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INTRODUCTION

Results of cytogeographical research call our attention to contradic-
iions between the physiological characteristics of natural and artificial
polyploids. As opposed to the dynamic, resistant, large-sized, abun-
dantly productive natural polyploids, adaptable to extremes in life con-
ditions (see the literature cited ap. FELFOLDY, [948), the diminished vi-
tality of the artificially induced polyploid, with' its disturbed propaga-
tion and often smaller yield than the diploids, has been a great dis-
appointment to the practical specialists working with colchicine (Cf.
GYORFFY, 1941, NOGGLE, 1946). Research work was hence at first obli-
ged to turn to the natural polyploids, to discover the secret of their bet-
ter quality, so as to be able to use our experiences to induce artificial
polyploids.

e following series of experiments was also conceived with this
idea in mind. At the same time the solution of certain plant georgraphy
problems could be expected from it, which we wished to make use of
for experimental ecology.

In Hungary three species of the genus Puccinellia are to be found
(JAvorka, 1937:34), besides the endemic and rare P. Peisonis BEck, the
P. distans (Jacq.) PARL. and P. limosa SCHUR. Some authors mention the
latter as a ssp. of P. distans, called P. distans (]JacQ.) PARL. ssp. limosa
{ScHUR.) JAV. On the basis of chromosome investigations and their mer-
phological characteristics we can consider them separate species.

Three different chromosome races are given in the literature un-
der the name of Puccinellia distans:2n—=14,42 AvouLov, 1931, and 2n=
28 STAHLIN, 1929, TARNAvscHI, 1939, P6LvA (1947) mentions a 2n=23
ssp. limosa in plants from the Hortobagy. We found 2n=42 for P. dis-
tans at Tihany and for P. limosa 2n=—28 at Hortob4dgy among our ex-
perimental plants.

EXPERIMENTAL PROCEDURE

Among the plants examined P. disians, with 2n—=42 chomosomes,
derived from' the alkali-soil meadow of the Tihany Kiils6-t6. We plan-
ted it in our experimental garden in May, 1947. Mr. L. P6LYA brought
the P. limosa from the Hortob4gy in June, 1947, and it was also plan-
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ted in our garden. The plants produced a crop there and the seeds from

it were planted out of doors in the -autumn of 1947, and from there the

fIJ_Iants were transferred on April 17th, 1948, to water-culture vessels.
heir initial weight:

Puccinellia distans 2n=42:2.26+0.17
P.limosa 2n=28: 2.31+0.08 *

We used 11 glass jars asi water-culture vessels, painted first with
black, then with white Trinat enamel, and washed out with diluted
hydrochloric acid and distilled water.

In pH experiments we may expect exact results only if we can
assure constant hydrogen ion concentrations in the vessels for several
weeks. This can he provided in water or sand cultures onlg by cons-
tantly flowing, always changing fluids (Pihschie, 1939:584), which,
however, we were obliged to disregard for technical reasons. But as the
life processes of the roots of the plants change the pH of the nutrient
solution, it was necessary to control it constantly and change it in case
of need.

Composition of the initial solution:

0.2 g potassium dihydrophosphate,

0.1 g sodium chloride,

0.1 g magnesium sulphate cryst.

0.2 g potassium nitrate,

0.4 g sodium nitrate,

3 drops 5% ferric chloride,

1 ml A—Z solution according to Hoagland.

To obtain the desired pH values the following quantities of acids
or alkalis were necessary:
To 1 liter solution:

n-HCI  pH 4:6.09 ml
pH 5: 545

” pH 6: 454
n-NaOH pH 7: 1.00 ,,
" pH 8: 3.59 ,
pH 9: 6.00 ,

The pH was established in each case to an exactude of £0.1. The
nutrient solutions were mixed from the initial solutions in an 11 liter
bucket to assure homogeneity. The pH was measured electro-metrically
by quinhydrone electrode with calomel cell, with a Szonntagh valve
potentiometer. The solutions were controlled daily and if a difference of
0.5 was found in a vessel, the solutions in all of them were changed.

