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ABSTRACT

This study was conducted in an effort to select heat and salt 

tolerant symbiotic systems for cowpeas (Vigna unguiculata (L.) Walp«,) 

and mung beans (Vigna radiata (L.) Wilczek). Seventy cultivars of each 

plant species were screened in Safford, Arizona. Based on seed yield, 

the two most tolerant cultivars were selected for further study in growth 

chambers. The nitrogen fixing efficiencies of eight strains of cowpea- 

and mung bean-type Rhizobia spp. were evaluated under conditions of heat 

and salt stress. Commercial cultivars were inoculated with these 

strains and grown in growth pouches. Symbiotic efficiency was determined

by presence and activity of nodules on the roots.

Leonard jars were used to evaluate the nitrogen fixing effi

ciencies of the selected symbioses under conditions of heat and salt 

stress. Efficiency in this experiment was determined,by acetylene re

duction assay, shoot, root, and nodule weights, nodule numbers and

nitrogen content. Although no one combination of plant cultivar or 

rhizobia strain was most efficient for cowpeas or mung beans, strain 

CB756 showed the most consistent tendency towards superiority. Re

sponse varied with strain and cultivar, but in general, nitrogen fixa

tion efficiency was decreased by increased salt level and temperature. 

Effects of salt tended to be more significant than those of temperature 

particularly for mung beans.

x



INTRODUCTION

Cowpeas (Vigna un^uiculata (L.) Walp.9 also V. sinensis) and 

mung beans (Vigna radiata (L») Wilczek) are two important pulse crops 

which are already grown extensively in countries such as China3 India, 

the Phillipines, Thailand, Sri Lanka, Pakistan (mung beans) and Japan 

(cowpeas) (Oba, 1972).

Traditionally, in developing African countries, pulse crops 

have not been grown because of the abundance of animal protein. How

ever, game supplies are being depleted through over-hunting and seclu

sion of existing game on wildlife preserves. Cattle production is 

limited by disease and except in coastal areas, fish protein is not 

utilized efficiently. Pulse crop production could be an alternative 

to animal protein utilization, but besides the low economic incentive 

there is the problem of getting people to accept legumes as a major 

food source (Smartt, 1976).

In order to make the growing of pulse crops economically and 

socially feasible in developing countries, production methods must be 

developed which lower costs and increase yields without* infringing on 

traditional practices and beliefs. Symbiotic nitrogen (N) fixation can 

be used to replace or supplement the use of N fertilizers on pulse 

crops. Studies have shown that the use of symbiotic N fixation in 

cowpeas not only supplies 83-89 percent of the plants total N needs, 

but nodulation also enhances yield (Eaglesham et al., 1977).
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Many of the countries where pulse crop production is important 

have arid or semi-arid environments (see Appendix A, Table A.5). In ad

dition to high temperatures there is a problem with increasing soil 

salinity in the lesser developed countries where crops are grown under 

irrigation (Matlock, personal communication, 1979). In order to im

prove yields in these countries without extensive fertilizer use it is 

necessary to maximize the efficiency of symbiosis under these environ

mental conditions. According to Minchin, Summerfield and Eaglesham 

(1978) the three major factors affecting symbiosis in tropical environ

ments are tolerance to high soil temperatures, competition of the in

oculated Rhizobium spp. with indigenous microflora, and tolerance to 

water stress. These conditions also apply to arid and semi-arid en

vironments. In their studies on cowpea genotype versus rhizobium 

strain interactions, Minchin et al. (1978) found significant variations 

between cultivars and strains with no single strain being most effec

tive for all plant cultivars.' They concluded that any breeding pro

gram designed to select for stress tolerance in pulse crops must 

include both symbionts.

The purpose of this study was to maximize N fixation efficiency 

in cowpeas and mung beans under conditions of heat and salt stress 

through a series of screenings. Tolerant plant species were selected 

based on yield data of uninoculated cowpeas and mung beans grown in 

Safford, Arizona, an area where temperatures .frequently exceed 40 C in 

June and July and salt levels in surface soils of cultivated fields 

can reach 7000 ppm (10 mmhos/cm).
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Rhizobia strains were screened for ability to nodulate under 

stress conditions on commercial varieties of cowpeas and mung beans„ 

Combinations of the most tolerant plants and bacteria were subsequently ' 

subjected to heat and salt stress and evaluated to determine if any one 

combination was most efficient.

{



LITERATURE REVIEW

Cultural Aspects of Cowpeas and Mung Beans 

Cowpeas can be trailing, climbing or erect; have trifoliate 

leaves and off-white, yellow or purple flowers. The seeds vary in 

size, shape and color, but usually have a dark area around the hilum; 

hence the common name "black-eyed pea". Mung beans, also called green 

or golden gram, are mostly bush-type (erect) plants with trifoliate 

leaves, yellow flowers and small, round or cylindrical seeds which are 

usually green (Smartt, 1976).

Like most pulse crops, cowpeas and mung beans are important 

because of the high protein content of their seed; 23.4% in cowpeas 

and 23.6-23.9% in mung beans (Smartt, 1976; Litzenberger, 1973). Ex

pressed as ’percent egg protein’ for comparison, the nutritional value 

of cowpeas is 57 and of mung beans 32 percent egg protein (Litzenberger, 5 

1973). Although high in protein, cowpeas and mung beans lack sulfur 

containing amino acids and tryptophan, and must be supplemented in any 

diet by grains (Smartt, 1976).

There are problems associated with the introduction and culti

vation of pulse crops. Legumes are considered to be low yielding when 

compared to grains, and are not traditionally grown on a sole-crop 

basis because farmers do not believe legumes grow well alone (Baluch, 

1972; Hays and Rahja, 1977). Yields range from 112.5-2150 kg/ha for 

cowpeas and 300-1500 kg/ha for mung beans (see Appendix A, Table A.5).

4



In Nigeria low yields in cowpeas are attributed to intercropping 9 which 

leads to small plant populations; severe insect damage; and disease 

(Hays and Rahja, 1977). There are also problems associated with har

vesting. In many varieties of cowpeas and mung beans the pods shatter 

upon maturing and crops must be hand harvested four-five times, some

times as often as once a week (Lampang, 1972; Hays and Rah j a , 1977)..

In addition to being time consuming, the harvest labor demand of pulse 

crops can conflict with the harvest of other more economically profit

able crops such as cotton, wheat and barley (Hays and Rah j a , 1977).

The use of N fixation could make the production of legumes 

economically worthwhile in lesser developed countries by decreasing 

cost and increasing yields. Dart et al. (1977) found that nodulated 

cowpea plants produced almost 40% greater seed yields than fertilized, 

non-nodulated plants regardless of the amount or timing of N fertilizer 

application. Differences in yield on nodulated versus non-nodulated 

plants were mainly due to increases in the number of seeds per plant 

which resulted from increased branching and increased pod set and/or 

pod retention. Nodulated plants also had higher fruit to total plant 

dry weight ratios than non-nodulated plants (Summerfield et al.,

1977).

Although actively growing plants use 93% of the N fixed by 

nodules once nodulation is initiated (Ezedinma, 1964), there remains . 

a period of time between cotyledon loss and the onset of active fixa

tion where the plant needs an outside source of N to maintain seedling 

vigor. Several studies have shown that low levels of N (20-30 ppm)



enhance nodulation of cowpeas (Suiranerffeld et al. 5 1977; Ezedinma, 1964; 

Eaglesham et al., 1977; Dart et al., 1977)• While the use of symbiotic 

N fixation may not eliminate the need for N fertilizers, it can greatly 

reduce the number and amount of applications, thereby reducing crop 

production costs.

