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Phosphoric Acid
Average length

pH Range No. rooted of roots Optimum pH
in inches

6.8-6.2 5

6.0-5.8-6.0 4
6.0-6.0
6.4-6.1 7

5.8-6.0 3
6.2-6.3 4
6. 5-6.

3

7

6.2-6.0 4
6.3-6.1 3

1/8

3/16

5/8
1/8

1/4 6.0-6.8

3/8 (6.4)
1/16
1/16

Hydrochloric Acid
Average length

pH Range No. rooted of roots Optimum pH
in inches

6.6-6.2 6 1/8
5.8-5.4
6.3-6.0 1 3/8
6.5-6.1 7 3/8
5.6-5.2 6.0-6.6
6.0-6.1 2 1/4 (6.3)
6.2-6.0 2 1/8

6. 5— 6.

2

7 1/4
5.8-5.6 1 3/8
6.3-6.1 3 1/4

Amino Acetic Acid
Average length

pH Range No. rooted of roots Optimum pH
in inches

6.6-6.2 3 1/2

6.0-6.1-6.0 3 1/2

6.0-6.2-6.0 2 5/8

6.4-6.2 5 3/8

6.0-6.2 1 3/8

6.2-6.4 2 3/8 6.0-6.6

6.2-6.4 4 1/8 (6.4)

6.4-6.6 5 1/4

6.2-6.4 4 1/2

6.1-6.1 4 3/8
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Sodlum Carbonate
Average length

pH Range No. rooted of roots Optimum pH
in inches

6.6-6.4 2 1/4
6.2-6.0 2 3/8
5.9-6.0
6.7-6.2 7 1/2
6^2-6.0 4 1/16 6.0-6.7
6.2-6.3 3 1/4 (6.4)
6.6-6.4 6 1/4
6.2-6.3 4 3/8
6.4-6.1 3 1/4

Acetic Acid
Average length

pH Range No. rooted of roots Optimum pH
in inches

6.6-6.3 6 1/2
6.1-6.0 1 1/4
5.9-6.1 1 1/8
6.5-6.2 6 3/8
6.0-6.0 1 1/16 6.0-6.6
6. 2—6.

3

3 1/8 (6.5)
6.4-6.3 2 1/16
6.6-6.4 6 1/2
6.2-6.2 4 3/8
6.2-6.2 4 1/8

Potassium Permanganate
Average length

pH Range No. rooted of roots Optimum pH
in inches

6.6-6.4 1 1/16
6.2-6.0 1 1/8

5.9-6.0 3 3/8

6.7-6.2 6 1/2

6.0-6.1 2 3/16
6.6-6.3 2 1/4
6.4-6.6 5 1/4

6.2-6.3 4 3/8
6.5-6.4 4 3/8
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Sodium Hydroxide
Average length

pH Range No. rooted of roots Optimum pH
in inches

3/8
3/8

3/8

3/8

1/16 6.0-6.8
1/16 (6.4)
3/8
1/8
yi6

6.6-6.4 3
6.2-6.0-6.2 4
5.8-6.1-6.0 1

6.5-6.3 6

6.0-6.1 2
6.2-6.2 2
6.8-6.3 6

6.6-6.3 5
6.2-6.0 2

Sulphuric Acid
Average length

pH Range No. rooted of roots Optimum pH
in inches

6.5-6.0 4 3/8
6.0-6.4 1 1/16
6.0-6.1 2 1/4
6.5-6.1 7 1/2
6.3-5.4 4 1/16
6.2-6.3 4 3/8 6.0-6.6
6.0-6.2 3 1/4 (6.3)
6.8-6.6 6 1/4
5.6-6.0 1 1/2
6.2-6.0 3 1/16

Formic Acid

pH Range wo. rooted
Average length

of roots Optimum pH
in inches

6.6-6.2 3 1/4
6.2-5.8 4 1/2
5.8-6.0
6.7-6.2 6 3/8
6.2-5.6 1 1/16
6.6-6.3 3 1/4 6.0-6.8

6.4-6.4 3 1/16 (6.4)

6.8-6.4 6 1/4
6.0-6.2 2 1/8

6.4-6.0 1 1/8
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pH Range No. rooted
A v »rato 1en/?th
of rBoti

h
Optimum pH

6.5-6.3 4 3/8
6.1-6.0 4 3/8
6.0-6.0 o
6.5-6.5 7 3/8
6.2-6 .0 3 1/8
6.4-6.4 3 1/4 6.0-6/6
6.4-6.2 2 1/4 (6/5)
6.6-6.4 5 1/4
6.0-6.3 3 1/8
6.4-6.1-6.4 4 1/16

pH Range No. rooted Average length
or roots Optimun pn

6.6-6.4 2 1/8
6.0-6.0 1 1/4
5.8-6.0
6.4-6.2 7 5/8
6.2-6.0 3 1/16 6.0-6.6
6 . 2—6 .

