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IKTRODUCTION

The early history of the use of the quinine bark as an
antimalarial febrifuge will probshly remain an unsolved mystery. The
first reliamble record of its use was in the year 1630, when, according
to Suppan (24), the Spanish Corregidor of Loxa was cured of an
intermittent fever by the bark. The most popular and persistent
legend as to its discovery and imtroduction involves the Countess of
Chinchon, but this legend has recently been thoroughly disecredited by
Haggis (12), who believes that the drug was introdiced into Europe scon
after 1633, through Belgium rather than Spain, either through ordinary
commercial chamnels, or through the efforts of the Jesuits.

Regardless of the point or mode of its introduction into Europe,
the next two hundred years saw an increasing recognition of its curative
powers, given particular impetus when Pellstier and Caventou isolated
the ‘qu‘inina allmloid in 1820, resulting in an extravagant exploitation
of the only natural source, a rather limited area in South America.
Holland and England, because each had highly malarious colonies, finally
becaze fearful of uthﬂting the natural supply, and took steps to
inaugurate the cultivation of the plant.

Their early attempts at sultivation were discouraging. The few
plants they were successful in establishing in Java and India were
difficult to grow and returned low ylelds of alkaloids. Private enter-
prise could not be interested in the aﬁhﬁnpt until about 1873, when
the very high yleld from the plants from seeds collected by Ledger in
Bolivia were reported from Java. There then began a ;;rndt:nt.ion race
between Ceylon, where the plantation owners had turred to cinehom when
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their coffee acreages were being destrayed by disease, and Java. The
result was overproduction and a consecuent drastic reduction in returns.
The climate of Caylon not being as suitable for growing Cinchona
ledgeriana, another species, C. suceirubrs, had been planted, but
because of its lower Quinine content, the Ceylon growers were forced to
turn to another crop (tea) leaving the Dutch Hast Indies with a virtual
monopoly of the cinchona mduany.y

This monopoly has been effectively protected singe 1913, when an
agreement was signed between growers and manufacturers which has
controlled prices and prevented mr-anpply'. Though it has been atated
that the Java piantatims could produce all of the bark that could be
sold on the world market at a price that would sustain the growers,
thers never has been sufficient Quinine available to adequately treat
the estimated eight hundred million cases or prevent the current thres
million deaths amnually from malaria. (ther than in Java, only in India
is a significant amount of cinchona being grown, and that largely as a
governmental enterprise and in quantities far below what is needed for
its orn use.

Though the possibility was forsseen and large stocipiles of quinine
accumulated by several governments, the ocoupation of the Dutch Bast
Indies by the Japanese military forces in the current war has created an

emergency situation for the Untted Nations. Plans are now being carried

1/ A recant note by Posberg (9) on the taxonomy of the genus Cinchona
recognizes only twelve valid species. The names of the two prinei%ﬁ
forms of commercial importance, long referred to as U, ledgeriana licens
and C. succirubra Pav. ex Kloisch., are currently considered invalid
synonyme of C. officinalis L. and C. pubesgens Vahl, though the author
feols this classification requires further substantiation. The former
pames, however, are retained in this thesis to conform to conventionmal
usage. The C. hybrid sesds used in some of the experiments resulted from
a cross between selected individuals of C. ledgeriana and C. succirubra,
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out or are under oonsideration to auittva’u cinchona in the Americas
and elsewhere, to provide an emergency supply of ths drug in the event
of a long war and to safeguard against a Mm interruption of the
supply of this indispensible material. Although atzbrine, thé aynthetic
compound of Gemman oﬁgﬁn and now in large-scale production in Ameriea,
plasmochin, another synthetic with less desirable properties and
effectiveness, and totaquine, a total-alkaloid product that can be
prodused in a relatively short time from young cinchons plants, are all
partially effective against the four main forms of malaria, quinine is
still the preferred specific antimalarial febrifuge.

Thus, though emergency recuirements could probably be met with
druges produced more ‘quickly, until improved chemical substitutes are
discovered, any conclusive campaign against malaria must still be based
on quinine from the cultivation of cinchona, Purthemmore, until higher-
Jielding atrains of other species can be developed or discovered, past
experiences indicate that the proven Ladger strain should be heavily
relied upen.

