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ABSTRACT 

Two accessions of tepary (phaseolus acutifolius Gray var. 

latifolius) and navy (£. vulgaris L. 'Fleetwood') beans were studied 

for salt tolerance at several· deve 1 opmenta 1 stages. Genotypes were 

germinated at 0.0 through -2.5 MPa NaCl at 25°C and 35°C for nine days. 

Tepary accessions had higher germination percentages and rates than 

navy for ~ - 2.0 MPa at 250C and ~ - 1.5 MPa at 350C. Fresh weights of 

root plus hypocotyl decreased severely with the first increment of NaCl 

(-0.5 MPa) for all genotypes. Fresh weight of navy was reduced more at 

350C than at 250C. 

Genotypes were stressed in vermi cul i te-fill ed trays wi th 0.0 

through -1. 5 MPa NaCl for 14 days. Fi na 1 growth stage and rates of 

emergence were reduced at salinities ~ -0.6 MPa NaCl, and were higher 

in tepary than navy at -1.2 MPa. Tepary beans tended to maintain higher 

water and osmotic potentials, and at -0.9 MPa had less reduction in 

leaf area than navy beans. Fresh weights, dry weights and root:shoot 

ratios declined in all genotypes with increasing salinities. 

Plants grown hydroponically were stressed with -0.10, -0.25, 

and -0.50 MPa NaCl duri ng ei ther vegetative or reproductive stages. 

Navy had equal or greater fresh and dry weights of leaf, stem, and pods 

at -0.10 MPa, but tepary beans had equal or greater weights at the highest 

salinity relative to navy. Tepary had the greatest pod weight with -0.50 

MPa NaCl applied during the reproductive stage. Carbon exchange rates 

(CER) were lower in navy than one or both tepary beans at some sampling 

times. Tepary beans tended to have higher leaf water and osmotic 
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potentials than did navy. Transpiration and stomatal resistance values 

were similar in all genotypes, while leaf temperatures were different 

in white tepary versus navy. 

Tepary beans yielded higher than navy when grown in low and 

high salinity fields. Transpiration rates, leaf water and osmotic 

potentials, and CERs were similar or higher, while stomatal resistance 

and 1 eaf temperatures were simi 1 ar or lower in tepary than in navy. 

Plant height and stand count also were measured. 

Tepary was more salt tolerant than navy, exhibiting greater 

tolerance to NaCl at every growth stage. 



CHAPTER 1 

INTRODUCTION 

14 

One third of the land area on earth is semi-arid or arid, and 

half of this area has highly saline soils (Epstein, 1976). Chloride, 

sulfate and bicarbonate salts of sodium, calcium, and magnesium contribute 

in varying degrees to soil salinity (Neiman and Shannon, 1976). Soils 

are defined as saline if they have an exchangeable sodium percentage of 

less than 15 and conductivity of the saturation extract greater than 4 

Salinity may reduce growth of glycophytes from effects on dry 

matter allocation, ion relations, water status, physiological processes, 

biochemical reactions, or a combination of such factors (Greenway and 

Munns, 1980). A general suppression of growth is probably the most 

common plant response to sal inity (Neiman, 1962). The primary site of 

salinity stress on plant metabolism, however, has not been identified 

and it is unlikely that a single gene relationship with salt tolerance 

wi 11 be found (Shannon, 1984). With ever i ncreas i ng compet it i on for 

non-saline crop land and irrigation water, development and identification 

of salt tolerant crops should be reinforced by physiological research 

(Epstein, 1976). 

Salt on Plant 
Growth and Metabolism 

Plants may maintain growth under salt stress by avoidance or 

tolerance mechanisms. In a review, levitt (1980) indicated that a plant 

can use one of three methods to avoid salt stress: (1) it can exclude 

the salt passively, (2) it can extrude it actively, and (3) it can dilute 



15 

the entering salt. Salt tolerance, on the other hand, is a plant's 

abi 1 ity to absorb quant it i es of salt wi thout injury to tissue. The 

distinction between the two mechanisms is not always clear and IIsalt 

tolerance ll is commonly used when "salt avoidance ll would be more correct. 

By definition glycophytes are avoiders while halophytes have more true 

salt tolerance. 

Certain morphological or physiological characteristics have 

been studied that may relate to salt stress in plants. Leaf expansion 

rate and leaf area are important morphological criteria to consider 

because of their effect on plant stand establishment and photosynthetic 

processes. Non-halophytes usually are affected by either ion excess in 

expanded leaves or by water deficits in the expanding leaf tissue (Green

way and Munns, 1980). Under salt stress stunting of plants has been 

observed with smaller, darker green leaves, which in most cases resemble 

drought symptoms (Bernstein and Hayward, 1958). Salinity seems to enhance 

leaf senescence (Meiri and Poljakoff-Mayber, 1970). If the rate of 

leaf death approaches the rate of new leaf expansion, then leaf area 

for photosynthesis will eventually become too low to support continued 

growth. 

Generally, root growth is less affected than shoot growth, so 

that root:shoot ratios increase with salinity (Munns and Termaat, 1986). 

As this ratio increases, plants would be expected to have a higher capa

city for water absorption relative to transpiration, and would exhibit 

higher salt tolerance (Bernstein and Hayward, 1958). However, thi s 

response may not always be the case. The ratio of root to shoot by dry 

weight determination may be less important than the distribution and 
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efficacy of roots to absorb water, as has been observed in tepary bean 

(Markhart, 1985). 

The abil i ty of a plant to rna i nta i n 1 ea f temperatures below 

ambient air temperature can be an important salt tolerance characteristic. 

Lower leaf temperatures are the result of mechanisms such as paraheTio

tropic leaf movement and higher transpiration rates. A higher transpi

ration rate, however, may place the plant under increased water deficit, 

thereby impairing growth (Bernstein and Hayward, 1958). Prolonged trans

piration also can bring large amounts of sa.lt into the plant shoot, 

especially into the older leaves, and cause tissue necrosis (Munns and 

Termaat, 1986). As soil water sal inity increases in concentration,. 

plant water potential generally decreases, causing a decrease in turgor 

and vegetative plant growth. This response is the result of an increase 

in the diffusive gradient between growth medium and plant roots. Osmotic 

adjustment of plants to maintain this gradient has been ascribed as a 

mechanism to decrease this gradient and lessen physiological drought in 

plants due to salinity. Osmotic adjustment permits turgor to remain 

positive so that cell growth continues, roots can penetrate greater 

soil vol ume, and stomata can remain open longer (Bernstein, 1961). 

Osmotic adjustment in glycophytes, however, may have a high energy 

requirement which may offset its value in sustaining growth. For this 

reason and probably others, adjustment of osmotic potential, as well as 

turgor pressure, have not always coincided with continued growth during 

plant water deficit (Markhart, 1985). 

The effect of salinity on photosynthesis is not entirely clear. 

In one study, no correlation was observed between salt tolerance and 
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photosynthesis per unit leaf area (Neiman, 1962). Others noted a decrease 

in photosynthesis with increasing salinity (Jennings, 1976; Seemann and 

Critchley, 1985). Lack of change or a decrease in photosynthesis because 

of salinity may be linked to the ability of a plant to maintain open 

stomata for carbon fixation during stress. Non-stomatal reasons for 

changes in photosynthesis could be factors also (Pitman, 1984). 

Similar inconsistencies in response to salt have been reported 

for respiration. It was noted that respiration increases with salt 

stress since plants have increased energy requirements when adjusting to 

unfavorable ionic conditions (Neiman, 1962; Rains, 1972). However, 

respiration declined in common bean with increasing salinity (Coyne an~ 

Serrano, 1963). Respiration would be affected in turn by production as 

well as translocation of substrates. 

Salt accumulation in plants may have toxic effects on plant cells 

and processes. At low salinities different ions have similar effects 

on plants (Shannon, 1984). At high salinities, the most harmful effects 

of salts may still not be due to specific ions, although some symptoms 

of plant damage specific to certain ions may be recognized. Excessive 

accumulation of Cl- may cause leaf injury symptoms and dieback. Increased 

levels of Na+ may result in decreased absorption of Ca++ which decreases 

growth (Luttge and Smith, 1984). In grain legumes the majority of the 

species exclude salt if tolerant and accumulate salt, specifically 

C1-, if sensitive (Keating and Fisher, 1985; Lauchli 1984). 
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Beans are an important source of protei n in 1 esser developed 

countries, as well as an important source of nutrition in more developed 

countries (Robertson and Frazier, 1982). The common bean is perhaps 

the most important grain legume cultivated for human consumption (Harlan, 

1975). It is also the most important source of protein in many developing 

countries. The common bean, however, is particularly difficult to grow 

in semi-arid regions such as found in many developing countries because 

of its sensitivity to salinity, high temperature, low soil moisture, 

and low humidity (Ayers and Westcot, 1976; Bernstein and Ayers, 1951; 

Cobley and Steele, 1976; Duke, 1981; Lorenz and Maynard, 1988; Maas and 

Hoffman, 1977), and thus it is cultivated primarily in temperate regions. 

The common bean is one of the most salt sensitive herbaceous 

crops, with one of the lowest salinity thresholds, i.e. the salt level 

at which significant yield reduction is noted (Maas, 1986). At salinity 

levels of 3.6 dS/m yields decreased 50%, and at 8 dS/m emergence declined 

50% (Maas, 1986). In comparison, cowpea (Vigna unguiculata) had a yield 

decline of 50% at 9.1 dS/m and similar decline in emergence at 16 dS/m. 

Tepary bean exhibits salt tolerance under field conditions 

(Marcarian, 1981). This species has been cultivated for more than 5000 

years in the North American Sonoran Desert where saline soils, high air 

temperatures, and low moi sture are frequent (Duke, 1981; Nabhan and 

Felger, 1978; N.A.S., 1979). In 1918, Freeman reported 6900 hectares 

of teparies cultivated in the semi-arid interior of California. During 

this period tepary was cultivated extensively in the southwestern U.S. 
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and northern Mexico. After this, however, tepary cultivation was reduced 

due to the breakdown of traditional economics and land use, and to the 

introduction of energy-intensive irrigated agriculture. Presently, 

interest in tepary is increasing because of its considerable potential 

for low maintenance agriculture in arid and semi-arid lands (Nabhan and 

Felger, 1978) where soil and water sal inities are high. In 1979 the 

National Academy of Sciences recommended continued study of tepary as a 

subsistence crop in arid regions worldwide (Webster and Waines, 1985). 

Few reports on the performance of tepary under saline conditions 

are found. Hendry (1918) found white tepary and lima (Phaseolus lunatus) 

beans grown in a greenhouse more tolerant to NaCl than other Phaseolus 

species, but less tolerant than Vigna sinensis, Vicia faba, and Cicer 

arietinum. He noted that size and number of nitrogen-fixing nodules 

declined in all species with increasing salinity, and that no nodulation 

was evident at NaCl concentrations above 15,000 mg/kg. Also, blossoming 

periods were delayed with salinity. In tepary it was delayed 6 days at 

8000 mg/kg NaCl. Other visible effects on plants due to salinity were 

retardation of germination, reduction in height, number and size of 

leaves, and premature death. 

More recently others have reported the salt tolerance of tepary 

bean under field conditions (Marcarian, 1981; Nabhan and Felger, 1978). 

Several Phaseolus species were grown in soil of 3400-5000 mg/kg and 

irrigation water 1800 mg/kg soluble salts (Marcarian, 1981). Germination 

and stand establ ishment were rel atively the same in all species, but 

salt toxicity sympt.oms ~ppeared within 2 weeks in common bean as 

increasing air temperatures aggravated salt problems. Although some 
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salt damage was visible in two species, tepary and lima, they produced 

harvestable yields whereas four common bean cultivars exhibited 100% 

mortality. Also, tepary beans growing in pots where the electrical 

conduct i vi ty of soi 1 water extract was 3.4 dS/m (NaCl) exhi bited no 

yield reduction (Perez and Minguez, 1985). Tepary apparently has an 

inherent genetic tolerance to salinity rather than only avoidance 

mechanisms (Thomas, 1983). 

In addition to putative salt tolerance, several other adaptive 

characteristics of tepary to hot, semi-arid environments are reported. 

Tepary is capable of completing its life cycle prior to many late season 

droughts (Webster ~"n WJines, 1985) when soil water osmotic potentials 

are lowest due to a concentration of soil salts. Also, tepary has a 

more extensive root system (Thomas, 1983) than the common bean allowing 

the plant to avoid drought or high salts by tapping into soil profiles 

where these are not a probl em. Under water stress tepary 1 imits transpi

rational water loss by reducing leaf area (Cory et al., 1984), while 

increasing its harvest index as the common bean's harvest index decreased 

(Peterson and Davis, 1982). As the vegetative biomass decreased in 

tepary, the seed weight increased proportionally, whereas in common 

bean the reverse was true under water stress. Tepary al so has more 

numerous and smaller leaves than the common bean. It exhibits 

diahel iotropic leaf movement to maximize photosynthesis. When daily 

temperatures become extreme, paraheliotropic leaf orientation is utilized 

to avoid heat stress which can compound salinity stress (Bernstein and 

Hayward, 1958). Tepary also develops flowers and sets pods within the 
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protected interior of the plant. The common bean, in comparison, has 

pods that are exposed fully to the sun. 

Metabolic activity of tepary was not affected at 320C, while 

that of common bean was reduced (Lin and Markhart, 1986). Also tepary 

bean had a significantly higher killing temperature than the common 

bean as measured by electrolyte leakage (Lin and Markhart, 1986). In a 

similar study in which five Phaseolus species were subjected to 370C 

for 2 days, tepary bean had the longest heat killing time as measured 

by leaf damage (Marsh and Davis, 1985). 

With soil water deficit, tepary maintained a steady respiration 

rate while common bean declined in respiration (Coyne and Serrano, 1963). 

In addition, tepary was observed to open its stomata longer than the 

common bean for the continuance of photosynthesis in providing substrates 

for plant respiration and growth. Reports are conflicting, however, 

on whether stomata of tepary are more or less sensitive to stress than 

those of the common bean (Seemann and Critchley, 1985). If tepary is 

ab 1 e to rna i nta in stomatal open i ng longer than the common bean under 

water stress, transpiration per plant may still decrease as it reduces 

leaf area by dropping leaves. 

