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THE COUBINED EFFECTS OF NITROGEN NUTRITION,
TELPERATURE ANYD DAYLUNGTH ON GROWTH OF

GREENHOUSE AZALEAS

INTRODUCTION

Applied plant scientistus éfa becoming more avere of
the need for studies which emphasize the Iinterrolated
effects of envirocnmontal factors, both soll and atmospherie,
on plant grouth and development.

Previous studies on tho effects of temperaturse, day-
length, and nitrogen nutrition on growth and flowvering of
the azalec have mostly consldered tuese factors separately.
Consequently it has been difficult to apply the findings
from sueh single factor experiments to practical azalea
culture since these thros factors, among others, simul~
taneously act upon the plants. Until these three factors
are studied simultaneously, it is diffieult, if not impos-
sible, to accurately determine the nitrogen requirements
of the azalea under various teaperature and daylength
conditions.

with thils objective in mind a study was undertaken
to approach a solution of the problem of growing azaleas
under creenhouse conditions by means cof growth analysis.

By this means the relatlonship of growth to climatic
factors (light and temperature), to the effects of the

ma jor nutrient element (nitrogen) and to the differential



response of this porticular sslectlon of azalea {Hexe var.)
vas acasured.

In order to critleally study the interactions be-
tween the factors controlling growth of the ezalea, 4
secries of studlecs was nocesssry. These lnvolve controlled
envirennontal conditions and nitrogen lovels to study the
effcct of these factors on grouwth and developuent during
cach soason of the year. Helight and welght of the plant
material produced was used as g measure of plant response
in short torm exnperinonts with young vegetative plants, in
waich flowering response was not o factor. The results
freom such a serics of studies would provide basic informa-
tion on optimum temperature and daylength conditions for
moxirum grovwth and the nitroson roquirerionts of tlhie pland
during cach season of the year. This bosic information
could tuen be used to definc the coptimal condlitiens of
culture of the azalea which could be achieved iIn part

through controel of tenperature, light and nitrozen level.



LITEZRATURE REVIEW

Soil requirements for azaleas and rhododendrons are
well covered by Bowers (3, p. 136), who recommends pesat
moss &t pl 4.5 - 6.0 a5 a groving medium. lonthly appli-
cations of sulfur are suggested to maintaln the required
acidity. Azalea soils should be moist, well aerated,
spongy, and of & fibrous mature with good drainage quali-
ties, Ths shzllow fibrous root system of azaleas responds
gquite markedly to solls containirg abundant molsture that
arc well aerated. IHe points out that savwduvst may be used
if suificient nitrogen 1s added to offset any nitrogen
depletion resulting from nitrate assimilation by the micro-
orgenisms decouwmposing the sawdust.

Bosley (2, p. 33-35) believes tilth and porosity of
the soil mixtuwre to be ore vital to the azalea than
acidity, but subscribes to the well aersted conditions put
forth by Dovers.

Hisen (12) theorizes that mineral deficienciecs, cs-
pecially iron, will cause chlorosis in the azalea if the
pH of the grouving medium is not low. He considers tho
optimum pH of the growing medium for azzaleas (o be between

4,0 and 6.0.

Shanks, Link and Preston (13, p. 441-445) found that

the number of f{lowering stems as well as the number and



size of flowers pcr plent in most azales varieties tested
increased with sn increase in available nitrogen. Ccmpara-
tively low lovels of phosphiorus and potassium were found to
be sufficisnt for satisfactory flover production. Uigher
levels of these tuo elciments resulted in fewer flowers per
plant. A high potassium level resulted in swaller flowers.

Kiplinger and Bresser (9, p. 395-395) studied
multiple flower bud production in tho azaloa. They main-
tained three levols of nitrato in an acld peat medlum with
smmonium sulfate at the rate of one ounce per two gallons
of water. The thrse levels vere 10-25 ppm nitrate (low),
25«50 ppm (medium) and above 50 ppm (high). Thoy found in-
creased numders of flowor buds and siuilarly aumbers of
multiple buds at successively higher nitrate levels. ILater
vork of Kiplingcr and Nelson (1C, ». 16) confirmed these
results. Furthermore, a low level of nitrogen (0-10 ppm)
in an acid peat moss medium resulted in many blind shoots
end few shoots with multiple buds. Plants growm at & high
lovel of nitrogen (50-75 ppm), howevcer, produced fow blind
shoéts and many shoots with multiplo buds.

A more recent study shows that the ammoniuwa form of
nitrogen is more quiclly cssimilated and used by the
azalea than the niltrate form. Colgrove and Roberts
(5, p. 522-536) found the ammoniun form of nitrogen gave

better plant growuth with the Hexo variety of Rbododendron




obtusum then Gid the nitrate form. OSmaller quantities of
ammoniuvm than nitrate nitrogeon vere reguired to »roduce
satisfactory plant zrowth and felisge color. IHowever,
emmonium concentrations above 10C ppa decreasssd growth.
S5imllarly, reducing the azmonium concemntrotion and ine
creasing the nitrats concentration decreased grewth.

Barlier vwork by Cain (4, p. 181-166) with Highland
blueberries indicated also the ammoaium form of nitrogen
to be supcrior to the nitrate form in the grovth and de-
velopzment of this ericaceous plant. Cain believed
asraonium might be essentlal for blueberry grouwth and ni-
trate nltregen mlght be associated in somo way with iron
anutrition. In acld scills naturally fevorable for the
crovth of blueberries, denitrifying bacteris predomina%e
and rapldly cconvert nitrates into tho awmenium form.

The amount of literature published on the forcing
of azaleoo attosts to the cconomie importance of this
florista! crop. I{rom & revigw of recent literasture, Vicen
(12) concluded that ﬁhevazglea vas insensitive to photo-
period. He reports tempcrature to be the priacipal factor
in flover bud initiation and that high temperstures (18°
C minimum) are nccessary for flower bud induction.

