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of Three Cool-Season Grasses Grown in
Nutrient Solution Culture

S. Sabreen,' S. Saiga,"”* H. Saitoh,> M. Tsuiki,’
and H. F. Mayland®

The United Graduate School of Agricultural Sciences and
ZFaculty of Agriculture, Iwate University, Morioka, Japan
3Northwest Irrigation and Soils Research Laboratory,
USDA-ARS, Kimberly, Idaho

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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Sabreen et al. High-Mg Cultivars of Cool-Season Grasses
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595
e OO0 oo ©.o.0 in the mean. Among the cultivars of tall fescue, HiMag showed significantly
§ o2 9y s8R higher Mg uptake per plant than Ky-31 and Fawn as well as significantly
) Zlowvn daa edd higher Mg concentration in three experiments. The trend among the cultivars
f’g" R of tall fescue was also similar in the mean of three experiments.
n|lwoo so0 <0
A LEEREEREE
TW g =% Calcium and Potassium Uptake and Concentration
o0
%; g’ Tl== | = 8 n o :§ Ca!cium and K uptake per plant and concentration of. each cultivar is
ElS| 2IREI SEA A=A shown in Table 3. In case of orchardgrass, Mgwell showed highest amount of
g Eld@leam a—daal Ca uptake per plant as well as Ca concentration in all experiments. There was
] § 8 no consistent trend in the K uptake per plant among the cultivars of
g3 Tlee | w00 - 5 - ?/ orchardgrass. In Expt. 1 and Expt. 3 significantly lowest amount of K
: é 3‘ §§§ f‘. § § IR ; concentra;ign wilask obtainclad n; I;'IAgwell Ithelm the other two cultivarg. Tllle
) <) = amount of Ca uptake per plant by Magnet Italian ryegrass was not significantly
1 s - § differ from the other cultivars while the K uptake per plant was significantly
' § glee= 522 2% a g lower. The Ca concentration of Magnet was higher but the difference was not s
% S|Te2 S22 333 =z always statistically significant. There was no consistent trend among the
o 8 cultivars of Italian ryegrass in K concentration among the experiments. In
': ~leolgoo sac soo “% case of tall fescue, there was no significant difference among the cultivars in
2|7 dlorgana 2rg| @ Ca and K uptake per plant and concentration both in Expt. 2 and Expt. 3, but
‘g _i Jloess —=~—~ ~S0o B HiMag tall fescue showed significantly higher values in case of Ca and K
2| = uptake per plant in Expt. 1.
g| E g
.: \c-; N oL SO @O0 E
S|l dlacs 08ssa8|E
% Sl Hlces csss s 'Tg' Mineral Density
=3
z “|sos sss s o9 Table 4 showed the mineral density in the ashed shoot of different
% 2 i 2 E E E § % z S| 8 cultivars, where mineral density means relative percentage of each element
& = . B among seven mineral nutrients, viz., Mg, Ca, K, phosphorus (P), sulfur (S),
§ 8 chloride (Cl), and silicon (Si). In all the experiments, the Mg density of
o 5 - 2 % aé{ Mgwell was significantly higher than that of Akimidori and Okamidori. In
8 (=22 352 w _|w= case of Italian ryegrass, shoot Mg density of Magnet was higher than the other
g é %,E _g §3 £ 32 2 g T 8 . two cultivars both in Expt. 1 and Expt. 2 while in Expt. 3 it was statistically
S<0 383 ER L g '.'é insignificant. In case of tall fescue, HiMag showed significantly higher Mg
§72 densities in all the three experiments. However, in the mean of three
" a _E 'g experiments, the high-Mg cultivars of these three species showed significantly
‘é 8 g g & higher Mg density than the other cultivars (Fig. 1).
w | D e 2 8 Z Calcium and K densities in the shoot of different cultivars are also shown
% % E; % § & in Table 4. The Ca density was significantly higher in Mgwell both in Expt. 2
&1é S & g X

