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ABSTRACT 

One low salt tolerant alfalfa (Medicaao satjvaJL.) cultivar and two 

germination salt tolerant alfalfa selections were compared for growth and 

N fixation at four salinity levels (0, -0.3, -0.6 and -1.2 Mpa). In the 

first experiment a Hoagland's solution at 5 ppm-N was used; in the second 

experiment the solution had a 1 ppm-N concentration and supplemental 

light was used. No significant differences were found among the culti-

vars. This provides additional support that germination salt tolerance 

is not necessarily related to salt tolerance for growth. Nitrogen fixed 

to the first harvest was 61, 48, 49, and 27 % of the total shoot N for 

plants in the control, -0.3, -0.6, and -1.2 Mpa solutions, respectively. 

At the second harvest, N fixation percentages were 94, 89, 80, and 57 % 

for the corresponding salinity levels which showed significant reduction 

in N fixation at -0.3 Mpa. The evaluation of N fixation was by ^N 

techniques. 

v i i  



CHAPTER 1 

INTRODUCTION 

Plant selection is one of the best means to overcome salinity 

problems in arid regions. Plant selection is usually done by seeking 

plants tolerant to toxic and osmotic effects, and is usually carried out 

in seedlings and mature plants. In seedlings, the interest has been 

focussed on selecting plants based on germination and emergence perfor

mance; whereas, in mature plants the interest has been addressed to 

drought tolerance, plant survival and improving yields. Little is known 

about plant selection for saline tolerance using nitrogen fixation in 

legumes as a criterion. 

Alfalfa (Medicago sativa L.) is one of the best known legumes grown 

in arid regions, not only because of its deep rooting pattern, but also 

because of its ability to fix nitrogen, and for the moderate salt 

tolerance of some of its varieties. Similarly, N fixation by alfalfa is 

well-documented when referring to studies carried out under normal 

conditions. However, under saline conditions, documentation is very 

limited and only a few studies have been done assessing saline effects 

upon the N-fixing ability of alfalfa. 

Nitrogen fixation is an important process which improves crops 

quality and reduces the cost of production. More information is needed 

about the quantitative effects of salinity on N fixation by alfalfa and 

other legumes in current use. Consequently, when new genetic material is 
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developed for drought or salt tolerance, a logical method of determina

tion should be to test the legume material not only for drought tolerance 

or salt tolerance during germination, but also for N fixation. The 

latter ideas were the subject of study for this research concerning three 

alfalfa materials. 

Therefore, the objectives of this study were: 

1) To compare growth of one standard alfalfa cultivar with two new 

selections, which have been previously tested as salt tolerant for 

germination and emergence, at four levels of salinity. 

2) To evaluate the magnitude of the effect of increasing salinity 

levels on N fixation by the above alfalfa cultivar and selections. In 

order to accomplish this, the ̂ 2 technique was used. 



CHAPTER 2 

LITERATURE REVIEW 

Germination salt tolerance on alfalfa 

Since the late 1970's, a group of researchers at The University of 

Arizona have been working on a program to develop salt tolerant alfalfa 

genotypes. In 1983, Dobrenz et al., released a line of germination salt 

tolerant alfalfa (AZ-GERM SALT-1). Before and after 1983, the names 

Arizona Salt Tolerant (AZST) and MS-cycle 3,4,5, etc., have also been 

used in germination and growth studies concerning genetic materials 

closely related to AZ-GERM SALT-1. 

Seeds from this program have been used in previous experiments, 

mostly dealing with the germination stage. Robinson (1986) found the 

germination stage to be the most salt sensitive. After several cycles of 

recurrent selection, great progress has been made in germination per

centage and speed of germination. For example, germination at the -1.30 

Mpa osmotic potential level had increased 3% for the original Mesa-Sirsa 

population to 86% for the fifth cycle of selection (Allen et al., 1985). 

In relation to germination speed, Robinson et al. (1986) found that the 

seventh cycle (MS-cycle 7) germinated more than twice as fast as the 

original population at -1.90 Mpa. 

Although it is generally believed that many salt tolerant plants 

tend to accumulate sodium or chloride, Allen et al. (1986) found no 
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differences in Na+ or CI" accumulation between the Mesa-Sirsa population 

and one of the most germination salt tolerant lines (AZST 1982). 

Allen's experiments (1984) tested the source Mesa-Sirsa population 

against five germination salt tolerant selections (AZST 1978 to AZST 

1982) under non-saline conditions. He found no differences in forage 

yield, apparent photosynthesis, transpiration, or diffusive resistance. 

Under greenhouse conditions and using NaCl solutions, he evaluated the 

same germplasm sources to determine whether or not selection for germina

tion resulted in increased salt tolerance at more mature stages. He 

found no evidence that germination salt tolerance was related to salt 

tolerance for growth. On the other hand, Noble et al. (1985) selected 

salt tolerant alfalfa plants at mature stages which were more tolerant to 

salinity at early stages. 

These are indications that variation with respect to salt tolerance 

exists between species, cultivars and at the cultivar level. Variations 

also exist within stages of growth. 

Allen (1984) using alfalfa plants and Abel and Mackenzie (1964) 

using soybean are apparently the only researchers who have reported no 

apparent relation between salt tolerance during germination and during 

later growth stages. Reports to the contrary have not been found to this 

date. 

Salt tolerance by alfalfa at later stage of growth. 

One early experiment in which alfalfa varieties grown under saline 

conditions were compared was done by Brown and Hayward (1956). Six 
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alfalfa varieties at four salinity levels (0, 3000, 6000, and 9000 ppm of 

added salts) were compared for growth, survival and chemical composition 

under field conditions. The saline treatments were applied as irrigation 

water. They had EC values of 0.73, 6.00, 11.20 and 15.92 dS/m, 

respectively. The average yield for all cultivars was reduced to 79% of 

the control by the low salt (3000 ppm) treatment; 60% by the intermediate 

treatment (6000 ppm), and 42% by the high salt treatment (9000 ppm). At 

the highest salinity level, no differences were found among the six 

cultivars. 

These authors found that cationic content of tops was not apprecia

bly affected by salt treatments. Thus, they suggested that the soil 

osmotic potential and the soil moisture tension were the most important 

factors in the reduction of yields. 

Bower et al. (1969) reported that an EC value of the saturation 

extract of 5 dS/m was associated with a 10% decrease in alfalfa yields, 

whereas, an EC value of 11 dS/m reduced yields by 50%. 

Salinity effects on N fixation bv alfalfa. 

While salt toxicities and water stress on crops grown under saline 

conditions have been widely reported (i.e., Mass, 1984; and Mass and 

Hoffman, 1977), the same thing cannot be said about N fixation by legumes 

grown under similar conditions. In fact, salinity effects on biological 

fixation appears to be a disregarded area of study. Probably this is 

because one could not expect to find a significant symbiotic fixation 

under saline conditions or perhaps the interest in obtaining information 
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about plant survival and better yields has obscured the one for obtaining 

information about N fixation under these conditions. For example, this 

author found that in only 12 out of 5700 articles written about alfalfa 

were about either salinity effects on N fixation or salinity effects on 

growth and behavior of Rhizobium meliloti. This is a very small frac

tion, if we consider that under non-saline conditions some legumes are 

capable of fixing up to 98% of their N requirements (El Hassan, 1986) or 

even 100% (Broadbent et al., 1982). Therefore, more information is 

needed in these areas. 