The emphasis in this literature review will be on the effects of 

heat and salt stress on N fixation in cowpeas and mung beans, however

some reference will be made to the effects of day length and moisture

stress because these factors are considered to b e .intimately involved in 

heat and salt stress effects (Tewari, 1966; Marshall, 1964; Wilkins, 

1967; Mahdi and Habish, 1975; Dart and Mercer, 1965)„

Dart and Mercer (1965) describe four major stages of symbiosis 

where stress can have an effect on N fixation efficiency. The first is 

its effect on the development of rhizobia in the rhizosphere. The 

second stage depends on the growth pattern of the plant which affects

the number of infection sites, the supply of 1 substratesv for N fixation

and the removal of fixation products. Once infection has been estab

lished stress can affect development of nodules and organization of the 

N fixing system. Finally, there is the effect of stress on the nitro- 

genase enzyme.

Effect of Heat and Salt Stress (
on Rhizobia Survival

Optimum temperature for survival of rhizobia in the soil varies 

with cross-inoculation group and strain within group. Several studies 

have indicated that moisture content of the soil also has a significant 

effect on survival, with higher survival rates in dry soil (Marshall,



1964; Day et al. 5 1978; Wilkins* 1967). Marshall suggested that in dry 

soils with fine textures there could be an interaction between fine 

particles and bacteria which increases survival. He also noted that 

slow-growing strains (which includes many associated with cowpeas and 

mung beans) were less susceptible than the faster growing ones. Bowen', 

and Kennedy (1959) found that for the pea-bean inoculation group maxi

mum temperature for growth was 32-32.7 C. In a group which he referred 

to as 'tropical legume miscellany' he found a wide range of maximum 

temperatures: 32-42 C. Allison and Minor (1940) reported an optimum 

range for rhizobia in general of 29-31 C. Native rhizobia seem to have 

an ecological adaptation to higher temperatures (Wilkins* 1967)* and it 

is possible that some of the heat-tolerant strains are spore formers 

(Bowen and Kennedy* 1959).

Besides genetic selection* various management practices have 

been suggested in the literature to improve rhizobia survival at high 

temperatures. These include lime pelleting (Philpotts* 1976), in

creasing inoculation rates (Bowen and Kennedy* 1959) and increasing 

the amount of fine particles in the soil (Marshall* 1964).

Tolerance of Rhizobia spp. to salinity is not as well documented 

as temperature. Steinbom and Roughley (1975) reported wide variations 

among strains of the same cross-inoculation group when grown on agar 

slants with 0 to 4% NaCl (68.45 mmhos/cm). The highest concentration 

of NaCl permitting growth was 3.5% (59.89 mmhos/cm) with growth ap-
i

pearing only after fourteen days. For CB756, a common cowpea-type 

strain the maximum NaCl concentration was 0.5% (8.56 mmhos/cm) and 

required four days for growth to appear. Overall* the number of



rhizobia at 3% NaCl (51.33 'imnhos/cm) was reduced to one tenth or one 

twentieth of growth on regular agar and time to appearance of colonies 

was delayed six to sixteen days, depending on strain. Steinbom felt 

that the delayed growth was due to a period of adaptation of existing 

cells rather than mutation because of the large number of colonies found 

on salt agar slants.

Effects of Heat and Salt Stress on 
Growth of Cowpeas and Mung Beans

The literature agrees that temperatures above 33 C reduce the 

yield of cowpeas. Huxley and Summerfield (1976) reported a 49% de

crease in the number of pods per plant using cultivar TK2809’. There 

was also an increase in mean seed weight, but number of pods per plant. 

had the greater effect on overall yield. Wien and Ackah (1978) found 

that higher temperatures decreased the. length of reproductive period 

causing a subsequent decrease in pod length, and pod and seed dry 

weight. The increased senescence at higher temperatures was attributed 

to an increase in the rate of demand by the pods for carbohydrates and 

N during pod fill. In another study seed yields of the cultivar K2809 

were 50% less at 33 C than at 27 C (Stewart and Summerfield, 1978).

Yield reduction was attributed to an increased abortion of peduncles, 

flower buds, flowers and young pods. Stewart and Summerfield also re

ported that with large diurnal variations and high day time temperatures 

(19-33 C) cultivar K2809 produced a large number of abnormal flowers 

with restricted stamen growth which inhibited self-pollination.

Short periods of heat stress (10 hours, 45 C) at various times 

during germination reduced the rate of elongation and the final length



of cowpea seedlings with most detrimental effects occurring in seedlings 

stressed on the first day of germination (Onwueme, 1974). In an ad

ditional study Onwueme and Lawanson (1975) stressed six day old cowpea 

seedlings for sixteen hours at 4G C and found that chlorophyll accumula

tion was retarded up to ninety hours but thereafter, levels remained 

higher than those in unstressed seedlings. Reduction of chlorophyll at 

high temperatures was also shown by Adelusi and Lawanson (1978) along 

with retardation of leaf elongation.

No references could be found at this time on heat stress in 

mung beans, but Mungomery, Byth and Williams (1972) reported that mung 

beans were more tolerant of environmental stress than cowpeas but re

sponded less readily to favorable growth conditions.
i

Effects of salt stress can be due to toxicity or changes in

osmotic potential. Cowpea cultivars varied in ability to germinate
2satisfactorily at salt levels ranging from 3-12 mmhos/cm (Paliwal and 

Maliwal, 1973). Salt tolerance also varied with stage of growth.
2Germination decreased with increasing salinity from 3-18 mmhos/cm and 

seedling height was reduced 70-95% at the highest level of salt stress.

Sodium chloride levels of 0.15 M (18.61 mmhos/cm) decreased 

transpiration in cowpeas seven to fourteen times. Plant height, leaf 

area and shoot dry weight were all strongly decreased, but roots were 

only slightly affected. Relative water content of plant tissue was 

slightly decreased by high levels of salt (Imbamba, 1973). Narain,

Singh and Pal (1977) also found that cowpea yields decrease with in

creasing salinity.
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Cotyledon protein in germinating cowpeas seeds decreased at a 

slower rate when seeds were germinated in 0.106 M NaCl (13.15 mmhos/cm) 

compared with distilled water (Frisco and Vieira, 1976). Since the 

salt did not affect protease activity (breakdown of proteins in coty

ledon) Frisco and Vieira felt that translocation of protease end products 

to the embryo axis was being affected by mass action accumulation of 

these compounds in the cotyledons.

Balasubramanian and Sinha (1976) felt that salt stress affected 

symbiosis in cowpeas and mung beans in some way other than reduction of 

N fixation because relative percent N was the same for stressed and'un

stressed plants even though total N decreased with increased stress.

Both species exhibited retarded leaf, stem and root growth with mung 

beans being more sensitive to salt stress than cowpeas.

Salt levels of 5 and 10 sieman/cm (5000 mmhos/cm) caused in

hibition of RNase in cotyledons and roots of mungbean seedlings, but 

increased its activity in embryo axis and leaves. DNase activity in

creased in all seedling parts and in general there was a reduction of 

or no effect on protease activity. The exception was in seedling leaves 

where protease activity was doubled (Sheoran and Garg, 1978).

Effects of Heat and Salt Stress on Modulation 
and N Fixation in Cowpeas and Mung Beans

Nodule formation, N fixation and nitrogenase activity are all 

reduced at high temperatures (Waughman, 1977; Lie, 1974; Day et al.,

1978). While the maximum temperature for symbiosis is lower than for 

the host plant alone (Lie, 1974), the symbiotic system is capable of
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piaking rapid recoveries from stress. The cause of stress is many times 

associated with a decrease in the supply of photosynthates to the 

nodules and recovery is associated with an overall level of improvement 

of host photosynthesis. The symbiotic system can adapt to stress by 

increasing levels of nitrogenase, amount of nodule tissue, or longevity 

of existing nodules (Gibson, 1976).

There are contradictory reports as to what stage of nodulation 

is most affected by high soil temperatures. Inoculated cowpea seed

lings stressed (short term) in the first three days of growth had no 

nodules but short term stress thereafter had no effect on nodulation. 