3

2 1/16 (6.4)
4.8-4.8
6.6-6.4 6 3/8
6.4-6.2 4 3/8
6/2-6.2 2 1/16

It will be seen that the range of hydrogen Ion concentration within v/hi

Carnation cuttings will root readily ia that indicated by a pH value of 6.0 to 6.8.

By careful study of the root development in each case the optimum hydrogen ion

concentration may he determined as that indicated by a gH value of approximately 6.4

In general it appears that, when the hydrogen ion concentration changes,

best results are obtained when the change is toward a slight incroase ef the

hydrogen ion concentration, provided that the increase docs not exceed that

indicated by a pH value of 6.0.

Several interesting facts were brought out that perhaps are not so

evident in the tabulation. Often in the case of pots treated with notassium

permanganate, when the hydrogen ion concentration was excessive, there was a

disintegration of the tissues at the base of the cutting. This fact does not

agree with results obtained by Curtis (64. The present experiments were made

with soft wood cuttings, while Curtis used chiefly hard wood cuttings of
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Ligustrum sp. Probably the hfcrdor wood of the Ligustrura rosisted the disinte-

grating effect of the potassium permanganate more than would ho the case with

soft wood nuttings.

Pots treated with potassium permanganate £ nd those treated with acetic

acid did not give results noticeably better thr.n iny of the other solutions, the

hydrogon ion concentration apparently being the more important factor. This was

not to he expected in view of the work of other investigators.

Comparisons of tho results from pots trected with acetic ccid and those

trected with amino acetic acrid show some slight advantage obtained with the

amino acetic acid. This was probably due to the amino radical of the amino

acetic acid.

-JJIOIOKJlIIOXIO.ELaHXS

A large number of experimentswith other plants indicate that the hydro-

gen ton concentration of the rooting medium affects the development of roots

from the cuttings. Some plants have a much wider range, i.e., they will with-

stand greater acidity or greater alkalinity than will other plants. This is

quite apparent in the case of Iresine (Tablea 12 and 13). Ten cuttings were

used in each pot in the two series.

Tohle 12.—pH range end root development of Iresine sp. cuttings treated with
various solutions .000111.

Solution Medium pH Range Ho. rooted
Average

length of roots
in inches

Manganese sulphate Pink Quartz 6.4-6.4 7 1/4

Lithium carbonate n tt 6.4-6.4 5 3/8

Phosphoric acid ft ft 6.2-6.4-6.0 6 1/8

IJydrochloric acid ft ft 6.2-6.4-6.2 4 3/0

Amino acetic acid it tt 6.4-6.4 8 3/8

Sodium carbonate ft ft 6.2-6.4 6 1/4

Acetic Acid ft tt 6.4-6.4 9 3/8

Potassium permanganate " tt 6.4-6.4 7 1/4

Sodium hydroxide tt it 6.2-6.4 8 1/4

Sulphuric acid ft n 6.0-6.0 8 1/0

Formic acid n tt 6.2-6.4-6.2 6 1/4

Ferric sulphate tt it 6.2-6.4 8 3/16

Distilled water tf ft 6.5-6.4-6.6 5 1/4
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Table 13.—pH range and root development of Iresino ip, cuttings trested with
SSEi2M_SQlutioQS__A0QQllJJ,

Solution Medium pH Range No. rooted
Averaj

length o:

6.0-5.8 9 3/8
5.9-6.0 6 1/4
5.0-6.0 7 1/4
5.6-5.6 5 3/8
6.0-6.0 8 1/4
6.0-6.0 5 1/4
5.8-6.0 6 1/4
5.8-5.8 5 1/4
5.8- 6.0 4 1/4
5.7-5.8 4 1/4
600-5.8 6 1/4
5.8-6.0 5 1/4
5.8-5.8 9 1/4

It

ft

tl

II

II

Manganese sulphate Native Sand
Lithium carbonate «•

Phosphoric acid
Hydrochloric acid *

Amino acetic acid M

Sodium carbonate *

Acetic acid *

Potassium permanganate "

Sodium hydroxide "

Sulphuric acid "

Formic acid M

Ferric sulphate *

Distilled water "

The experiments carried out showed that this plant would root roadily

in hydrogen ion concentrations varying from a pH value of 5.6 to 6.6. This is in

line with known facts for the commercial propagator describes this plant as easy

to root.