Nitrogen fixation is reduced by increasing salinity levels (Idris et 

al., 1977; Kassen et al., 1985, Pocard et al., 1984). This decrease can 

be attributed to either the alfalfa plants (because of N fixation varies 

among cultivars) or to the rhizobium strains (it was found that salinity 

effects on rhizobium varies among species and among strains; Yadav, 

1971). 

Studies about how rhizobium strains are affected by increasing 

salinity have shown that the bacteria tolerates a wide range of salt 

stress. Lakshmi-Kumary et al. (1974), using a NaCl gradient ranging from 

0 to 0.6% (-0.4 Mpa), found that increasing levels of salinity resulted 

in a root system devoid of root hairs and infection thread formation in 

spite of the optimum growth of rhizobium under such conditions. Subba-

Rao et al. (1972) revealed that strains of rhizobium meliloti nodulating 

the plants of alfalfa tolerated NaCl up to 3% (-2.14 Mpa, J.C.), whereas 

Kassen et al. (1985) felt that the growth of two strains were slowed at 

-2.5 Mpa (NaCl) and inhibited at -3.1 Mpa. 
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In order to obtain efficient strains of rhizobia to be used in 

saline conditions, some researchers have worked with rhizobium strains 

isolated from salt affected soils (Douka et al., 1984, 1978; Kassen et 

al., 1985). In one case, a rhizobium strain isolated from saline soils 

lost completely the capability to grow at -1.07 Mpa or to fix N in a 

saline soil containing 1.25% total soluble salts (Raman and Prasad, 

1983). 

The development of rhizobium mutants has been another technique used 

to obtain efficient salt tolerant rhizobia. Raman and Prasad (1983) 

developed rhizobium mutant lines one of which was able to tolerate a 

mixture of streptomicine and 1.5% NaCl (-1.07 Mpa). 

In some cases rhizobium was not affected by high NaCl levels, but 

the host alfalfa plants were (Kassen et al., 1985). These researchers 

found that salt tolerant strains of rhizobium accumulated Na+ and K+. 

The strain with the higher Na+ concentration was the most salt tolerant. 

It appears, therefore, that bacteria use the ion inclusion/exclusion 

mechanism to lower their osmotic potential and reach a water equilibrium 

with the external medium, as some halophytes do. 

Another salt defense mechanism that appears to be used by both 

bacteria and plants is the accumulation of proline or glycine betaine. 

Both aminoacids appear following salt stress, and for that reason, it is 

believed that they moderate the effects of stress. Weimberg et al., 

(1982) found that sorghum plants reached osmotic adjustment through an 

increase in osmotic activity of proline. 

Studies carried out on strains of Salmonella tvphimurium have shown 

high levels of proline and high degree of salt tolerance (Rains et al., 
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1982). Glycine betaine has been shown to also protect some halophilic 

bacteria against osmotic stress (Rafaeli-Eshkol and Avi-Dor, 1968; 

Shkedy-Vinkler and Avi-Dor, 1975, Le Rudulier and Valentine, 1982; 

Bouillard and Le Rudulier, 1983; Sauvage et al., 1983). 

Recently, Pocard et al. (1984) reported that N fixation activity of 

young alfalfa plants inoculated with R. meliloti was strongly reduced by 

the addition of NaCl to the nutrient solution. When the medium contained 

glycine betaine or proline, this activity was partially restored; and 5 

days after applying the osmotic stress 0.2 M NaCl (-0.83 Mpa) this 

activity was 7.5 to 10 times greater than the activity of plants main

tained without betaine. 

The presence of either proline or glycine betaine, therefore, 

appears to be one mechanism that may maintain N fixation under saline 

conditions at an acceptable level. A good review about Na+, K+, CI", and 

proline accumulation in plants is given by McKimmie (1986). 

The degree (%) and level of salinity at which N fixation by alfalfa 

is affected by salinity levels has not been well qualified. A clear 

evaluation is made more difficult for these reasons: the use of dif

ferent alfalfa cultivars in each experiment, experiments done in dif

ferent circumstances (greenhouse, in vitro, field conditions, etc.), the 

use of different strains of rhizobium, the report of results in different 

units, and the method of how N fixation was evaluated (N-Kjeldahl, 

acetylene reduction, ^N, etc.). However, through the use of the 

Handbook of Chemistry and Physics (Weast 1983), salinity data can be 

transformed to either molarity or electrical conductivity values, and 

then to Megapascals (Mpa). After this, approximations can be made to 



have an estimate of which salinity level decrease N fixation. The other 

problems are more difficult to solve because of the limited literature 

found about N fixation by alfalfa under saline conditions. 

Several authors have reported values that vary from 6.9 to 12.3 

dS/m as responsible for a substantial decrease in either nodulation or N 

fixation. Bernstein and Ogata (1966) felt that the salinity range that 

permits good growth of alfalfa in the field should not impair yields by 

inhibiting N fixation. They estimated that nodulation and N fixation was 

adequate at 5.4 atm of added NaCl. (about 12.3 dS/m of added NaCl, 

J.C.); although, alfalfa yields were reduced by 50% at this salinity 

level. Kassen et al., (1985) reported a decrease in nitrogenase activity 

at 0.4 % NaCl (approximately 6.9 dS/m of added NaCl, J.C.); while Keck 

et al. (1984) found that nodulation and total nodule mass were insensi

tive to salt stress of up to 9 dS/m. Idris et al., (1977) found a slight 

decrease in N fixation but at 12 dS/m. Besides that, Pocard (1984) 

observed a 44% reduction in the acetylene reduction activity by alfalfa 

at 5.4 bars (they added 5 bars using NaCl, which is approximately 9.7 

dS/m, J.C.) in relation to that of the control (0.9bar). 

Discussions about how much N alfalfa fixes under saline conditions 

were not found. This research offers some results about this topic. 

Nitrogen fixation by alfalfa as affected by water stress (drought), 

has also been reported (Wahab and Zahran 1983, Sanchez-Diaz et al. 1982, 

Aparicio and Sanchez 1982, Becana et al. 1986, Aparicio et al. 1980). 

Sanchez-Diaz et al. (1982) found that N fixation was more affected 

by polyethylene glycol (PEG) treatments than by NaCl ones. With increas

ing water stress N fixation was affected significantly, but after 
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rewatering a partial or complete recovery in fixation was observed 

(Aparicio and Sanchez 1982, Wahab and Zahran 1983). Recovery in acety

lene redaction differed among cultivars (Aparicio et al., 1980). 

At the rhizobial level, Akhavan-Kharazian et al. (1985) demonstrated 

that great variations exist among Rhizobium meliloti strains with 

respect to salt and drought tolerances. They found that the most drought 

tolerant strains (at -1.0 Mpa) were also the most salt tolerant at 60 

dS/m (with only one exception), but the most salt tolerant strains at 60 

dS/m were not the most drought tolerant at -1.0 Mpa. 



CHAPTER 3 

MATERIALS AND METHODS 

Two experiments were conducted under greenhouse conditions at the 

University of Arizona campus. One alfalfa cultivar and two new alfalfa 

selections were grown in sand culture systems which automatically 

recirculated a nutrient solution. The nutrient solution had four levels 

of osmotic potentials (0, -0.3, -0.6 and -1.2 Mpa). Although both 

experiments had in common the same basic nutrient solution, osmotic 

potentials, and alfalfa plants, they differed slightly. The main 

differences between them were: the N concentration in the nutrient 

solution, light intensities, and the time of application of the osmotic 

potentials. Nitrogen fixation was measured by using ^N-labelled N in the 

nutrient solution to allow ^N measurement of plant N derived from the 

atmosphere. 