This would indicate that nodule initiation rather than development is 

hindered. Plants grown in varying temperature regimes showed decreases 

in growth, nodule dry weight and nitrogenase activity that were in

versely proportional to temperature. Most rapid decline was at 38-40 C 

and no nodules formed above 40 C (Day et al., 1978).

Minchin, Huxley and Summerfield (1976) found that temperatures 

above 32 C significantly reduced vegetative growth in cowpeas and that 

at 35.4 C nodule activity was reduced. Percent N of various plant 

parts remained the same which led them to believe that just nodule in

itiation was affected. Lie (1974) reported a prolonged time interval 

to nodule appearance and suggested that this was due to rapid degenera

tion of bacteroid tissue or absence of root hairs suitable for nodule 

initiation at high temperatures.. High temperatures reduced rhizobia 

survival, nodule initiation, and nodule formation according to Philpotts 

(1967). Her data showed a reduction in the number of large nodules and
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the number of effective nodules, 'indicating that nodule development and 

formation were more sensitive than nodule number.

Salinity effects were similar to heat effects with nodule in

itiation being more affected than development (Balasubramanian and 

Sinha, 1976). Dry weight per nodule was higher for salt stressed cow- 

peas and mung beans, but nodule number was lower.

Research indicates that because of genetic variation in response 

to heat and salt stress it is possible to screen cowpeas, mung beans and 

Rhizobia spp. for maximum N fixation efficiency under these conditions. 

Under field conditions factors related to heat and salt stress such as 

soil moisture content and daylength must be taken into consideration. 

Soil moisture can have significant effects on rhizobia survival at high

temperatures and varying moisture tends to vary the number and dry
/

weight of.nodules (Habish and Mahdi, 1976). Some varieties of cowpeas 

and mung beans are daylength sensitive for time to first flower and it 

has been shown that daylength can affect nodulation as well (Habish and 

Mahdi, 1976; Mahdi and Habish, 1975). Tewari (1966) even suggested that 

daylength was the principle factor affecting nodulation. Daylength ef

fects could be important if information from research was to be applied 

to areas with significantly different daylengths.



METHODS

This study was conducted as a series of screenings for maximiz

ing N fixation efficiency under conditions of heat and salt stress. The 

first screening involved a field study to select heat and salt tolerant 

varieties of cowpeas and mung beans without inoculation. Strains of 

Rhizobia spp. were subsequently evaluated for tolerance to heat and 

salt stress in a laboratory growth pouch study. Symbiotic combinations 

from the results of the first two screenings were subjected to a further 

screening in a laboratory Leonard jar study to determine which combina

tions-, if any, were most efficient under heat and salt stress conditions.

Field Study

Sixty cultivars each of cowpeas and mung beans (see Appendix A ? 

Tables A.1 and A. 2) were planted at the University of Arizona Experi

mental Farm in Safford, Arizona on June 17, 1977. The maximum daytime 

temperature on that date was 39.4 C . Average maximum daytime tempera

tures in Safford for June and July from 1975-1979 were 36.5 and 36.6 C 

respectively. Minimum night temperatures for those months were 14.1 

and 20.1 C (University of Arizona, Safford Experimental Farm, Weather 

Data). Soil analysis at time of planting gave:

pH _ 7.9 meq/1 K e 0.8
E.C. x 10 4.9 exchangeable Na % 14
ppm salts 3620 ppm N 44.0
meq/1 Na 37.6 ppm P 5.6

13
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{Seeds were planted about two inches deep with a cone planter at a rate 

of six/foot. In order to determine the presence or absence of native 

Rhizobia spp. capable of nodulating cowpeas and mung beans5 the seed was 

not inoculated. The field was irrigated immediately after planting and 

as often as needed after that.

Growth Pouch Study 

Eight strains of cowpea- and mung bean-type rhizobia were 

screened for tolerance to heat a!nd salt stress (Table 1) in growth 

pouches (Figure 1). The paper wick was folded to create the deeper 

trough. Plastic elbow straws were placed in one side of the pouch to 

facilitate watering, and sampling to determine salt concentration.

Table 1. Source country and inoculation rates 
used in growth pouch screening.

of Rhizobia spp. strains

Rhizobia Strain Source ///Seed

571 Rhodesia

Oxot—ii
00 o 1—1

591 Rhodesia 107-108
618 Rhodesia H 0 *'

-J 1 H O 0
0

581 Rhodesia 108-109

484 Rhodesia 106-107

C5 Argentina

00OT—1 1
r**oH

CB756 Australia H 0 1 H O

NA-826 Argentina H O o
>

o
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w

Figure 1: Scientific Products Seed-Pack Growth
Pouch Catalog No. B1220.

a) perforated lines for seed trough
b) paper germination toweling
c) 40 ml nutrient solution or nutrient

solution + 4000 ppm salt
d) plastic elbow straw
e) side view of paper germination

toweling with seed in trough



Salt concentrations were determined once a week, and maintained by ad

ditions of sterilized nutrient solution, nutrient solution plus 4000 ppm 

salt, or deionized water. Pouches were filled with either 40 ml of 

nutrient solution (see Appendix B) or 40 ml nutrient solution plus 4000 

ppm salt and then autoclaved for one-half hour at 121 C, and 15 psi.

The 4000 ppm salt consisted of 1000 ppm each of NaCl, K^SO^, MgSO^-yH^O 

and CaCl^'ZH^O. Cowpea seeds, cultivar 'Blue Goose1, and mung bean 

seed, cultivar 1Berken' were surface sterilized (rinsed with 95%

Ethanol, soaked for three minutes in 0.2% acidified mercuric chloride, 

rinsed with five changes sterile water) and planted in pouches, two 

seeds per pouch. Seeds were inoculated by pipetting 0.2 ml of inoculum 

directly onto each seed. Inoculum was made by growing rhizobia to log 

phase in Yeast Extract Mannitol Broth (YEMB) (see Appendix B). Half of 

the pouches were placed in a growth chamber at 27 C (Percival walk-in 

growth chamber model //PGW-9675) . The remaining half were grown at 40 C 

in another chamber (Corporation West Environator model #E42SS). Re

spective night temperatures were 16 and 27 C , daylength was twelve 

hours. Each host-strain symbiosis plus uninoculated controls for each 

species was replicated four times. The number of Rhizobia spp. applied 

per seed was determined by plating the inoculant at various dilutions 

(Table 1),

Leonard Jar Study 

The two most heat and salt tolerant varieties of cowpeas and 

mung beans selected from the Safford screening and the two most tolerant 

Rhizobia spp. for each (growth pouch study) were used in this study.
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See Figure 2 for schematic diagram of Leonard jar adapted from Vincent 

(1970). Leonard jars were sterilized for two hours at 120 C and 15 psi 

before planting.

Each host-symbiont combination was subjected to two temperature 

regimes: 27/16 C and 32/27 C, day/night, and two salinity levels: 1/5 

strength nutrient solution or 1/5 strength nutrient solution 4- 4000 ppm 

salt. Uninoculated controls were grown for each cultivar and treat

ments were replicated four times. Seeds were planted three per jar and 

inoculated with one ml of log phase culture grown in YEMB. Uninoculated 

seeds were treated by dripping one ml of sterile water onto each seed.

The number of rhizobia per seed was determined by plating inoculum at 

different dilutions (Table 2). Plants were placed in Percival growth 

chamber and grown in 12 hours of daylight. To prevent seeds from drying 

out in the high temperature study jars were watered daily from the top 

with sterile water until seed germinated. Seed was pregerminated for the 

low temperature study. After seedlings emerged, petri dish halves were 

removed and perlite was added to reduce evaporation and decrease risk of 

cross contamination. Mason jars containing sterilized nutrient solution 

were replaced weekly. When seedlings were well established they were 

thinned to two per jar where necessary.

