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INTHODUCTION

The extensive use by florists of Cyclamen nersi-

|

cim as & pot- plant for winter sale and certain difficulti es

involved in its culture mndo it desirable to conduct the

|

following experiment, Although cyclauen ure still used a

great "deal, their used as a Christuua pot plunt is on the

décline for several roasons: the greuter certainty of a

higher bercentage of excellént pkunts from poinsettia and
others;‘the length of the growing period of cyclamen from

seed to‘bloasom, which may be us long as sixteen months;

and the‘amall'number of good plants usua}ly obtained from
& single seeding. It is believed that many of the ;ailuroa
in the production of cyclamen have been caused by é lack
of adoquato informatlon regarding the’ 1nten81ty and the

bnlanoe of nutrients required for optimum growth nnd _
\

flower production.
( . '
To secure precise information concerning the nutrient

. | .
requirements of this plant; that is, t:e proper concentra-

.tion aWd balaunce of the elements nitrogen, phosphorus, and

potassium, was the major objective of this experiment,

A?prelimlnary investigation of the optiumum temperature

|

for seed germination and of the developuent of the hypo-

cosyl 7&3 ulso undertaken.
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REVIES OF LITERATURE

-

A aoabop of all available literature reveals practi~
cally nothing on the nutrition of cyolamen, Duker (é)'
states only that the final soil should be a rich mixture
with rotted manure and & little bone meaikaddod. He fur-
ﬁhar suggests & mixture of.three parts loam, one puét peut
or leaf wold and one part san&: .

Laurie and Kiplinger (1U) suggest a mixtur§ of light
loam soll, leaf mold and well rotted manure. They fur-
ther suggest that when qp§ ahigf is made into 4-1nchipota.
and larger, additionsl fertilizer in the form of 4-12-4 or
© horn shavings be added at the rate of a 5-inch pot full to
2 bushels of aoil. o

'Vogel and others (17) conducted un experiment wit:hT
cfciamen using three different concentrations of fine
complete commercial fertiiizera. The‘gercentageé of ni-
trogeﬂ,'bhoaphorus and potassium were from 8.09 to 28.07,
8.0 to 17,07, hnd 8,0 to 21,51 reapoctlvely.‘ fhey found-
that the number of ¢oformed buds increased conowrrently
with the increase of nutriént concentration,; However,
no definite nutrient levels were maintuined in the soil.

Brown (1) stated that the presence of one element

~

i{n the soil influences thp ubsorptive powers of plants

'for other mineral nutrients of the soll and fertilizers,

He also atated~thaﬁ "somewhere between the limits of ex- |

—~



cess and deficiency for the different esfentinl elements—
nitrogen, phoaphor@u, potaasluA; calcium, wagnesium, sul- ’
phur, iron, eto. -- 18 the obpimumfrange of the well-

" balanced mixture of nutrients which will be found to vary
acoording to the nuture of soil, variety -of orops, supply
of w:Ief. amount of sunshine and numaréu: other environ-
montal factors,"

Shear, Crane and Kyers (16) have stated that "maximun
growth and yie;d occur only upon the coincidence of opti-
mum intenaity and balance, At Any level of nutrifional
intensity there exists & nutritional balance ag whioch

~optim 3gro§th for that intensity level will result. This
ioane(thnt at any given level of nutritional intensity,
provthéd all nutrient elements are in proper baI;née; it
is poLsible to obtain plunts .that appea} normal in every
respeft in which all metabolic processes are yrobabli
quali%ap1voly normal, However, maximum growti und yield
rosulp only when tho\proper bulunce of nutrient olpmenta
oocu#‘in combination with their bptimum 1ntén§}ty.'

‘ Loyerl and anderson (12) state that, ".bsence or
deficiency of any of the necessary mineral elements in

B

the uoil or other substratum upon which planta are.growlng

uillIaooner or later become apparent in their dovelopment.

plant in an available form will result in the pro-

An insufficient quuntity of any of the ossential elamonts
in aW



-

‘duobioA of growth aberrations which are symptomatic of
\ ’ .

lack of an adoquato?iotornul supply of that element,"
- Hoagland (8) stated that high nitrate form of nitro-

gen day accelerate the injury produced when potassium 1is

deficient, Be also stated that it is ovidont that 1¢

" nitrogen forms & limiting fuctor for growth, an increased

supply will entull s greater demsnd for potassium and vice
versa, ,lerrill and Greer (11), Painter et al. (13) and
Sitton (14) work agree with the conolusion as presented
by Hoagland,

Merrill und Grecr (11) on the fertilization of. tung
aoadliog- state that "There was no response'co nitrogen

~ unless phosphorus was applied to the soll, and considering

the level of precision of the oxporimont, it As question-

|

able 1if there was.an actual response to phosphorus unless

14

nitrogepbwaa applied,”
PAhnter, Matthew and Brown (13) also working with

tung made mention of the fact that there was no response

|

|

to lngEal appliocations of nitrogen when the level of potasg-

sium wa@ low, in fact 1liberal appliocations of nitrogen at |
\

low potussium levels tended to aggravate the disorder,

sitton (14) in his work with tung using nftrogen,

|
phosphorus and potassium corroborates the finding of

lerrill‘and‘Groer in the fact that better ylelds were ob-
tained Lhen high levels of nitrogen and phosphorus were
combined than when high levels of either one were used

with‘low levels of the other,




-5~

7

GnLtngr'(d) working with Primula obconioa finds that

high amount of nitrogen and potaasium cauaed stunting and
chlorosis, He further states that when potassium levels
woro'low and nitrogen high, stunting and chlorosis was not
prevalent, and whén the potassium was high and nitrogen
low,.ra‘r plant growth was obtained, He.rocommended as
optimum}growing lovelé, nitrogen 485 ppm.; and pot,ssiun
20 ppm, |

Fo&ntain (4) gives as the optimum nutrient lovola
for the growth of coleus as follows; Nigratol 256=50
ppne 3 phoaphorus 10-20 ppm.j} and potassium 5-16 ppa,

Fuhr_(S)'doterminodltho opt imum IOY’II of nitrogen
phosphorus and potassium ror‘tho growth AfBogonla_aengcv-
rloronal He recommends the ppm. requirement .for nit}htoi.
phosphOfua and potnssium to bo S0 to 50, 5 and 80 to 50, -

rospoctively.
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NUTRIKNT STUDY

Plan of Procedure

In this experiment cyclamen plants were grown at all
posaible combinations of five levels of nitrate, five
levels of potassium und four Ievels of phosphorus. The
total number of treatments and plants was one-hundred,
Nitrogen response was thus obtained from a total of twenty
iboatmonta, potassium ronponne'trom un e¢qual number, and'
phosphorus response from.& total of twenty-five treatments,

Kach treatment was represented by one plant,

Soll Type.

The soil chosen for this 1nvestigatioﬂ was Oshtemo
sand, & yellowish brown loamy sand ocourring us nearly
‘level land., Very little clay is jresent in the subsoil,
and loose dry sand arnd gra§91 extend downward for several
feet., This qbil naturally dries out very sasily and ias
'low in organic matter and strongly acid in reaction.

The surfuce 801l of ubout thre: to four inches was ob-
tdlned from the Rose Lake Wild Life Exﬁorimental Férm
near Bath, Michigan, in 011nt02w69qnty. It was chosen
g;cauwe‘éf 1ts low nutrient 19;91, which when tested by
the Spurway active tast showed nitrate nitrogen, 2 pn}to
per million; phosphorus, U ppm.; and potassiun 2 ppa,
The field from which the soil was taken had not been

cultivated for several years, The.soll pH was 5.5
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Soil Tests

The Spurway Simplex Soil Testing Method (15) was
used to test the soil samples in Qrdor to maintain the
801l at a desired nutriedf level, The tests were made
for the "active” or available nutrients, or that ma-
:tcriil in the so0il which was thought to be available
to the plant., (The tests for the "reserve” nutrients
were not made,) These tests were made approximately
Qvery two weelkts, Additional nutrients were dddéd to
réoatabliah the original levels whenever the tests in-

ES

dicated & need,
Fixing Capacity of Oshtemo Sdil

‘.dnéﬁqannot‘by simple calculation arrive at the
qQuantities of nutrients necessary to estublish certain
leveIS'fh the soil, This 1s becuuse a bortion of the
‘nutrients added is fixed into forms not available to the
plants and not extraéted by the reagent used in the soil _
testing procedure. Accordingly it was first necesaary
‘to determine the capacity of this Oshtemo landy;aoil

to fix nutrients into unavailable forms. The following

" procedure was adopted;

Twenty-four samples of 125 grams each of air dry
801l were carefully weighed into glass tumblers, _The
samples were arranged in 12 groups of 2 each, The

first 2 were left untreated while the remaining 11



e
)

pairs of samples were treated with increasing amounts
of NaNO;, CaHg(PO4)2 and K2804, as shown in table 1.

The sodium nitrate was added from & stock solution
which was nrepared by disgolving.one;tehth gran of chemi-
cally pure sodium nitrate (NaNUz) in each milliliter of
distilled water,

The atock solution of potassium was prepared by
diseolving riva-hundretha gr;m of ohemically pure potas~
sium sulohate (K8804) in auch wmilliliter of diatilled
water,

rhosphorus was added in the dry‘form of monoculcium
phosphate (Caﬂ4(PU4)2. Vurying amounts were welghed out

and added to the tumblers as shown in table 1,  Care wus

tauken to andd the same total amount of water to each tumbler,

The amount of water added was 45 ml, per 125 grams pr soil.
) The tumblers were covered and ulloweq to stand for

4 weeks, after which the samples were tested by the Spur-
way Method (15) to determine the quantity cf nitrate,

phosphords and potassium remaining in available form.
Nutrient Levels

Nutrient leﬁéla were established as followsy Nitrate
Nitrogen ~- O ppam,, 25 ppm., 50 ppm., 100 ppm, and 2CO ppm.}
Phosphorus -- C ppm., 5 ppm., 10 ppn. &nd 20 ppm.,

Potasaium - O ppm., 15 ppm., S0 ppm., 60 ppm. and 10C ppm, -

JEPR .



Every possible combination of these three nutrients and
of the levels as statod adove was made so that there
were 100 different treatments. Therefore, each plant ‘
was grown at a 41rrereﬁc nutrient level, with a total of
20 plinti at each level of nitrate, &« total of 256 plants
at each level of phosjhorus, and, finally, & total of 20
plants at each level of notasasium,

. Table 2 shows the treatment numbers and purts per
million.of each nutrient ua established 1nleacn pot.

S

Source of Nutrients
o

Sodium nitrate (NaKOy) and ammonium nitrate were
used as carriers of nitrogen, and mdéﬁoalclum phosphate
Calg(PO4)p was the source of phosphorua, with potassium
sulphate (xzso‘) supplying the potassium, All of the
above compounds were chemlqally pure, Amhonium nitrate
was used to supply half of the nitrogen at each level in
. an attempt to alleviate the possibility of sodium toxi-
city in the pots requiring high levels of nitrogen,

Method of Preparing Stock Solut}onn

Stock solutions for each nitrogen level were pre-
pared as shown below for the level of 25 ppu,

As indicated pré;lohsly by thq fixation.teats, 04
grams of NaNO, was required to raise the leyel-of NOy in



© 126 grams of soil to 25 ppm, Table l. Using that rate
-of NallOy to apll,’.464 grams was required to raise 14850
grémo of.soil to 25 ppm. of ROg.

