowder’, *L-Lady’, and
*L-Mississippi Silver' (25). Four split plots
were allocated with four fertilizer N levels,
0, 14, 28, und 84 kg-ha ', Plet size was 4
x 1 m. Shoot dry matter and percentage of
N of the nonnodulating soybean isoline “Lec”,
grown without fertilizer M and harvested at
seven weeks, were used to measure plani-
available N in the soil.

Random soil samples taken tefore plant-
ing and analyzed by the Texas AdeM Soil
Testing Laboratorvy indicated that extractable
levels of N. PLand K were 6, 10, and 100
ppm, respectively, in the 15- to 30-cm depth.
Prior to planting, Ca(NO 35 (15.5N-0P-0K)
was bandea by hand, incorporated to a dzpth
of 12 ¢m, and a fight irrigation applied. Three
secds per hill were planted 2 15-cin spacing,
with 99 ¢m Hetween rows. Two weeks after
ecrgence . plants were thinned to one plant/
il and a population of 67.300 plants/ha was
established. Seeds in the inoculation treat-
ments were inoculated at planting with a peat-
bised cowpea ELT mixed strain inoculant
(10 celis/g) (The Nitragin Co.. Milwau-
kee, Wic The plots were sprinkler-iri-
gated as needed. Weed control was not
practiced. since tumigation effectively con-
trolled weeds.

Seven weeks atter planting, when the ni-
trogenase activity was high (24), two plants
from cach plot were harvested and the N,
fixation variables, nitrogenase activity by
CaH,-C5Hy assay (25), nodule number and
dry weight per plant, and dry weight and
percentage of N oof ithe plent tops, were mea-
sured. Twelve weeks after planting, a 3-m
sumple of plants was cut at tiwe soil level and
the vield components, number of plants in
J-m plot, fresh and dry (70°C) weight of
plant tops, and seed yield per plot (air-dried)
were measured. Harvest index (seed yield/
biomass yield) wus derived from these data.

In order to satisty normality assumptions,
the data were tiansformed to either log,,, or
square root and wvere andlyzed by multivar-
iate and univariate analysis of variance. The
differences amony treatments were tested by
a 1S test using the Bonfemoni eriterion for
overall significance, which takes into ac-
count the number of tests performed on the
data. The treatment means were  retrans-
formed to the original scale as reported herein.,

Because multiple measurements were taken
from cach experimentai unit, data were ana-
lyzed by using multivariate analysis of var-
iance (MANOVA) models. The MANOVA
test statistics indicated that all 3 main ef-
fects, cultivar (C), inoculation (1), and fer-
tilizer N levels (F) were highly significant at
the 0.0001% Icvel. However, among the in-
teractions, only 1 > 1" was significant at the
0.05% level. All other two-factor interac-
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Table 1. Cultivar means for N> fixation variables seven weeks after planting and yield variables at harvest, 12 weeks alter planting.
Shoot
Nodule Nitrogenase dry weight Seed Biomass
Nodule wi activity (g/plant) N yieid yield Harvest
Cultivar (no./plant) (g/plant) (pmol Cshy/plant per hour) at flowering (1) (keha') (kg-ha") index
Culifornia
Blackeye No. 5 57 af 0.81 a 64.2 a 36.5a 4.0a 1604 a 3960 a 0.22b
Browa Crowder 33 he 0.67 h 433 b 32.0a 3194 1104 b 51224 0.17¢
Tennessce White
Crowder i7b 0.59 b .l b 25.2b 4.2a 14006 a 4302 b 0.24 ab
Lady 29¢ 0.46 ¢ 38.0b 29.8 ab 4.0 a 1570 a 4727 b 0.26 a
Mississippi
Silver 17d 0.34 d 238 ¢ R4 l8a 1510 a 4336 b 0.26 a
Non-noduluting
soybean 1.5 4.0 --- ---

Means separired by 1LSD, £ = 5% . using the Bonferroni criterion.

*Indication oi plamt available N in the soil.
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Fig. 1.

