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ABSTRACT 

The responses of two cowpea (Vigna unguiculata (L.) Halp.) 

cultivars inoculated with granular inoculum (a mixture of rhizobia) at 

different levels of applied nitrogen were evaluated. California Black

eye 5 (Ca5) and Knuckle Purple Hull (KPH) cowpeas were examined under 

field conditions for percent nodulation, nodule number, and nodule mass 

per palnt, and nitrogenase activity at various times during the 1983 and 

1984 growing seasons. Data were also obtained for shoot and root dry 

weights, seed yield, and protein content. 

Significant differences between inoculated and uninoculated 

plots were found at all nitrogen treatments for both cultivars with 

respect to nodulation percentage, nodule number, nodule mass, and nitro

genase activity. An inverse trend linear and quadratic was noted be

tween nitrogen increments and nodulation (nodule number and nodule mass) 

of Ca5 and KPH cowpeas. High N (168 kg N ha- l ) was more inhibitory to 

nodulation than low (28 kg N ha- l ) N applied. 

Nitrogenase activity of both cultivars was significantly stimu

lated with low and inhibited by high levels of ammonium nitrate. 

Effects of nitrogen treatments on nodulation and nitrogenase activity 

were influenced by the stage of growth and cowpea cultivar. At the 

pod-fill stage, higher nodule numbers and nitrogenase activity were 

recorded for Ca5 as compared to KPH cowpeas. 

xiv 
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Morphological differences, with Ca5 plants being erect with few 

vines, whereas KPH plants were semi-erect and bushy, were observed 

between inoculated and uninoculated plants of Ca5 and KPH cowpeas at 

all levels·of applied nitrogen. Dry weights of vegetative components 

of both cultivars were significantly improved when low (28 kg N ha- l ) 

rather than high (168 kg N ha- l ) nitrogen was added. 

Inoculation significantly increased seed yield of CaS cowpeas. 

When conditions were favorable seed yield of inoculated CaS exceeded 

that of inoculated KPH in all comparisons within the same increments of 

applied N. Seed yield of both cultivars was adversely affected when 

high levels of nitrogen were applied. Seed, leaf, petiole, and stem 

protein content were significantly higher with respect to inoculated 

than uninoculated plots. However, nitrogen fertilizers tended to 

decrease protein content of the measured parameters for CaS and KPH 

cowpeas. 



CHAPTER 1 

INTRODUCTION 

Cowpeas (Vigna unguiculata (L.) Walp.) are very important to 

the people of the arid and semi-arid tropics of Africa, Asia and South 

America. They have a high protein content (24%) and are used for both 

food and feed in many parts of the developing world. Cowpeas are also 

used in intercropping systems with many cereal crops to conserve soil 

fertil ity. 

They have great potential to grow in nitrogen deficient regions 

because they can associate with rhizobia a'nd hence satisfy part of 

their nitrogen (N) requirement by symbiotic dinitrogen (N2) fixation 

(Eaglesham et al., 1982). 

Available soil nitrogen has been found to be inversely related 

with nodulation and nitrogen fixation of many legumes (Allos and Bartho-

10mew,1955). However, conflicting results were reported on the effect 

of fertilizer tI on nodulation, symbiotic N2-fixation and yield of cow

peas (Ezedinma, 1964; Eaglesham, 1982; and r·1inchin et al. 1981). 

Under controlled day and night temperatures, high levels (60 

ppm) of fertilizer N have been shown to have a inhibitory effect on 

nodulation and N2-fixation without significantly increasing seed yield 

of cowpeas. Low levels (25 ppm) however, were found to increase nodule 

mass, nitrogenase activity and seed yield of cowpeas (Summerfield et al. 

1976) . 
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To better understand the N2-fixing potential of cowpeas in the 

field, and to determine the adequate and economic level of fertilizer N 

that would be of benefit to nodulation and nitrogen fixation of this 

crop, a field study, involving two cultivars of cowpea and two levels 

of fertilizer nitrogen was carried out at the University of Arizona 

Campus Agricultural Center, Tucson, Arizona. The low (28 kg N ha-1) and 

high (168 kg N ha-1) levels of fertilizer nitrogen used in this experi

ment were chosen to promote or retard nodule growth and nitrogenase 

activity and also to bring about natural fluctuations in the available 

soil nitrogen. Cowpea cu1tivars California B1ackeye 5 (Ca 5) and 

Knuckle Purple Hull (KPH) were selected because they were reported to be 

high nitrogen fixing cu1tivars, well adapted and would satisfactorily 

yield in arid and semi-arid conditions. 

The main objectives of this field work w"ere to examine and eval

uate the effect of different levels of fertilizer N on nodulation and 

N2-fi~ation of cowpeas. This evaluation may help to determine the opti

mal level of supplemental N fertilizer that would maximize seed yield 

while not suppressing nodulation and nitrogenase a~tivity of cowpea 

p1 ants. 



CHAPTER 2 

LITERATURE REVIEW 

Cowpea (Vigna unguiculata (L.) Walp.), occasionally called Sou

thern pea or Blackeyed pea in the United States, is an herbaceous annual 

plant with twining stems varying in erectness and bushiness. Leaves are 

trifoliate with flowers in axillary racemes, and with pendulous pods 

which contain 10 to 15 seeds. Seeds are 4 to 8 mm long, 3 to 4 mm broad 

variable in size and color (Barnard, 1969). Cowpea is usually a short

day plant or intermediate in its flowering response. Cowpeas are tol

erant of a wide range of soil textures and are adapted to a wide range 

of soil pH. However, plants prefer slightly acid to slightly alkaline 

soils (Johnson, 1970). 

Dry Matter Accumulation 

Fertilizer nitrogen and inoculation have been reported to influ

ence dry matter accumulation Qf cowpeas and other legumes. Ezedinma 

(1964) conducted a greenhouse experiment to evaluate the effect of ino

culation with local isolates of cowpea rhizobium and application of 

nitrate nitrogen on cowpeas development. He noted that inoculation 

alone did not appear to provide the nitrogen necessary for rapid growth 

in the crop. However, the effect of inoculation on growth was consi

derably improved when nitrate nitrogen was added. 

3 
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Dart and Wildon (1970) found that dry weights of nonnodulated 

plants increased linearly with nitrogen dose, althouqh this increase in 

dry weights of nodulated plants was less for each additional unit of 

nitrogen. The levels of ammonium nitrate they used were 30, 80, 160, 

and 240 mg per pot. In contrast, Summerfield et al. (1977) reported 

that effectively nodulated cowpea plants grown in pots without applied 

nitrogen were vegetatively equal to nonnodulated plants supplied with 

60 PPM N throughout growth and produced significantly greater seed 

yields. However, Neves, Minchin and Summerfield (1981) showed that non

nodulated plants of cowpea supplied with nitrate grew more rapidly than 

those dependent on symbiotic fixation. They observed that throughout 

growth the dry weight of several components of nonnodulated plants were 

more than double those produced by nodule-dependent plants. 

Cowpea plant responses to N form, rate and time of application 

has been the object of many studies. Huxley (1980) examined the effect 

of uptake and distribution of a single dose of early aoplied nitrogen on 

nitrogen nutrition of cowpea. He noted that plants given 25 PPM nutri

ent plus starter N were 43 percent larger than those relying only on 

nodular N. Similar findings were reported by Minchin, Summerfield and 

Neves (1981) working on cowpeas. In addition, Beverly and Jarrel (1984) 

showed that preplant N application significantly increased dry weights 

of cowpea plants during vegetative growth. These differences disap

peared during reproductive growth. 
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The influence of the rate of fertilizer nitrogen on nitrate 

reductase and dehydrogenase activities of cowpea nodules was examined 

under greenhouse conditions by (Hamdi, Alaa Eldin and Tewfik, 1978). 

They reported that the dry weight of tops increased progressively with 

the increase of the rate of fertilizers up to the rate of 20 kg N per 

feddan (fed.~ 0.405 ha). However, significant decrease in the weight 

of tops was noticed when the rate of fertilizer N was increased to 40 

kg N per feddan (fed.~ 0.405 ha). These findings were further supported 

by Eaglesham et al. (1982). 

Likewise, Minchin and Summerfield (1978) showed that effectively 

nodulated cowpea seedlings grown without applied N suffered in terms of 

early vegetative performance compared with those receiving 20 ppm inor

ganic N or above since significant amounts of symbiotic activity were 

not detected duri ng the f·irst 20 days after sowing. Ezedi nma (1964) how

ever, added that low concentrations of available nitrogen enhanced the 

effect of inoculation and resulted in higher yields of cowpea herbage. 

Nodulation 

The growth pattern of secondary roots of cowpeas appear to be 

determined within 7 to 10 days after the onset of germination (Summer

field and Minchin, 1976). These authors noted that there may be con

sequences of inherent differences in root growth potential on infection 

and nodulation of the cowpea root system by rhizobia. Two distinct 

nodule populations were identified by Minchin and Summerfield (197R); 

those in crown positions on the earlier formed secondary roots near 
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their junction with the main tap root, and the other was located deeper 

in the rooting medium and formed on tertiary and hiqher order lateral 

roots. 

Dart and Wildon (1970) examined the effect of combined nitrogen 

on the primary and secondary roots nodulation. They found that combined 

nitrogen level and form significantly affected nodulation of the primary 

root of both cowpea and purple vetch (Vicia atropurpurea), but it had no 

si9nificant effect on the number of nodules formed on the secondary 

roots of both crops. 

Working with cowpea under controlled environment Minchin et al. 

(1981) reported that providing 20 ppm inorganic nitrogen as nitrate

nitrogen in solution during the vegetative period stimulated nodulation. 

They also observed that cowpea plants were more leafy and produced a 

larger seed yield than those dependent on nodules before flowerinq. 

Many experiments had been conducted to determine the adequate 

and economic level of fertilizer N that would be of great benefit to 

nodulation and nitrogen fixation. Summerfield et a1. (1976) found 

tha t 25 to 60 ppm N app 1 i ed from emergence to fi rs t fl ower increased 

nodule development, nitrogenase activity and seed yield of cowpea plants 

as compared with plants receiving no nitrogen. These authors, however, 

noted that the higher level of combined N slightly reduced early nodula

tion, but promoted the development of plants. 

Nodulation of cowpeas was increased by addition of nitrate

nitrogen up to 100 ppm N (Ezedinma, 1964). Eaglesham et al. (1982), on 

the other hand, showed that the lower application (25 Kg ha- l ) had a 
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transient effect on nodule development and the higher application (100 

Kg ha- l ) had a long-term adverse effect on nodule formation and nodule 

development of cowpeas and soybeans. Similar findings were reported by 

Dean and Clark (1980) working with faba beans (Vicia faba) and three 

other legumes; Graham and Scott (1984) working on cowpeas. 

In addition to N level, nodulation was also inhibited by nitro

gen placement. Harper and Cooper (1971) showed that the inhibitory 

effect of combined nitrogen on the fresh weight of soybean nodules was 

not greater with deep nitrogen placement below the zone of nodulation. 

They suggested that high internal levels of root nitrate did not appear 

as detrimental to nodulation as did external placement of nitrogen in 

direct contact with nodules. 

Other possible causes for nodulation inhibition with increments 

of fertilizer N were suggested by Heber (1966). First, these causes may 

be related to or interrelated with carbohydrate-nitrogen ratio in plant 

tissue. Secondly, the direct effect of nitrate or nitrite on root-hair 

infection and the resulting nodulation from rhizobia. Thirdly, more 

energy may be required for reduction of nitrate to amino N in the plant 

than for the reduction of elemental N to amino N in nodule bacteria. 

Nitrogenase Activity 

Cowpea cultivars "California Blackeye No. 5" (CAS) and "Knuckle 

Purple Hull" (KPH) were rated as high nitrogen fixing cultivars (D'Hair 

and Miller, 1982). Miller et al. (1982) studied the influence of avail

able nitrate levels on N2-fixation of CA5, 'KPH and "Chinese Red" in both 
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the greenhouse and field. Their data showed that nitrogenase activity 

of these cultivars decreased with increasinq rates of N. They indicated 

that nitrates inhibited nodule growth (nodule mass) rather than nodule 

initiation. 

Allos and Bartholomew (1955) working with lequ~es and non-legumes 

under controlled conditions noted that N2-fixation was inversely related 

to the quantity of available nitrogen. Similar results were reported by 

Crush, Cosgrove and Brougham (1982) working on ryegrass (Lolium perenne 

L.) and white clover (Trifolium repens L.). 

Low levels of combined nitrogen were reported to stimulate nitro

genase activity while high doses were inhibitory. Dart and Wildon (1970) 

showed that 15 to 45 mg N doses were stimulatory to N2-fixation. However, 

N2-fixation was depressed when higher leve~s of combined N were added. 

Eaglesham et al. (1982) reported that the application of 25 kg N ha- l to 

cowpea and soybean fields in Nigerian soils had no negative effect on 

acetylene reduction activity while 100 kg N ha- l was quite sufficient to 

suppress nitrogenase activity. 

While addition of up to 100 ppm N was found to stimulate N2-

fixation of cowpeas (Ezedinma, 1964 and Dart and Mercer, 1965) only 20 

kg N ha- l was found to inhibit acetylene reduction in black bean 

CPhaseolus vulgaris), peas (Pisum sativum), soybean (Glycine max) and 

faba bean (Vicia faba) (Dean and Clark, 1980). 

