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28, 488 I'he toppling of wulipsis a physiological disorder that occurs, almost with-
out exception, only when the plants are forced in greenhouses. The disease 1s i "-,;
| i

Ll daracterized by the appearance of glassy, water-soaked arcas on the flower
s, Trip- geen, usually just before or during the flowering period. This is generally follow-
w Reper, od by shrinkage and furrowing at the site of the disorder, after which the porton
e above the lesions topples over. An extensive investigation into the cause of this

e

e Y,

wppling and the conditions under which it occurs was carried out by PingHOF 1

Y i virus (19292, b) whose work has been continued by Uvroerr (1934). On the basis of i

Y , dese studies, detailed observations were made concerning the occurrence of |

e dwad macroscopically and microscopically visible symptoms, and a number of exter- HaliE
factors influencing this phenomenon were investigated detail. The osmotic el

nal

¢. Phyto- - . ;
salue and the permeability of the eells and the Ca content of both healthy and

% Jiseased tissue were also analysed.
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Deseription of the symptoms ;
i
se first macroscopic symptom of toppling 15 an itercellufar inhitration. i
Ihe : ymy [ toppling tereellul {iltrat it
[ This may occur in any ol the stem dssues. 1 it begins in the éhlorenchyma, the 1 Al
J o . = ) i |
iileration is externally observable as glassy spot on the surface of the stem. b i |
When the inital localization lies deeper, 1t becomes superficially observable after Ly :F; { i
. PRI & 111
one or two days. i _ ) E!g '
At the onset of the infiltration the cells lying in the infiltrated arcas, which t HaE
. 5 = . . N it
itially consist of longitudinal streaks, have a normal appearance. However, e
microscopic examination shows that in many cases the flow of the protoplasm 1 3}
i slower locally than in the as yet unaffected arcas. After being brought into a ! F
plasmolyzing solution (c.u. 1 M sucrose), the protoplasts ol affected ussue fi%
1) Present address: Botanical Laboratory, Free University, Amsterdam, . i1
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252 ALGERA

become rounded more rapidly than cells showing no tendency toward infik
tration; they are in all likelihood less viscous. The retardation of the protor
plasmic streaming is, therefore, probably the result of a decreasing activity o
the infilirated cells.

The first microscopically visible changes take place in the nucleus which
becomes hyaline, making it more difficult o observe its structure. The next
change is seen in the eytoplasm which becomes lumpy and appears disorganized:
It often shows ‘caps’, not only under plasmolysis in sucrose or Ca(NO,), bur also
in sections embedded in paraffin oil in which plasmolysis does not take place
This latter Tact indicates that the ‘caps’ were already present in the diseased
cells and are, therefore, not the result of the penetration of ions from the plasmo-
lyzing solution, The cytoplasm may continue to swell unul tonoplast plasmo-
lysis develops. The cytoplasm also shows a marked Brownian movement. Al
these phenomena point to alteration of the plasma.

Lastly, the ¢ells begin to shrink, which weakens the stalk locally and causes
it to topple over (g, 1, right).

oL i L
e "lmr‘m;‘. 19119510 - R

Fig. 1. Right: toppling of tlips (cultivar ‘Korneforos'). Left: marked reduction of toppling
afeer administration of calcium nitrate

