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ABSTRACT 

Breeding for high magnesium (Mg) concentrations pas been conducted
for several forage species. Mgwell, Magnet, and HiMag are the first
experimental strains, bred for increased Mg concentrations of orchard-
grass, Italian ryegrass, and tall fescue, respectively. This experiment
compared the performance and genetic variability of these high-Mg
cultivars grown in solution culture with other cultivars in each species.
Three mineral absorption experiments were carried, out with one month
aged seedlings. Seedlings were evaluated for shoot dry weight, uptake and
concentration of Mg, calcium (Ca), and potassium (K), and also the 
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in the mean. Among the cultivars of tall fescue, HiMag showed significantly
higher Mg uptake per plant than Ky-31 and Fawn as well as significantly
higher Mg concentration in three experiments. The trend among the cultivars
of tall fescue was also similar in the mean of three experiments.

Calcium and Potassium Uptake and Concentration

Calcium and K uptake per plant and concentration of each cultivar is
shown in Table 3. In case of orchardgrass, Mgwell showed highest amount of
Ca uptake per plant as well as Ca concentration in all experiments. There was
no consistent trend in the K uptake per plant among the cultivars of
orchardgrass. In Expt. 1 and Expt. 3 significantly lowest amount of K
concentration was obtained in Mgwell than the other two cultivars. The
amount of Ca uptake per plant by Magnet Italian ryegrass was not significantly
differ from the other cultivars while the K uptake per plant was significantly
lower. The Ca concentration of Magnet was higher but the difference was not
always statistically significant. There was no consistent trend among the
cultivars of Italian ryegrass in K concentration among the experiments. In
case of tall fescue, there was no significant difference among the cultivars in
Ca and K uptake per plant and concentration both in Expt. 2 and Expt. 3, but
HiMag tall fescue showed significantly higher values in case of Ca and K
uptake per plant in Expt. 1.

Mineral Density

Table 4 showed the mineral density in the ashed shoot of different
cultivars, where mineral density means relative percentage of each element
among seven mineral nutrients, viz., Mg, Ca, K, phosphorus (P), sulfur (S),
chloride (Cl), and silicon (Si). In all the experiments, the Mg density of
Mgwell was significantly higher than that of Alcimidori and Okamidori. In
case of Italian ryegrass, shoot Mg density of Magnet was higher than the other
two cultivars both in Expt. 1 and Expt. 2 while in Expt. 3 it was statistically
insignificant. In case of tall fescue, HiMag showed significantly higher Mg
densities in all the three experiments. However, in the mean of three
experiments, the high-Mg cultivars of these three species showed significantly
higher Mg density than the other cultivars (Fig. 1).

Calcium and K densities in the shoot of different cultivars are also shown
in Table 4. The Ca density was significantly higher in Mgwell both in Expt. 2
and Expt. 3. Similar trend was observed in Expt.1 but the differences between



18.7 a
15.7 b
18.1 a

9.2 a
7.5 b
7.4 b

59.0 b
64.7 a
60.5 ab

Italian
ryegrass

25.3 a
22.5 b
23.9 b

17.1 a
15.1 b
11.5 c

52.6 b
55.8 a
50.7 b

16.2 a
NI

10.9 b

10.0 a
9.2 b
8.6 c

Orchardgrass	 Mgwell	 6.22 a	 5.49 a	 4.54 a
Akimidori	 4.59 b	 4.46 b	 3.98 b
Okamidori	 4.51 b	 4.46 b	 3.54 c
Magnet	 8.74 a	 5.72 a	 5.37 a
Tachiwase	 6.93 c	 3.87 b	 5.23 a
Waseyutaka	 7.74 b	 3.91 b	 5.01 a

Tall fescue	 HiMag	 7.10 a	 16.76 a	 7.01 a
Fawn	 NI	 13.80 b	 6.01 b
Ky-31'	 b	 11.86 c	 6.07 b

64.1 b	 71.6 b
67.7 a	 72.9 ab
65.8 ab	 74.8 a

63.6 b	 61.8 c
72.7 a	 65.4 b
73.2 a	 70.1 a

	

62.8 b	 30.2 b	 70.8 b

	

NI	 36.7 b	 72.7 a

	

70.6 a	 47.1 a	 72.8 a

16.2 a
13.3 b
13.6 b

11.0 a
7.8 b
7.6 b

24.6 a
21.5 ab
16.7 b

Table 3. Calcium and potassium uptake and concentration by cultivars across three experiments.'