Markhart (1985) observed that tepary maintained water potentials 

of 0.1 to 0.3 MPa higher than common bean under water stress, and reported 

no osmotic adjustment in either species. Parsons and Howe (1984), how

ever, reported lower water and osmotic potentials in tepary versus common 

bean cultivars. They noted that tepary had higher turgor pressures 

than the common bean possibly because of greater cell wall elasticity 

or due to osmotic adjustment from active accumulation of solutes. 
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Research Objectives and Outline 

In our study we have examined the tolerance of two accessions of 

tepary and one cultivar of common bean. Several parameters which may 

reveal mechanisms for salt tolerance were considered. These parameters 

incl uded growth stage, components of pl ant water rel ations, carbon 

exchange rate, transpiration, stomatal resistance, leaf temperature, 

growth rates, and yield. The objectives of this study were: (1) to 

compare the salt tolerance of two Phaseolus species, one extremely salt 

sensitive and the other reportedly tolerant; (2) to determine at which 

growth stages the plants are most sensitive to salt; and, (3) to determine 

which physiological parameters could be used for future screenings of. 

~ acutifolius accessions. In addition, controlled environment studies 

should indicate whether or not tepary has greater salt tolerance and 

not only avoidance mechanisms as other researchers have shown, than the 

common bean. 

Four separate phases of the study were completed to meet the 

objectives mentioned above. In Chapter 2 germination of tepary and 

navy beans in 0.0 through -2.5 MPa NaCl at 25 and 350C for nine days is 

reported. In Chapter 3 emergence of these species with 0.0 through -1.5 

MPa NaCl at 250C for 14 days in a growth chamber is discussed. In Chapter 

4 a study on growth of the species in a hydroponic system for 55 days 

at -0.1 through -0.5 MPa with NaCl applied at either vegetative or repro

duct i ve stages is reported. And, Chapter 5 conta ins i nformat i on on 

field pl antings of tepary and navy in 1985 and 1986 in high and low 

salinity areas. 



CHAPTER 2 

GERMINATION OF TEPARY AND NAVY 
BEANS WITH NaCl AND TEMPERATURE 
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Beans are especially stressed by salts and high temperatures 

during germination. Germination takes place in the top few centimeters 

of the soil where salts may accumulate due to the upward movement of 

water with evaporation near the surface (Bernstein and Hayward, 1958; 

Neiman and Shannon, 1976). Soil temperature in this zone, especially 

during summer months in semi-arid regions, is often above optimal 

germination temperature for some beans (Lorenz and Maynard, 1988). 

High temperature interacting with high salt decreased final germination 

percentages and rates more than either alone in wheat (Triticum 

aestivum), barley (Hordeum vulgare), alfalfa (Medicago sativa), and 

other species (Ahi and Powers, 1938; Neiman and Shannon, 1976; Stone, 

Marx and Dobrenz, 1979; Thomas, 1983). 

The objective of this study was to investigate the effect of 

increasing salinity on the germination of tepary, a putative salt tolerant 

species, and common bean, a known salt sensitive species, at two 

temperatures. Germination rate, final percentage germination, and 

fresh weight of root plus hypocotyl were measured. Since salt tolerance 

at germination can be a first indicator of plant salt tolerance (Norlyn 

and Epstein, 1984), an evaluation of salt tolerance at germination may 

be useful for rapid screening of genotypes (Neiman and Shannon, 1976). 
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Materials and Methods 

Plant Material 

Brown (UNACC 2) and white (UNACC 1) tepary bean accessions 

(Phaseolus acutifol ius Gray var. latifol ius, grown in 1984 by Joe 

Scheerens, Department of Plant Sciences, University of Arizona) and 

navy bean (Phaseolus vulgaris l. 'Fleetwood', from Sun Seed, Eden Prairie, 

MN 55344) were used. Tepary beans were sized for uniformity, although 

some vari at ion remained. One hundred seeds of each access i on were 

weighed to determine average seed weights which were 116, 133, and 198 

mg/seed for white tepary, brown tepary, and navy, respectively. Seeds 

were dusted with Thiram fungicide (Loveland Industries, Inc., Loveland, 

CO 80539) prior to germination. 

NaCl Treatments 

Aqueous solutions of NaCl (Fisher Scientific Co.) were prepared 

according to Van't Hoff's law to obtain osmotic potentials of 0.0, 

-0.5, -1.0, -1.5, -2.0, and -2.5 MPa. Osmotic potentials were checked 

on a vapor pressure osmometer (Wescor 5100C, Logan, UT 84321). NaCl 

was used since it is a common salt that stresses plant growth under 

natural conditions (Bernstein and Ayers, 1951; Flowers and Veo, 1986; 

Levitt, 1980). High concentrations of salt were used in the study to 

indicate the level at which a delay as well as a decrease in total 

germination percentage occurred. 

Germination Temperatures 

Temperatures of 25 ± lOC and 35 ± lOC were used. The lower 

temperature is optimal for common bean germination (Lorenz and Maynard, 
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1988) and the higher temperature is simil ar to soi 1 temperatures 

affecting seeds germinating during summer months in semi-arid regions. 

Germination Procedures 

Folded paper towels (Fort Howard Paper Co.) were soaked with 10 

ml of one of the salt solutions and one towel was placed in each glass 

100 X 15 mm petri dish. One replicate constituted twenty seeds per 

dish, and four replications were run. Dishes were placed in 35 X 24 

X 12 cm plastic tubs (Rubbermaid Co.) that were lined with moistened 

foam rubber sheets to reduce evaporation from dishes. Tubs were sealed 

and placed in growth chambers (Percival, Boone, Iowa 50036) in dark~ess. 

No more solution was added. 

Measurements and Analysis 

Germinated seeds were counted daily for nine days. Seeds were 

considered germinated when visible radicles were 1 cm long. On the 

final day fresh weights of excised roots and hypocotyls were taken. 

Replications of root plus hypocotyl fresh weights were combined due to 

the small quantity of tissues at the higher salinities. Germination 

rate was calculated as the summation of newly germinated seeds on each 

day divided by day number (Maguire, 1962). Arcsin transformation of 

final germination was used to stabilize variance (Little and Hills, 

1977). Germination rates and final percent germination were analyzed 

using analysis of variance of the randomized complete block design 

followed by separation of means by LSD at 0.05. 



26 

Results 

Final Germination Percentage 

Analysis of variance indicated highly significant interactions 

among temperature x salinity x accessions for percentage germination 

(Appendix D). Little difference occurred among genotypes germinated at 

0.0 through -1.0 MPa except in brown tepary (BT) which had lower germi

nation even with no NaCl at 250C (Table 1). At -1.5 MPa and 350C, 

sensitivity of navy to salt is apparent as germination dropped to 36%, 

whereas at 25°C a similar decline in navy did not occur until -2.0 MPa 

indicating less stress at the lower temperature. At higher salinities 

white tepary (WT) consistently had higher germination than BT which 

had higher germination than navy, although these di fferences were 

significant only at 250C, not at 350C. 

Germination Rates 

Analysis of variance indicated highly significant interactions 

among temperature x salinity x accessions for germination rates (Appendix 

D). Rates tended to decrease as salinity increased (Table 2). A value 

of 100 would indicate that all seeds of a given accession germinated 

on day one. Variation in germination rates among genotypes was seen 

even at the 0.0 MPa treatment for both temperatures. The highest value 

recorded was 66 for WT at 35°C and 0.0 MPa. With 0.0 MPa, all genotypes 

tended to have higher germi nat i on rates at 3SoC than at 25°C. When 

salts were added to tepary beans, rates were higher or equal at 35°C 

than at 25°C until -2.5 MPa when the reverse was found. When salts 

were added to navy, rates were higher at 35°C than at 2SoC only until 
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Table 1. Percentage germination of tepary and navy beans at 250 or 350C 
with 0.0 to -2.5 MPa NaCl after 9 days. 

NaCl Treatment (MPa) 

Genotype 0.0 -0.5 -1.0 -1.5 -2.0 -2.5 

------------------250C--------------------

White tepary 981 98 95 93 73 28 

Brown tepary 88 88 78 74 55 9 

Navy 100 99 96 98 40 1 

LSD (0.05) 10.8 13.0 13.3 10.8 10.6 3.4 

------------------350C--------------------

White tepary 100 99 99 98 69 13 

Brown tepary 99 98 91 86 40 4 

Navy 99 100 95 36 4 0 

LSD (0.05) 6.4 6.4 15.1 8.8 7.7 16.8 

lAnalysis done on arcsin transformed data. 
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Table 2. Germination rate1 of tepary and navy beans at 25° or 35°C with 
0.0 to -2.5 MPa NaCl after 9 days. 

NaCl Treatment (MPa) 

Genotype 0.0 -0.5 -1.0 -1.5 -2.0 -2.5 

------------------250C--------------------

White tepary 41 31 31 23 13 4 

Brown tepary 27 21 18 14 9 1 

Navy 31 29 22 18 6 0 

LSD (0.05) 8.8 5.9 5.9 3.7 2.3 1.1 

------------------350C--------------------

White tepary 66 57 43 33 19 2 

Brown tepary 45 36 30 20 7 1 

Navy 38 34 27 7 1 0 

LSD (0.05) 9.0 6.7 8.9 5.6 2.9 2.0 

IRate = summation of newly germinated seeds on given day divided 
by day number. 
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-1.5 MPa, indicating more high temperature stress at lower salinities 

than in tepary. The changes in germination rates due to salinity 

resulted from delays in initiation of germination as well as germination 

of fewer seeds. A high positive correlation exists between germination 

rate (Table 2) and percentage germination (Table 1). At 2SoC, 

correlation coefficients were WT = 0.88, BT = 0.93, and navy = 0.93. 

At 3SoC coefficients were WT = 0.89, BT = 0.91, and navy = 0.98. 

Fresh Weights of Root Plus Hypocotyl 

large decreases in fresh weights of root plus hypocotyl occurred 

as salinity increased from 0.0 to -0.5 MPa for all genotypes at both 

temperatures (Table 3). However, in WT and navy, fresh weight was higher 

at 2SoC than at 350C, whereas in BT the reverse was true. Fresh weight 

of navy was reduced severely by the 35°C temperature even at 0.0 MPa, 

whereas considerably less temperature effect on fresh weight was observed 

with the two tepary accessions. Weights decreased severely with all 

increments of salinity. At -2.0 MPa it was no more than 3% of the 0.0 

MPa treatment, and at -2.5 MPa it was negligible for all genotypes. 

Discussion 

Tepary bean accessions tested were more salt tolerant during 

germination than the navy bean 'Fleetwood'. This difference in tolerance, 

indicated by percent and rate of germination, was most evident at the 

higher salinities. WT was the most tolerant, as indicated by higher 

percentages and rates of germination, and by greater increases in fresh 

weight after nine days. BT was less salt tolerant than WT, but more 

tolerant than navy. 
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Tabl e 3. Fresh weight (mg/seed) of root pl us hypocotyl of tepary and 
navy peans at 25° or 35°C with 0.0 to -2.5 MPa NaCl after 9 
days. 

NaCl Treatment (MPa) 

Genotype 0.0 -0.5 -1.0 -1.5 -2.0 -2.5 

------------------250C--------------------

White tepary 620(100)2 112(18) 54(10) 32(5) 16(3) 5(1) 

Brown tepary 522(100) 79(15) 33( 6) 19(4) 9(2) 2(0) 

Navy 688(100) 141(20) 50( 7) 26(4) 9(1) 1(0) 

------------------350C--------------------

White tepary 425( 60) 159(26) 49( 8} 28(5} 17(3} 2(0} 

Brown tepary 552(106) 113(26) 41( 8} 24(5) 9(2} 2(0) 

Navy 117( 17) 66(10) 31( 5) 8(1} 1(0) 0(0) 

1Replications were combined so statistical analysis not possible. 

2Values in parentheses are percent of 0.0 MPa and 250C treatment 
value for given geneotype. 
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Tepary accessions also exhibited greater tolerance to the high 

temperature (350C) than navy. At lower salinities BT actually germinated 

more successfully at the high temperature, whereas WT and navy. showed 

1 ittle difference in response to the two temperatures. As sal inity 

was increased, navy was the first accession to show more stress at the 

high temperature than at the low temperature, suggesting less tolerance 

to heat. Even with no salt, fresh weights of navy were greatly decreased 

at 3SoC. 

Even though seeds germinated in high salt concentrations, they 

may not produce vigorous seedlings since fresh weights of roots plus 

hypocotyl s i ndi cated that even at the lowest concentration of NaCl 

(-0.5 MPa), all three accessions had severely reduced growth. Cotyledons 

were not included in fresh weight comparisons, as they may be largely 

an indication of imbibition and not new growth. Also, cotyledon fresh 

weights may reflect differences in initial seed weights more than fresh 

weight of root and hypocotyl. 



CHAPTER 3 

SALT TOLERANCE OF TEPARV AND 
NAVV BEANS AT EMERGENCE 
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Tolerance at germination and emergence is a highly desirable 

trait because salts often concentrate in upper surfaces of soils. For 

this reason use of these stages as a first indicator of tolerance seems 

val id (Norlyn and Epstein, 1984). Although tepary germinated more 

successfully under salt stress (Chapter 2), the question in the following 

experiment was whether it would exhibit greater vigor in establishing a 

seedling in a saline environment than would navy bean. Salt tolerance 

at seedling emergence does not coincide necessarily with tolerance at 

seed germination (Miyamoto, Piela, and Petticrew, 1985), and therefore, 

tolerance at germination can not be assumed to correlate with tolerance 

at emergence. Seedling vigor is extremely important especially in semi

arid sal ine areas where soils often crust at the surface and high 

temperatures compound salt problems. By studyi ng tepary at a more 

advanced stage than germination, we also were able to see what cummulative 

effects salt stress had on these genotypes. The objective of this study 

was to compare the salt tolerance of the two Phaseolus species during 

growth to emergence. 

Materials and Methods 

NaCl Treatments 

Solutions of NaCl having osmotic potentials of 0.0, -0.3, 

-0.6, -0.9, -1.2 and -1.5 MPa were prepared. These levels of salinity 

were determi ned from pre 1 i mi nary tri a 1 s to const itute the range over 
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which significant changes in emergence occurred with minimal emergence 

observed at the most severe level (-1.5 MPa). 

Plant Growth 

Plant material was the same as in Chapter 2. Into 27 x 19 x 6 

cm plastic trays (Carolina Scientific, Inc.) 1.5 liters of salt solution 

were added followed by 3 liters of fine vermiculite (Terra-lite, Grace 

Horticultural Products, Cambridge, MA 02140). At planting a plastic 

peg board was used to make 60 holes (6 rows with 10 holes/row) in the 

saturated vermiculite 2.5 cm deep with 2.5 cm spacing between seeds. 