Dates: o
Beginning: April' 16, 1948.
I. change . 23
I*. » 30
., May 7
\VA yy 12
V. 15
\Y/ - 18
Flowering began ,, 20
VII. change 5y 2L

Harvested y.0)
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The experiment lasted for 40 days, during which the grasses,
with the exception of those with pH 4 solutions, grew into stalks and
blossomed. The ‘tetraploid P. limosa began flowering a few daysearlier,
indeed at the end of the experiment it began to lose its anthers, which
is a sign that blossoming is over. {

There were 10 vessels in each series, each containing 2 plants, so
the measurements and analyses were calculated from the average of 20
plants, except when some specimens died.

On harvesting them we measured the length of the shoot the
fresch weight, then killed them is a drying chamber, one hour at 120°
C, and dried them to constant weight at 90—10° C, to establish dry
weight and dry content. The powdered samples were kept in paper
bags in an exsiccator filled with CaCl, until analysed. The total nitro-
gen was determined by the KIELDAHL semi-micro method in a PARNAsS-
WAGNER apparatus. For calcium determination the dry matter was re-
duced to ash in a platinum crucible in an electric oven, the ash dissol-
ved in hydrochloric acid and the Ca in it determined by MURER’s
(1937) method.

The measurements and analyses proved that the optimal pH-
values for the plants could be determined only by taking several char-
acteristics into consideration. The) results of the measurements must also
be evaluated statistically, so that the real optimum can be distinguished
from the apparent. We made the statistical calculations with the follow-
ing formulae:

<
M =_n_x_ , where

M=the mean value, x=the members of the series observed or measured,
n—=the number of members.

3(d?)
n—I
o —the standard deviation, d=the deviation of the different members

from the mean value, without regard to plus or minus, n—=number of
members.

0=

, wWhere

m=-—, of which k, the significant difference:
Ml_Ma
Ymi+mi
If k> 2 there is probably a statistical difference between the two

mean values, if k>5 then there is certainly a significant difference be-
tween them. L : i 3

EXPERIMENTAL RESULTS
Length of shoot

The values in respect to length of shoot are summarized in
Table I. Analysis of variance showed that the differences in lengths
of the shoots are very significant in the case of the tetraploid P. limosa.
The optimum at pH 9 is probable (the k values are: 8.58, 3.20, 5.00,
3.21, 3.96). In the case of pH 5—8 there is no difference statistically (k=

k:
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0.12—1.00). The hexaploid species is much more uniform; with 5—0 pH
values there is no difference in the length of the shoot. P. distans (2n=
42) was in all cases taller than P. limosa (2n=28). (Figure 1

Puccinellia limosa 2n = 28

pH cm
4 32.8
5 60.2
6 59.0
7 60.5
8 60.0
9 65,0
pH 5

4 7.04

5 —

6 —

7 _

8 _

4

Fig. 1. Lenght of shoot and Fig.

5

Length

(0]
11.06
3.83
2.82
3.56
3.28
2.28

7
7.17
0.1
1.0

(6x)

D2n=28(4x)
©

6

7

TABLE .

of

3.68
1.27
0.94
1.18
1.02
0.76

shoot (cm

) .

Puccinellia distans 2n = 42

cm
38.0
64.8
67.0
65.0
69.0
65.4

pH
4
5
6
7
8
9
PH 5
4 53
5 _—
6 —
7 —
8

FRESH WEIGHT

The data in Tahié Il show two optima for fresh weight in the
tetraploid species (pH 5 and 9). The optimum at pH 5 cannot be con-
firmed statistically (<7=1.82, k=0.43—0.95) but the optimum at pH 9 is

8

9

pH 4

5

6

7

9.5
0.8
0.7
1.3

6 9

ru
2.07
4.60
0.87
1.77
2.51
0.83

12.0
0.1
1.3

0.1

2. fresh weight of the tetraploid and hexaploid
plants cultivated in nutrient solutions with various (pH 4—Q) hydrogen ion concentrations.
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very probable (0=0.67, k=13.6, 0.63 — as related topH5 —2.61, 3.29,2.19).
In the hexaploid species we find cases, as in the length of shoot, where
there is no significant difference (k=0.21—1.37) between the values of
plants raised in the pH 5—9 nutrient solutions. It is interesting that
from the standpoint of fresh. weight the tetraploid species surpasses
lt!le hexaploid, which can be explained by the greater bushiness of P.
imosa.

