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Abstract.  Plant growth aspects of field-grown cowpea [Vigna unguiculata {1..) Walp.] were investigated under four
N regimes: No N, rhizobial inoculation {cowpea “EL” inoculum), 100 kg fertilizer N/ha (NO3-N) at planting, and
inoculation + 50 kg fertilizer N/ha at flowr ving. Tive indeterminate cultivars, Brown Crowder, California Blackeye
No. &, Mississippi Silver, Tennessee White Crowder, and Lady, and one deferminate cultivar, Bush Purple ilull,
were compared, Plant growth varizbles were measured biweekly starting at the 4th week. Dry matier and leaf arca
per plant reached maximum at 56 days after planting in all five indeterminat: cultivars, and 1 week later in the
determinate cultivar. Large-sceded cultivars, California Blackeye No. §, Mississippi Silver, Brown Crowder, and
Tennessee White Crowder, generally preduced larger leaves throughout the season than did ‘Bush Purple Hull’ and
‘Lady’. The relaive growth rate (RGR) Jdeclined linearly with harvest time, irrespective of N treatment. The RGR
of ‘Bush Purple Huli was lower than that of the indeterminate cultivars throughout the growth period. The net
assimilation rate (NAR) of the indeterminate cultivars declined slowly from maximum values at 4 weeks and became
negative during pod deveicpnint. Iowever, ‘Bush Purple Hull' NAR increased during pod Cevelopment, but declined

very rapidly during late pod development. The leaf area ratio

(LAR) declined curvilinearly with time in all N

tezatments and cultivars. The LAR valaes were lowest for the determinate cultivar, and the differences among
indeterminate celtivars vrere not sipni‘icant. Total dry matter, leaf aren per plant, and average leaf size of innculated
and N-fertilized plants wer 2 greater than the uninoculated and unfertilized control. Nitrogen treatments did not affect

physiological components RGR, NAR, and LAR.

Sced yield of cowpea depends not only on adequate produc-
tion of photosynthetic assimilates but also on adequate storage
capacity of photosynthates, end is influcnced by a combination
of genetic ane environmental factors. Corvpeas usually are garown
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in iow-fertility soils, and N deficiency during different growth
stages limits the expressiu of genetic yicld potential (4). Rhi-
zobial inoculation can increase sced yield ta a level cquivalent
to N fertilized (100 kg-ha ') plants (3). A thorough knowledge
of the physiological basis for this yicld increase can assist in
selection for high sced yicld.

Techniques used in plant growth analysis have been reviewed
in detail (8) and used to study the physiological basis for vari-
aton in crop yield (9), but few attempts have been made to
apply these techniques to cowpea. The objective of this inves-
tigation was to determine the role of several plant growth var-
iables on total dry matter production of ficld-grown cowpceas
under different N regimes.

J. Amer. Soc. Hort. Sci. 112(6):1044-1052. 1987.
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Table 1.

Cultivar % N treatment interaction for to
Bush Purple Hull’, C = California Blackeye®, 1.

Y=0.36X~0.0031X*
Y=0.36X~-0.0033X>
Y=0.36X~-0.0031)2
Y=0.33X-0.0023%>
Y=0.36X-0.0031X>
Y=0.36X~0.0031X"

(R*=.84)
(R’=.60)
(R*=.81)
(R*=.88)
(R=.82)
(R*=.82)

Y=0.34X-0.0028X? (R2=.89)
Y=0.36X-0.0033X* (R*=.68)
Y=0.36X-0.0031X? (R*=,78)
Y=0.34X-0.0028X> (R*=.84)

Y=0.34X-0.0027X*
Y=(0.35X-0.0029X?

(R*=.84)
(R?=.89)

p dry weight (mg, log. scale)/plant in ficld-grown cowpea. B =
= ‘Lady’, M = *Mississippi Silver’, T =

Significiace levels of treatment combinaticns for variables tested in the ficld study.

Variables*

Treatment W A LS LAR LWR SLA
Cultivar 0.0001¥  0.0001  0.0001  0.0001  6.0001 0.06
Treatment 0.0001 0.0001  0.0001 0.13 0.004 0.12
Cultivar x treatment 0.0227 0.0278  0.80 0.22 0.22 0.06
Harvest time 0.000z 0.000t  0.0001  0.0001  9.0001 0.04
Treatment % harvest 0.004 0.0074  0.77 0.0116  0.73 0.46
Cultivar > harvest 0.0001 0.0001  0.0001  0.0001 0.0001 0.04
Treatment x cultivar X harvest (.57 0.59 0.10 0.16 0.¢4 0.78

"W = Top dry weight (log, scaleMplant, A = Leaf area
leaf, LAR = Leaf arca ratio, LWR = Lcaf weight ratio, SLA = specific leaf arca

¥Probability =

J. Amer. Soc. Hort. Sci. 112(6):1044-1052. 1987.

F.