Skinner (14, p. 1007-101l1) studicd the factors in-
fluencing shoot grouth and flower bud formetion in young

azaleca plants. ilo found that shoot growthh about doubled
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when the temperature was increased 25% P from a range of
50-55° P with a 13-hour day. Iowever, shoot growth about
deubled also when tho poriod of 1llumination wes increased
from 13 hours o continuous illumination while the tempera-
ture was kopt uachanged at 50-55° PP, At temperatures of
75-30° P increases in daylength from 18 hours to centinucus
illumination had 1ittle effect on shoot production., ith
continuous illumination shoot growthwzs gbout the same atb
both high (75° F) and low (50° F) temperatures. The effcet
of tomperature on shoot elongation was not pronocunced in
mature plants. Nisen (12) 2lsc had concluded that tempera=-
ture secmed %o be the limiting factor for vegetative growth
in young cuttings and planits, vhereas in mnaturc plante the
limiting factor was dayleongth.

The role of light intensity ls mentioned brisfly by
Dobrenbos (6, p. 141-146). ile found rhodcdendrons and
azaleas to be among those rare plants vhich remain healthy

and vigorous in the low intonsity light of winter.
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Three sections in the greenhouses were maintained
at night temperatures of 50, 60 and 70° ¥, respectively.
An attempt was made to maintain day temperature within 10°
P of the night temperature by means of evaporative coolers.
In eaeh section one~half of the plants every season were
grown under the natural prevalling daylengths and the re-
maining half were groun under an 1l8-hour photoperiod. The
18-hour photoperiocd was provided by extendlng the prevall-
ing daylength with artificial illumination provided by in-
candescent lamps placed 30 inches zbove the plants and con-
trolled by automatic timers. Light-tight black cloth cur-~
tains were drawn betwoen the two benchies at 5:00 p.m. daily
to prevent light from the illuminated benches from in-
fluencing the plants under prevalling daylengths. During
Season I, 200-wzatt lamps wore used to provide the 18-hour
photoperiod., ﬁowever, under these lamps the temperature
rose to 6-10° I above that on the unlighted benches.
Therefore, warm-white flourescent lamps were usged in the
remaining seasons to avoid this heating. ILight intensities
ranged from 115 foot candles at tho outer edge of the bench
to 180 foot candles direcctly under the lamps.

Realizing the neod for a standardized growing medium
upon which to base the nitrogen studies, an cxploratory
exporiment was conducted during the {irst threc months of

12857. Douglas fir savdust was used as a bagse for the
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During Soason IV a dilute nutrient solutlion was used
in place of these solid fertillzers. Hoagland and Arnon's
(8, p, 31) four-salt solution, containing aumoniun sulfate
as the source of nitrogen, was used at a concentratlicn of
50 ppm total nitrogen., Thls sclution was applled by the
"slop eculture” method at the rate of 150 ml. per can. The
feoding schedulo was as follows: cvery four days for the
high level (40-60 ppa total nitrogen), every eight days for
the medium level (25-4C ppm M), and every sixteen days for
the low lewvel (10-25 ppm W).

During ecach of the [our grouwing scasons, Sinplex
scll tests were made every tem days bto deternine thie level
of Nﬁé-m and I S-H available at ecch nltrogen level. TFilve
cans at each nitrozen level were placed on cach bench for
the purpose of furnishing sampling material for nitrogon
doterminations. These éans contained no plants but were
watored and treated the same as tlie cans containing plants.
The relative amounts of nitrogen beling released by the
urea-formaldehyde forzmulation were showm by these tests.

In the second and follewing scasons tue quick tests were
supplemented at monthly intervals by more accurate labora-
tory analysos for cumuonium and nitrate nitrogen. The
laboratery scil testing procedure was ossentially the same

as that used by Bollen, (1, 5. 1-3). Sawdust sasnlss were

taken from the cans and aligquots of caci: sample wore
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weighed and dried for 24 hours at 90° ¥, and then reweighed
te detcrmine moisture content. Aumonium and nitrate deter-
minetions were based on dry weight of the samples.

At the beginmning of each season, 180 plants were
plented singly in the cans conbtaining tho sawvdust in which
the various fertilizer clemonts had boen incorporated, or
in the cazo of Seascn IV, were plantod in sawdust contain-
ing mo fertillzers. Sixty plants were used in cach nitro-
gon series. Twenty plants at cach nitrogen level wore
placed in each of the thrce grecnhouse sections. Ten of
those were malntained uwndor the 18-hour photopericd and ten
undo¥r the prevelling daylength. This provided ten replica-
tions of cach nitrogen level whilch werc arranged in filve
randomized blecks on cach bench. The plante vere thon
grown under the ceveral treatwments for three wnonths. Dur-
ing caech three nonth zeriod, pinches were made monthly as
nogded to control plsat growth and shape. A pinch congist-
ed of the remeoval of the growing tip of a vegetatlive shoot
to stlmulate branching and to prevent uneven growith, The
dry weights of the shoots removed by pinchins werc added
to that of tho intact plant at the ond of each season to
determine the total dry mattor produccd.

At the ond of cach throe month period thc plants
within & treocatmeont vere removed and grouth measuremnonts

recorded. The tops wore scvercd from the roots at the
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crown. Plant height from the crown, or soil line, was
recorded in centimebers. The number of breaks and growing
points were recorded for cach plant. The term "broaks®,
as used here, refers to the number of times cach main otem
divided and produced two or more vejctative shoots. The
term "growing polnts™ refers to the nuuber of terminal
vogetative shootis.

vitrogen deficlency symptons were scored on an
arbltrary scale as follows: 1l- no Qdeficiency, 2- less than
2a8lf of tue loaves swowing nitrozen deficiency, and 3- half
or more of the leaves showlnz nitrogen deficiency. Scorch,
or follage burning rcsulting from unbalenced nutrition, was
rocorded on the saue arblirary scale. Plant weight was
reecorded as total dry matter. Tos tops and roots vere
washed and then dricd for 43 nours at 750 € before
weighing.