Acetylene Reduction and Gas Chromatography

One quart Mason jars with one piece lids were used for acety

lene reduction chambers. Septa were secured in lids with caulking for 

introduction of acetylene and sampling. Roots were separated from 

shoots by severing at the cotyledon sears and then rinsed carefully to
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Figure 2: Leonard jar assembly.
(modified from Vincent, 1970)

a) petri dish half (removed 
seedling emergence)

after

b) perlite (added after seedling
emergence)

c) autoclave tape
d) aluminum foil
e) nutrient solution - 1/5 

(see Appendix II)
strength

f) cotton plug
g) 20 grit silica sand
h) inverted ’fifth’ bottle 

bottom cut off
with

i) 1 quart mason jar
j) autoclave tape
k) cotton rope wick
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Table 2. Selected cultivars based on 

selected strains of Rhizobia 
inoculum used in Leonard jar

yield data and soil 
spp.; and ///seed in 
experiment.

samples, 
one ml of

Yield ppm # Bacteria
(gm/100 Soluble Rhizobia per Seed

Cultivar Seed) Salts spp. 33C 27C

Cowpeas

Speckeled -6 -7Purple Hull 20.5 3444 CB756 10 10
-6 -7Big Boy 29.4 3479 591 10 10

Mung Beans
-6 -7P1376963 4.6 2464 CB756 10 10

PI246130 3.8 2065 484 10~6 H O 1



20
remove sand without losing nodules. After securely tightening lid of 

jar with roots in it, 50 cc of air were removed with a syringe. Fifty 

cubic centimeters of acetylene were injected into the jar. The plunger 

of the syringe was raised and lowered three times to facilitate mixing 

of air and acetylene in the jar. After thirty minutes a sample was 

taken with a double needle and a vacutainer (16 x 100 mL) • Roots were 

dried to obtain root weight, nodule weight and nodule number. Gas 

samples were analysed by gas chromatography (Varian model 3700) using 

a one ml sample (Precision Sampling Corp series f,A-2n TPressure-Lok? 

syringe, catalog # 050033).

Micro-Kjeldahl-Total % N Analysis
xTotal % N was determinedxfor shoots of low temperature study 

only using micro-Kjeldahl techniques (Bremner, 1965). Samples of 100 mg 

of dried shoot tissue were digested with 3 ml concentrated sulfuric acid 

and about 2.5-3.0 gm catalyst mix of K:Cu:Se (100:6.39:1) for three 

hours after clearing. Samples were then distilled with 10 ml 50% (W/W)

NaOH and collected in 5 ml Boric, acid indicator solution (saturated 2%
+ + ■Boric acid with Na -bromcreosol green and Na -methyl red, 5:1). After

50. ml had distilled over samples were titrated back to their original

color with 0.Q2|I potassium biiodate.

Calculation of % N:

(ml titrated - ml blank) x 14 x 0.02N = %N)



RESULTS AND DISCUSSION

Field Study

Plots were observed bi-weekly for presence of nodules by digging 

up several plants• . Ripe pods were picked regularly to reduce yield loss 

due to shattering. Final harvest occurred on October 20, 1977 at which 

time soil samples were taken from the ten best appearing plots of both 

cowpeas and mung beans to determine level of salt stress. Cowpea 

yields ranged from 0.3 to 502.0 gm/plot and mung bean yields from 1.0 

to 490.0 gm/plot which indicates that genetic variability exists for 

tolerance to heat and salt stress. The roots of all harvested plants 

were examined for nodules; none were found. Based on yield and ppm 

soluble salts in soil samples cowpea cultivars Speckled Purple Hull 

and Big Boy and mung bean cultivars P.I. #376963 and #246130 were
v  . - ■selected as tolerant to heat and salt stress (Table 2). These culti

vars were subsequently used in the Leonard jar study.

Growth Pouch Study 

After four weeks plants were removed from growth pouches and 

their roots were examined for the presence of nodules. Nodules were 

visually rated as active or not active based on presence or absence of 

pink coloration. Degree of -nodulation was ranked as follows: no

nodules, few or small-sized nodules, moderate or medium-sized nodules, 

and many or large-sized nodules. The relative nodulation ability of 

the strains was compared for high and low temperature and salt

21
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treatments. Strains CB75"6 and 591 were selected as most tolerant for 

cowpeas and CB756 and 484 for mung beans.

Leonard Jar Study 

Mung beans were harvested after eight weeks when 50% of the 

plants in the high temperature regime had flowered. Cowpeas were 

harvested after ten weeks even though they had not begun to flower in 

the high temperature regime because plants were beginning to trail thus 

making the Leonard jars unstable. Both species matured at a faster 

rate in the lower temperature regime but harvest times were kept at 

eight and ,ten weeks for comparison. Mung beans were well into pod fill 

by this time and cowpeas were at about 25% flowering. After severing 

roots from shoots at the cotyledon scars and running acetylene reduc- 

tion on roots with nodules, shoots and roots were dried at 65 C for 

twenty-four hours. Nodules were subsequently removed, counted and 

weighed. Dry weights were also obtained for root and shoot material. 

Percent N and total N were determined using micro-Kjehldahl techniques 

for low temperature shoot material.

Analysis of Variance

The seven variables; root, shoot and nodule weight, nodule 

mass, and total and %N; were analyzed using the Statistical Package 

for Social Sciences (1977). Four factors: plant cultivar, Rhizobia

spp. strain, salt level and temperature and all their interactions
\were considered. Interactions were analyzed at the five percent level 

of significance using Least Significant Difference (LSD) or the 

Student-Newman-Kuel (SNK) tests of significance.
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Cowpeas.

Nodule Weight, Nodule Number and Acetylene Reduction (Tables 3 and 

4): No significant differences were found for mean nodule weight based 

on plant cultivar or rhizobia strain'. Effects of heat and salt stress 

,on nodule weight were not consistent. Analysis of the salt by tempera

ture interaction showed that at the low salt level nodule weight de

creased as temperature increased. At the high salt level however 

nodule weight increased as temperature increased. The inconsistent 

response of nodule mass to heat and salt stress could have been due to 

the large but ineffective nodules found on plants in the high salt, 

high temperature treatments. The salt by cultivar interaction indi

cated the addition of salt decreased mean nodule weight for Speckled 

Purple Hull but not Big Boy. Lack of a significant cultivar difference

at the high salt level would prevent concluding that Big Boy was more

salt tolerant than Speckled Purple Hull based on its similar perform

ance at both salt levels.

Nodule number was not significantly affected by any of the 

factors in this experiment.

Acetylene reduction was decreased by the addition of salt re

gardless of plant cultivar, temperature or rhizobia strain. The

cultivar by temperature interaction was significant because for

Speckled Purple Hull acetylene reduction decreased as temperature de

creased but for Big Boy acetylene reduction increased as temperature 

decreased. Rhizobia strains reacted differently to plant cultivar 

which is shown in the cultivar by bacteria interaction. The only 

combination that was significantly higher in acetylene reduction was



Table 4. Analysis of variance for cowpeas: Nodule weight, nodule number and acetylene reduction.