One~half of the nitrogen was supplied as NaNOz and
the other half as Nh4lb3. Thus each pot maintained at
26 ﬁpm. of nitrate received, ,252 gram of nauoa and the
equivalent of ihhtiquuntity of NaROs as NH MOy (.109
gram). Stock solutions of each of these sults were made
up .in such concentrations as to contain the amount of
the aalt necessary for one pot in 10 ml. of distilled
' waater, Applications we;e éhon ;hdo in solution,

| Stock solutions for each potussium level were pre-
pared us shown béloﬁ for the level of 15 ppm.

us“tho fixation tests indicated, ,020 grams of '
K5304 wuas required to raise the level of potassium in
125 grems of soil to 16 ppm. Using this ratio of K894
to éoiz,g.zae graus was required for the 1450 grams of
801l used in each pot, . ~

For 15 and ao'ppm. of K;0, stook solutions were
made up containing the required amount of K,304 for
' oaoh oot in 10 mi; of distllied water, but for the
levels of 6C and 100 -ppm, or K20, it waa nocossary to
use fifty ml, of water to completely diiaolvo the

‘necessary amount of K804 for each pot,
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JPhoaphorus was added to the poti in the dry form of
mondé;lcium phosphate (Cna4 (P04)2). The smount was de-
termined as given below for the 6 ppm. level,

- A8 1ndio;ted by the fixation test, .10 gram of
0!84(P04)2 was required to\raiao the lofol of 125 -grams //
of soil to 5 ppm, Using thet ratio of Oaﬂ‘(PO‘)z to soil,
1,16 grams was required for the 1450 grams of soil used
iﬂ each pot,

'Tublo 3, shows the amount of nutrient carrier re-
quired in 1450 grams of 801l to bring the level of each
nutrient up to the total parts per million desired for

the treatments used in this investigation,
¢ : Cultural Practices

Half-mature plants: Two weoks prior to renotting,
one-hundred twenty-five half-mature plants of Gyclamen
persica were r;oeived from Vogts Greenhouses, Sturgis,
liohigan. The plants were in very vigoréul shd‘healthy
growth, having dark greon follage »ith the typical cyclamen
leaf pﬁttofn, avefaging aﬁﬁroximnpqu 10 mature leaves to
the p;unc. The pattern of leaf colération was observed
closely because 1t.was thdught that varlious nutrient
levels might ohange or influence the subsequent pattern

on new leaves,

T

<
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on July 12-15, 1948, the plunts were shifted from
32" potas to the regular oyoclamen pots in soil whish had ,
received the necessary nutrients for that purtiocular
iovol combination, Before rebotting. the hall of soil
in whi;h the plant was- growing was pluced in « pail of
water and all of the soil carefully and gently washed
off, Begause of the brittle nature of oyolumen"roota
this had to be done with great care. The new soil,
after partial air-drying, was carefully worked among
.the roots, Lach pot was thoroughly watered and pluced
-in & bench with a one-inch layer of gravel. This gravel
was wutered 4ally even when the plantaldid'not roqulr;
.watering. | _

In order to decrease the effect from ﬁhe shock of
removing the soil from the roots at this age ahd time
of year, a ohoeierloth shade was constructed &nd placed
over the benoch, This rodugod the inteneity of the sun
during the summer months, To further “id in reducing the
temperature and sun intenglty, a mud shade was put.on .

the greenhouse glass and the walks were wet-down twice

. d.ily.

In September, October and November, the tcmperature
was held between 50° and 55° F. . From the latter part of
November to'the end of the oxperiment,-thd plants were
moved to another greenhouse in whish the tomperature was

65° to 70° P, . \



No diaoa-o or inseot injury was in evidence, -Hou-

ever, as g'preventivo‘menaurd; the plants were twice
& aprayéd with Parathion 25% at the rate of 1 tnp. per
gallon of ;ltor. |

Spot-watering was practiced in orﬁor to keepvthe‘
pots at as uniform & moisture content ﬂi'pOlﬂiblio It
was noticed that the soil of the higher nutrient levels |
dried out considerably alower.thah that of the lower
levels, |

Periodic soil samples were taken approximately every
two wdokq, and tested by the Spurway method, to get the
present level and to determine whether the nutrients
ngadod to be ropleninhed.

Thil part of the oxporihent wis terminated January 6,
1949, at which time the number of flowers per plunt; the
length of pedungle; and the weights of the whole plant,
the top, and lower parts consisting of the hypbddﬁyl-ond
roots were taken (Table 4 and 5).,

Seaedlings: In order to get & more complete picture
of the response of cyclamen to various nutrient levels,
1t was decided to grow.them in the seedling stage at the
same nutrlent levels at which the mature plunts were
.grown.

d;viuly 20, 1948, aeoda'riém soue "selfed" eriotio-
in the Iichignn.state College greenhouses were planted,

The seedlings were allowed to grow until two to three



leaves were formed before transplanting. On Qotober 24,
.1948, the.soedlingn were 1ifted and potted into 24" pots
containing the same type of soll as was used for the
larger'planQ? and with the same combinations of nutrient
levels, ) ’ _ )
These seedlings were grown at a night temperature of
| 4a° to 58° F., and the day tennerat:ure of less than 66° r.
Periodic 301l tests were made and sufficient nutriontl
“addod as their need wus indicated by test reaulta.
on- March 24, 1949, the fresh and oven~-dry weights
were ‘taken of the tops and hypoootyl and roots, which
are recorded in table 5, |
The number of 1davos and the average leaf size vas
recorded at the beginning of the investigation and also

&t the end,



~15~

Table 1. lutrioni: Pixation cap:oity o'r Oshtemo
Sandy Soil
‘ Amount of Level
" Trestment Nutrient Carrier Carrier. Solution Obtained
) ” (gm.) | (ppa.)
1 Nitrate . NeOz ~ O .0 28
2 " " 01 . 0 5
3 " " .02 0.2 10
4 " . 403 0.3 16
B . .o .04 0.4 25
6 " " .08 - 0.6 38
7 " .. " L08 0.6 . B0
8 " " .08 0.8  50%
0 " " a1 1.0 75
10 " " 2 2.0 100
11 . " . 6 5.0 200
13 - " e 1,0 10,0 800
1 . Phosphorus (Cal4(PO4), O o On
2 L " .02 0 5
3 L .03 0 1.0
¢ " n .04 0 1.9
5 " " .05 0 2.5
6 " " 06 0 3.5
" L .08 0 4.0
8 . n .10 o 5.0%
9 " " o1b 0 10.0
10 " " .20 .. -0 . 10,0%



Table 1
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(continuod)
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g : Amount of. Level
Treatment Rutrient Carrier JCarrier Solution Obtained
(gn.) (ml,) (ppm.)
Phosphorus OIH‘(POQ)Z.. .88 0 16,0
" . «30 0 20,0
Potassium K804 o | ) 2w
n " .02 Oué 16w
" " «036 0.7 20
" s W05 1.0 308
" “ o 1 2.0 40
. " .16 3.0 60w
" “ W2 4.0 80
" a «25 8.0 100#
- 4 30 6.0 120
" 4 4 8.0 140
" . 6 - 10,0 178
" » 1.0 20,0 240

=
o]

#Levels selected ror.uio in the oxpérimont.

ve
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Table 2. Nutrient Levels Maintained (P.P.M.)

Treatment
1.
2,
Se
4.
8.
6o
7o
8.
9

10,
dle
12,
13,
14,
16,

16,
17.
18,

T 19,
20,
21.~
22.
23.

. 24
28,

'O O 0O O O © © ©O © 0O ©O 0O'O ©O © 0O ©O © © ©O é?

NNV N N W
< I < BN < I - B

4

o o & 0 0o O O O O ©°

- O - S S . N Y T B T R W Ry o
© O O ©0 6 0 © © © o

©C © O © o

15
30
60
100

1%
30 -.

60

100

16
30
60

100

15
30
60
100

15
30
60

100



Table 2. (continuod). l\itrient Levels Maintained (P.P.}l.)

Treatment NP3 . P K.

. 26, 26 5 o
27, 28 5 16
28, ' 28 5 30
29, 25 5 60
30. | 26 5 100
81, 26 10 s 0
32, | 26 10 16
33, 26 10 30 -

 Ske 26 10 60
35, 26 10 100
36, 28 20 0

a7, 28 20 16

38, . 2 20 30
39, | 26 20 60
40. 26 20 100 -
41, : 50 0 0

- 42, 50 . 0 156
43, | 80 0 30
44, 50 0 60
45, 80 - 0 100
46, 50 5 0
47, 50 5 15 -
48, 50 5 30
49, - T 80 5 60
80. 50 5 , 100
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'rabio 2 (oontinued) Mutrient Levels Maintained (PrM.)

_ Treatment

51,
52,
83,
54,
65,

—

56.
57,
88,
89,
60,
61,
62,
63.

644
65,

66,
67,
68,
69,
70,
71,
72,
73,
74,
75,

& 38 8 8 8¢°

[
o

100

100
100
100
100
100

100

- 100

100
100
100

100 -

100

) 4
10

10

10
10
10
20
20

20

20

, , o
o &0 6 0 & O O O O O ©

o e
©O © 0O 0 ©

16
30

- 60

100

15
S0
60
100

16
30
60
iOO

156

30
60
100

15

30
- 60
‘100

oz



Table 2 kél

Troltmoht"

76,
7.
78.
79.
80,

" 81,

g2,
83.
84,
86,
86,
87,
88,
89,
90,
01,

92,
93,4
94,
95,
96,
97,
98,
99,
100.

ntinued) lutéiont Levels Maintained (PFrM,)

~20=-

4
20

20

N N
Cc O ©

& & o o . 0.0 O © O

T L T - - -
© © 0 6 6 €C 0O © € O

-

PO

16

NSRS

30

€60
100

15
30
60

100

156
30

60

100

156
S0
60
100

15

30
60

100

L
orle
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Table 5, Amount of Nutrient Carriers Required For Desired

Levels,
-

Nutrlient aAmount FFM. of TOCAl Ameunt of

Rutrient Carrier of soil each , FPPM.  cerrier

. (grams) nutrient (grams)
NO, NaNO, 1450 12,6 S -
KO, HH,HO, 1460  12.5 26 «109
HO, HaNO, 1450 28,0 464
O3 NH KO 1450  26.0 50 218
NO, NaNO, 1460  50.0 - l.d6
NO, NH¢NO3 1450 50,0 100 54
RO, ' NaNOy « _ 1450 100.0 2,9
NO, RH(NO, 1450 100.0 200 1.9
P Calg(POg), 1450 5 5 1,16
P Calg(POg), 1450 10 10 2.2
P CaHg(POg)p 1450 20 20 5448
K KpS04 1450 16 15 232
K K804 14560 30 30 488
K Kp80,4 1480— 60 60 1.76
K K,S0, 1450 100- ~ 100 249

— 1



RESULTS

Fixation Capacity of Oshtemo Soil

The results of the tests to determine the fixing
capaocity of Oshtemo sandy soll for nitrate, phosphorus
and potassium are shown by'the data presented in table 1,
The graphs shown as figures 1, 2 and S were constructed
from thbae da;a. By making use of these graphs 1t 1s
possible to determine the quantity of each fertilizer
necessary to raise the nutrient content of any certain
quantity of Oshtemo so0il to any desired level in parts

per million.
Effect of Nutrients on Growth

On January 6, 1949, 177 days arter'repq;ting, the
.'nnturo cyclaﬁen plants were removed from the pots,
washed clear of @oil and weighed. The data were re-
corded as fresh and dry weights of tops and fresh and
dry weights of hypocotyl plus‘roots. These data are

recorded in table 4.

Tﬁe same data were obtalned for the seedlings on |
March 26, 1949, 161 days after repotting and are re-
corded in table 5.