From greenhouse experiments, Allos and Bartholomew (1959) con

cluded that a slight excess of available nitrogen above that needed for 



plant growth would serve to inhibit fixation completely. Similarly, 

Ruschel et al. (1979) data indicated that there was an increase of 

fertilizer-derived N due to greater root growth with fertilization 

associated with reduced N2-fixation. 
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Other experimental conditions that relate to inorganic nitrogen 

fertilizer increments which influence N2-fixation must be considered. 

Hardy et al. (1968) reported on the effect of soil pH on nitrogenase 

activity. They found that maximum nitrogenase activity occurred over a 

wide range near pH 7. However, Marcus-Wyner and Rains (1982) noted that 

increasing pH from 4 to 6.8 stimulated NH4 absorption rate in both nodu

lated and nonnodulated soybean plants, but acetylene reduction was not 

altered by short-term exposure to increased acidity. 

Yield and Yield Components 

Effects of applied nitrogen on seed yield of cowpea was examined 

under controlled day and night temperatures (Summerfield et a1., 1976). 

These authors showed that seed yield of effectively nodulated plants 

were unaffected by combined nitrogen supply and almost double those of 

nonnodu1ated ones, regardless of differences in the timing and level of 

inorganic nitrogen applied. On the other hand, data obtained by Sasse

ville and Mills (1979) from a greenhouse experiment indicated that both 

N form and N concentration were significant factors influencing the num

ber of flowers of cowpea plants surviving to form pods. 

Summerfield et al. (1977), however, reported that at equivalent 

levels of applied nitrogen,seed yields of nodulated cowpea plants 
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were up to 57% greater than those of nonnodu1ated ones. They observed 

that nodulation consistently promoted branching and pod set compared 

with plants dependent upon applied nitrogen. Similar findings were 

reported by Minchin et a1. (1978). 

According to calculations made by Minchin et a1. (1978) nodula

tion improved yields of cowpeas by 45% when plants received 30 PPM N 

throughout growth. These workers suggested that at this level a syner

gistic effect between applied N and symbiosis occurs in many legumes. 

Comparing C metabolism, nitrogen assimilation and seed yield of 

cowpea plants dependent on nitrate nitrogen with others nodulated with 

two strains of rhizobium, Neves et a1. (1981) found that nitrate depen

dent plants assimilated inorganic nitrogen more rapidly and produced 

more dry matter and larger seed yields than nodule-dependent plants. 

Their results indicated that the inability of nodulated cowpea plants to 

produce large seed yields seems to be largely a consequence of poor 

vegetative growth and hence reproductive potential compared with 

nitrate-fed plants. 

Beard and Hoover (1971), on the other hand, noted that nodulated 

soybeans without mineral nitrogen were yellow at the first stage of 

development. However, they did not show differences in yield when com

pared with those that received increasing levels of N, aop1ied at 

planting and at different periods. 

Conflicting results have been reported as to the influence of 

the rate of applied N on the seed yield of cowpea and other legumes. 
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Eaglesham et al. (1977) found that optimum yields of cowpeas were pro

duced when plants received 20 to 30 ppm N. Workinq with soybeans 

Sistachs (1976) reported that additions of up to 50 K~ N ha- l to 

nodulated plants tended to give better yields than uninoculated plants. 

Johnson and Evans (1975), however, noted that yields of cowpeas 

were increased as the rate of nitrogen was increased to 67 Kg N ha- l . 

Seed yield was decreased when applied N was increased up to 101 Kg N 

ha- l . The high rate of nitrogen caused greater vine growth and delayed 

maturity, which resulted in more immature pods on plants at harvest 

than on those grown with lower rates of nitrogen. 

Application of 100 Kg N ha- l did not significantly affect grain 

yields of nodulated cowpeas or soybean (Eaglesham et al., 1982). Halsey 

(1960), however, reported that there was a tendency for a decrease in 

yield of inoculated plants when nitrogen was added to the soil. 

Working with soybeans, results obtained by Ruschel et al. (1979) 

provide experimental support for the common field practice of supplying 

a small quantity of nitrogen fertilizer as a starter for the crop to 

encourage initial growth before N2-fixation can become significant. On 

the other hand, results obtained by Tayo (1981) suggest that foliar 

spray of nutrients during post-flowering period enhance seed yield in 

cowpea by ensuring prompt delivery of mineral nutrients to the site of 

photosynthesis. He found that at this time the nutrient depletion in 

the leaves and reduced efficiency of mineral nutrient uptake by the 

roots limit the supply of photosynthates to developing reproductive 

organs. 
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A viable management strategy for increasin~ seed yield of irri

gated cowpeas was suggested by Beverly and Jarrell (1984). First, 

relatively small amounts of nitrogen (56 kg N ha- 1) were required to 

achieve increased yields and encourage symbiotic N2-fixation. This 

should be applied during the vegetative stage. Second, it is necessary 

to apply a small amount of nitrogen near first bloom period to increase 

seed yield. 

Under field conditions, factors such as soil moisture, soil and 

air temperatures, and primary and secondary nutrients must be considered. 

Rhodes et a1. (1979) showed the importance of Mg and Ca nutrients and 

their interactions with N on yield of cowpeas. Warrag and Hall (1984), 

however, reported that day and night temperatures of 33/19 C degree 

resulted in lower seed yields and yield components of cowpea cu1tivar 

(California B1ackeye No.5) compared with 27/19 C degree. Also, they 

observed that seedlings at 19 C degree soil temperatures exhibited nitro

gen deficiency and developed bigger and more numerous nodules on their 

roo~. 

Nitrogen Content 

The physiological stage of plant deve1~pment, nitrogen concen

tration, nitrogen form, and soil pH are some factors suggested by other 

studies to influence nitrogen accumulation and distribution by cowpea 

plants. Eag1esham et a1. (1977) noted that during early stages of 

reproductive growth, nutrient N contributed 31% into fruit compared with 

43% for symbiotic N2-fixation. These authors calculated that of the 



total N content of mature seed, 56% was translocated from veqetative 

components while 44% originated from direct uptake. 
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Once bloom initiation occurs, cowpea plants supplied with suf

ficient N concentrations continue to absorb nitrogen in decreasing 

quantities until maturity, a state which Sasseville and M.ills (1979) 

suggested may be critical for maximum seed yield of this crop. Gumbs 

et al. (1982), however, advised that for good cowpea nutrition Nand P 

supply must be adequate even after flowering. 

Testing the concept of starter N Huxley (1980) reported that 

differences in percentage N in cowpea plant parts were small and seldom 

statistically significant both at first flower and maturity treatments. 

He assumed that the uptake of starter N occurred mainly in the early 

weeks of growth and contributed only a very low percentage of the total 

N in plant. 

Minchin et al. (1981) compared seed N and protein concentrations 

between cowpea plants receiving 20 ppm nutrient N and others without. 

He found that plants receiving 20 ppm produced seeds with a signifi

cantly smaller N and protein concentrations compared with those plants 

dependent on nodules only. Also, nodulation increased nitrogen concen

tration of leaf and stem of cowpeas at first flowering at all levels of 

applied nitrogen (Summerfield et al., 1977). 

Weber (1966) noted that nitrogen yield of the nodulated lines of 

soybeans exceeded that of the nonnodulated lines in all comparisons 

within the same increments of applied fertilizer N. These results indi

cated that perhaps nitrogen fixed symbiotically was more desirable for 
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plant growth than non-symbiotic nitro~en. Neves et al. (1981), however, 

concluded that current assimilation was the most important source of 

nitrogen to fruits in all treatments, but it was markedly ~reater in 

nodulated than in nonnodulated plants after mid pod-fill. 

The residual effect of applied N and symbiotic N2-fixation by 

three cowpea cultivars was looked upon by Miller et al. (1982). These 

authors found that soil nitrate declined considerably throughout the 

period of their experiment. This decline in nitrate levels was explained 

as being due to leaching and utilization by plant. 



CHAPTER 3 

MATERIALS AND METHODS 

The Experimental Site 

Certified seeds of two cowpea cultivars (Vigna unguiculata (L.) 

Walp.), California Blackeye No.5 (Ca 5) and Knuckle Purple Hull (KPH) 

(Purchased from Sawan Seed Company, Columbus, MS) were grown during the 

summers of 1983 and 1984 at the University of Arizona Campus Agricul-

tural Center, Tucson, Arizona. 

Meteroloaical Data 

Distribution and amount of mo~thly rainfall, minimum and maximum 

day temperatures at the University of Arizona Campus Agricultural Center 

for 1983 and 1984 growing seasons are shown in Figures la and lb. 

Experiment Layout and Field Plot Desiqn 

The experiment had a split-split plot design with randomized com

plete block arr'angement. The two cowpea cultivars were assigned for the 

main plot, the two nitrogen levels (28 and 168 kg N ha- l ) plus control 

were assigned for the sub-plot, while inoculation vs. no inoculation was 

assigned for the sub-sub-plot. The experiment was replicated four times. 

The field was disced, harrowed, levelled and marked. Low (28 kg 

N ha- l ) and high (168 kg N ha- l ) levels of fertilizer N as ammonium 

15 
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nitrate (NH 4N03) wer~ hand-broadcasted before plantinq and incorporated 

into the soil by means of a disc plow. 

The two culti vars were grown on a Brazito (Soil Seri es) sandy 

loam and is classified by the Soil Conservation Services as sandy mixed, 

thermic family of typic torrifluvent. The field was nearly level and 

well drained. The cropping history of the field indicated that the area 

was cultivated with sorghum for several years. 

The soil test values for the blo growing seasons (1983 and 1984) 

are shown on Table 1. Water analysis showed that nitrate-N for irriga

tion water was 4.82 and 3.69 ppm (average of ~ samples) for the two growing 

seasons respectively. The field was flooded to make sure N levels were 

uniform. 

Cowpeas were planted in a three-row plot on May 25, 1983 and 

May 22, 1984. The rows were 7.5 and 6.0 meters long, i'n 1983 and 1984 

respectively. Spacing between rows was approximately one meter. The 

rows were single planted on top of the bed at the rate of one seed every 

5 cm by means of a cone planter mounted on a tractor. 

A commercial granular inoculant formulated with rhizobia strain 

176A50 was provided by Nitragin Company, Milwaukee, l~isconsin. Sixteen 

grams by weight of inoculant was mixed with 200 seeds at planting time. 

Measures were taken to minimize contamination by rhizobia to the unin

oculated control plots. In the 1983 experiment, the planter was stopped 

at each plot and the cones were brushed and thorouqhly cleaned with 

blowing air. In 1984, however, control treatments were planted first, 

followed by the inoculated treatments. 
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Other inorganic fertilizers such as phosphorus and potassium 

were not used. Insecticide (Diazanon) was hand distributed at the rate 

of 1.12 kg ha- l 5 weeks after planting to control seedling corn maggot. 

Weeds were controlled by cultivation before and after planting, and hoe

ing was used after stand establishment. Irrigation was applied immedi

ately after planting to ensure germination and to keep the inoculum 

moist. Irrigation was scheduled once a week for the rest of the grow

ing season. 

Plant Sampling and Acetylene Reduction Assay 

Plants in inoculated and uninoculated plots were sampled on 

June 29, July 15, and August 3 in 1983 and on June 28, July 10, and 

July 28 in the 1984 experiment. Five plants from each plot were dug up 

from the outer row of the t~ree-row plots. These were used to study 

nitrogenase activity, nodulation percent, nodule mass and nodule number, 

shoot and root dry weights, and protein content of the shoot. Plants in 

the center row were used to study the final seed yield, hundred seed 

weight, and seed protein content. 

Nitrogenase activity was evaluated in the field by modification 

of the acetylene reduction technique (Hardy et al., 1968). Nodulated 

plants were separated from non-nodulated ones. Nodulated roots were 

cut at the cotyledonary scars by means of clippers. Free of soil, but 

unwashed, the roots with attached nodules were put into 960 ml capacity 

Mason jars. 

Fifty ml of air were removed from the jars with a syringe. 

Fifty ml of acetylene gas were added to each jar and thoroughly mixed. 
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After a 30-minute incubation period, 10 ml of gas from each jar were 

transferred into 10 ml evacuated vacutainer-tubes (manufactured by 

Becton-Dickinson Division of Becton-Dickinson and Company, Rutherford, 

New Jersey 07070). These samples.were used for gas chromatographic 

analysis to detect ethylene production. Samples for standard curves 

were prepared the same way without nodulated roots in the jars. 

A gas chromatograph model 3700 (manufactured by Associates, 

Inc., 611 Hansen Way, Palo Alto, California) with a hydroqen flame 

ionization detector was used for acetylene-ethylene (C2H2-C2H4) assay 

to determine nitrogenase activity. Ethylene .peak heights of field 

samples obtained from gas chromatographic analysis were compared with 

the standard curves peak heights. These values were converted into 

amounts of acetylene reduction activity using the following equation: 

((Sample Peak unit)(Attentuation)-(Acetylene Std. unit/ml)) 

((Ethylene Std. ~~ moles/unit)(Jar size ml)) x 2 divided by 

number of plants = ~~ moles per plant per hour (Miller, 1980). 

At each sampling date, plastic bags containing the nodulated 

roots were put in an ice chest. Roots were taken to the laboratory and 

stored in the freezer at -40oC until studied. The nodulated roots were 

washed, and photographed. Nodules were picked off, counted, and dried 

at 100°C in an oven for 24 hours and their dry weights were determined 

using a Mettler type16H balance (manufactured by Mettler Instrument Cor

poration, Heightstown, N.J.). 