First Experiment 

A) General Procedures 

Eight alfalfa seeds from each cultivar were planted in plastic tubes 

( 45 cm. long x 10 cm. in diameter), containing approximately 3,500 cnr 

of silica sand (California Silica Products Co.). The same day of 

planting, the seeds were inoculated with PELINOC, a commercial inoculant, 

(The Nitragin Company, Milwaukee, WI). Then, both seeds and inoculant 
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were covered with approximately 0.6 cm. of sand . According to the 

inoculant's label, the bacteria population was about 100 million per 

gram. During the first 19 days, all plants were watered with a half-

strength Hoagland's solution lacking nitrogen (Hoagland and Arnold, 

1950). Nutrient solution was prepared by mixing 25 liters of the full 

strength Hoagland's solution with 25 liter of a 10 ppm-N solution to 

produce a 5 ppm-N concentration. Description of the full strength of 

Hoagland's solution lacking N is given in Table 1. 

Complete germination was reached 5 days after planting and recorded 

on August 2, 1987. Eight days after germination, the plants were thinned 

to four plants per tube. Each tube represented an experimental unit. 

Various osmotic potentials were provided by the addition of 24 

mrnoles of NaCl per liter of solution, which is equivalent to -0.1 Mpa, as 

reported by Bernstein and Ogata (1966) and Frota and Tucker (1978). 

Osmotic treatments began 19 days after germination by adding NaCl 

equivalent to -0.3 Mpa to each container. Salt was applied every other 

day until the desired osmotic potentials were reached (0, -0.3, -0.6, and 

-1.2 Mpa, respectively). Salt treatments were applied in this manner to 

give the plants time for osmotic adjustments, and to ensure that enough 

plant material would be available at the end of the experiment for the 15 

N analysis. 

The description of the osmotic treatments used in the experiments 

are given in Table 2. 
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Table 1. Amount of nutrient compounds used to prepare a full strength 
Hoagland's solution lacking nitrogen. (Hoagland and Arnold, 1950). 

Macronutrients g/1 to prepare stock solution 

A. 0.5 M K2S04 87.3 

B. 1.0 M MgS04 120.36 

C. 0.05 M Ca(H2P04)2 . H20 12.60 

D. 0.01 M CaS04 . 2H20 1.72 

E. Micronutrient stock solution: Mix the following compounds in water 
and complete to reach one liter. 

h3bo3 2.86 9 

MnCl2 . 4H20 1.81 9 

ZnS04 . 7H20 0.22 9 

CuS04 . 5H20 0.08 9 

H2Mo04 . H2O 0.02 9 

F. Iron solution: A 1300 ppm-Fe stock solution is prepared by adding 
21.67 g/1 of iron chelate (EDDHA, 6% of Fe). 

Final solution lackina N: To prepare one liter of nutrient solution, mix 
5 ml of A + 2 ml of B + 10 ml of C + 200 ml of D +1 ml of E + 1 ml of F. 
Add water to reach a final volume of 1 liter. 
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Table 2. Osmotic potentials (OP), pH and electrical conductivity (EC) of 
the osmotic solutions. Values are the average of three solutions. 

Added Measured 

Mpa NaCl (g/50 L) OP1 (Mpa) PH EC2 (dS/m) 

0 0 -0.063 6.7 0.8 

-0.3 210 -0.34 6.6 8.1 

-0.6 420 -0.70 6.6 16.5 

-1.2 840 -1.21 6.5 28.5 

*0P measured using a vapor pressure osmometer (Wescor Model 1500C, Wescor 
Inc., Logan UT) 

^Electrical conductivity measured with a Solu-Bridge, Soil Tester (In
dustrial Instrument, Inc.) 

^Control (half-strength Hoagland's solution) 
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Fifty liters of the half strength nutrient solution with correspond

ing osmotic potentials were prepared and placed in each one of four 

plastic reservoirs. The solutions were delivered to each individual pot 

containing one of the three alfalfa materials through a drip irrigation 

system. The irrigation system consisted of submergible pumps (Little 

Giant Pump Co., model 3E-12N, Okla. City, OK), plastic lines and Agrifin 

emitters, model ISO-FLO. The rate of delivery was measured to be between 

55 and 66 cm^ per minute. The system was regulated by a timer set for a 

20 minute application every 2 hours. Reservoirs were monitored, and when 

needed, water was added to maintain a constant volume, and therefore to 

preserve the osmotic potentials in the solutions. 

The first experiment was run 39 days and the solutions were changed 

once. Prior to adding the new solutions, the old ones were drained from 

the reservoirs. The second experiment was run for 22 days and the 

solutions were not changed. Deionized water was used in all stages of 

the two experiments. 

B) Genetic Materials: (1) 

Three germplasm sources were evaluated: 

1. Mesa-Sirsa 83CL, a non-dormant alfalfa cultivar, derived from 

the Mesa-Sirsa population (Schonhorst, et al. 1968) 

2. Mesa-Sirsa cycle 5. Syn. 1. A population selected from five 

cycles of recurrent selection for NaCl tolerance during 

germination. 
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3. Mesa-Sirsa cycle 3. Syn. 1. A population resulted from three 

cycles of recurrent selection for NaCl tolerance during 

germination. Good emergence in saline conditions has been 

reported for this population. 

(1) Alfalfa seeds were provided by Dr. A.K. Dobrenz, professor, Depart
ment of Plant Sciences, University of Arizona, Tucson, AZ 85721. 

C) Environmental Conditions: 

The air temperature and relative humidity were measured on a 

hygrothermograph. Complete data, on a day by day basis, are given in the 

appendix. A summary is given in Table 3. 

Table 3. Average maximum and minimum temperature (temp.) and relative 
humidity (RH), during the two experiments. 

First Experiment (39 davs) Second Experiment (22 davs) 

Max. temp. 39.7 deg. C 36.9 deg. C 

Min. temp. 21.4 deg. C 18.0 deg. C 

Max. RH 69.7% 54.4% 

Min. RH 29.5% 27.0% 

During this first experiment, day length was an approximately 12 

hours photoperiod, with no supplemental light. Light intensity was 

measured with a LI-COR Quantum/Radiometer/Photometer, model 4-185A. 

Greenhouse light intensity averaged 550 micro-Einstein, whereas normal 
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outside light levels averaged 2000 micro-Einstein. Due to that 

significant difference and the etiolated appearance of the plants, sup

plementary artificial light was used in the second experiment. Those 

symptoms disappeared during the second experiment. 

D) Experimental Design: 

The combination of the three alfalfa plantings with the four osmotic 

potentials resulted in 12 treatments, which were arranged in a Randomized 

Complete Block Design with 6 replications (blocks). Within each block, 

each treatment was assigned at random. The 12 treatments were: 

Mesa-Sirsa Cycle 5 X 0 Mpa 

X -0.3 Mpa 

X -0.6 Mpa 

X -1.2 Mpa 

Mesa-Sirsa 83 CI X 0 Mpa 

X -0.3 Mpa 

X -0.6 Mpa 

X -1.2 Mpa 

Mesa-Sirsa Cycle 3 X 0 Mpa 

X -0.3 Mpa 

X -0.6 Mpa 

X -1.2 Mpa 



E) Measurements and Chemical Analysis. 
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Dry Matter: For total dry matter, plants were cut above the first 

bud and dried in an oven at 70 deg. C for 48 hours. Plant material was 

cooled at room temperature and weighed. Following that, the dried shoots 

were ground in a Wiley mill with a 30 mesh screen, and saved for chemical 

analysis. 