-Relponae.to Nitrogen

Two weeks after the pluants had baoh‘repotbod &
visible difference in response to the various levels of

nutrient concentration was noted, Those plants at 25



|
|

23

ppa. lhd 50 ppm. of nitrates seemed to withstand the

shift better than those growing at 100 and 200 ppm, of
nitrates., Dying of the top parts of the plants was most
severe at 200 ppm, of nitrates and 100 ppm., of potassium
Twenty days after repotting, potassium toxiocity, which was
shown bng general browning of the lonvgs from the outer
edge %nward, w;a most evident on plants grown at 100 ppm.
of potassium and low nitrogen (O ppm). ' This was less evi-

|

dontlﬁ- the level of nitrogen was. increased,

} Effect of Nitrogen on Growth of Tops

|

fho fresh weight of the tops of mature plants at
28 b o Of nitrates, & total of twepty plants, was 764,.4
| grams, & higher figure than that reached by the plants
dﬁ-an; of the other nitrate levels (see table 6), The
fresh weight of all tops at O ppm. of nitrate was 431,.4
gramnl a difference of 3353 grama:which an F value of 6,24
aﬁoybd'to be significant, At the 5 per cent point the P
noedei to be 4,04 for statistical significance; at the
1l per cent point it needed to be 7.10, The response curve
of mature cyclamen to nitrate expressed by the fresh weight
of the tops, as secen in figure 6,'was nearly the saﬁe as
that for the number of flowers. The correlation of the
_ourves for dry weight of tops and flowering was not as
greatTaa that of.frelh welight of tops and“rio;erins. There

was n+ statistical difference between the fresh weight of

|
\
|
{ —
|
|

ﬁ
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tho.copa at 50 ppm., and 100 ppm, of nitrate, There was
a auddﬁn drop in fresh weight, however, at 200 ppm, of
nitfnto, which showed the toxieity of 200 ppm, of nitrate,
The ayat;lcicQI break down, as resented in table 6, shows
that growth of the tops &t 25, 50 and 100 ppm. of nitrate
was aignigizincly better than at O ppm, of ﬁitrato. 1t
" also shows that 200 ppm. of nitrate hus & greater depres~
~sing effect upon growth than O ppm. of nitrate,

The differences expressed in the dry weight of the
tops (table 7 and figure 7) showed that the same things
were true as stated for the freah weignt of tops, except
that there were no signifiocant differences dbetween 25, SU
and 100 ppm. of nitrate. That O ppm, and 200 ppm, of ni-
trate had a retarding effect on growth was also shown by
the dry weight of the.tovs. o .

" Seedlings: The seedlings displayed & little dif-
ferent response to nitrates than did the mature plunta,
In the seedlings, the response curve to nitrate oxprogood
by the fresh weight of tops showed ‘that 50 ppa, of nitrate
produced the greatest weight (figure 4), as compared to
256 ppm. of nitrate in the case of the mature plants,
Also there was a significant insrease in fresh weight of
tops from O ppm, to 50 ppm., Of nitrate and then & straight

line decrease at 100 and 200 ppm. of nitrate.. Level Nl
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oombnrqd with NS, %> ana x4 showed significance at 5%
point (table 8) which was also true with the mature
plants, However, N¢ ocompared with S and N% showed a
‘'highly significant difference. This wus not true in
the mature anntn when fresh und dry welght of tobs
were used s & measurement of growth,

| The dry weight of the tops of the seedlings ut

650 ppm. of nitrate was significantly greater than that
at 0, 26, 100 and 200 ppm, Of nitrate. There was &
aiénirioant increase between O ppm, and 25‘ppm;-or ni-
trate and between 26 ppm. and 50 ppm. of nitrate, but
at 100 ppm, of nitrate there was & aighirionnt drop

in weight and & highly aignifiocunt drop at 200 ppm.

The toxicity of 200 ppm. of nitrate 18 quite evident in
the seedlings as well as in the mature cyoclamen plants,
The seedlings differed from the wature plants in that
the‘mhtuza plante shéwod no significant difference in
dry welight of tops between 25, 50 and 100 ppm, of ni-
trate while the seedlings showed & signlrioaqt increaase
in dry weight of tops from O to 25 to 50 ppm. of ni-
trate while the drop began at 100 ppm, of nitrate in-
stead of at 200 ppm., (table 9 und figure 5),

Bffect of Nitrogen on Hypoocotyl blyl'ﬁoot

It was observed thut the best root dcieiopgent took
place "in the soils of low nitrate levels., There were

many dead roots in the pots maintained at high nitrate



levels, This may be the manner in which the very high
nitrate levels limited plunt growth, The increfsing of
* phosphorus hsd~a tendenoy to tempe;-the dotrimentnl,efé
feots of the high nitrogdn on root development., Figure
7 shows the interaction of different levels of nitrates
and pho.phoruu.upon ‘the hyposotyl and roots. Figure 4
shows the reabonno ocurve of the hypocotyl plus roots

to various levels of nitrates. As the levels of nitrate
were increased, the fresh welght of the lower parts of
the plant deocreased., There was a negatively signifioant
difference between all the nitrute levels in that they
deorehaed the frbeh.weight of the hypocotyi plus roots,
(see tuble 10). |

KEffect of Nitrogen on Flowering

Figure 6 shows the response surve ér the effact
of various levels of nitrate nitrogen upon the produc-
tion of flowers. The ourve shows two peaks, the higher
one nt 26 ppm, und the next at 160 ppm.‘lAt 25 ppm. of
nitrates, 196 blossoms wers proddcod and at 200 ppu,, ' 4'
42 blossoms. The difference is highly significant, %ﬁ
Tnblo-llc shows further comparlabna. Thero was a signi-
ficant drop in pngdﬁobion from 100 ppm., to 200 ppm,. of
nitrate. It seems that cyclamen respond best to com-
paratively low_levoia of nitrate, The increase from
122 blossoms ;i 0 ppm. level of nitrate to %?5 blossoms

at 26 ppm, 18 greater than is neceasary for significance
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at 1%, In general any amount over 26 ppm. of nitrates
has & deressing orréoc on the production of flowers,
Plate 2 pictures the effect of various levels of nitrate
on plunt growth and flowering wherwr phosphorus and potas-

o,

sium are at their optimum,
) In computing the number of flowers, those budas which
mere sufficiently developed, and would probably have
opened 1f allowed to remain longer, were counted as blos
soms, However, an exumination of table 12 will revea;
that the percentage of unopened blossoms &s well as that

of fewer blossoms waa highest for the higher levels of

nitrate and potassium,

Response to Potassium

The effeot of potassium upplications upon mature
cyclamen did not prové to bé significant wh.h fresh weight
of tops was used us a measurement of growth, 4s shown by
the sumnations in Table 6, the plants which did not re--
ceive potassium ylelded slightly more than did those vhich
wore grown at the 15 ppm. level., However, the difference
was not signifioant. Théﬂtoxiéity level of potas=ium wasg
' reached gt eo‘and lod‘ppm. _

The at#tiapical.antlysia of the effect of potassium:
levels upon the ggx‘;elggt of the tops_of mature cyclamen
revealed that 15£ppﬁ. of potasslug produced the greatest

e

weight., Thé difference Sétween O ppm. 8nd 15 ppm, of

—
[}

1
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- (Table 7).
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potaasium was significant. The toxicity of 100 ppm.
of K,0 was shown by the sudden drop when K? was oom-

‘pared with K%, There was no significant difrorégco

between dry weight of tops when grown'at éogand Sﬁgppm.
: : LN

Secdlings: The fresh weight of the tops of a?odf,
lings also showed no significant response to appliditionl
of potaaéium but unlike the mature plants the maximum
fresh welght of tops was reached at 30 rather than a@ 0
ppm, of potassium. However, there wus very little dif-
ference, between the effects of 15 and 30 ppm. of potas=
sium, Th;.belt response tb;n seemed to come trém 15 and
30 ppm. of potassium, |

Whero'the‘nitrate was low, the ingrease in potassium

resulted in decreased .growth, which began to be quite

noticeuble &t 50 ppm. of potassium, but where the nitrate

was raist from O ppm. to 100 ppm., the 11l effects ap-
peared mainly at 60-100 ppm. of potassium (see plates &
and 5). | o ﬁ

" Potassium caused significant differences at the 5%
point in theAdty welight of seedling tops. A brea&akdown

‘of this showed that 50 ppm. of potassium caused results

which were significantly different from those caused by
the 60 and 100 ppm. The differences csused by the K

and K° levels of potassium were statistically signifi-

cant (egb table 9), These differences are olearli shown

byﬁthe seedlings shown in plate 7,

PN
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Kffect of Potassium on Flowering

-~

The greatest number of flowers was producad at 15
ppm, Of potassium. The number produced atithia level
was significantly greater than that produced at fho 30,
60 and 100 ppm, levels, The difference was sign;rionnt
at the 5% point. Table 11 and plate 5 i1llustrate this
fact, It 1a‘intereot1ng to note the conrelntién between

the dry welght of the tops and flowering,

-
- \

Bffect of Potassium Upon aypocotyl and Roots

The rbduéing effect on the fresh weight of the hypo-
ootyl and roots caﬁieh'by'potacuium ﬁai fémirkablo. on
the plents not treated with potassium' the hypocotyl and
roots were lurger ;han on those which reoeiyed_thia nu-
trient, ‘15 ppa. of potassium rodgoed the trésh welght over
that at 0 ppm, by 49%. ﬁeyels.ao‘;hd 60 ppm. of potassium
had about the same.reducing effect, with another‘sudden
drop at 100 ppm.;of K20.

ATﬁere wus & statistically significant interaction be-
tween nitrate and potassium levels upon the fresh weight
of aeedling topas. The highest waa reached at & combinatim
of 30 ppm. of Ky0 and 100 ppm; of nitrate.nitpogon. (Figure
13). Dry weight of neqdling tops did not show this to be

significant,
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Response to rhosphorus

Phoaphorus had no agpsrently significant effect upon
the total fresh or dry wo1ght,'fhe number of flowers, the
fresh and dry weight of tops, or the fresh and dry weights
of hypocotyl plus rooﬁa in the msture plants.

The time of flowering was hastensd by inoreasing the
phosphorus when the nitrate level was lov, This is clearly
shown in pldto 4, in which the potassium was maintained at
15.prm; nitrate 0 ppm, and phosphorus increased from O to
20 ppm.

The number of pots showing blossoma.at certain inter-
vals of time, based on different levels of phosphonis,. ase
recorded in table 16, showed further the effect of high
phosphorus on early flowering,

There was & aignir;cant interaction botwoeﬂ nitrate
and rhosphorus le¢vels which af’ected the fresh welght of
the muture plant tops (Flgure 8). At the low nitrate level,
‘the fresﬁ welght of tho top: decréuséd as the phosphorud viog
incrensed. at the highest level of phoaphorus, the maximum
fresh weight of mature plants .as re ched in combination
with 25 ppm, of nitrate, However, this was no!: atatistically
slgnificant, Thg above weight was also the highest for any
of the NP level combinations, The growth of the top did
not increase directly when-both nitrate and phosphorus
“levels were incréased,gbut there was an interaction which

varied with different concentrations of both. At 50 ppme
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of nitrates, the best grovth of the tops was atteined in
combination with O ppm. of phosphorus, The maximum growth
of the tops came ahout at the 5'§pﬁ. qf.phblphorul level

and decreased with 100 and 200 ppm. of nitrate. The maxi-

"mum Ary weight of the tops for &ll combinations of NP was

reached at 20 ppm, of phosbhorus when in combination with
100 ppme of nitrate.

The response of the hypocotyl plus roots to HP levels
is shown in figure 7. The low levels of nitrogen combined

with increasing levels of ﬁhoabhorus gave the highest

" welghts. At 20 ppm. of phoaphorus, inorements of nitrutes

reduced decidedly the fresh weight of the hypocotyl plus
[ .

roots,
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Table 4., Fresh and pPry weight of Tops and Hypoootyls plus
Roots.of the mature plants.