Seeds of the three genotypes were placed in either of the outside or 

middle two rows and covered with vermiculite. Trays then were sealed 

in plastic bags and placed in a growth chamber (Sherer, Inc.) at 25 ± 

20C with relative humidity of 46 ± 6%. A pan of water was kept filled 

in the bottom of the chamber to help stabilize humidity when seedlings 

began to emerge. Chamber light intensity averaged 320 ± 40 umol/s . m2 

and light period in the chamber was set for 16 hours followed by 8 hours 

darkness. 

Trays were weighed to determine loss of water from evapotran

spiration by subtracting this weight from 1975 grams, the initial weight 

of a prepared tray when first sealed in a plastic bag. Trays were reple

nished with distilled water equal to the amount lost every other day . 
. . - , 

Every two days the six trays, one for each salt level, were rotated in 

the chamber. When seedlings began to emerge, plastic bags were removed 

from trays. 
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Emergence 

Recordings were made every two d~s on growth stages of seedlings, 

us i ng the fo 11 owi ng scale: 0 '" no sign of emergence; 1 '" hypocotyl 

hook visible; 2 '" cotyledonary leaves above surface of vermiculite; 3 = 

stem straight with primary leaves beginning to unfold; 4 '" full expansion 

of primary leaves; 5 '" expansion of first true leaves, generally trifo

liate. Emergence rates were calculated as the summation of mean growth 

stage each day divided by day number. After 14 days trays were removed 

from the growth chamber, final growth stages were recorded, and seedlings 

harvested. 

Weight and Leaf Area 

For treatments of 0.0 through -0.9 MPa, total fresh weights of 

emerged seedlings were made after cleaning roots of vermiculite in running 

water' and drying plants of excess water. On seedlings stressed with -1.2 

and -1.5 MPa, weights recorded included the few emerged seedlings, and 

also plant material not emerged so that some comparison could be made 

among all three genotypes at these high salinity levels. Plant tissue 

was separated into leaf blades, roots, and stem plus petioles. Leaf 

area was determined with a leaf area meter (LiCor 3100), although it 

was not measured for any genotypes on -1.2 and -1.5 MPa stressed plants 

as navy bean exhibited only minimal leaf expansion at these salinities. 

Plant tissue was placed in paper bags and dried for 48 hours in a dryer 

oven (Precision Scientific Co., Thelco Model 18) at 680C. Dry weights 

then were taken. Root:shoot ratios were determined on a dry weight basis. 
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Water Relations 

Measurements of leaf water potential and osmotic potential, as 

well as calculation of leaf turgor, were made on two replications. Two 

leaf disks per sample were punched from the middle of expanding primary 

leaves at 9 AM, 14 days after planting and two days after the last 

watering. Three samples per treatment were used. Samples were placed 

immediately in thermocouple psychrometers which were closed and their 

ends placed in a 2SoC water bath to equilibrate for 3 hours. leaf water 

potential readings then were made on a microvolt meter (MJ55, Wescor, 

Inc.). Subsequently, psychrometers were frozen in liquid nitrogen for 

20 seconds, allowed to equil i brate to near room temperature for 30. 

minutes, and placed in a water bath at 250C for one hour. Readings 

then were made of osmotic potential. Turgor pressure was calculated as 

the difference between osmotic and leaf water potentials. 

Experimental Design and Analysis 

The experiment was established as a randomized complete block 

design, with each block having one replicate of 20 seedlings for each 

of the six salinity levels. Each tray contained all three genotypes 

sown in two adjacent rows whose location was randomized, as was the 

placement of trays in the growth chamber. The four blocks were four 

replications of the 14 day experiment over approximately 2 months 

(October-December 1985). Analysis of variance and lSDs at 0.05 were 

calculated for final growth stage, rate of emergence, leaf area, fresh 

weight, and root:shoot ratios. Standard deviations were calculated for 

most other parameters. 
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Results 

Final Emergence Stage 

After 14 days at 0.0, -0.3, and -0.6 MPa NaCl (Table 4), all geno

types had cotyledonary and first true leaves expanding (stage 4). At 

-0.6 MPa some delay in stage development tended to occur. For salinities 

at and above -0.9 MPa, emergence was delayed more in navy than in white 

t~pary (WT) or brown tepary (BT) although a significant difference was 

found only at -1.2 MPa. At -1.2 MPa the hypocotyl hook was opening in 

both tepary beans, while only half of the hypocotyls were visible with 

navy. At -1.5 MPa only a few tepary beans were observed emerging and none 

of the navy beans. At all salinities both tepary accessions reached a 

more advanced or equal stage to that of navy. 

Emergence Rate 

A significant interaction occurred between salt and genotype for 

emergence rates (Appendix D). With no salt, rates were between 2.3 and 

2.6 (Table 5). Rates thereafter tended to decrease as salinity increased, 

except for navy at -0.3 MPa, with large reductions first apparent at 

-0.6 MPa. With salt, navy had similar rates as WT, and higher than BT, 

until -1.2 MPa when navy was significantly less than WT and BT. Rates 

fell to zero for all beans at -1.5 MPa. BT had a significantly lower 

rate than WT or navy at intermediate salinity, which may be associated 

with its slower rate of germination at 2SoC noted in Chapter 2. Figure 

1 shows a delay in days to emerge (stage 1) and subsequent development 

in all three genotypes with increasing salt stress. 



Table 4. Growth stages l of tepary and navy beans grown with 0.0 to -1.5 MPa NaCl 
for 14 days. 

NaCl Treatment (MPa) 

Genotype 0.0 -0.3 -0.6 -0.9 -1.2 -1.5 

White tepary 4.6±0.3 4.6±0.3 4.3±0.5 3.9±0.2 1.6±0.7 O.I±O.I 

Brown tepary 4.S±0.4 4.6±0.1 4.2±0.2 3.7±0.6 1.4±0.6 0.1±0.1 

Navy 4.3±0.3 4.6±0.1 4.1±0.3 3.4±0.5 0.5±0.3 O.O±O.O 

LSD (0.05) 0.6 0.4 0.5 0.7 0.9 0.1 

ISee text for explanation. 

w ..... 



Table 5. Rate of emergence 1 of tepary and navy beans grown with 0.0 to -1.5 MPa NaCl 
for 14 days. 

NaCl Treatment (MPa) 

Genotype 0.0 ·r -0.3 -0.6 -0.9 -1.2 -1.5 

White tepary 2.6±0.1 2.3±0.2 1.8±0.2 1.0±0.2 0.2±0.1 O.O±O.O 

Brown tepary 2.3±0.3 2.0±0.0 1. S±O.1 0.8±0.2 0.2±0.1 O.O±O.O 

Navy 2.3±0.2 2.4±0.3 l.9±0.1 l.0±0.2 0.1±0.1 O.O±O.O 

LSD (O.OS) 0.2 0.3 0.2 0.2 0.1 0.0 

ISee text for explanation. 

w 
co 



"white tepary" 

"brown tepary" 

"navy" 

Iy-____________________________________ --,_+_OWP. 

4 

.. 
"'3 
D 

in 
:5 • fz 
t:) 

0 

I 

.. 

• OJ 
oS 
If) 

:5 • 
~2 

0 

__ ..,,.--.s .. . --.... . ---.... . 
__ -1.2 .. . 

__ -1.!1" • 

0 2 .. • • 10 12 ,. 
Days after planting ,...-----------......::....---.:...--=-------_ _+_ 0 UP. 

0 2 .. • II 10 

Days after planting 
12 

_ -.swpo 
_ -.tllP. 
__ -.11 UP • 

__ -1.2..".. 

_+_-I.!111Po 

,. 
:I r---------------------------.-+- 0 UP. 

_ -.J lIP. 

- -.DIIP • 

4 

• 
__ ::::::-::JI.==~~::::!Ia:::::;if'~::::;.1-- -.11 UP. 

__ -1.ZMP. 

____ -- -I.!1MP • 

.. 
"'3 
.B 
en 
:5 
II 

&2 

OO----~---~--~---_+--~==~~~ 
o .. II II 10 12 14 

Day. after planting 

39 

Fig. 1. Cumulative emergence of tepary 
to -1.5 MPa NaCl for 14 days. 

and navy beans grown with 0.0 
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Plant Water Relations 

Tepary beans tended to maintain higher leaf and osmotic potentials 

than navy, although turgor pressure was similar in all three genotypes 

(Fig. 2). All genotypes maintained turgor by lowering osmotic potential 

as leaf potentials declined with increasing salt. Leaf and osmotic 

potentials declined the most in navy, indicating that this genotype was 

more stressed than either WT or BT. Analysis of variance indicated 

signi fi cant di fferences among genotypes and salt treatments for 1 eaf 

and osmotic potentials, but significant interactions between the two 

treatments only for osmotic potential (Appendix D). 

Leaf Area 

In determining leaf area, only plants in the 0.0 to -0.9 MPa 

treatments were used since no leaves unfolded at the two higher salinities 

(Table 6). At 0.0 and -0.3 MPa large differences in leaf area were noted 

between genotypes, with navy tending to have the largest leaf area at 

the lower salinities. At -0.6 and -0.9 MPa the percentage leaf area, 

as percentage of 0.0 MPa, was greatest with WT, intermediate with BT, and 

least with navy. The same genotypic order of reduction was noted overall. 

This observation indicates that leaf area of both tepary accessions 

tended to be reduced less by salinity than that of navy. 

Fresh and Dry Weight 

After 14 days at -0.3 MPa, fresh weight was 14% greater than at 

0.0 MPa for navy while tepary weights remained relatively constant (Table 

7). At higher salt levels (-0.6 to -1.5 MPa) all three genotypes tended 

to decline in fresh weight with increasing salinity, with BT often showing 
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Fig. 2. Plant water relations of tepary and navy beans grown with 0.0 
to -1.2 MPa NaCl for 14 days. 



Table 6. Leaf area of tepary and navy beans grown with 0.0 to -0.9 MPa NaCl for 14 days. 

NaCl Treatment (MPa) 

Genotype 0.0 -0.3 -0.6 -0.9 

-------------------- cm2/plant ---------------------

White tepary 14.3(100)1 13.9(97) 10.4(73) 4.4(31) 

Brown tepary 16.0(100) 16.0(100) 9.6(60) 4.2(24) 

Navy 25.2(100) 25.2(100) 14.4(57) 4.3(17) 

LSD (0.05) for %'s (3) (20) (6) 

1 Values in parentheses represent leaf area for a given genotype as a percentage of 
leaf area at 0.0 MPa. 

~ 
N 



Table 7. Fresh weight of shoots plus roots of tepary and navy beans grown with 0.0 
to -1.5 MPa NaCl for 14 days. 

NaCl Treatment (MPa) 

Genotype 0.0 -0.3 -0.6 -0.9 -1.2 -1.5 

---------------------------g/plant---------------------------

White tepary 1.60(100)1 1.55(99) 1.40(91) 0.95(62) 0.66(42) 0.49(31) 

Brown tepary 1.75(100) 1.75(102) 1.20(70) 0.90(53) 0.62(35) 0.47(27) 

Navy 1.95(100) 2.20(114) 1.85(97) 1.15(60) 0.57(29) 0.63(32) 

LSD (0.05) (19) (17) (21) (8) (11) 

1 Values in parentheses represent fresh weight of a given genotype as a percentage 
of fresh weight at 0.0 MPa. 

~ 
w 
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the largest reduction. The greater fresh weight in navy at -1.5 MPa 

does not necessarily indicate more vigor in emergence than tepary, since 

at -1.2 and -1.5 MPa unemerged seedlings were used in determining 

measurements so some descri pt ion coul d be made of germi nat i n9 seed 

measurements. Dry weights tended to decrease with increasing salinity 

with relative effects of NaCl similar for all genotypes (Fig. 3). The 

interaction between salt by genotype was significant for fresh weight 

as a % of control (Appendix D). 

Root:Shoot Ratio 

Since -1.2 and -1.5 MPa NaCl stressed plants were not sufficiently 

developed to make a good comparison among genotypes, they were not used 

for ratio determinations. Root:shoot ratios of all genotypes tended to 

decrease consistently with salinity increases above -0.3 MPa (Table 8). 

Significant differences were found among genotypes at -0.3 and -0.6 MPa 

when both tepary beans had higher ratios than navy. 

Discussion 

In this study six growth stages were used to describe the extent 

of plant development after 14 days. At each level of salinity WI tended 

to reach the most advanced stage, followed next by 8T, and then by navy. 

Ranking of genotypes was the same as that found in percentage germination 

after nine days (Chapter 2). Emergence rates also related to findings 

on germination rate at 2SoC. The ranking was WT and navy followed by 8T. 

During emergence, tepary beans had higher water and osmotic 

potentials than navy. However, the decrease in osmotic potential of navy, 

possibly due to osmotic adjustment, enabled it to maintain a constant 
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Fig. 3. Dry weight of shoots plus roots of tepary and navy beans grown 
with 0.0 to -0.9 MPa NaCl for 14 days. Vertical lines repre
sent + standard deviation. 



Table 8. Root:shoot ratio1 of tepary and navy beans grown with 0.0 to -0.9 
MPa NaCl for 14 days. 

NaCl Treatment (MPa) 

Genotype 0.0 -0.3 -0.6 -0.9 

White tepary 0.40±0.20 0.43±0.07 0.40±0.07 0.19±0.09 

Brown tepary 0.45±0.31 0.54±0.05 0.35±0.16 0.16±0.10 

Navy 0.26±0.14 0.28±0.03 0.20±0.03 0.21±0.08 

LSD (0.05) 0.21 0.14 0.13 0.07 

1 Dry weight basis. 

~ 
m 
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turgor. Osmotic adjustment under stress permits turgor to remain positive 

so that cell growth can continue allowing roots to penetrate greater soil 

volume which provides water so that stomata can remain open longer, and 

thus photosynthesis can continue at greater stress levels (Bernstein, 

1961). Osmotic adjustment, though, can require an energy expense for a 

plant, and even though turgor in navy was equal to that in tepary beans, 

its final growth stage was lower. Disagreement exists on the occurrence 

of osmotic adjustment in tepary (Markhart, 1985; Parsons and Howe, 1984). 

Adjustment was observed in tepary in this study to the extent that turgor 

was maintained at the highest salinity. This adjustment may have been 

because as cell water decreased in tepary beans, the elasticity of its 

cell walls caused cells to shrink, osmotic potential to decrease more 

than water potential by concentrating cellular salts, and turgor to 

increase. Higher water potential in tepary than navy corresponds with 

reports of drought tolerance in the two species (Markhart, 1985). 