Factors influencing the occurrence of infiltration

a) Relationship between the clongation zone in the stem

and the site of infiltration
The site at which the disease appears is closely related to the clonganion
orowth of the stem. During this growth, the elongation zone shifts from the base
of the Tst (lowermost) internode via the 2nd and 3rd to the top of the upper-
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afil- most, or 4th internode of the stem. The closer to the base, the earlier the stem ‘ Z,if | ’
— cells are completely clongated. i ”I
: of To determine the zone of optimal clongation, marks were made with India i ]E5 ’
! ink 10 mm apart on the 4th internode of the stems of 13 plants just before (it
hich flowering. The distances between these marks were measured daily, the datly 115
AR ncrease in the length of each zone being expressed as a percentage of the length
. of the same zone on the preceding day. Table 1 shows the increase in length on i
Al the day on which the mternal infthration could be considered to have started,
Hace. I i e the day before the infiltration became externally visible, this interval having
ased ! been determined from prior observations. The zone in which infiltration began
S is indicated in table 1 by heavy wype.
L0~
Al i Table 1
Relationship between the site of initial infiltration and the zone of clongation growth b
in the 4th internode of wlip stems (cultvar “Murillo'). {
nuses Flongation growth is expressed as the percentual longitudingl increase of 10 mm zones in t
the preceding 24 hours, Values in heavy wype indicate the zones in whidh the first signs of i
infill['.lii("[l were L‘l‘_\c]‘\'{'ll ;"
i N6, ! ‘ ) Plint No.
| ! 2 3 4 3 6 7 b Y 11 12 I3
- I S o . oo e
| top 11 33 i
1C ay 25 20
9 40 20 43 il 13 22 36
] 35 12 27 b 38 33 A4 40 38 28 36
7 13 18 5 s o 29 44 28 45 33 360 30 27 g
8 0 5 4 20 o] 23 36 6 3 50 38 40 22
3 0 0 0 33 0 b 13 0 8 55 M 45 6 |
4 0 0 0 3 0 0 15 0 0 3 0 M 0 .‘
3 6] o] 0 3o 0 0 6 0 7 7 0 17 0
} 2 0 0 0 21 9] 0 0 o] o] 0 6 0 o]
‘l basis 1 ¢ 0 0 7 o] 0 0 0 7 6 0 6 0]
It can be seen thatin most cases infiltraton began in the zone in which clon-
qation was most rapid on that day. In 4 of the 13 plants the infiltration appeared ‘
]usr below the zone of most rapid growth. From the occurrence of the infiltra- Cl

“uppling gon in the zone showing the most rapid growth it follows that the infiltration

occurs Jower in the stem the carlier the developmental phase in which the
disordcr appears.

b) Influence of temperature

The stage in which the disorder develops is dependent on several factors.
One of these is the rate of clongation of the stem. Any circumstance that con-
L ibutes to the acceleration of the clongation is favourable to the occurrence of
Leation Jie disorder. Temperature plays an important part, not only during forcing but
dhe base Jso during the storage period of the bulbs before p};uu.in:.;. The temperatures to
upper- which the bulb is exposed during storage are determined by a pre-treaument
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lasting until the complete flower has been formed and an aflter-treatment lasting
until the bulbs arve planted.

The results shown in table 2 indicate clearly that the percentage of toppling
plants was lower the higher the treaument temperature and, therefore, the slower
the rate of clongation. This holds for both pre- and after-treatment.

In addition 1o the effect of temperature during the storage period, clon-
gation is also influenced by the temperature of the greenhouse. The higher the
greenhouse temperature, the more rapid the clongation, and this is again accom-
panied by a higher percentage of toppling plants.

Generally speaking, the disorder oceurs lower in the stalk the more the
temperatures both before and after planting promote toppling.

Table 2
Themtluence of the temperature at which tulip bulbs are stored before planting
on the oceurrence of wppling in two suseeptible culiivars
(in o ob the total number, 8§ days alter opening of the flowers).,
One part ol cadh series of planes was given tap warer and the other a solution of Ca(NO,),

-

cv. 'Mrovan der Hoel” ev. ‘Le Notre'

i ’
| . s E :
5 . N I - . sterine w i 3 FALCTINe W [ll
treatment L watering with I watering wich wrsnesi | ey
| A, (.J{.\'();;)g " B CH{N():I)')
i..|i‘ Willer . l.lp water .
| solution | solution
i
i i - _— e —
A l'.'ln':'ﬂ.'(l .lL"-(\I'L“T'I:.: to ;‘l'i."lri'.ll”'l(.'nt
LAYE 55 34 53 9
20°C 54 30 51 5
239¢ 25 18 35 1
2 weeks 25,57 1 23 26 15 32 0
4 weeks 25,5 23" 12 4 26 0
wranged according to after-treatment
T ¢ 59 42 54 10
| T 39 18 53 3
17 C 28 14 27 0
20°¢( 11 6 14 0

e

Physiological aspects of infiltration

The mbiltration could be imagined as a loss of fluid from the vascular
bundles, in ather words as a kind of internal bleeding,

Anatonucally; this assumption can be neither demonstrated nor refuted,
because the distance between the individual vaseular bundles is so small that
even very restricted infiltration s seen in the neighbourhood of out or more
bundles even when they are not a source of the infiltrate.