4 Fresh Welght (grams) “Dry welght (grams
Treatment Top Hypecotyl 7Tetal Top Hypoocotyl Total
and Roots and Roots
1 33,7 2643 60,0 3.8 6.8 10,6
2 39.0  49.0 88,0 4.1 9.8 13.9
3. 29,6  29.0 68,5, 3.9 5.6 8.8
4 5.0 9.0 14.0 3.0 1.7 4.7
5 11,6 25,0 - 4.5 5.4 4.3 T
8 43,0 48.5 91,6 5.3 7.6 - 12.8
7 22,0  30.0 52,0 2.9 7.8 " 1047
8 18.0 20,6 39,5 . 5¢7 43 840-
9 9.0  $56.0 74,0 3.6 640 9.6
10 5.9 14,1 20,0 2.9 2.8 547
11 27.6  35.0 62,5 4.0 5.2 9.2
12 7.6  16.5 24,0 2.7 2.8 5.5
13 18.0  15.5 33,6 3.0 2.9 B9
14 20,0 32,0 - 61,0 4.7 _ 6,5 11,2
15 28,0  30.5 545 8.l 6e5 96
~ 16 18,3 24,0 42,3 5,0 4.0 7.0
17 21,0 31, 52,0 4.2 5.0 9.2
18 16,0  38.5 54.6 2.6 9.7 18,3
19 Teb . 16,0 23,5 2,6 3.0 5.5
20 11.0  28.4 59.4 2.4 6.2 7.6
21 33.6  21.8 55,8 5.6 5.9 11,6
22 " 648 1845 19,0 3.8 2.4 602

23 5.0 17.1 21,1 2.5 S.4 5.7
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Table 4, (centinued)

Fresh Weight (grams) Dry Weight (grams)

Treatment Top Bottom Total Top Bottenm Total

24 3.5 18,6 ' 22,0 1.6 Sed 4.8
26 1.5, 18.7° 2642 2.8 8.2 6.0
26 33,0 14,0  47.0 5.4 2,0 7.4
27 57,0 25,0 62,0 5.8 4.2 10,0
28 83,6 7.6 121.0 7.8 9.7 1846
29 26,0 18,0 48.0 5,0 2.9 7.9
30 18,5 24,0 42,5 4.2 5.0 9.2
31 57,6 26,0 83,5 1.9 4.3 6.2
32 68.3 217 90,0 7.4 3.6 12,0
35 62,5 26,0 88,5 6,] 6.7 11.8
34 = 4,0 10,0 14,0 2.6 243 4.9
356 16,6 12.6 20,0 3,7 2,0 fg.v
36 35,0 * 12,0 45,0 4.0 2.0 6,0
. 87 89,1 45.4 134.5 9.1 8.2 ' 173
58 110,0 36,56 146,5 11,56 7. 18,6
39 23,5 12,5 55,0 4.5 2,2 6.7
40 . 47.0 36,0 82,0 5,8 8,1 13,9
41 77.56 40,0 117,56 7.0 8.6 15,6 *
42 54,5 26,6 7.6 6.3 10,0  16.8
43 17.0 20,8 37,5 3.2 4.5 7¢7
44 - 15,0 28.0 43.0 5.0 5.6  10.5
46 82.0 88,0 140.0 8.3  18.6  22.1

46 20,0 16,5 56,5 4.4 Sel Y -)
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.Table 4, (continued)

Treatment Tép Bottem Total Top Bottom Total

47 58,0 28,0  B6.0 8.6 6,0 12,5
8 10,0 20,0 30,0 2.8 4.2 7.0
49 3.0 8,0 11,0 1.9 1.5 3.4
50 5.0 15,0 . 18,0 ' 2.1 4.5 646
61 78,0 43,0 , 121.0 7.3 10,0 . 1743
62 10,0 12,0 22,0 2.7 2.6 = 6.2
Us3 12,0 16,0  27.0 4.0 2.2 6.2
54 28,2 30,3 5346 4.1 7.6 11,7
658 . 69,0 44,0 115.0 9,6 6.0 14,6
56 1.6 846 . . 5. 1, 0.8 2,0
57 C B2.5 18,0 8B.5 8.7 540 647
58 27,0 15,0 - 42,0 56 2.1 7.7
59 13.4 15,1 28,5 4.2 3.3 7.5
60 36,0  54.0 70,0 7.0 6.5  13.5
61 104,56 20,0 133,56 10,0 40 14,0
62’ 3.6  20.56  83.0 6.0 6.0 11.0
63 12,0 26,0 38,0 4,0 b6 9,6
64 10,0 19,6  29.56 2.8 5¢2° 6,0
66 1.6 3.6 5.1 1. 0.9 2,0
66 25,5 80,5 54,0 6 5,7 11,7
67 82,6  20.56 112.0 8.8 4.5 15,8
68 - 90,0 28,8  118.8 © Bu 8.5 17.4
69 7006 27,6  97.0 8.5 5.6  13.9

70 0.5 3,0 6.5 2.7 140 9.7



Table 4 (continued)

~35=-

Fresh weight (grams)

Dry weight (grams)

Treatment . Top Bottom Total - Top Bottom Total
71 22,6 26 47.6 8.7 5,5 9.2
72 30,5 29,0 B9.6 5.7 9.6 15,2
73 14,0 26,0 40,0 3.4 5,6 8.9
74 15.0 42.0 B7.0 7.6 - 10,0  17.5
76 1.5 8.6 B 1Jd 0.9 2.0
76 25,0 . 14.5 37,6 4.0 2,6 6.5
7 5.6 20,0 25,6 4.4 8.6 7.9
] 3.0 7.6 10,5 2,0 1,0 Se0
79 60,0 26,0 88,0 5.6 5,5 11,0
80 12,5 8140 45,6 4.8 6,2 11,0
81 50,6 27.5 78,1 7.6 - 5.8 12,5
82 2.3 87 6.0 . 242 1.0 5.2
83 2.0 5.0 7.0 1.5 1.4 2.9
84 70,0 46,0 116.0  10.7 12,8  21.0
85 1.5 5,0 6.5 1.6 1.5 3.0
86 3.0 5.5 8.5 1.6 1.6 540
87 39,0 34,0 75,0, 5.0 8.5 15.5
88 5.0 15,0 20,0 2,0 3.0 5.0
89 2.0 7.2 9.2 1.9 1,0 2.9
90 2,2 8,7 10,9 1.6 1.4 8.0
91 8.0 14.1 22,). 2.8 2,6 5.5
92 " 4,0 26,0 $0.,0 2.7 11,6 14.2
03 28,5 51.6 5.5 3.5 9.0

28,0
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Table 4 (oontinuodi

Fresh Weight (grams) Dry Wweight (grams)

Treatment Top Bottom Total Top Bettom Total

94 51.0 . 24.6 55,6 6.5 4.0 9.5
96 . 7. 15,8 20,9 0.8 2.2 540
96 6.6 20,0 26,6 2.6 4,0 6.6
97 . 28,5 25,0 5l.b 4.2 14,0 842
98 10,0  14.0 24,0 4.0 2,0 640
99 4.8 2.6 7. 27 1.2 349

100 2.4 8.6 11,0 1.8 2,1 3¢9
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Table 6. Fresh und Dry %eight of the Top wnd Hypoocotyl
plus Roots of The Seedlings (grams)

Fresh weight 231_&2&&2%
Pot Rypocotyl Total Hypoooty Total
‘No. Top __and Roets - Top &nd Roots
1 .80 1,80 2,00  .040 .210 .260
2 75 1.80 2,56 L0860 o220 +280
§ .70 1,00 170 .70  .160 .220
4 - 76 1.50 © 2,06 L075 210 +285
5 .90 1.70 2.60 100 0356 o43b
6 1.00 2.50 3,80 100 «3U0 «400
7 1,00 3450 4,50 L080  JB20  LGWO
8 1.40 2,70 4.10 «150 « 500 <630
9 2,00 3430 5430 e270 - 720 «990
10 1.20 1.40 2.,€0 «100 «280 « 580
11  1.10 1.70 2,80 110 (0290 +400
12 '1.85 2,66 4,20 L1850 470 <20
15 1.40 2e5C 3,70 <195 400 <6595
14 1,40 2.15 5.66  J180  .880 . 500
15 1,05 1,60 2,65 080 . 260 ¢ 950
16 1.90 4,50 6,40  JO8U 890 . 980
17 1.25 2,25 S.50 . 165 485 020
18 2,00 5,00 5.00 e200 - 520 $720
19 1,18 3.00 4.15 100 «440 «540
20 .85 1.90 2.75 <100 «260 ¢ 060 .
2l .60 1.80 2,40 .CBC  .296 376

22 .80 2.10 - 2490 080 «S20 <400

o
&i’ﬁ
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Table 6, Fresh and Dry weight of the Top and Hypoootyl
plus koots of the Seedlings (grams)
(continued)

Pot ypoooty Total Hypoooty Total
No. Top and koots Top and Hcots '
X <66 2.00 2,65 JA16 .810 «425
24 70 1,50 2,20 .125 .165 « B0
25 «50 1.56 2.06 J1C0 175 275
26 1,70 5480 5450 e200 «480 «880
27 170 1,70 | 5440 . 240 <240 e 380
23 «85 «40 1.26 « 090 «200 «290
29  1.20 2,45 3,65  .120 380 500
S0 .65 .60 1e25. oGBS 100 «166
31  1.50 2,00 5460 <140 « 350 «470
92 1,66 3.96 4,90 J160  ,990 +550
35 1.50 1.86 5085  J160  .260 420
56 . 2.20 2,30 €.50  .285  .866 . 580.
86 2,80 1,65 5,96 «285.  .285 570
36 1.45 $.50 ' 4.95 <120 «480 «610
37  1.60 2,80 4.0 L200' L3880 550
38 2,40 2,40 4.80 286 - 425 610
89 .76 75 1,50 070 e180 «200
4C 1.76 2,76 4,50 175,580 «565
41 e S0 1.00 1.30 U0 «150 200
42 80 2450 Se40 .100 «350  e480
45  1.60 2,80 4,20  L140. L50V .640
44 .50 1,40 1,80 086 146 «200
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Table 65, (continued) The Fresh and Dry ﬁoignt of the Top and
Hypocotyl plus inoots of Seedlings (grams),

~ Fresh welight Dry weight
Pot Hypoootyl Total . HypooogyI Fotal

No, Pop and Roots Top .and Roots

46 .80 1.60 2.40 070 +200 «270
46 1,60 2480 4.5V «120 e 310 +430
47 2,60 1,50 4,00 o220 «260 810 -
48 1.15 1,80 5.35  1bO o200 «585
49 2,50 5.40 5,90 «250 « 540 «790
BO 3.6 3.25 6.90  LSC0 430 780
5 2.00  3.C0 5,00  ,18C 4480 « 600
62 1,60 76 2,85 4200 4160 350
65 .36 o35 70 W80 L086 J116
8¢ 1.20 1.40 2460 <150 «200 e 50
65 1.65 1.50 2,96 180 N-1.5) «445
56 1,30 3420 4.50  J170 .80 550
67 1.60 1,90 S50 120 «360 « 080
88 2.16 1.70 5.85 «240 <260 520
89 2,20 2.00 4.20 e272U e 86U « 560
60 .60 «20 1.50 «08C 150 210
61 .20 .80 .06 0ot W120 L1060
62 485 .20 1.1 e 050 «100 <160
68 <40 2,00 2440 <085 « 355 <440
64 1.25 1.90 5016 o140 e 515 456
66 60 80 1,30 VRN «100 «130

66 .40 e 30 +70 WG LUT0 «150



Table 6.(continued) The Presh and Dry weight of the Top
and Hypocotyl plus Roots of Seedlings (grams)

Fresh woiﬁgé' Dg{Aiiig%t
Pot. Hypacoty otal Hypoooty otal

No, Top and Roets Top and Roots
67 76 75 1.60 076 .14 220
68 1,80  2.15 5.95 170 610 - 680
69  +30 .80 1.10 .070 ;120 " .190
70 1.80 1.10 2,40 L2165 4280 +496
71 .80 2,10 2,90 L0096  .226 520
72 70 1,00" 170 076 4170 o245
753 1.60 1.50 5,10 .216  .285 «500
74 1,20 1.60 2,80 L115  ,236 Y1)
76 .26 40 . .88 L0856  ,065 090
76 1,65 2,60 4,16 240 440 680
77 1,80 1,20 - 2,70 ,200  ,180 «380
;78 4430 1.55 5.65 610 - _.260 «770
79 1.80 .80 2.0 .40 J170  .810
80 1.00 +65 1.65 .180  .180 .210
81 .10 «50 60 L0220  L060 070
82 1,00 +60  1.60  L110 106 215
B3 .85 .56 1,40 106  ,100 206
8¢ 30 45 5 070 LUB0 150
588 .35 50 85 060  L100° \ <160
86 .86 .45 1,50 ,120 - ,110 <250
87  +20° 80 1,00 070  L110 180

88 20 « 80 «80 0150 «150 «260



-4]1-

Table 6, (continued) The Fresh and Dry Weight of the Top

and Hypeootyl plpq Roots of Seedlings (grams)

45

060

~¥resh w.iﬁgt Dry iiig%t
Pot Hypecoty otal ypoooty Total
No, Top and Reots Top and Roots
89 .46 .50 98 ,080  ~,098 o145
90 «20 .70 90 ,070 «120 190
91 1.26 1,00 2,25 ,L160 «210 550
92 .60 «38 98 .100 100 +200
93 70 860 1.0 .100 100 +200
¢ .40 «60 1,00 ,060 0130 .180
96 « 50 40 © W70 030 «080 080
96 « 30 .70 1.00 .020 .070' «090
» 1.0 50 1,60 .110 110 .220
98 .20 .60 70 1,060 .080 .140
99 _ .80 45 95 4100 060 «160
100 .45 80  .O70 .10
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Table 6. Analysis of Variance of the Fresh Weight of Tops «-
Mature Plants

A, Two-way tables:
PO pl pe P 2

© 118.7 128.9 110.0 173.8 4351.4
¥l 56,0 197.0 208.8 302,6 764.4
N 246,0 94,0 192.2 100,4 632,6
X5 181.8 270,0 83,5 104.1 ©39,1
N 126.4 51,2 78.1 52,2 307.9

2 728,6 741.1 672.6 635.1

x© xl x2 x% x4 f

0 122.5 89.5 82.5 80.5 656.4 431.4

Nl 167.,0 200,9 261.0 56,0 89,5 764.4 - |

2 177,0 145,0 66,0 54,6 190,0 632,6 oy
NS 173.5 172.,1 119,0 165,56 19.0 639.1

¥4 68,1 73,8 45,0 107.8 13.2 307.9

£ 698.1 681,35 573.6 454.4 368.1 .