Since leaf expansion is essential for photosynthesis, enabling 

a plant to become autotrophic after emergence, it may be an important 

factor to consider when selecting for stress. In this study navy had 

the greatest leaf area after 14 days at lower salinities, but was equal 

to tepary beans at -0.9 MPa, indicating that navy was stressed more as 

salinities increased. 

Fresh weight appears to be a poor indicator of the potential of 

a genotype for seedling establishment since fresh weight decreased at 

a slower rate than growth stage development at high salinities. Also, 

fresh weight of plants grown at no salinity is variable between species 
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making it difficult to use absolute comparisons when plants are subjected 

to salt. The same is true for dry weight comparisons. 

Root:shoot ratios decreased with salinity in all genotypes. 

Genera lly, th i s ratio has been reported to increase with i ncreas i ng 

salinity stress since leaf growth is more sensitive than root growth 

(Meiri and Poljakoff-Mayber, 1970; Munns and Termaat, 1986). This 

response may not be true, however, at the seedling stage. Futhermore, 

the difference between tepary and common bean root systems may not be 

in total biomass, but in the distribution and possibly the efficacy of 

the roots to absorb water (Markhart, 1985). 

In conclusion greater salt tolerance is indicated in tepary than 

in navy bean during emergence. Tepary had a more advanced final growth 

stage, more rapid establishment, less percentage reduction in leaf area, 

and higher water potentials than navy bean. The easiest and possibly 

the most rel iable of these parameters in measuring salt tolerance of 

seedl ings is final growth stage. The technique for measuring this 

requires only initial preparation of growth trays and sowing of seeds 

followed by stage measurement at harvest. In this study it gave a 

consistent indication of the greater salt tolerance in tepary versus 

navy bean. 



CHAPTER 4 

SALT TOLERANCE OF TEPARY AND NAVY BEANS 
DURING VEGETATIVE AND REPRODUCTIVE STAGES 
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The tolerance of a crop to salinity varies according to the growth 

stage at which salinization is initiated, and the final level of salinity 

(Lunin, Gallatin, and Batchelder, 1963). Many crops are most tolerant 

early, while others become increasingly tolerant during later stages 

(Bernstein and Hayward, 1958; Lunin et al., 1963; Maas, 1986). Because 

of this, tolerance at one stage may not be a rel iable indicator of 

tolerance at another (Shannon, Bohn, and McCreight, 1984). As an example, 

common beans were more tolerant to salinity at later stages of growth 

than at the seedling stage as measured by seed yield. And, the yield 

of bean tops tended to decrease almost linearly with increasing salinity, 

while that of pods was actually higher when stressed with low salinity 

than the control (Lunin, Gallatin, and Batchelder, 1961). 

In two previous studies (Chapters 2 and 3) we reported the 

responses of tepary and common bean to NaCl at germination and emergence 

stages. In the present study a compari son was made between pl ants 

stressed with salt at vegetative versus reproductive stages. We measured 

physiological parameters that may relate to salt tolerance mechanisms 

such as carbon exchange rate, transpiration, stomatal resistance, and 

leaf temperature. In some species young plants adapt more readily to 

salt than do older plants (Bernstein and Hayward, 1958; Lunin et al., 

1963; Maas, 1986), and the suggestion has been made that different genes 

become involved in various mechanisms of salt tolerance as the plant 
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develops (Shannon, 1984). It was our intention to further characterize 

salt tolerance by stage of ontogeny. 

Materials and Methods 

Plant Growth 

The same germplasm was used in this experiment as in preceding 

chapters. Seeds were planted in 5 x 30 cm black plastic tubes containing 

1:1:2 (v/v/v) mixture of vermiculite:perlite:peat. Seedlings were watered 

with Peter's 20: 20: 20 sol ub 1 e fert i 1 i zer at the rate of 5 gil three 

times during the 14 days of their growth prior to transplanting into 

the hydroponic system. At transplanting, on 7 May 1986, they were 

apprOXimately 10 cm in height with 2-3 true leaves. Greenhouse maximum 

and minimum temperatures during this initial growth period were 370 C 

and 140 C respectively, with maximum and minimum relative humidities of 

65% and 44% as measured by a hygrothermograph (Bendix Corp). During 

the subsequent growth of plants in the hydroponic system, temperatures 

in the greenhouse were a maximum of 380C and minimum 180C, while relative 

humidity varied between 60% and 40%. Cloud cover over the greenhouse 

for the duration of the experiment was minimal with light intensity at 

midday around 1350 ± 75 umol/s . m2. Dayl~ngth averaged 13 ± 0.5 hrs. 

As plants matured they were trained to vi ne up p 1 ast i c twi ne 

suspended from the ceiling and attached to plants with plastic clips. 

Insects, mostly white flies, were controlled by a pyrethrin and rotenone 

insecticide (D-X Insect Spray, Miller Chemical and Fertilizer, Hanover, 

PA 17331) and yellow adhesive fly strips throughout the experiment. 
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Hydroponic System 

The system was located in a greenhouse and consisted of 25 x 32 

x 16 cm white plastic tubs that held an 8 liter mixture of nutrients 

and tap water solution .. The exterior surface of tubs was covered with 

aluminum foil to reduce light and algae growth in the nutrient solution. 

Polystyrene boards, measuring 24 x 31 x 2 em, were floated in the tubs. 

The boards had two 4 cm holes into which seedlings were transferred, 

held upright by foam rubber pl ugs that fit tightly around the pl ant 

stem. Foam plugs were wrapped in Saran wrap to decrease direct contact 

of salt with plant stems. 

Tubs were aerated continuously using one electric pump (Second

nature Challenger III) for 4 tubs via 3 mm tygon plastic tubing to aera

tion stones (2.5 cm cube Agua-Mist air stones from Penn-Plax, Taiwan). 

Stones were inspected on a regular basis to maintain a uniform supply 

of air to each tub. They were cleaned and new nutrient solutions were 

added at the time salt treatments were changed. loss of water in the 

tubs from transpiration and evaporation was considerable, increasing as 

plants reached maturity. Nutrient solutions were replenished with water 

to their original 8 liters at least every three days, and daily when 

plants were large. Nutrients were added weekly (see Appendix A). From 

weekly readings, pH of solutions averaged 6.8 ± 0.1. 

NaC1 Treatments 

NaCl was added to nutrient solutions at the rate of 0, 2, or 5 

g/l. These rates corresponded to osmotic potential readings of -0.10, 

-0.25, and -0.50 MPa as determined by weekly vapor pressure osmometer 
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readings that were averaged over the duration plants were in the hydro

ponic system. These NaCl concentrations were chosen on the basis of a 

preliminary study. Plants received the salt treatment for 14 d~s during 

either the vegetative or the reproductive stages of development. 

Salt was added to half of the tubs 5 days after transfer into 

the hydroponic system. Hereafter, this treatment is referred to as early 

or vegetative stage salt stress. Salt was added at no more than 2 g/l 

of solution per day at 18, 19, and 20 DAP to decrease the possibility 

of osmotic shock to plants. At 33 DAP, the beginning of floral initiation 

for the remaining and control plants, NaC1 was eliminated from the nutri

ent solution of this first group of plants and added on 33, 34, and 35 

DAP to a second group of plants at identical levels. This salt stress 

is referred to as late or reproductive stage stress. After an additional 

14 days, both sets of plants were placed in NaC1-free nutrient solution 

(48 DAP) and allowed to grow an additional 7 days until harvested. 

Experimental Design and Analysis 

The experiment was a completely randomized design. Treatments 

were 3 salt levels x 3 genotypes x 2 stress periods x 4 replications. 

There were 2 genotypes per tub. One set of plants was used to represent 

control treatments (-0.10 MPa). Thus, there were 34 tubs in all. Analysis 

of variance was completed on all data and LSDs at 0.05 were calculated 

for means. 

Physiological Measurements 

During the plant growth in the hydroponic solutions various 

physiological measurements were made on the plants. Transpiration, 
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stomatal resistance, and leaf temperatures were taken with a LI-1600 

steady state porometer (li-Cor, Inc., lincoln, NE 68504) on leaves at 

fifth node from plant apex on 21 May (30 DAP), 5 June (44 DAP), and 14 

June (52 DAP) from 11:00 AM to 12:30 PM. 

Carbon exchange rates (CER) were obtained by cl amping a 0.99 

liter plexiglas leaf chamber, with fan to circulate air, around intact 

leaf samples at fifth node from plant apex, and taking gas from the 

chamber with syringes at time zero and after 40 seconds (Clegg, Sullivan, 

and Eastin, 1978). CER then was determined by injecting these samples 

i~to an infrared analyzer (Beckman Model 865, Fullerton, CA 92634) and 

calculating CER with known area (li-Cor 3100 leaf area meter, li-Cor,· 

Inc.) of leaf sample collected (see Appendix B). CER measurements were 

taken on 23 May (32 DAP), 4 June (43 DAP) , and 15 June (53 DAP) from 

1:30 PM to 3:30 PM, and also at 10:30 AM to 12 noon and 3:30 PM to 5:00 

PM on 15 June. 

Water relations were determined by punching two 7 mm leaf disks 

from the middle of the fifth expanded leaf from the top of the plant at 

9:00 AM on 15 June (53 DAP). Disks were immediately placed in 

thermocouple psychrometers and their ends placed in a water bath at 

250 C to equilibrate for 3 hours. Each treatment had 3 replicates. 

leaf water potential readings then were taken on a microvolt meter (MJ55, 

Wescor, Inc.). Psychrometers then were frozen in liquid nitrogen for 20 

seconds, allowed to equilibrate to near room temperature, and returned 

to the 250C water bath for one hour. Read i ngs of osmotic potent i a 1 

then were taken on the microvolt meter. Turgor was calculated as the 

difference between osmotic and leaf water potential. 
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Plant Harvest 

Plants were harvested. on 17 June (55 DAP and after 41 days in 

hydroponic solution). Pods were removed first from plants, then leaves 

and stems were cut from roots. Roots were discarded because they were 

too tightly intertwined with the other plant in the tub and could not 

be separated. Fresh weights were taken of all plant materials. Leaf 

and stem tissue then were placed in a dryer oven (Precision Scientific 

Co., Thelco Model 18) for 48 hours at 650C. Samples were weighed a 

second time to determi ne dry wei ghts, and moi sture percentages were 

calculated. 

Results 

Biomass and Pod Measurements 

In Figure 4 (and Appendix C) fresh and dry weights of leaves 

plus stems from plants stressed either early (during vegetative stage) 

or late (during reproductive stage) are shown. Three-way analysis of 

variance revealed significant differences within genotypes and salt 

levels, but not stress periods. A first order interaction was found 

between genotypes and sal inity for fresh weight (Appendix D). All 

genotypes tended to decrease in fresh and dry weights with increasing 

salinity, with navy having no biomass yield due to plant mortality 

at -0.50 MPa during the reproductive stress period. No differences in 

biomass were found between tepary beans stressed at vegetative or 

reproductive stages. 

Change in pod fresh weights with increasing salinity was sporadic 

and was different than for biomass (Fig. 5). WT plants stressed early 
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Fig. 4. Fresh and dry weights of leaves and stems of tepary and navy 
beans stressed with NaCl for two weeks during vegetative (v) or 
reproductive (r) stages (55 DAP). At -0.10 MPa, one set of 
plants represented the control for both vegetative and 
reproductive stress periods. Vertical lines represent + standard 
deviation. 
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Fig. 5. Pod fresh weight of tepary and navy beans stressed with NaCl 
for two weeks at vegetative (v) or reproductive (r) stages (55 
DAP). At -0.10 MPa, one set of plants represented the control 
for both vegetative and reproductive stress periods. Vertical 
lines represent + standard deviation. 
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tended to decrease in pod weight at each salt level, while those 

stressed later tended to decrease at -0.25 MPa, and increase at -0.50 

MPa. Early stressed BT had relatively low pod weights at each salinity 

with a high at -0.25 MPa, while late stressed BT plants increased in 

weight especially at -0.50 MPa. However, pod set on control plants 

(-0.10 MPa) was extremely low for BT. Navy decreased in weight at each 

salinity for both early and late stressed plants, with no production at 

all at -0.50 MPa reproductive due to plant death. At -0.50 MPa, early 

stressed plants had low pod weights for all genotypes. At the late 

stress, however, both tepary accessions had their highest yields of any 

treatments, while navy plants had no pod yield. Three-way analysis of 

variance (Appendix D) indicated significant differences within genotypes 

and salt, and significant interaction between these factors. 

Carbon Exchange Rates (CER) 

Observations from all genotypes and all NaCl levels were combined 

in analysis as there was no interaction among factors. No significant 

differences were observed in CER between early and late salt application 

on any of the 3 sampling dates (Table 9 and Appendix C). The first 

recording date (32 DAP) fell within the time period of early salt 

application, the second date (43 DAP) within late salt application and 

the third (53 DAP) when salt stress had been removed from all growth 

media. Rates were highest at the second sampling date. When CER by 

salt level was compared, rates at -0.10 MPa tended to be higher at all 

three dates, but not statistically different because of large variations 

among readings. When CER of genotypes was compared, no significant 
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Table 9. Carbon exchange rates (mgC02dm-2hr-l) of tepary and navy beans 
over 3 sampl ing dates witll NaCl appl ied for two weeks at 
vegetative or reproductive stages. 

Stress 
Stage 
Vegetative 
Reproductive 
LSD (O.OS) 

NaCl 
(MPal 
-0.10 
-0.25 
-0.50 

LSD (O.OS) 

Genotype 
White tepary 
Brown tepary 
Navy 
LSD (O.OS) 

Days After Planting 
32 43 53 

-------------- Stress Stage -----------------

13.6± 5.5 
15.4+ 5.5 

2.7 

21. 6±12. 2 
17.4+10.8 

5.7 

13.2± 6.7 
12.5+ 6.3 

2.9 

------------ NaCl Treatment ------------------

IS.4± 6.1 
13.3± 5.5 
14.7+ 4.9 

3.2 

23.6±14.8 
17.4± 9.5 
17.5+ 9.0 

6.6 

14.2± 6.0 
12.7± 5.5 
12.6+ 7.7 

3.5 

---------------- Genotype --------------------

IS.7± 6.3 
13.7± 4.6 
14.0+ 5.4 

3.2 

23.3±13.7 
18.6+12.0 
16.6+ 7.8 

6.6 

14.2± 6.0 
15.5+ 6.9 
8.8+ 4.4 
3.5 
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di fferences were observed 32 DAP. At 43 DAP WT was signi ficantly 

higher than navy and at 53 DAP CER of navy decl ined severely and was 

significantly less than both tepary accessions. 