19 

Vegetative parts of the nodulated and non-nodulated plants were 

placed in paper bags, labelled and brought to the laboratory. Leaves, 

petioles and stems were separated, placed into bags and oven-dried at 

60°C for several days. When a constant dry weight was achieved, the 

total dry weight was determined. Roots were dried in an oven at 100°C 

for 24 hours and their dry weights were recorded. 

Seed Yield and Yield Components 

On August 23, 1983 and August 22, 1984, a four-meter plot was 

harvested from the center row of each three-row plot. The final seed 

yield and hundred seed weight were determined. Plants located in an 

area of (4 x 1) meter square were cut by means of clippers and left in 

the field for several days to dry. Then they were put in cloth bags and 

dried at 600 C until the plant material was dry. Afterward, the harvested 

material was threshed by a belt-thresher (manufactured by Chain Machine 

Co., Haven, Kansas U.S.A.) and seeds of cultivars were cleaned. Total 

seed yield and hundred seed weight were calculated. 

Protein Analysis 

Plant tissues (leaves, petioles, stems, and seeds) were analyzed 

for total protein nitrogen content by Kjeldahl digestion at the Animal 

Sciences Laboratory, University of Arizona. Dried samples of the leaves, 

petioles, stems, and seeds were ground fine enough to pass a one-gram 

screen using Wiley Mill Model No.4 (Thomas-Wiley Laboratory supplied by 

VWR Scientific Los Angeles, Norwalk CA 90650). Three hundred to 500 mg 
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subsamples of the ground samples were digested for 2.5 hours in 10 ml 

conc. sulphuric acid (H 2S04) and their total volume was made up to 

100 ml with deionized water. 

An aliquont of the digest (0.4 ml) was injected into a tech

nicon autoanalyzer model sampler (manufactured by Technicon Industrial 

System, Terrytown, New York) which quantitatively detected ammonia by 

indophenol-blue formation in the presence of sodium phenate and sodium 

hypochlorite (Summerfield, et al., 1977). 

Statistical Analysis 

The data were analyzed as split-split plot design using analysis 

of variance. Interactions were analyzed at the P ~ .05 level of signi

ficance using Least Significant Differences (LSD). Comparisons were 

made within but not between cultivars. 
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Table 1. Soil Test Values of Nitrogen (N), Phosphorus (P), 
and pH for Soil Samples Taken Before and After 
Planting During the 1983 and 1984 Growing Seasons. 

Year 

1983* 

1984* 

19840 

* Before planting 

N ppm 

6.7 

5.1 

2.5 

o Five weeks after planting 

P ppm 

22.2 

31.0 

23.83 

pH 

7.95 

7.40 

7.10 
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CHAPTER 4 

RESULTS AND DISCUSSION 

In both 1983 and 1984, plants grown from inoculated seeds on 

soils without added N became greener than those from uninoculated seeds 

within one month after planting, and the differences in appearance were 

maintained through pod filling. The striking contrast in color and size 

is apparent in Fig. 15, where the yellowish plants in the foreground 

represent CV Ca5 grown for 66 days without inoculum, and the darker 

green in the center being CV Ca5 with inoculum. Color differences be

tween inoculated and uninoculated plants occurred in both cultivars and 

was not offset by the addition of N. Although plants within inoculated 

plots were healthier and better developed than their counterparts, the 

basic growth habits of the different cultivars were not altered, with 

California Blackeye 5 (Ca5) plants being more or less erect with few 

vines whereas Knuckle Purple Hull (KPH) plants were semi-erect and 

bushy. 

Mean dry weight of shoot and root of Ca5 and KPH as affected by 

nitrogen levels and inoculation treatments during the vegetative growth 

stage are shown in Appendix A (Tables A-l, A-2, A-3, and A-4). Inocula

tion alone improved (but not significantly) dry weights of leaf, petiole, 

stem and root of both cultivars regardless of nitrogen treatments (Table 

A-l and A-3). Dry weights of inoculated plants of Ca5 and KPH were sti

mulated more by applied nitrogen than their counterparts in Appendix A 

(Table A-2 and A-4). 
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During the flowering period, leaf, petiole, stem, and root dry 

weights of Ca5 and KPH were increased by inoculation at all levels of 

applied nitrogen (Appendix A, Tables A-5 and A-6; and A-7 and A-8, res

pectively). At this stage, the highest total plant dry weight of 11.11 

g plant- l was recorded at the low level of added nitrogen for inoculated 

Ca5 (Table A-5). Dry weights of inoculated Ca5 at this low (2R kg N 

ha- l ) level were 18% and 6% heavier than the control (no nitrogen added) 

and high (168 kg N ha- l ) level of nitrogen treatments, respectively 

(Table A-5). 

Inoculation significantly (p ~ 0.05 level) increased dry weights 

of the measured parameters of Ca5 and KPH at all nitrogen level treat

ments during the pod-fill stage (Appendix A: Tables A-9 and A-10, and 

A-ll and A-l2, respectively) . A maxi.mum total plant dry weight of 

26.97 g plant- l was registered for inoculated KPH at the control treat

ment (Table A-ll). However, 19.92 g plant- l of total plant dry weight 

was recorded for inoculated Ca5 at the low level of applied nitrogen in 

Appendix A (Table A-9). 

Results of this experiment were not in agreement with results 

reported by Beverly and Jarrell (1984). They observed that first, dry 

weights of cowpeas were significantly increased by preplant nitrogen 

application during vegetative growth and secondly, differences between 

inoculated and uninoculated plants disappeared during the reproductive 

period. Under the conditions in which this experiment was conducted, 

dry weights of inoculated Ca5 cowpea plants were stimulated more than 

KPH cowpeas by nitrogen fertilizer applied. This result would agree 
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with and support the statement by Ezedinma (1964) that inoculation 

alone did not appear to provide the nitrogen necessary for rapid growth 

of the crop. Generally, dry weights for inoculated plants of both cul

tivars in this experiment were improved by low (28 kg N ha- l ) than high 

(168 kg N ha-l ) levels of ammonium nitrate added. Similar results were 

reported by Hamdi et al. (1978) working with cowpeas under controlled 

conditions. 

Nitrogen treatments stimulated dry weights of uninoculated 

plants of both cultivars in Appendix A (Table A-10 and A-12). However, 

the increase in dry weights by high (168 kg N ha-l ) nitrogen applied was 

not enough to compensate for the absence of inoculation. 

Nodulation 

Five plants plot- l were sampled 35, 51, and 70; and 36, 48, and 

66 days after planting in 1983 and 1984, respectively and examined for 

nodulation. Nodules were first observed on inoculated plants 15 days 

after planting in both cultivars. At the vegetative growth stage the 

majority of the nodules were found in the crown area on the earlier 

formed secondary roots near their junction with the main tap root 

(Fig. 16). Nodule distribution on secondary, tertiary and higher order 

lateral roots were influenced by the stage of growth (Fig. 17), cowpea 

cultivar (Fig. 18), and nitrogen fertilizer added (Fig. 19). 

Perc~nt nodulation of harvested plants from both cultivars dur

ing the vegetative growth stage is shown in Tables 2a. and 2b. Inocu

lated plants of both cultivars had a higher percentage of nodulated 
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plants than uninoculated plants at all levels of nitrogen. At this 

vegetative stage, however statistically not compared, percentage of 

nodulated plants shows that Ca5 had a lower percentage of nodulated 

plants than KPH at the high (168 kg N ha- l ) nitrogen treatment (Tables 

2a·. and 2b.). These differences between the percentage of nodulated 

plants of both cultivars were not found at all nitrogen treatments dur

ing the flowering (Tables 3a. and 3b.), and pod-fill stage (Tables 4a. 

and 4b.). This could mean that nitrogen is either depleted or used by 

the plant to levels which have less impact on nodule formation. 

The fact that nodule numbers for uninoculated treatments were 

absent during the vegetative and flowering periods in 1984 compared 

with 1983 growing season indicated that planting control plots (unin

oculated plants) first, then inoculated ones was a good measure against 

rhizobia contamination compared with brushi~g and cleaning of cones, a 

measure which was used in 1983. 

Mean nodule numbers of Ca5 and KPH over the growing season are 

shown in Figures 2a. and 2b" 3a. and 3b., and 4a. and 4b. Examination 

of nodule number under field conditions for the two experiments showed 

that inoculation of cowpeas will insure nodulation and will increase 

nodule number. At the vegetative growth stage, added nitrogen caused 

an inverse linear effect on nodule numbers of both cultivars (Tables 

5a. and 5b., and Figures 2a. and 2b.). 



Table 2a. Means of Nodulation Percentage of California B1ackeye 5 
(CA5) and Knuckle Purple Hull (KPH) Cowpeas After 35 Days 
Growth During The 1983 Growing Season. 
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Nitrogen Level Treatments -1 
0 28 168 kg ha 

Treatment Cultivar Nodulation Percentage 

Inoculated Ca5 100at 100a 85a 

Uninoculated Ca5 SOb 15b 20b 

Inoculated KPH 100a 95a lOOa 

Uninoculated KPH 45b 35b 20b 

t Means followed by the same letter within a column are not signifi
cantly different at P < .05 level of significance using Least 
Significant Difference-(LSD). 

LSD = 18.4 and 18.5 for nodulation percentage of Ca5 and KPH, 
respectively. 

Table 2b. Means of Nodulation Percentage of California B1ackeye 5 
(CA5) and Knuckle Purple Hull (KPH) Cowpeas After 36 Days 
Growth During The 1984 Growing Season. 

Nitrogen Level Treatments -1 
o 28 168 kg ha 

Treatment Cu1tivar Nodulation Percentage 

Inoculated Ca5 1 aoat 1 aOa 6aa 

Uninocu1ated Ca5 *b *b *b 

Inoculated KPH 1 aaa 1 aOa 100a 

Uninocu1ated KPH *b *b *b 

tMeans followed by the same letter within a column are not signifi
cantly different at P < 0.02 level of significance using Least 
Significant Differences (LSD). 

* Nodules are absent. 
LSD = 15.6 for nodulation percentage of Ca5 and KPH. 



Table 3a. Means of Nodulation Percentage of California B1ackeye S 
(CAS) and Knuckle Purple Hull (KPH) Cowpeas After Sl Days 
Growth During The 1983 Growing Season 

Nitrogen Level Treatments -1 
0 28 168 kg ha 

Treatment Cu1tivar Nodulation Percentage 

Inoculated CaS 100at 100a 100a 

Uninocul ated CaS 60b 6Sb S5b 

Inoculated KPH 100a 100a 100a 

Uninoculated KPH 3Sb 7S b 3Sb 

tMeans followed by the same letter within a column are not signifi
cantly different at P < O.OS level of significance using Least 
Significant Differences (LSD). 
LSD = 20.9 and 19.3 for nodulation percentage of CaS and KPH, 
respecti ve1y. 

Table 3b. Means of Nodulation Percentage of California B1ackeye S 
(CaS) and Knuckle Purple Hull (KPH) Cowpeas After 48 Days 
Growth During The 1984 Growing Season 

Nitrogen Level Trea tments -1 
0 28 168 kg ha 

Treatment Cultivar Nodulation Percentage 

Inoculated CaS looat 100a 100a 

Uninocu1ated CaS . *b *b *b 

Inoculated KPH 100a 100a 100a 

Uninocu1ated KPH *b *b *b 

tMeans followed by the same letter within a column are not signifi
cantly different at P < 0.05 level of significance using Least 
Significant Differences (LSD). 
* nodules are absent. 
LSD = 8.9 for nodulation percentage of CaS and KPH. 
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Table 4a. Means of Nodulation Percentage of California Blackeye 5 
(CaS) and Knuckle Purple Hull (KPH) Cowpeas After 70 Days 
Growth During The 1983 Growing Season. 

Nitrogen Level Treatments -1 
0 28 168 kg ha 

Treatment Cu1tivar Nodulation Percentage 

Inoculated CaS 100at 100a 100a 

Uninoculated CaS 80a 7Sb SOb 

Inoculated KPH 100a 100a 100a 

Uninoculated KPH 4S b 80b 60b 

tMeans followed by the same letter within a column are not signifi
cantly different at P < 0.05 level of significance using Least 
Signifi~ant Differences (LSD). 
LSD = 21.9 and 17.8 for nodulation percentage of CaS and KPH, 
respectively. 

Table 4b. Means of Nodulation Percentage of California B1ackeye 5 
(CaS) ahd Knuckle Purple Hull (KPH) Cowpeas After 66 Days 
Growth During The 1984 Growing Season. 

Nitrogen Level Treatments -1 
0 28 168 kg ha 

Treatment Cultivar Nodulation Percentage 

Inoculated CaS 100at 100a 100a 

Uninoculated CaS Sb lSb 4Sb 

Inoculated KPH 100a 100a 100a 

Uninoculated KPH 2Sb 40 b 20b 

tMeans followed by the same letter within a column are not signifi
cantly different at P < O.OS level of significance using Least 
Significant Difference-(LSD). 
LSD = 17.3 and 13.1 for nodulation percentage of CaS and KPH, 
respectively. 
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At this growth stage the high (168 kg N ha-l ) level of applied 

nitrogen significantly (P < 0.05 level) inhibited Ca5 nodule number by 

more than double compared with the control (27.0 to 12.9 Table 5a., and 

18.6 to 5, Table 5b.). Nodule numbers of KPH were inhibited to a les-

ser degree with high nitrogen treatments. 

