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GERMINATION OF SALT TOLERANT AND NON - TOLERANT ALFALFA IN NACL, NAN03, KCL, KNO3, AND MANNITOL

S. G. Allen, A. K. Dobrenz, and M. J. Back
Graduate Associate -Research, Research Scientist, and Student, respectively

Summary

Five cycles of germination NaC1 tolerant alfalfa and the source population, 'Mesa Sirsa', were
germinated in four salt solutions (NaC1, NaNO3, KC1, and KNO3) and Mannitol to try to determine the
general mechanism involved in seed germination salt tolerance. Average germination over all germplasm
sources in NaC1, NaNO3, KC1, KNO3, and Mannitol were 44.80, 38.88, 36.24, 29.07, and 60.93 percent,
respectively. The results indicate that the selected salt tolerant germplasm exhibit tolerance to
Na and Cl ion toxicity.

Each succeeding cycle of salt tolerant germplasm generally showed higher germination in all
germination media at all water potentials, indicating that selection for NaC1 tolerance also resulted
in tolerance to lower water potential during germination.

************

Introduction

The increasing use of fertilizers and irrigation are responsible for higher levels of salts in
the soil in agricultural regions. Many thousands of acres worldwide are removed from crop production
every year due to increased soil salinity. One means of better utilizing saline soils is to grow
crops which exhibit salt tolerance. This report describes the results of a germination test in
saline media of alfalfa germplasm selected for germination NaC1 tolerance.

Materials and Methods

'Mesa Sirsa' alfalfa was the source population for five cycles of mass selection for tolerance to
NaCl during germination. A germination test of Mesa Sirsa and the five subsequent cycles of 'Arizona
Salt Tolerant Alfalfa' (AZST 1978 through 1982) was conducted in five different types of germination
medium, each at five levels of water potential. The germination media were NaC1, NaNO3, KC1, KNO3,
and Mannitol. The water potentials used for each germination medium were -10.0, -11.5, -13.0, -14.5,
and -16.0 bars.

The particular salts with K or NO3 were used in this experiment because they are generally used
in relatively large quantities by plants and would not be expected to present any unusual toxic
properties. Also, NO3 and K are used in fertilizers, which are a major contributor to soil salinity.

The AZST alfalfa is being bred for use in saline soils where these chemicals may be found in large
quantities.

Mannitol was included in this experiment as a germination medium because it is a relatively inert
compound capable of lowering water potential without being toxic to seeds.

Results

Germination of all germplasm sources decreased as the concentration of the germination media
increased (Table 1). Germination within each medium, however, increased as the number of cycles
of selection for salt tolerance increased. AZST 1982, for example, had the highest germination
percentage in all types and concentrations of germination solutions.
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Table 1. Mean adjusted* germination of Mesa Sirsa and AZST 1978
through AZST 1982 in five types of germination media at
five levels of water potential.

Water
Potential
(bars) Germplasm

Mean Adjusted Percent Germination
Germination Medium

NaC1 NaNO3 KC1 KNO3 Mannitol

-10.0 MS 52.14 51.74 81.18 53.68 74.86
78 50.98 47.25 40.00 50.00 70.37
79 86.92 63.64 67.50 48.54 87.88
80 88.68 74.71 74.69 62.36 97.02
81 90.68 83.91 74.12 59.14 101.68
82 99.39 90.34 93.10 69.78 102.76

-11.5 MS 8.79 59.88 37.06 34.74 68.16
78 14.71 45.05 22.61 17.65 61.11
79 60.00 44.16 33.13 24.56 67.27
80 71.70 68.82 57.41 42.14 92.26
81 79.50 74.14 59.41 38.71 93.30
82. 104.29 85.80 81.61 54.40 101.10

-13.0 MS 3.14 4.07 22.94 21.58 13.41
78 12.75 9.89 18.26 21.57 19.44
79 37.69 31.17 35.00 26.32 34.55
80 61.01 50.00 40.12 25.28 62.50
81 74.53 52.87 48.82 24.73 87.71
82 85.89 71.59 54.60 37.91 97.79

-14.5 MS 0.63 1.74 6.47 6.32 2.23
78 0.98 4.40 7.83 15.69 18.52
79 10.00 6.49 10.00 15.79 23.03
80 40.25 20.59 15.43 24.16 58.33
81 54.04 28.16 16.47 23.12 75.42
82 63.19 40.34 32.18 29.12 92.27

-16.0 MS 0.00 0.00 2.35 1.58 2.79
78 0.98 1.77 1.74 2.94 4.63
79 0.77 5.19 5.00 2.92 17.58
80 18.87 7.65 8.64 12.36 42.86
81 22.98 14.94 15.29 11.29 66.48
82 48.47 26.14 24.14 13.74 90.61

Mean. 44.80 38.88 36.24 29.07 60.93

* Mean germination values reported as percent of germination in
distilled water for each germplasm.