Nodule Weight Nodule Number Acetylene Reduction
Sum of 
Squares

Sig. 
DF of F

Sum of Sig, 
Squares DF of F

Sum of Sig. 
Squares . DF of F

Source of Variation
Main Effects^- 19286.356 4 .252 1024.413 4 .867 219.451 4 .001

V 502.135 1 .705 2.168 1 .959 11.497 1 ,143
S 13830.814 1 .052 864.884 1 .309 202.190 . 1 .001
T .684 1 .989 176.663 1 . 644 .841 1 .689
B 5316.024 1 .222 17.583 1 .884 .759 1 .704

Interactions
2-Way 66263.895 6. .011 2469.415 6 .801 117.897 6 .004

V 14383.402 1 .048 365.862 1 .507 18.239 1 .067
V 512.776 1 .702 188.174 1 .633 39.129 1 .009
V 13191.288 1 .057 199.017 1 .624 29.638 1 .021
S 31497.298 1 .004 1493.557 1 .183 18.221 1 .067
S 670.995 1 . 662 11.191 1 .907 .230 1 .834
T 717.745 1 .651 107.238 1 .719 5.048 1 .329

3-Way
V 13072.376 4 .447 3364.377 4 .402 90.238 4 .005
V 1816.705 1 .472 215.858 1 .610 63.845 1 .001
V 9725.735 1 .101 649.815 1 .377 16.943 1 .077
s . 818.795 1 .629 1779.030 1 .147 1.180 1 .635

4-Way 409.310 1 .732 560.968 1 .411 9.641 . 1 .179
V 24.890 1 .933 466.821 1 .453 13.869 1 .109

24.890 1 .933 466.821 1 .453 13.869 1 .109
Explained 98647.518 15 .050 7325.025 15 .859 441.454 15 .001
Error 148658.583 43 35068.500 43 222.338 43
Total 247306.102 58 • 42393.525 58 663.792 58
J-On all analysis of variance tables:TV T indicates cultivar,1S? indicates s a l t , ?T T indicates
temperature, and fB ? indicates Rhizobia spp. strain or control.



CB756 and Big Boy when compared to CB756' and Speckled Purple Hull. In 

general CB756 was more efficient with Big Boy and 591 was more efficient 

with Speckled Purple Hull. Analysis of the three way salt by cultivar 

by temperature interaction gave three significant differences; Big Boy

had significantly less acetylene reduction when salt was increased at
{the lower temperature, Big Boy had considerably less acetylene reduc

tion when temperature was increased at the lower salt level, and
\

Speckled Purple Hull showed a significant decrease in acetylene reduc

tion when salt level was increased at the high temperature. Although 

not statistically significant. Speckled Purple Hull appeared to be more 

tolerant of higher temperatures than Big Boy based on visual observa

tion and trends in data.

Shoot and Root Weight (Tables 5 and 6): In general shoot weight was 

decreased by increased salt and temperature. Analysis of the salt by 

temperature interaction showed that the only significant decreases oc

curred when temperature was increased at the low salt level and when 

salt was increased at the low temperature. Symbiotic combinations re

sponded differently to salt stress as shown in the cultivar by salt by 

bacteria interaction. Big Boy accumulated more shoot weight at the low 

'salt level when inoculated with CB756 versus 591. Inoculated Big Boy 

plants had significantly more shoot weight than controls. Speckled 

Purple Hull did not respond differently to rhizobia strain at either 

salt level. At the high salt level, inoculation did not produce more 

shoot weight than controls possibly because contamination of controls 

was more prevalent for Speckled Purple Hull. Inoculation did produce
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Table 5. Cowpea shoot and root weight as influenced by Rhizobia spp. 

strain, temperature and salt level.^

Shoot Weight Root Weight
33C 27C 33C 27C

(mg/plant)

Speckled Purple Hull
Rhizobia spp. strain

Nutrient CB756 2268 4638 2072 1617
Solution 591 4080 4711 2279 2011

Control 1349 354 1377 681
Nutrient CB756 1235 1001 1286 503
Solution 591 1503 777 1342 420
+ Salt Control 1164 174 • 1100 318

Big Boy 

Nutrient
Rhizobia spp. strain 

CB756 2748 6215 1961 2039
Solution 591 1753 4177 1400 1997

Control 368 656 1160 738
Nutrient CB756 1783 1349 1068 508
Solution . 591 1771 1713 1289 500
+ Salt . Control 513 364 929 400

No significant differences found for plant variety or Rhizobia spp. 
strain. Significant interactions analyzed at the 5% level using LSD 
or SNK tests.

2No significant differences found for plant variety or Rhizobia spp. 
strain.

3See Table 6 for significant interactions.



Table 6. Analysis of variance for cowpeas; shoot and root weight.

Shoot Weight Root Weight
Sum of Sig. Sum of Sig.
Squares DF of F Squares DF of F

Source of Variation 
Main Effects 108147485.620 5 .001 18447978.858 5 .001

V 140386.674 1 .654 144054.618 1 .393
S 81574871.971 1 .001 16935388.385 1 .001
T 12951707.008 1 .001 2078459.990 1 .002
B 3233542.712 2 .107 187801.423 2 .618

Interactions 
2-Way 45805111.945 8 .001 3553182.615 8 .037
V S 1440197.100 :1 .155 22646.404 1 .734
V T 1853519.254 1 .108 649522.362 1 .073
V B 4158687.899 2 .059 168051.052 - 2 .650
S T 25985190.253 1 .001 2249104.641 1 .001
S B 1392390.334 2 .372 11748.070 2 .970
T B 1227311.028 1 .188 36230.372 1 .667
3-Way 8881504.032 4 .021 1024580.293 4 .275
V S T 1302767.014 1 .176 240047.506 1 .271
V S B .6192771.867 1 .004 438332.380 1 .139
V T B 554949.816 1 .374 ' 9875.515 1 .822
S T B 1600428.877 1 .134 272640.876 1 .241
4-Way 6517.014 1 .923 39605.488 1 .653
V S 

B
T 6517.014 1 .923 39605.488 . 1 .653

Explained 162840618.612 18 .001 23065347.254 18 .001
Error
Total

31684450.250
194525068.862

46
64

8894374.500
31959721.754

46
64
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greater shoot weights for Speckled Purple Hull “at the low salt level 

where no contamination of controls occurred» The effects of cultivar in 

this three way interaction were that at low salt levels the combination 

of Speckled Purple Hull and 591 accumulated more mean shoot weight than 

Big Boy and 591 but at the high salt level Big Boy and 591 had more 

shoot weight. This effect was most pronounced at the lower temperature 

where the combination of Speckled Purple Hull and 591 accumulated re

latively little shoot weight. The inconsistencies of these results 

make it difficult to make any conclusions based on the relative salt 

tolerance of the symbiotic systems.

Root weight increased as temperature increased and decreased as 

salt increased. Analysis of the salt by temperature interaction showed 

that the only significant effect on root weight was the decrease caused 

by increased salt at low temperatures. No strain or cultivar effects 

were found.

Percent N and Total N (Tables 7 and 8): In general, mean % N was de

creased by increased salt and inoculation significantly increased % N . 

The cultivar by salt interaction indicated that Speckled Purple Hull was 

more efficient than Big Boy at high salt but lack of a significant 

cultivar difference in total N and the fact that Speckled Purple Hull 

treatments in general had higher dry shoot weights prevents concluding 

that Speckled Purple Hull is more salt tolerant. Controls at the high 

salt level were found to have a higher % N content than those at the 

low salt level when the salt by bacteria interaction was analyzed but



1 2Table 7. Cowpea percent nitrogen and total nitrogen as influenced by Rhizobia spp. strain and salt 
level for low temperature (27 C).̂

Speckled Purple Hull   Big Boy _______
% Total % Total

Nitrogen Nitrogen Nitrogen Nitrogen
(mg/plant) (mg/plant)

Rhizobia spp. strain
Nutrient CB756 3.76 176.8 3.52 220.0
Solution 591 4.04 192.6 3.33 133.4

Control 1.14 4.0 1.06 6.9

Nutrient CB756 3.05 30.7 2.12 28.7
Solution 591 3.37 26.5 1.94 32.6
+ Salt Control 1.52 2.7 1.07 3.9

1 29 Significant interactions analyzed at the 5% level using LSD or SNK tests.
3See Table 8 for significant interactions.

u>o



table 8. Analysis of variance for cowpeas; percent and total nitrogen (low temperature study).