Nodule number data for both cultivars as affected by nitrogen 

treatments during the flowering period are presented in Figures 3a. and 

3b., and Table 6a. and 6b.). Results indicated that at the low nitro-

gen treatments, nodule numbers of inoculated Ca5 were increased, while 

they were inhibited at the high nitrogen treatments (Tables 6a. and 

6b.). 

During the pod-fill stage inoculated CaS had mean nodule 

numbers of 36.45 plant- l at the high nitrogen treatments greater than 

nodule numbers at the low nitrogen treatment. At this stage nodule 

numbers of inoculated KPH were inhibited by the high (168 kg N ha- l ) 

level of applied N (Tables 7a. and 7b., and Figures 4a. and 4b.). 

Eaglesham et al. (1982) had noticed small increases in nodule nu~ber 

and nodule dry weight of Tv~ 1190 and lIfe Brown I cowpeas at 100 kg N 

ha- l treatment from data collected 66 DAP. Comparisons between the two 

cultivars revealed that Ca5 had significantly more nodules during the 

pod-fill stage than KPH (Table 7b.). 
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Table 5a. Means of Nodule Number of California Blackeye 5 (Ca5) and 
Knuckle Purple Hull (KPH) Cowpeas After 35 Days Growth 
During The 1983 Growing Season 

Nitrogen Level Treatments -1 
0 28 168 kg ha 

Treatment Cultivar Nodule Number 
P1ant-1 

Inoculated Ca5 27.0at 16.4a 12.9a 

Uninoculated Ca5 1.6b LOb 1.2b 

Inoculated KPH 21 .3a 13.7a 18.1 a 

Uninocu1ated KPH 1. 3b 1.8b 0.3b 

tMeans followed by the same letter within a column are not signifi
cantly different at the P < 0.05 level of significance using Least 
Significant Differences (LSD). 
LSD = 3.8 and 4.9 for nodule number of Ca5 and KPH, respectively. 

Table 5b. Means of Nodule Number of California Blackeye 5 (Ca5) and 
Knuckle Purple Hull (KPH) Cowpeas After 36 Days Growth 
During·The 1984 Growing Season. 

Nitrogen Level Treatments 
ha- l 0 28 168 kg 

Treatment Culti var Nodule Number 
Pl nnt-l 

Inoculated CaS 18.6at 17.1 a 5.0a 

Uninoculated Ca5 *b *b *b 

Inoculated KPH 18.8a 14.7a 11.7a 

Uninoculated KPH *b *b *b 

tMeans followed by the same letter within a column are not signifi
cantly different at the P < 0.05 level of significance using Least 
Significant Differences ({SD). 
* Nodules are absent. 
LSD = 4.3 and 2.9 for nodule number of CaS and KPH, respectively. 
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Table 6a. Means of Nodule Number of California B1ackeye 5 (Ca5) and 
Knuckle Purple Hull (KPH) Cowpeas After 51 Days Growth 
During The 1983 Growing Season. 

Nitrogen Level Treatments 
ha- 1 0 28 168 kg 

Treatment Cultivar Nodule Number 
Pl ant- l 

Inoculated CaS 32.40at 34.8Sa 2S.6Sa 

Uninoculated CaS 3.3Sb 2.8Sb 3.20b 

Inoculated KPH 29.30a 23.26a 32.87a 

Uninoculated KPH 2.18b S.23b 2.30b 

tMeans followed by the same letter within a column are not signifi
cantly different at P < 0.05 level of significance using Least 
Significant Differences (LSD). 
LSD = 4.11 and 5.80 for nodule number of CaS and KPH, respectively. 

Table 6b. Means of Nodule Number of California B1ackeye 5 (CaS) and 
Knuckle Purple Hull (KPH) Cowpeas After 48 Days Growth 
During The 1984 Growing Season 

Nitrogen Level Treatments -1 
0 28 168 kg ha 

Treatment Cultivar Nodule Number 
. Pl ant-l 

Inoculated CaS 19.90at 20.l0a l4.30a 

Uninoculated CaS *b *b *b 

Inoculated KPH 21.90a lS.60a 10.90a 

Uninocu1ated KPH *b *b *b 

tMeans followed by the same letter within a column are not signifi
cantly different at P < 0.05 level of significance using Least 
Significant Differences (LSD). 
* Nodules are absent. 
LSD = 4.21 and 3.60 for nodule number of Ca5 and KPH. respectively. 
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Table 7a. Means of Nodule Number of California Blackeye 5 (CaS) and 
Knuckle Purple Hull (KPH) Cowpeas After 70 Days Growth 
During The 1983 Growing Season. 

Ni trogen Level Treatments 
ha -1 0 28 168 kg 

Treatment Cultivar Nodule Number 
Pl ant- l 

Inoculated CaS 30.SSat 29.0Sa 36.4Sa 

Uninoculated CaS 6.80b 6.3Sb S.70b 

Inoculated KPH 44.40a 44.21 a 20.53a 

Uninoculated KPH 5.54b 9.76b 1 .87b 

tMeans followed by the same letter within a column are not signifi
cantly different at P < 0.05 level of significance using Least 
Significant Differences (LSD). 
LSD = 5.79, 11.29 for nodule number of CaS and KPH, respectively. 

Table 7b. Means of Nodule Number of California Blackeye 5 (CaS) and 
Knuckle Purple Hull (KPH) Cowpeas After 66 Days Growth 
During The 1984 Growing Season 

36 

Nitrogen Level Treatments 
ha -1 0 28 168 kg 

Treatment Cultivar Nodu'J e Number 
Pl ant-1 

Inoculated Ca5 90.90at 44.85a 72.90a 

Uninoculated Ca5 0.53b 1.22b 3.83b 

Inoculated KPH 4l.93a 33.29a 38.47a 

Uninoculated KPH 1.52b 6.26b 0.89b 

tMeans fo 11 owed by the same 1 etter with'i n a co 1 urnn are not s i gnifi -
cantly different at P < 0.05 level of significance using Least 
Significant Differences (LSD). 
LSD = 17.24 and 8.48 for nodule number of Ca5 and KPH, respectively. 
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Data for nodule dry weight of CaS and KPH during the vegetative 

growth period are presented in Figures 5a. and 5b., and Tables 8a. and 

8b.). Differences were highly significant (at P ~ 0.01) between inocu

lated and uninoculated treatments of both cultivars (Tables 8a. and 8b.). 

Nodule dry weight for Ca5 were stimulated by low (28 kg N ha- l ) and 

reduced with high (168 kg N ha-1) nitrogen treatments (Figures 5a. and 

5b.). Minchin et al. (1981) in a controlled environment study reported 

that 20 ppm N given to nodulated cowpeas during the vegetative period 

stimulated nodulation. 

During the vegetative growth period inoculated Ca5 and KPH had 

mean nodule dry weights of 0.146 and 0.099, 0.153 and 0.111, and 0.036 

and 0.097 (g p1ant-1) at the control, low and high nitrogen treatments, 

respectively (Table 8b.). No significant differences were found between 

nitrogen treatments and their interaction with inoculation. However, 

there was a drop in nodule dry weight of inoculated Ca5 which was 

linearly related to high (168 kg N ha- l ) level of applied nitrogen 

( Fi gure Sb). 

At the flowering stage nodule dry weights of Ca5 were stimulated 

while nodule dry weigh.ts of KPH were inhibited by nitrogen treatments 

CFi gures 6a. and 6b.). Inocu1 ated CaS and KPH had mean nodul e dry 

weights of 0.422 and 0.431, 0.545 and 0.304, and 0.489 and 0.376 at the 

control, low (28 kg N ha-1) and high (168 kg N ha- l ) levels of applied 

nitrogen, respectively (Table ga.). KPH nodule dry weight inhibition 

by high nitrogen levels was not significant (Tables ga. and 9b.). 
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Nodule dry weights for cowpea cultivars at the pod-fill stage 

are shown in Figures 7a. and 7b., and Tables lOa. and lOb. Significant 

differences were found between nodule dry weights of inoculated and un

inoculated treatments (Tables lOa. and lab.). However, there were no 

significant differences between nitrogen treatments or their interaction 

with inoculation. 

A significant (p ~ 0.05) quadratic relationship was found be

tween nitrogen treatments and nodule dry weights of inoculated CaS at 

pod-fill stage (Fig. 7b.). Although nodule dry weights sharply declined 

at the low N (28 kg N ha-1) level, they were slightly increased when 

high (168 kg N ha-') levels of nitrogen were added (Figure 7b., and 

Table lOb.). 

During the pod-fill stage inoculated KPH had the highest mean 

nodule dry weight of 0.925 (g p1ant-1) at the control treatment (Table 

lOa. and Figure 7a.). Nodule dry weights of inoculated KPH were 

linearly inhibited by added nitrogen fertilizers (Figures 7a. and 7b.). 

Inh.ibition of nodule dry weights was more sound at the high (168 kg N 

ha-1) than at the low (28 kg N ha- l ) levels of applied nitrogen (Tables 

lOa. and lab.). In some studies nodulation was increased by 100 ppm 

nitrogen added (Ezedinma, 1964). In other studies, nodulation was inhi

bited with as low as 25 kg N ha- l (Eaglesham et al., 1982). 

Under field conditions imposed on this experiment nodulation was 

assured by inoculation. Effects of nitrogen treatments on nodulation 

were influenced by the stage of growth, plant development, and cultivar. 
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Table 8a. Means of Nodule Dry Weight of California Blackeye 5 (Ca5) 
and Knuckle Purple Hull (KPH) Cowpeas After 35 Days Growth 
During The 1983 Growing Season. 

Nitrogen Level Treatments -1 
o 28 168 kg ha 

Treatment Cultivar. Nodule Dry Weight 

g planel 

Inoculated Ca5 0.123at 0.134a o .118a 

Uninoculated CaS 0.032b 0.007b O.OOSb 

Inocul a ted KPH O.073a 0.049a 0.069a 

Uninoculated KPH 0.008b 0.007b 0.004b 

tMeans followed by the same letter within a column are not signifi
cantly different at the P ~ O.OS level of significance using Least 
Significant Differences (LSD). 
LSD = 0.037 and O.OlS for nodule dry weight of CaS and KPH 
respectively. 

Table 8b. Means of Nodule Dry Weight of California Blackeye S (CaS) 
and Knuckle Purple Hull (KPH) Cowpeas After 36 Days Growth 
During The 1984 Growing Season. 

Treatment 

Inoculated 
Uninocu1ated 

Inocu1 ated 
Uninocu1ated 

Cultivar 

CaS 
CaS 

KPH 
KPH 

Nitrogen 
0 

Nodule 

g 
o .146at 

*b 

0.099a 

*b 

Level Treatments 
ha -1 28 168 kg 

Dry Weight 

plant- 1 

0.lS3a 0.036a 

*b *b 

O.l11 a 0.097a 

*b *b 

tMeans followed by the same letter within a column are not signifi
cantly different at the P ~ 0.05 level of significance using Least 
Significant Differences (LSD). 
* Nodules are absent. LSD = 0.034 and 0.013 for nodule dry weight 

of Ca5 and KPH, respectively. 
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Table 9a. Means of Nodule Dry Weight of California Blackeye S (CaS) 
and Knuckle Purple Hull (KPH) Cowpeas After 51 Days Growth 
During The 1983 Growing Season. 

Nitrogen Level Treatments 
o 28 168 kg ha- l 

Treatment Culti var Nodule Dry Weights 

g planel 

Inoculated CaS o .422at 0.54Sa 0.489a 

Uninoculated CaS 0.11 6b 0.088b 0.023b 

Inoculated KPH 0.431 a 0.304a 0.376a 

Uninoculated KPH 0.042b 0.08Sb 0.029b 

tMeans followed by the same letter within a column are not signifi
cantly different at P ~ 0.05 level of significance using Least 
Significant Differences (LSD). 
LSD = 0.08 and 0.091 for nodule dry weight of Ca5 and KPH,respectively. 

Table 9b. Means of Nodule Dry Weights of California Blackeye S (CaS) 
and Knuckle Purple Hull (KPH) Cowpeas After 48 Days Growth 
During The 1984 Growing Season. 

Nitrogen Level Treatments 
ha -1 0 28 168 kg 

Treatment Cultivar Nodule Dry Wei ght 

g plant- l 

Inoculated CaS 0.287at 0.26Sa 0.27Sa 

Uninoculated CaS *b *b *b 

Ino,culated KPH 0.286a 0.256a 0.179a 

Uninoculated KPH *b *b *b 

tMeans followed by the same letter within a column are not signifi
cantly different at P ~ 0.05 level of significance using Least 
Significant Differences (LSD). 
* Nodules are absent. LSD = 0.079 and 0.050 for nodule dry weight 

of Ca5 and KPH, respectively. 
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Table lOa. Means of Nodule Dry Weight of California Blackeye 5 (CaS) 
and Knuckle Purple Hull (KPH) Cowpeas After 70 Days Growth 
During The 1983 Growing Season. 

Treatment Cul ti var 

Inoculated CaS 
Uninoculated CaS 
Inoculated KPH 
Uninoculated KPH 

Nitrogen Level Treatments . 
o 28 168 kg ha- I 

Nodule Dry Weight 

g pl ant-"l 

O.393at 0.7S2a O.70Sa 

O.2SSa o .lS8b O.263b 

o .92Sa 0.761 a O.42Sa 

0.lS4b 0.32S b 0.031 b 

tMeans followed by same letter within a column are not significantly 
different at P. < O.OS level of significance using Least Significant 
Differences (LSD). 
LSD = 0.180 and 0.240 for nodule dry weight of CaS and KPH, 

respectively. 