Table 14.—pH range mfii root development of Piqueria trincrvia cuttings trected

Solution Medium pH Range So. rooted
Average

length of roots
In inches

Manganese sulphate Native Sand 5.8-6.0 3 1-1/2
Lithium carbonate it ii 6.0-6.0 2 1-1/2
Phosphoric acid it n 6.0-5.8 8 5/8
Hydrochloric acid ii n 5.9-5.0
Amino acetic acid it ii 6.0-5.6 1 1/2

Sodium carbonate ii ii 6.L-6.0 3 1-1/4
Acetic acid it it 5.9-6.0 3 1-1/4

Potassium permanganat e " n 6.0-6.0 1 1-1/4

Sodium hydroxide ii it 6.0-5.9 1 1/4

Sulphuric acid n it 5.9-5.0 1 1/16

Formic acid ii it 5.9-5.6-5.8 2 3/8

Ferric sulphate ii it 6.1-5.8 4 1-1/4

Distilled water n ti 5.9-5.9 5 1-3/4
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Table 15.—pH Range *tflroot development of PiquGria trinofivia cuttings treated
with various solutions .0001N

Solution
Average

Helium ph Range Ho. rooted length of roots

Manganese sulphate Pink quartz 6.2-6.4 3

in incnes

Ifn m n ii 6.2-6.3 2 3/8
Lithium carbonate ii ii 6.4-6.6-6.3 1 15Phosphoric acid ii

It 6.4-6.2 3 1
Hydrochloric acid ii n 6.2-6.0 2 1/8
Ammo acetic acid iiH 6.2-6.4-6.2 1
Sodium carbonate n it 6.2.6.3 2 1
Acetic acid it it 6.2-6.4 2 H

1
Potassium permanganate H H 6.4-6.2 3
Sodium hydroxide n 11 6.1-6.3 3

t
Sulphuric acid n II 6.2-6.0 1
Formic acid it It 6.2-6.3 2
Ferric sulphate H It 6.2-6.3 3
Distilled water ii II 6.0-6.4 2 2

Stevia seems to be quite similar to the carnation in its reaction. Appar-

ently, however, it will root in somewhat greater hydrogen ion concentration than

will the carnation. Ih this series six cuttings were inserted in each pot.

Table 16.—pH range ftfldroot development of Coleus sp. cuttings treated with
various solutions .0001M

Solution Medium

Average
pH Range No. rooted length of roots

Manganese sulphate Pink quartz 6.4-6.4 6 1/8
11 11 n n 6.4-6.5 5 1/4

Lithium carbonate 11 11 6.8-6.6 5 1/4
Phosphoric acid it 6. 6—6.

3

5 1/8
Hydrochloric acid it a 6.4-6.2 6 3/8

Amino acetic acid H ti 6.4-6.6 6 1/4

Sodium carbonate H 11 6.4-6.4 6 1/4

Acetic acid It 11 6.4-6.3 6 3/8

Potassium permanganate n 11 6.8-6.4 5 1/4

Sodium hydroxide 11 11 6.3-6.5 6 3/8

Sulphuric acid H 11 6.4-6.2 6 1/8

Formic acid It it 6.6-6.4 5 1/4

Ferric sulphate II it 6.6-6.4 6 1/4

Distilled water II n 6.4-6.5 5 1/4



-31-

Table 17.~pH range arfdroot development of Coleus sp. cuttings treated with
various solutions .0001N.

Solution Me&fium
Average

pH Range No. rooted length of roots
in inches

Manganese sulphate Native sand 6.2-6.2 6
it n n it 6.2-6.3 6

Lithium carbonate H ii 6.0-6.2 5
Phosphoric acid ti 6.0-6.0 6
Hydrochloric acid n ti 5.8-5.6 5
Amino acetic acid ii ii 6.2-6.4 6
Sodium carbonate ii n 6.2-6.3 6
Acetic acid H it 6.2-6.1 5
Potassium permanganate II N 6.3-6.1 5
Sodium hydroxide II II 6.2-6.4 5
Sulphuric acid II N 5.8-5.6 5
Formic acid n II 6.1-6.2 6
Ferric sulphate H n 6*2. 6.

2

5
Distilled water it H 6.0-6.4 6

1/4
3/8
1/8

1/8

1/4
1/4
1/4

3/8
1/4
1/8
1/4

l/t

3/8

Table 18.—pH range ^tflroot development of Coleus sp. cuttings treated with
various solutions .Q001N.