The AZST germplasm were selected only on the basis of NaC1 tolerance during germination. The
mean germination percentage in all five germination medias reflects this. The average germination
was relatively high in NaCl (44.80). The germination was intermediate, and very similar, in NaNO3
and KC1 (38.88 and 36.24 percent, respectively). One of the two ions in each of these salts had
been used to select for salt tólerance. Neither ion in KNO3 was used to select for salt tolerance,
however, and germination was also lower in KNO3 than any of the other salts (29.07 percent).

This indicates that at least part of the germination salt tolerance may be due to an ability of
the tolerant germplasm to withstand toxic effects of the specific ions Na+ and Cl-

There is also evidence that selection for germination in Neel increased the ability of the
selected germplasm to germinate in drought conditions or situations where the seeds are subjected
to low water potentials. If selection was successful only against toxic ion effects, there would
be no differences in germination expected among the different germplasm sources within the different
osmotic levels of KNO3 and Mannitol.

The results show, however, that within each osmotic concentration of KNO3 and Mannitol the
germination percentage increases with each successive cycle of selection for NaC1 tolerance. Thus
it appears that selectionfor NaCl germination tolerance has resulted in germplasm whose seeds germinate
better in spite of toxic Na+ and Cl- ion effects as well as osmotic effects.
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Discussion

This information should come as good news to alfalfa growers in the southwest. The new Arizona
Salt Tolerant Alfalfa promises to perform well in several stress situations. Germination in field
situations will hopefully be improved in the presence of high salt concentrations and under soil
moisture stress conditions.

The results of this study indicate also that additional selection for other toxic ions such as
K+ and NO3- may be desirable in order to increase tolerance to all the common ions that accumulate
in agricultural soils.

The biochemical and physiological basis for salt tolerance is not completely understood. Further
studies are currently under way to more fully determine the mechanism of germination salt tolerance, and
to determine the relationship between salt tolerance in germinating seeds and mature plants.

PHOTOSYNTHESIS AND RESPIRATION OF GERMINATION SALT TOLERANT AND NON -TOLERANT ALFALFA

S. G. Allen and A. K. Dobrenz

Summary

'Mesa Sirsa' and 'Arizona Salt Tolerant 1982', a new germination salt tolerant alfalfa, were eval-
uated for photosynthesis and respiration after six weeks growth in a growth chamber in solutions of 0,
6000, 12000, and 18000 ppm NaCl. There was a large amount of variation in photosynthesis and respi-
ration within as well as among treatments, with no statistically significant differences found among
germplasm sources or among the NaCl treatments. However, increasing salinity was significantly asso-
ciated with an increasing photosynthesis /respiration ratio, indicating a greater rate of photosynthesis
per unit of respiration as the salinity level increased.

** * * * * * * * * * **

Researchers at the University of Arizona have been developing alfalfa germplasm which is tolerant
to NaCl during germination since 1977. During this period five cycles of mass selection have resulted
in very significant increases in germination in Nadi_ (several papers in this issue discuss the progress
made in germination salt tolerance in alfalfa).

There is very little information, however, on how germination salt tolerance is related to salt
tolerance during later growth stages in alfalfa. This research was initiated to investigate the
photosynthesis and respiration response of germination salt tolerant and non -tolerant alfalfa at
several salinity levels.

The germplasm sources used in this experiment were 'Mesa Sirsa' and 'Arizona Salt Tolerant 1982'
(AZST 1982). AZST 1982 resulted from the fifth cycle of mass selection for salt tolerance during ger-
mination from an original population of Mesa Sirsa.

Four plants of each germplasm were grown in a growth chamber at 26 °C in four different levels of
NaC1 (0, 6000, 12000, and 18000 ppm). Individual plants were grown in 8 inch by 1.5 inch plastic cones
filled with fine grained vermiculite. The bottom 1 to 2 inches of the cones were suspended in the
growth solution,allowing the solution to sub up through the vermiculite. Photosynthesis and dark
respiration were measured after six weeks using a closed system infra red gas analyzer.

The results showed a wide range of values for both photosynthesis and respiration. This variation
appeared to be as great within the individual treatments as between treatments. A statistical analysis
revealed that there were no significant effects of salt level upon photosynthesis or respiration for
either Mesa Sirsa or AZST 1982. Also, there was no significant difference between Mesa Sirsa and AZST
1982 in their photosynthesis or respiration response (Table 1).

A third parameter, the photosynthesis /respiration ratio, was also evaluated. There were no signi-
ficant differences between Mesa Sirsa and AZST 1982 for this trait, but there was a significant increase
in the photosynthesis /respiration ratio as the NaC1 level increased. The ratio tended to mask the
greater variability found within treatments for photosynthesis and respiration since these two traits
tend to change together for any particular plant.

The results suggest that photosynthesis and respiration may be influenced by salinity, but that
individual plant responses to salinity vary so much that the effect is difficult to isolate. The photo-
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