From the numerous recorded accounts of previows attempts to
cultivate the Ledger strain in many parts of the world, and from & knowl-
edge of the conditions in Java which were obviously favorable for 1§u
growih, & knomledge of the general climstic limitations within which
successful growth mey be sxpected can be deduced with reasomble
accuracy. A rich, desp, light loamy soil, at an elevation between 4,000
and 5,500 feot, with unifomn temperatures averaging about 22°C. and
always between 8% and 30°C. and a uniformly distribwted aniual rainfell
of between 100 and 200 inches are known to be required for the best
growth of this form. It will not tolerate frest or prolonged drought,
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and excessive heat or poorly-drained soil aeriousiy reduge growth and
increase losses from diseases amd insecta. Within these gemeral limits
the plant is very reactive to envirommental changes. Cultural practices
as followed in Java, including propagation, nursery and plantation
practices, cultivation and harvesting methods, have been recorded.

liost of the cultural details are recorded as cbsarvations before
1900; later information and experimental data are largely lacking. As
the culture of this fom has been almost exclusively confined to the
Duteh East Indies since its discovery, and sines it succeeded tiere so
well, there has been little incentive for its subjection to modern
experimental techniques in other localities. It has been repeatedly
observed that the first few months are the most eritical perioed in the
life of the plant, and that its success is considersd assured if it sar-
vives this period. Yet information as to the effects of cenditions other
than those encountered in Java, as will be the case in many of the
localitiss in the Americas where the atteapts are being made, is very
meager, and such data as presumably have been collected in Java, largely
by private plantation owners and their staffs, have not been recarded in
the literature.

The presert investigation was undertaken to provide at least
preliminary data on this critiecal growth stage of the t_arbidim
g,_m of immediate value and importance to the ourremt emer-
gensy pragﬁn, as the mﬁhor» linited supply of available seed must be
utilized with the greatest efficiency. This investigation furnishes
data on (1) the sffect and importamce of humidity and temperature and
their inter-relationships on the mailntenance of viability of the stored
seeds, (2) the effect of variocus teaperatures, light and media factors
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on germination, (3) an evaluation of some of the factors affeeting early
ssedling growth, and (4) nutritional requirements and nutrient
deficiency symptoms during the earlier growth stages. These studies
were conducted at the U. S, Flant Introduction Garden of the Department
of Agriculture, and at the Horticulture Department of the University of
‘Maryland.

LITERATURE REVIEW

As stated in the introduction, recorded experimentation on the
horticultural aspects of cinchona cultivation is almost non-existent,
and particaularly as regards .tyhc early growth stages. Such references
as are pertinent to the scops of these investigations will be cited
under the various section headings to which they directly apply. For
a recent review of the voluminous popular literature on the generel
subj ect of cinchona, the reader is referred to Morrison (18), and to
Fosnisk (19).



PROCEDURES AND RESULTS

Part I. Effect of Seed Storage Environment

It ia often necessary that harvested seeds be held in an artificial
environment for an indefinite period, and whers such seeds are to be
used for propagation purposes it is highly desirable that thedr maxdimum
inherent vitality be retaimed. Though many seeds tolerate a wide range
of conditions with little loss of viability, others rapidly lose their
germinative powsr unless their storage enviromment is carefully
controlled,

Few generalizations can safely be made as to optimua storage
environments for seeds, as these vary widely with species, natural
habitats and local conditicas. In temperate apecies the effect of
storage conditions on proceases such as after-ripening, dormancies and
stratification requirements may be involved, whereas in tropical species
and those lacking these special adaptations an envircomert resulting in
the suspension or reduction of germinative processes is sought.

Frobably the most important readily gontrollable factor in the
kesping quality of seeds lacking such special R.bv».mﬁmnu is the
humidity of the storage atmosphers, but also importamt is its inter-
aetion with the temperature effect. As high temperatures and humidities

favor germinstion it is logical to assume that a reduction in either
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will have an inhibitory effect, and that optimum storage conditions
should result from the reduction of both factors as low as is possible
without inflicting pemanent injury on the seeds. Akanine (1) found the
control of either temperature or humidity of approximately ecual value
in prolonging the life of stored seeds in Hawaii, and in other investi-
gatiom‘. both factors have been found to be mutuslly dependent.