Solution Medium pH Range No. rooted
Average

length of roots

in inches

Manganese sulphate Beach Sand 6.2-6.4 4 1/8
it ii H n 6.2-6.0 3 1/4

Lithium carbonate II H 6.2-6.2 4 1/4
Phosphoric acid II n 6.2-6.0 3 1/8
Hydrochloric acid H n 5.6-5.4 3 1/8
Amino acetic acid H it 6.1-6.1 5 1/8
Sodium carbonate II ii 6.1-6.2 5 1/8

Acetic acid n H 6.1-6.2 4 1/4

Potassium permanganate it n 6.2-6.1 3 1/4

Sodium hydroxide ii ii 6.0-6.2 5 1/8

Sulphuric acid ii ii 6.2-6.0 6 1/8

Formic acid ii n 6.0-5.8 5 1/8

Ferric sulphate •i n 6.3-6.1 4 1/4

Distilled water n ti 6.2-6.2 6 1/8
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Table 19.—pH rung* end root development of Coleus Bp. cuttings treated with
!*£lo£!_f2]£tioM .oocin.

Solution Medium pH Kange Ho.rooted length^of^oots
_ _in_ inches

_

Manganese sulphate *?eet and qus-rtz 5.8-5.8 4 1/4
tt It n fi 5.8-5.S 5 1/8

Lithium carbonate ff 5.8-6.0 5 1/8
Phosphoric acid tt tt 5.8-5.8 6 1/4
Hydrochloric acid « ft n 5.6-5.4 3 1/8
Amino acetic acid n tt t» 6.0-6.0 4 1/8
Sodium cr.rbonate « n n 5.8-5.8 4 1/8
Acetic acid tt tt 5.8-6.0 3 1/4
Potassium pormanganate tt tt 5.6-5.8 2 1/8
Sodium hydroxide n it tt 5.6-5.0 3 1/8
Sulphuric acid if n tt 5.6-5.4 O

H 1/8
Formic acid tf tt' n 5.7-5.6 5 1/8
Ferric sulphate if n tt 5.6-5.7 3 1/e
Distilled water n ii ft 5.7-5.6 4 1/4

* Mixture of peat and quartz containing about 15% peat by volume.

The case of Coleus is quite similar to that of the Iresine in that it

will apparently root throughout a greater range of hydrogen ion concentration

than will tho carnation. During the experiments with both Iresine and Coleus

it was found that apparently the temperature factor was important. The first ex-

periments set up v/ere carried along in a greenhouse with a night temperature 50*-

55
s
F. In these experiments the Iresine rooted vory slowly and tended to lose

it» foliage. The Coleus did not root well and tended to rot, particularly

at the base of the cutting. New sets of these experiments carried along in a

warm house with a night temperature of 60° to 65
C
F. did quite well. (Tables 16,

17, 18, 19). Both Coleus and Iresine arc well known bedding plants that grow

best in very warm weather. The comparison of these experiments emphasized the

importance of the temperature factor. While Coleus refused to root and Iresine

rooted very slowly in the cooler house, chrysanthemums and carnations rooted

well under cool temperature conditions.

Experiments with Antirrhinum majus showed the importance of the sis* of

soil particles as a factor in rooting. Two series of theee were set up, one in
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pink quarts and the other in native sand. The particles of the pink quarts

were larger than those of the native sand. The snapdragon cuttings wore

small and slender. Those in the pink quartz wilted and dried up in spite

of every precaution in shading and watering. The cuttings in the native sand,

the particles of which varied in size from very small to the same size as the

pink quartz, rooted well. In' this connection the results with the use of acid

treated beach sand were interesting in that all cuttings produced less vigorous

roots than in the other typos of rooting medium. This apparently was due to the

small size of the particles permitting loss aeration and thus limiting the

oxygen supply.

--DISCUSSION

Too great hydrogen ion concentration on the soil inhibits the

oxidation of the organic constituents of the protoplasm of the plant cell.

This may possibly be accomplished directly in a chemical manner, but it la

more probe ble that the concentration of the hydrogen ion is so great as to

inhibit action by the oxidizing enzymes which are present within thH plant

cells. It has boen shown that cell solytions have a normal hydrogen ion

concentration slightly different from that needed for the action of enzymes,

Atkins (1). In all probability when the oxidation processes are going on, the

cell solution has a hydrogen ion concentration conducive to activity of the

oxidizing enzymes. Koohler and Reitzel (10), experimenting with tissues of

rabbit, found thi t in simple chemical oxidation the hydrogen ion concentration

plays an important role.