X  x x> x* £

PO 209.8 185,8 65.5 103.5 104.0 728.6
Pl 122.5 238,58 207.5 139.5 33.) 741,1

P2 193.5 120.3 134.5 102.2 122.) 672,6 .
PO 82.3 166.,7 166.,0 109.2 108.9 63,1

£ 698,1 68l.,3 573.5 45¢.4 368.)

B. Summary of analysis of variance of the fresh weight of topa:

Degree of Sums of Mean of
Source freedon asquares squares b o
" fotal 99 69672,75
N 4 6663,91 1665,98 5,74 (V.S.)
P k) 303.29 101.10 .-
K o 4 4091.17 1022,80 2.30 (N.S.)
NP 12 14565,85 1213,.82 2,75 (V.S.)
NK 16 12686,27 @ 792,89 1,78 (N.S.)
PK 12 9925,62 836,96 1.86 (N.S.)

2K 48 ' 21338.68 444,556
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Table 6. (cbntinuod) Analysis of Variance of the Fresh Weight
of Tops ~- Mature Plants

0. Breakdown of eioatmont variancesg

W vs ul/n"‘/l‘/l‘ (¥.8.)
.2 ﬁ

¥l vs (3. at B%)
=§ gg lé/(c‘ ("88) ‘

8. . -
NO vs nl/ 9 3 (v.s. at 5%)

o1

See rlgurb for the interreaction of NP levels,



Table 7. aAnalysis of Varianae of the Dry velght of Tops
(mature plants)

Ay TWO-waymgibiel: .
p° pl  p2  po b4

¥ 17.6 18.4 17.6 14.7 68.2
Wl 16,0 28.2 21.7 34.9 100.8°
N2 30.0 17.7 27.6 21,6 96,9
B 23,9 34.7 21,4 20,7 100.7
N¢ 235.4 12,0 17.3 15,2 67.9

" £ 110.9 111.0 105.5 107.1

LS

x° xt 2 g3 x* £Z

X 16,1 25.9 12,6 15,8 11.8 68,2
1 16.9 26,1 27,7 13.6 16.5 100,8
%° 19.8 19.2 15,6 15,2 27.1 95,9
ni 23,7 24,9 18,5 24,1 9,7 100,
K¢ 14.3 14,1 13.0 20.8 5,7 67.9

2 ‘90,8 98.2 B87.2 B87.5 70.8

X 1 x2 g* ¢ Z
P° 33.9 22.4 1l4.5 25,0 17.5 110.9
pl 22,86 20,0 25.2 20.7 13.5 111,0
rg 19.7 21,2 22,0 24.4 18,2 105.5
P° 14.6 26.6 25,7 19.4 21.8 107.1
& 90,8 98.2 87,2 87,5 70,8

B. Sumnmary of analysis of vurianco of the dry weight of topa.

_ Degree of Sums of Mean of
Source freedom squares squares L.
_Total 99 - 528,31
- N 4 59,72 14,92 4,46 (V.3.)
P S «92 - ——- (N.Ss)
K 4 20,19 5,00 1,60 (N.S.)
NP 12 98,67 8.22 2,48  (N.S.)
NK 16 114,90 7.18 2.14 (N.S.)
PK 12 73,086 6,09 1.82 (N.S.)

NPK 48 160,91 S.08 -

e
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Table 7, (continued) Analysis of Variance of the Dry Weight
of tops - mature plants

C. Breakdown of treatment variance

N vs KL/ N2 4 ud / nt (8. at 5%

Nl vs n ﬁuéﬁn‘i{us.)( )

ng Vs / ¢ (N.8.) e
N2 VS8 (S.) ]
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Table 8. analysis of Vurimnce of the Fresh Weight of Tops =--

# V,V.S. -~ Highly significant

,

- _Seedlings
A, 'Ywo-way tablosy
IR L L -
N 5,80 B.6C 6450 7.156 25.ab
Fl 3.25 0410 9.05 7.96 £6.88 —
N2 4,16 11.70 6,80 7.85 30,48
N° 2,80 4.55 4.55 9.76 21,96
N% 2,60 1,90 3.26 2,55 10,90
£ 16,55 30,85 30,15 85.256
0 «x? k¢ x¢ xt P
N0 4.B0 4,55 B5.50 5,30 4,00 235.85
Nl 5.28 5,38 5.40 4.85 5,20 26,38
"H% 8,10 6,60 85.65 6,40 6,70 30.43
N0 3,08 3.40 B8.10 4.0 .3.,086 21.88
B4 2,50 2,90 1,95 1,85 130 10,86
% 20.40 23,10 26.60 22.256 20.26
¥ x? x* z° k¥ 2
Pg 1,70 3,90 4.20 3¢50 3¢05 1696~ _
PL 5,45 6.18 6,80 6.45 7.0 &0.06
P2 6,65 6,00 5¢556 6.40 5,66 S0.16
PO 6,60 7.05 11.06 5.90 4.05 58.25
2 20,40 23,10 26.60 22,20 20.26 M
B. Summary of a&nalysis of vuriance of the fresh weight of tops
Degree of Sums of Mean of
Source freedom squeres squares £
Total ‘99 55,24
N 4 8.72 2.18 H.08 (VeVeS.)®
P 3 8.03 2.68 11,16 (V.V.S.)
K 4 1.65 ' .Y 1.‘1 (“080)
NP 12 11.68 97 .06 (VeS.) |
KK __16 - 7.98 « 40 1,91 ‘So at 5%)
PK 12 4.58 .58 1.58 (N.3.)
- NPK 48 11.52 .24
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~ Table 8, (Continued) analysis of Variance of the Fresh Weight 6f
"o Seedlings
C. (Breakdown of treatment varianoce

0 1,22 405 4 ué 20 va pl £ p2 £ pd

NS VS N £ WS £ 0O £ 0 (M.8.)  PY vs Pl L % £ PO (V,v.8)
A} Vs n“’; u:'/‘ ué ’(‘s.,,ac &%) Pl vs rfﬁ P ’:l.s.) :

:5 gg :i ;‘lvl gv.v.s.) | P2 VS PV (N.8.)

KO vs Nl g i2°; XS (N.8.)

See figure for a, representative of the interreaction re-
sponse of the plant to KP levels.
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Table 9. Analysis of Dry Weight of Topi - sqodlingi

2,976
2,985
5,036
2,680
1,696

£

1,980
35,5658
3.370
3,928

of topss
8

b.31
8,69
2.6
.04
1,03
1.387

A, Two-way tables:

pY Pl p2 P> 4
MO .345. .680 .695 605 2,378
¥l .,800 .615 .980 .860 2,968
N2 4356 1.040 .730 L8B30 3,038
N® 335 590 B35 1,220 2,680
N6 365 440 430 360 1,590
% 1.980 3.368 3,370 3.929

K¢ I S x¢
N0 .540. 456 .659B .896 ..390
Rl 850 .B80 650 880 626
2 ,810 .640 .880 675 «630
NS ,425 .400 .980 460 .41C
Né¢ (310  .390 .398  .270  .230
% 2,135 2.460 3.200 2,566 2.286

xY xl K2 ) xt
PO .240 .400 L5156  .465 +360
Pl .600 .6886 L6770 L,760_ ,750
P2 .645 ,685 .720 -,700 .620
PO .650 795 1,206 L,630 .55
% 2,136 2.468 3.200 2,556 2.285
B. Summary of analysis of dry weight

Degree of Sums of = Mean of

Souroce freedom squareg squares
Total 99 <5369 -
N 4 .0678 +0170
P 3 ,0826 . .0275
K 4 ,0355 0084
NP - 12 .0901 0075
PK 12 .0552 .0044
NPE 48 <1655 <0032

N\

(s)
(V.Se)
(3. at B%)
(Sc at 5%)
(N.S.)

“(NeSe)



TJauble 9. (continued) Analysis of Dry Weight of Tops - 8iid}$na-

C. Breakdown of treatment of variance:

KO vs Nl / W2 £ KO £ N% (u.8,) PY vs 1 £ PR £ PO (V.8.)
Nl v REZ MO £ M8 " (8. st 8%) PL V3 P2 £ PY =(N.S8.
. W2 vs m’ﬁ Nt 4 (s),‘ ) P8 vg po /(u.s.f )

ve ki £ k2 £ x93 £ K% (N.S.)
:z Vs xg;': r"}{ xt "(n.s.)
. E? v3 K2 £ K* (8 at 8%)
¢ Ka Vs K‘ "080) .
xl vs K2 (8. at &%)



TablelO, The Analysis of Variinbo
the Hypocotyl plues Roots

19.8697

+4140

Ae Two-way tabless
PO pl p2 £
ng 730 13,40 10.40 14,68 45,76
N; 8,95 8,056 11,15 11,90 40,95
N° 9,30 12,786 6.80 9.50 38,35
> 6,20 5.10 06,60 6.50 24.40
K¢ 2.60 8.0 2.96 2,60 11,20
£ 34.35 43.26 37.90 45,15
0 x2 x2 : S -
x° 10.20 10.20 9.00 9,76  8.80 45,78
Rl 11,10 9.656 6.85 7,00 6.58 40,95
ug 10,00 6.656 6.65 8,20 6.85 38.38
¥’ B8.70 5.66 7.00 5.1 2,95 24,40
"t 2,68 2.26 2,26 2,00 2,08 11.20
4 39.65 32,40 31,88 32,08 26,00
xY k1 x° x4 £
PV 5.60° 7.70 8.6 6,66  6.18 34,35
PL 9,85 8.25 7,66 10.45 7,06 43%.26
Pg 9.80 8.10 6,60 8,05 8.35 37.90
P° 14,40 8.35 8,95 7,00 6.45 45,16
Z 39,656 32,40 31.856 32,06 25,00
B. Summary of analyais of variance of the fresh
hypoocotyl plus Roots. -
Degree of Sums of Kean of. .
Souroce freedon 3quares Squares L.
Total 99 DS, 4733 -
N 4 39.9902 10,0000 24,15
P 3 2.9326 «9775 2,36
K 4 5.5902 1.5476 3.28
NP 12 11,7451 .9788 2,56
NK 16 5.9460 <3716 .-
PK - 12 7 .5996 <6333 1.62
- NPK 48

of the Fresh Weight of
--mature plants:

weight of

(VeVaSe)
(NeSe)

‘8. at 5%)
‘Sn at 5%)

N.Se
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TablelO.(concluded) The Analysis of Variance of the Fresh
: Weight of the Hypoocotyl plus Roots, S

C. Breakdown of treatment variunce

NO VS N1 £ B2 £ MO / N% (V.V.8.) KO VB R £ X8 £ X3 £ x%(8) ~
Xl vs la;/l l°5¢ u‘f (v.\‘r.s.) ‘ Kl vs x2 ?‘ xS '/l x¢ '(‘l.sf ‘
:g ve :2 '(‘s;" (VoVeSe) §§ ve :2 {n“ ;u.s.)