The exbtent to which seeds can safely be dried varies widely. GSeeds
of some aquatic plants are mormally stored under water (2); some types
have a fairly high eritical moisture content below which there is a
serious loss of viability, as oaks and hickories (8)(16), some maples
(6), strawberry (13) and others; and still other types require a low
moisture content for storage, as with mulberry (25) amd elm (21)(3).

The reaction of sseds to lowered temperatures during stormage is usually
less eritical and temperatures scmewhat above the feeging point are
frequently employed with safety, though some seeds may be severely
injured by below~freesing temperatures.

Cinchona seeda have long been known Lo lose their viability rapidly
when held under the conditions of high humidity and temperature in which
the plant suwcceeds, and though there are many observations recorded in
the popular ntcmtm which indicate that high humidity was recogniced
as a chief cause of the deciine in viability, not until 1920 were there
experimental data to support the belisf. Kerbosch (14) reports the
details of an experiment in which & raunge of nine vapor tensions, from
7 to 92 percent, were maintained for threse years by the use of various
chemicals in well-elosed bottles. All . ledgerians seeds stored at a
relative humidity of 30 to 60 percent gave germinations of over 90 per-
cent after three years, but those stored at higher or lower humidities
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suffered a decline in viability. Kerbosch concluded that asome drying
was neecéanzy for successful storage, but that a humidity of balow 30
percent resulted in too strong a desiccation. Though a supplementary
experiment in the same work indicated that viahility'iae maintained in
white glass bottles socewhat better than in yellow glass bottles,
nevertheloss Kerbosch recommended that cinchona seeds be stored over
caleiua chloride in bottles p;lmed in the dark for best results.

Kerbosch did net study the effect of temperature on the maintenance
of viability, but stored the samples at room temperature (stated to
average 18°C.). Only ene prelimimary experiment on the effect of
tenperature has been recorded. A one-year test by Kevorkian (15) with
C. ledgeriana @a stored over calciuxm chloride at room temperature
snd in a refrigerator led to the conolusion that viability of the seeds
so stored was prolonged regardless of the storage temperature. Though
significantly superior to the checks, the stored seeds gemimated only
30 and 334 percent at the end of the test.

The rather limited supply of fresh seeds of C. ledgeriana received
by the U. 5. Department of Agriculture soon after the occupation of the
Dutch East Indies was immediately stored over calecium chloride, in
aceordarce with the recommendations of Kerbosch. But as the program for
re-establishment of the species in the Americas mde it probable that the
stored seeds would be exposed to various tesperatures, information as to
the effect of this temperature factor was desired. This phase of these
studiss accordingly considers (1) the effect of four humidities at each
of five storage temperatures on maintaining the viability of sseds of
C. ledgeriana, (2) the sffect of four humidities and three temperatures
on maintaining the viabdlity of C. succirubra and C. hybrid seeds,



9o

(3) a compariscn of C. ledgeriana seeds stored at five humidities in
daylight with those stored in the dark, amd (4) ths effect of storing
well-dried C. ledgeriana seeds in sealed tin contulners placed at two

temperatures.
- Materials and Methods

In the investigation of the effect of both tesperature and humidity
on prolonging the viability of ecinchons seeds, two-quart acrew top glass
jars were used as containers far ibe samples, The jar:'wcre fitted with
metal caps which had waxed cardboard inserts, #o that reliably airtigit
closures were easily made. A waxed screenwire rack was placed in each
Jar, upon which the smmall cheesecloth bags containing the seed samples
were placed. '

To control the humidity within the jars, the data and chart
furnished by Wilson (27) of vapor pressures of sulfurle acid solutions
were employed. Humidities of O, 33, 66 and 100 percent were established
in the jars. Pure concentrated sulfuric acid was used in the minimum,
and water alone was used in the maximum hwaidity jars. The intermediate
humidities were established by means of %ilsonts data and frequently
checked by properly calibrated hydrometers. 3torsge teaperatures of 29,
76, 16° and 32°C. wers .emawy maintained. The fifth temperature used
was that of the laboratory at the U. S. Flant Introduction (arden, which
varied somewiat, but averaged about 249C., and will be hereimafter
designated as *249C. The specific gravities of the solutions at 259C.
which produced humidities of 33 and 66 percemt im the jars at the
desired temperatures are given in table 1.

