Cultivation Vriesea gigantea

The photos were over exposed from too much light. We could not seem to capture
the beauty and true color of the flowers. One evening, we tried turning the flashes off
and usingflashlights asthe source of light.ltworked. | held theflashlights, strategically
placed,onthe openflowerswhile sheshotthe pictures.Theendresults were satisfying
and captured the real colors of the flowers.

Late one night while making pic-
tures, we saw an unusual small lizard
about 7 inches long with light beige
skinsetting ontheleaves.Thiswasour
firsttimetoseethis particularlizardon
any of our plants. It sat contently while
we made our nightly quota of photo-
graphs. Hopefully he did his share of
pollinating the flowers after we left.

Vr.giganteaadaptswellto central
and south Florida gardens where the
humidity is very high most of the
timeandthetemperaturesare usually
warm to hot. However, under the
canopy of a very large oak tree it has
withstood wintertemperaturesaslow
as 20°F many times and sustained be-
low freezing temperatures foraslong
as 72 hours.

Asyou can see from the plant de-

Vriesea gigantea flower. Photograph by Carol ~ scription, itisnt your typical window

Wolfe sill plant or even greenhouse plant.

During bloomingastheinflorescence

became heavier and heavier, we had to add some ties to the oak tree to supportit.

Vrieseagiganteaisagreatfoliageplantandwiththeinflorescencelastingseveralmonths,
it is a very worthwhile plant to enhance your landscape.

We are now into August and the last flowers are opening, the spent blooms are
drying up, butit has brought us many hours of enjoyment watching it grow, making
our nightly vigils to see the flowers, and learning to photograph at midnight with
flashlights in hand.
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Sources and Strengths of Nitrogen in Tillandsia
Propagation

Andrew Flower, BSI Editor

Introduction

Atmy nursery, Anwyl Bromeliads,
werananobservationaltrialtocheckthe
effectsonepiphytically-growntillandsia
seedling growth rates of increasing ni-
trogensupplyandalso differingsources
of nitrogen. We delivered nitrogen
sourced from nitrate, ammonium and
ureainthreedifferentcombinationssup-
pliedinfivedifferentstrengthsbetween
2 and 4 millimols nitrogen per litre.

Plants need access to various ele-
ments in addition to their primary
requirement forthe energyin sunlight.
In order to carry out the processes by
which they manufacture energy-con-
taining substances for future use by
themselves(ortheirconsumers).Carbon
[C], hydrogen [H], and oxygen [O], are
obtained from carbon dioxide [CO,] or
water [H,0]. A number of other ele-
mentsareneededtofacilitatethevarious
chemical reactions going onin plants,
andtheseareobtainedfrommineralsalts
dissolvedinwaterabsorbedthroughthe
plant’s roots or leaves. Of these nitro-
gen|[N],isthe element required inthe largestamount, and it can be taken from three
different sources in water: ammonium [NH,], nitrate [NO,] and urea [CO(NH,).]
Ammoniumand nitrate molecules are available in dissolved salts suchasammonium
nitrateand calcium nitrate respectively.Ureaisdissolvedinwaterasanintactmolecule
thatisrapidly decomposed by bacteriain soil, buttaken upintactin solution by plants,
such as tillandsia, that absorb water through their leaves.

Figure 1. Group of tillandsia seedlings at the
conclusion of the trial.

Wehavethesethreedifferentsourcesofnitrogenavailableforourcultivated plants.
Why do we need totestwhich onesare the best? Commercial research over the years
has shown that there are plusses and minusses to each of them.
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Energy efficiency isimportant. Plants convert the energy in sunlightinto short-
terminternally stored forms of energy to fuel the chemical reactions thatare goingon
inside their cells, and in turn some of these reactions convert carbon, hydrogen and
oxygen into longer-term forms of energy storage in the form of sugars and starches.
So plants have to expend energy in the processes of manufacturing their food. It fol-
lowsthatthelessenergy neededto manufacture stored energy, the moreeffective the
plantis.Nitratesand urea have to be converted intoammonium nitrogen by the plant
before it can use the nitrogen, which apparently means that absorbing ammonium
nitrate in the first instance will be more efficient.