Total Nitrogen: Total nitrogen was analyzed by micro-Kjeldahl 

determination. Samples ranging from 100 to 120 mg were digested using 5 

ml of concentrated H2SO4 plus 1.5 g of catalyst (15 g of K2SO4 + 0.7 g of 

HgO), until the solution became transparent. After each flask was 

cooled, water was added, and the solutions were transferred to Kjeldahl 

distillation flasks. The flasks were then connected to a steam distilla

tion apparatus, and approximately 10 ml of 40% NaOH was added. The 

ammonia liberated was collected in 5 ml of boric acid with indicators and 

titrated with 0.01M KH(IO3)2- After the titrations, the samples were 

redistilled by adding approximately 7 ml of concentrated NaOH. The 

ammonia was recovered in 1 ml of 0.25M H2SO4 and stored in a cold room 

for atom percent (At. %), ^N determination. 

Nitrogen Fixation: The fraction of nitrogen fixed by Rhizobium was 

calculated from the percent of N in the plant tissue derived from the 

nutrient solution. This percent is also called "percent of N recovered" 

(% NR) and it is determined from data derived from the analysis 

with a mass spectrometer. After the percentage of Nitrogen Recovered was 
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known, the equation below was used to compute the percentage of N fixed 

(% NF): 

% NF = 100 - % NR 

The first step was to determine the percent of N recovered (% NR). 

Percent of N Recovered (% NR): The N source used in the two 

experiments was KN03 (5.1 at % ̂ N). The atom percent ^N in all sample 

solutions was calculated from the 28 to 29 mass to charge ratios deter

mined by a mass spectrometer (Consolidated Electrodynamics Corporation, 

Model 21-621), following the methods described by Bremner for ammonium 

(1965). 

From the atom percent in each sample, the percent of N recovery 

(% NR) was calculated using the equation below: 

(At % in the sample - Normal) x 100 
% NR = 

(At % ̂ N in the fertilizer - Normal) 

Where: 

At % ̂ N in the sample = sample values for At % ̂ N calculated from 

the 28 and 29 M/e peak heights from the mass spectrometer. 

Normal = Natural abundance At % ̂ N as given for the mass spectro

meter (value close to 0.36). 

At % 15N in the fertilizer = At % 15N given by the mass spectrometer 

for a solution containing the fertilizer used in the experiment. 
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G) Statistical Analysis: 

All parameters measured in this experiment (dry matter, % total N, 

and % of N fixed), were analyzed through an analysis of variance (Anova) 

for a Completely Randomized Design. The Duncan Multiple Range Test was 

used to compare the means for cultivars and osmotic potentials. For data 

expressed in percent, such as % total-N and % of N-fixed, the following 

transformation was done prior to the Anova procedure: 

Y = data in % 

Y 1 = arc sine (SQRT(y/100)) 

The Y 1 value was assigned to each experimental unit and the Anova 

procedure was executed. These calculations were necessary to satisfy one 

of the requirements for the analysis of variance, (i.e. treatment 

variances must be homogeneous). The arc sine transformation has been 

suggested by many investigators; in agricultural fields for example, by 

Gomez and Gomez (1983). All the Anovas and Duncan tests in this research 

were executed through SAS software for analysis of statistical data 

(1985). 

Second Experiment 

All the procedures described for the first experiment were valid for 

the second, with the following exceptions: 

1. The nitrogen concentration in the nutrient solution was 1 ppm; 

whereas, for the first experiment it was equal to 5 ppm. 
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2. Supplemental artificial light was used for the second experi

ment to extend day lengh to 14 1/2 hours. The light was 

provided by six low intensity fluorescent lamps. 

3. Salinity treatments continued immediately after the first 

cutting. In the first experiment, salinity treatments began 19 

days after germination - emergence. 

4. The second cutting was from regrowth of axillary stems rather 

than the primary stems of the first cutting which were started 

from seed. 



CHAPTER 4 

RESULTS AND DISCUSSION 

The results of the measured arid calculated parameters in the two 

experiments are given in appendix Tables 3 through 12. These results 

refer to dry matter production (g/pot), total N percentage, total N 

content (mg/pot), fixed fraction of N (N fixation, %), and concentration 

of the fixed N (%). 

Growth comparison for the three alfalfa plantings 

One of the objectives of this research was to compare one standard 

alfalfa cultivar (Mesa-Sirsa 83CL), with two new alfalfa selections (MS-

cycle 3 and MS-cycle 5). These two selections were selected for salt 

tolerance at germination, but they had not been tested for salt tolerance 

during growth in previous studies. Alfalfa plantings were compared for 

growth using the dry matter production as a main parameter,and the use of 

% N and N fixation as additional parameters. 

Table 4 presents the analysis of variances for dry matter produc

tion, N concentration (%N), and N content in mg/pot. From Table 4, it 

can be observed that the analysis of variances detected statistical 

differences among cultivars only for % N for the first cutting. Whereas, 

for the other two parameters, no differences were detected. Interactions 

22 
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were not found, and highly significant differences were detected among 

osmotic potentials. 

Table 5 contains the mean values per cultivar for dry matter 

production, % N and N content in mg/pot. The Duncan test for % N (first 

cutting FC) revealed that significant differences existed between the 

standard alfalfa cultivar (MS-83CL) and the selection MS-cycle 5, where 

the standard cultivar had a higher % N than the selection. No statis

tical differences were found between the two selections or between the 

standard cultivar and the selection MS-cycle 3. 

A plot of dry matter production as a function of osmotic potentials 

is given in Figure 1 and 2 for the first and second cuttings respective

ly. Both figures appear to be very similar. For example, it can be 

noticed that in the low osmotic potential range (0 to -0.3 Mpa) the 

standard alfalfa cultivar (MS-83CL) produced the highest growth among the 

three plantings. However, in the high osmotic range (-0.6 to -1.2 Mpa) 

the selection MS-cycle 3 did better than the other two plantings. This 

may give some hope for continuing further selection studies using this 

planting. 

In relation to the % N, graphic representations are given in Figures 

3 and 4. In Figure 3, no significant changes in % N occurred between 0 

and -0.6 Mpa; however, a sharp decrease in % N was produced in all 

cultivars when -1.2 Mpa was added to the solutions. This happened for 

the first cutting; whereas for the second cutting the three plantings did 

not differ significantly in % N when salinity increased (Figure 4). 
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I i 
0 -.3 -.6 -1.2 

ADDED OSMOTIC POTENTIALS (Mpa) 

Figure 1. Dry matter production at the first cutting by each 
alfalfa planting as affected by osmotic potentials. 



25 

 ̂MS CYCLE 5 

0 -.3 -.6 -1.2 

ADDED OSMOTIC POTENTIALS (Mpa) 

Figure 2. Dry matter production at the second cutting by each 
alfalfa planting as affected by osmotic potentials. 
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Figure 3. Total N percentage as a function of osmotic potentials. 
First cutting. 
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Figure 4. Total N percentage as a function of osmotic potentials. 
Second cutting. 
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Table 4. Analysis of variances for the parameters dry matter, N percent 
and N content. 