One and one~half grem samples of C. ledgeriana seeds were welghed,
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put in swall cheeasecloth bags and one bag placed in each of the twenty
Jars., One-gran samples of C. weui,rabra and §. hybrid seeds were placed
in twelve of the jars, none being stored at 7° and +24,°C. Figure 1 1s a
natural size photograph of t.ha'-aﬁ three seed lots. The arrangement of
the samples and solutions in the Jars is shown in figure 2.

Table 1. GSpecific gravities of sulfuric acid~water solutions at 259C,

vhich when placed at the texperatures indicated produced relative
humidities of 33 and 66 percent in the jars.

Storage temperature Specific gravity of solutions to produce
relative humiditiss of

oc. 33 percent 66 percent
2 1.407 1.273
7 1.405 1.2711
16 1.402 1.268
+ 2y 1.400 1.265
32 1.397 1,262

The C. ledgeriana seeds had been harvested only a few months
previous, and had been kept quite dry during this holding period. These
seeds were in very good condition, for the tests at the start of Lhe
experizent resulted in 100 percent germinations. The previous history
and care of the C. suecirubra and C. hybrid seeds were not known, but
test germinations of 86 percent for the C. succirubra and 90 percent for
the C. hybrid seeds, under the comtrolled germination conditions used in
this experiment, indicated that these seed lots may have already begun
to deciine in viability.

An arbitrary set of unifom germination conditions was selected to
eliminate the effect of season on the results. Four replicates of {ifty
seeds were counted from each of the storage samples on each test date.

The seeds were sown on seed fiats of sphagnum moss, the location of a
replicate on a flat being chosen at random. After sowing the seeds on
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the previously moistened moss, the flats were again watered and covered
with a pane of glass. They were then placed in a dark room at about
25°C. where a unifona exposure of 6 hours of light approximating 300
foot-candle3 at seed level could be automatically provided. The position
of the flats in the room was changed several times during the gemina-

tion period to minimize place effect.

Cinchona ledgeriana

Cinchona succirubra

Figure 2. Arrangement of
seed samples and solutions
controlling humidity in

Cinchona hybrid treatment jars.

Figure 1. Natural size photograph of
seeds of C. ledgeriana, C. succirubra
and C. hybrid used in the storage
experiments.
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The experiment was started on July 10, 1942, and samples were
germinated in tbs manner described at alx progressive nine-weeks

sampling dates. Figaro 3 shows a flat of seedlings so germinated.

Figure 3* Photograph of seedlings of C. ledgeriana from seeds stored
under various combinations of temperature and humidity, illustrating
the arrangement of the fifty-seed samples on the sphagnum germination
medium.

For the comparison of storing seeds in the light as against storage
in the dark, as recommended by Kerbosch (14), fresh seeds of C.
ledgeriana only were used. Again using the sulfuric acid-waier solution
technique to control humidities, seed samples were stored at room
temperature and humidities of 0, 25, 50, 75 and 100 percent. Harrow-
mouth, eight ounce glass bottles with rubber stoppers were used as
containers. A piece of 7 mm. glass tubing was held in the canter Of
15 x 75 mm. vials by pouring melted paraffin into the wvial until the

paraffin level in the vial was slightly higher than the level of the

humidity-eontrolling solution in the bottle. The seed samples were then
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placed in the viais around the giass tubing so that the seed mass was no
more than 4 mm,., thick at any piace, assuring thal a very large ;ercent-
age of Lhe seeds would e exposed to the 1ight. The vials were then
placed in the bottlies and saspies were wilhdrawn, counted amd geminated
at three successive l8-week iintervals under the standard concitions
previously descrived,

For the samples Lo be stored al two temperatures in tin cans, again
oniy the fresh (. ledgeriana se¢eds were used. Two lic. 2 cans were well
filled with previously dried seeds on a wana, dry day, ana the cans vere
sealed by ihe canning laboratory machinery at the University of haryland.
It was thought thet this procedure might profitably be considered either
for storazge for relatively long periods or for shipping seeds for
corsiderable distances. A samplie of the seed was oven dried at the
start of the experimernt, and was found to contain oily 3.35 percent
moisture. The cans were stored at two temperatures, 16° and 32°C., and
after one year 4OO0-seed samples were germinated under the sténdarﬁized

conditions previously described,
Hesults

iffect of storape temperature-humidity inter-relationshius upon

gemination of (. ledgeriana seeds. In recording the gemsination of

samples stored under the different teuperature and humidity conditions,
tro counts vere made, at 21 and 30 days from sowing. 4 iarge percentage
of fresh seed in good condition germinates in 21 days frow sowing. A
deviation from the optimum, either in condition of seeds or of
geriuination procedure, results in slower germination. Though germina-

tion of poor seeds continues for a longer periocd under certain
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cond it ious, tre 3U-day period was arbitrariiy scieccled as the maximum,
beyonc which gerzinstions 'f;oulg nave iittie practical value.