8l vs 52 (n.8.) x0 vs Kl /£ 'g°/ 3 (3)

“~
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Pable 11 Analysis of Variance of the Number of Plowers
Produced,

A
1

o 22
Xl 28
N2 44
NS 32
§¢ 10

pl p2

33 39

64 088
26 35
47 37
16 9

Two~-way tables

P

28

66

26
21
8

Z 136 175 176 138

i.,

122
196
129
137

42

Z 141 181

x©

W0 39
m s6
8 35
NS 25
. 6

xi

26

)
25
36
12

K°

21
b5

13

ol
13

o

23
él
24
o4

9

Z 141 151 135 121

£

136
175
176
138

133 121

79

15 122
20 1986
S2 129
12 157

2 42

79

B, Summary of analysis of variance of the number of flowers

. Degrees of Suns of MNean of
Source freedon aquares squares b 48
Total 99 2246,75
| 4 597,90 149,48 10,20 (V.3.)#
P 3 59,59 19,80 1,66 (IQSO).
K 4 156,40 39,10 2,66 (8.)
NK 16 337 .20 21,08 l.4¢ (N.8.)
PK 12 191,56 156,95 1.09 (N.S.)
(E.T)NPK 48 704.84 14,68 '
Ce Breakdown of treatment variance
X0 vs N/ w24 RO £ W% (N.3) XU va X/ K2/ K%/ K% (N.s.
Nl vs 5/ N"/ K4 (v.8.) X1 vs x§¢ x{/‘ K% (S.at 5%)
N2 vs NS/ N (N.8.) KZ V3 K3/ K& (N.S.)
N5 vs m¢ (v.8.) K° V3 K% (N.8.)
#V .8, Very significant
#NeSe

th,significant
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Tnblo 12. Number of Flowers Open and In Bud Stage and
Average Length of Peduncle. )

“Flowers Average ireat- Flowers Average

Treut- Flowers in bud Peduncle ment Flowers in bud Feduncle
‘ment open stage {om) open _ atage (om,)
1, 4 4 1.5 26, U 2 5.0
24 5 3 10,6 28, & 2 5.5
S 2 1 10,5 27, 5 3 12,0
4. 2 0 16,0 28, 18 9 14.0
B 0 1 10,0 29, o 5 11,0
6, 9 5 9.0 0, 5 S 7.0
7. 4 4] 9.0 sl. 19 4 740
B 0 4 7.0 42, 11 7 ER:
9, 7 0 8.6 33, 7 4 B840
10, 1 S 7.0 o4 2 6 Ge0
11, 6 8 6.6  &5. 1 S 4.5
12, 2 2 b.6 36, .3 5 5.0
14 2 6 5.5 &7, 12 6 15.0
14, 4 6 6.0 38, 10 5, . 14,0
15, 1 4 7.0 9. S 5 10.0
16, 0 5 6.6 40, 4 2 8.0
17. 7 3 9.0 41, 6 2 15.5
18. 2 4 7.0 42, 5 4 12,0
19. 4 0 3.0 48, 2 v B
20, 1 2 7.0 44, 5 4 7.0
21, 1 5 9.0 45, 9 7 15,0
22, 5 4 7.0 45, 0 9 - 5,0
28 0 7 8 7. 7 k) 9.0
24, - 0 4 K 48, 2 2

4.0
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Tablela;(conéinuod) Number of Flowers Open und In Bud Stage -
and Average Peduncle Length,

A)

Flowers ,sverage Flowers AvVerage
Treat- Flowers in bud Length of Treat- Flowers in bud Length of
ment open stage reduncle ment open stage Peduncle
(cm.) = (em,)
49, 0 2 540 ‘72, 7 . & 6,0
50. 0 1 6.0 78, 5 S 6eb
51, 10 6 12,0 74. 7 2 16.0
52, 1 ) 6,0  Tbe 0 3 4.0
534 1 1 7.0 76, 0 1 5.0
54. 2 6 16,0 77, o 1 5.5
55, 4 3 12.0 78, 0 2 640
56, 0 2 540 79, 9 2 8.0
57, 1 4 7.5 80, 5 1 7.6
58, 4 1 8.0 8l. 0 . 4.0
69, 0 o 5.0 82, 0 S 5.0
60, 3 6 4.5 8. 0 2 4.0
61, 7 5 10,6 84. 0 1 4.0
62, 1 10 7.0 85, 0 0 0.0
63 0 6 G40 86, 0 2 8.0
64e 2 0 745 87. S 4 9.0
65, 0 1 4,0 88, 0 S 7.0
66, 4 4 10,0 89, - 0O 2 6.0
674 6 4 12,0 90, 0 1 540
68, 11 4 15,0 - 91, 0 v 0.0
69, ~ 8 4 11,0 92, 0 1 Se8
70, 1 1 4.0 95, 0 2 5e4
71, 1 S 5,0 4. 5 2 8.0



Table 12.(continued) Number of Flowers Open and in Bud Stage
and average Length of -Feduncle,

Flowers hverage . Flowers average
Treat- Flowers in bud Peduncle Treat- Flowers in dud Peduncle
nent open stage Length ment cpen - atage Length
(om,.) ~ (om.)
95, 0 1 87 8. 0 6 B2
96. 0 0 ' 0.0\ . 99. 0 1 4.5

87, 0 1 8.0 100, 0 o o




Table 1&, The Number of Pots Producing Flowers at Differ-
' ent Intervals from the Beginning of the Treat-

ment, .
TIno Inter=- Tevels of Phosphorus
val - Days# O PPK, B PP, .1'6"?12 M, 80 PPN, __
(0-H (C=N
102-108 0 0 1(60=-K 2 (15-~30 K
(26-N (28=-560-~N " (Q=26 N -
109-139 0 5 (15~-60K 2(30-100-K 2 (16-30 X
(25-50N (100=N (100=-N ° (26=-N
- 140-168 2(30-K 1l ( 18- 2(16-K - 2 (60=K ,
Total 2 4 5 6

#After December 15, 1948 there wus very little difference
in the time of blossoming of the remaining pots.
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Tableld, Average Number and Size of Leaves -~ Seedlings

Pet~ Number of Leaves ‘AVerage §Iu.
No. Beginning End Beginning knd
1 2 2.6 1.4/1.5 1.7/1.5
2 2 Se 1.0/1.6  1.6/1.6
3 2.6 3. 1.4/1.0 2.0/1.5
. 2,6 4 2.0/1.8  1.5/1.5
o5 4 ‘ 2.0/2.0  2.0/2.0
6 2 4 2,0/1.9  2.0/2.0
7 K 4 2,0/2.5  2.8/248
8 S 4 2.,0/2,0 2.1/2.2
9 3 4  2.2/2.2  3.0/3.0
10 S 5.6 1.4/1.4 1.7/1.7
11 2 4 1.4/1.4 . 2.2/2.0
12 2 4 2e4/2,5 2.4/2,5
13 3 - 4 1.6/1.6  2.2/2.2
14 2,5 4 1.3/1.8  2.0/2.5
16 ) K 2,5/2.5 2.5/2,5
16 5 4.5 2.6/2.9  2.5/2.5
17 3 4 2,0/2e3  2.0/245"
18 2 4.5 z;q/z.o 2.5/2.0
19 2 3 3.0/2,0 2.5/246
20 3 4 1.7/2.0  1.,7/1¢6
21 2 3 1.4/1.5  1.8/2,0
22 3 2 2.q/233‘_ 240/2,5
25 S 4 1.4/2;0 z.q/a.a
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Table 14, (continued) iverage Numbor and Size of Leaves --
Seedlings .

2

e 1

Pot Number of Leaves

Average Size #

Beginning End - _Beginning End

24 3 3 1.6/1.6 1.9/1.9
25 3 5.5 1.6/1.6  1,7/1.7
26 2 3.6 2,5/2.8  3.5/540
27 1.6 4.5 1.9/2,0 2.1/2,2
28 2 2 1.6/1.6 ° 2.8/2.0
29 4 4.6 1.4/1.4 2,0/2.0-
30 2 2 1.7/1.7  1.8/2.8
31 3 545 1.7/1.5 2,6/2.,0 °
32 3 4 1.5/1.2 2,5/2.0
33 2 3 1.4/1.6 2,6/2.3
34 3 6 1.8/2.,0 2.5/2.,0
36 4 5.5 2.5/2.8 340/240
36 2 4 2,0/2.0 2,4/2,5
87 3 4.5 2,0/2.0 2,1/2.3
38 2 4 2.0/2,0 2,5/2.,6
39 2 Se5 2.0/14  1,7/1.5
40 3 3.5 2,0/2,0 2,3/2,0
41 2 2 1:7/2.0 .-

42 2 2 2.0/1.9 2.5/2,0
43 ~3 3 - 1.7/1.7  2.6/2.5
44 2 2 2,6/2.6 1.97/2.0
46 2 3.5 1,7/1.7 1.8/2.0
46 2 2.5 2.2/2,0  5,0/2.5




Table 74 (continued) Average Number and Size of Leaves --
Seedlings

ﬁumbor of Leaves

Average Sisew

No, of

Pot Beginning End Beginning End
47 2 345 1.6/3.2  3.5/3.8
48 2 6 1.6/242  1.7/2.0
49 3 5 1.2/1.4 2.0/1.8
50 3 K3 2,0/2,0 3e5/8.5
51 2 4 1.9/2.7  2.4/2.0
52 3 4 2.0/1,6  2.1/2,0 .
53 2 2 2e8/1,5 --

54 2 3 1.,6/1,6 2,0/2,0
65 3 5 1,2/1.2 249/244
56 2 S5 2.0/2,2 3e0/2¢6
57 - 2 2.,5/2,0 5,0/2,0
58 2 4 2.5/1,9 2.2/560
59 4 7 1.2/2.1 2.8/2.1
60 2 2 2:6/1.5 2.0/2.5
61 3 3 1.8/1,2 --
62 246 ) 2.2/2,2 .-
63 3 s 0~ 2.0/2,2 --
64 3 _ 2 s.q/z;pi-' S3e3/540
65 2 1 1.5/2.0 1.9/240
66 245 ) 1.2/1.2 1.6/1.6
67 s 3 1.3/1.4 1.7/2.0
68 3 5 2.,0/2,2 2e3/265
69 2 2 1.7/1.9  2.0/2,0
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Table X4 .(continued) Average Number and Size of Leaves --

81
" B2

Seedlings
No. of Number of Leaves AvVerage Siioa
Pots Beginning knd Beginning End
70 3 'y 2e2/2e2  2e5/242
g1 2 1 105/1.5  $.0/8.0
72 2 ) S 1.5/1.6 1.7/1.8
"3 4 4 2,0/2,0 1.6/6,0
"4 3 3 1.5/1.,6 2.4/2.4
76 2 2 1.0/1.0 --
78 4 4 108/1.9 2.8/3,0
77 3 7 1.9/1.9 1,5/1,.9
78 3 7.5 1.5/1.6  2,0/2.6
{ 79 K "B b 1.5/1.8 1.7/2.1
80 1.5 3 1.6/1e6  1.7/240
2.5 0 240/1.7 .-
2 S 2eC/1e7T 2.5/240
83 2 4 1e6/146 1.Q/é.6_
84 2.6 3 2e2/2.0 2.9/2¢5
86 3.5 4 1.4/1.4 . 1.4/1.4
86 5.5 5.5 2.0/1.5 2.0/1,5
: 87 k) 3 1.,0/1.5 --
88 S 3 2.5/2.6 .-
- 89 2 2.5 1.G/1.¢ 1.5/1.9
- 90 | 2 2 1.5/1.5 2,0/2.0
81 | 3.5 3 1.8/2.C z.q}é.a
92 2 S¢5 1.2/1,5 1.8/1,7
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Table 14.(continued) Average Number und Size of Leaves =--

Seedlings
No., of Number of Leaves | average Sligew
Pots Beginning knd Beginning Bnd
99 2.5 Y - 1.5/1.5 - 1.9/1.,5
o4 2,5 2.5 1.2/1.2  1.5/1.3
96 o 2,5 1.5 1.2/1.2  1.5/1.5
98 | 1.5 s 1.9/1.9  1.8/1.6
7 s 4 1.6/1.7 ~ 2.0/2,5
98 e 2 1.8/1,6 ==
99 2.5 3 2.6/242 -
100 3 3 1.5/1.6 ’2.9/2.0

#First nuober represents length 6: leaf and the
second number width of leaf,
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In this experiment, there were several outatanding.
responses of tho half-mature cyoclamen to the various
-levels of nutrients used, The planfl did not thrive
when given 200 ppm, of nitrate nor undqr 100 ppm., of
potassium. « combination of these two levels resulted
in very poor growth even when they woro-combinod with
the highesc level of phosphorus, 20 ppm. ‘Although the
extremely high level of phosphorus, 20 ppm. did not -
result in the death of the plant when used alone, -=~ |
- as was the case with nitrate ni trogen and_potaaaium.--
there was & definite reduction of growth,

Three weeks after repotting, potnqalum toxicity ap-
peared on the leaves of tﬁ§ plunts which were maintained
at 10G ppm. of potassium combined with O ppm. nitrate,
Potassium toxicity appeared on the seedling plants at
100 ppm, potagsium, O ppm. phoasphorus and 25 ppm. nitrate
nitrogen. High levels of potassium used in conjunction
with low levels of nitrogen und phosphorus resulted in in-
Jury which was symptomatic of potassium toxicity.