Dry Matter N % N content 

FC SC EL SC FC $c 

Cultivars NS NS * NS NS NS 

OP ** ** ** ** 

Interaction NS NS NS NS NS NS 

NS = non significant F-test 
* = significant F-test at the 5% level 
** = significant F-test at the 1% level 
KC = first cutting SC = Second cutting 

Table 5. Mean values per cultivar for dry matter production, N %, and N 
content. 

Cultivar Dry Matter N N 

g/pot % mg/pot 

FC SC FC SC1 FC SC 

MS-83CL 0.23 0.21 2.62a 2.95 

1 

6.0 6.; 

MS-cycle 3 0.22 0.19 2.42ab 2.82 5.3 5.-

MS-cycle 5 0.18 0.14 2.31b 2.98 4.2 4.; 

FC = first cutting SC = second cutting 

Means with same letter within columns are not significantly different at 
the %5 level. 

No letters within columns means that statistical differences were not 
found. 

*In the calculation of these means the -1.2 Mpa level was not taken into 
account. 
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In Figure 4 and also in Figure 6 (mg N/pot, second cutting), N 

content was only plotted between the 0 and -0.6 Mpa levels. This was 

because at the -1.2 level, the production of dry matter for the second 

cutting was zero or so small that it prevented accepTable titrations for 

N determination. However, the small amount of N found in 8 out of 18 

samples allowed one to obtain readings for determination. For that 

reason, values for % N at the -1.2 Mpa level are not presented in 

appendix Table 6; whereas, in appendix Table 10, eight values for N 

fixation are given for that salinity level. 

In Figures 5 and 6, the content of N in mg/pot is presented. As 

occurred with the % N, the tendency is that the lowering of the osmotic 

potentials decreases the total N content in mg/pot. This decrease 

followed a more abrupt path than the % N. 

As mg N/pot was computed as dry matter per pot times % N, the abrupt 

changes in this parameter can be explained by the significant influence 

of salinity on the production of dry matter. As salinity increased the 

production of dry matter decreased abruptly, and therefore, the N content 

in mg/pot also decreased. 

In summary, no difference for growth was found among the three 

alfalfa plantings, and in the parameter where differences were found (% 

N, first cutting) the MS-83C1 alfalfa cultivar had a higher % N than one 

of the salt-tolerant selections (MS-cycle 5). Besides that, no other 

differences of interest were detected among the alfalfa plantings. 
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Figure 5. Total N production in mg/pot as affected by osmotic 
potentials. First cutting. 
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Figure 6. Total N production in mg/pot as affected by osmotic 
potentials. Second cutting. 
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Nitrogen fixation 

One of the concerns of this research was to determine the extent of 

N fixation as affected by increasing salinity levels. For example, how 

much N does alfalfa fix under normal conditions as compared with how much 

N is fixed under saline conditions? At which salinity level does N 

fixation decrease? Will the two salt-tolerant selections fix more N than 

the standard alfalfa cultivar? Information to answer some of these 

questions are presented in Tables 6 and 7. 

In Table 6, the analysis of variances for the fixed fraction of N (N 

fixation), and the concentration of the fixed N (% N x fixed fraction) 

are given. For N fixation during the first and second cuttings, no 

differences nor interactions were found among the cultivars. Only highly 

significant differences were detected among osmotic potentials. 

For the concentration of fixed N, differences were found among the 

cultivars. For this parameter, the Duncan test (Table 7) showed that the 

standard alfalfa cultivar (MS-83CL) had a higher concentration in fixed N 

than the selection MS-cycle 5. This was the reason why the % N at the 

first cutting was significantly higher for MS-83CL than for MS-cycle 5, 

as discussed before. 

Table 8 shows the average value for N fixation as affected by 

increasing salinity levels. It can be seen that N fixation was substan

tially higher during the second cut than in the first one. 
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Table 6. Analysis of variances for the fixed fraction of N (N fixation) 
and the concentration of the fixed N. 

Fixed N % Cone. Fixed 1 

FC SC FC SC 

Cultivars NS NS NS NS 

OP ** ** ** 

Interaction NS NS NS NS 

NS = nonsignificant F-test 
* = significant F-test at the 5% level 
** = highly significant F-test at the 1% level 

Table 7. Mean values per cultivar for N fixation (fixed fraction of N), 
and the concentration of the fixed N (%). The means are the average for 
the four osmotic potentials. 

Cultivar Fixed N 

0, 
*0 

Cone. Fixed N 

FC SC 
0, 
*0 

FC SC 

MS-83CL 48 84 1.33a 2.34 

MS-cycle 3 47 80 1.21ab 2.25 

MS-cycle 5 43 82 1.08b 2.51 

No letters within columns means that statistical differences were not 
found. 

Means with same letter within columns are not significantly different at 
the 5% level. 
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Table 8. Mean values for N fixation as affected by increasing salinity 
levels. 

Osmotic Potential Fixed N Cone. of Fixed N 
(Mpa) 

FC SC FC 
% 

SC 

0 61a 94a 1.70a 2.76a 

-0.3 48b 89b 1.32b 2.64a 

•0.6 49b 80c 1.26b 2.2a 

-1.2 27c 57d 0.48c 1.42b 

Means followed by a common letter are not significantly different at the 
5% level. 
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This was probably caused by the combination of a lower N concentra

tion in the nutrient solution, plus a longer photopediod. During the 

first experiment, N fixation ranged from 27% (-1.2 Mpa) to 61% (control); 

whereas, for the second experiment, it was between 57% and 94% for the 

same osmotic potentials. 

Table 8 also shows the Duncan test for the N fixation. The test 

revealed significant differences between the control solution and the 

others. A significant difference was found between the control and the 

-0.3 Mpa solution. This difference was found in both experiments and 

marked the salinity level where N fixation began to decrease significant

ly. 

Nitrogen fixation as a function of salinity levels is presented in 

Figures 7 and 8 for the first and second cuttings, respectively. In both 

figures, the tendency was that increasing salinity levels decreased the 

fixation of N. This tendency was sharper for the first cutting than for 

the second. Similarly, the deepest drop in fixation happened when the 

osmotic potential was lowered from -0.6 to -1.2 Mpa. 

In Figure 7, the two selections (MS-cycle 3 and MS-cycle 5) appeared 

to increase their fixation when salinity was increased from -0.3 to -0.6 

Mpa. However, the Duncan test (Table 8, first cutting) did not reveal 

any statistical differences between these two levels. 

Table 9 introduces the "relative decrease" in N fixation as a 

function of osmotic potentials. This value refers to the observed 

decrease in fixation when the plants passed from the control solution 

(less than-0.1 Mpa ) to one of those having a higher osmotic potentials. 
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Figure 7. Nitrogen fixation as a function of osmotic potentials. 
First cutting. 
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Figure 8. Nitrogen fixation as a function of osmotic potentials. 
Second cutting. 
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Table 9. Relative decrease (RD) of N fixation as a function of osmotic 
potentials. 

First Cutting Second Cutting 

OP (Mpa) Mean RD 
% 

Mean RD 

0 61a - 94a -

-0.3 48b 21 89b 5 

-0.6 49b 20 80c 15 

-1.2 27c 56 57d 39 

Means followed by a common letter are not significantly different at the 
5% level. 