Toxicity matters! High ammonium to nitrate-nitrogen ratios are toxic in most
plants,and so we need to be cautious in the use of ammonium nitrate. Urea has had
alot of bad press. | asked a group of tillandsia growers at an Australian conference
in 2006 how many of them would use urea on their tillandsias: no hands were raised.
Leaf-burn is commonly attributed to urea, but this burning is actually caused by an
impurity called“biuret”in the urea most commonly supplied for agricultural use. In
our trials we used a detoxified product sold as “low biuret urea.”

Side effects are a minefield. Nitrate nitrogen may increase the plant’s uptake of
calciumand boron, whilstammonium nitrate reduces uptake of calciumand magne-
sium.Ureaisthoughttoincreasethe penetration of other nutrients absorbed through
the leaves, which could be very useful for tillandsia nutrition.

Materials and methods.

We started with single batches oftillandsia seedlings of five different species,and
selected 25 plants of roughly the same size from each of them. One plant from each
specieswasgluedtoastrip of plastic (figure 1) and these 25 strips were then dipped 95
timesoverthe 120days of the trial. A dipping consisted of submerging the batches for
5secondstoapproximatetheamountofwaterbeing supplied byhandwateringtothe
otheroccupantsofthe growing-on house they werelivingin.The dippings co-incided
withthetimeswewatered the normalstockof seedlingsinthe growing-on house, with
the trial strips being left outside while the watering was in progress.

Each seedlingwasweighed individually atthe startandfinish of the trial,and then
the 25 groups of 5 seedlings were sent to a commercial laboratory to be analysed for
theirmineral content. Duetothe high cost of analysis, seedlings were analysedin their
groups of 5, not individually.

Allwaterusedinthetrials was demineralised by our reverse-osmosis system.Con-
centrated “stock” nutrient solutions were made up in groups of two 5 litre batches,
labelled“A”and“B". This was necessary because the calcium nitrate has to be kept
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in a different solution to the sulphates and phosphates to avoid having the calcium
precipitate out. We then added 30 mls of each “A”and “B” stock solution to 3 litres
of demineralised water to make the dipping solutions. Fresh dipping solutions were
made up each month.The concentrated stock nutrient solutions were made up in
three series:

“nitrate” with all solutions nitrate-nitrogen only (table 1);

“+NH,"with increasing concentrations of ammonium-nitrogen in solutions 2-5
(table 2);

“+urea” with increasing concentrations of urea in solutions 2-5 (table 3).

Stock solutions were designed so that the composition of treatment solution
1 would be the same in each series, delivering 2 mmols of nitrogen and acting as a
control. Treatment solutions 2 to 5 were designed so that they all received the same
formulaas solution 1, to which was added increasing amounts of nitrate-nitrogenin
the nitrate series, increasing amounts of ammonium-nitrogeninthe +NH, seriesand
increasing amounts of urea in the +urea series. Thus the total amount of nitrogen
deliveredineachnutientseriesnumberwasthe same,onlythe nitrogensourcesvaried.
Total nitrogen supply in the dipping solution for each serieswas 2, 2.5, 3,3.5and 4
mmols/litre in solutions 1 to 5.

ThefivespeciesusedwereTillandsiagardneri, T.ionantha, T.kautskyi, T.polystachia
andT.stricta. They were selected because they were reasonably expendable insofar

o nitrate | nitrate | nitrate | nitrate | nitrate
Fertiliser 1 5 3 4 z
A solution
calcium nitrate, g 86.5 100.0 | 113.,5 | 127.0 | 1405
potassium nitrate, g 20.2 329 45.5 58.1 70.8
iron chelate, g 1.5 1.5 1.5 1.5 1.5
B solution
mono-potassium phosphate | 27.2 27.2 27.2 27.2 27.2
potasium sulphate, g 17.4 17.4 17.4 17.4 17.4
magnesium sulphate, g 493 493 493 493 493
60g/Imanganesechelate,ml | 0.125 0.125 0.125 0.125 | 0.125
130 g/l zinc chelate, ml 0.0625 | 0.0625 | 0.0625 | 0.0625 | 0.0625
copper suphate, g 0.05 0.05 0.05 0.05 0.05
boric acid, g 0.75 0.75 0.75 0.75 0.75
sodium molybdate, g 0.05 0.05 0.05 0.05 0.05