Table lOb. Means of Nodule Dry Weight of California Blackeye S (CaS) 
and Knuckle Purple Hull (KPH) Cowpeas After 66 Days Growth 
During The 1984 Growing Season. 

Tr'eatment Culti va r 

Inoculated CaS 
Uninoculated CaS 
Inoculated KPH 
Uninoculated KPH 

Nitrogen Level Treatments 
~;;':"":;~':'-::;'::"';;';:;';-~:';;;';;:'~'F- h a - 1 o 28 168 kg 

Nodule Dry Weight 

g plant -1 

0.609at 0.29Sa O. S88a 

0.031 b 0.018b 0.093b 

0.S93a 0.488a 0.404a 

0.043b O.OSSb 0.032b 

tMeans followed by the same letter within a column are not signifi
cantly different at P ~ O.OS level of significance using Least 
Significant Differences (LSD). 
LSD = 0.122 and 0.086 for nodule dry weight of CaS and KPH, 

respectively. 



In general, an inverse linear relationship was found between nitrogen 

treatments and nodulation of the two cultivars in question. 

Nitrogenase Activity 

Nitrogenase activity calculated as ~ moles plant- l hour- l for 

inoculated and uninoculated Ca5 and KPH cowpeas during the vegetative 

growth period is presented in Figures 8a. and 8b., and Tables lla. and 

11 b •. Di fferences were not s i gni fi cant between ni trogen trea tments and 

their interaction with inoculation. However, highly significant (p ~ 

8.01 level) differences were found between nitrogenase activity of ino

culated and uninoculated treatments (Tables l'a. and llb.). 

45 

Nitrogenase activity of both cultivars was stimulated by low 

(28 kg N ha-') and inhibited by high (168 kg N ha- l ) levels of applied 

nitrogen during the vegetative period (Figures 8a. and 8b.). Dart and 

Wildon (1970) reported that 15 to 45 mg N were stimulatory while higher 

levels were inhibitory to N2-fixation by cowpeas. 

During the flowering period, low and high nitrogen treatments 

decreased nitrogenase activity of inoculated Ca5 and KPH when compared 

with control (no nitrogen applied) treatment (Table l2b. and Figure 9b). 

Comparisons between the means. of nitrogenase activity at the high 

(168 kg N ha- l ) level of applied nitrogen revealed that the nitrogenase 

activity of Ca5 was adversely affected when compared to KPH nitrogenase 

activity (Tables l2a. and 12b.). 

Nitrogenase activity for both cultivars was minimum at the pod

fill stage compared with the other two growth stages (Figures 10 and 11). 
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Competition for photosynthates between pods and nodules is the primary 

reason for this drop in activity. During the pod-fill stage, at the 

high nitrogen treatments inoculated CaS had a mean nitrogenase activity 

of 0.243 (Table 13a.) and 0.056 (Table 13b.) were slightly higher than 

the mean nitrogenase activity in the control (no nitrogen applied) and 

low nitrogen treatments. However, results in Tables 13a. and 13b., and 

Figures 12a. and 12b. indicated that nitrogenase activity of inoculated 

KPH was inhibited by the high nitrogen treatments at this stage. 

New nodules formed at the secondary and tertiary roots of ino

culated CaS, not observed on secondary and other lateral roots of KPH 

(Fig. 18), and perhaps not affected by the nitrogen treatments could ex

plain the slight increase in nitrogenase activity of CaS at the pod-fill 

stage. Dart and Wildon (1970) pointed out that combined nitrogen level 

and form significantly affected nodulation of the primary root, but it 

had no significant effect on the number of nodules formed at the secon

dary roots. In other studies high nitrogen levels (100 ppm N)were found 

to be stimulatory to nitrogen fixation (Ezedinma, 1964, and Dart and 

Mercer, 1965). 

Results of this experiment indicated that nitrogenase activity 

was stimulated by low (28 kg N ha- l ) and inhibited by high (168 kg N 

ha- l ) levels of applied nitrogen. This statement was in agreement with 

and supported by other researchers (Allos and Bartholomew, 1955; Dart 

and Wildon, 1970; Eaglesham et al., 1982; and Miller et al., 1982). 
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Figure 9. Nitrogenase Activity of California Blackeye S (CaS) and 
Knuckle Purple Hull (KPH) Cowpeas During The Flowering Period. 
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Table lla. Means of Nitrogenase Activity of California Blackeye 5 
(CaS) and Knuckle Purple Hull (KPH) Cowpeas After 3S 
Days Growth During The 1983 Growing Sea·son. 

Treatment 

I nocul ated 

Uninoculated 
Inoculated 
Uninoculated 

Culttvar 

CaS 

CaS 
KPH 
KPH 

Nitrogen Level Treatments -1 
o 28 168 kg ha 

Nitrogenase Activity 

( l.l mol es 
0.298at 

0.227b 

o .31 7a 

0.099 b 

plant-l 

0.43Sa 

o .1SOb 

o .4SSa 

o .173b 

hour- l ) 

0.2l9a 

o .169a 

0.324a 

0.1 S9 b 

tMeans followed by the same letter within a column are not signifi
cantly different at P < 0.05 level of significance using Least 
Significant Differences (LSD). 
LSD = 0.110 and 0.117 for nitrogenase activity of CaS and KPH, 

respecti vely. 

Table llb. Means of Nitrogenase Activity of California Blackeye S 
(CaS) and Knuckle Purple Hull (KPH) Cowpeas After 36 
Days Growth During The 1984 Growing Season. 

Treatment 

Inoculated 
Uninoculated 
Inoculated 
Uninoculated 

Cul ti var 

CaS 
CaS 
KPH 
KPH 

Nitrogen Level Treatments -1 
o 28 168 kg ha 

Nitrogenase Activity 

(l.l mol es 
O.lOSat 

*b 

O.lOla 
*b 

plant-l 

o .113a 

*b 

0.099a 

*b 

hour-1) 

o .112a 

*b 

0.102a 

*b 

tMeans followed by the same letter within a column are not signifi
cantly different at P < O.OS level of significance using Least 
Significant Differences (LSD). 
* Nodules are absent. LSD = 0.007 and 0.004 for nitrogenase acti

vity of CaS and KPH, respectively. 
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Table 12a. Means of Nitrogenase Activity of California Blackeye 5 
(Ca5) and Knuckle Purple Hull (KPH) Cowpeas After 51 
Days Growth During The 1983 Growing Season. 

Nitrogen Level Treatments -1 
0 28 168 kg ha 

Treatment Cultivar Nitrogenase Activity 

(11 mol es plant-l hour- l ) 

Inoculated Ca5 0.207at 0.271 a 0.161 a 

Uni nocu 1 a ted Ca5 0.062b o .119b 0.099b 

Inoculated KPH 0.190a 0.206a o .177a 

Uninoculated KPH 0.169a 0.239a o .118a 

tMeans followed by the same letter within a column are not signi
ficantly different at P < 0.05 level of significance using Least 
Significant Differences TLSD). 
LSD = 0.071 and 0.067 for nitrogenase activity of Ca5 and KPH, 

res pecti ve 1 y . 

Table 12b. Means of Nitrogenase Activity of California Blackeye 5 
(Ca5) and Knuckle Purple Hull (KPH) Cowpeas After 48 
Days Growth During The 1984 Growing Season. 

Nitrogen Level Treatments -1 
0 28 168 kg ha 

Treatment Cultivar Nitrogenase Activity 

(11 moles plant- l hour-1) 

Inocul ated Ca5 0.114at 0.091 a o .077a 

Uninoculated Ca5 *b *b *b 

Inoculated KPH o .116a 0.092a 0.109b 

Uninoculated KPH *b *b *b 

tMeans followed by the same letter within a column are not signifi
cantly different at P < 0.05 level of significance using Least 
Significant Difference-(LSD). 
*Nodules are absent. LSD = 0.026, 0.009 for nitrogenase activity 

of CaS and KPH, respectively. 
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Table 13a. Means of Nitrogenase Activity of California B1ackeye S 
(CaS) and Knuckle Purple Hull (KPH) Cowpeas After 70 
Days Growth During The 1983 Growing Season. 

Treatments Cultivar 

Inoculated CaS 
Uninocu1ated CaS 
Inoculated KPH 
Uninocu1ated KPH 

Nitrogen Level Treatments 1 
o 28 168 kg ha-

Nitrogenase Activity 

(ll moles p1ant-1 

0.242at 0.238a . 

0.241 a 0.248a 

0.239a 

0.227a 

hour-1) 

0.243a 

0.133b 

a .184a 

a .182a 

tMeans followed by the same letter within a column are not signifi
cantly different at P < 0.05 level of significance using Least 
Significant Differences (LSE). 
LSD = 0.049 and 0.OS3 for nitrogenase activity of CaS and KPH, 
respectively. 

Table l3b. Means of Nitrogenase Activity of California Blackeye S 
(CaS) and Knuckle Purple Hull (KPH) Cowpeas After 66 
Days Growth During The 1984 Growing Season. 

Treatments Culti var 

Inoculated CaS 
Uninoculated CaS 
Inoculated KPH 
Uninoculated KPH 

Nitrogen Level Treatments 1 
a 28 168 kg ha-

Nitrogenase Activity 

(ll mol es 
0.029a 

O.Olga 

0.042a 

0.02Sa 

p1 ant -1 hour -1 ) 

0.032a 0.OS6a 

O.Ollb O.OOgb 

tMeans followed by the same letter within a column and not signifi
cantly different at P < 0.05 level of significance using Least 
Significant Differences (LSD). 
LSD = 0.016, and 0.018 for nitrogenase activity of CaS and KPH, 

respectively. 
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Seed Yield and Yield Components 

Data for the final seed yield of Ca5 and KPH are shown in 

Tables l4a. and l4b., and Figures l3a. and l3b. Regardless of nitrogen 

treatments, inoculation significantly (at P ~ 0.05 level) increased the 

final seed yield of Ca5. Seed yields of inoculated plants were almost 

double the seed yield of uninoculated plants (Table 14b.). However, in 

the 1983 experiment the highest seed yield of 1178.43 kg ha- l was 

recorded for uninoculated Ca5 at the control (no nitrogen applied) 

treatment (Table l4a.). Perhaps high soil nitrogen (Table 1) plus 

nitrate-N for irrigation water during 1983 growing season could partially 

explain this increase. Nitrogen satisfaction, on the other hand, could 

be reached by nodulation due to rhizobia contamination during 1983 com

pared with 1984 growing season (Table 2a. and 2b.). 

Under controlled day and night temperatures, Summerfield et al. 

(1976) reported that seed yield of effectively nodulated plants were 

unaffected by combined nitrogen supply and almost twice those of non

nodulated ones regardless of differences in the timing and level of inor

ganic nitrogen applied. Sasseville and Mills (1979) found that at 

equivalent levels of applied nitrogen seed yields of nodulated cowpeas 

were 57% greater than those of nonnodulated plants. 

Seed yields of inoculated and uninoculated CaS were decreased 

linearly with increments of applied nitrogen. However, the decrease in 

seed yield was; sharper at high (168 kg N ha- l ) than at low (28 kg N ha- l ) 

levels of nitrogen added (Figures 13a. and 13b.). Halsey (1960) noted 



that a tendency for a decrease in seed yield of inoculated plants of 

cowpeas when nitrogen was added to the soil. Johnson and Evan (1975) 

reported th~t yields of cowpeas were increased as the rate of nitrogen 

was increased up to 67 kg N ha-1 and decreased when applied N was 

increas~d up to 101 kg N ha- l . 

Uninocu1ated plants of KPH were yellow in appearance during 
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most of the growing season (Plate 1), had a mean seed yield of 740.58, 

648.70, and 801.58 kg ha-1 higher than the mean seed yield of inoculated 

KPH at the control, low, and high nitrogen treatments, respectively 

(Table 14b.). There were no significant differences between seed yield 

of inoculated and uninocu1ated treatments nor between their interaction 

with nitrogen treatments. However, a quadratic effect was found between 

seed yield of KPH and levels of applied nitrogen (Figures 13a and 13b.). 

The final seed yield of cowpeas is likely to be affected by 100 

seed weight. One hundred seed weights for inoculated treatments were 

significantly heavier than their counterparts in both cultivars (Appen

dix B, Tables B-1 and B-2). Although this weight seems to be reflected 

on the final seed yield of inoculated Ca5, this was not the case with 

regard to the final seed yield of KPH (Figure 13b.). 

Irriaation water is another factor that influences seed yield 

of this crop in arid environment,irrigation is essential for maximum 

productivity of cowpeas (Mohamed, 1982). During 1983 growing season, 

cOloJpeas \",er.e irrigated once every week. Because of rains in 1984 qro\'l

ing season, irrigation water was applieo once a week for only the first 

five weeks after planting. The difference in yield of both cultivars 
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between the two seasons could be attributed to the behavior of each cu1 tivar 

with regard to the favorable and unfavorable conditions. Differences 

could be caused by the nitrate-N for irrigation water which was about 

4.82 and 3.69 ppm for the 1983 and 1984 growing s~asons, respectively. 