It was observed that alfalfa plants grown in a low N media (5 to 1 

ppm-N) could fix from 61 to 94% of their required N. When salt equi

valent to -0.3 Mpa was added a decrease in N fixation ranging from 5 to 

21% was observed. An additional -0.3 Mpa (-0.6 Mpa solution) apparently 

did not cause a substantial decrease in fixation in relation to the 

solution having the -0.3 Mpa added. For example, the decrease in 

fixation when passing from the -0.3 Mpa solution to the one having -0.6 

Mpa was between 0 and 10%. 

The greater relative decrease was produced at the -1.2 Mpa level, 

and ranged from 39 to 56%. At this level, alfalfa plants appeared to fix 

between 27 and 57% of their N necessities. 



DISCUSSION 

The fact that no statistical differences were found in the majority 

of the parameters tested in the two experiments leads one to think that 

the two selections still do not differ significantly from the original 

Mesa-Sirsa population. The original population, from which the selec

tions were obtained, was represented in the experiments by the cultivar 

MS-83CL. 

There may exist biological differences (i.e. salt tolerance for 

germination), but these differences are not significant enough to 

separate the selections from the original population; or perhaps, salt 

tolerance for germination does not necessarily lead to salt tolerance for 

growth. Allen (1984) using a very closely related alfalfa germsplasm to 

those used in this research, found no evidence that germination salt 

tolerance leads to salt tolerance at later growth stages. In 1964, Abel 

and MacKenzie reported a similar conclusion for soybean plants. There

fore, these results appear to support their findings. 

In relation to N fixation, it was found that alfalfa plants, when 

grown under non-saline conditions (control solution) could fix up to 94% 

of their N requirements. This value matched others that have been 

reported for other legumes. Broadbent, Nakasima and Chang (1982) found 

that ladino clover (Trifolium repens L.) was able to fix 85 to 100% of 

its N in a field experiment; whereas, El Hassan and Focht (1986) found 

that cowpeas (Vigna unouiculata L. Walp) were capable of deriving 60 to 

98% of shoot N from N fixation. 

39 
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During the second experiment, N fixation was substantially higher 

than in the first one. This difference can be explained by the lower N 

concentration used in the second experiment, and by the use of supplemen

tal artificial light. According to Hardy and Havelka (1976), photosyn-

thate supply is the major limiting factor in N fixation. Obviously, with 

a light intensity four times lower than that outside the greenhouse, 

photosynthate supplies appear to be the main reason for the substantial 

decrease in N fixation during the first experiment. 

When salt was added to the nutrient solution, N fixation and total N 

content both decreased. At the -0.3 Mpa level (approximately 7.0 - 7.5 

dS/m) N fixation began to decrease significantly. Salinity values have 

been reported which indicate that N fixation, nitrogenase activity and 

nodulation by alfalfa decrease at values ranging from 6.9 to 12.3 dS/m. 

Bernstein and Ogata (1966) felt that N fixation was adequate at 5.6 bars, 

although dry matter production was strongly reduced. Kassen, et al. 

(1985) found a decrease in nitrogenase activity at 0.4 % M NaCl (ap

proximately 7.0 dS/m, J.C.). Idris et al. (1977) reported a slight 

decrease in N fixation at 12 dS/m, and Pocard et al (1984) detected a 44% 

decrease in the acetylene reduction activity by alfalfa at 5.4 bars 

(control plus NaCl treatment), or approximately 9.7 dS/m of added NaCl 

(J.C.). 

Discussions about how much N alfalfa fixes under saline conditions 

were not found in the literature. According to many authors (Hauck and 

Bremner, 1976; Rennie et al 1978, Weaver and Frederick, 1982), ^N 

techniques should be used to evaluate quantitative N fixation. This 

technique has been less used than others (i.e., acetylene reduction 
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technique), making it difficult to find reported values for N fixation by 

alfalfa under saline conditions. 

At the highest salinity level (-1.2 Mpa or approximately 26-28 dS/m) 

most of the alfalfa plants were dead and in those that were still alive, 

N fixation reached up to 57% of the total N. This confirms reports that 

Rhizobium meliloti strains are more salt tolerant than the host plants 

(Kassen et al. 1985). 



CHAPTER 5 

CONCLUSIONS 

No differences for growth or nitrogen fixations were found among the 

low salt tolerant MS-83C1 cultivar and the germination salt tolerant 

selections (MS-cycle 3 and MS-cycle 5). No differences between the two 

selections were found either. These results were similar for both the 

first and second experiments, thus providing additional support that 

there is no evidence that germination salt tolerance is related to salt 

tolerance for growth (Allen, 1986; Abel and MacKenzie, 1964). 

Under low salinity conditions, alfalfa plants can fix up to 94% of 

their requirements in N. This is a value similar to that of other high 

fixing legumes, such as cowpeas and ladino clover. 

Under saline conditions, alfalfa suffered a decrease in total 

nitrogen content and percentage, and in N fixation. Fixation of N by 

alfalfa began to decrease significantly at -0.3 Mpa osmotic potential 

levels (approximately 7.5 dS/m). At -0.3, -0.6, and -1.2 Mpa levels 

alfalfa can fix up to 89%, 80% and 57% respectively of their N neces

sities, providing more evidence that Rhizobium meliloti can grow and 

maintain an efficient symbiosis with the host plant at high salinity 

levels. 

42 



No differences in fixation were detected between the -0.3 Mpa and 

the -0.6 Mpa levels; in terms of numbers, the difference in fixation 

between those levels was less than 10%. 
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Appendix 1 

Climatic data for the first cutting. The numbers on the left side are 
the numbers of days elapsed after germination. 

Temperature fdea. Celsius) Relative Humidity (%) 

Maxima Minima Maxima Minima 

1 39 25 76 38 
2 39 23 81 36 
3 41 23 82 30 
4 41 24 78 28 
5 40 24 76 28 
6 43 24 69 22 
7 41 24 72 28 
8 37 23 72 38 
9 38 22 86 34 
10 43 23 81 28 
11 44 22 74 22 
12 46 22 60 14 
13 46 21 58 20 
14 46 21 60 21 
15 46 21 64 22 
16 46 22 66 24 
17 45 23 78 26 
18 46 22 80 28 
19 40 21 84 32 
20 39 22 80 32 
21 40 22 84 34 
20 39 21 76 32 
23 38 21 74 34 
24 36 20 60 30 
25 36 21 60 30 
26 38 21 70 28 
27 38 21 74 30 
28 38 21 60 30 
29 36 21 56 32 
30 38 21 58 28 
31 36 21 69 28 
32 36 21 84 36 
33 33 21 80 50 
34 37 20 80 40 
35 37 20 68 34 
36 38 19 54 28 
37 37 18 50 26 
38 34 17 41 24 
39 39 17 44 24 



Appendix 2 
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Climatic data for the second cutting. The numbers on the left side refer 
to the number of days elapsed between the first and second cuttings. 

Temperature (dea. Celsius) Relative Humidity (%) 

Maxima Minima Maxima Minima 

1 41 19 50 22 
2 41 20 46 20 
3 40 21 60 22 
4 37 16 41 28 
5 38 16 46 26 
6 39 17 56 28 
7 32 20 54 34 
8 38 17 50 30 
9 39 19 52 26 
10 39 19 48 30 
11 37 18 54 28 
12 37 17 56 28 
13 38 17 62 26 
14 39 19 78 32 
15 39 20 72 33 
16 39 20 66 30 
17 40 20 66 32 
18 40 20 64 32 
19 40 20 62 30 
21 39 20 58 28 
22 40 20 56 28 



Appendix 3: Dry matter production in g/pot for the first cutting. 