(log. scale)/plant, LS = Leaf arca/

‘Brown Crowder’, P =

“Tennessee White Crowder’.
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Fig. 2. Cultivar x N treatment interaction for leaf arca (cm?, log, scale)/plant in ficld-grown cowpea. B = ‘Brown Crowder’, P = ‘Bush
Purple Hull’, C = “California Blackeye’, L = ‘Lady’, M = *‘Mississippi Silver’, T = “Tennessce White Crowder’.

Matcrials and Methods

The study was conducted in the ficld at College Station, Texas
during Summer 1984 on a vertic albaqualf, fine, montmorillor-
itie, thermal soil at pH 6.7. A 5-cm layer of sawdust was applicd
evenly to the experimental site 3 months before planting and
thoroughly incorporated to reduce soil N (NOj) to 0.5 ppm at
planting. To control the native Rhizobium, the experimental site
was fumigated with methyl bromide (a.i. = 100%) at a rate of
436 kg-ha~ ', | month before planting,

Four main plot treatinents, no inoculation or N fertilization,
inoculation with cowpea commercial ““EL”” innoculant, N fer-
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tilization with 100 kg N/ha (CaNQO3, 15.5% N) at planting, and
inoculation + 50 kg N/ha at flowering, were randomized in a
4 x 4 Latin square. Five indeterminate cultivars, Brown Crow-
der, California Blackeye No. 5, Mississippi Silver, Tennessce
White Crowder, and Lady, and one determinate cultivar, Bush
Purple Hull, were randomized within cach main plot. Prior to
planting, Ca(NO3), was banded by hand and incorporated to a
depth of 12 c¢m in those plots receiving N fertilizer treatment.
In Rhizobium-inoculated plots, seeds were treated with a peat-
based cowpea ““EL”” commercial inoculum at the rate of 1 g/
hole. The plots were irrigated as needed.

J. Amer. Soc. Hort. Sci. 112(6):1044-1052. 1987.
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Fig. 3. Cultivar x N treatment interaction for leaf size (cm®)/plant in ficld-grown cowpea. B = *Brown Crowdcr’, P =
*Mississippi Silver’, 'f

C = California Biackeye’, L = ‘Lady’, M =

Fumigation ctiectively controlled weeds. Plot size was 4 X
I'm. Three sceds per hill were planted at an 8-cm spacing on
4-m rows, 1 m apart on 5 Junc, 1984, Two weeks after emer-
gence, plants swere thinned to one plant per hill to establish a
populatien of 120,000 plants/ha.

Four harvests of three random plants were taken biweckly
from cach plot, starting from the 4th week. Leaves and pods
were separated from the plant, and number of leaves (LN) and
leaf arca (A) per plant were measured using a LI-COR (Model
3000) Icaf area meter. Plant parts were dried in a forced-air
oven at 70°C for 72 hr and dry weights of leaves (LW), stems
(SW), and pods (PW) were measured scparately.

J. Amer. Soc. Hort. Sci. 112(6):1044-1052. 1987.
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Logarithmic iransformations (natural log) of primary data, top
dry weight (W), and A were made, rendering the variability
more ncarly homogencous over time. Following Hunt (6), the
trasformed data were fitted to an exponential model in the form
of: Y = By + Byt + Bat; where Y = log, W or log, A and
t = time in days after emergence. Using this exponential model,
the following plant growth variables were measured as described
by Hunt (6): a) relative growth rate (RGR) = 1/W-dw/dt b)
net assimilation ratc (NAR) 1/L-dw/dt; c) lcaf area ratio
(LAR) = L/W; d) lcaf weight ratio (LWR) = LW/W; c) spe-
cific leaf arca (SLA) = A/LW; and f) average leaf size (LS)
= A/LN.
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Fig. 4. Cultivar x

Results and Discussion

Summary of test statistics. Cultivar cffects were highly sig-
nificant for all variables except SLA, whereas N treatments
influenced all variables except LAR and SLA (Table 1). The
interactions between cultivar and N treatment were significant
for W and A. Within a cultivar, all growth variables were in-
fluenced by the growtn stages expressed at Larvest time. Dif-
ferential growth responses were not observed for LS, LAR, and
LWR in the cultivar x N treatment interaction. Plant growth
variables W, A, and LAR changed differentially under different
N treatments as growth progressed. The SLA was stable among
cultivars and N treatments; however, only growth stage influ-
enced SLA.