The data obtalinmed froz thess observations was sub-

Jected to analysis of voriance for intorpretstion,



RESULTS OF SEASUUAL BAPERILTITS

In this study of the interactlon of the major fac-
tors on growth of greenhousc azalons, season is of impor=-
tance only as 1% modiflcs teaperature, light and nltrogen
nutrition. In order to neasure the relative influence of
gachh of ticse factors on plant growth and development in &
foctorial study of tuls tyse, it is necessary to control
within rabther narrow 1imits the factors being considered.
The extent to wuhilch thsse factors can be contrelled cnd
studied in variousg scasons coponds upen the facilitiles
avallable., o interzrot the rosultsc of these sgoveral ex-
periments and evalucto the rolative influence of tompera-
twe, light and nitregen nutrliion on plant growth, wo
must consider {irst tihe dogrec of contrel achicved and the
influence of scason on ezcihh of tho several factors studled.

Light temperatures were maintained within the desir-
od 50%4%, 6024% and 70%4° I ranges during cach of the four
saa?ons. ilovever, control of day temperabures yresented a
problem during certain secasons because of the limitations
of the cooling equipment. Luring Seasons I, IIT gnd IV,
day temperatures ranged betueogn 50-65, 60-75, and 70-0340 ¥
in the 50, 60 and 70° ¥ houses respeetively. During Season
i1, the respcctive teuperabure rangos were 56-75, 60-38,
and 70-100° P, The daily wecan temperatures for the four

seasons weve 60° § in tite 8C° I mnicht temperature
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trecatment, 71° ¥ in the 60° F night treatment, and 81° w

in the 70° F nisght tomperature treatment., During Seasons
I, III and IV the mcoan daytime temporatures were 57° 7,

67° ¥ and 77° ¥ for the respschtive night temperature treat-
ments. In Season II the respective mean temperatures vere
62° ¥, 74% ¥ and 85° F.

Prevailing daylengths of course varied with season,
ranging from 8.8 to 12.7 hours during Season I, 12,7 to
15,6 hours during Season I1I, 15.6 to 11.8 during Secason
III, and 11.8 to 8.8 hours during Season IV, Iilean prevail-
ing daylengths during each scasor are showm in Table I,
Light intensity varied from day tc day and from season to

3C880R.

Table 1. leen prevailing daylength durlng eaeh

5e830N.
Season liours
I 14,2
II 13.7
IIT 11.0
Iv 10.8

The level of avalleble nitrogen in each nityrogen
serics was influenced indirectly by scasonal changes in
temperature and light intensity. At ths higher tempora-

tures the relecazse of mitrogen from the urea-formaldehyde
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gource was accelerated, while at lover temperatures (50° ¥
night temperature) this rslcase was retarded. The averege
level of available nitrezen In each season is gilven in
Toble 2.

It must be kept in mind that the same amounts of
fortilizers were used in each of the first throe seasscns,
The observed differences in avalilable nitrogen between
seasons are considered to result from differences in tem=
perature, and possibly light intensity (plant utilization)
during Season III. 1In Ssason IV & lower level of available
nitrogen was malntained by using the diluts nutrient
solution feeding mstnod.

Table 2. Average level of available nitrogen

a8 affected by season and nitrogen
supply, (in parts per million).

Season Low Nediunm Hish
I 59 79 107

II 66 100 108
ITI 822 189 195
Iv 17 31 50

Because the growth responses recorded for cach sea~
son, btotal dry wecights, plant heiguts, numbers of breslks
and growing points, and synptoms of nitrogen deficiency,
mast be conslidered as resulting from separate experiments
of an overall study, the results for each scason are con-

sidered seoparately.
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Season I.

Decomposition of ths urca-formaldenyde f{ertilizer
incroased with higher night temporatures. The averass
total evailsble nitrogen at 50° F night temperature was
52, 74, and 97 ppm respectively, in the low, medium and
high nitrogen seriss. At 60° P tho respective available
nitrogen totsls were 60, 80, and 106 ppm; while at 70° P
they were 66, 85, and 119 ppm. Those relationships are
presented graphically in Figure 2.

On the basis of the several growth measurements the
modium nitrogen level (averaging 80 ppm nitrogen) was the
most fevorable, (Table 3a). The plants grovn at this
level of nitrogen produced apnproximately five times nore
total dry weight than those at the low level (averaging
52 ppm M), and tvo and one-uelf times more tunan those at
the kigh nitrogen levels (avoraging 107 ppm ).

2

In Figures la ond 1lb are shown the combined effects
of nitrecgen and tomperature on plant srowth, expresced as
plant height and total dry weight. These data indicate
that meximum growth boeth in height and weight was obtained
somewhere near the high level (97 ppm) of nitrozen when

night temperstures were mainteined at 50° F. As tempera~

ture was increased from 50° to 70° ¥, significant
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increases in growvth vere obtained with cach 10% increase

n temperature with the modium nitrogen level (80 ppa).

=8

The low and high nitrogen series gave varied responses to
the 60 and 70° F temperatures, possibly because nitrogsen
vas out of balance in those tuo nitrogen series.

Data presented in Toble 3b indicate plant hoight
increased as temperaturc was increased from 50 to 7C° F.
These growthr responses find furthor cxpression in the nitro-
gon doficiency aymptons observed in these plants. As tea-
perature incresscd to 70° F, the nitrozen deficlency index
incrcased accordingly.

Extendlng the daylength during Seeson I did not
slgnificantly increase total dry vweight nor plant height

(Table 30) .
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Table 3. Effects of nitrogen level, night temperature and
daylength on certain pgrowth responses of the
agalea, Seasen I,

a. Nitrogzen level:™

Pry  Growing  Witrogen W
Treatment Woisht®® Points Deficiency Breaks Height™™
Low 3.13 5.18 1.71 0.93 8.31
ledium 16.23 B.23 1.60 1.78 11.13
Eich 6.37 6.16 1.90 1.15 8.31
L.S.D. B9 S.14 1.20 0.25 .27 0.99

b. Night temperature:®

Dry Groving Nitrogen
Treatment Welight Points Veficicnecy Breoglks Helght
50 degrees 7.79 6.50 1.60 1.11 B.71
60 degrees 8.04 G633 1.60 1.31 8.68
70 degrees  9.91 6.73 2.0 1.43 10.36
LeS.D. 573 5.14 1.20 0.25 0.27 0.99

c. Daylength:™ ¥

bry Groving  Wierogen .
Trecotment velgnt Points Doficicney Drocks Hedsght
18 hours 5.87 €.44 1.75 1.30 9.37
Proveiling 8.29 G.60 1.72 1.27 9.13
LeS.Ue 5 2.56 0.98 0.21 0.22 0.81

#flgures denote averages of G0 plants
#ieight i1s expresescd in grams, height in centimeters
wefigurcs denote averages of 00 plants



Height in centimstexrs

Welght im grams

Figure la.
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Effect of temperature and nitrogen om

lant height, average of 20 plants,
%composite of 2 daylength treatments),

Season 1.