When diurnal CER measurements were made, tepary accessions were 

significantly higher than navy from 10:30 AM to noon and from 3:30 to 5:00 

PM (Table 10 and Appendix C). From 1:30 to 3:00 PM little difference 

was observed among genotypes. CER of tepary remained relatively unchanged 

throughout the day, while the CER of navy fluctuated more. 

Water Relations 

Tepary accessions stressed early showed little change in water 

status as salinity increased (Fig. 6 and Appendix C). Navy beans that 

were stressed early, however, had a large decline in turgor, which 

was negative at -0.25 and -0.50 MPa. When plants were stressed later, 

all plants had similar turgor at the control level (-0.10 MPa) (Fig. 

7). WT maintained a constant turgor as water potent; al decl ined with 

increasing salinity. Navy decreased in turgor at -0.25 MPa, again having 

negative turgor. At -0.50 MPa both BT and navy had their highest turgor, 

as osmotic potential was reduced to -1.50 MPa in BT and -2.20 MPa in 

navy. A three-way analysis of variance indicated significant interactions 

among treatments for water potential, osmotic potential, and turgor 

(Appendix D). 



60 

Table 10. Diurnal carbon exchange rates (mgC02dm-2hr-1) of tepary and 
navy beans when NaCl levels and stress stages were combined 
(53DAP). 

Time 
-------------------------------------------------------

Genotype 10:30AM-Noon 1:30-3:00PM 3:30-5:00PM 

White tepary 14.2± 6.0 19.3±12.1 17.2± 5.B 

Brown tepary lS.S± 6.7 1B.9± 4.2 17 .4± 5.6 

Navy B.B± 4.4 l7.D± 5.B 7.4± 4.5 

LSD (0.05) 3.5 4.9 3.1 
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Fig. 6. Water relations of tepary and navy beans stressed with NaCl for 
two weeks during their vegetative stage (53 DAP). 
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Fig. 7. Water relations of tepary and navy beans stressed with NaCl for 
two weeks during their reproductive stage (53 DAP). 



Transpiration, Stomatal 
Resistance, and Leaf Temperature 
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No significant interaction occurred for stress stage x salt x 

genotype. Table 11 (and Appendix C) shows salt effects on transpiration, 

stomatal resistance, and leaf temperature. Porometer readings were 

taken during early and late stress periods, and after all salt was 

removed. Values in Table 11 are averaged for all sampling dates. When 

stress stages were compared, transpiration, stomatal resistance, and 

leaf temperature were similar at both stages. From this analysis, it 

was not possible to determine at which period of salt stress plants 

were more tolerant. When salt levels were compared, tendencies were 

for transpiration to decline, stomatal resistance to increase, and ambient 

air minus leaf temperature differences to decline with increasing salt, 

but none were significantly different. No significant differences 

occurred in transpiration or stomatal resistance among genotypes because 

of large variation in values among replicates. However, air minus leaf 

temperature differences were significantly greater for WT than navy. 

Discussion 

Fresh and dry weights decreased with every increment of salinity 

in plants during both stress periods. Navy was stressed severely at 

-0.50 MPa and had little biomass production at either time. Although 

weights of tepary decreased, they di d not decrease as much as navy. 

Fresh pod weights were affected differently than was biomass. High 

salt application actually stimulated pod production in tepary accessions 

at -0.50 MPa during late stress, whereas it decreased in plants stressed 

during early stress. This response may have occurred since these 
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Table 11. Transpiration, stomatal resistance and ambient air temperature 
minus leaf temperature for tepary and navy beans with NaCl 
applied for two weeks at vegetative or reproductive stages 
(means of 33, 44, and 52 DAP). 

Stress 
Stage 

Vegetative 
Reproductive 
LSD (0.05) 

NaCl 
(MPa) 

-0.10 
-0.25 
-0.50 

LSD (0.05) 

Genotype 

White tepary 
Brown tepary 
Navy 
LSD (0.05) 

Stomatal 
Resisttnce 
(s·cm- ) 

Ambient 
Minus Leaf 
Temperature 

(oC) 

---------------- Stress Stage ------------------

31± 14 
31+ IS 

11 

O.56±0.42 
1.20+2.S0 

1.12 

1.2±0.S 
1.0+0.9 

0.5 

---------------- NaCl Treatment --------------

33+ 16 
30± 16 
29+ 17 

13 

0.49+0.32 
0.74±0.S8 
1.37+3.34 

1.37 

1.4±1.0 
1.0+0.7 
0.9+0.S 

0.6 

---------------- Genotype --------------------

33+ 16 
32± 15 
2S+ IS 
13 

0.49±0.33 
0.47±0.29 
1.60+3.40 

1.37 

1.4±0.9 
1.1±0.6 
o.s+o.s 

0.6 
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cultivated tepary accessions, more than cultivated common beans, carry 

attributes of wild accessions such as stimulation of flowering under 

stress as a survival mechanism. When tepary beans were stressed during 

the reproductive stage, flower induction and initiation had taken place 

previously, and the mechanism to set seed was triggered. When the salt 

stress was applied earlier during the vegetative stage, it decreased, 

if not delayed, flower initiation and pod set, as it did biomass. As 

the physiological reproductive stage had not yet been reached, the stress 

was detrimental to later pod development in the tepary accessions. 

Plants not stressed until the reproductive stage also would have more 

reserve to use for pod development since reserves would be accumulated 

during the vegetative stage. In navy beans all salt levels at either 

stress stage were detrimental to pod development, as it had been for 

biomass production. 

Considerable variation in the reduction of yield due to salinity 

when applied at different growth stages has been reported (Tadmor, Cohen, 

and Harpaz, 1969). In addition, it is not always certain whether a 

given growth stage is more tolerant than another, when the factor of 

duration of exposure to salinity is taken into account (Lunin et al., 

1963). In our study, however, duration of stress was identical at 

vegetative and reproductive stages, and from pod weight data tepary 

beans at high salinity, and navy at moderate salinity, were more tolerant 

to stress during the reproductive stage, although tepary beans at"moderate 

salinity were more tolerant during the vegetative stage. Considerable 

variation of pod weights among plants occurred which makes a salinity 

response curve difficult to predict within genotypes. 
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Higher CER in tepary beans versus navy corresponds with lower 

stomatal resistance during salt stress, although non-stomatal factors 

probab 1 y also play an important role (Seemann and Cri tch 1 ey, 1985). 

Tepary stomata remained open, which could permit a higher rate of C02 

exchange to occur and thus growth to proceed under stressful conditions. 

Markhart (1985), however, observed that tepary had more sensitive stomata 

than the common bean, closing at -0.9 MPa, while stomata of the common 

bean did not begin closing until -1.3 MPa after plants were stressed 

for water. The presence of salt in our studies and not in his may explain 

the differences in response. Other studies have not agreed upon the 

effects of salinity on photosynthesis (Jennings, 1976; Nieman, 1962; 

Seeman and Critchley, 1985). Stomatal effects on photosynthesis vary 

among species depending upon their response to salt-induced physiological 

water stress, i.e. their sensitivity to stress. CERs were similar for 

all three genotypes around midday, but during the morning and the 

afternoon they were higher in both teparies than in navy. This ability 

to maintain higher CERs over the entire day may give tepary an advantage 

over navy, and be one mechanism by which tepary expresses increased 

salt tolerance. Greater differences among stress stages and salt levels 

may have been found had CER readings been taken in morning or afternoon 

rather than at noon (Table 10). 

As with our previous study which compared tepary and navy at 

emergence, and which was consistent with results during drought stress 

(Markhart, 1985), tepary beans tended to maintain higher water and osmotic 

potentials over all salt treatments. Positive and fairly constant turgor 

was observed in white and brown tepary, but in navy negative turgor was 
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recorded at all stress levels except late stressed plants growing in 

-0.50 MPa nutrient solution. Oertli (1984) states that a collapse of 

plant cell s due to negative turgor pressure must be a major form of 

injury to plants suffering from water stressed conditions. Markhart, 

Sionit, and Siedow (1981) considered dilution of cell sap by cell wall 

water as an explanation for negative turgor. It is unclear why navy 

had negative turgor only at -0.25 MPa and resumed a positive turgor at 

-0.50 MPa during reproductive stress. Further replication of water and 

osmotic potential readin~s is necessary. High turgor pressure, however, 

does not appear to indicate salt tolerance. This response differs from 

observations made on other species (Bernstein, 1961; Shannon, 1984) 

which found a positive correlation with growth and turgor pressure. 

The lack of correlation between turgor pressure and salt tolerance in 

our studies may be due to the time when turgor was measured, i.e. after 

salt was removed. Differences in turgor between genotypes might have 

been found when salts were present. Apparently turgor pressure can be 

determined in a plant by different factors, e.g. cell wall elasticity 

and active or passive salt accumulation. Some factors may benefit the 

growth capacity of a plant while others do not. A given parameter such 

as turgor may be useful in screening for salt tolerance in some species 

but not in others. 

Tepary beans were able to maintain lower leaf temperatures due 

to their higher transpiration rates, and possibly because of other mechan

isms such as smaller leaves and changes in leaf orientation during stress 

(Parsons and Davis, 1978). The capacity to maintain leaf temperature 
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below ambient air temperature is important in prevention of leaf 

desiccation and in continuation of plant growth processes. 



CHAPTER 5 

COMPARISON OF TEPARY AND NAVY 
BEANS GROWN IN FIELDS 

HAVING DIFFERENT LEVELS OF SALINITY 

69 

Common beans are adapted to a temperate climate with moderate 

temperature and an adequate, but not excess amount of moisture. They 

are particularly difficult to grow in semi-arid regions because of their 

sensitivity to salinity, high temperatures, and low humidity (Ayers and 

Westcot, 1976; Bernstein and Ayers, 1951; Cobley and Steele, 1976; Duke, 

1981; Lorenz and Maynard, 1988; Maas and Hoffman, 1977). At 4 dS/m 

yields are no higher than 40% of their potential (Gelburd, 1985). This 

response to salinity is not unique with common beans, as other agricul

turally significant legumes, e.g. peanuts (Arachis hypogaea), chickpea 

(Cicer arietinum), soybean (Glycine max), and pea (Pisum sativum) also 

are extremely sensitive to salinity (Lauchli, 1984). 

Considerable variability in stress tolerances has been observed 

among and within plant species. Intraspecific and interspecific differ

ences in salt tolerance afford a means for comparative physiological 

studies (Norlyn and Epstein, 1984). Tepary bean has been studied recently 

as an interspecific source of drought and heat tolerant germplasm for 

the common bean and also as a cultivated species (Lin and Markhart, 

1986; Markhart, 1985; Marsh and Davis, 1985; Parsons and Howe, 1984; 

Perez and Minguez, 1985; Pratt, 1985; Thomas, Manshardt, and Waines, 

1983; Webster and Waines, 1985). However, only 1 imited research has 
\ 

been done on salinity tolerance of tepary bean. 
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Previous studies that we have completed considered salt tolerance 

of tepary versus common bean at several growth stages. Several 

physiological and yield parameters were measured which characterized 

the greater salt tolerance of tepary bean. These parameters included 

water relations, transpiration, stomatal resistance, leaf temperature, 

carbon exchange rate, biomass, and yield. In this present study 

parameters simil ar to those previ ously consi dered were measured to 

differentiate the performances of tepary and navy bean in fields having 

different levels of salinity in soil and irrigation water. The objectives 

were to identify parameters that might reveal mechanisms for salt 

tolerance in tepary grown under field conditions. 

Materials and Methods 

Field Layout 

Both 1985 and 1986 trials were arranged in a randomized complete 

block design. There were four blocks with one replication of each of 

the three bean accessions per block. Each plot replication was 4 beds 

wide (4 m) by 4.25 m in length, or 0.0017 hectare. Beds were on one 

meter centers. A buffer of 1.5 m was left at the end of rows between 

blocks and 3.0 m between the road and the beginning of each field with 

border plants in the buffer area. Rows oriented in an east-west 

direction. 

Cultural Practices 

Fields at the University of Arizona's Safford Agricultural 

Center, Safford, AZ (elevation 894 meters) were preirrigated and 

fertilizer was incorporated (125 kg/ha urea in 1985 and 225 kg/ha 



71 

monoammonium phosphate in 1986). Tref1an pre-plant herbicide was applied 

at the rate of 0.7 l/ha both years. Fields also were hand weeded when 

necessary. Germp1asm was the same as used in our other studies. Seeds 

were planted approximately 3 cm deep every 6 cm (approximately 28 kg 

seed/hal down the middle of beds, .where seasonal salt accumulation would 

be greatest over the growing season. A four row cone planter was used. 

In 1985 only a high salinity field was planted by the author. However, 

yield comparisons are made with data obtained from another research~r 

(Russ Buhrow) who planted identical germp1asm on 2 July, 1985 in a nearby 

field presumably having lower salinity. In 1986 both a high and low 

salinity field were planted. Planting dates were 28 June in 1985 and 24 

April in 1986. Moist soil temperature was 220 C and air temperature 

270C at planting in 1986. Air temperature at planting in 1985 was 320C, 

although soil temperature was not recorded but also would have been 

warmer because of the later planting date. 

The soil type for both fields was Grabe clay loam. Soil samples 

were taken at planting and at the end of the growing season. Soil 

analysis is given in Table 12. 

After planting, five irrigations with well water of approximately 

1800 mg/kg soluble salts were applied to the high salt field in 1985 

and 1986. The same number of app1 ications of river water having 

approximately 900 mg/kg soluble salts was applied to the lower salinity 

field in 1986. These irrigations plus rainfall during each season of 20 

cm in 1985 and 9 cm in 1986 reduced water stress on plants. 



Table 12. Soil analysis in fields for summers of 1985 and 1986. Safford Agricultural 
Center, Safford, AZ. 

Soil 
Salt Treatment Depth Time of Na Cl 

Year Designation (cm) Sampling pH dS/m (ppm) (ppm) ESP 

1985 High top 5 planting 8.0 9.3 1437 18.4 

1985 High top 30 harvest 8.0 3.1 628 202 26.4 

-----------------------------------------------------------------------------------------

1986 High Top 15 planting 8.3 5.0 2030 420 19.9 

1986 High Top 15 harvest 8.3 7.5 2600 900 25.3 

1986 low Top 15 planting 8.2 2.5 920 360 10.2 

1986 low Top 15 harvest 8.0 6.8 1700 960 17 .5 

" N 
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Plant Measurements (1986 Trials Only) 

In the second season a wi de array of plant measurements were 

taken. On 22 May (26 DAP) and 14 June (49 DAP) stand counts and mean 

plant heights were determined. Leaf water potential and osmotic potential 

were measured 49 DAP and turgor pressure was calculated as the difference 

between the two. Leaf potential again was -measured on 26 July (91 DAP). 