Comparisons between the mean seed yield of Ca5 and KPH in 1983 

and 1984 growing seasons (Tables 14a. and 14b.) respectively, showed 

that seed yield of Ca5 could be maximized when favorable conditions 

exist, while KPH can withstand and yield better under unfavorable con

ditions (excess water}(Figure lb.). When conditions were good there was 

a three-fold increase in seed yield by Ca5 over KPH (Table 14a.). 

Under the field conditions of this experiment, seed yield of 

cowpeas was significant~y improved when inoculation was practiced, at 

least with Ca5. Nitrogen treatments had no significant effect on seed 

yield of uninocu1ated cowpeas. However, a negative effect resulted from 

the high level of applied nitrogen on seed yield of inoculated cowpeas. 

Low levels of nitrogen, on the other hand, slightly improved the seed 

yield of both cultivars (Table 14a.). Minchin et al. (1978) reported 

that yields of nodulated cowpeas were increased 45% when p'lants were 

irrigated with nutrient solutions containing 30 ppm N throughout growth. 

These workers stated that at this level a synergistic effect between 

applied Nand symtiosis occurs in many legumes. 

Nitrogen Content 

Data for seed protein content of Ca5 and KPH during 1983 and 

1984 growing seasons are shown in Figures 14a. and l4b., and Tables 15a. 
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Figure 13. Final Seed Yield of California Blackeye 5 (Ca5) and Knuckle 
Purple Hull (KPH) Covpeas. 
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Table 14a. Means of Final Seed Yield of California Blackeye 5 (Ca5) 
and Knuckle Purple Hull (KPH) Cowpeas During The 1983 
Growing Season. 

Treatment 

Inoculated 
Uninoculated 
Inoculated 
Uninoculated 

Cultivar 

Ca5 
CaS 
KPH 
KPH 

Nitrogen Level Treat~ents -1 
o 28 168 kg ha 

Final Seed Yield 

kg ha- l 

10Sl.28at 1108.28a 

1178.43a 1010.lSa 

230.S8a 

232.SSa 
4l9.4Sa 

288.33b 

970.1Sa 

600.58b 

30S.58a 

298.3Sa 

tMeans followed by the same letter within a column are not signi
ficantly different at P < O.OS level of significance using Least 
Significant Differences TLSD). 
LSD = 204.83 and 104.99 for final seed yield of CaS and KPH, 

respectively. 

Table l4b. Means of Final Seed Yield of California Blackeye S (CaS) 
and Knuckle Purple Hull (KPH) Cowpeas During The 1984 
Growi ng Season. 

Nitrogen Level Treatments -1 
o 28 168 kg ha 

Treatment Culti va r Final Seed Yield 

kg ha-1 

Inoculated CaS 8S4.48at 662.60a S94.6Sa 

Uninoculated CaS 440.63b 42S.10b 471.40b 

Inoculated KPH 709.6Sa S22.2Sa 631.03b 

Uninoculated KPH 740.S8a 648.70a 801.S8a 

tMeans followed by the same letter within a column are not signifi
cantly different at P ~ O.OS level of significance using Least 
Significant Difference (LSD). 
LSD = 10S.62 and 161.37 for final seed yield of CaS and KPH, 

respectively. 



and 15b .• respectively. Inoculation increased percent seed protein 

of both cu1tivars at all levels of applied nitrogen (Figures 14a. and 

14b). Inoculated seeds of Ca5 and KPH had a mean protein content of 

21.75 and 23.20,21.19 and 22.92, and 21.24 and 23.83 significantly 
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( P ~ 0.05 level) higher than their counterparts at the control. low, 

(28 kg N ha-1),and high (168 kg N ha-1) nitrogen treatments, respec

tively (Tables 15a. and 15b.). Weber (1966) noted that nitrogen yield 

of nodulated lines of soybeans exceeded that of the nonnodu1ated lines 

in all comparisons within the same increments of applied fertilizer 

nitrogen. 

Comparisons between means seed protein content of inoculated 

CaS and KPH at the nitrogen treatments revealed that higher seed protein 

content was found at the control (no nitrogen applied) than the other 

two treatments. Minchin et a1. (1981) noted that cowpea plants receiv

ing 20 ppm nutrient nitrogen produced seeds with a significantly smaller 

N and protein concentrations compared with plants dependent on nodules 

only. 

Means of leaf. petiole and stem protein content of cowpea cul-

tivars Ca5 and KPH during the vegetative growth period are shown in 

Appendix 8 (Tables 8-3 and 8-4, and 8-5 and 8-6) respectively. Differ

ences were significant ( P ~ 0.05 level) between protein content of 

inoculated and uninocu1ated measured parameters of both cultivars at all 

nitrogen treatments (Tables 8-4 and 8-6). Protein content of these 

variables were not significantly influenced by nitrogen treatments. 
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However, it tended to decrease when high levels of nitrogen were applied 

(Table B-3 and B-5). 

During the flowering period means protein content of the vegeta

tive parts for Ca5 and KPH cowpeas as affected by applied nitrogen and 

inoculation treatments are presented in Appendix B (Tables B-7 and B-8, 

and B-9 and B-10). Regardless of nitrogen treatments, inoculation sig

nificantly increased percent protein of leaf, petiole and stem of Ca5 

and KPH cowpeas. 

Protein contents of inoculated vegetative parts of both cu1ti

vars were significantly higher than their counterparts during pod-fill 

stage (Appendix B, Tables B-11 and B-12, and B-13 and B-14). Compari

sons between means percent protein of inoculated Ca5 at the vegetative 

(Table B-4), flowering (Table B-8), and pod-fill (Table B-12) periods 

showed that protein content of the vegetative parts tend to decrease 

toward maturity. Contribution by these parts to the nitrogen content 

of mature seed could explain this drop. Working with cowpeas, Eag1e

sham et a1. (1977) calculated that of the total N content of mature seed 

56% was translocated from vegetative components. Results of this exper

imant indicated that symbiotic fixing activity was significantly 

contributing to the total N in the plant. 
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Table lSa. Means of Seed Protein Content of California Blackeye 
(CaS) and Knuckle Purple Hull (KPH) Cowpeas During 
The 1983 Growing Season. 
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Nitrogen Level Treatments 1 
o 28 168 kg ha-

Treatment Cultivar Seed Protein Content 

% 

Inoculated CaS 21.75at 21 .1 9a 21.24a 

Uninocul ated CaS 19.48b 19.17b 18.5Sb 

Inoculated KPH 23.20a 22.92a 22.83a 

Uninoculated KPH 22.21 b 22.17b 23.22a 

tMeans followed by the same letter within a column are not signifi~ 
cantly different at P < 0.05 level of significance using Least 
Significant Difference-(LSD). 
LSD = 0.82 and 0.59 for seed protein content of CaS and KPH, 

respectively. 

Tabl e 15b. Means of Seed Protei n Content of Cal"iforni a Bl ackeye 
(Ca5) and Knuckle Purple Hull (KPH) Cowpeas During 
The 1984 Growing Season. 

Treatment Cultivar 

Inoculated Ca5 
Uninocu1ated 
Inoculated 

Uni nocul ated 

Ca5 
KPH 
KPH 

Nitrogen 
0 

Seed 

22.49at 

19.68b 

22.58a 

18.46b 

Level Treatments -1 
28 168 kg ha 

Protein Content 

% 

23.79a 24.S3a 

20.25b 20.S2b 

22.20a 22.79a 

18.86b 19.08b 

tMeans followed by the same letter within a column are not signifi
cantly different at P < 0.05 level of significance using Least 
Significant Difference-(LSD). 
LSD = 0.91 and 0.61 for seed protein content of Ca5 and KPH, 

respectively. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Cowpea cultivars California Blackeye 5 (Ca5) and Knuckle Purple 

Hull (KPH) inoculated with granular inoculum were grown at the Univer

sity of Arizona Campus Agricultural Center (Tucson, Arizona) during the 

summers of 1983 and 1984. Different levels of fertilizer nitrogen 

[ammonium nitrate (NH4N03)] was applied before planting and the effect 

on nodulation and N2-fixation by cowpeas was examined and evaluated. 

Morphological differences were observed between inoculated and 

uninocu1ated plants of both cowpea cu1tivars at all levels of fertilizer 

nitrogen. While inoculated plants were healthy, more developed, with 

dark green leaves, uninoculated plants were comparatively weak, less 

developed, and with yellow-green leaves. Data for dry weights of vege

tative components for inoculated and uninocu1ated plants of both culti

vars revealed that dry weights were not significantly affected by 

preplant application of nitrogen fertilizer. However, dry weights for 

inoculated plants of both cultivars were stimulated more by low (28 kg 

N ha-1) than high (168 kg N ha- l levels of fertilizer nitrogen. Inocu

lation significantly increased the dry weights of Ca5 over their 

counterparts. 

Inoculation practice using granular inoculum insured nodulation 

of both cultivars under the conditions of this experiment. Differences 
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were significant between nodule numbers of inoculated and uninoculated 

plants. Nodule numbers were inversely linearly related to levels of 

applied nitrogen during the vegetative growth period. At the flower.ing 

stage nodule numbers of inoculated CaS were significantly inhibited when 

high levels of N were added. Nodule numbers of KPH, however, were less 

affected by high levels of nitrogen during this stage. Toward maturity, 

nodule numbers of CaS were stimulated while nodule numbers of KPH were 

inhibited at the high (168 kg N ha- l ) nitrogen treatment. 

Nodule dry weights data showed that differences were significant 

(at P ~ 0.01 level) between inoculated and uninoculated treatments for 

both cultivars. During the vegetative period, there was a drop in 

nodule weight of inoculated CaS linearly related to high (168 kg N ha- l ) 

levels of applied nitrogen. At the flowering stage, however not signi

ficant, nitrogen treatments stimulated nodule dry weights of inoculated 

CaS, while inhibited nodule dry weights of inoculated KPH. During the 

pod-fill stage a quadratic relationship was found between nitr~gen 

treatments and nodule dry weights of inoculated CaS. Nodule dry weights 

for this cultivar were declined and slightly increased by low and high 

levels of applied nitrogen, respectively. 

In general, an inverse linear relationship was found between 

nitrogen treatments and nodulation of the two cultivars. High nitrogen 

(168 kg N ha- l ) was more inhibitory to nodulation (nodule number and 

nodule mass) than low (28 kg N ha- l ) levels of applied nitrogen. Re-

sults of this experiment indicated that effects of nitrogen treatments 
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on nodulation were influenced by the stage of growth, plant development 

and cowpea cultivar. 

Calculated nitrogenase activity (~ moles plant- l hour- l ) for 

cowpea cultivars CaS and KPH was minimum at the.pad-fill stage compared 

with vegetative and flowering periods. Nitrogenase activity of both 

cultivars was stimulated with low (28 kg N ha-') and inhibited by high 

(168 kg N ha- l ) levels of applied nitrogen during the vegetative period. 

At the flowering period nitrogenase activity of CaS was adversely 

affected by high nitrogen treatments compared to nitrogenase activity 

of KPH. 

High nitrogen treatments inhibited nitrogenase activity of ino

culated CaS at the pod-fill period. New nodules were formed at the 

secondary and tertiary roots of CaS, not observed on secondary and other 

lateral roots of KPH, at this nitrogen level, could explain the slight 

increase in nitrogenase activity of CaS. In general, results indicated 

that nitrogenase activity of cowpea cultivars ·was stimul ated with low 

and inhibited by high levels of nitrogen. 

Under the field conditions results indicated that seed yield of 

CaS and KPH was significantly improved when inoculation was practiced, 

at least with CaS. Nitrogen treatments had no significant effect on 

seed yield of uninoculated cowpeas. However, seed yield of both culti

vars was negatively effected when high (168 kg N ha- l ) levels of nitro

gen were added. Seed yield of both cultivars was slightly improved by 

low (28 kg N ha- l ) levels of applied nitrogen. At this level Minchin 



et al. (1978) stated that a synergistic effect between applied Nand 

symbiosis occurs in many legumes. Although nodulation percentage was 

high at all nitrogen treatments biological nitrogen fixation was not 

correlated with increased seed yield in either cultivar. 
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Seed protein content data showed that inoculation significantly 

increased seed protein content of CaS and KPH at all levels of nitrogen. 

However, high seed protein content was found at the control (no nitrogen 

applied) treatment. Results showed that protein content of the vegeta

tive components (leaf, petiole and stem) of both cultivars tend to 

decrease toward maturity. This decrease will indicate the contribution 

by these parts to the nitrogen content of mature seed. Inversely related 

to levels of nitrogen applied, protein content of vegetative components 

were significantly increased by inoculation. 

The findings of this experiment showed that symbiotic fixing 

activity was significantly contributing to the total N in plant. This 

result would agree with the statement that perhaps nitrogen fixed sym

biotically was more desirable for plant growth than non-symbiotic 

nitrogen (Weber, 1966). 

According to the results of this field experiment we recommend 

and suggest the following: First, inoculation must be practiced with 

cow peas to insure nodulation which was found to improve the final seed 

yield and significantly contributed to the total N in the plant. Secondly, 
. -1 depending on soil test values, we suggest that small (28 kg N ha ) 

amounts of fertilizer nitrogen should be added to supplement soil 
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nitrogen before or at planting time to encourage plant growth without 

suppressing the biological symbiotic system. Thirdly, when nitrogen 

application was decided we advised that cultivar of this crop should be 

considered. Finally, this information, suggestions and recommendations 

could be applicable and of value to arid and semi-arid regions in many 

parts of the worl d. 