The level of nitrnte‘nitrogen which seemed to give the
best results in the dry woiéht of tops wus 256 ppm. The
dry weight of the tops at 25 ppm, was significantly greater
than that at C ppm, of nitrate, but the qula;/;btainod ﬁa
& result of niﬁrate levels of 50 and 100 ppm. were not signi-
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ficantly greater than those obtained at 26 ppm. There-
fore, where plants with maeny large blossoms, average size
foliage and good balunce are desired, 25 ppm. will give the
best r;auitl. However, if & large plant with fewer blos-
soms 1s désirod. 60 or 100 ppm. would be bbAt.

The greatest number of blossoms was produced &t a con-
centration of 25 ppa, of nitrate and Qp ppm. potassium, The
mumber of bloaagms produced at 28 ppm. was significantly
gronfor than that producod at 650 énd 100 ppm, nitrate, “tA

O ppm. nitrate the numdber of blossoms deoreased as the oon-

centration of potascium increased; but at 26 ppm, of nitrate;

L]

the number of blossoms increased as the potallihm‘ﬁau in-
oreased until ﬁhe maximum was reached &t S0 ppm., «nd then
decreased with further increases in potaaaium.' This was
also true with the fresh welght of the topa.~ There was &
close correlation ﬁetwoen the number of blo;som- produced
and the fresh weight of the tops.

Phosphorus as a whole did not cause statistiocally sig-
nificant differences in the growth of the mature plants,
The greatest number of flowers waa;produoéd «t 10 ppm,
phosphorus, but only one moré flower was ;§oducod at thia'
level than at 5 ppm. Therefore, 5 ppm, of phosphorus was
&s effective as any other level and decidedly better than
O ppam.

In the seedling growfh. however, phosphorus effects

were highly significant, for most of the factors usid as & -

g
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neasurement of growth, If% oaused significant inoreases

in the total dry'and‘froeh welphts and in the dry and

fresh weighta of tops, The only relationship in the seed-

1ings wherein phosphorus did not produce statisticsally

significunt differences was in the dry and fresh weights

of the hypocotyl and roots, 86 npm, of phosphorus affected

the samne umount of growth atatiétioally as 4id 10 »pm, and

20 ppm. although both 'rodused slightly more growth than.
did the 5 ppm,

\ The ability or'high.phosphorua to oncourage early
flonering when comhined with 15 ppm. of potassium and O
ppu, of nltrate'waa demonstrated clearly by the results

e

shown in Plate 4, fﬁls tendency was not sustained when

the nitrate level was inareased, )
" The interaction of NP levels upon the fresh weight
of the seedling tons is shown in Figure 14, The maximum
growth at O npm, of nitrate was obtained when combined
with 20 ppm. of ohosshorusg; at 25 pnm. of nitrate, with
10 prm, of Dhoanhorué;nat 50 rnpm.,, with 5 pom. of phos~
phorus; and at 100 ppm. with 20 ppm. of phosphorus.
From C ppm. up to S0 ppm. of nitrate, maximum growth of
the tops was attained by doorensing'the phosphorus from
20 ppm, down tc $ ppm, us the nitrate was inoressed., In
other words, in order to get good growth of seedlings at
low nitraté level, the phoaphorua‘muat; be high, and the

phosphorus nust be diminished ss the nitrate is increased

until 100 ppm, of nitrate is reached.

X



Whon the potessiuvu levels ware incremaed, & decrease
in the fresh und dry weights of the hypoocotyl und rcots
rosultod.' kach level prodiuced & significant docreaaé over
- the other, The best root aysten was produced at thé
lower 1le¢vels of rotassiua snd nitrogen.

In the statistical anslysis of tho dry welght of the
seadling tors, potassium proved aignificanc at the 55 point.
'In.a breakdown Qr.this signifiounce, S0 ppm, of potassium
showed up the béat. The dry welight of the tops at 40 phm.
of potassium was aignificantly gresater tnan thut at o0 ppm.

gnd at 15 ppm,
ﬁtudy of Girmlnation and Hypdéotyl Development

To determine the influence of light und temperature on
the germination of cyclamon seed, and to study the develop-

ment of the hynoocotyl, the rollbwing experiment was under-

taken,

Plan of Procedure

400 oyclamen seeds were divided into 8 lots of &0
seeds ecch, A total of 100 sveds for 3ach treatuaont was .
gorminatéd under the foklowing conditionsg

809F, -~ in darkness
‘5°°F. -~ in darkness
60%F, -~ 1in continuous light
409F, -~ 4n darkness



60 seeds were pluced in & petri dish oﬁ'aterilizad
blotting puper. The paper was ruled in squures to locate
each seed, These dishes were placed in 40° and 60° F,
Refrigerator rooms and in an 80° F, oven on January 19,
1949. | | _

To reduce the fungus growth, the sesds were placed
in a jar and shaxen until thoroughly covered with 5Araaan"
(tetramethylthiuram disulfide - 50% inert ingredients -
50%) o | .

After six days it was observed thut fungus growth,

if allowed to continue, wus sufficient to alter normal
germination, All seeds were then soaked for S-4 minutes
in an aqueous solution of bichloride of mercury, (1 gm.
per liter) und thoroughly washed with water,

The seeds were observed dully and moistened with
distilled water when noceaéary.

Hyppootyl Development; A hundred of these seeds
were pléntod'in 4 regular sesd pan gnd placed in u wara
greenhouse, at different stages of germination three or
four were removed and studied under low magnification,
Drawings were mude und photographs taken to record de-
finite stages of germination. Some embryos were excised
before germination to identify the stage at which the

swelling ér the hypocotyl was evident,

e
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Observations

There was no gorminafion of seeds at 80° P, More
fungus and bacterial growth appeared in the‘potri»diahoa
at 80° F. than in those at 40° and 60° P,

After 91 days, only two per cent (2%) had germinated ..,
at 40° F. The experiment was terminated April 12,. 1949,

The gofminaeion data at 60° F. under continuous 1ight
are presented in table 17, The average number of days for -
germination was com;utod as 67,9, or 26,2 days longer than
that required for germination at 60° F. in darkneas. ‘The
percentage of seeds which germinated under continuous light,
was 65%, while that of the saodg in darkness was 6n1y 54%.

~ The seeds at 60° F. in darkness began the germination

within 27.days and continued for 47 days (table 18). The
average number of days for emerQGnce wias 41,7, The accumu-
lative germingtion for both light and dark oonditions, at
5 day intervals, is grarhically presented in figures 17 and
18, i , |
| Hypocotyl Development: The excised embryo showed
that, awelling was not present in the dormant embryb (see
plate 16), but was in ovideﬁoe just before the rﬁdiolo
emerged from the seed cost, Plate 17 was prepared just
as the radicle appeared as &4 bulging point beneath thé

seed coat and shows clearly the beginning of the rormutiqn
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of the tuberous-like structure, Wwhen the radicle had
completely eamerged from the endosperm und seed coat, as
" shown 1in plate 18, the awelling was quite visidle to the
naked eye, _

There was very little alongatibn of the primary root
radicle. It seemed to remain as & knob or plate &t the
base of the swelling from which the secondary roots arose,
The hypocotyl swelling wal\woll established before any

secondury roots anpearel, This 1s shown in the two seeds

at the extreme right of plate 18, -

o~

- Discussion

The germination of cyclamen seeds under tho,cohdi-
tions of this experiment required an average of 41,7 days
in darkno-sAat 60° F, Laurie and Kiplinger (10) stated
thnﬁ from 4 to 5 weeks at & temperature of 55°-60° P, was
required for germination, uo;t»writoro have recommended
that the seeds be planted in August, The faot that this
experiment was conducted between January and April may
poJEiply aooount fa this di-agroeﬁent in time of germina-
tion.

The se:ds placed at 80° P, did not germinate at all,
and only two per cent (2%) of those at 40° P. It 1s
thorofdro sconcluded that 80° F, is too high a temperature
for germination, while 40° P, is too low, The optimum
temperature for gcrﬁinntion under the conditions of this

experiment must fall between 40 and 80° F,



-85- . ' i

Yet, 26.2 more days were required for the -8§db\t:o
germinate at 609 P, in continuous light than for é?oi‘
&t the same temperature in darkness. apparently, then,
ocyclamen aooda:are aengitive to 1light, This may ﬁdeuo
to the retarding effect light has upon the fornation of
certain enzymes which take psrt in gormination..‘;!i‘

Although germinstion was faster in durkniua tﬁan in
1ight, the percentage of seeds which germinated uhdnr '
"1ight was greater than that of those in darkness,.the
pcroentagoi being 656 and 54 respectively. Too n@ch em~
phasis should not be placed upon this, howovoé. because

the total number of seeds in each teat was never more

_than one hundred,

The swollen basal port;gn of the ocyoclamen developed
very early, sometimes even before the radicle had com-
‘pletely emerged from the seed coat, The primary root
continued to grow for .1 to .28 om, long befofe secon-
dary roots appsared at the base of this swollen structure.
The primary root never gave rise to secondary roots and

soon died,

From &l1] indiocations, this enlarged portion (ocon-
fusedly tormod the hypoocotyl, corm, or bulb by various
writorl)winoludod the transition region, hypocotyl and part
of the roots. In its composition, it is similar to that of
the b@ot; in that the beet "root" consists of root, tran-

sition region and several internodes of stem, It differs,
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however, in that the stem never develops in the cyolamen.
It differs from the glndioiul corm in that the leaf bases
do not surround the swollen structure but arise from the
very top of 1t, ( o

After oxoiai;g, it was possiplo to looate oniy one
developed cotyledon., This cotyledon apparently remains
in the seed coat and 1is an absorbing organ throughout
germination and early seedling growth, 'In the early seed-
 1ing the first leaf appesred, Gressner (7) believed that
this was the second cotyledon that had remained undeveloped
_in the resting embryo and later became the first leaf of
the young plant; Woodscock (18) in studies, with the en-
bryo noted alaso that there was only one developed cotyle-
don shioh made the radicle end look as large as the coty-
ledon end (platel? ). ‘ )
| Ho true stem developed, and the roots arose from the
base of the swollen area which must be made up of the
hypoootyl, having two parts (see plate 19); a tranaition
sone "B"; a swollen portion "C", which constituted the
\majority of this area, Since the radicle "A" did not
develop, the secondary root which &rose from the transi-
tion rone were consldered adventitious. It would there-
fore appear that the tuber-like portion of the oyoliﬁon

plknc may be considered to have be.:.n formed from the

hypocotyl.



‘gublo 17. oorninaéion of Cyclamen Seeds - 60% Continuous

Light -
Days to Emergence : - Total Seeds Germinated

35 I ' 2
40 » S
45 : 11
80 ' 12
88 . 14 -
60 - 16

; 65 ' 19
70 26
76 o~ 40
80 | | 58 ~

8% | 65
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Table 18, Germination of Oyclamen Seeds - 60% Darkness

Days to Emergence ' ~ Total S8eeds Germinated
30 ‘ ¢« -~
38 23
40 A ) . 26
46 1.