Leaf potential was measured with a pressure bomb (PMS leaf pressure 

chamber, Corvallis, OR 97331) beginning at 9:00 AM with readings ending 

at 10:30 AM. Ambient temperature was around 300C and relative humidity 

25% duri ng sampl i ng. Readi ngs were taken on exci sed 1 eaves from the 

fifth leaf node below the top of the plant. Leaves in other positions 

occasionally were sampled because of smallness of petioles in tepary 

and severe necrosis of leaves in navy. After pressure bomb readings 

were made at 49 DAP, the same leaf material was immediately sealed in a 

plastic bag, and placed in a cooler with ice. Later in a laboratory 

the leaf material was inserted into plastic syringes which were held in 

liquid nitrogen for 20 seconds to freeze tissue, break down cell walls, 

and release cell sap. Syringe material was allowed to thaw, then cell 

sap was expressed onto a vapor pressure osmometer to determine osmo~ic 

potential. Turgor was calculated as the difference between the two. 

Carbon exchange rates were measured 49 DAP from noon to 1:30 PM, 

with air temperature around 350C, relative humidity 25% and mean light 

intensity on plant leaves at 2000 umol/s·m2. An intact, expanded healthy 

leaf, generally at the 5th leaf node, was clamped inside a plexiglas 

leaf chamber (0.99 liters). Gas samples were extracted by syringe from 

the chamber at time zero and after 40 seconds. Syringes then were placed 
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into a cooler. Later ina 1 aboratory, changes in C02 concentration 

were determined by injecting samples into an infrared C02 analyzer. 

Leaf areas were determined and CER was calculated (Appendix B). 

Transpiration, stomatal resistance, and difference in leaf 

temperature were obtained with a steady state porometer at 26, 49, and 

91 DAP. Readings were begun at 10:30 AM and generally completed by 

noon. Mean air temperature during this period was around 36°C and relative 

humidity approximately 18%. Intact leaves selected were generally at 

the 5th node. 

Harvest 

In 1985 plants were harvested in the high salinity plots on 6 

November (130 DAP) and on 19 December (171 DAP) in the low sal inity 

plots (by R. Buhrow). In 1986 all plots were harvested on 27 August 

(123 DAP). Pods were allowed to dry on plants prior to harvest either 

by natural senescence or by removal of plants from ground. At this 

stage the middle two rows were harvested by manually cutting whole plants, 

threshing, and cleaning with a vibrator. Some bean seed was lost to 

shattering at harvest and during cleaning. In 1985, beans were allowed 

to air dry for an additional week. Due to wet conditions during harvest 

in 1986, beans were placed ina dryer oven for 48 hours at 6SoC and 

reweighed. 

Analysis 

Analysis of variance was conducted and LSDs at 0.05 were 

determined to separate means of genotypes. No statistical analysiS was 

done between salt levels as each was represented by only one field. 
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Results 

Plant Height and Stand Count 

In 1986 at 26 DAP, WT was significantly taller than navy in 

both low and high salt fields, while BT was significantly taller than 

navy only in the low salt field (Table 13). At 49 DAP navy was 

significantly taller than tepary beans at the lower salinity because of 

navy's erect growth habit, while at high salt tepary beans were 

significantly taller. By this date navy plants showed signs of stunting 

from salinity. No significant differences were found in stand count 

percentages (number of 1 iving pl ants/seeds pl anted). The reason for 

this is not known, but may be attributed to large variations among 

replicates. Also, although navy plants were present, they were less 

vigorous than tepary plants. Between 26 and 49 DAP 36% of navy plants 

died at high salinity, while 20% WT and 16% BT died between counts. A 

stand count was not taken later in the 1986 season, although visual 

observations indicated that most navy plants had died by 91 DAP in the 

high salt field, while few, if any, tepary plants had died from salinity. 

Water Relations 

At high salinity significant differences were observed between 

navy and WT for leaf potential and osmotic potential, and navy and BT 

for turgor pressure (Table 14). At low salinity, leaf potential of 

navy was significantly lower than that of the teparies only at 91 DAP, 

not at 49 DAP; osmotic potential of navy was significantly lower than 

that of tepary beans; and turgor was significantly different in high 

salt. By 91 DAP at high sal inity, no 1 iving navy plants were found 



Table 13. 

Genotype 

White tepary 

Brown tepary 

Navy 

LSD (O.OS) 

Plant height and stand count of tepary and navy beans grown in low and high salt 
fields in 1986, Safford, AZ. 

Height (em) Stand Count (%) 

26 DAP 49 DAP 26 DAP 49 DAP 

Low High Low High Low High Low High 

13.0±0.8 11.8±1.3 28.S±1.0 23.0±2.6 66.8± 7.0 8S.0± 7.8 48.3±10.1 67.3±10.9 

12.5±1.3 10.5±1.0 28.3±1.0 21.8±2.4 71.3± 6.4 78.0±10.9 64.3± 8.3 65.5± 1.0 

10.S±0.6 8.8±0.5 30.8±0.S 14.8±3.6 82.0±11.8 82.8± 7.8 64.8±11.4 S3.0±12.8 

1.9 2.0 1.2 4.6 15.6 14.7 19.8 18.7 

""-J 
m 



Table 14. Water relations of tepary and navy beans grown in low and high salt fields in 
1986, Safford, AZ. 

Leaf Potential Osmotic Potential Turgor 
__ --.,...,....."...,,..,..-__ ..J(o!..:M~Pa~ll......_ ______ -- (MPa 1 (MPal 

49 DAP 91 DAP 49 DAP 49 DAP 
Genotype Low High Low High Low High Low High 

White tepary -I.O±O.I -I.I±O.3 -O.3±O.I -O.S±O.2 -1.4±O.S -1.3±O.2 O.4±O.1 O.2±O.2 

Brown tepary -O.8±O.3 -1.4±0.4 -O.3±O.I -0.3±0.6 -1.4±O.1 -1.S±0.4 0.6±0.3 0.1±0.1 

Navy -O.7±O.3 -1.S±O.2 -1.l±O.4 -1.S±O.O -1. 7±O.2 0.8±0.3 O.2±0.0 

LSD (0.05) 0.5 0.3 0.4 0.5 0.1 0.4 0.5 0.1 

....., ....., 
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with sufficient leaf area for water potential measurements. Leaf and 

osmotic potentials generally decreased with high soil salinity, as did 

turgor pressure. The only exception was osmotic potential of WT, which 

increased slightly with high salinity. Turgor pressure dropped sharply 

in all three genotypes. 

Carbon Exchange Rates (CER) 

Significant differences in CERs were found between tepary and 

navy beans in the high field, while WT had higher CERs than BT and navy 

in the low salinity field (Table 15). Increased salinity did, however, 

~ppear to reduce carbon exchange rates for all genotypes. 

Transpiration 

Transpi ration was significantly higher in both low and high 

salinity fields for tepary beans compared to navy at 49 DAP, and BT 

was higher than navy in low at 26 DAP (Table 16). No consistent patterns 

were apparent between low and high salt fields. 

Stomatal Resistance 

Little difference occurred in stomatal resistance between WI and 

BT in either field (Table 16). Navy had slightly higher resistance at 

both low and high salinity on nearly every sampling date although the 

difference was not always significant. This observation equates with 

its lower transpiration rates. 

Leaf Temperature 

Navy generally had leaf temperatures warmer than those of tepary 

beans as shown by smaller differences between air and leaf temperatures, 
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Table 15. Carbon exchange rates of tepary and navy beans grown in low 
and high salt fields in 1986, Safford, AZ (49 DAP). 

Genotype 

White tepary 

Brown tepary 

Navy 

LSD (0.05) 

Low 

27.0±11.2 

21.6± 8.7 

21. 5±11. 7 

2.0 

High 

9.9±15.2 

13.4± 9.5 

2.4± 3.5 

2.1 

IMeasurements were made from noon to 1:30 PM on leaf at 5th node 
from top. 



Table 16. Transpiration, stomatal resistance, and difference in temperature of 
tepary and navy beans grown in low and high salt fields in 1986, Safford, AZ. 

Genotype 
White tepary 
Brown tepary 
Navy 

LSD (0.05) 

GenotYQe 
White tepary 
Brown tepary 
Navy 

LSD- (0.05) 

GenotYQe 
White tepary 
Brown tepary 
Navy 

LSD (0.05) 

26 DAP 49 DAP 91 DAP 

low High low High low High 

Transpiration (ugH20.cm-2·s-1) --------------

20.4+7.8 20.7+2.8 
27.1±7.1 20.8±2.0 
16.6±4.2 14.4±7.0 

8.0 6.8 

30.0+2.9 31.8+6.3 
31.8±3.3 31.1±4.6 
17.3±1.5 15.5±6.6 

4.4 4.4 

22.7+6.9 21.2+7.0 
23.2±4.9 21.4±6.9 
13.2±5.2 

11.2 18.2 

-------------- Stomatal Resistance (s • em-I) --------------

2.0+0.8 2.0±0.3 1.3±0.1 1.2±0.2 1.3±0.5 1.2+0.6 
1.2+0.3 2.0+0.3 1.5±0.2 1.3±0.2 1.2±0.3 1.3±0.5 
2.5±4.2 4.0±0.8 2.6±0.3 3 .8±1. 7 2. 7±1. 7 

1.1 0.8 4.4 1.6 1.9 1.5 

------ Difference in Temperature (air minus leaf oC) 

2. 5±1. 4 2.5±0.7 1.6±0.6 2.0±0.9 0.2±0.1 0.1±0.0 
4.1±0.5 2.0±1. 5 1. 6±1. 0 1.4±0.8 0.2±0.1 0.1±1.0 
2.5±1.0 -1.4±2.2 0.4±0.2 0.5±0.5 0.1±0.2 

2.0 3.4 1.3 1.6 0.2 0.2 
co 
o 
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although not always significantly so (Table 16). Leaf temperatures of 

tepary beans were largely similar in both fields on 26 and 49 DAP, but 

declined to near air temperature 91 DAP. On this date navy plants were 

dead. The adaptation of tepary beans for maintaining lower leaf 

temperatures include higher rates of transpiration, lower stomatal 

resistance, and possibly leaf morphology or diurnal orientation of leaves. 

Yields 

Table 17 shows yields for the two growing seasons in low and 

high salt fields. In 1985, bean yields in low salt plots (R. Buhrow) 

were 1811, 2572, and 68 kg/ha for WT, BT, and navy, respectively. Yields 

of tepary beans were reduced by at 1 east 50% when compari ng low and 

high salinity fields. White tepary (WT) yield declined by 53% in 1985 

and 50% in 1986, while brown tepary (BT) declined 62% and 56%, 

respectively. Navy, however, had significantly lower yields than tepary 

beans in the low salt fields, and no yield because of plant death in 

the high salinity fields in both years. No significant difference was 

found between yields of the two tepary beans at either salinity or in 

either year. 

Discussion 

Plant height gave a better indication of plant performance under 

high salinity than did stand count, especially when measurements were 

made over several dates within the first six weeks of growth. Later in 

the season, however, plant height may be an inappropriate comparison 

between these species since tepary is vining while navy is erect. 
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Table 17. Seed yield1 of tepary and navy beans grown in low and high 
salt fields during 1985 and 1986, Safford, AZ. 

1985 J.986 
Genotype High Low High 

--------------(kg/ha)--------------

White tepary 855±160 2636±408 1317±598 

Brown tepary 984±264 2556±496 1124±261 

Navy O± 0 283±358 O± 0 

LSD (0.05) 409 820 729 

1Beans were air dried. 
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Leaf and osmotic potentials, and turgor pressure changed the 

most in navy and least in WT. Osmotic adjustment was observed in navy 

and BT, but it was insufficient to keep turgor pressure from differing 

from 0.8 to 0.2 MPa (navy) and 0.6 and 0.1 MPa (BT) in low and high 

salt fields, respectively. The absolute level of tl.~rgor, within limits, 

does not seem to be a good indicator of salt tolerallce as related to 

yield. On the other hand, leaf potential was higher in plants having 

the highest yield in all three studies, except in readings made in the 

low salinity navy plots 49 DAP. 

Carbon exchange rates generally were higher in tepary beans. 

C~R also was significantly higher in tepary versus navy when measured 

in a greenhouse (Chapter 4). In this investigation CER did decline, as 

it did in the greenhouse study, with increasing salinity. 

Transpiration was generally higher and stomatal resistance lower 

in tepary than in navy the first half of the season at both salt levels. 

The transpiration rate of both tepary beans remained largely unchanged 

at the two salt levels, but that of navy was reduced significantly as 

salinity increased. This observation agrees with an earlier study on 

common bean (Meiri and Poljakoff-Mayber, 1970) and indicates that stress 

response in navy is exhibited by reduced stomatal aperture in an attempt 

to conserve water which is deficient due to low soil water osmotic 

potentials. lower transpiration caused leaf temperatures of navy to 

increase to near or above ambient temperature. The result was slower 

growth and leaf desiccation of navy with daily air temperatures that 

regularly exceeded 400C. Tepary beans maintain leaf temperatures lower 

than navy due possibly to their smaller leaves, changes in leaf 
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orientation (Parsons and Davis, 1978), and higher transpiration rates 

during salt stress. 

Yield response was the most obvious difference, and assuredly 

the most important, between tepary and navy bean. At high sal inity, 

only stunted, necrotic navy plants remained at harvest, while tepary 

plants showed few visual signs of salt stress. However, even for tepary, 

more than a 50% reduction in seed yield was found at high versus low 

salinity. Therefore, tepary yield was reduced by salinity, although 

for navy no seed was produced at high salt. We were unable to distinguish 

any difference in yield potential between tepary accessions, as no 

significant differences occurred between the two in either season. 

Regardless of the procedures which are used for preliminary 

screening, the final appraisal of salt tolerance must be done in the 

field, reproducing as closely as possible commercial cultural practices 

and conditions (Neiman and Shannon, 1976). During the two seasons tepary 

was more tolerant to both the low and high salinities compared with 

navy. In addition, the high summer heat may have been a contributing 

factor to the differences in response to salinity between the two species 

(Ahi and Powers, 1938; Marsh and Davis, 1985; Stone, Marx, and Dobrenz, 

1979; Tadmor, Cohen, and Harpaz, 1969). 