Table 1.Nitrate series of stock solutions, delivering increasing concentrations
of nitrate nitrogen.
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- +NH, | +NH + NH +NH, | +NH
Fertiliser 1 5 3 " 4" 5
A solution
calcium nitrate, g 86.5 86.5 86.5 86.5 86.5
potassium nitrate, g 20.2 20.2 20.2 20.2 20.2
ammonium nitrate, g 10 20 30 40
iron chelate, g 1.5 1.5 1.5 1.5 1.5
B solution
mono-potassium phosphate | 27.2 27.2 27.2 27.2 27.2
potasium sulphate, g 17.4 17.4 17.4 17.4 17.4
magnesium sulphate, g 493 49.3 493 49.3 493
60g/Imanganesechelate,ml | 0.125 0.125 0.125 0.125 0.125
130 g/l zinc chelate, ml 0.0625 | 0.0625 | 0.0625 | 0.0625 | 0.0625
copper suphate, g 0.05 0.05 0.05 0.05 0.05
boric acid, g 0.75 0.75 0.75 0.75 0.75
sodium molybdate, g 0.05 0.05 0.05 0.05 0.05

Table 2. Ammonium series of stock solutions; level 1 nitrate solution plus
increasing concentrations of ammonium nitrogen.

- +urea | +urea | +urea | +urea | + urea
Fertiliser 1 5 3 4 c
A solution
calcium nitrate, g 86.5 86.5 86.5 86.5 86.5
potassium nitrate, g 20.2 20.2 20.2 20.2 20.2
urea, g 7.6 15.2 22.8 30.4
iron chelate, g 1.5 1.5 15 1.5 1.5
B solution
mono-potassium phosphate | 27.2 27.2 27.2 27.2 27.2
potasium sulphate, g 17.4 17.4 17.4 17.4 17.4
magnesium sulphate, g 493 49.3 49.3 49.3 49.3
60g/Imanganesechelate,ml | 0.125 0.125 0.125 0.125 0.125
130 g/l zinc chelate, ml 0.0625 | 0.0625 | 0.0625 | 0.0625 | 0.0625
copper suphate, g 0.05 0.05 0.05 0.05 0.05
boric acid, g 0.75 0.75 0.75 0.75 0.75
sodium molybdate, g 0.05 0.05 0.05 0.05 0.05

Table 3. Urea series of stock solutions; level 1 nitrate solution plusincreasing
concentrations of urea.

aswe had areasonable number of them, whilst trying to use arange of growth rates
withT.kautskyibeing one of the slowst we have grown, ionanthaand gardneriamong
the fastest.
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Results and discussion. Nov 11, | Mar 11, | growth | growth
The trials were conducted over late 2005 2006 | grams %

springandsummer(southernhemisphere) | nitrate
andthe75seedlingswereweighedindivid- | ¢oin. 1 3 56 26 86.66
uallyatthe beginningandend ofthetrial. | soln. 2 3.4 7.5 4.1 120.58
Afterphotographingandweighing,the15 | soin. 3 43 9.1 4.8 111.63
sets of plants were dried and analysed. | soln. 4 3.7 8.9 5.2 140.54
soln. 5 2.9 6.6 3.7 127.59

c . +NH

The gpal ofo.urtrlal..c,ls to optomlse ol 40 g5 as 112.50
the growing of tillandsia species from === 35 2 22 13105
seed, so this one was set up to mimicour [ 3 25 66 a1 16078
actualproductionsystem. Atanyonetime [ soln. 4 3.2 6.9 37 115.62
we havearound 30,000seedlingsandthe | soln. 5 3.1 6.6 3.5 113.00

batchesofany one populationare mainly | + urea
inthe 30to 50range:very occasionallywe | soln. 1 39 7.3 34 87.18
raise 2-300 in a batch. Seeds are germi- |-22n-2 34 73 4.1 120.59
nated on strips of mesh in an incubator, soln. 3 335 72 415 | 12389
) " | soln. 4 3.2 7.2 4.0 125.00
then moved to two growing-on houses [ 35 8.1 26 131.40

where they are grown on hangingupon
themeshesuntiltheyarelargeenoughto
begluedontocommunitysticks,thenindi-
vidualmounts.Fromgerminationuntiltheyleavethegrowing-onhousestheseedlings
arewateredbyhandusingnutrientsdissolvedindemineralised waterfromthereverse
osmosis plant. As mentioned before, the trial plants were dipped 95 times over 120
days, the same number oftimes the remaining plantsin the growing-on houses were
sprayed by hand usingasinglelowthroughput, fine SprayJetnozzle (young seedlings
with a nozzle delivering 0.3 I/min., older seedlings with one delivering 1.9 I/min.
Thisis enough to wet their leaves thoroughly). The growing-on house in which the