E "‘LoSoDc 9 5%

Figure 1lb,
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1y

Effect of temperature and nitrogen on
total dry weight, average of 20 plants,
(composite of 2 daylength treatments),
Season T :




Figure 2. Monthly fluctuations in level of available 20
nitrogen at the three night temperatures with
corresponding average dry weight of plonts,
Season I. #
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During Secason II the average total avallable nitro-
gen ot 50° I night temperature was 58, 82, and 101 »pz,
respectively, In the low, medium and high nitrogen serisg.
At 60° F the respective amounts of availablo nitrogen vere
66, 104 and 118 ppm; while at 70° P the amounts were T4,
115 and 106 ppm respectively. As seen in Figure 4, the
plants had more total available nitrogen durinz the first
tweo months at the guccessively highor night temperotures.
However, cxcecssive decompositioa of the woa~fornaldehyde
and excessive lesaching from heavy vatering during the
varner tomperatures that prevailed in Season II resultod in
less avallable nltrogoen in the 60 and 70° F nouses during
the latter part of the season. In the 70° ¥ housge, day-
time temperatures were as high as 100° P during some of the
wvarner days. Those excossive tompsratures complicated the
avallable nitrogen levels. [for example, the modium nitro-
gen serlies had 115 ppm avaellable nitrogen vhille the high
nitrogon serics bhad but 106 npm at the higher night tem-
porature troatacnts.

Hexioum growth was obitained at the modium (100 ppm
averagse) nitrozen level (Table 4a). 8lightly less grouth
was nade at the high (108 ppm average) nitrogen level.

The combined effects of nitrogen and temperabture on

plant height and dry woight are shown in Figures 3a and 3b.
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These data indicate that maximum growth, boeth in height
and dry welight, was made at the medium (82 ppm) level of
nitrogen in the 50° ¥ treatmont. To significant variations
in growth were obtalned at the higher night temperatures.

Plant height tended to decrease with increasingly
higher night teumperatures (Table 4b). Other growth
measurements did not vary significantly under the tihrce
night temperaturc treatments.

Plant helight increassed significantly during this
season under extonded photopericd (Table 4c); on the other
hand, total dry veight decreased significeantly when the

photoperiod was extended to 138 hours,
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Table 4. Effects of nitregen level, night temperature and
daylength on certain growth rosponses of tho

azalea, Scasen II,

&. Nitregen level:

Dry .. Growing INitrogen s
Treatment Velght™™ Polnts Deficiency DBreaks Helght™™
Low 14.0 5.10 1.33 1.15 9.70
HNedium 18.0 8,20 1.18 1.33 10.73
Hich 15.2 5.88 1.31 1.25 10.23
LeSoDe 5 2.7 C.97 0.18 0.17 C.75
b. Hight temporature:”

Dry Growing  Uitrogen
Trestuont Ueight Polnts Deficlency Breaks Height
80 degrees 16.2 5.60 1.25 1.26 10.51
60 degrees 16.3 5.80 1.23 1.25 10.20
70 degrees 14.06 5.63 1.35 1.25 .95
L.8.Ds 53 2.7 0.97 0.19 0.17 0.75
¢. Daylengths™¥¥

DTy Groving  litrogen '
Treatnent loizht Points Deficiency Dreals Heleht
18 hours 14.6 5.76 1.32 1.26 10.64
Prevailing 16.9 5,68 1.23 1.83 9.80
L.S.D. 5% 2.2 0.79 0.15 0.13 0.61

#figures denocte avergses of 60 plants
wiueight 1s eoxpressed in grams, height in conbtimeters

#wfigures denote averagos of 90 plants



Height in centimeters

Weight in grams

Rl
Firgure 3a. &ffect of temperature and nitrogen on
plant heigpht, average of 20 plants,
(composite of 2 daylength treatments),
Season II.
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Figure 3b., dffect of temperature and nitrogen on
total dry weight, average of 20 plants,
(composite of 2 daylength treatments),
Season II.
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Figure L.

Monthly fluctuations in level of available 25

nitrogen at the three night temperatures with
corresponding averagse dry weight of plants,

Season II.*
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Season III,

Decomposition cf the ures-formaldehyde was qulte
repid duringz this ceason. Also, tkhere was less leaching of
nitrogen because of the decregcsed need for water under the
cooler daytime temperaturcs of this season. Consequently,
the range of total nitrogen in the 50° ¥ house was 70-186,
115-347, and 100-400 ppm, rcspectively, in the low, medium
and high nitrogen series. At 60° F night temperature, the
respective ranges in nitrogen levels were 75-215, 100-367,
and 95-340 ppm; and 50-100, 80~450, and 85~-395 ppm in the
70° ¥ night temperature treatment. Data presented in
Figu?@ 6 shows that during the last month of thls scason
the avallable nitrogen level incrcased greatly in all
treatmonts.

Neither total dry weights nor plant helghts in-
creased significantly vwith higher nitrogen levels (Table 5a).
BEvidently the lowest nitrogen level was above the minimum
requiremsent for meximun growth.