TABLE IL
Fresh weight (g).
Puccinellia limosa 2n =28 Puccinellia distans 2n = 42

pH g o m pH g o m
4 1.16 1.03 0.34 4 1.62 0.51 0.17
b 6.10 1.82 0.60 5 4.68 1.20 0.40
6 5.51 1.03 0.34 6 424 1.40 0.46
7 5.48 0.76 0.25 7 5.26 1.44 0.48
8 5.82 0.76 0.25 8 4.44 144 0.48
9 6.50 0.67 0.22 9 5.28 1.39 0.46

k k

pH 5 6 7 8 9 pH 5 G 7 8 9
4 7.2 9.0 10.2 114 136 4 3.3 27 88 2.9 3.8
5 — 0.8 09 0.4 0.6 5 — 03 05 0.2 05
6 — — 07 0.7 2.6 6 T — — 08 1,7 0.9
7 — _— — 1.0 3.2 7 — — — 0.7 0.5
8 — — - —_— 2.1 8 —_— — — - 0.7

DRY WEIGHT AND DRY CONTENT IN %

The weight of dry matter is given in Table III and Figure
3 and the dry content of fresh weight (%) in'Table 1V and Figure
4. The values in dry weight change similarly in both species, for in both
of them the optimum pH falls at 7—8—9. But the dry weight of the tei-
raploid species is considerably greater than that of the hexaploid. In
P.limosa (2n =28) an apparent optimum can also be observed at a pH 5
value (Figure 3).

TABLE IfIL
Weight of dry matter (g).

Puccinellio. limosa 2n =28 Puccinellia distans 2n =42

pH g o m pH g o m
4 0.28 0.18 0.06 4 0.33 0.10 0.03
b 1.40 0.47 0.16 5 1.00 0.20 0.06
6 1.34 0.34 0.11 6 0.96 0.19 0.06
7 1.76 0.40 0.13 7 1.20 0.18 0.06
8 1.78 0.29 0.09 8 1.16 022 0.07
9 1.62 0.24 0.08 9 1.28 0.32 0.10

k k

pH 6 6 7 g% PH 6 o 7 "
4 6.5 85 105 150 134 4 10.0 94 129 10.9 9.1
5 — 0.3 1.8 2.1 1.2 5 - 0sL 23 1.7 24
6 —_ - 24 3.3 21 6 —_ — 2.8 2.1 2.7
7 — — — 0.1 0.9  ; _ i —_ 04 0.6
8 e — -— —_ 1.3 8 _ — — —_ 0.9

In respect to'dry matter content the species with 2n=28 chromo-
somes had a remarkably low value at pH 9, so that the optimum occurs
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at pH 7 and 8. In P. distans we find the optimum at pH8and9 (Fig-
ure 4.

TABLE IV.
Dry content as % of fresh weight.
Puccinellia lbnosa 2n = 28 Puccinellia distans 2n = 42
pH *. a m PH °lo a m
4 15.2 3.63 121 4 194 5.58 1.86
5 234 443 147 5 21.8 2.18 0.72
ft 26.1 2.60 0.86 6 235 305 101
7 30.0 3.16 1.05 7 219 095 0.31
8 29.5 4.64 155 8 25.7 2.08 0.69
9 25.3 3.54 118 9 245 2.26 0.75
k k
PH 5 6 7 8 9 PH 5 6 7 8 9
4 4.3 61 92 72 6.0 4 12 19 15 31 25
5 . 15 44 2.8 1.0 5 —4 13 01 39 25
ft — - 28 19 05 6 — — 15 18 08
7 _ - 02 2.9 7 — - = 50 32
8 — - — 21 8 — - - —a 11
0 0

Fig. 3. Dry weight, Fig. 4. dry content and their standard deviations, in the
tetraploid and hexaploid plants.

ASH CONTENT

The percentual ash content of the dry matter is summarized in
Table Y. In the tetraploid species an optimum can be seen (pH 9, the
values of which, however, refer only to statistical probability: k=2.20,
4.12, 1.96, 2.30. In the other data there is no such difference (k=0.46—
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1.06). In the hexaploid species we found the optimum at the usual places
(pH 7—6—9). (Figure 5)

TABLE V.

Ash content of dry matter (%).