Ca
	 K

Species
	 Cultivars	 Expt. 1	 Expt. 2

	
Expt. 3	 Expt. 1
	

Expt. 2	 Expt. 3

Uptake (mg plant-I )
0.90 a	 22.6 a
	 16.9 a

0.83 ab	 20.2 b
	

11.4 b
0.50 b	 22.6 a
	 14.0 ab

2.07 a
	 17.0 b
	

12.1 b
3.47 a
	 21.8 a
	 16.0 a

3.02 a
	 21.8 a
	 17.1 a

1.49 a
	 18.9 a
	 10.9 a

1.24 a
	 NI
	

11.2 a
0.86 a
	 13.6 b
	

10.7 a

Concentration (mg g -I dry weight)

4.6 a	 11.7 a	 56.3 b	 51.1 a
1.7 c	 7.8 ab	 58.1 a	 46.0 b
3.9 b	 5.0 b	 57.1 ab	 53.5 a

4.5 a	 7.1 a	 30.4 b	 38.9 b
4.5 a	 5.9 a	 35.2 b	 47.9 a
2.9 b	 5.6 a	 50.9 a	 49.1 a

2.3 a	 6.3 a	 61.2 b	 54.4 b
3.5 a	 6.1 a	 NI	 77.9 a
3.3 a	 4.4 a	 67.4 a	 84.0 a

Orchardgrass

Italian ryegrass

Tall fescue

Mgwell	 4.10 a
Akimidori	 2.84 c
Okamidori	 3.54 b

Magnet	 6.76 a
Tachiwase	 6.49 a
Waseyutaka	 6.92 a

HiMag	 2.36 a
Fawn	 NI
Ky-31	 1.24 b

Orchardgrass

Italian ryegrass

Tall fescue

Mgwell	 10.5 a
Akimidori	 7.9 b
Okamidori	 9.0 ab

Magnet	 20.2 a
Tachiwase	 10.4 b
Waseyutaka	 9.6 b

HiMag	 7.5 a
Fawn	 NI
Ky-31	 5.9 a

1.46 a
0.42 c
1.07 b
1.40 a
1.50 a
1.02 b
0.46 a
0.50 a
0.41 a

7.0 b
7.4 a
7.6 a

12.4 b
20.7 a
20.5 a
14.9 a
12.0 a
12.2 a

65.6 c
96.1 a
76.3 b
42.8 a
36.8 a
40.1 a
63.8 a
57.8 a
64.7 a

'Values within column and species with the same letters are not significantly different at P < 0.05.

Key: NI, not included.

Table 4. Mineral density in the shoot of each cultivar (%).'

Mg	 Ca	 K

Species	 Cultivars	 Expt. 1	 Expt. 2	 Expt. 3	 Expt. 1	 Expt. 2	 Expt. 3	 Expt. 1	 Expt. 2	 Expt. 3

'Values within column and species with the same letters are not significantly different at P < 0.05.
Key: NI, not included.
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Species

Orchardgrass High-Mg
Control

Italian ryegrass 	 High-Mg	 9.16 a
Control	 4.37 b

Tall fescue	 High-Mg
Control

'Values within column and species with the same letters are not significantly different at 
P < 0.05.

Table 6. Contrasts between high-Mg and control cultivars for Mg concentration and density.'

Density (%)
Concentration (mg C I dry weight)

Cultivar	 Expt. 1	 Expt. 2	 Expt. 3	 Mean	 Expt. 1	 Expt. 2	 Expt. 3	 Mean

5.42 a

2.07 a	 1.26 a	 3.28 a	 2.20 a	 6.22 a	 54..4496	43 .;4) t
4.27 b

1.86 a	 0.91 b	 2.66 a	 1.81 b	 4.55 b
6.61 a

3.58 a	 4.92 a	 8.75 a	 5.72 a 	 55 ..31 72 aa
5.62 b

2.18 b	 2.67 b	 7.84 a

3.94 a	 7.11 a	 16.76 a	 76..0041 ab	10.29 ab

2.68 b	 4.90 b	 12.83 b4.48 a
2.71 b

2.01 a
1.47 a
2.45 a
1.85 a

4.89 a
3.47 b
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objective of individual selection is to increase the Mg concentration in the

shoot. [10,17,18] Although our results obtained under controlled environments
they are generally consistent with the findings concerning the magnesium
content of these studies under natural conditions.