The accumulation of much experimental evidence shows that the hydrogen

ion concentration of the soil solution may have some effect on the hydrogen ion

concentrotion of the coll contents, although it is well known that a plant has

a certain amount of selective power in absorbing materials. This selective

power is doubtless largely mechanical and docB not alter the facts as presented.

"berotl (16), stnSying the effect of the remotien et »©l»*i<m on ^sorption,
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showed that decreased acidity of the solution increases the rato of absorption

of the cations. "Fxcretion of carton dioxide by the plant elves the plant a

certain selective absorption power.

The concentration of hydrogen ion in -hich enzymatic action will

continue has "been found to he quite definite usually and very oftan a change

of concentration may inhibit or even destroy enzymatic action. Bunzell (4),

from experiments on oxidase activity, thought that the acid sensitiveness

constant is the same, or nearly the same, for different genera of the some

family of plants. Prom this It may be inferred that quite different plants

contain oxidizing enzymes with quite different acid sensitiveness.

Since oxidation of carbyhydeates is considered to be necessary for

th<9 production of onergy of growth and thi« oxidation is accomplished

through the agency of enzymes which operate only under certain conditions

of hydrogen ion concentration and this hydrogen ion concentration may be

affected by the soil solution absorbed by the plp-nt, it follows that the

hydrogen ion concentration of the soil solution is of utmost importance.

It is clearly shown in a series of carnation cuttings using peat

at the rooting medium. (Tables 4 and 5). In this series the cuttings in

individual pots were troatod with different solutions. All solutions used

were .0001N. In no case did the hydrogen ion concentration resell a point

wherein root growth might bo expected judging from results obtained in other

series. These cuttings w re carried along for seven wo.;ks without any sign

of root development. (Table 4). They were then treated with a solution of

sodium carbonate, .0003N. After one week it was found that the hydrogen ion

concentration w s still too great. T 'ach pot vas then given 1.5 cc of .IN

sodium hydroxide and watered with a little distilled water. Two wooks later

a number of cuttings had rooted and in each case where rooting occurred the

hvdrocrcn ion concentration was found to have been greatly decreased.
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Furthermore, the activity of enzymes ia grettly affected by temperature

Not much lo known as to the optimum temperature for plant enzymes. T:xporiments

have been conducted on separate eneymes, hut for the most part those have been

on wine and hoer fermenting enzymes and on those which are found in the

animal tody. However, the accumulation of evidence, Bayliss (2) , seems to

indicate that enzymes operate within certain definite temperatures. BlagoveschensK

(3) indicates the possibility of different strains of enzymes. It may be inferred

that different strains are most active at different temperatures. If this it

true, it offers a very good explanation of the fact that the cuttings of some

plants require higher temperatures than do those of other plants. Where an

optimum temperature for enzymatic activity is supplied, normal catabolic

processes will function with production of growth energy and stimulation of rooti

CONCLUSIONS

From the experiments recorded in this thesis the author has drawn

th« following conclusions

s

(1) Hydrogen ion concentration of the rooting iriedi'^a affacts greatly

the stimulation of roots on cuttings,

(2) The optimum hydrogen ion concentration may vary with different

plants,

(3) The range of hydrogen ion concentration within which cuttings

will root may vary considerably.

(4) The range for the rooting of cutting of carnation "Matchless"

is quite limited, (pH 6.0-6,8).

(5) For carnation "Matchless" the optimum hydrogen ion concentra-

tion is that indicated by a pH value of 6.4.

(6) The range for the rooting of cuttings of ether varieties

of carnations will center at a. hydrogen ion concentration indicated by a pH

value of 6.4, but the limits may vary with different varieties.

(7) Experiments indicate that for Iresine and Coleuo the

range may he much wider than for carnations.
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Figure 8« Carnation cuttings. Representatives of two

serien of cuttings, suimnarized in Tables 6 and 7, are

shown. The figure shows the difference in root develop-

ment at different hydrogen ion concentrations. (Corrections

in the figure should he noted. Under H^SOy, 5.7-5.0

should read 6.3-5.4; under Fe^(SOy) 5.6-5.9 should read

6.2-6.0.)





Figure 3. Carnation cuttings. This shows root

development under stimulus of vsrious hydrogen

ion concentrations. Note that no roots appear,

regardless of the solution used, where the

hydrogen ion concentration is greater than

that indicated "by a pH value of 6.0. On the

other hand, root development occurs when the

hydrogen ion concentration is less than that

indicated by a pH value of 6.0, no matter

what solution is used.