When cut and defoliated stems are placed in moisture-sacurated air, most
of them show extension of the already-present infiltration spots. Since no
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water is transported by the vascular bundles of these stens, the infiltration must
have origiated and spread due o the exosmosis of {luid from the vacuoles.
Such exosmosis could be cansed by an increase in permeability. Van SLoGriren
(sce Pinknor 1929h) indeed succeeded in inducing infiltration by making the
cells of the talip stem abnormally permeable by treating them with narcotics.
Praxrior (1929, b) also deseribed experiments in which she was unable, using
the plasmometric method of TTorek, to demonstrate aceelerated endosmosis of
slucose and sucrose in infiltrated cells. She found on the contrary an clevated
evosmosis in sections of infiltrated tissue brought into water, and ascribed this
cevation enrirely o the abnormally high osmotic value of the diseased cells.

This problem seemed important enough to warrant further imvestigation,
the more so because Pinkiior’s measurements were carried out in a period in
which the plants had already been discased for some time. It was even more
important to determine whether the permeabiliy is already clevated at the first
sccurrence of the infiltration. For this investigation stem samples were taken
for longitudinal sectioning from the site of the infiltration or, when infiltration
was not yet present, from the site at which it could be expected to develop. The
samples were then placed in a series of plasmolyzing solutions with increasing
concentration, the solutions being made with glucose, urea, or a mixture of
Pomssium and caleium nitrate. In both diseased and healthy cells, potassium
arate caused ‘eap’ plasmolysis, and often even tonoplast plasmolysis. This
would be prevented by the addition of calcium in a molar ratio of one pare

Table 3
gsmotic value (in gmol/l) at incipient plasmolysis of the parenchyma eclls before and after
e onset of infiltration in tulip stems and the increase in this value after immersion in
various plasmolytics,
Material was taken from the 4th internode unless otherwise indicated

osmotic value increase m osmotic value by endosmaosis in
i I plucose i urca glucose
b i fhe | ) : | KNOy | 4th | 2nd
i 1o o n” & - . .

:ﬂ:m Hfl ; “L | ! KNy | ; el Snd | , | inter~| inter-
e TV sy -par b - - & . N .

observed stem-par f ; urea 3;:” N e Ca(NOu)2| afrer | after | node | node

L & Y cr- cr- e ¢
1 ‘( ANy ! ; atter 2 hrso | 4 hes, | aleer | afeer
| fonode node | Jay
| i 23 Iday | 1 day
| * | |
i ‘ I

nefore infiltration 0.36 0.64  0.51 0.5l 0.025 0.08 0.19 0.000 —0.007
Cinternal infiltranion 0.68 0458 0.9 0.15 Q.31

g—1 day external

infiltration 036 0.55 C.4Y 0.045 -0.007 0.000
| =2 days external
Cinfiltration Q.38 0.63 0.50 0.060 -0.008 -0.020
1
33 days external
Cinfiltration 0.77 ©.54 0.000 -0.010
34 days external
[ mfiliration 0.40 0.050
|
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calcium nitrate to 10.5 parts potassium nitrate. In these plasmolytics we deter-
mined the osmotic value at incipient plasmolysis and the increase in this value
due to endosmosis after a period of time in the plasmolyzing solution.

The results shown in table 3 (columns 2—3Y indicate that in the 4th inter-
node there was Titdle increase in the osmotic value at the onset of infileration.
The infiliration, therefore, cannot be aseribed to an increased osmotic value.
In Tater stages of the disease the osmotic value shows a marked inerease, whid
was clearly expressed when the non-permeating glucose was used as plasmolytic.
In the 2nd internode of the same stems, which showed no symptoms of the
disorder, the osmotic value was barely or not all higher,

The permeabilite (columns 6—10), to the contrary, showed an increase af
the onset of infileraton. This was most marked when the rapidly permeating
urea was used as plasmolytic. After a period of two or four hours in this solution.
the osmotic value in tissue showing no infiltration increased by 0.08 and 0.19
mol/litre respeetively. Tn newly infilerated tissue this increase was 0.15 and
0.31 mol/litre respeetively (columns 7 and 8). The rate of endosmosis in the
nitrate mixture also indicates that the permeability of the already-infilerared
tissues was higher than that of the not yet infiltrared tissue (column 6). In the
glucose solution there was no inerease in the osmotic value, so no differences in
permeabilioy between the two kinds of tissue could be demonstrated (columns ?
and 10).