The interaction between rchizobial inoculation and four levels of fertilizer N (kgsha ') on Na fixation varisbles [percentage

of N (A), nodule numiber/plant (B), nodule weight (giplant) (C), nitrogenase activity (umol CHy/plant per houn) ()] in field-
grown cowpea, where C = control and 1 = inoculation.

tions (1 X C and C > ¥)and the three-fuctor
interaction ([ x C X ) were not signili-
cant. Hence, treetment comparisons were
carried cut for cultivars ana fertilizer levels
within inoculation treatments. The signifi-
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cance of lincar and quadratic effects of fer-
tilizer fevels was also tested.

N, fixation variables. Because the C < F
interaction was not significant, the cultivar
means were computed across fertilizer lev-

els. High-fixing cultivars, California Black-
eye No. 5. Brown Crowder, and Tennessce
White Crowder, produced more and larger
nodules than the low-fixing cultivars, Lady
and Mississippi Silver, in the inoculated, zero-
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Fig. 2. The interaction between rhizobial inoculation and four levels of fertilizer N (kg-ha 'Y on yield variables [shoot dry weight
at flowering (g/plant) (A), seed yield (kgeha ') (B), vegetative dry weight at maturity (kg-ha-') (©), harvest index (D)} in field
grown cowpei, where C = control and 1 = inoculation.

fertilizer N treatment (Table 1), *California
Blackeye No. 5§ showed the highest nitro-
genase activity. even when compared to the
other two high-fixing cuitivars. Shoot dry
weight of the non-nodulating soybean was
low, confirming the low levels of soil N and
indicating the negligible contribution of soil
N to plant growth. However, the fow-fixing
cultivars produced shoot dry weight and total
N similar to that produced by the high fixers
(Table 1). This indicated that differential re-
sponses i N» fixation measurcments, i.c.,
nodulation and nitrogenase activity at the time
of flowering, were not related to shoot dry
weight and total N content of the plant,
Similarly, poor correlation between N,
fixation measurements and shoot dry weight
or total N content, the product of shoot dry
weight and percent N oof the tissue, in cow-
pea at flowering has been reported ir ficld
studies (14, 15). However, in this study, the
percentage oif N in the tissue was, in most
cases, less variable than shoot dry weight
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among cultivars and treatmenis (Table 1; Figs.
I and 2). Similar results have also been re-
ported in other legumes (12, 13). Shoot dry
weight is influenced primarily by several
morphological. physiological, and nutri-
tional aspects of plant growth and develop-
ment. Therefore, the direct impact of N,
fixation on shoot dry weight was not evident
in cowpea at the time of flowering: however,
the beneficial effects of N fixation on seed
yicld were expressed at maturity. Variation
in location, seoson, and experimental error
might also contribute substantially to the lack
of correlation hetween Na fixation and total
N content in cowpea.

The interactions between rhizobial inoc-
ulation and four fertilizer N levels on N,
lixation variables arc illustrated in Fig. .
Jecause the interactions between cultivar and
the other two factors. inoculation and fertil-
izer levels, were not significant, the reported
mean values of inoculation and fertilizer lev-
els were averaged across cultivars, The in-

fluence of increasing fertilizer levels was
tested for linear and quadratic effects in both
control and inoculation trewiments,

The results indicated thav with zero N fer-
tilizer, rhizobial inoculation significantly in-
creased nodulation, nitrogenase activity (Fig.
1), shoot dry weight at flowering (Fig. 2),
and therefore total N, above the control
treatient. The observed nodulation in the
contro! treatients was probably due to the
presence of surviving native rhizobia after
fumigation. Althongh 10-30 nodules/plant
were observed in cortrol plants, their weight
and nitrogenase activity were proportion-
arely lower than those of inoculated plants.
This difference indicated that the surviving
native rhizobial strains were not as effective
as the “"EL strains for nitrogenase activity,
probably due to low rhizobial population
density. Nodule number, nodule weight, and
nitrogenase activity differed significantly at
the four fertilizer N treatments. Inoculated
plants produced more dry matter at flowering
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than the control treatments only at 0 aad 14
kgeha-! fertilizer N, and dry matter produc-
tion was not significantly increased by N fer-
tilization above 20 kg-ha ',

Highly significant, negative lincar rela-
tionships were observed for nodulation and
nitrogenase activity with increasiag tertilizer
N lIevels in inoculated cowpea. Thus, no
synergistic effects were observed for N fix-
ation, even at Jow fertilizer N levels (14
kgehe Y. Similar findings were also re-
ported (14) where addition of NO;-N re-
duced N, fivatien in both high- and low-
fixing cultivars. However, Baglesham et al.
(7) and Dart and Willdon (4) reported hat
addition of low levels of N had beneiicial
ctfects on cowpea and soybean. These in-
consistencies may be due to differences in
soil N levels, different methods of estimation
and/or the use of difterent cultivars, rhizo-
bial strains, and environmenis.