In conclusion several growth parameters were good indicators of 

salt tolerance in tepary versus navy bean in our field work, including 

CER, transpiration, stomatal resistance, leaf temperature, water 

potential, plant height, and seed yield. Other physiological parameters 

such as osmotic potential, turgor pressure, and stand count may be 

significant, but were not in this study. 
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CHAPTER 6 

CONCLUSIONS 

In this dissertation we compared two Phaseolus species, one 

reportedly salt tolerant or avoidant, tepary, and the second extremely 

salt sensitive, common bean. We observed white and brown accessions of 

tepary and one cultivar of common bean, navy 'Fleetwood', under salt 

stress conditions at different stages and in somewhat different 

environments. 

The first study considered germination at six salt levels and 

two growth temperatures. Tepary beans generally had higher germination 

percentages and rates than navy with increasing NaCl stress. Weights 

of roots plus hypocotyls were measured. With no salt, weights of navy 

were similar to teparies at 250C, but germinated navy seeds had 

considerably reduced weights at 350 C. Thus, high temperature was in 

itself a stress for navy bean at germination. And, when it was compounded 

with high salts as it often is in semi-arid environments, germination 

and seedling development were reduced. Brown tepary actually had higher 

fresh weights at 350C versus 250C, although its germination percentages 

and rates were still below those of WT. Testing genotypes at the 

germination stage showed that tepary was tolerant of NaCl stress and 

not merely avoiding it. 

A germination test is a quick means of comparing genotypes at 

the initial growth stage. Our germination study suggested that WT might 

perform better than BT in the field, but both performed similarly to 

each other in 1985 and 1986. It would be worthwhile to compare a large 



86 

number of tepary accessions at germination and correlate results with 

field stlldies. Germination is by itself important to study, as it is 

the first stage in growth and development of a plant. And, it is at 

this stage when the plant is subjected to possibly the highest salinity 

of its life cycle in the upper few centimeters of soil. 

Our emergence study also included NaCl stress during germination, 

as seeds were stressed immediately after sowing. We found that tepary 

had a more advanced final growth stage and more rapid estab1 ishment 

than navy. Greater leaf area and higher water potentials also were related 

to greater tolerance in tepary than navy beans. Final growth stage was 

the easiest parameter to measure and may give an accurate indication of 

salt tolerance, although in our study significant differences were not 

found until the highest salinities. Determination of growth rate gave 

useful information on the rapidity of seedling establishment, but it 

required recording one of six growth stage levels for every plant every 

other day for two weeks. The emergence testing procedure as outlined 

in our study is, as is germination testing, a quick screening method 

that can be controlled closely so that experimental error is minimized. 

It can be criticized, however, as seedlings are grown under non-field 

conditions and examined for only two weeks, which may not be long enough 

to indicate future salt tolerance. 

In the next study we grew plants hydroponically in a greenhouse. 

Plants were stressed during vegetative or reproductive stages. Though 

plant total biomass decreased with every increment of salinity during 

both stress periods, tepary pod fresh weight was greatest at -0.50 MPa 

for plants that were stressed during their reproductive stage, while 
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navy plants were killed with this salt concentration and application 

period. Plants stressed during their vegetative stage responded 

differently, as pod weight declined with increasing NaCl. The stress 

apparently stimulated production of beans at time of floral initiation. 

WT, when stressed during its reproductive stage, did have lower pod 

fresh weight at -0.25 MPa than at -0.10 MPa, whereas BT increased with 

each salt level. Possi bly the stress level s at which these tepary 

accessions are stimulated to flower are different. As genotypes were 

grown only for 55 days, it is not known if our salt tolerance comparison 

between stages would be the same if plants were allowed to grow longer, 

because many immature pods were on the tepary plants at time of harvest. 

However, in this study the reproductive stage was more tolerant than 

the vegetative stage in tepary, though no consistent trend was seen as 

salt increased. This response would indicate that selection for salt 

tolerance could best be done at the vegetative stage, as stress at this 

time was found to decrease severely pod yields. Therefore, plants would 

receive the most stress at this stage, and those less tolerant could be 

selected out. 

In our field studies final yield of tepary accessions was 

significantly higher than navy in both low and high salt fields. 

Apparently the "low" salt field had salt levels in excess for normal 

navy bean growth. In addition, high air temperature and low relative 

humidity probably compounded physiological water stress caused by soil 

salinity. Transpiration rates were generally higher and stomatal 

resistances lower, and thus tepary kept its stomata open longer than 

navy. Tepary may have similar or even lower transpirational water 
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losses per plant, as leaf area in tepary may have been less than navy, 

although no leaf area measurements were recorded. Differences in CER 

were significant in the field, although sampling was done on only one 

date. Leaf and osmotic potentials were generally higher in tepary than 

navy. Perhaps the depth of tepary roots and di stri but ion in the soil 

profile allow tepary to utilize available soil water better. 

Tepary beans were tolerant to salinity at each stage studied 

relative to navy beans. Salinity tolerance comparisons within a species 

between the di fferent stages in the separate studi es are di ffi cult, 

however. The duration of salt stress as well as environmental conditions 

varied somewhat from one study to the next. Conditions for growth in 

the growth chamber and greenhouse experiments can be compared. In the 

germination study seeds germinated for 9 days at 0.0 to -2.5 MPa and at 

25 and 350 C. In the emergence study seeds germinated and emerged for 

14 days at 0.0 to -1.5 MPa, and at 2SoC. In the hydroponic study plants 

were stressed for 14 days during vegetative stage and 14 days during 

reproductive stage at -0.1 through -0.5 MPa, and at 28 ± 10oC. Relative 

humidity varied from a near saturation in the germination petri dishes 

to 40 ± 20% in the greenhouse. Putting aside the environmental 

differences, sensitivity was greatest during vegetative and reproductive 

stages followed by emergence stages followed by germination based only 

on concentrations of salts which caused serious reductions in growth, 

Le. -0.5, -1.5, and -2.5 MPa, respectively. However, the exposure 

time was less for germination than the other stages, and if it had been 

longer the concentration required to cause serious growth reductions 

may have been lower. The hydroponic study did offer an opportunity to 
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compare stages grown under similar conditions. In this experiment fresh 

and dry weights of leaves and stems were similar between vegetative and 

reproductive stages, but pod weights were higher in tepary for plants 

stressed after floral initiation had commenced. 

Screening at early growth stages in a growth chamber will indicate 

salt tolerance at that stage but probably not final yield. However, if 

it were determined that early growth stages in a species were sensitive, 

screening during this period would be valuable in eliminating accessions 

that would consequently have poor stand establishment. Also, it is 

necessary to keep experimental error low, and this is more easily done 

when experiments are conducted in controlled environments such as a. 

greenhouse or growth chamber. 

When considering parameters to measure for determining salt 

tolerance, transpiration, stomatal resistance, and leaf temperature are 

easily measured on a porometer, and related to tolerance in our study. 

Leaf potential and CER are related to tolerance but more difficult to 

measure. Parameters found not to relate consistently to salt tolerance 

in this study and generally more time consuming to measure (therefore 

of less value in measuring in future studies) include vegetative biomass 

in mature plants, osmotic potential, and turgor. CER measured among 

tepary species could give an indication of vegetative growth potential, 

as partitioning of photosynthates may be similar within the species. 

As few tepary accessions have been compared previously for differences 

in salt tolerance, it is not known how much variation within the species 

exists. 
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Our study was limited to looking at several physiological 

processes as related to yield. It did not consider specific ion toxicity 

and mechanisms of salt absorption or exclusion, which obviously are 

important factors in salt tolerance. However, we have characterized 

several parameters related to yield and salt-induced plant water stress 

at several developmental stages. Also, we have identified and tested 

some methods for future screenings of tepary germplasm. 

Studi es in the future shaul d test a 1 arger number of tepary 

access ions and backcrosses to determi ne genotypes. with the greatest 

salt tolerance. They should be conducted both under controlled conditions 

and under full-season field studies with high and low salinity. The 

field studies should be planted not only under the hottest and driest 

conditions, but under a cooler and more humid environment so that the 

compounding stress effects of these on salinity can be eliminated as a 

comparison. Parameters to measure could be those which we have shown 

to correlate with salt tolerance. In the growth chamber study, additional 

salts and temperatures could be included. The information obtained 

from this work would be of further benefit to plant breeders, as well 

as agronomists in their efforts to utilize the genetic attributes of 

tepary. 
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APPENDIX A 

NUTRIENT SOLUTIONS OF HYDROPONIC SYSTEM 



Nutrient solutions for hydroponic systems. 

FLASK 1 

268.8 9 
11.3 9 

92 

Add distilled water to make 1 liter. Add to hydroponic tubs at 
the rate of: 

FLASK 2 

5 ml nutrient solution/ 8 liter of water on DAY 1 

10 ml 

5 ml 

" 

" 

" 

" 

" " 

" " 
and every week thereafter. 

KN03 
MgS04 
KH2P04 
H3B03 
MnC12. 4H20 
ZnS04. 7H20 
CuC12. 2H20 

90.1 
112.4 
60.8 
0.64 
0.5 
0.27 
0.056 

9 

9 

9 

9 

9 

9 

9 
Mo03 0.01 9 

DAY 7 

DAY 14 

Add distilled water to make 1 liter. Add to hydroponic tubs at 
the rate of: 

50 ml nutrient solution/ 8 liter of water on DAY 1 

Rates of nutrient addition should be modified as to the 
requirements of the plants in hydroponic solutions during their 
development. The above rates are only guidelines. Preliminary 
experiments were run with several nutrient addition rates, and it was 
determined that 20 ml of Flask 1 and 5 ml of Flask 2 nutrients per week 
were sufficient for plants, although this varied with growth stage. 
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Calculation of carbon exchange rates (mgC02dm-2hr-l). 

1. How to determine ppm C02 constant from the standard gasses. 

Example: 
Standards (ppm) 
Readings from 
Gas Analyzer (mVolts) 

Mean 

Find the differences: 
368 - 336 = 32 ppm 
363 - 327.5 = 35.5 mVolts 

336 
328 
327 
327.5 

368 
363 
363 
363 

Divide 32 by 35.5 c 0.9014. This is the ppm constant. 

2. How to find ppm (change in ppm) 

94 

Find the difference between the two syringe readings from one plant. 

Example: 395 - 302 = 93 
The difference (93) is multiplied times the ppm constant 
(0.9014). 93 x 0.9014 = 83.8302 
This represents the change in ppm. 

3. How to obtain CER 

a. Calculate Constant 

K = (Time) (Vol) (27~/273 + oC) (Atm. Press./760 mm Hg) 
(44000/22.4)(10- ) 

K = Constant for a specific set of conditions 

Time = 3600 sec/time in secs. that elapses between the syringes 
being pulled. 

Vol = Volume of plexiglas chamber in liters 
273/273 + 0c = air temperature in degrees Kelvin 
Atm. Press./760 mm Hg = Atm. press. in mm Hg where plant is 

located. 
44000 c micromole conversion 
22.4 = Molar volume of gas at STP 

b. Calculate CER 

CER = K x ppm/L.A. (mg C02 dm- 2 hr -1) 
K = Constant from the previous formula 
ppm = Change in ppm found in Section 2 
L.A. = Leaf area in square decimeters 

" - ----
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Table C1. Final weights and moisture percentages of three genotypes at 
three salt levels during two stress periods. 

Salt Leaves + Stems Pod 
Tmt Stress Fresh Wt Dry Wt % Fresh Wt 

Genot~Qe {MPa} Period {g} {g} Moisture {g} 

White tepary -0.10 VI 364± 87~ 73±24 80+ 4 73±55 
-0.10 R1 364+ 87 73±24 80± 4 73±55 
-0.25 V 342± 59 62±17 82+ 2 15± 5 
-0.25 R 359± 70 66±15 82± 1 8+ 3 
-0.50 V 327± 64 59±12 82± 2 7± 7 
-0.50 R 256± 8 37± 2 84±22 85± 1 

Srown tepary -0.10 V 368± 68 69±13 81± 1 6± 6 
-0.10 R 368± 68 69±13 8l± 1 6± 6 
-0.25 V 304± 59 55+ 7 82± 2 22±4l 
-0.25 R 344±116 58±16 83± 1 15± 2 
-0.50 V 277± 59 46±16 84± 4 5+ 8 
-0.50 R 284± 96 43±18 12± 9 85± 2 

Navy -0.10 V 377± 83 7l±29 82± 3 94±74 
-0.10 R 377± 83 7l±29 82± 3 94+74 
-0.25 V 258± 82 43±10 83± 3 45±40 
-0.25 R 360+ 84 50±13 86± 0 82± 2 
-0.50 V 94± 36 12± 5 88± 1 2± 3 
-0.50 R O± 0 O± 0 O± 0 O± 0 

IV = vegetative stage, R = reproductive stage. 

2Measurements at -0.10 MPa are identified for both stress periods although 
they represent only one set of pl ants, as at this nutrient solution 
water potent i a 1, no NaCl was added. Pl ants were harvested 55 DAP. 
There was significant interaction with salt x genotype x stress period 
for fresh weights. 
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Table C2. Carbon exchange rates of three genotypes over three days and 
at three salt levels during two stress periods. 

Genotype 

White tepary 

Brown tepary 

Navy 

Salt 
Tmt 
(MPa) 

-0.10 
-0.10 
-0.25 

,. -0.25 
-0.50 
-0.50 

-0.10 
-0.10 
-0.25 
-0.25 
-0.50 
-0.50 

-0.10 
-0.10 
-0.25 
-0.25 
-0.50 
-0.50 

Stress 
Period 

VI 
. R1 

V 
R 
V 
R 

V 
R 
V 
R 
V 
R 

V 
R 
V 
R 
V 
R 

CER(mgc02dm-2hr-l) 
-------------------------.---------._---

32 DAP 43 DAP 53 DAP 

19.4± 8.2~ 
19.4+ 8.2 
13.6+ 5.7 
14.5± 4.2 
13.2+ 6.5 
14.7± 5.1 

12.5+ 4.5 
12.5+ 4.5 
14.8+ 8.5 
12.7+ 4.4 
13.0+ 2.8 
16.5± 2.8 

14.4± 4.8 
14.4+ 4.8 
8.9+ 2.5 

12.7± 4.4 
12.9± 2.0 
18.2± 7.8 

30.0±18.7 
30.0±18.7 
2S.3±13.7 
14.3± 8.3 
27.8± 5.0 
12.8± 7.5 

6.9±19.5 
22.3±19.5 
22.3± 5.6 
16.5± 6.3 
21.3±11.8 
11.3± 3.1 

18.8± 4.8 
18.8± 4.8 
13.3+14.6 
21.3± 6.3 
22.5± 8.7 
12.3± 4.6 

16.6± 8.0 
16.6± 8.0 
8.3± 0.7 

13.4± 3.4 
18.1±2.7 
12.4± 6.5 

1S.7± 6.4 
15.7± 6.4 
17.5± 6.2 
14.8± 9.4 
16.0±13.0 
13.6± 6.0 

7.7± 4.5 
7.7± 4.5 

12.0± 4.5 
14.8± 9.4 
7.3± 4.4 
8.2± 6.7 

IV = vegetative stage, R = reproductive stage. 