Table 4. Combined weights, in grams, of five
tillandsia species dipped in trial solutions
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trial plants were hung was receiving carbon dioxide pumpedin atnight-the epiphytic
tillandsias use a process called“CAM respiration”to take in carbon dioxide through
their leaves at night to avoid doing it in the heat of the day when excessive loss of
moisture cannot be quickly replaced because they have no ground-roots.

In reading the growth rate results,
| find it is helpful to bear in mind the
standard curve used to visualise therela-
tionship between nutrientconcentration
and growth rate (Figure 2). Atlow nutri-
ent levels growth will be retarded, and
growth rates will increase as the supply
of nutrientincreases. At a certain nutri-
ent level the growth rate will stabilise at
the plant’s maximum growth rate - this
is shown in figure by the green column
marked“adequate nutrition.”But plants
will not sustain their optimal growth rate
if the nutrient concentration increases,
and eventually a point will be reached
when the nutrientbecomes toxicand will
kill the plant - this phase is shown by the
red column. The optimal nutrient sup-
ply pointis at the beginning of the green
columninfigure 2, justbelow 100 on the
growth scale.

Trial plant growth during the trial is
shown as percentages - a plant that dou-
bled its weight in the trial period would
showa 100% growth rate. My primary fo-
cusisonfigure 3,the comparativegrowth
rates between the full group of five plants
ineach sample.Thisis because wedonot
have thefacility to tailor nutrient mixes to
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Figure 2. Relationship between plant growth
and increasing nutrient levels.
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Figure 3.Growth rates of the groups at the five
nutrient levels.

individual species, so must use the same nutrient mix and concentration for all seed-
lings across a wide range of species and from seed to flowering-size plant. Individual
species growth is also shown in figures 4, 5 and 6.

Root development was quite strongin all samples, and a visual estimate showed
thestrongestdevelopment, byasmallmargin, wasinthe nitrate-only solution 1 series
with 4 plants showing strong growth and 6 moderate growth (figure 7).
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Figure7.StrongrootdevelopmentonTilland-
siapolystachia(top)andT.gardneriinnitrate-
only solution 1.

At the conclusion of the trial, the plants
were packed up in their groups of five and
sent off to Hill Laboratories in Hamilton
tobedried and the ash analysed for mineral
content. The analyses are shownin table 5,
togetherwithsomecomparativeanalysesun-
der the heading “wild”at the bottom of the
table.These are two samples of wild-grown
TillandsiacircinnatareportedinBenzing (1980,
p.61&63) and a benchmark list of the con-
centrations of mineral elements necessary
for plant survival as formulated by Epstein
(1972) and listed in Benzing (1980) and Taiz
& Zeiger (1998).

Conclusions

These trials cannot be considered sci-
entific: the samplings are way too small,and
the experiments have not been duplicated.
Ourweighingandmeasuringequipmentand

Nitrogen in tillandsia propagation
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Figure 4. Growth rates of the individual
species in the nitrate-only group.

amd

o B R LI R ]

o]

— oW

wndk L

H R

—_—

=ik e

Figure 5.Growthrates of theindividual spe-
cies in the nitrate + ammonium group.
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Figure 6. Growth rates of the individual
species in the nitrate + urea group.