The averuge geraiunation ol the iourreplicates of fifty seeds each
at each of the six progressive sampiing dates [ollowing storage at
various cosbinations oi temperature and hwaldity is given in tabie 2.

A stucy of the data in table 2 shows that boih the tewperature and
humidity of Lhe storage atwospnere sre exbtremely important fuctors in
deten.ining the viabiiity of (. leageriuna seeds.

Though check samples germinated 100 percent al the beginning of
the experiment, those stored for only nine weexs at the various
temperatures and 100 percent humidity varied widely in their germination,
Storage at either 20 or 329, resulted in less than 5 percent gerumina-
tion, while those at 79, 16° or #24°C. geminated between 65 and 90
percent, The average germination for all temperztures at 100 percent
humidity after Y weeks was orly L6 percent. ior Lhe sase period, the
sanples stored at 66 percent humidity averaged 96 percent gem.ination,
those at 33 percent humidity 97.4 percent ,eraination and at O percent
humidity 8€.9 percent germinated. However, storage at 0 percent humidity
and 32°C. resulted in much reduction of gemination after nine weeks and
a complete loss oi gerudnability by 27 weeks. Thus it is clear that
storuge at either extreue of the hwaidity range for even a short period
seriously reduced germination. The extent of the reduction depended on
the temperature of the storage.

Storage avt 32°C. resuited in a rapid decline amd finally & couplete
loss of geruinability in 18 weeks at 100 percent humidity, in 27 weeks
at O percent humidity and in 36 weeks at 66 percent humidity, while

those stored at 33 percent humidity gemminated nearly 80 percent even



Table 2. iverage percent gerumdnation of (. ledgeriana at six progressive nine-weeks sampling
dates after storage under twenty combinations of teuperature and humidity (four fift;-seed
replicates for each test).

Storage Average percent ygermination in 21 and 30 days after storage under twenty
environment temperature and humidity combinations for -—-
temp. humid- 9 weeks 18 weeks 27 weekrs 36 weeks 45 weeks 5L weeks
°C. ity (4) 21 da. 30 da. 21 da. 3C da. 21 da. 30 da. 21 da. 3C da. 2 da., 30 da. 20 da, 30 da.

2 0 89.0 89,0 72,5 G4,0 Th.6 825 900 91,0 mewe cemed

7 0 96.5 100,00 = e

16 0 88,0 90.0 63.5 85,5 78.6 95,0 80.5 82.5 89,5 95.5 69.¢ 71.0
24 U 96.5 97.0 0.0 95,5 T2.0 87.0 83.5 840 73.5 85.0 77,0 82.5
32 G 6.0 695  19.5  A3.0 0.0 0.0

2 33 100.0 100.0 7i.0 &7.5 78,0  87.5 940 95,0 meem cmei

7 33 93 07 9900 8105 91-5 770{) 87-\) 9-1.5 9“05 814-05 92:5 89.0 9105
16 33 100.0 100,00 67.5 96,0 82.5 90.5 8Y.5 G0.5 92,0 97.0 86.5 88,0
24, 33 6.0  97.5 T3.0 940 84,0 GL.5 Bl.G 85.0 88.5 93.5 835.0 85.5
32 33 89,5 91L.0 7i.0 82.5 76.5 87.0 740 8L,0 65.0 T2.0 T1.5 78.5

2 66 91.0 95,0 75,0 89.0 96.5 99,0 G0.0 99.0 BY9.0 G7.0 T2.5 T40

7 66 58.5 1U0.0 B8.L GY.5  85.5 96U Y60 96,0 8.5 93,5 92,0 95,0
16 66 1.5  99.0 5.0 95.5 87.0 90.5 9.5 89.5 7T5.0 88.0 85,0 85.5
24 66 G975  98.0 T35 93,0  65.5  Bheb  T7.0 77,0 T3.0 73,0 81l.C 82.0
32 66 85,0 8Y9¢5 48,0  8BL.5 0.0 1.5 0.0 0.0