50 47
65 49
60 | T 49
65 . : 52
70 52
78 . ' 54

N\
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. SUMMARY
[
-« Under the conditions of this experiment, GCyclamen <
persicum exhibited the best growth with regard to flower

production at a concentration of 26 ppm. of nitrate nitro-

-~

gen, 15 ppm. of potassium und 6 ppm. of phosphorus. In
most instances, it was found that the treatments favoring
flowering were also the ones most condusive to excellent
top growth and total'growth as measured in terms of'trolh
woighta.

For the first six months of soodling growth, 1if a
low intensity of nitrate nitroson is present in the aoil.
for maximum growth i1t must be used in combination with a '
high phoqphorun lovei:‘;rho maxiomm response to inoreasing
levels of phosphorus, however, proved to be when the nicrato
level was hold at 80 ppa,

Although high phosphorus levels or 20 ppm. in OOmbl.nl-
tion with low nitrate levels tend to hasten rlowerlng, the
blosisoms produood are small and few, _

During the first six months of growth, oyclamohd re-
sponded baat to a combination of 50 ppm, nitrato, 20 ppm.
phoaphorua and 30 ppm, potassium, In the half-mature planta,

- approximately the last six months of growth, the best res-.
ponse came from a lower balance of 1ntoﬁn1§y: 25 ppn,

nitrate, 5 ppm, phoaphorus and 15 ppm. potassium,
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2he fuct that 26,2 more days were required to ger-
minate oyclamen seeds in continuous light than was re-
quired for germination in darkness shows that they are
light sensitive. Continuous light retards but does
not inhibit germination. '

' 60° F. 1s the most favorable temperature for germi-
nation of oyoclamen seeds,

The tuberous-like base of the ocyclamen develops at.
@ very oarly stage in the germination proooaa; It is
well eatablished before the primary root brinches and
beoomes extended. ' The op%zqution of this tuberous -
development seems to indicate that it consisted of a
hypocotyl, in two parts with a root. system which origi-
. nated adventitiously from the transition sone of the
hypocobyi. The swollen basal poption was made up mainly

of hypoocotyl tissue and may correctly be culled the
hypocotyl,



-95-

Plate 1. Ideal Plant - Grown For 177 days
at 25 ppm. Nitrate, S5 ppm. of
phosphorus and 30 ppm. of Potas-
sium, Note balance, syammetry and
proportion of flowers and follage.



~94-

Plate 2, Response of Cyclamen 160 days after reo-
potting to 9, 25, 60, 100 and 200 ppm,
of nitrate when grown at S ppm, phos-
phorus and medium potassium.
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Plate 3. Response of Oyclamen to 0o, 16, 30, 60,
and 100 ppm. Of Potassium when grown at
O ppm. of phosphorus and nitrates, Note,
potassium, as low as 30 ppm., Gecreases
growth when nitrogen is low,
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Plate 4, Response of Cyclamen to O, 5, 10, and
20 ppms of phosphorus when grown at O
ppm. nitrate and 15 ppm. potassium for
160 daya., Compare with first four pots
in plate 6.
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Plato 8. The effect of 0, 15, 30, 60 and 100 ppm.

upon oyolamen when groan at 26 ppm. ni-
trate and O ppm, potassium, Compare with
plate 3 in which the nitrate and phospho-
rus has boen ralsed one level each, .
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Plate 6., A comparison between the res-

. ponse of coyclamen to G, 6, 10
and 20 ppm. of phoaphorus when the ni-
trate wus changed from O to 200 ppa. and
the potassium changed from O to 100 ppa,
Noto that damage 1s not done by increasing
the phosphorus but by the high salt concen-
tration of either nitrete or potassiuum or
both., Increasing phosphorus tends to de-
crease the injurious effect. Increasing
“p" alone, however, showad slight damage.

Y



Plate 7., Reasponse of cyclamen to O, 15, 30,
60, and 100 ppm. potassium when
grown at 100 ppa. nitrate, 20 ppa.
phoaphorus and also at O ppm, ni-
trate, 20 ppm. phosphorus for 149
days. Left to right: upper rows

N - 100 ppae
P - 830 ppa,
K = Increasing by 0, 16, %0,
, 60, and 100 ppa,
Lower row:
N - 0 PP&.
P "20 ppa.
K - Increasing by O, 15, 90,
60 and 100 ppam,
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Plate 8, Cyclumen showing potassium toxiolty 149
days after repotting when grown #% 256
ppm., nitrate, O ppm. phosphorus and 100
ppm. potassium, This "K' toxiocity dis-
&ppearad as the phosphorus was inocreased.

‘e
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Plate 9. Response of cyoclamen 160 days after
repotting to 0,25,5C,100,and 200 ppm,
of-nitrate when grown at O ppa, potas-
siun and 10 ppm. phosphorus, Compare
with plate 11 and plate 2.
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Plate 10, The response of cyclamen seedlings,
149 days after repotting to 0,5,10
and 20 ppm, phosphorus when grown at 100 ppm,.
nitrate, 30 ppm, potassium and O ppm, nitrate,
30 ppm, potassium, Left to right: upper row
N - 100 ppm,
K - 30 ppm,
P~ 0,5,10,20 ppm,
Lower row;
N.—O ppm, o
K - 30 ppm,
P-0,5,10,20 ppm,
Note: 100 ppm. nitrate was injurious when no
phosphorus was applied although potasslum
level 1s at an optimum, |
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Plato 11, Hesponse of cyclamen to 0,28,50,
10C and 20C pom, nitrate when
grown at O ppm, of potassium und
ghosphorus for 1lo0 days, Compare
with plate nine.

Q.
N
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Plate 12, Response of cyclamen seedlings to O,
26,50,100 and 20C ppm. nitrate when

grown at 20 ppa. phosphorus, 30 ppm. potassium

and O ppm, phosphorus, O ppau. potassium for 149

days. Left to right: upper row

‘ - 20 ppm.

- S0 ppam.

- 0, 25, 50, 10U¢ and 200 ppa.

Lower row: .
- O ppme.
‘O?Pmo
0,25,50,100,200 ppme
Note: High nitrato did not become injurious until
at the 20U pnm, level when "P" and "K" are
at optimum levela. Compare with plate 15,

=Y =R
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Plate 135, Kesponse of oyoclamen seedlings to O,
25, 60, 100, 200 ppm. nitrate when
grown at 20 ppm, phosphorus, O ppm. potassium
and O ppm. phosphorus and potassium for 149 days.
Compare upper row above with upper row of plate
12 to see importance of NK interaotion, Left to

right: upper row

P - 20 ppm,
K - 0 pmo
Lower rows ’ B
P - O ppm.
K~ O ppm.
N - 0, 25, 60, 1CU and 200,
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Plate 14, Roopon;o of oyclamen to comparatively
’ extremely unbalanced nutrients,

Left - Right
N -0 : N - 26
P -10 P -10
K -30 K - 30
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Plate 15.

.Response of cyclamen to comparatively

closely balanced nutrienta,

Left

.

25 ppm nitrat

5 ppa phosphorus
30 ppm potassium

Right

50 ppa nitrate
10 ppm phoaphorus
O ppm potaasium

4



Plate 15 »
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Stages in germination of cyclamen seed,
Reading from left to right; first two
seeds show a typical seed before and
after intuke of moisture, Third and
fourth seeds show the beginning of the
hypocotyl swelling, PFifth and sixth
seeds show the complete development of
the hypocotyl swelling. The seventh seed
shows the beginning of the secondary root
formation and the undeveloped prinary
root radicle,

——
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Cotyledon -

- o~

Hypocotyl

Handicle

Plate 17, hxcised cyclsmen embryo showing the dormant
~radicle, hypocotyl and cotyledon. No hypo-
cotyl swelling is evident. _



llom

=-Cotyledont ~ — — — o . . _.

FEate L@y menison vmbryos of greluden asads &% the e
the radicis Cag cansping froa thie ae-d coat,
Hote bepginning oy wvioeatyl suel llie &/t this
Qurly shale, -
-

15X 75



44 - ' -

v

- o

ll
Y
R

'y

Fs‘
Nt

o

Jdata 1h, Croeamen BE 44 Bwo stags, of germdnavlion
ieft: v olien bLy.soCotyl coa.lately faraed,

Riznt: saprlier stage with sselling of hyro~

cotyl sl htly evidont, -

-« 7

.08 eI

e udlcle Lo
Re Zrianatri-- o6 . e uvd COAY Ccune
Co :7oxr ,apt 2f Lu, ioutyl o taining cutyiedqcn
e P23 L~ ops s et ootTledon actliag an un s
wWric.o ' go,rDin . O, au,



1.
2.
J.
4.

S

6

7e

8.

e

10,

11.

-112-
LITERATU#E CITED

Brown, c:'A.. Some Helstionship 0f Soils to Plants.
Yoarbook of agriculture, page 794-798, 1938,

Cook, Ray, Tentative Directions For Testing Green
.Plant Tissue with Simplex So0il Testing Heagent,
Unpublished Report, Miochigan State College. 1947,

Dakers, J; Sep Tho'uo&orn Greenhouse pp. 61-2. (Fourth
Edition) 1946.

Fountain, G, A., The Lffects of Various Levels of Nitro~
gen, Phosphorus, and Potassium On the Growth of
Coleus, Thesis for the Master of Science Degree,
Michigan State College 1948.

Fuhr, John E., Nutrition of Begonia Semperflorens, Thesis
for the Degree of M. 5., Michigan state College,
1947,

gartner, J., B, Effects of Varying Levels of Nitrogen and
Potassium on the Growth of Primula obgonica
Thesis for the Master of 3Solence Degree, MNichigan
State College. 1948, ,

Gressner, Heinrick, zur Keimungsgeachichte von Cyclamen,
Botanishe Zeitung, 32:;801-814, 817-825, 851-6840.

1874, _

Hoagland, D, K., I&drgnnic Pianb dutrition, Puges 175~
174, 18644,

Jdokaon, H. A.,, Kenort on the Determination of the Con-
centration of Ritrogen, Phosphorus, Potassium,
Nagnesium and Culcium that are necessary to Obtain
the Beat Growth and Flower Production of the Gera-
nium Plant, Department of Horticulture, Michigan
State College, 1947, ’ .

Laurie, Alex and Kiplinger, D. C., Commercial Flower
' Foreing. (Fourth Kdition) pp. 447-8,

Merrill, Samuel Jr. and Greer, 3. h., Three Years rnesults
in Fertilization of Tung Seadlings in the Hursery.
Proc, Amer, Soc, Hort, Sci. 47, 181-184, 1546,



12,

13,

14.

‘104

16,

17,

o

1?.

=113~

Myers, B. 5. and Anderson, D. K. Plant Physiology.
T Page 427, 1939,
Painter, John J., Hetthew, D, and Brown, Ralph T.,
Responses of Bearing Tung Trees on ked Boy fine
Sandy Lesma to Potassium and Nitrogen, Proo,
Aner, Soc. Hort. Sci. 52, 19-24., 1948,

Sitton, Benjamin G., Response of Bearing Tung Trees to
Kitrogen, Phosphorus and Potassium Fertilisers.
Proc. Am., Soc. Hort. Soi, 62, 20-37, 1948,

Spurmay, C. H. Soil Testing. Michigan State College
Technical Bulletin 1352, 1944,

Shear, C, B., Crane, H, L., and Kyers, A, T., Nutrient

Element: A Fundzmaental Consept of Plant Nutri-
tion, Proceedings of the american Society for
Horticultural Science., 47. F. 239-248. 1946,

Vogel, K., Biermamn, C., Schneble, K., und Dierz, K.,

: Zur Topfplanze mit #asserl8slichen Voll
dingemitteiln. Gartenbuuwissenschaft, 14, pp.
531-538., 1940, : :

wWoodoook Edward ?. Seed Studies in Cyoclamen araioum'
liohig:n.aenan:g of Science, APEI and Letters,

17:415-419. 1933,