Puccinellia limosa 2n =28 Puccinellia distans 2n = 42

pH %0 4 m pH %0 4 m
b 8.07 1.22 0.43 5] 9.27 1.15 047
6 8.35 0.65 0.23 6 8.65 0.44 0.22
7 7.60 0.55 0.20 7 6.86 0.86 0.32
8 7.59 0.42 0.14 8 7.49 0.83 0.37
9 6.99 0.61 0.25 9 7.51 1.06 0.35

k k

pH 6 7 8 9 pH 6 7 8 9
5 0.5 1.0 1.0 2.2 5 ik 4.3 3.0 4.8
6 - 25.0 29.2 4,1 6 — 4.7 2.6 a7
7 % — 0.4 1.9 7 — 13 1.3
8 — —_ —_ 23 8 —_ —_— e 0.04

Fig. 5, Ash content of dry malter. Fig, 6. Total nitrogen content in % of dry matter,

TOTAL NITROGEN

The total nitrogen content of the dry matter of the two species is
very interesting. In P. limcsa we {ind the most nitrogen at values of pH
4 and pH9, and in P. distans at pH 5 and 7. The low values of P. distans
at pH 8 and 9 are very remarkable and may be connected with its ash
content. Both in the case of ash and fresh weight pH 7 can be seen to be
the apparent optimum (Figure 6).
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TABLE VI.
Total nitrogen content of dry matter (%),

Puccinellia limosa 2n = 28 Puccinellia distans 2n = 42

pH %o 4 m pH /o 4 m
4 2.72 0.21 0.05 1 2.33 0.54 0.16
5 243 0.14 0.04 5 2.57 0.11 0.03
6 2.67 0.11 0.03 6 243 0.14 0.04
b L 2,72 0.12 0.04 e 2.57 0.06 0.02
8 2.72 0.14 0.04 8 2.19 0.15 0.05
9 2.80 0.05 0.01 9 2.36 0.27 0.09

k k

pH 5 6 7 8 9 pH 5 6 7 88
4 4.1 0.7 0.0 0.0 14 4 15.0 0.5 15.0 8.2 0.1
5 — 44 5.3 4.6 7.8 5 —_ 25 0.0 7.0 -2
6 — — 0.9 0.9 3.6 6 — - 2.9 3.8 7.0
7 — — 0.0 2.2 5 —— — — 7.9 2.3
8 — — — s, j i 4 8 — Se= — L

CALCIUM

In the percentual calcium content of the dry matter a great par-
allelism appears in both plants. The calcium content changes equally
in both, depending on the pH. With the calcium analyses we wanted
only as a trial, to get a glimpse into the inorganic salt metabolism of plants;
the optima can be established only after compleie ash analysis (ILJIN, 1948),

Fig. 7.

which we were obliged to omit because our material was used up. As
we see in Figure 7, the hexaploid species exceeds the tetraploids in
respect to Ca content.
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TABLE VIL
Calcium content as % of dry matter.
Puccinellia limosa 2n = 28 Puccinellia distans 2n = 42
pH % 4 m pH % 4 m
5 0.81 0.12 0.04 5 1.07 0.18 0.07
6 0.76 0.25 0.08 6 0.96 0.08 0.04
7 0.64 0.09 0.03 7 0.89 0.07 0.03
8 0.77 0.04 0.01 8 0.91 0.1t 0.05
9 0.72 0.05 0.02 9 0.83 0.14 0.05
DISCUSSION

If we want to establish the effect of the hydrogen ion concen-
{ration in the nutrient solution of the two species under investigation,
we must sum up the optima of the characteristics observed. The simplest
method for doing this can beseeninFigure 8. In Figures 1—6 we
marked with small circles the statistically certain or probable optima.
I transferred these circles to Figure 8: Black centers=PF. distans,
2n=42; white centers=P. limosa 2n=28. From this drawing conclusions
can be drawn:

@6x @ @O

O"‘: o §O: O§
OX SN | 000800
T N S S R . S

Fig. 8. The optima of the characteristics observed. (See text p, 131.)