Dry matter accumulation reached maximum at 56 days in all
five indeterminaie cultivars and 49 days for the dcterminate
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N treatment interaction for relative growth rate (RGR) (per day) in field-grown cowpea. B =
‘Bush Purple Hull". C = “California Blackeye’, L = ‘Lady’, M = “Mississippi Silver’, T =

N lertilization (100 kg/ha) at planting
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‘Brown Crowder’, P =
“Tennessee White Crowder”.

cultivar (Bush Purple Hull) with inoculation (Fig. 1). However,
in the uninoculated treatraents, the maximuni dry matter accu-
mulation of *Bush Purple Hull” was deiayed by 4 to 7 days (Fig.
1). In ali N treatments, maximum leaf arca was reached at 56
days in the indeterminate cultivars and 42 days in *Bush Purple
Hul" (Fig. 2). During pod development, *Bush Purple Hull’
and ‘Lady’ accumulated less dry matter than other cultivars.
These results confirm our previous finding tha, “Bush Purple
Hull” and *Lady” yielded less than the other cultivars (3, 4) and
suggest that increased dry matter accumulation during pod de-
velopment increased sced yield. Similar findings also were re-
ported in soybean (5). The rates of dry matter accumulation
were Righer in the inoculated and N-fertilized treatment than in
the control, especially it ‘Lady” and ‘Tenncssce White Crow-
der” (Fig. 1).

J. Amer. Soc. Hort. Sci. 112(6):1044-1052. 1987.
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Cultivar = N treatment interaction for net sssimilation rate (mg-em-2-day-1) in ficld-grown cowpea. B = ‘Brown Crowder’, P =

‘Bush Purple Hull’, C = *Calitornia Blackeye™, L = *Lady", M = ‘Mississippi Silver’, T = “Tennessee White Crowder’,

Leal area declined very rapidly in ‘Bush Purple Hull” as com-
parcd to the indeterninate cultivars. “Bush Purple Hull’ ap-
peared to remobilize dry matter into the pods and shed its leaves
at the end of pod development, whereas the indeteminate cul-
tivars maintained l2af erea by replacing mature leaves with young,
actively photosynthesizing leaves. Thus, the high harves! index
reported for ‘Bush Purple Hull™ (3) can be attributed, at least in
part, to its rapic leaf senescence rate

Average leaf size was influenced greatly by treatment, cul-
tivar, and plant giowth stage (Fig. 3). The LS was lower in the
conirol thei in the other trearments. Large-seeded cultivars (Cal-

J..amer. Soc. Hort. Sci. 112(6):1044-1052. 1987,

ifornia Blackeye No. 5, Missis.iapi Silver, Brown Crowder,
and Tennessee White Crowder) produced larger leaves through-
out the season than ‘Bush Purple Hull’ anu ‘Lady’, where sced
size was medium and small, respectively (3). During the veg-
ctative growth period, leaf size of ‘Bush Purpic Hull’ was larger
than ‘Lady’; however, as leaves began to senesce after 42 days
in “‘Bush Purple Hull’, average leaf size declined rapidly. The
close association between leaf size and sced size also has been
reported in common bean (2).

Relative growth rate is a complex physiological component
of dry matter accumulation and is equivalent to the slope of the
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Fig. 6. Cultivar x N treatment interaction for leaf area ratio (ecm*mg-1) in ficld-grown cowpea. B = *Brown Crowder’, P = ‘Bush Purple
Hull’, C = ‘Culifornia Blackeye’, L = ‘Lady’, M = “Mississippi Silver’, T = “Tennessee White Crowder’,

curve between the log, of W and sampling times (6). It is spe-
cific to the given time and therefore is known as instantancous
RGR. In this study, RGR declined lincarly with sampling time,
irrespective of N treatment or cultivar (Fig. 4}, The RGK of
‘Bush Purple Hull” was lower than that of the indeterminate
cultivars, although not pronounced.

The RGR is cquivalent to the product of its physiological
components, LAR and NAR (8). The cfficiency of dry matter
assimilation is expressed as NAR, while LAR is the ratio of
photosynthesizing to respiring tissues in the plant (6, 8). In this
study, NAR declined slowly from maximum values at the be-
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ginning of sampling and became negative during the late growth
period. However, the differences among N treatments or inde-
terminate cultivars for NAR werce not pronounced (Fig. 5). In
‘Bush Purple Hull’, NAR increased to a level that was slightly
greater than the indeterminate cultivars during vegetative growth
and declined rapidly following pod development (Fig. 5). The
decline in RGR and NAR with sampling time is attributed to
both ontogenctic and environmental factors (1, 7). Nutricnt
availability, mutual leaf shading, and leaf sencscence as the
scason progressed were probably the major causes for the rapid
decline in RGR and NAR with time.