The equivalent ratio, K/(Ca + Mg) is used to estimate the grass tetany
potential of a forage because of the interactions of Mg, Ca, and K in grass
tetany. This ratio should be 2.2 or less for forage to be safe in terms of its
potential for inducing grass tetany. 1193 In the present study, the high-Mg
cultivars of three species showed equivalent ratio less than 2.2 (Table 5).
Besides, the high-Mg cultivars of these three cool season grasses showed
higher Mg concentrations and densities than the control cultivars (Table 6).
This indicates that the high-Mg cultivars are less potential for inducing grass
tetany than the control cultivars.

Information about the similarity among these selected plant genotypes of
different species is significant for further progress to be made in developing
high-Mg cultivars of other species as well as for the establishment of efficient
screening method. In the present study, we observed distinct and consistent
trend in Mg concentration, and Mg density among the high-Mg cultivars of
different species. These common properties of high-Mg cultivars might be
considered as good parameter for screening. Evaluation of Mg density by
EDX is more efficient and less time consuming than Mg concentration.
Individual plant needs not to grow separately in solution culture for evaluating
Mg density by EDX. For this reason it is possible to evaluate a large number of
plants by EDX within short time. While investigating Mg concentration, plants
should grow separately, and require individual determination of dry weight
and Mg uptake for each entry. Saiga et al. [201 reported that EDX of plant organ
was effective when screening orchardgrass seedlings and young plants for
reduced risk-potential of grass tetany.

Interrelationships of various mineral concentrations are important when
selecting for altered mineral concentrations. Hannaway et al. 12 ' 1 using solution
culture found that increasing levels of K in solution decreased the shoot
concentration of Mg. Correlations between Mg and K in tall fescue were
generally low and nonsignificant. [63 In the present study, Mg and Ca densities
of high-Mg cultivars were high while that of K was low (Fig. 1). This indicates
that the accumulation of Mg and Ca in the shoot depressed the accumulation
of K. Marscluter1221 stated that cation such as K+, which are rapidly
transported across plasma membrane, may depress the uptake rate of Mg +

and ce. Unfortunately, the mechanism of Mg uptake and translocation are
not fully understood, but the results of the present study gives some beneficial
information for investigating the factors responsible for genetic variability of
Mg concentration in the high-Mg cultivars of different species. According to

Ohno and Grunes,1231 after Mg enters the plant roots, it must be translocated to
plant shoot to be effective. Both K and Ca appear to restrict Mg translocation
to plant shoots. The effect of Mg in decreasing the Ca concentration of the
shoot was greater than that of K in decreasing the Ca concentration of the
shoot. Barber1241 stated that the nutrient uptake is governed by the interplay of
the nutrient supplying power of a soil with the nutrient demand exerted by the
plant root. It may be necessary to evaluate the performance of the selected
high-Mg cultivars under different nutrient levels for better understanding of
interrelationships of nutrients.

The main objective of present study was to investigate the genotypic
variability in the performance of high-Mg cultivars, which may provide
information for screening forage plant individuals. In this study, the high-
Mg cultivar of all species showed significantly higher Mg uptake per plant and
Mg concentration. Other consistent properties among the observed charac-
teristics of high-Mg cultivars of these three cool season grasses were high Mg
and Ca densities while low K densities in the shoot. Genotypic differences in
high-Mg cultivars of this experiment could be distinctly explained by
differences in Mg concentration and Mg density. The reason of differences
in mineral densities may be due to lower functional requirement of K per unit
dry weight in high-Mg cultivars. These high-Mg cultivars also showed lower
equivalent ratio, K/(Ca + Mg), which indicates reduced risk of potential for
inducing grass tetany. By understanding the mechanism of Mg absorption by
high-Mg cultivars, it may be possible to find out whether any genetic factor is
responsible for high Mg concentration. For that purpose, importance of
studying the mechanism of Mg uptake and translocation by high-Mg cultivars
needed to be considered.
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