% N Total N '
Sum of 
Squares DF

Sig. 
of F

Sum.of 
Squares DF

Sig. 
of F

Source of Variation
Main Effects 50.095 4 .001 234398.520 4 .001

V 4.928 V .001 19.253 1 .883
S 4.738 1 .001 123484.941 1 .001
B 40.429 2 .001 110894.325 2 .001

Interactions
2-Way 6.460 5 .001 66232.264 5 .001
V . S 1.062 1 .037 112.853 1 .721
V B 1.280 2 .073 4507.533 2 .089
S B 4.118 2 .001 61611.878 2 .001

3-Way .080 ' 2 .839 , 6198.345 2 .039
V S B .080 2 .839 6198.345 2 .039

Explained 56.635 11 .001 306829.129 11 .001
Error 8.175 36 31392.930 36
Total 64.810 47 338222.059 47



this was due to contamination of controls at the high salt level and was 

not significant.

Increasing salt level tended to decrease total N. The salt by 

bacteria interaction indicated that at high salt levels inoculation did 

not significantly increase total N but that it did increase total N at 

low salt levels. Also at low salt levels Rhizobia spp. strain 591 

produced significantly more total N when combined with Big Boy than 

did CB756. This was the only significant difference found when the 

salt by bacteria by cultivar interaction was analyzed.

Mung Beans.

Nodule Weight, Nodule Number, and Acetylene Reduction (Tables 9 and 

10): Increasing heat stress and salt stress decreased mean nodule 

weight. Analyses of the significant three way interactions, salt by 

temperature by bacteria, and cultivar by salt by temperature, indi

cated that the strain effect was due to the greater nodule weight pro

duced when plants were inoculated with strain 484 at low temperatures 

and low salt levels. The cultivar effect also occurred under condi

tions of no stress with P.I. #246130 having more nodule weight than 

P.I. #376963. The salt by temperature interaction was that in general, 

salt stress was significant only at the low temperature and heat stress 

only at the low salt level. However the cultivar by salt by tempera

ture interaction showed that P.I. #376963 nodule weight was signifi

cantly decreased by increased salt at high temperatures. Even so,

P.I. #246130 does not appear to be more salt tolerant than P.I. #376963 

because there was no significant cultivar difference at high salt levels.



Table 9. Mung bean nodule weight, nodule number and acetylene reduction as influenced by Rhlzobia 
spp. strain, temperature and salt l e v e l .4

Nodule Weight Nodule Number Acetylene Reduction

33C 27C
(mg)

ptSl pXd.UL
330 270 330

(pm/hr)
270

P.I. #376963
Rhizobia spp. strain

Nutrient CB756 33 51 16 26 2.6 0.4
Solution 484 43 70 16 16 1.3 0.4

Nutrient CB756 6 6 4 15 0.0 0.0
Solution 484 3 3 5 7 0.0 0.0
+ Salt

P.I. #246130
Rhizobia spp. strain -

Nutrient CB756 30 83 31 99 1.1 1.2
Solution 484 34 168 26 164 1.4 0.6

Nutrient CB756 9 16 9 46 0.2 0.0
Solution 484 21 12 21 21 0.0 0.0
+ Salt

^Significant interactions analyzed at the 5% level using LSD or SNK tests, 
oNo significant differences were found for Rhizobia spp. strain. Significant interactions analyzed 
at 5% level using LSD test.
3No significant differences found for plant variety or Rhizobia spp. strain. Significant interac
tions analyzed at the 5% level using LSD test.

4See Table 10 for significant interactions.



Table 10. Analysis of variance for mimg beans: Nodule weight, nodule number and acetylene reduction.

Nodule Weight Nodule Number
Sum of 
Squares DF

Sig. 
of F

Sum of 
Squares DF

Sig. 
of F

Acetylene Reduction 
Sum of Sig.
Squares DF of F

Source of Variation 
Main Effects 

V 
S 
T 
B

Interactions

67181.605
6521.764

44720.918
12962.383
2742.158

4 .001 14948.280 4 .001 23.571 4 .001
1 .001 8084.547 1 .001 .078 1 .734
1 .001 6215.837 1 .001 17.417 1 .001
1 .001 1326.977 1 .004 5.494 1 .006
1 .033 31.982 1 .643 .645 1 .332

2-Way 25698.085 6 .001 5179.921 6 .001 5.830 6 .218
V s 1411.074 1 .122 1942.537 1 .001 .180 1 .607
V T 4539.461 1 .007 1775.703 1 .001 .731 1 .302
V B 1483.379 1 .113 355.186 1 .127 .271 1 .529
S T 13594.074 1 .001 908.099 1 .017 3.818 1 .021
S B 3027.459 1 .026 147.565 1 - v .  321 .365 1 .465
T . B 1234.974 1 .147 .127 1 .977 .174 1 . 613
3-Way 9285.716 4 .007 3107.521 4 .001 2.407 ‘ 4 .474
V S T 4298.349 1 .009 1374.593 1 .004 1.237 1 .181
V S B 681.383 1 .279 314.457 1 .150 .384 1 .454
V T B 749.349 1 .257 127.665 1 .356 .849 1 .267
S T B 2795.457 1 .032 1041.294 1 .011 .011 1 .900
4-Way , 1664.844 1 .094 .844.794 1 .021 .967 1 .236
V S 

B
T 1664.844 1 .094 844.794 1 .021 .967 1 .236

Explained 103830.250 15 .001 24080.517 15 .001 32.776 15 .001
Error 24965.083 44 6456.003 44 29.522 44
Total 128795.333 59 30536.600 59 62.297 59



, The response of nodule number to heat and salt stress was simi

lar to that of nodule weight, increasing heat and salt stress decreased 

nodule number• Analysis of the salt by temperature by bacteria inter

action showed that increasing salt significantly decreased nodule 

number for strain CB756 at both temperatures. Strain 484 showed a 

significant decrease in nodule number as a result of increased salt at . 

low temperatures and a significant decrease as a result of increased 

temperature at low salt levels. In general, nodule number appears to 

be more sensitive to salt than to temperature as the salt by tempera

ture interaction showed a temperature effect only at the low salt 

level but a salt effect at both temperatures. Cultivar P.I. #246130 

had greater nodule numbers at both salt levels and at lower tempera

tures but since increased salt and temperature showed significant 

decreases in nodule number for P.I. #246130 it is not likely that it 

is more salt tolerant than P.I. #376963. The overall poor response 

of P.I. #376963 prevents concluding that it is heat or salt tolerant 

based on its similar performance regardless of treatment.

Acetylene reduction at the high salt level was essentially 

zero regardless of plant cultivar, rhizobia strain or temperature. 

Analysis of the salt by temperature interaction showed that acetylene 

reduction was significantly decreased by increased salt at high tem

peratures and that at low salt levels increasing temperature signif

icantly increased acetylene reduction. Mung beans at the lower' V
temperature were more mature and well into pod fill at harvest time. 

Since nitrogen fixation decreases during pod fill this could explain
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lower acetylene reduction values at the low'temperature. Acetylene re

duction in mung beans appears to be much more sensitive to salt than it 

is to high temperatures.

Shoot and Root Weight (Tables 11 and 12) : Shoot weight in mung beans 

is very sensitive to salt. At low salt levels inoculation significantly 

increased shoot weight and the salt by bacteria interaction showed that 

CB756 accumulated more shoot weight than 484. At high salt levels how

ever, CB756 loses its superiority and neither strain is significantly 

higher in shoot weight than uninoculated controls. The salt by tempera

ture interaction indicates that shoot weight is decreased by salt at 

both temperatures but that temperature only causes a significant de

crease at the low salt level. Again, mung beans appear to be more 

sensitive to salt than to temperature.

Root weight was significantly decreased by increased salt and 

temperature. Inoculation increased total root weight, but no strain 

effect was found.