On the basis of these determinations, the infileration can be ascribed 1
increased permeability. The cause of this increased permeability could be @
disturbance of the balance of the various permeability-regulating ions.

Uvinrer (1934) investigated the influence of various mineral sales on thli‘
wppling process. She supplied these salts by applying solutions to the soil
during forcing in the greenhouse and also by cutting the plants from the bulb
before flowering and placing them in sucrose solutions with and without the
addition of mineral salts. She found thar the presence of the caleium ion in the
medium reduced the occurrence of toppling. These experiments led us to makea
further study of the influence of the mineral sales. In our experiments they were
usually supplicd in the form of potassium and calcium nitrate; in a few cases
other cations and anions were used,

The salts were supplied at various stages of the development of the plants.
In the first experimental series they were given at the time of planting of cooled
(9" C) and uncoaled bulbs, the bulbs being placed on a solution of the salt under
study. The carves in figure 2 show the percentage of toppling before, during
and after the opening of the flower. For both cooled and uncooled serics, IO.DP]‘
ing was much more rapid on a solution of the two potassium salts and disn”.c(l
water than on the two calcium salts and (calcium-containing) tap-water. The
effect of calcium nitrate was particularly favourable.

In acsecond experimental series the plants were watered afrer 1|‘nnsl'c.r o [h:'
yreenhouse with a solution of potassium nitrate or calcium nitrate. Figure
shows that the administration of potassium nitrate accelerated che oceurrence 0
toppling. Watering with calcium nitrate, to the contrary, gave a distince reear
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dauon. The favourable effect of water
table 2 for the cultivar ‘Le Notre! (

In a third scries, newly flow
solutions. Porassium, sodium,

g with Ca(NO,). can also be seen in
see also fig. 1 for cultivar ‘Korneforos’).

ered plants were cut and placed in various salt
and ammonium nitate
number of toppled plants (table 4.
since the infiltrated are

had litdde influence on the
They did promote mfbiltration, however,
a8 UF th' Stenm were !
distilled water. The favourable effect of ¢
This also holds for many

arger than those on plants pliced in
aleium nitrate is again very distinct.
anese nitrate. On 0.075, 0.050, 0.025, and 0.0125 M
solutions of these two salts, no toppling occurred in any of the plants (set 1)

although the appearance of symptoms ol intoxication makes it diffie
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Fig. 2. The influence of Caand K on the oceurrence of toppling in wlips (cultivar e Notre')
cultured on water (0.013 sramion/l). Controls on distilled water and tap-water, Left:

i bulbs
cooled at 97, Right: in uncooled

bulbs, Greenhouse temperature: 21 0(]
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fig. 3. The influence of Ca and K on the aceurrence of toppling in tlips (cultivars ‘Murillo’
ind ‘Le Nowre'), The plants in flats were watered regularly with solutions of KNO, (0, 2, 4,
6 and 10 g/1) and Ca(NO,), (0. 5, 1, 15 and 25 g/1). Greenhouse temperature: 21 9C

L P e




e

O CrFnow mzacyy

R S T PR R

RG]

e

ALGria

Table 4
The imtluence of several monovalent and divalent cations on the occurrence of tappling
i tulips (cultivar "Peadh Blossom’).
Cut flowers were placed for 24 hours in aseries of solutions with decreasing molarity
(12 flowers per treatment)

I st 1o Number of toppled flowers (n == 10) 4 days after cutting |
| 0.075 M. 0.050 M. 0.025 M. | 0.0125 M. | 0.0063 M. | dest. water |
| iy O | __,,*

1 et R S Y8 S

NaNuO, B 28 5 [ 5 6 ‘

‘ KNG, b4 1 3 7 ‘ 2

F NI NO 2# 3 4 G ! |

| Ca(N), o* 0* o 0 i 7

| Mu( Nt L (4% Q o® 0 l 5

| o |

st 200 Number of toppled flowers (n = 10) 5 days after cutring

| 00125 M. | 0.0063 M. | 0.0031 M. | 0.0016 M. | dest. water

NaNO, 4 4 4 7 3
KNO, 3 3 : 6 5
NINO, 4 3 5 3 6
Ca(NOY,), z 2 5 4 5
Ma(NOL), 0 ! 3 5 6

Symptoms of intosication on leal tops.