15. Cowpea Field During The Pod-Fill Stage Showing Differ
ences Between Inoculated (Dark Green Plots) and 
Uninoculated (Yellow-Green Plots). 

16. Roots of Ca5 and KPH Cowpeas From Control (No N Added) 
Plots 36 DAP (Vegetative Growth Stage). 
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17. Roots of Ca5 Cowpeas From Low Nitrogen (28 kg N ha-1) 
Plots Dup Up 36 and 49 DAP (Vegetative and Flowering 
Stage), Respectively. 

18. Roots of Ca5 and KPH Cowpeas From High Nitrogen 
(168 kg N ha-l) Plots 67 DAP (Pod-Fill Stage). 
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19 . Roots From Control (NoN Added), Low (28 kg N ha-1) 
And High (168 kg N ha-1) Nitrogen Plots of Ca5 

Cowpeas 49 DAP (Flowering Stage). 
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APPENDIX A 

Information About Dry Weights 

of Vegetative Components As Affected By 

Nitrogen Treatments and Inoculation 
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Tab1 e A-1. Mean Dry Wei ghts of Root and Shoot Components of Cal i
fornia B1ackeye 5 (CaS) Cowpeas After 35 Days Growth 
During The 1983 Growing Season 

Nitrogen Level Treatments -1 
0 28 168 kg ha 

Treatment Plant Part Dry Weights 

-- g p1ant- 1 --
Inoculated 1 eaf 1 .72at 1.70a 2.05a 

Uninocu1ated 1 eaf 1.53a 1.51 a 1 .06b 

Inoculated petiole o .33a O.37a O.51 a 

Uninocu1ated petiole 0.29a O.32a a .18b 

Inoculated stem 0.39a O.45a O.56a 

Uninocu1ated stem 0.39a O.42a 0.31 b 

Inoculated root 0.44a O.42a O.48a 

Uninocu1ated root 0.38b O.36b 0.33b 

tMeans followed by the same letter within a column are not signifi
cantly different at P ~ 0.05 level of significance using Least 
Significant Difference (LSD). 

LSD = 0.25, 0.08, 0.07 and 0.04 for leaf, petiole, stem, and root 
dry weights, respectively. 
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Table A-2. Mean Dry Weights of Root and Shoot Components of Cali
fornia Blackeye 5 (Ca5) Cowpeas After 36 Days Growth 
During The 1984 Growing Season. 

Treatment 

Inoculated 
Uninoculated 
Inoculated 

Uninoculated 
Inoculated 
Uninoculated 
Inoculated 

Uninoculated 

Plant Part 

1 eaf 

leaf 
petiole 

petiole 
stem 

stem 
root 
root 

Nitrogen Level Treatments -1 
o 28 168 kg ha 

1 .l3at 

0.92a 

0.26a 

0.21 a 

0.36a 

0.28a 

0.29a 

0.26a 

Dry Weights 

g plant-l 

1.29a 

1 .12a 

0.32a 

0.26a 

0.42a 

0.33b 

0.30a 

0.33a 

1.13a 

1.09a 

0.27a 

0.26a 

0.35a 

0.35a 

0.29a 

0.31 a 

tMeans followed by the same letter within a column are not signifi
cantly different at P < 0.05 level of significance using Lea~t 
Significant Difference-(LSD). 

LSD = 0.20, 0.06, 0.06, 0.04 for leaf, petiole, stem and root 
dry weight, respectively. 
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Table A-3. Mean Dry Weights of Root and Shoot Components of Knuckle 
Purple Hull (KPH) Cowpeas After 35 Days Growth During 
19S3 Growing Season. 

Treatment Plant Part 

Nitrogen Level Treatments -1 
0 2S 168 kg ha 

Dry Wei ghts 

-1 
1 .lsat 

g plan£ 
1.2Sa 0.91 Inoculated leaf 

Uninoculated 1 eaf O.SSa 1.OSa 1.09a 

Inoculated petiole O~27a 0.20a 0.30a 

Uninoculated petiole o .1Sa 0.2Sa 0.2Sa 

Inoculated stem 0.2Sa 0.22a 0.2ga 

Uninoculated stem 0.22a 0.28a 0.27a 

Inoculated root 0.3Sa 0.23b 0.33a 

Uninoculated root 0.21 b 0.30a 0!30a 

tMeans followed by the same letter within a column are not signifi
cantly different at P < 0.05 level of significance using Least 
Significant Difference-(LSD). 

LSD = 0.22,0.07,0.05 and 0.06 for leaf, petiole, stem, and root 
dry weight, respectively. 
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Table A-4. Mean dry weights of root and shoot components of 
Knuckle Purple Hull (KPH) Cowpeas After 36 Days 
Growth During 1984 Growing Season. 

Nitrogen Level Treatments _1 0 28 168 kg ha 
Treatment Plant Part Dry Weights 

-1 g plants 

Inoculated 1 eaf 1.3oat 0.99a 1 .45a 

Uninoculated 1 eaf 0.89b 0. 96a 0.99b 

Inoculated petiole 0.34a 0.25a 0.383 

Uninoculated petiole 0.2lb 0.24a 0.25b 

Inoculated stem 0.38a 0.28b 0.37a 

Uninoculated stem 0.28a 0.32a 0.35a 

Inoculated root 0.3la 0.24a 0.35a 

Uninoculated root 0.24a 0.27a 0.32a 

tMeans followed by the same letter within a column are not sig
nificantly different at P < 0.05 level of significance using 
Least Significant Difference (LSD). 

LSD= 0.19, 0.06, 0.05 and 0.05 for leaf, petiole, stem and 
root dry weight, respectively. 
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Table A-5. Mean Dry Weights of Root and Shoot Components of 
California Blackeye 5 (CaS Cowpeas After 51 Days 
Growth During The 1983 Growing Season. 

Nitrogen Level Treatments -1 
0 28 168 kg ha 

Treatment Plant Part Dry Weights 

3.47at 
g pl ants-1 

4.44a Inoculated leaf 5.06a 

Uninoculated 1 eaf 3.22a 3.58b 3.12b 

Inoculated petiole 0.79a 1.22a 1.11 a 

Uninoculated petiole 0.78a 0.97a 0.81 a 

Inoculated stem 2.68a 3.63a 3.63a 

Uninoculated stem 2.51 a 2.72b 2.14b 

Inoculated root 0.85a 1.20a 0.99a 

Uninoculated root 0.69b 0.82 b 0.58 b 

tMeans followed by the same letter within a column are not sig
nificantly different at P < 0.05 level of significance using 
Least Significant Difference (LSD). 

LSD = 0.77,0.22,0.82 and 0.15 for leaf, petiole, stem, and 
root dry weight, respectively. 
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Table A-6. Mean Dry Weights of Root and Shoot Components of 
California B1ackeye 5 (Ca5) Cowpeas After 48 Days 
Growth During The 1984 Growing Season. 

Nitrogen Level Treatments 

Treatment Plant Part 
0 28 168 kg 

Dry Weights 

--g p1ant-1 

Inoculated leaf 3.36at 2.27a 3.49a 

Uninoculated leaf 2.02b 2.87a 2.29b 

Inocu1atE':d petiole 1.02a 0.6l a 1.04a 

Uninocu1ated petiole 0.56b 0.80a 0.65b 

Inoculated stem 1.62a 1 .15a 1.52a 

Uninoculated stem 0.85b 1 .16a 0.99b 

Inoculated root 0.69a O.5l a O.65a 

Uninocu1ated root 0.46b 0.57a 0.46b 

tMeans followed by the same letter within a column are not 
significantly different at P < 0.05 level of significance 
using Least Significant Difference (LSD). 

ha-1 

LSD = 0.72, 0.27, 0.36 and 0.13 for leaf, petiole, stem and 
root dry weight, respectively. 
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Table A-7. Mean Dry Weights of Root and Shoot Components of 
Knuckle Purple Hull (KPH) Cowpeas.After 51 Days 
Growth During The 1983 Growing Season. 

Nitrogen Level Treatments -1 
0 28 168 kg ha 

Treatment Plant Part Dry Weights 

-1 g plant 
Inoculated 1 eaf 4.31 at 4.24a 5.09a 

Uninoculated leaf 3.45a 3.46a 4.14a 

Inoculated petiole 1.29a 1.03a 1 .64a 

Uninoculated petiole 1 .19a 1 .22a 1.33a 

Inoculated stem 1.54a 1.99a 2.21 a 

Uninoculated stem 2.25a 1 .39a 2.14a 

Inoculated root 0.78a 0.78a 0.7Sa 

Uninocul ate'd root 0.64a a.56b 0.74a 

tMeans followed by the same letter within a column are not sig
nificantly different at P < 0.05 level of significance using 
Least Significant Difference (LSD). 

LSD = 1.08,0.37,0.75 and 0.14 for leaf, petiole, stem, and 
root dry weight, respectively. 
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Table A-8. Mean Dry Weights of Root and Shoot Components of 
Knuckle Purple Hull (KPH) Cowpeas After 48 Days 
Growth During The 1984 Growing Season. 

Nitrogen Level Treatments 
ha -1 a 28 168 kg 

Treatment Pl ant Part Dry Weights 

g plant- l 

Inoculated leaf 3.7l at 3.99a 2.93a 

Uninoculated leaf 2.95b 2.37b 2.36a 

Inoculated petiole 1.09a 1 .17a 0.93a 

Uninoculated petiole 0.90a o.nb 0.72a 

Inoculated stem 1.50a 1.58a 1 .18a 

Uninoculated stem 1.22a 0.98b 1.01 a 

Inoculated root 0.66a 0.70a 0.47a 

Uninoculated root 0.62a 0.49b 0.56a 

tMeans followed by the same letter within a column are not sig
nificantly different at P < 0.05 level of significance using 
Least Significant Difference (LSD). 

LSD = 0.72,0.25,0.34 and 0.12 for leaf, petiole, stem and 
root dry weight, respectively. 
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Table A-9. Mean Dry Weights of Root and Shoot Components of 
California Blackeye 5 (Ca5) Cowpeas After 70 Days 
Growth During 1983 Growing Season. 

Nitrogen Level Treatments 
ha- l 0 28 168 kg 

Treatment Plant Part Dry· W·eights 

g plant- l 

Inoculated leaf 4.67at 6.61 a 6.49a 

Uninoculated leaf 3.51 b 3.44b 2.83b 

Inoculated petiole 1.08a 1.39a 1 .73a 

Uninoculated petiole 0.97a 0.94b O.72b 

Inoculated stem 5.79a 10.20a 8.49a 

Uninoculated stem 4.85a 5.64b 3.48b 

Inoculated root 1.26a 1.72a 1.56a 

Uninoculated root O.94b 1 .21 b 0.87b 

tMeans followed by the same letter within a column are not sig
nificantly different at P < 0.05 level of significance using 
Least Significant Difference (LSD). 

LSD = 1.14, 0.25, 1.99 and 0.21 for leaf, petiole, stem and 
root dry weight, respectively. 
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Table A-10. Mean Dry Weights of Root and Shoot Components of 
California Blackeye 5 (Ca5) Cowpeas After 66 Days 
Growth During 1984 Growing Season. 

Treatment Plant Part 
Nitrogen Level Treatments -1 
a 28 168 kg ha 

g plant- l 

Inoculated leaf 7.47at S.73a 9.17a 

Uninoculated leaf 3.5Sb 4.48a 5.02b 

Inoculated petiole 1.96a 1.95a 2.99a 

Uninoculated petiole 1.06b 1.38b 1.59b 

Inoculated stem 8.24a 6.20a 10.08a 

Uninoculated stem 2.71 b 4.17 b 4.81 b 

Inoculated root 1.33a 0.91 a 1.29a 

Uninoculated root 0.84b O.98a 1 .1 Oa 

tMeans followed by the same letter within a column are not sig
nificantly different at P < 0.02 level of significance using 
Leas t Signifi cant Difference CLS D) . 

LSD = 1.33, 0.49, 1.50 and 0.21 for leaf, petiole, stem, and 
root dry weight, respectively. 
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Table A-11. Mean Dry Weights of Root and Shoot Components of 
Knuckle Purple Hull (KPH) Cowpeas After 70 Days 
Growth During 1983 GrQwing Season. 

Nitrogen Level Treatments -1 
a 28 168 kg ha 

Treatment Plant Part Dry Weights 

g plant- l 

Inoculated leaf 11 .35at 9.77a 7.37a 

Uninoculated leaf 3.96b 4.87b 3.83b 

. Inoculated petiole 3.67a 3.10a 2.57a 

Uninoculated peti 01 e 1.40b 1.66b 1.39b 

Inoculated stem 9.91 a 9.77a 6.76a 

Uninoculated stem 3.45b 4.48b 4.14b 

Inoculated root 2.04a 2.02a 1.49a 

Uninoculated root 1.10b 1.26b 1.07b 

tr1eans followed by the same letter within a column are not 
significantly different at P < 0.05 level of significance using 
Least Significant Difference.-(LSD). 

LSD = 1.83,0.61, 1.86,0.32 for leaf, petiole, stem, and root 
dry weight, respectively. 
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Table A-12. Mean Dry Weights of Root and Shoot Components of 
Knuckle Purple Hull (KPH) Cowpeas After 66 Days 
Growth During The 1984 Growing Season. 