Cultivar OP(MDa) 
Block 

1 
Block 
2 

Block 
3 

Block 
4 

Block 
5 

Block 
6 Totals Averaae 

MS cycle 5 0.0 .069 .101 .201 .355 .833 .100 1.659 .277 MS cycle 5 
-0.3 .110 .147 .101 .095 .081 .501 1.035 .173 
-0.6 .104 .124 .194 .173 .098 .346 1.039 .173 
-1.2 .063 .076 .089 .106 .144 .116 .594 .099 

MS 83CL 0.0 .077 .202 .166 .534 .240 .667 1.886 .314 
-0.3 .493 .154 .261 .426 .289 .285 1.908 .318 
-0.6 .110 .115 .195 .390 .079 .173 1.062 .177 
-1.2 .062 .074 .113 .122 .116 .120 .607 .101 

MS cycle 3 0.0 .302 .307 .198 .346 .222 .265 1.640 .273 MS cycle 3 
-0.3 .156 .148 .225 .355 .400 .372 1.656 .276 
-0.6 .239 .080 .219 .150 .136 .435 1.259 .210 
-1.2 .126 .106 .116 .141 .136 .105 .730 .122 

Totals: 1.911 1.634 2.078 3.193 2.774 3.485 15.075 



Appendix 4: Dry matter production in g/pot for the second cutting.* 

Cultivar OP(MDa) 
Block 

1 
Block 
2 

Block 
3 

Block 
4 

Block 
5 

Block 
6 Totals Averaae 

MS cycle 5 0.0 .096 .073 .382 .406 .705 .215 1.877 .313 MS cycle 5 
-0.3 .076 .108 .113 .035 .033 .327 .692 .115 
-0.6 .052 .050 .220 .085 .037 .238 .681 .114 
-1.2 .031 .015 .000 .000 .000 .000 .046 .008 

MS 83CL 0.0 .214 .364 .246 .557 .288 .960 2.629 .438 
-0.3 .362 .140 .243 .386 .270 .248 1.648 .275 
-0.6 .143 .058 .168 .210 .020 .079 .677 .113 
-1.2 .029 .000 .060 .000 .039 .000 .128 .021 

MS cycle 3 0.0 .546 .367 .275 .358 .294 .270 2.109 .351 MS cycle 3 
-0.3 .261 .102 .187 .184 .363 .232 1.329 .222 
-0.6 .354 .025 .210 .086 .069 .221 .964 .161 
-1.2 .045 .019 .040 .000 .035 .017 .155 .026 

Totals: 2.207 1.321 2.142 2.307 2.151 2.807 12.935 

*In several experimental units (pots), the plants died at the beginning of the second experiment. 
Therefore, some cells have zeros as dry matter production. 



Appendix 5: Total nitrogen percentage per treatment and block for the first cutting. 

Block Block Block Block Block Block 
Cultivar OP(MDa) 1 2 3 4 5 6 Totals Averaa« 

MS cycle 5 0.0 2.393 2.588 2.748 2.844 2.170 2.374 15.116 2.519 MS cycle 5 
-0.3 2.569 2.221 2.845 2.470 2.672 2.001 14.777 2.463 
-0.6 2.683 1.777 2.874 1.946 2.649 2.993 14.922 2.487 
-1.2 1.610 1.955 1.822 1.709 1.776 1.645 10.517 1.753 

MS 83CL 0.0 3.488 2.931 2.946 2.678 3.081 3.097 18.221 3.037 
-0.3 2.778 3.480 2.963 2.148 2.960 3.025 17.353 2.892 
-0.6 2.815 2.581 2.399 2.150 3.528 2.759 16.232 2.705 
-1.2 1.575 1.734 2.111 1.790 1.830 1.954 10.993 1.832 

MS cycle 3 0.0 2.867 2.584 2.634 2.691 3.008 2.380 16.165 2.694 MS cycle 3 
-0.3 2.907 2.824 2.352 3.211 2.477 2.635 16.405 2.734 
-0.6 1.563 2.603 2.881 1.966 3.119 3.259 15.391 2.565 
-1.2 1.642 1.683 1.638 1.786 1.754 1.545 10.048 1.675 

Totals: 28.889 28.960 30.212 27.388 31.023 29.666 176.138 



Appendix 6: Total nitrogen percentage per treatment and block for the second cutting. 

Block Block Block Block Block Block 
Cultivar 0P(MDa) 1 2 3 4 5 6 Totals Average 

MS cycle 5 0.0 3.199 2.423 2.883 3.056 3.316 3.038 17.914 2.986 MS cycle 5 
-0.3 3.258 2.997 2.877 1.409 4.231 3.435 18.206 3.034 
-0.6 2.994 3.004 3.030 2.637 3.316 2.604 17.584 2.931 
-1.2 * * * * • * 

- -

MS 83CL 0.0 2.824 3.149 2.444 2.951 3.020 3.081 17.469 2.912 
-0.3 3.175 2.751 2.831 3.037 3.351 3.139 18.283 3.047 
-0.6 3.020 3.060 2.723 2.770 3.192 2.679 17.444 2.907 
-1.2 • * • • * • 

-  - -  -

MS cycle 3 0.0 2.086 3.459 2.968 2.950 2.919 3.265 17.648 2.941 MS cycle 3 
-0.3 3.058 2.705 2.729 3.041 2.682 2.505 16.720 2.787 
-0.6 2.744 2.828 2.955 2.247 3.108 2.564 16.445 2.741 
-1.2 * • * * * * -- --

Totals: 36.358 26.376 25.440 24.098 29.135 26.31 157.713 

Undetermined due to no dry matter production; some values were also not reliable. 



Appendix 7: Total nitrogen production in mg/pot. First cutting. 

Cultivar OP(MDa) 
Block 

1 
Block 
2 

Block 
3 

Block 
4 

Block 
5 

Block 
6 Totals Averaae 

MS cycle 5 0.0 1 .651 2. 614 5.527 10.082 18.076 2.370 40 .320 6.720 MS cycle 5 
-0.3 2 .826 3. 265 2.879 2.346 2.163 10.020 23 .499 3.917 
-0.6 2 .790 2. 207 5.568 3.373 2.597 10.345 26 .880 4.480 
-1.2 1 .014 1. 489 1.619 1.813 2.563 1.914 10 .412 1.735 

MS 83CL 0.0 2 .686 5. 918 4.897 14.311 7.392 20.610 55 .814 9.302 
-0.3 13 .696 5. 359 7.726 9.159 8.554 8.636 53 .130 8.855 
-0.6 3 .097 2. 967 4.680 8.385 2.789 4.775 26 .693 4.449 
-1.2 .977 1. 280 2.384 2.184 2.123 2.340 11 .288 1.881 

MS cycle 3 0.0 8 .658 7. 921 5.207 9.307 6.682 6.307 44 .082 7.347 MS cycle 3 
-0.3 4 .535 4. 173 5.287 11.396 9.920 9.821 45 .132 7.522 
-0.6 3 .736 2. 080 6.307 2.955 4.243 14.181 33 .502 5.584 
-1.2 2 .069 • 781 1.902 2.468 2.380 1.607 11 .207 1.868 

Totals: 47 .735 40. 054 53.983 77.779 69.482 92.926 381 .959 



Appendix 8: Total nitrogen production in mg/pot. Second cutting. 