£ 100 2.0 3.0 0.0 0.0

7 1w 690 69.5  4T7.5  55.5  53.5 690 mmmm meee

16 10 64,0 9.0  37.5 5L 43.5 45.5  LUWLG 0 40,0 31,00 36.5 28,5 30.0
24 100 89,5 BY.5 L47.0 T72.0 68.5 88,5 Tb.H  T9.0  67.5  73.5 62.5  6LU
32 100 2.0 2.0 Ge0 0.0

+ Samples destroyed by contact with humicity-controiling solutions,

*6T
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after 5; weeks. Jstorage at 2°C. and U0 percent humidity resulted in
only 3 percent gemsination after Y weeks, and a complete loss of
geridnability after 18 weeks.

The effect of the interaction of tca;uper‘:iture and humidity in
deternining the viability of stored (. iedgerddany seeds is perhaps
shown more clearly in figure 4. This Lipure graphicaily iliustizutes

tre data Yor the germination after 30 days for the samples stored under

the various treatment conditions for the SH4-week period.

iffect oi storage tewpersture-numidity inter-relationships upon

gemination of (. suceirubra and C. hybrid seeds. Though & lack of

definite knowledge regarding the history of the seeds of (. succirubra
and {. hybrid possibly remders data on their reaction to the varlous
temperature and humidity storage conditions less subject to accurate
interpretation, the results do iliustrate two points of importance and
are thereiore presented in tables 3 and 4.

These data serve as further proci that doth teiyerature and
humidity controls are necessary to prolong the viability of stored
cinchona seeds. 7The comblnations that proved deleterious tc Lhe
C. ledgeriana seeds also resulled in drastic reductions in the via-
bility of {. succirubra and C. hybrid seeds. High humidity is agaln
revealed as the critical factor, particularly at either extreae of
tesperature. Thus, as was the csse with (. ledgeriana seeds, storige
of L. succirubra and (. hybrid seeds at 2°C. and 100 ;_:&me(;rh humidity
resuites in a complete loss of germinability in 27 weeks, and at the
329C, and 100 percent humidity combination loss of viapility was

couplete after only nine weeks.

The eifect of high temperature on the viatility of (. succirubra
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and (. tybrid seeds also was simiiar to the effect on (. ledgeriana
seeds, SJeeds stored at 32°C. and O percemt humidity rapidly lost via-
bility, failing to gemsinate after 27 weeks, and those at the sane ten-
perature and 66 percent humidity suffered a simiiar loss in visbvlility.
Table 3. Average percent gemsination of . succirubra ae:.cis at six
progcressive nine-weeks sampling dates after stor: ge under various

conbinations of tesperature and humidity (four {ifty-seed
replicates for each test).

Storage average percent gerndnation in 21 and 3U days after
environment storage under conditions indiecated for —-

teuwp.humid- Y wis., 18 wks., 27 wks. 36 wks. 45 wks. 54 wks.
OC. ity(%) 2ida.30da.2ida, 30da.2ida.30Ga.21da.30da, 2oda.30da, 2ida. 30da.

20 TLe5 7145 615 66,0 52,0 55,0 59,5 60340 mmmm mmmmi

16 0 76,0 7645 44e0 65.0 50,0 55.0 5645 5740 35,0 56.5 L745 4745
32 0 68,0 7U.0 2.0 20.0 0,0 0.0

2 33 775 T840 55.5 05,0 645 6705 TLe0 72,0 mmme mmemmst
16 33 8he5 85,0 54a0 6945 6545 7540 57,0 60,0 47.0 65.5 58,0 54,0
32 33 75.0 76.0 Lhe5 68.5 48,0 58,5 LG.0 51.5 21,0 36.5 39.0 39,0

2 66 8ULO 8045 50,0 7240 6945 7840 6Y9u% TUuS 3ieb 5240 6ha5 65,0
16 66 THe5 T7e0 55960 7705 65,0 05,0 7100 710 5145 6845 41,5 L1.5
32 66 70,0 72.0 15.0 54.5 0.0 0.0

2 100 AYe5 5345 1940 3105 1640 1905 mmmm mmemi

16 100 5845 61.5 6.0 26,5 13.5 21.5 1h4aU 140 2.5 5.0 8.5 8.5
32 100 0.0 0.0

» Samples destroyed by contact with humidity-controliing solutions.