and Expt. 3. Similar trend was observed in Expt.1 but the differences between




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™")
Orchardgrass Mgwell 410a 1.46 a 090 a 226a 169 a 70b
Akimidori 284c 042 ¢ 0.83 ab 20.2b 114b 74 a
Okamidori 354b 1.07b 0.50 b 226a 14.0 ab 76a
Italian ryegrass Magnet 6.76 a 140 a 207 a 1700 12.1b 124 b
Tachiwase 649 a 1.50 a 347 a 218 a 160 a 20.7 a
Waseyutaka 692 a 1.02b 302a 218 a 17.1 a 205a
Tall fescue HiMag 2.36 a 0.46 a 149 a 189 a 109 a 149 a
Fawn NI 0.50 a 124 a NI 112 a 120 a
Ky-31 124 b 041 a 0.86 a 136 b 10.7 a 122 a
Concentration (mg g~ dry weight)
Orchardgrass Mgwell 105a 4.6a 117 a 563 b 5l.1a 65.6 ¢
Akimidori 79b 17¢ 7.8 ab 58.1a 460 b 96.1 a
Okamidori 9.0 ab 390 50b 57.1 ab 535a 763 b
Italian ryegrass Magnet 202 a 45a 71a 304 b 389b 428 a
Tachiwase 104 b 45a 59a 3520 479 a 368 a
Waseyutaka 9.6b 29b 56a 509 a 49.1 a 40.1 a
Tall fescue HiMag 75a 23a 63a 61.2b 5440 638a
Fawn NI 35a 6.1a NI 779 a 578 a
Ky-31 59a 33a 44 a 674 a 84.0a 64.7 a
2Values within column and species with the same letters are not significantly different at P <0.05.
Key: NI, not included.
o
Table 4. Mineral density in the shoot of each cultivar (%).*
Mg Ca K
Species Cultiv.
_ ars Expt. 1 Expt. 2 Expt.3  Expt. 1 Expt.2  Expt.3  Expt. 1 Expt. 2  Expt. 3
rchardgrass  Mgwell 6.22 a 5.4
Akimidoi 459 b 4-42 ; g-gg ta, :g; a 162a 92a 590b 641b 716D
Okamidori 4 . . b 1330 75b 64.7 a 67.7 a 729 ab
. idori 51b 446b 3.54c 18.1 a 136 b 74b 605ab 658ab 748a
Italian Mag1'1et 874 a 572a 537a 253 a 11.0a 17.1a 5260 63.6b .
ryegrass Tachiwase 693 ¢ 387b 523a 2250 78b 15.1b 55‘8 a 72.7 61.8c
Waseyutaka  7.74 b 391b  501a 2390 76b 11:5 c 50:7 b 73.2 : 5(5)‘11 :
Tall fescue HiMag 7.10 a 16.76 a 7.01 a 16.2 a 24.6 10 . .
Fawn NI 1380b 601 b I;II 21-5 ab 9.;) Z 628 b 302 b 70.8 b
: . .5 al . NI 36.7b 72.7
Ky-31 4, Ta
Y 90 b 11.86 ¢ 6.07 b 109 b 16.7 b 86¢ 706 a 47.1a 728 a