J. Amer. Soc. Hort. Sci. 112(6):1044-1052.  1987.
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Fig. 7. Pelationships between dry weight and plant growth variables in determinate and indeterminate cowpen cultivars,

Leaf area ratio declined curvilinearly with sampling time in
all N treatments and culiivars (Fig. 6). The ratio of leaf area to
total dry matter was highest during the vegetative growth pertod
and, when pods developed and leaves senesced, LAR became
small. The LAR was lowest tor *Bush Purple Hull’, and the
differences among indeterminate cultivars were not significant.
The cffeets of N treatments on LAR were not evident in the
indeterminate cultivars. However, in *Bush Purple Hull’, LAR
of N-fertilized plants (100 kg'ha ' at planting) was relatively
larger than in the other treatments (Fig. 6). Thus, N fertitization
produced more leaf area than inoculation in the low-N,-fixing
"Bush Purple Holl” (3) at the carly growth stage.

Number of ieaves per plant, leaf arca per plant, and leaf and
stem dry weights per plant increased lincarly with an increase
in total dry weight, both in determinate and indeterminate cul-
tivars (Fig. 7). In the determinate cultivar, because of riapid leaf
seneseence, @ unit inerease in total dry matter was accompanied
by a relatively smaller increase in leaf area than in the indeter-
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minate cultivars. However, the relationship between stem and
total dry weight was similar in both determinate and indeter-
minate cultivars, High W also was associated with increasing
and higher values of NAR in “Bush Purple Hull® than in the
indeterminate cultivars (Fig. 7). These results suggesi that the
determinate cultivar, Bush Purple TTull, synthesized and mobi-
lized dry matter from leaf tissue to pods more efficiently than
did the indeterminate cultivars,

The relationships between LAR and W were negatively cur-
vilinear in the determinate and indeterminate culiivars (Fig. 7).
In ‘Bush Purple Hull’, rapid Ieaf seneszence rate was accom-
panicd by increasing dvy matter accumulation in the pods. Thus,
the stope of the LAR curve was greater in the determinate cul-
tivar than in the indeterminate cultivars. LAR is the product of
two components, namely, leaf weight ratio (LWR), which mea-
sures the differential distribution of photosynthetic products be-
tween leaves and other plant parts, and spezific leaf arca {SLA),
a measure of leat thickness. Of these two comnonents, only
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LWR showed a relationship similar to that between LAR and
W (Fig. 7). In the acterminate and indeterminate cultivars, SLA
did not respond to the changes in W, indicating that average
leaf thickness was stable during plant growth and was not in-
fluenced by the different N regimes in the six cultivars studied.

Although N fertilization and rhizobial inocelation increased
total dry matter accumulation and leaf area, the physiolegical
components of plant growth swere less influenced by N treat-
ment. Among the cultivars studied, the major distinction in total
dry matter accumulation, total leaf area development, and phys-
iological components was found benween the determinate and
five indaerminate cultivars, The observed differences in the
phasiological components within the indeterminate cultivars were
not significant,

Total Teat arca and dry matter accumulation were greater in
the indeterminate cultivars than in ‘Bush Purple Hull’. Although
RGR was higher for the indeterminate cultivars than for the
determinate cultivar during vegetative growth and early pod de-
velopment, NAR was higher in the determinate cultivar than in
the indeterminate cultivars. Large values of NAR during veg-
ctative growth and small LAR in *Bush Purple Hull” could be
associated with efficient remobilization of dry matter, thereby
mereasing harvest index, as reported celsewhere (3). Leaf weight
ratio influenced LAK more than specific leaf area (SLA). Thus,
dry masiter accumulation and leaf arca development during the
vegetative and pod-development stages were arge enough to
cause differences in vield among N treatments and cultivars., A
clear relationship benween physiological components of plant
growth and vield potential of the cultivars was not evident:
however, there was a relationship between haivest index and
the physiological components. In grain legumes, relatively large
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amounts of medabolites are used to synthesize proteins and oil-
rich storage products, which contain more energy per unit of
dry matter. Thus, in grain legumes, physiological components
based on dry matter accumulation probably do not adequately
reflect the cfficiency of dry matter use. Plant growth measure-
ments computed in energy units might be more informative than
dry matter accumulation in evaluating assimilation cfficiency of
grain legumes,
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