2Measurements at -0.10 MPa are identified for both stress periods although 
they represent only one set of plants, as at this nutrient solution 
water potential, no NaCl was added. Readings were taken from 1:30 PM 
to 3:00 PM. 
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Table C3. Diurnal carbon exchange rates of three genotypes at three 
salt levels during two stress periods. 

Genotype 

Salt 
Tmt 
(MPa) 

Stress 
Period 

White tepary -0.10 VI 
-0.10 RI 
-0.25 V 
-0.25 R 
-0.50 V 
-0.50 R 

Brown tepary -0.10 V 
-0.10 R 
-0.25 V 
-0.25 R 
-0.50 V 
-0.50 R 

Navy -0.10 V 
-0.10 R 
-0.25 V 
-0.25 R 
-0.50 V 
-0.50 R 

10:30AM-Noon 1:30-3:00PM 3:30-5:00PM 

IS. 0±11. 2~ 
IS.O±11. 2 
24.4+15.6 
24.5± 6.6 
17.7+ 5.7 
13.5±20.7 

IS.3± 2.4 
IS.3± 2.4 
IS.S± 6.3 
23.S± 1.5 
15.4± 4.5 
IS.9± 3.9 

16.S+ 4.0 
16.S± 4.0 
IS.5± 2.7 
20.5± 4.3 
12.5± 2.4 
17 .1±12.1 

16.6+ S.O 
16.6+ S.O 
S.3+ 0.7 

13.4+ 3.4 
IS.I+ 2.7 
12.4± 6.5 

15.7+ 6.4 
15.7± 6.4 
17.5+ 6.2 
14.S± 9.4 
16.0+10.3 
13.6± 6.0 

7.7+ 4.5 
7.7+ 4.5 

12.0+ 4.5 
10.3+ 0.6 
7.3+ 4.4 
S.2± 6.7 

14.S± 0.2 
14.S+ 0.2 
16.5+ 3.6 
15.9+ 4.S 
19.1+11.3 
22.2± 5.S 

17 .2+ 4.S 
17 .2± 4.S 
21.7+ S.l 
16.0+ 5.9 
17.4± 6.0 
15.I± 4.9 

7.I± 4.6 
7.1+ 4.6 

10.9+ 3.4 
9.2± 2.4 
7.0± 6.S 
3.S± 3.6 

IV = vegetative stage, R = reproductive stage. 

2Measurements at -0.10 MPa are identified for both stress periods although 
they represent only one set of pl ants, as at thi s nutri ent sol ut ion 
water potential, no NaCl was added. Readings were taken 53 DAP. 
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Table C4. Water relations of three genotypes at three salt levels 
during two stress periods. 

Genotype 

White tepary 

Brown tepary 

Navy 

Salt 
Tmt 
(MPa) 

-0.10 
-0.10 
-0.25 
-0.25 
-0.50 
-0.50 

-0.10 
-0.10 
-0.25 
-0.25 
-0.50 
-0.50 

-0.10 
-0.10 
-0.25 
-0.25 
-0.50 
-0.50 

Water 
Stress Potential 
Period (MPa) 

VI -0.65+0.242 
R1 -0.65+0.242 
V -0.50+0.21 
R -0.73+0.25 
V -0.70±0.14 
R -0.88±0.22 

V -0.43+0.17 
R -0.43±0.17 
V -0.50+0.08 
R -0 .80±0 .14 
V -0.48±0.21 
R -0.65±0.13 

V -0.98±0.10 
R -0 . 98±0 . 10 
V -1. 30+0.08 
R -1.35+0.60 
V -1.35+0.13 
R -1.00±0.43 

Osmotic 
Potenti al 

(MPa) 

-1. 03±0. 50 
-1. 03±0. 50 
-1.14±0.12 
-1. 14±0.02 
-1.14±0.10 
-1.28±0.25 

-0.95±0.02 
-0.95±0.02 
-1.15±0.17 
-1. 12±0.04 
-1.03±0.05 
-1.47±0.08 

-1.32±0.27 
-1.32±0.27 
-1. 13±0 . 60 
-1.26±0.60 
-1.31±0.27 
-2.22±0.21 

IV = vegetative stage, R = reproductive stage. 

Turgor 
Pressure 

(MPa) 

0.38+0.27 
0.38+0.27 
0.57+0.31 
0.14+0.26 
0.44+0.23 
0.1l±0.66 

0.52+0.13 
0.52+0.13 
0.65+0.11 
o .32±0 .18 
0.56+0.21 
0.82±0.13 

0.35+0.28 
0.35+0.28 

-0.17+0.70 
-0.10+0.12 
-0.40+0.17 
1. 22±0.30 

2Measurements at -0.10 MPa are identical for both stress times although 
they represent only-one set of plants, as at -0.10 MPa water potential 
no NaCl was added. Readings were taken at 9:00 AM, 53 DAP. There was 
significant interaction among factors. 
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Table C5. Transpiration, stomatal resistance, and ambient air 
temperature mi nus 1 eaf temperature of three genotypes at 
three salt levels during two stress periods. 

Salt Stomatal Air Minus 
Tmt Stress TransPira~ionl Resistance Leaf 

Genotype (MPa) Period (u9H20'cm- 'S- ) (s'cm- 1) (oC) 

White tepary -0.10 VI 33±15~ 0.59±0.40 1. 7±1.30 
"'0.10 Rl 33+15 0.59±0.40 1. 7+1.30 
-0.25 V 30± 9 0.42±0.17 1.3±1.30 
-0.25 R 32±19 0.53±0.31 1. 2+0. 54 
-0.50 V 33±14 0.38±0.17 1.3+0.57 

'-0.50 R 35±19 0.47±0.29 1.2±0.67 

Brown tepary -0.10 V 34±15 0.40+0.21 1.3±0.80 
-0.10 R 34±15 0.40+0.21 1.3±0.80 
-0.25 V 29+12 0.40±0.26 1.3+0.60 
-0.25 R 32+15 0.62±0.40 0.8+0.30 
-0.50 V 3l±12 0.45±0.20 1.2±0.50 
-0.50 R 32±17 0.48±0.31 0.9±0.50 

Navy -0.10 V 33±17 0.48+0.27 1. 2±0. 50 
-0.10 R 33±17 0.48+0.27 1.2±0.50 
-0.25 V 31±17 0.79+0.53 1.0+0.60 
-0.25 R 28+20 1.60+1. 70 0.4±0.80 
-0.50 V 22± 6 1.00+0.67 0.8±0.90 
-0.50 R 22±22 5.40±6.70 0.1±0.80 

IV = vegetative stage, R = reproductive stage. 

2Figures are means of readings 30, 44 and 52 DAP taken from 11:00 AM to 
12:30 PM. Measurements at -0.10 MPa are identical for both stress periods 
since they represent only one set of plants, as at this nutrient solution 
water potential no NaCl was added. 
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Chapter 2 - Germination %. 

THREE UAY ANOVA RANDO"IZED COKPLETE BLOCKS 

Sourc. SS df "S F 
___________ 0 _________________________________________________________ 

Blocks 186.9830818 3 62.32769394 1.303689236 
"ain Eff.ch 

salt 102946.3075 5 20589.2615 430.6592608 
ttlp 42.7062254 I 42.7062254 0.8932730034 
var 3910.999177 2 1955.499588 40.90259445 

Interaction 
sail x telP 3010.467055 5 602.0934111 12.593803 
salt x var 5409.421345 10 540.9421345 11.31472053 
tnp x var 3299.018737 2 1649.509368 34.50228097 
salt x t.lp x var 4435.731706 10 443.5731706 9.278083808 

Error 5019.914012 105 47.80870489 

Totil 128261.5499 143 

Chapter 2 - Germination Rate. 

THREE YAY ANOVARANDDnIZED CDnPLETE BLOCKS 
Sourc. SS df tiS r 
---------------------------------------------------------------------
Blocks 72.49799168 3 24.16599723 2.039807452 
"ain Efltch 

salt 27732.36201 5 5546.472402 468.167551 
tfilP 1850.863802 1 1850.863902 156.228015' 
vari 4388.974579 2 2194.49729 185.2326426 

Interaction 
salt x ttlp 1989.826664 5 397.7653329 33.57464136 
salt x vari 850.7195621 10 85.07195621 7.180767614 
hip x Viri 1017.074677 2 509.5373383 42.92470295 
salt x t.lp I vari 545.0041916 10 54.50041816 4.600290223 

Error 1243.955505 105 11.84719528 
---------------------------------_._._-----------------------------.-
Total 39690.27897 143 
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Chapter 3 - Emergence Rate. 

TWO WAY I'INDIIA RANDDtllZED COt1PLETE BLOCKS 

df F' 

Blocka 0.0900:5972266 3 0.030019907:55 1.261688584 
"ain Eft.cta 

.alt 6:5.14212361 :5 13.02842472 547.5638029 
var 0.427602778 2 0.213801389 8.98:572959:5 

Int.racUon 
.alt x var 0.6049805556 10 0.060498055:56 2.:54263628. 

Error 1.21346:5275 51 0.02379343677 

Total 67.47823194 71 

'Chapter 3 - Osmotic Potential. 

T~~ WAY ANOVA .RANDO"I ZED CO"PLETE BLOCKS 

Source of Variation df SS r 
--------------------------------------------------------------_. 
Blocks 2 3. 157425E-02 1.578713E-02 1.63193 
Trtahenh 11 .9629021 
salt 3 .6127053 .2042351 21.11197 
var 2 .1504435 7.922173E-02 8.189225 
Interaction 6 .1917534 .0319589 3.303621 

Error 22 .2128258 9. 673099E-03 
------------------.-. ... --------------------------------
Total 35 1.207302 
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Chapter 3 - Fresh Weight (% Control). 

TWO WAY ANDVA RANDDnlZED CDnPLETE BLOCKS 

Sourc. of Variation df 55 tiS r 
---------------------------------------------------------------
Blocks 3 1020.156 340.0521 4.730555 
Treatunls 17 66364.75 
salt 5 63533.1 12706.62 176.7651 
var 2 890.375 445.1875 6.193121 
Inhradion 10 1941.281 194.1281 2.700568 

Error 51 3666.094 71.8842 

Total 71 71051 

Chapter 4 - Fresh Weight of Leaves and Stems. 

THREE WAY ANDVA COnPLETELY RANDDKIZED 

Source df SS tiS r 
------------------------------------------------------------_.-
lIain tfftch: 

A: tile I 0 0 0 
B: lev.l 2 346143.5 173071.8 32.66657 

. C: variety 2 11899S 59492.5 11.22896 

First-order interactions: 
A x B 2 33497.5 16748.75 3.161257 
A x C 2 3477 1738.5 .3281347 
B x C 4 194442.5 49610.63 9.175054 

Second-order interactions: 
A x B x C 4 15247.5 3B11.B75 .7194756 

Error 54 286099 5299.13 
----------------------------------------------------------------
Tohl 71 997891.5 
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Chapter 4 - Fresh Weight of Pods. 

THREE WAY ANDVA CDI1PLETELY RANDDI1IZED 

Source df SS liS F 

"ain effects: 
A: tile 1 459.5469 459.5469 .3B4520B 
B: hvfl 2 28B96.42 14448.21 12.0893B 
C: var 2 21017.49 1050B.74 8.793074 

First-order interactions: 
A x B 2 231.0781 115.5391 9. 667603E-02 
A x C 2 439.6407 219.8203 .IB39322 
B x C -4 26355.63 65B8.908 5.513196 

Second-order interactions: 
A x B x C 4 2554.172 63B.543 .5342937 

Error 54 64536.27 1195.116 
----------------------------------------------------------------
Total 71 144490.3 

Chapter 4 - Water Potential. 

THREE WAY ANDVA RANDDI11ZED CDI1PLETE BLDCKS 

Souru df SS liS F 

Repliciltes 3 2.59716B .8657227 .2345139 
"ain effects: 

A: tilt I 7.34716B 7.34716B 1.990259 
8: salt 2 46.0B35 23.04175 6.241733 
C: var 2 495.75 247.B75 67.14636 

First-order interactions: 
A x B 2 14.69434 7.347168 1.990259 
A x C 2 24.36133 12.1B066 3.299595 
B xC 4 37.41651 9.354126 2.53392 

Second-order interactions: 
A x B x C 4 lB.9716B 4.74292 1.2B4B 

Error 53 195.652B 3.691563 
---------------------------------------------------------------
Tohl 71 842.B75 



106 

Chapter 4 - Osmotic Potential 

THREE WAY ANOVA RANDOMIZED CDMPLETE BLOCKS 
Sourc. df SS "S F 
---------------------------------------------------------------
Replicates 3 13.07227 . 4.357422 2.139364 
Hain .fhcts: 

A: till. 1 63.09375 63.09375 30.96267 
B: salt 2 135.709 67.85401 33.29872 
c: var 2 151.709 75.85401 37.22465 

First-order interactions: 
A x B 2 87.44924 43.72412 21.45721 
A x C 2 26.66699 13.3335 6.54329 
B x C 4 64.13575 16.03394 7.869505 

Second-order interactions: 
A x B I C 4 37.30£64 9.32666 4.576972 

Error 53 108 2.037736 

Total 71 687.1396 

Chapter 4. Turgor. 

THREE WAY ANOVA RANDOMIZED COMPLETE BLOCKS 

Sourc. df SS liS r 
----------------------._._-----------------------------.-------
Repliciltes 3 7.455445 2.485148 .3561013 
lIain .ffects: 

.A: tile 1 13.52051 13.52051 1.937317 
B: salt 2 67.70396 33.05193 4.850703 
C: var 2 109.9606 54.98029 7.078222 

first-order interactions: 
A I B 2 92.09278 46.04639 6.599068 
A I C 2 121.5929 60.79145 8.710912 
B x C 4 187.6462 46.91156 6.72204 

Second-ord.r interactions: 
A x B I C 4 155.1188 3B.77969 5.556011 

Error 53 369.0748 6.978769 
-----------.---------------------------------------------------
Total 71 1124.956 
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