Significani. negative, quadratic relation-
ships were abserved for hoot dry matter
harvested at flowering with increasing N lev-
cls (Fig. 2). There was = sharper decline in
shoot ey matter with the addition of N at
I4 kgeha Pothan at the higher levels in in-
oculated plants. This was because the addi-
tion of low levels of feralizer N up to 28
hgha ! not only substantially reduced N,
{ixation. but also was not adeguate for plant
growth and development. However, in con-
trol treatments, addition of increasing levels
of N sigaificantly increased dry matter pro-
duction. Theretore, the relfationsiip between
dry matter production and N levels was de-
pendent on whether plants were inoculated.

Seed and Hiomasy yiell. No significant
differences among cultivars for seed vield
(except “Brown Crowder™ was observed
(Table 1). Althot.zh “Brown Crowder® is a
high-fixing cultivar, its seed vield was lower
than that of ther high- and low-fixing cul-
tivars in this study. "Hrown Crowder” was
not fully matured by the time of harvest at
T weeks, possibly causing the low vields.
In the next scuson, when seed were har-
vested fully matured, *Brown Crowder® out-
yiclded all other cultivais (8). Although this
response idicated that Ny fixation potential
of the cultivars was not directly relited to
seed yield, the high-fixing cultivars, Cali-
formia Blackeye No. 5 and Brown Crowder,
generally produced more biemass than the
low-fixing cultivars (Tible ). Therefore, the
harvest index of the low-iixing cultivars wis
generally higher than that of the high-fixing
cultivars. These results suggested that, al-
though differential Na fixation potential among
cultivars exists. without a concomitam in-
crease inthe “sink™ potentials, pod ser and
development, an increase in seea yield might
not necessarily be anticipated.

Inoculated plants yielded significantly more
than the uninoculated plants in fumigated plots
it four N devels (Fig. 2). Thercetfore, the fix-
ation effects were biologically significant at
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all four N levels. Ir inoculated plants, ad-
dition of fertilizer N did not increase sced
yicld over and above the unfertilized plants.
The rate of increase in sced yicld was higher
for the low N levels than the high levels.

Inoculated plants produced significantly
more vegetative dry matter than the controls
ot low N levels (Fig. 2). At high N levels,
the differences in vegetative matter produc-
tion were not significant between control and
inoculation treatments. Although the eftfect
of inocelation was prominently shown in seed
yield increase, this was pot the case for veg-
ctative growth, Harvest index (HI) is a ratio
between seed and biomass yield. Thercefore,
an increase in HI s accompanied by an in-
crease in seed yield. The HI of inoculated,
unfertilized plants was significantly larger than
the control (Fig. 2), because inoculation in-
creased seed! yield in these plants.

In conclusion, seed yield of indeterminate
cowpeat cultivars was greater in rhizobia-in-
oculated plants than in the noninoctated tu-
migated control. Addition of feitilizer N at
planting to inoculited cowpea plants did not
increase Na fixation or seed yield. There-
fore. it might be more beneficial to inoculate
cowpeits with a suitable inoculum rather than
applying costly fertilizer N A significant
lincar increase in seed and biomass yield was
obtained with increasing N levels in nonin-
oculated plants. Nitrogen fixation potential
of Liost genotypes did not direetly influence
seed vield in cowpep cultivaes; however, more
vegetative matter or forage was produced in
high-tixing thun in low-fixing cultivars. Al-
though ditferential N, Dixation potential among
cowpea culuvars exists, inereases in seed yield
might not be realized without an increase in
sind: potentials
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