The combincd offects of nitrcogen and temperature on
plant height and total dry weighkt are showm in Flgures 5a
end 5b. laximum height was cobtained at the high (100-400
ppa) nitrogen range at 50° ¥ night tewperature. Average
total dry welght, hovever, wcs greoatest al the mediunm
(115-347 ppm) nitrogen range. Plants became the tallest

and produced the groatest total dry weight in the 60 and



70° ¥ houscs at the low nitrogen levsls, walch Iin these
respective night tompeorature treatments vore 75~215 ppm
and 50-100 ppm, rospectively. Béth nlant height and total
dry welght wore significantly less ot all nitrojen levels
in the 70° ¥ night tenmperature treatzent t.uan in the 6o° ®
night temperature treatment.

The nicht benperature of 60° P wuas the wost favoralls
for shoot elongation and production of dry matter at all
nitrogen levels (Table 5b). Uight temperatures 10° above
or below 60° F resulted in significant decreases in plank
height, total dry weight, nuuber of breoaks and growing
points. PFurthsr expression of the response to tempesrature
is found in the scorch synptcas observed in these plants.
The scorch indox beecane increasingly greater at successive-
ly higher night temperaturce, but was significantly greater
only in the 70° ¥ house.

Table Sc shows that cxtending the daylength to 18
hours significantly increased plant hoight, but aid not

* ~ f

increoase tobal dry weipght fo a significant dogree.
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FTable 5. Lffeebs of nitrogen lovel, nisht temperature and
daylength on certain grovth responscs of the
azaleoa, Season III.

a. Ultrogen levol:

Dry _ Grouing  Scorcm n
Treatment Jelsht™™ Poinkg index Breaks Ileight™™
Low 12.15 5.G68 1,31 1.28 .19
Fedium 12.86 6.02 1,19 1.11 9.00
High 12.03 5.90 1.32 1,12 B.30
LeS D S% 2.06 0.87 0.26 0.18 C.31

b. Night tomperature:”

Tory Groving  Scoreh
Trectment \elcht  Polnts Indox  Broaks Helpght
50 degrces 10.57 5.5 1.16 1.05 8.13
60 dogrees 15.30 7.08 1,19 1.36 10.80
70 degrees 10.59 2.5 1.5  1.06 7.51
L.8.D. 573 2.06 0.87 0.26 0.18 0.31

, I
C. Daylensths

Dry - Growing  Ygoreh
Tecatment UWelsht  Poinisg Index  OSreoks Helght
18 hours 12.82 5.96 1.45 1.19 .48
Prevailing 11.68 5.78 1,09 1.15 8.24
L.5.D. 53 1.70 0.79 0.21 0.156 0.25

swfigures denote averases of 60 plants
wivelght 1s expressed in srams, holight in centimetors
“wwefigures denote averages of 90 plants



Height in centimeters

Weight in grams

Figu
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re 5¢., iffect of temy2rature and nitrogen on
lant height, averaze of 20 plants,
?composite of 2 daylength treatments),
season III.

Figure 5b. &ffect of temperature and nitrogen on

224

total dry weight, average of 20 plants,
(composite of 2 daylengtl treatments),
Season III.




Figure 6. Monthly fluctuations in level of available 30
nitrogen at the three night temperatures with
corresponding average dry weight of plants,
Season IIT.*
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Season IV.

As pointed out carlisr, a dilute Hoagland's nutrient
solution was used dwing tuls season in place of the urca-
formaldehyde fortilizer. It was possible by this moans to
maintain a more uniform level of nitrogen In the groving
medium. This had not been possible with the urse-lformalde-
hyde approach, waich was subjoct tc constant fluctuation.
In this experiment ths low, wmedium, andéd high levels of
total ovailable nitrogen were maintained at 10-25, 256-40,
and 40~-00 ppm, respectively.

The greatest dry weight was obtalned at the high
(40-80 ppm) level of nitrogen, but was not significantly
greater than at the mediunm (25-40 pum) level (Tablse 6a).
When the growith res»onses at the hizh niltrogen level are
compared with those at the low level, it will be secen that
those at the former uecre signilicantly sreanter. On the
othor hand, differences botween the low and mediwa lecvels
were not gignificant, with the exception of total dry
matter produced. HNer were the growth mocaswements obtalined
at the wedium and bigh levels signifiecantly different.

The combined cffects of temnocrature and nitrogen on
height and total dry weight are shown in Pipures 7a and 7b.
The data again indicates that plant heiglhit end total dry

veight were greatest at the =medium lovel of nitrozgen,
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although at the 50 and 70° P night tomperature treatuents
thie only significant differences vere betuesn the high and
the low nitrogen levels.

Average plant height increased significantly at the
successively higher night temperatures (Table 6b). Total
dry weight of the plants was significantly greater at
60° F night temperature then at either 50° ¥ or 70° P.

The rosponses to supplemental illuminetion are
shovn in Table 6¢. Both total dry weight and height wero
greater with the 18-hour photoperiocd, but tie differences
were significant only in tho case of plent height. llore
growving points and breaks were produced under ths prevail-
ing daylongths, howevor, the Gifferences were not

significant.



Table 6.

53

Dffects of nitrogen level, night temperature and

cgaylengtihh on certain grovuth responses of the
azalea, Season IV,

a. Nitpegen levol:™

Dry __ Growing Witrogen .
Treatment Weight™™ Clolnts Deficiency Breaks Helght™™
Low 9.7 5.78 1.1 1.48 8.6
ledium 11.5 .95 1.0 1,65 O
High 11.9 8,04 1.0 1.75 2.9
Le5.De 553 1.30 1.61 0.1 0,22 1.02
b. Wight tempcrature:®

Dry rowing  Jditrogeon
Troatment eipht Points Deficiency Breaks Heiszht
50 degrees 8.0 7.1 1.0 1.38 7.6
60 deoprees 13.0 7.14 1.0 1.68 9.8
70 dogrees 11.D5 6.51 1,0 1.87 10.8
L.SeDs 53 1.30 1.61 0.1 0.22 1,02
¢. Daylength:™ ¥

or Growing  Litrogen
Treatment Velzht Points Deficicncy Breoaks Helght
18 hours 11.4 6.35 1.1 1.89 10.4
Prevailing 10.8 6.9 1,0 1.72 8.2
L.8.D. 87 1.06 1.32 Q.01 0.18 C.83

#wfigures dencte averages of 60 plants
suvolght is expressed in grams, helght in countimeboers
werfigures denote averanes of 20 plants



Height in centimeters

Yeight in grems

Figure 7a.