Values Wlthln Column and SpeCleS Wlth the same lettels are not s1 lﬁca.lltly “ele t at < 0 0
gn dl T P . 5.
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orchardgrass showed higher Mg concentration as well as density than control
sL © O =D . . . .. .
§lac g3 28 cultivars, ._UE this a._m.mnn:oo was not always .m_mEmnwE in case of Mg
m w9 Gwm S~ concentration. The high-Mg cultivar of both Italian ryegrass and tall fescue
showed higher Mg concentrations across the experiments, but this was not
significant in Expt. 2. The Mg densities of the high-Mg cultivar of Italian
N I = M ryegrass were not significantly higher than the control cultivars in Expt. 1 and
RS _m. TR ARG 23 Expt. 3. In case of tall fescue the high-Mg cultivar showed significantly higher
m, :w\, Mg densities across the experiments.
=] ‘A
SlE v |es as et
8 Blas v e DISCUSSION
£ e
m o d In the present study, high-Mg cultivars showed higher Mg uptake per
m -la sa m m S o) plant but the differences were not so distinct (Table 2). The cultivars of
8 m. 2e PRIt m different species behaved differently among the experiments even though the
Wp £ over all environmental condition was kept similar. In case of Italian ryegrass
5 6o @O @O M and tall fescue, plant growth was most vigorous in Expt. 1, followed by
o § Q= 8% X8| = Expt. 3 and lowest in Expt. 2. But the growth of orchardgrass was highest in
m o B la= fa @ .m Expt. 1 and lowest in Expt. 3. Vigorous plant growth may influence the
3 ) € mineral uptake per plant among the experiments. According to Hovin et al.,l'®!
T 2lalae oo o2 m. mineral concentrations have been found to be associated with dry matter yield.
€ g & %8 & m b -1 We did not observe consistent trend in initial plant growth among the high-Mg
- oo @ e @ £ cultivars of different species. Generally, shoot dry weight of high-Mg cultivar
8 2 of orchardgrass was not significantly differ from the control cultivars. Magnet
m. Tl Voo == o m Italian ryegrass showed lower dry weight than the other cultivars, while in case
AR &3 3 RAVRa e of HiMag tall fescue the opposite trend was observed (Table 1). It is frequently
E|E|w|—°“ m /the case, in herbage breeding, that improvement of specific nutritional
m m o characteristics may be accompanied by a penalty in yield.'""] Saiga and
3 3 o Pl sz >=° M co-workers (unpublished data) observed that Akimidori, orchardgrass is
w R B T IS]E high yielding cultivar even though it showed low initial growth in solution
m H 8 culture. They concluded that initial growth of orchardgrass cultivars in nutrient
g w0 m. culture was not related with the yield under field condition and there was a
Q 5 We .m W.o 5 3 .m 2 possibility of high-Mg cultivars to be related with low productivity.
,M.. m £ g .‘mem ®E & Mineral concentration was determined to ignore the effect of vigorous
3 Ol|Fo TO O m plant growth and to find the actual amount of mineral uptake by each unit of
& £ dry weight. In general, the trend in Mg concentration among the cultivars of
4 € different species was similar, and the difference between high-Mg cultivars
m .mw g mm and control cultivars was distinct (Table 2). The Mg density of high-Mg
g .m M 2 g cultivars of all the three species was significantly higher which coupled with
- = p—

higher Ca and lower K densities (Table 4). The reason may be plants with high
Mg concentration usually selected during the process of breeding, as the
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objective of individual selection is to increase the Mg concentration in the
shoot.[1%1718] 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.!'”) 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.* 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.?" 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.[ﬂ 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. Marschnert??! stated that cation such as K*, which are rapidly
transported across plasma membrane, may depress the uptake rate of Mgt
and Ca*. 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
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I?l:nn:)sa;lr:i fitgurl;:s;:ﬁ] z:lﬁer I\];Ig tlc:nters the plant roots, it must be translocated to
ective. Both K and Ca appear to restrict M i
to plant shoots. The effect of Mg i i 5 ention of e
g in decreasing the Ca concentration of th
:Ll(c:g: g:srbgt[:;t]ertat?a; tltlhat ;)f K in decreasing the Ca concentration of th:
. stated that the nutrient uptake is governed b i
. : y the interpl
tllle nutrient supplying power of a soil with the nutrient demand exerte;p b?/ytlcmf
ﬁiz;.;llt I\r/;)got(.: Iltt may bednecessary to evaluate the performance of the selected
high- ultivars under different nutrient 1 i
intrrelatonshing of serio evels for better understanding of
The main objective -of i i
_The m: present study was to investigate the genotypi
i\;ft;ablhtt.y in the perform'ance of high-Mg cultivars, which ma)% przﬁg
" rmation for screening forage plant individuals. In this study, the high-
M: cultivar of all species showed significantly higher Mg uptake pe,r plant fnd
concentration. Other consistent properties among th
g ¢ . ‘ bserved charac-
teristics of high-Mg cultivars of these three o gross :
ig] ( cool season grasses were high M
ﬁ;ldh(ii densxges while lovy K densities in the shoot. Genotypic differengces lIgl
dig‘ -Mg cgltlvars of this c?xperiment could be distinctly explained by
& rIciiren;:aelsdm Mg concentration and Mg density. The reason of differences
ne ensities may be due to lower functional i i
dry weight in high-Mg cultivars. Th i Jtivars also. o oo
_ . These high-Mg cultivars also showed 1
equivalent ratio, K/(Ca + Mg), which indi i - otontial for
. : R X cates reduced risk of potential fi
inducing grass tetany. By understanding the mechanism of Mg alI)’sorption l());

» 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 uptak !
d . )
needed to be considered. g uptake and translocation by high-Mg cultivars
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