Percent N and Total N (Tables 13 and 14): Percent N increased with 

increased salt for all treatments of P.I. #376963 and for controls of 

P.I. #246130. The cultivar by salt interaction showed that this in

crease was significant for P.I. #376963 and the bacteria by salt inter

action showed that this was significant for all controls. The effect 

was probably due to the death of a number of the replicates in the 

high salt treatments of P.I. #376963 and most controls in the 

early growth stages. At this stage the plants had not accumulated
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Table 11. Mung bean shoot and root weight as influenced by Rhizobia 

spp. strain9 temperature and salt level.^

Shoot Weight Root Weight
33C 27C 33C 27C

(mg/plant)

P.I. #376963
Rhizobia spp. strain 

Nutrient CB756 720 1695 638 736
Solution 484 , 970 827 1024 395

Control 46 380, 118 284

Nutrient CB756 186 128 415 124
Solution 484 44 149 285 98
+ Salt Control 65 94 262 110

P.I. #246130
Rhizobia spp. strain 

Nutrient CB756 897 1421 1021 468
Solution 484 600 1344 575 504

Control • 46 380 118 284

Nutrient CB756 196 . 291 314 161
Solution 484 359 240 560 155
+ Salt Control 65 94 262 110

"̂ No significant differences found for plant variety. Significant in
teractions analyzed at the 5% level using LSD or SNK tests.

2No significant differences found for plant variety. No significant 
interactions.
3See Table 12 for significant interactions.



Table 12. Analysis of variance for mung beans; shoot and root weight.

Shoot Weight Root Weight
Sum of 
Squares DF

Sig. 
of F

Sum of 
Squares DF

Sig. 
of F

Source of Variation 
Main Effects 14667610.376 5 .001 4056703.558 5 .001

V 79190.852 1 .333 8792.193 1 .763
S 9044099.544 1 .001 1763513.207 1 .001
T 1413503.174 • 1 .001 669468.411 1 .010
B 5021915.863 2 .001 1490772.377 2 .001

Interactions 
2-Way 3985602.210 9 .001 996580.014 9 .336
V S 23589.067 1 .596 14225.929 1 .701
V T 23915.849 1 .593 2468.037 1 .873
V B 53647.604 2 .725 3825.610 2 .980
S T 1136481.178 1 .001 17043.669 1 .674
S B 2649299.908 2 .001 463188.910 2 .097
T B 335556.149 • 2 .141 447230.769 2 .105
3-Way 603336.810 7 .414 470468.582 7 .669
V S T 23552.349 1 .596 8734.444 1 .763
V S B 19465.945 2 .890 184411.619 2 .386
V T B 306181.976 2 .167 225501.680 2 .314
S , T B ' 215389.028 2 .281 53778.779 . 2 .756
4-Way 667286.210 2 .023 530858.771 2 .070 .
V S 

B
T 667286.210 2 .023 530858.771 2 .070

Explained 19923835.606 23 .001 6054610.924 23 .001
Error
Total

5317508.167
25241343.773

64
87

6115920.167
12170531.091

64
87



Table 13. Mung bean percent nitrogen and total nitrogen influenced by Rhizobia spp. strain and
salt level for low temperature (27 C).3

P.I. #376963 P.I. #246130
%

Nitrogen
Total

Nitrogen
(mg/plant)

%
Nitrogen

Total
Nitrogen
(mg/plant)

Rhizobia spp. strain
Nutrient CB756 1.97 33.5 3.41 47.2
Solution 484 1.35 11.1 3.78 46.6

Control 1.10 4.0 1.24 4.7

Nutrient CB756 2.51 4.0 2.60 7.7
Solution 484 2.15 2.9 2.51 5.8
+ Salt Control 2.41 2.3 1.75 • 2.0

^Significant interactions analyzed at the 5% level using LSD test.
2No significant differences found for salt significant interactions analyzed at the 5% level using 
LSD or SNK tests.
3See Table 14 for significant interactions.



Table 14. Analysis of variance for mung beans; percent and total nitrogen (low temperature study).

______________ % N '   Total N __________
Sum of Sig. Sum of Sig.
Squares DF of F Squares DF of F

Source of Variation
Main Effects 14.218 • 4 .001 . 9030.223 4 ' .001

V 4.473 1 .002 1023.300 1 .001
• S .402 . 1 .325 4790.543 1 .001
B 8.974 2 .001 3242.283 2 .001

Interactions
2-Way 14.791 5 .001 3618.471 5 .001
v s  • 5.168 1 . .001 491.973 1 .001
V B 5.544 2 .003 795.529 2 .001
S B ' 3.279 2 .026 2243.113 2 .001

3-Way .709 2 .425 463.555 2 .004
V S B .709 2 .425 463.555 .2 .004

Explained 29.718 11 .001 13112.249 11 .001
Error 13.731 34 1193.230 34
Total 43.448 45 14305.479 45

•p-o
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much shoot tissue but % N was still high due to cotyledon reserves. In 

general inoculated plants had higher % N than controls (cultivar by 

bacteria interaction).

Increased salt significantly decreased total N regardless of 

plant cultivar or rhizobia strain. Inoculation significantly increased 

total N at low salt levels and analysis of the cultivar by salt by 

bacteria interaction showed that at low salt levels P.I. #246130 had 

significantly more total N when combined with strain 484 than did P.I.
i

#376963. The poor response of P.I. #376963 when inoculated with 484 

was also seen in the cultivar by salt interaction where at low salt 

levels P.I. #246130 had significantly more total N than P.I. #376963. 

The cultivar by bacteria interaction showed that P.I. #376963 did 

significantly better with CB756 than with 484 and the salt by bacteria 

interaction showed that at low salt levels CB756 produced more total N 

than 484 did. Aside from the effect of salt the inferior response of 

P.I. #376963 with 484 dominated total N effects. •

Pearson Correlations

All possible Pearson correlations were run among the seven 

variables. Significant correlations with relatively high coefficients 

were selected for discussion and are listed in Table 15.

The relationship between shoot weight and root weight varies 

with plant species, stage of development and environmental conditions; 

however it tends to be constant for any one species, stage or set of 

environmental conditions (Carson, 1974). Crist and Stout (1929) found 

persistant positive correlations between shoot and root size for
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Table 15. Significant Pearson correlations.

V Correlation
Pearson Correlation Coefficient

Cowpeas

Nodule Weight and Total Nitrogen 0.68
Acetylene Reduction and Total Nitrogen 0.70
Nodule Weight and Acetylene Reduction 0.43
Shoot Weight and Root Weight 0.75
Shoot Weight and Total Nitrogen 0.96
Shoot Weight and Acetylene Reduction 0.68

Hung Beans

Nodule Number and Total Nitrogen 0.76
Nodule Weight and Total Nitrogen 0.77
Shoot Weight and Root Weight 0.70
Shoot Weight and Total Nitrogen 0.87
Shoot Weight and Acetylene Reduction 0.52

^All correlations significant above 0.001 level.
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lettuce (0.521 ± 0.018), tomato (0.885 ± 0.007) and for radishes (0.728 

± 0.019). Shoot and root weight were positively correlated for cowpeas 

and mung beans indicating that the experimental treatments did not 

cause the plants to extensively favor either root or shoot development. 

The correlations would probably have been higher but increased tempera

tures tended to decrease shoot growth and increase root growth.

The high positive correlations between shoot weight and total 

N were expected because the percent N determinations were performed on 

shoot tissue only and total N was calculated as the product of percent 

N and total shoot weight.

Soybean, lucerne, clover and pea have all been shown to have 

high positive correlations between acetylene reduction and dry weight 

and N content of shoots (Bergensen, 1970 and Schwingamer, Evans and 

Dawson, 1970). Mytton (1978) states that dry matter increase of the 

host plant has been one of the most relevant criterion of fixing 

ability. In this experiment cowpeas exhibited high positive correla

tions between acetylene reduction and total N, acetylene reduction and 

shoot weight, and shoot weight and total N which supports what was 

found in the literature. The correlation between acetylene reduction 

and total N was low for mung beans (0.39 at 0.03 significance level) 

but the other two correlations were high. The lack of correlation for 

total N -and acetylene reduction may have been due to the high early 

death rate of mung bean treatments where no acetylene reduction was 

detected but plants were still high in N from cotyledon reserves.