Figure 7b.

Effect of temperature and nitrogen on
lant height, average of 20 plants,
?composite of 2 daylength treatments),

Season 1V,

I-Lo SeDn 9 5%

Effect of temperature and nitrogen on
total dry weight, average of 20 plants,
(composite of 2 daylength treatments),

Season IV,

34




DISCUSSION

In interpreting the results obtained from the four
seasonal exporiments, comparlsons can be made only betwsen
those factors vhich were similarly controlled in each three
month period, However, since this ctudy was designed to
observe the offects of interactions betueen temporature,
daylength, and nitrogen levol in cach season on growth
ol the aszalea, an attompt will be made to compare the in-
fluences of those factors which.weré controlled and the
influences of those factors which were nbt controlled with-
in sufficlently narrow 1imits vwill be discussed separately,
since comparisong would not be valld.

Deslired nlight temperatures were succesgsfully wain-
tained each season, but dally mean temperatures fluctuated
so much that only those growih responses betweon Seasons
I, II1I and IV can be compared. The tempsrature fluctuation
was so great in Season I thét actual deily mean tempera-
turea of 60, 70 and 80° ¥ were maintalned in the tlree
houses instead of the desired 50, 60 and 70° ¥ series.

Differences in growth rosponse obtained with the 18-
hour photoperlod must be considered as being dues to changes
in light intensities each season, because this photoperiod
was maintained cover ualf of the plants at sach of the

lirge tomperatures In cach of the four gseasons. IHovever,



Gifferences in growth obtained under prevelling daylengths
were appsrently due to tlv secascnal changes in daylength
end light intensity. For this reason comparisons can be
made between the two daylength treatments in a glven seaw~
son on the assumption that light intenslty was equal for
both during the daytime, and that the only difference
between the &two light treatwments was the pericd of low
irtonsity light which extended the prevaliling daylength to
an 18~hour photopericd. Grovbh comparisons made botween
light treatments for cach sezsocn, however, must be based
on differences in daylength and light intensity with th
changing seasons. -

Nitrogen avallebility olso varied beotween scoasons.
Hovever, a definite rasnge in available nitrogen was main=-
talned in each nitrogen series during Seasons I, II and IV
and until the last month of Season III. Growth compari-
souns then can be made on the response to available nitro-
cen. Growth responses to nitrogen were closely related to
temperature and light and as such must be discussed by

888800,

Temperature

The facllitics available for temperature control
vero such that constant day end nizht tenperature could

not be maintainsed in the throe houses. iight tompoeratures



were controlled within #4° P of tle deslred tomporature,
but daytime temperatures ranged as ouch as 28% above the
night temperaturss. This resulted in 1little differcmce in
growth botween tomperature trestinients during Season II.

As secon Iin Tgbles 72 arnd 7b, naximun holght and dry
weight vas obtained during Season I at a night temperature
of 70° ¥ apd daily ticen temporature of 77° ¥. Plant growth
during Sesson II was preatect in the 50° house vhore day-
time temperatures rangced up to 785° ¥, thus giving e necan
tomperature of 62° ¥. Plent growth, both height and dry

Table Ta. fect of nignt Ctomperature and season
on total dry wel ht.“

night temo@ratures

Season 50° 660 70%
I 7.75 788 2.85

II 16,20 16.30 14 .86
1iT 10,58 15.26 10.36
iv B+65 13.05 11.55

“figures donote aversge Ary weight in grams

Table 7b. DLffoct of rlbaa tenperature arnd season
Oﬁ plant height.¥

night tem mcrat&vcs

Scasen 50° 800 70°
I 8.71 85.68 10.36

I 10.51 10.20 9.95
III 8.10 10,76 780
v 7453 9.58 10,76

%figures dernote avorage plant height in centinecters
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weight, during Season III was greatest in the 60° ¥ nhouse,
whers Qally tomperatures averaged 67° F with a maximum
during the day of 75° ¥. Total dry weight during Scason IV
was also highest under a mean temperature of e7° F. Plart
height, however, durinz thils period wae greatest under a
7° T mean teumperature.

In general 1t wvas found that during the wiater and
spring months, Seasons I and IV, a higher temporature (77°
2 ﬁas dosirable for obtaining ueximum growth of young
gzalea plants. During the sumier, Season II, & lowcr mean
temperature (62° #) was more favorable for growth than the
77° nean temperature which wao optimum during the winter
and gpring uonths. Hence, mcan tomperatures ranging from
62° to 77° ¥ may be put forth as optimunm for growth of
young greenhouse azaleas, with ths lover mean belng optimum
curing tho swmwer and the upper during the winter and

spring months,

Daylength

In considering the 1lmportance of daylength and/or
light intensity on azalea growth, as obtained in these
experinents, 1t is nccessary to consider first the changes
that occurred in these two factors during the course of
tiie four seasons. Furthermore, it must be remembored that

growth meocasurements betwoen seascns are not comparable



since, as pointed out previocusly, 1t cannot be assumed
that all factors were conbtrolled oqually im all scasons.
However, such goneral comparisons as can be made mgy lead
to & partial explanation of thie seasoncl differences in
growth obtoined in a 3-month period.

The average prevalling daylongth for this area, and
the mean light intensity in gram calories per square centl-~
meter {as measured by a pyroneliosieter at the Lewis-Brown
Horticultural Farm) recorded during ecach of the four sca-
sons, are glven in Table 8. It 1s recalized of cowrse, that
tlie figures for inbensity of ligut would not apply to the
conditions in the greenhouse, but the samc relative values
for the season would provail.

Table 8. Averagce provaillng daylength and light

- Intensity as related Yo scason. 1957~
1858, Corvallis, Oregon.

Season Lizght intensity™ Daylensth (hours)
I 540 14.2
i1 542 13.7
III 148 1ll.0
Iv . o8 10.8

wlight iantensity 1s expressed in gram calories per
square centimeter.