reliable conclusions with respect 1o this series of concentrations, At sull lower
concentrations (sct 2) the favourable effect is lower, the lower the concentration-
[t may be concluded from the results of this study that of all the ions used,
only the calcium and manganese ions can prevent toppling. Since the quantity
of manganese present in the plant is negligible, the question arises of whether the
toppling is caused by too low a calcium content in the plant, particularly in that
part of the plant in which the disorder occurs. 1f this is the case, the caleum
content would be Tower the more favourable the conditions under which th.C
plant develops are for the occurrence of the disorder. One of these conditions ¥
temperature. By means of the oxalate precipitation method (Loomis and Suutk
1937) the calcium content of the stem was determined in plants which had come
into flower slowly at relatively low field temperatures and in plants forced in
the greenhouse at temperatures of 157 and 27 “°C. The tst, 2nd, 3rd, and 4t
internodes were investigated separately just after the plants had flowered.
Table 5 gives the calcium content expressed as a percentage of the dry
weight and of the total ash weight. Both conversions give essentially the same
result. The caleium content of the lowermost internode is the same for all tem-
peratures. This is probably due to the fact that at the time at which the plants
were transierred o the greenhouse this internode was completely or almost conr-
pletely clongated. In the higher internodes the caleium content of the ficld plants
shows little or no decrease; the plants cultivated in the greenhouse show a mark-
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Table 5

The calcium content of stem internodes of talips yrown ac various temperatures

(cultivar *Mr. van der Hoely,
expressed as percentages of the dry weight and the ash weight

[ e N

| ot dey weigha a0 sl weight [
|
- H P | . | - | ) |
i parcobthesten | 809F | goop | BOUF ] apcop '
i green- 0 preens | [ield ureen- | oreen- ficld
house | house | house house
| |
| T
,‘ mternodium |
i (|cm‘\'\l one) 0.27 0.32 0.29 4.3 1.0 7
mternodium 2
[ and3 012 0.32 0.45 1.9 4.4 5.2
[ internodium 4
(upper one) 0.06 0.15 0.2} 1.1 28 4.0 '

ed decrease; especially at 27 °C. Ac this temperature the caleium content of the
ith internode is only a quarter of that of the ficld plants. 1t is just this 4ch

internode in which more than half of the plants showed symptoms of toppling

at 27 "Car a later stage of development.

Discussion

The favourable effect of divalent cations such as Ca' " and the low content
of this ion in the part of the stem in whid nfiltrations may occur justify the
assumption that the occurrence of toppling is caused by or is partially due to a
local caleium deficiency. To explain this deficiency we have evidence (see table 5)
that the Ca lons are more slowly taken up, mobilized, or transported than the
other mineral components. When the stem clongates rapidly, the calcium is not
supplied with sufficient rapidity in the zone of the most rapid growth, The
relative deficiency will increase upwards in the stem until it becomes so great
in this particular zone that the cells can no longer develop normally and become
discased. This hypothesis provides a simple explanation of the following obser-
vations:

I. The disorder oceurs higher in the stem the later the plants are cransferred
to the greenhouse. The longer the plants remain in the field at low tempera-
tures, the greater the part of the slowly clongating stem with an adequate
calcium content and the higher the region in which a later rapid clongation
will lead to a calcium deficiency.

=%

2. The disorder appears lower in the stem the higher the temperarure in the
greenhouse. At higher temperatures the clongation of the stem is accelerated

and the calcium content shows more lag during growth than at lower
temperatures,
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3. The promotion of toppling by the administration of glucose to cut stems
(Pivkiior 1929b, our observations). The taking up of glucose leads to a
more rapid elongation of the stem.

4. The infiltration beging in the zone where elongation is the most rapid. The
sharp increase in volume would cause the calcium content to decrease in this
zone, in which the chance would then be greatest that the calcium content
would drop below the required minimum.