The ecological amplitude of the hexaploid, i. e. higher polyploid
P. distans is wider: it exists equally well at pH 7 to 9. Its optimum at
the lower pH value is indistinct, it cannot proved statistically. Con-
versely, the ecological amplitude of the tetrapoid P. limosa is narrow.
Its optimum at pH 9 is very definite. It is worthy of notice that its
curve thus has two peaks; we do not find an optimum: at pH 6. The two
optima, very distant from one another (pH 4—5 and 9) have very likely
sogg:) connection with the isoelectric point of the plasma (BucaNiEExk,
1946). -
It is very interesting that though P. distans is a ialler plant, P.
limosa produces more, whether in fresh weight, dry weight or dry con-
tent. The nitrogen and protein contents of the tetraploid are greater
than that of the hexaploid, which, however, may be due to different
stages of blossoming in the flowering specimens. P. limosa had already
begun to lose its anthers by the end of the experiment, which is an in-
dligation of an advanced stage of flowering and of the seeds’ being
older.

There is no great difference in ash content between the different
pH series, nor between the two species. Besides the length of shoot, its
calcium content was a characteristic in which the hexaploid exceeded
the tetraploid.



132

The ecological role of the two species is also comprehensible from
their behaviour respect to pH. P. limosa is a plant typical in an al-
kali meadow of variable humidity (pH=9.30—8.25, UivAros1, 1937:173).
P. distans has a much more extensive dispersal, corresponding to its
greater degree of polyploidy, forming associations on the muddy bottom
of the ditches in the Tihany Kiils6-t6 (pH 8.7) but it can be found ‘in
the same place in the Agrostis alba-Juncus Gerardi association '(pH
6.8) in alkali strata, and even beside the artificial brook of the Nagy-
erdé park at Debrecen (500, 1948:49, FELFOLDY, 1949:2).
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CPABHUTEJIbHOE HWCCJIEJOBAHUE ®U3UOJIOTMH
ECTECTBEHHbIX TINOJIMITJION OB

Astop: JIAMOII ®EJIb®3JION
PE3IOME

Mut BoipamiBanu Puceinellia limosa Schur, 2n = 28 u P. distans (Jacq.) Parl.
2n = 42, pacrenusi paBHOrO BO3pacTa, B MUTATeIbHLIX pacTBopax pasuoro pH. (4—9).
Copox aHe# cnycTsi, B TEUEHUE KOTOPBIX Mbl 7 pa3 CMEHSIM NMUTATeIbHbBIK pacTBOp, YyTOO b
MOJIVUXTL NMOCTOAHHBIH pH, Mbl U3MEPSNIH: ANUHY CTe0JIsI, CBE)KUH BeC pacTeHu#, cyxoit
BeC, COAEPIXKaHWe HEOpPraHM4YeCcKoro ocraTka, 30Jbl, 06[1181‘0 COIEpPI)KaHHUS a30Ta U KallbUHE
HEOpraHuuecKoro OcCTaTka. B pesvyiibTaTe 3TUX OILITOB YCTAaHOBJIEHO:

1. Ilpu paBHbiX vcnoepusax rexcannouj, Puccinellia distans Bbime pocra, uem P.
limosa.

2. Copepxanne KanblUusl Bblllle ¥ FeKCarJIOWAHOr0 BHAA, YE€M Y TETParjioujHOro
BH/a.

3. C ppyroit cropous Terpanaouf P. limosa VCTYNaeT NnO OTHOUIEHHW CBEXEro
Beca, CYXOro peca, CvXoro ocratka u Genka.

4. Umewmast 42 xpomocomoB P. distans pacrnosnoraeT 3KOJOrHUECKOH aMIInTy Ao
ropasjao uupe OTHOCHTEJIbHO pH NHUTaTeJIbHOr0 pacteopa, 4yeM UMemas 28 XpPOMOCOMOB
P. limosa. 9TO H MOXHO OLUIO OHJAThb HAa OCHOBE LUTOreorpauuecKMx AaHHLIX.

5. BuisichuB norpe6Hocts B pH, CTAaHOBUTCH MOHSATHBIM M JKOJIOMHUECKASA DOJIb
3TUX BHUIOB.

6. Ha ocHOBe BbllIECKA3aHHOTO OYEBHJHO, YTO OTH PAaCTEHHS], PA3IHYHLIE C TOYCK
3peHHs1 MOP(OJIOTHUECKMX M  LUTOJIOFHYECKUX, PAas3JUYaTCss U (PU3HOJNIOrHUIECKHMH
KayecTBaMH. TakMM 00pa3oM MX MOXCHO CYMTATb HE3aBHCHMMBLIMH BHIaMH.
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