-

In those treatmeonts vhers daylength was extended o
1&~hours, the durction of exposure to light was the same

regardless of season. However, light intensity dilfored
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%,

considerebly in the four seasonsz. Although, waile approx-
imately the samc in 3easons I and II, intensity was much
lover in Season III and still lower in Scason IV.

On the basis of plant height and toital dry welight
(Tebles 9z and 9b), grouth apparently increased as o result
of extcndinz the daylength to lS-howrs in Seasons III and
IV. During thesc seasons tue prevalling daylength was

Tecble Sa. Effcet of daylength and season on
total dry welghit,~

Daylength
Season 18-hours Prevailing
I 8.8 8.2
LI g 14.5 ‘ 1.8
LII 12.5 11.6

iv 11.4 10.7

«figures deonote average dry weight in grams

1ittle more thean half the 1lG-hour photoporiocd (Table 8).
There was no significent differonce in growth that could
be atuributed to light in Season I and 1t appeared in
Season II that extended daylength actually decrcesed plant
welght. Iowever, this decrease cannct be attributed to
1ipght, since daylengthis and light intensities wero practl-
cally the same in Sezsons I and I, wvhere plant weight was

net advercely s{fected.
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Table 9b. Lffect of deylensth and scason on
plant heisght.®

Daylength
Seascn 13-hours ¥revalling
I C.3 2.1
II 10.86 9.8
11T 9.4 8.2
iv 10,3 8.2

wfigures denote average plant neight In centimeters

In 2ll seasons, the 18-hiour photoperiod incressed
plant helght to a certain extent, but plant dry matter in-
crecsed withk addlitional hours of 1light only if the prevall-
ing daylength was less than 11 hours, cnd then only slighte
ly. It appears that phetoperiod is not a critical factor
in the growth of young azalea plants making vegetative
extension witnin the range ¢f temporatures used in these
studices. This sgross closely with Skinner (14, ». 1007-
1011) and ¥Hison (12) who both concluded that tempsorature,
rather than pkotoperiod, secomed to be the limiting factor

for vegetative grouth in youns azalca plants.
It 1s apparcnt that light intensity, as such, can-
not be considered as liaiting growth in this cxperimsnt,

since the season producing the grestest (Season II) and



the season produecing the least (Season I) amount of dry
mnetter duwriang & 3-month period hod essentially the same

light intensity in gram-calorics per square ceantimeter.

Hditrozen

Tho lovel of available nitrogen in the zrowing
medium appeared in great mecsure to be a function of tem-
perature. Hltrozen application, night temperatures, and
secasonal fluctuatlons in day temperature vere agssocliated
with changes in avellable nitrogen. Thooe changes appearecd
not only as differences in total nitrogen, bul elso in the
proportion of BHQ-H to NOS-H. Utilization of this avail-
gole nitrocen by the plants was no doubt in turn affected
in grest mweasure by both daylength and light intensity.
Hitrogen relecased from the urea-formaldehyde fertilizer
in the first throe scasons, but not used by the plant under
& given set of onvirocnmcntal conditions, was no doubt
leached out of tho media by repeated watering. This leach-
inz was relatively high in the porous modium used because
of 1ts low Lase exchanre capacity. This probebly accounts
for the difficulty cxperienced In maintaining constant
nitrogen levels during a growing season.

A concentrailon of 74-182 ppn total nitrogen re-
sulted ir moaxinmum grovth irrosncetive of seagon. “his

lovel of nitrogen vas aaintained irn the mediun nltregen
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serics in Scascns I end IT, most of Seascon III, and vas
approached in the high nitrogen series in Seascon IV. In
the latter geason tlie urca-forualdehyde fertliliger was re-
placed by repsated dilute anplications of Hoasland's
ammoniwa nutrient solutlion (8, p. 31) in wvhich the tiroe
levels of nitrosen vere maintained by varying the interval
between nitrogen applications. The high series in this
case supplied 40-60 ppm total nitrogen and produced growth
equivalent to that obtained at higher (74-122 ppm) nitrogen
levels made available with urca-{ormaldehyde. The
efficiency or regular nutrient applications of low concen-~
tration to that of irregular applications of rather high
concentration is well known. These studles indicate that
the problem of medntaining a satisfactory nitrogen level
over extended pericds of time vwith urca-formaldehyde alcne
wvould be rather difficult, especlally under conditions of
varying temperature and molsoture. ZIunt and Sciaroni (11,
p. 11) using this form of nitrogen in incubatod beds (76°
¥) found the rate of decomposition of vrea-formaldehyde
reachned a peak during the third to fifth weock after appli-
catlon, dropping to low values three to four months after
application. Changes in plant domands for nitrocen with
growth rate would furthcr complicate this problem of

management.
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In general, these studies suggest that the azalea
will grow rather vuell over a relatively wide range of
available nitrogen. This could vary from 50 to 1250 ppm
total nitrogen depending upon tho method and frequency of
nitrogen appliceticn, These findings are in agreement with

those of Xiplinser and Dregser (9, p. 393-395) and of

i

iplinger and Jelsen (10. p. 16) who found a definite in-
crease in wmulitiple flower production and growth at concen-
trations above 50 ppa nitrogen. It would appear that fre-
gucnt applications of a nutricnt solutlion to maintain this
concentration in the low range (£0-60 npm) would be sre-
ferred to infroguent applications of a material like ureaw
formaldehyde at two or three wmonth intervals. with the
latter methicd the nitrogen lovel would fluctuate consider-
ably, depending upon environzental conditions, and at times
would reach 125 ppm, a rather high concentration. However,
with expericnce, under controlled srecnhouse conditions,

it is cornceivable that wea-forualdeohyde might be used to

cdvantage as a suppleneut.

Some interactions of temperaturg, daylensth and nitrogen

In all seasons, with the oxceptlion of Season IV,
where a dilute nutrient soclution was applied at regular
intervals, the influence of temperature on release of

nitrogen from tizc urca-formasldlchyde n»nroved to be an
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important factor in the amount of growth obtained. As dis-
cussed previously, & mean dally temperaturse of 62° to 77° ¥
wa? optimum for vegetative growth of young plants during
eachk of the four seasons., This range in tempereature appear-
ed to be optimum for both release of nitrogen and its vii-
lization by the plant.