Block Block Block Block Block Block 
Cultivar OP(Mpa) 1 2 3 4 5 6 Totals Average 

MS cycle 5 0.0 3.072 1.766 11.002 12.383 21.432 6.536 56.191 9.365 
-0.3 2.478 3.240 3.255 .493 1.396 11.248 22.110 3.685 
-0.6 1.555 1.500 6.666 2.244 1.228 6.188 19.381 3.230 
^  y  2  * * * * *  *  — —  — —  

MS 83CL 0.0 6.035 11.466 6.002 16.432 8.697 29.568 78.200 13.033 
-0.3 11.511 3.850 20.169 11.734 9.045 7.787 64.096 10.683 
-0.6 4.319 1.775 4.569 5.817 .638 2.117 19.235 3.206 
- 1 2 *  *  *  *  *  *  - -

MS cycle 3 0.0 11.414 12.688 8.167 10.561 8.584 8.829 60.243 10.041 
-0.3 7.987 2.757 5.105 5.594 9.728 5.823 36.994 6.166 
-0.6 9.699 7.075 6.216 1.935 2.146 5.658 32.729 5.455 
•1.2 

Totals: 58.07 46.117 71.151 67.193 62.894 83.754 389.179 

Undetermined due to no dry matter production or unreliable value. 



Appendix 9: Fixed fraction of nitrogen (%), per block and treatment. First cutting. 

Block Block Block Block Block Block 
Cultivar OP(Mpa) 1 2 3 4 5 6 Totals Average 

MS cycle 5 0.0 40.13 56.05 62.91 70.30 62.86 47.14 339.39 56.57 

MS 83CL 

MS cycle 3 

Totals: 

-0.3 52.24 37.35 54.81 38.96 37.60 29.96 250.92 41.82 
-0.6 40.58 60.43 72.12 34.43 29.96 46.56 284.08 47.35 
-1.2 24.92 29.89 29.74 29.28 19.06 32.34 165.23 27.54 

0.0 68.07 58.05 65.38 58.62 66.12 68.99 385.23 64.21 
-0.3 55.96 66.52 58.59 35.79 40.82 55.00 312.68 52.11 
-0.6 45.03 46.38 50.34 27.82 57.50 55.04 282.11 47.02 
-1.2 29.69 30.18 36.04 30.08 27.74 20.07 173.80 28.97 

0.0 62.35 43.51 67.54 64.72 67.52 62.64 368.28 61.38 
-0.3 51.31 46.67 33.93 66.29 49.63 48.96 296.79 49.47 
-0.6 45.98 54.17 59.16 61.34 45.53 41.23 307.41 51.24 
-1.2 28.42 17.07 19.96 31.57 28.48 30.07 155.57 25.93 

544.68 546.27 610.52 549.20 532.82 538.00 3321.49 



Appendix 10: Fixed fraction of nitrogen (%). Second cutting. 

Block Block Block Block 
Cultivar OP(Mpa) 1 2 3 4 

MS Cycle 5 0.0 90.04 92.13 95.43 94.21 
-0.3 90.22 90.91 91.22 64.15 
-0.6 75.40 76.46 *** 62.88 
•1.2 ** ** 

MS 83CL 0.0 96.80 95.26 93.19 93.45 
-0.3 91.68 94.66 89.55 89.21 
-0.6 87.06 77.33 85.89 75.53 
-1.2 44.52 * 76.18 * 

MS cycle 3 

Totals: 

0.0 94.10 90.24 95.37 94.02 
-0.3 92.31 86.88 86.98 92.72 
-0.6 90.91 81.84 87.46 90.40 
-1.2 63.67 28.36 66.29 * 

916.71 814.07 867.56 756.57 

•Undetermined due to no dry matter production. 

••Insufficient in the sample to determine this value. 

***This sample was lost when determining ^N. 

Block Block 
5 6 Totals Average 

92.05 93.13 556.99 92.83 
89.04 85.65 511.19 85.20 
66.60 83.90 365.24 60.87 

94.35 94.89 567.94 94.66 
87.91 93.64 546.65 91.11 
82.42 83.06 491.29 81.88 
63.87 * 184.57 61.52 

96.36 95.63 565.72 94.29 
90.38 89.51 538.78 89.80 
81.12 73.99 505.72 84.29 
63.81 38.16 260.29 52,06 

907.91 831.56 5094.38 



Appendix 11: Concentration* of the fixed N (%). First cutting. 

Cultivar OP(MDa) 
Block 

1 
Block 
2 

Block 
3 

Block 
4 

Block 
5 

Block 
6 Totals Averaa* 

MS cycle 5 0.0 .960 1.451 1 .729 1.999 1.364 1.119 8.622 1.437 MS cycle 5 
-0.3 1.342 .831 1 .559 .962 1.005 .600 6.299 1.050 
-0.6 1.089 1.074 2 .073 .670 .794 1.394 7.094 1.182 
-1.2 .401 .584 .542 .500 .339 .532 2.898 .483 

MS 83CL 0.0 2.374 1.701 1 .926 1.570 2.037 2.137 11.745 1.958 
-0.3 1.555 2.315 1 .736 .769 1.208 1.664 9.247 1.541 
-0.6 1.268 1.197 1 .208 .598 2.029 1.519 7.819 1.303 
-1.2 .468 .523 .761 .538 .508 .392 3.190 .532 

MS cycle 3 0.0 1.788 1.124 1 .779 1.742 2.332 1.491 10.256 1.709 MS cycle 3 
-0.3 1.492 1.318 .798 2.129 1.229 1.290 8.256 1.376 
-0.6 .719 1.410 1 .704 1.206 1.420 1.344 7.803 1.301 
-1.2 .467 .287 .327 .564 .500 .465 2.610 .435 

Totals: 13.923 13.815 16 .142 13.247 14.765 13.947 85.839 

^Concentration of the fixed N% = % N total x fraction fixed of N. 



Appendix 12: Concentration* of the fixed N (%). Second cutting. 

Block Block Block Block Block Block 
Cultivar OP(MDa) 1 2 3 4 5 6 Totals Averaae 

MS cycle 5 0.0 2.880 2.232 2.752 2.879 3.052 2.829 16.624 2.771 MS cycle 5 
-0.3 2.939 2.725 2.624 .904 3.767 2.942 15.901 2.650 
-0.6 2.257 2.297 *** 1.658 2.208 2.185 10.605 2.121 
-1.2 ** **  * * * *  

" 

MS 83CL 0.0 2.710 3.000 2.278 2.758 2.849 2.924 16.519 2.753 
-0.3 2.911 2.604 2.535 2.709 2.946 2.939 16.644 2.774 
-0.6 2.629 2.366 2.339 2.092 2.631 2.225 14.282 2.380 
-1.2 .587 * 2.282 • 1.476 * 4.345 1.448 

MS cycle 3 0.0 1.963 3.121 2.831 2.774 2.813 3.122 16.624 2.771 MS cycle 3 
-0.3 2.828 2.350 2.374 2.820 2.424 2.242 15.038 2.506 
-0.6 2.495 2.314 2.584 2.031 2.521 1.897 13.842 2.307 
-1.2 1.394 .572 2.306 •k 2.247 .483 7.002 1.400 

Totals: 25.593 23.581 24.905 20.625 28.934 23.788 147.426 

^Concentration of the fixed N% = % N total x fraction fixed of N. 

•Undetermined values due to no dry matter production (dead plants). 

••Insufficient in the sample to determine the % NF. 

***This sample was lost when determining ^N. 
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