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Progress in the Development of Salt Tolerance in Alfalfa

T. MCKimmie, A.K. Dobrenz, and P.L. Matchow

ABSTRACT

Increasing crop salt tolerance can mean higher yields on irrigated farmland and salt -affected soils.
Three cycles of selection were made for growth of alfalfa seedlings under 7500 ppm NaCL
Comparison of parent and selected populations was made for yield and germination under saline
conditions. Yield of the last cycle was significantly improved. Germination of the last two cycles
was higher than that of the parent and cycle 1.

INTRODUCTION

The development of salt tolerant crops in irrigated areas, such as the southwest United States, is of great interest.
Irrigation waters carry salts; as evaporation and transpiration occur, salts increase in the soil and plants may
suffer. Crop variation in salt tolerance has been described (Maas, 1986). Some crops, such as barley and cotton,
already have a high degree of salt tolerance; other crops range from being salt- sensitive to moderately salt -
tolerant. Because of the importance of alfalfa to Arizona agriculture, the development of increased salt tolerance
of this crop should increase yields under more saline conditions and may allow its cultivation in areas with
inferior sources of irrigation water.

MA'T'ERIALS AND METHODS

Alfalfa seed were planted in a greenhouse on the University of Arizona campus in a system specifically designed
for selection of plants under saline conditions. The "salt box" system has previously been described (McKimmie
and Dobrenz, 1987). The seed used for selection was AZ -GERM SALT -I which had undergone five cycles of
recurrent selection for germination salt tolerance (Dobrenz et al., 1983). Approximately 8,000 plants were
grown for 6 weeks and irrigated daily with a nutrient solution containing 7500 ppm NaCI. For production of
Cycle 1 seed, the tallest 80 plants were chosen for transplanting and crossing in the field. Seed was harvested
from individual parents and reseeded into the salt box for selection of succeeding cycles. The selection process
was designed to include plants from parents whose progeny showed the greatest degree of survival and vigor (see
accompanying article, "Variability in salt tolerance within a population of alfalfa ").

Following three cycles of selection, the original parent (AZ -Germ Sali -I) and Cycles 1 -3 were seeded in the salt
box at 7000 ppm NaCI and grown for 6 weeks for comparison of yields.

In addition, the four populations were tested for germination only, at 16,000 ppm NaCl. This level of salinity
was chosen to determine if germination ability at higher levels of salinity remained stable from the parent
population. AZ -GERM SALT -I had originally been selected under pressure of approximately 20,000 ppm NaCI
where only about 1% of the seed germinated. One hundred seed of each population were placed in petri dishes
containing 5 ml of NaCI solution. Germination percentage was determined at the end of 5 days. A radicle
length of at least 3 mm was required for each seed to be counted as germinated. Four replications were used.
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RESULTS AND DISCUSSION

Yield of the third cycle of selection was increased over that of the original parent and Cycle I (Figure I);
increased salt tolerance at the seedling stage has been achieved. This increase has been incorporated into a
germplasm which had superior salt tolerance at the germination stage (AZ -GERM SALT- I). Further selection
using this system is underway, and testing for potential inbreeding will also be included.

Cycles 2 and 3 had greater percent germination at 16,000 ppm hlaCI (Figure 2). Selection for germination ability
under saline conditions continued in the salt box. Although germination in the salt box occurred at 7500 ppm,
this level is probably higher than would occur in all but the most saline farmland. Therefore, pressure on the
ability to germinate occurred, in addition to selection for seedling growth. The ability to germinate at high
levels of salinity was not lost during selection for salt tolerance during emergence and establishment.

The authors are also investigating physiological responses such as water potential and ionic concentrations to
explain the mechanisms of salt tolerance in alfalfa. Our goal is to continue with further cycles of selection so
that a salt tolerant population is produced which will give greater yields under field conditions. These
populations will be available for physiological comparison with less tolerant material so that salt tolerance
mechanisms can be further explored and selection techniques can be refined.

POPULATION

Figure 1. Yield of alfalfa populations grown in the salt
box at 7500 ppm NaC1.

POPULATION
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Figure 2. Germination percentage of alfalfa populations at
16,000 ppm Na01.
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