At a daily mean tempecrature of 57° ¥, release of
nitrogen as Nﬁé from the ursa-formaldehyde and conversion
of NH4 to N03 was glower than at higher daily means of 67° F
and 77° F. Thus, a smaller supply of nitrogen was provided
to the plants at this lower mean btemperature. This com-
bined with the lower teumperature itself, resulted in less
total plant growth in all scasomns except Season II. At &
77° ¥ daily mean, the release of nitrogen was at times
apparently in excess of amount used, and counsequently cone
siderable nitrogen leacined away. This wae indicated by the
fact that nitrogen deficlency symptoms were greater in the
high night temperature (70° I') treatwments during all sea-
sons wvhen wea-formaldehyde was used as the source of
nitrogen. In Season IIT the excessive release of nitresen
te the medium resulted in leaf scorching. Also, the re-
sults for Sesscn II in the 70° ¥ house, where daytime teme-
peratures ocecasionally reached 100° ¥, show that the in-
fluence of teamperature on the decomposition and subsequent

leacning of nitrogen was quilte crratic. In this instance,
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the level of available nitrozen aversged 115 ppm in the
modiua nitrogen serlos ond this was higher than im the high
nitrcsen series where the level averaged 106 ppa nitrogen.
The increased growth at 50° P night temporature during
Season II was probably due to a more uniform release and
utilization of nitrogen uander temperature conditions pre-
valling during that scason.

In genceral, the effect of temperature on growthh and
its secondary influsncc on nitrogen availability secms to
be a case of teo slow release of nitrozen at a 57° P daily
mean teamperature; a bslaace betueen release, utilization
and loaching ot a 67° ¢ mean temperature; and an excessive
supply, at times even tozle, with leaching at a 77° F mean
tomperature.

Nitrogen toxicity becamno a sroblem during Season III
in the 70° ¥ nouse. As shown in Figure 6, the nitrozen
lovel during the latter part of thiis ssason increascd con-
siderably in ell serics. Tenperatures wers favorable for
a repid decomposition of the urca-formaldehyde during this
season, yet excessive urtering, which would have leached
tho nitrogen out of the cans, was not done because cof de~
creased water needs with the lower 1light intensities and
the sbsconce of cxcessive vouperatures. Consequontly, the
available nitrogen bullt up to toxie levels in many

instances.,
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Burning of the foliasge was signlfilcantly greater
under the 18-hour photoperiod than under the prevailing
daylengths, which during Season III averaged 11.6 hours.
Two mechanisms might account for the scorching of tho
leaves. Perhaps permeabllity in the plant was increased
by the high mean temperature (77 F) at which this syuptom
was observed. Increased salt or nutrient uptake might
nave resulted from the increased permecbility. Also,
possibly, carbohydrate synthesis in the plant decrecased as
a consequence of tho low lizht intensities prevailing dur-
ing this pericd. Such an undalanced condltion would result
in a plant with a lowv carbohydrate regerve but with a high
salt content, thus leading te phytotoxlcity. Houwever,
such mechanisms can only be theorized as no proof was
obtained by which positive assertions can vbe made.

The faet that follage burning wes significantly
higher in plants meintained at an 18-hour photoperiod than
in tuose under prevailing daylengths agrees with results
reported by Hibbard (7, ». 24-27). He found that short
days reduced ths total salt sbsorption by the roots of

cortain varieties of pcas.
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This investigation was conducted in an attempt to
define the optimal ccndltionms for culbture of tho azalea
waich can be aculeved in nart through countrol of tempera-
ture, daylengtihh and nitrogen level. The Influonce of sea=-
son in relation to these three onvironmental factors was
studied by dividing the lnvestigation into four seasons,
oach three montng in length,

Rooted cuttlngs of liome azalcas were growm in a sav-
dust medium at tlrees levels of nitrosen and sub jected to
night tomperatures of 50,.60 and 70° ¥, under natural and
supplemental daylengins. At the end of each season, the
plants were renoved from the containers and grouth re-
sponses in the form of plant height, total dry weignt,
nuzsber of groving peoints, number ¢f vrealis, and nitrozen
deficiency symptoms were recorded for each treatnsnt.
Analysis of variance was uscd to interpret ths results.

On the bvaslis of this study, a touperature range of
62-77° ¥ 1s suggested as optimua for growth of young
azalea plonts when wurea~formaldshyde vas used as a gource
of nitrozen. This temperature ranse appeared optimum for
nitrogen release from tils nitrozen sourco, and its utlli-

zation in grouwth by the plant.
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On the besis of plant kelglit and tetal dry matter
produced, tie 1lC-hour photoperiod dld not lncreasse growth
unless the prevailing daylength was less than 11 hours.

Young szalea plents, making extension Zrowth, were
found te grow well on a wide range of available nitrogen.
In general, maximun growth occurred et a nitregen coancen-
tration of 74-122 pom, when urea-formaldehyde vas used as
the nitrogen sowrecs. A dilute nutrilent sclution applied
ot frequent intervals, however, was found to be more
efficlent ard grouth comparable to that in the sbove con-

centration was obtained at 40-60 ppm total nitrogen.
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TALYSIS OF IS-LIN-EL

"Eg-nin-cl" is manufacturod by the Tennccsce
Corporation, Eaot Point, CGeorgia. The analysis of this
fertilizeor supplement is:

- o
Lian@an@ SC o ¢ o o o o @ 9 Py 87}0
CODPOP o o o o o o o o 3,813
A "~ Yk
LLIC 5 & & & o B 8 e s Qe 50/:3

- - f
Iron ¢« o & s e & v e e Ve OO,J
Iagnosim o« o o o o o o 24427
e 2 v el
CalCium o o o o o o o o OQQQ/J
DBOFOR o o o o« o o o o » 0,167
Chlorine e o o & o & s Lroce

The ingrcdicnts of this supplement are dorived
from copper sulpnate, manzsnese sulphate, zine sulphate,

forric sulphate, masunesium sulphatec and borax.
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