5. In rare cases woppling is observed in field plants grown on calcium-poor
soil. In this situation a relative calcium deficiency also develops in the stem,
not, however, because clongation is too rapid but because too livle 1s
taken up.

Tt is difficult o visualize how the caleium deficiency would cause the
symptoms of toppling. The first observable symptom is infiltration. This points
to an increase in permeability, which has indeed been demonstreated: such an
merease might be caused by a deficiency of calcium, since calcium has the ef fect
of decreasing permeability. The reduced viscosity already present at the onset of
mfiltration and the signs of disintegration visible in the cytoplasm and nucleus
at a later stage both point to radical structural changes in the contents of the
cell, OF interest i this connection are the experiments of Marinos (1962) who
studied the apical stem meristem of barley plants with a calcium deficiency
and demonstrated electron-microscopically that in the cells of the meristem not
only the eytoplasm showed disintegration but also the plasmalemma and the
membranes of the nucleus and plastids. Tt is conceivable that a similar degene-
ration also occurs in the stem of the tulip, which develops a calcium deficiency
during the period of maximum clongation. Tt is highly probable thae this dis-
mtegration greatly inercases permeability, which causes the contents of the
vacuoles to flow outward and at a later stage leads to the death of the cell.

This loss of the cellular fluid causes a loss of turgor, leading to shrinking
and local weakening of the stem, which then topples.

Evaporation can also cause an increase in the concentration of the infilirate,
which would explain the high concentrations of sugar found in this fluid (see
also Pinknor 1929 b). Ocher experiments, not reported here, have indicated that
the nitrogen compounds and the ash components (with the exception of cal-
cium) tend to accumulate in the diseased portion of the stem. Since the dry
weight per centimeter of stem is higher in diseased than in healthy stems, this
accumulation must be caused not only by evaporation of the escaped cellular
fluid but also by the concentration of substances transported from another source
(accumulation from the leaves and taking-up from the bulb and soil).

Summary

H
The toppling of wlips 1s a phiiological discase which manifests itself as a
local infiltration of the intercellular spaces, soon followed by a degeneration of
the cell contents and shrinkage of the stem. Which part of the stem becomes
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infiltrated depends upon the storage conditions and temperature during devel-
opment. These factors also influence the suscepribility of the plants. The more
these conditions favour a rapid development of the plant the higher the per-
centage of discased plants. This is in agreement with the fact that the infiltration
site 1s closely related o the zone of optimal elongation.

At the onset of the infiltration there is little increase in osmotic value but a
marked increase in permeability. The infileration can be aseribed 1o increased
permeability and the latter could be caused by a disturbance of the balance of the
various permeabilivy-regulating jons.

Application of various salt solutions at various stages of development of
the plants shows, that potassium, sodium, and ammonium promote infileration
and caleium and manganese inhibit this process.

The calcium content in the toppling internodes shows a marked decrease in
comparison with healthy ones.

The assumiption, that the occurrence of toppling is caused by or is partially
due to a local caleium deficiencey is discussed.

Zusammenfassung

Dic Umfallkrankheic der Tulpen ist cine physiologische Erkrankung; sic
beginnt als lokale Infileration von Interzellularriumen im Stengel, gefolge von
Zelldegeneration und Schrumpfung des Stengels. K rankheisanfillipkeic und Ore
des Krankhcitsausbruchs im Stengel hiingen von den Lagerungsbedingungen und
von der Temperatur withrend des Wachstums ab, Unter Umweltbedingungen,
welche die rasche Entwicklung der Pllanzen begiinstigen, ist dic Zahl kranker
Planzen am héchsten; die Infiltrationen treten in der Zone stirksten Lingen-
wachstums auf.

Zu Beginn der Infiltration ist cine geringe Erhihung des osmotischen Wertes
und eme starke Erhéhung der Permeabilitit festzustellen. Die Infileration ist die
Folge der erhéhien Permeabilitiy, die ihrerseits auf eine Stérung im Tonengleich-
gewicht zurlickgefithrt werden kann, Kalium, Natrium und Ammonium begiin-
sugen die Infiloration, wihrend Calcium und Mangan hemmend wirken. In den
geschiidigren: Stengeleeilen ist der Caleiumgehale verminderr, Die Hypothese
cines lokalen Calciummangels als Krankheitsursache wird diskutiert,
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