Hardy et al. (1968) reported variability in acetylene reduction 

due to differences in nodule weight which could be reduced if acetylene
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reduction was expressed on a ’per mg of fresh nodule weight1 basis. 

Nodule weight was correlated to total N for cowpeas and mung beans and 

also to acetylene reduction in cowpeas. Again, the early death of mung 

bean plants may have affected acetylene reduction correlations. De

termining nodule weight on a dry weight basis may also have made the 

relationship to acetylene reduction less apparent.

Nodule number was only correlated to total N for mung beans. 

Nothing was found in the literature on the relationship between nodule 

number and N fixing ability.



CONCLUSIONS

1 '
Cowpeas

Results obtained from cowpea data are inconsistent with regard 

to plant cultivar and Rhizobia spp. s t r a i n S t r a i n  CB756 when combined 

with Big Boy was superior in nitrogen fixation efficiency and shoot ac

cumulation at the low salt /level but no efficient system was found 

under stress conditions. In general nitrogen fixation efficiency de

creased with increased temperature and salt level. Perhaps the high 

temperature, 32 C , was not high enough to produce stress results in 

these strains and cultivars.

Mung Beans

In general increasing salt level or temperature decreased , 

nitrogen fixation. Mung beans appear to be much more sensitive to 

salt stress than they are to temperature. Based on overall trends in 

the data mung beans are more suited to inoculation with CB756 than with 

484. This effect was most pronounced by the poor response of P.I. 

#376963 when inoculated with 484.

45



APPENDIX A

ADDITIONAL INFORMATION ON PLANT CULTIVARS, 

YIELD DATA AND SOIL SAMPLES
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Table A.I. Cowpea cultivars grown at Safford9 Arizona, 1977.

Brown Crowder #205240
Burgundy #250238
Pinkeye Purple Hull Bunch #292906
Big Boy #171891
Collossus #292892
Six weeks Browneye ' #292890
Speckled Purple Hull #189374
Calhoun #183251
Calico #312210
Blue Goose #312206
P.I. #292900* #293518

#354467 #257463
#179126 #352972
#292903 #180494
#353383 #352964
#271257 #292913
#353332 #208845
#292908 #207527
#292909 #211109
#353270 #211641
#292899 #352989
#124609 #352931
#352905 #352945
#179554 #353011
#293481 #229734
#353388 #229796

. #353300 #250416
#292907 #211110
#352987 #218122
#175329 #211642

*Seed obtained from Plant Introduction, Georgia.
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Table A.2. Mung bean cultivars grown at Safford3 Arizona, 1977,

V-1381* #376956
V-1944 #376961
V-1968 #376963
V-2007 #376954
V-2010 #376965
V-2184 #376966
V-2773 ■ #376696
V-2984 #376996
V-3404 #376923
V-3476 #377093
P.I. #376925 #377102

#376856 #377005
#377003 #377004
#164336 #377006
#377860 #377000
#376952 #376995
#376951 #376993
#377011 #374149
#179952 #377007
#207504 #377056
#212614 #376999
#219613 #377140
#217953 #376989
#223523 #377044
#219699 #377042
#227754 #377045

" #176850, #377039
#376855 #376998
#376849 #164301
#246130 #37,7102

*5eed obtained from Asian Vegetable and Research Development Center, 
•• Taiwan.

4-Seed obtained from Plant Introduction, Georgia.



49
Table A.3. Pima clay loam —  soil analysis —  average, minimum and 
' maximum values for samples from cowpea and mung bean plots.

Average Minimum Maximum

PH 7.6 7.5 7.7
E.G. x 10° 3.02 2.16 4.97
Soluble Salts ppm 2114 1512 3479
Na -meq/1 20.4 15.3 34.1
K meq/1 0.5 0.3 0.8
Exchangeable Sodium % 12.3 7.8 22.8
N ppm 21.9 14.0 40.5
P ppm 3.2 2.0 10.5
Sodium Absorption Ratio 10.6 6.7 21.0

Table A.4. Yields of most productive cowpea and mung bean lines grown 
, at Safford, Arizona.

Seed Yield
Cultivar (g/100 Seed)

Cowpeas Big Boy 29.4
Speckled Purple Hull 20.5
Blue Goose 25.7
P.I. #211641 17.4

#353380 12.8
#353360 12.7
#211642 12.5
#293518 12.3
#211110 12.3

' #293481 12.2
Mung Beans P.I. #246130 4.6

#376855 4.4
#376999 4.2
V-2773 4.2

P.I. #176850 4.1
#376963 3.8
#376961 3.8
#376989 3.4
#376954 3.4
#377102 3.3
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Table A.5. Yield of cowpeas and mung beans as affected by temperature 

and country of origin.

Country 
of Origin

Maximum ^ 
Temperature Yield Source

(°C) (kg/ha)
India 35.4 Cowpeas

Older Varieties 
Newer Varieties

1180
2150

Jain
(1972)

Mung Beans
Older Varieties 
Newer Varieties

600
1080

Mung Beans 400-500 Rachie
(1973)

Cowpeas 
Mung Beans

12-360
300

Kachroo
(1970)

Niger
Upper Volta
Nigeria
Uganda

Nigeria

33.7
33.5
32.4
24.6

32.4

Cowpeas - Combined 370 
annual production 
for all four 
countries 

Cowpeas
Older Varieties 300-400 
Newer Varieties 1316 

Mung Beans 910

Rachie
(1975)

Rachie
(1973)

Thailand 31.2 Mung Beans 900 Lampang
(1972)

Phillipines 29.9 Cowpeas 
Mung Beans

1500-1800
1200-1500

Palo
(1972)

Sri Lanka 
(Ceylon)

29.1 Cowpeas 
Mung Beans

1528
1119

Fernando
(1972)

Taiwan 28.7 Mung Beans 720 Cheng (1972)

Japan 27.9 Cowpeas 1010 Motomiya and 
Ito (1972)

^From World Weather Records 1951-1960 (1*967) .



APPENDIX B

NUTRIENT SOLUTIONS AND YEAST 

EXTRACT MANNITOL BROTH

Nutrient Solution 
(modified from Vincent (1970) p. 75 - Jensen's version)

CaIIP04 1.0 g
K2HPO4 0.2 g
MgS04•7H20 0.2 g
NaCl 0.2 g
FeCl3-2H20 0.16 g

or
Iron chelate 0.7 ml*
Water 1.0 1
Trace elements 1.0 ml from stock

Stock Micronutrient Solution - 100 ml

Bo 0.05% (0.2864gH3B03)
Mn 0.05% (0.1802gMnCl2 * 4H20)
Zn 0.005% (0.0220gZnS04* 7H20)
Mo 0.005% (0.0075gMo03)
Cu 0.002% (0.0050gCuS04)

Fill 100 ml volumetric flask half full with deionized water. 
Add micronutrients one at a time, swirling to dissolve in between 
additions. Bring to volume with.deionized water.

*Hamp-Iron%M845 5% Iron Chelate Solution, Organic Chem. Division, 
W. R. Grace & Co., Nashua, N.H. 03061.
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Yeast Extract Mannitol Broth

K2HP04 0.5 g
MgS04•7H20 0.2 g
NaCl 0.1 g
Mannitol 10.0 g
Yeast Water* 100.0 ml
Distilled Water 900.0 ml

Autoclave for 15 minutes at 120°C. 
The solid medium contains 15 g agar/ 
liter.

*(0.04 g powdered yeast extract/100 ml 
deionized water).
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