their operation do not meet quality laboratory standards. But | do think this type of
investigation beats the hell out of “shooting blind,"and it has certainly helped us to
bringtheseedlingsonmuchfasterthanwe usedto.Theyearstakentobringatillandsia

from seed to flowering-size are now half what they were ten years ago.
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N P K S Ca | Mg | Na Fe | Mn | Zn | Cu B
nitrate % | % | % | % | % | % | % |ppm|ppm | ppm | ppm | ppm
soln. 1 1 |26 | 15| 22| 68 | 32| .10 | 277 | 64 | 100 | 25 | 26
soln. 2 1 | 27 15| 21| 66 | .29 | .08 |175| 50 | 69 | 33 | 22
soln. 3 1 | 25 [ 16| 22| 62| 26 | .09 |163| 47 | 61 | 24 | 24
soln. 4 11 | 27 | 18| 28 | 74 | 24 | 08 | 172 | 44 | 97 | 26 | 19
soln.5 | 11| 25|18 | 22| .71 | 36| .07 |158| 45 | 73 | 21 | 23
+NH,
soln. 1 1 |29 |14 | 28| 6 | 36| .07 [136] 45 | 73 | 17 | 19
soln.2 | 11|31 |14 | 28| 6 | 36| .08 138 51 |130| 17 | 18
soln.3 [ 11| 28|12 26| 6 | 37| .06 |139| 47 | 100 | 19 | 20
soln.4 | 14| 29| 12| 30| 7 | 35| .07 |143| 54 | 96 | 18 | 14
soln.5 | 14| 27 [ 11| 29| 55 | 33 [ .08 |154| 50 | 91 | 21 | 19
+ urea
soln. 1 09 | 32 |15 | 25| 6 | 38| .07 |138| 52 | 150 | 16 | 14
soln.2 | 11| .29 | 14| 29| 6 | 35| .07 |130| 49 | 90 | 13 | 15
soln.3 [ 12| 31|14 | 30| 66| 39| .07 |114| 51 | 67 | 12 | 15
soln.4 [ 12| 29|13 | 29| 62| 37| .06 |137| 54 | 8 | 12 | 16
soln.5 | 13| 31 |14 | 27| 59| 36 | .07 |118]| 52 | 97 | 11 | 16
“wild”
Benzing A | 0.41 | .10 | 0.49 67 | 25 153 | 27 | 38 | 92 | 16
Benzing B | 0.46 | .068 | 0.40 68 | 22 124 [ 325[368 [ 162 133
minimum | 1.5 [ 20 | 1.0 | .10 [ 05 | 20 [.001 [ 100 | 50 | 20 | 6 | 20

Table 5. Dry weight analysis of plant groups by dipping solution. Comparative analyses
shown on bottom 3 rows are two samples of wild tillandsia (Benzing 1980) and the
minimum level of nutrients said to be necessaery to sustain plant life (Epstein 1972)

Element ppm
nitrogen N 40
phosphorus P 11
potassium K 55
calcium Ca 1.5
magnesium Mg 9
sulphur S 17
iron Fe 0.35
+ trace elments

Table 6. Theoretical delivery of
majorelementsinourcurrrent
nutrient solution.
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Thistrial showed thereisaslightimprovement
ingrowthratesatthelowernitrogenconcentration
(2.5 mmol/litre) if either urea orammonium-N was
added.Buttheammonium nitrateadditionshowed
atendencyto get toxic rather quickly fromthe 3.0
mmol N level onwards and | decided thisis notan
acceptablerisk.| changed the nutrient formulafor
our nursery use over to the one used in the +urea
series 2 trial.

| keep “bellweather” samples in our main
growing-on housesto monitorgrowth by monthly
weighing. Currently these are plastic strips with 12
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plantsofthe same speciesglued onthem. We changedtothe new nutrientformula on
June142006,andinthe 173 daysbetweenJuly 13,2006 and January 2,2007 theweight
gainof each group of 12 plants was:Tillandsia butzii 37%, T. tenuifolia40%, T.ionantha
35%. This period ran through late winter and a poor spring, reflected by the fact that
seedlings werewatered 91 timesover 173 days whereas the nitrogen trial plants were
dipped 95 times over 120 days. During this time we were not supplying extra carbon
dioxide to the plants at night, as we were when the nirogen trials were being held.

Ourseedlingsarenow beingsprayedwith the nitrate+ureaseries 2 stock solutions
diluted at 2 litres of each“A”and “B” solution per 250 litres of demineralised water.
At this rate the nitrogen delivery is a theoretical 2.8 mmols/litre. For the benefit of
readers who thinkin terms of ppm, the delivery of mineral elements by this solution
isshown in table 6. For those who always ask at conferences, the cF is around 4 - but
bear in mind that urea does not ionize in water, so it has no effect on cF.

| acknowledge the assistance of our horticultural advisor, Dr. R.A.J. White.
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