Treatment Plant Part 

Nitrogen Level Treatments -1 
0 28 168 kg ha 

Dry Wei ghts 

g plant -1 

Inoculated 1 eaf 7.01 at 7.41 a 6.03a 

Uninocu1ated 1 eaf 2.97b 5.05b 5.15 b 

Inoculated petiole 1.87a 2.54a 1.76a 

Uninocu1ated petiol e 1.02b 1 .72b 1 .69a 

Inoculated stem 6.46a 7.36a 6.04a 

Uninocu1ated stem 3.01 b 4.99b 5.22a 

Inoculated root 1.11 a 1 .25a 1 .12a 

Uninocu1ated root 0.8gb 1 .14a 1 .13a 

tMeans followed by the same letter within a column are not 
significantly different at P < 0.05 level of significance 
using Least Significant Difference (LSD). 

LSD = 1.17,0.39,1.07, and 0.16 for leaf, petiole, stem, 
and root dry weight, respectively. 

83 



APPENDIX B 

Information About Yield Components, and 

Protein Content of Vegetative Components As 

Affected By Nitrogen Treatments 

And Inoculation 
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Table B-1. Means of One Hundred Seed Weight of California Blackeye S 
(Ca5) and Knuckle Purple Hull (KPH) Cowpeas During The 
1983 Growing Season. 

Treatment Cultivar 

Nitrogen Level Treatments 
ha- l 0 28 168 kg 

One Hundred Seed Weight 

g 
Inoculated Ca5 23.83at 24.0Sa 24.03a 

Uninoculated Ca5 23.08b 22.75b 21.88b 

Inoculated KPH 21.70a 21.53a 21.90a 

Uninoculated KPH 21.20a 20.98a 20.68a 

tMeans followed by the same letter within a column are not signifi
cantly different at P < 0.05 level of significance using Least 
Significant Differences (LSD). 

LSD = 0.56 and 0.75 for 100 seed weight of Ca5 and KPH, respectively. 

Table B-2. Means of One Hundred Seed Weight of California Blackeye 5 
Ca5) and Knuckle Purple Hull (KPH) Cowpeas During The 
1984 Growing Season. 

Treatment Culti var 

Inoculated Ca5 
Uninoculated Ca5 

Inoculated KPH 
Uninoculated KPH 

Nitrogen Level Treatments -1 
a 28 168 kg ha 

One Hundred Seed Weight 

19.88at 

18.68b 

19.18a 

17.33b 

g 

19.93a 

17 .1 3b 

19. a 5a 

18.80a 

20.23a 

18.33b 

20.43a 

18.08b 

tMeans followed by the same letter within a column are not signifi
cantly different at P < 0.05 level of significance using Least 
Significant Differences (LSD). 
LSD = 0.65 and 0.63 for 100 seed weight of Ca5 and KPH, respectively. 



Table B-3. Mean Protein Content of Shoot Components of California 
B1ackeye S (CaS) After 3S Days Growth During The 1983 
Growing Season. 

Treatment Plant Part 

Inoculated 1 eaf 
Uninoculated 1 eaf 
Inoculated petiole 
Uninoculated petiole 

Inoculated stem 

Uninoculated stem 

Nitrogen Level Treatments 1 
o 28 168 kg ha-

Protein Content 

20.60at 

13.20b 

8.21 a 

6.86b 

11 .28a 

8.46b 

% 

"23.3Sa 

13.7Sb 

8.62a 

6.83b 

10.82a 

9.63b 

lS.87a 

11 .93b 

6.67a 

6.79a 

9.09a 

6.4Sb 

tMeans followed by the same letter within a column are not signi
ficantly different at P < O.OS level of significance using Least 
Significant Difference (LSD). 
LSD = 2.24,0.62, and 1.11 for leaf, petiole and stem protein 

content, respectively. 

Table B-4. Mean Protein Content of Shoot Components of California 
Blackeye S (CaS After 36 Days Growth During The 1984 
Growing Season. 

Treatment Plant Part 

Inoculated 1 ea f 
Uninoculated leaf 

Inoculated petiole 

Uninoculated petiole 

Inoculated stem 

Uninoculated stem 

Nitrogen Level Treatments_ l o 28 168 kg ha 
Protein Content 

% 
26.68at 23.16a 

1 3.91 b 1 3. 98b 

12.06a 

S.37b 

11 .2Sa 

S.S4b 

9.38a 

S.67b 

9.82a 

9.21 b 

2S.02a 

13.84b 

10.06a 

S.64b 

9.67a 

S.47b 

LSD = 1.96, 1.08, and 2.03 for leaf, petiole and stem protein 
content, respectively. 
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Table 8-5. Mean Protein Content of Shoot Components of Knuckle 
Purple Hull (KPH) Cowpeas After 35 Days Growth During 
The 1983 Growing Season. 

Nitrogen Level Treatments -1 
0 28 168 kg ha 

Treatment P1 ant Part Prqtein Content 

% 
Inoculated 1 eaf 19.93at 22.21 a 12.94a 

Uninocu1ated 1 eaf .14.35 b 15.29b 14.39a 

Inoculated petiole 9.80a 8.67a 6.65a 

Uninocu1ated petiole 7.31 b 7.20b 7.21 a 

Inoculated stem 11 .09a 11 .89a 8.23a 

Uninocu1ated stem 7.52b 6.08b 7.50a 

tMsans followed by the same letter within a column are not signifi
cantly different at P < 0.05 level of significance using Least 
Si gn i fi cant Di fference-CLSD) . 
LSD = 2.28, 0.75, and 1.32 for leaf, petiole, and stem protein 

content, respectively. 
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Table 8-6. Mean Protein Content of Shoot Components of Knuckle Pur
ple Hull (KPH) Cowpeas After 36 Days Growth During The 
1984 Growing Season. 

Treatment Plant Part 

Inoculated leaf 
Uninocu1ated leaf 
Inoculated petiole 
Uninocu1ated petiole 
Inoculated stem 
Uninocu1ated stem 

Nitrogen Level Treatments 1 
o 28 168 kg ha-

Protei n Content 

27.01 at 

13.66b 

13.97a 

6.67b 

13.16a 

6.11 b 

% 
26.14a 

16. SOb 
1· 3. 08a 

7.40b 

12.93a 

6.44b 

22.64a 

16.12b 

10.60a 

7.44b 

10.90a 

7.51 b 

LSD = 1.49, 0.94, and 0.90 for leaf, petiole, and stem protein 
content, respectively. 



Table B-7. Mean Protein Content of Shoot Components of California 
B1ackeye 5 (Ca5) Cowpeas After 51 Days Growth During 
The 1983 Growing Season. 

Treatment P1 ant Part 

Inoculated leaf 
Uninocu1ated 1 eaf 
Inoculated petiole 
Uninocu1ated petiole 
Inocu1 ated stem 
Uninocu1ated stem 

Nitrogen Level Treatments -1 
o 28 168 kg ha 

Protein Content 

22.91 at 

17.61 b 

7.58a 

6.04b 

13.30a 

9.46b 

% 
22.73a 

16.42b 

6.64a 

5.49b 

13.42a 

10.61 b 

20.98a 

22.51 a 

6.32a 

6.02a 

11 .60a 

10.23b 

tMeans followed by the same letter within a column are not signi
ficantly different at P < 0.05 level of significance using Least 
Si gn i fi ca nt Di fference (IS D) . 
LSD = 1.62, 0.65, and 1.20, for leaf, petiole, and stem protein 

content, respectively. 

Table B-8. Mean Protein Content of Shoot Components of California 
Blackeye 5 (Ca5) Cowpeas After 48 Days Growth During 
The 1984 Growing Season. 

Nitrogen Level Treatments 1 
o 28 168 kg ha-

Treatment Plant Part Protei n Content 

% 
22.49at 24.96a 27.77a Inoculated 1 ea f 

Uninocu1ated leaf 15.11 b 16.37b 22.54b 

Inoculated petiole 6.73a 7.04a 8.20a 

Uninoculated petiole 4.23a 5.29a 9.20a 

Inoculated stem 7.77a 7.45a 8.68a 

Uninocu1ated stem 4.63b 4.40 b 8.61 a 

LSD = 2.83, 1.77, and 1.89 for leaf, petiole, and stem protein 
content, respectively. 
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Table 8-9. Mean Protein Content of Shoot Components of Knuckle 
Purple Hull (KPH) Cowpeas After Sl Days Growth During 
The 1983 Growing Season. 

Ni trogen Level Treatments _'I 
0 28 168 kg ha 

Treatment Plant Part Protei n Content 

% 
Inoculated 1 eaf 23.64at 22.71 a 21.7Sa 

Uninoculated 1 eaf 19.84b 19.86b 20.14b 

Inoculated petiole 9.78a 9.41 a 9.S3a 

Uninoculated petiole 7.78b 8.26b 7.71 b 

Inoculated stem 12.l3a 11.72a 11 .37a 

Uninoculated stem 10.31 b 10.72b 10.94a 

tMeans followed by the same letter within a column are not signi
ficantly different at P < O.OS level of significance using Least 
Significant Difference (I'SD). 
LSD = 1.26, 0.32, and 0.82 for leaf, petiole and stem protein 

content, respectively. 

Table 8-10. Mean Protein Content of Shoot Components of Knuckle 
Purple Hull '(KPH) Cowpeas After 48 Days Growth During 
The 1984 Growing Season. 

Treatment Plant Part 

Inoculated 1 eaf 

Uninoculated leaf 

Inoculated petiole 

Uninoculated petiole 

Inoculated stem 

Uninoculated stem 

Nitrogen Level Treatments -1 
o 28 168 kg ha 

Protein Content 

25.98at 

13.69b 

8.07a 

4.80b 

10.22a 

S.lOb 

% 
24.39a 

17.14b 

8.68a 

7.SSa 

10.5Sa 

6.17b 

23.51 a 

19.16b 

10.33a 

5.20b 

9.74a 

6.99b 

LSD = 1.77, 1.13 and 0.80 for leaf, petiole, and stem protein 
content, respectively. 
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Table B-11. Mean Protein Content of Shoot Components of California 
B1ackeye 5 (Ca5) Cowpeas After 70 Days Growth During 
The 1983 Growing Season. 

Treatment 'P1ant Part 

Inoculated leaf 

Uninocu1ated 1 eaf 

Inoculated petiole 

Uninocu1ated petiole 

Inoculated stem 

Uni nocu1 a ted stem 

Nitrogen Level Treatments -1 
o 28 168 kg ha 

Protein Content 

17.35at 

16.94a 

6.53a 

5.1Sb 

8.56a 

7.16b 

%------o a a 
18.58 20.61 
16.51 b 12.48b 

7.28a 7.68a 

5.35b 5.75b 

8.74a 8.40a 

7.17b 6.63b 

tMeans followed by the same letter within a column are not signi
ficantly different at P < O.OS level of significance using Least 
Significant Difference (ISD). 
LSD = 1.64, 0.79, and 0.89 for leaf, petiole and stem protein 

content, respectively. 

Table B-12. Mean Protein Content of Shoot Components of California 
B1ackeye 5 (CaS) Cowpeas After 66 Days Growth During 
The 1984 Growing Season. 

Nitrogen 
0 

Level Treatments -1 
28 168 kg ha 

Treatment Pl ant Part Protein Content 

% 
Inoculated 1 eaf 21.6Sat 24.54a 24.49a 

Uninocu1ated leaf 9.99b 14.20b 14.13b 

Inoculated peti ole 6.62a 8.59a 8.68a 

Uninocu1ated petiole 3.76b 4.69 b 4.97b 

Inocu1 ated stem 8.39a 8.89a 8.48a 

Uninocu1ated stem 4.07b 5.60b 5.31 b 

LSD = 1.72, 0.78, 0.91 for leaf, petiole, and stem protein 
content, respectively. 



Table 8-13. Mean Protein Content of Shoot Components of Knuckle 
Purple Hull (KPH) Cowpeas After 70 Days Growth During 
The 1983 Growing Season. 

Treatment Plant Part 

Nitrogen Level Treatments -1 
a 28 168 kg ha 

Protein Content 

Inoculated 1 eaf 2l.52at % 
20.32a 21 .56a 

Uninoculated 1 eaf l3.53b l4.84b 11 .50b 

Inoculated petiole 8.l6a 8.a7a 7.64a 

Uninoculated petiole 5.37b 6.98b 5.29b 

Inoculated stem 10.34a l3.35a 10.7l a 

Uninocu1ated stem 7.89b 7.92b 5.48b 

tMeans followed by the same letter within a column are not signi
ficantly different at P < 0.05 level of significance using Least 
Significant Difference (rSD). 
LSD = 1.11, 0.88, and 1.47 for leaf, petiole, and stem protein 

content, respectively. 

Table 8-14. Mean Protein Content of Shoot Components of Knuckle 
Purple Hull (KPH) Cowpeas After 66 Days Growth During 
The 1984 Growing Season. 

Ni trogen Level Treatments -1 
a 28 168 kg ha 

Treatment Plant Part Protein Content 

% 
Inoculated 1 ea f 23.58at 19.95a 21.D8a 

Uninocu1ated 1 eaf 11 .43b l6.67b l4.l9b 

Inocul a ted petiole 9.73a 9.69a 9.D6 a 

Uninoculated petiole 5.36b 5.l2b 5.14b 

Inoculated stem 10.85a 13.37a 11 .17a 

Uninoculated stem 6.97 b 6.61 b 7.16b 

LSD = 1.71, 1.03 and 1.09 for leaf, petiole, and stem protei n 
content, respectively. 
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