It is of considerabie interest to note thut the older seeds have
reacted to the varicus combinstions of temperature and humidity in a
manner gquite similar to the {resh seedsz, as this lends support to any
general conciusion whlch may be drawn as to the optlmum storage
conditions for cinchona seeds.

in examination of the aata for all three lots of cinchona seeds
reveals that in general, under the comiitions cf t;ii:s experiment, there
was little relstionship between the gersiination reéorded at 24 days and

that at 30 days, and that the wide variations in this ratio were not
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reiated to treatuernt variations. lowever, a wide variation in
gemiination betveen the two periods did exist following storase urcer
conditions proving deeidedly uniavorable and during wihich the seed had
ayparently apuroacheu a very low stage in vitality. This is seen most
ciearly in the case ol the 32°C. and 6& vercent humidity cembination at
18 weeks with ull three seed lots, and with the 32%. ané O percent
humidivy comwination at 18 weeks vith C. ledgerians and C. succirubra
seeds. This faect indicates thut there is probably scue point in the
procesg oi ueleriorstion at wihlch geruination is consicerably siowed,
Consequently such ger.dnation behavior muy hold practical importance,
indicating that such seed has reached a criticai condition and should
be used promptly.
Table 4. Average percent gernination of €. hybrid seeds at six
progressive nine-weeks san ling datés aITer storape wnder various

combinations of tewperature and pumidity (four rirty-seed
reglicutes Lor each test).

Storage Averuge percent germination in 21 and 30 days after
environment storage under conditions indicated for --
ten, Jhumid- 9 wks., 18 wks., 27 wks. 36 wks. 45 wks. 5. wks.
O¢. ity(y) 2ida.30da.2lda.30da,21lda.3uda.2lda,30da 21da.30da.21da,30da,
2 0 57.0 62.0 39,0 64.0 35.5 52.5 46.5 51.) ——— e
16 0 500 5940 29.0 51.5 28.5 4645 0.0 Live5 3B.5 Li 0 22.5 23.0
32 0 15.0 25.0 0.5 4.0 0.0 0.0
2 33 8500 87.0 61405 83.5 58.5 76.5 6900 73.0 i ——— """—f‘"
l6 33 750 77,0 6645 80,0 TL5 87.5 645 T0a0 63,5 TLaO 6b.5 6940
32 33 ThoU 770 1.0 6440 34.5 42.0 28,0 30.0 29.0 32.5 25.5 26.0
2 66 85.0 89,0 6040 7545 6540 82,0 79,0 8345 7345 60,0 71,0 71.0

16 66 83.5 28,0 60,0 T7.5 52.5 65.5 TL.5 73.5 69.0 T5.5 67.0 68.0
32 66 67Q0 7&.0 16.0 5l}00 0.0 U.U

< 100 20,0 22.0 8.0 11.5 2.5 30U =—wm cewt

16 100 26,0 30,0 13.5 14.5 Yu5 12.5 6.5 Yeb 45 5.0 5.0 5.0

32 100 0.0 0.0

# Samples destroyed by contact with humidity-controiiing solutions.



0.

iffect ol storage in light vs. darkness. The data for the ger:ination

)

of samples of C. ledgeriana seeds stored at room temperature under five

humidities and in the presence ¢f daylipght are preserted in teble 5.

For purposes of comparison, the data for {he same seed stored in the

dark at the same teuperature and under four humidities are included from

table 2.

Tavie 5. /verage percert ger.ination of sauples of {. iedperiana seeds
stered in the presence of light at room tesperature under five
huaidities, compared with storage at the same teaperuture under

four humidities in the dark (four [ifty-seed replicates for each

: \
LEHL, .

Storuge Average percent gernination after storage for —-
envi ronnent 18 weeks in 36 weeks in 54, weenhs in
tewp iumid~ DARK LIGHT DARE LIGHY DERK LIsuT

O, ity(¥)2ida.3uda.2lda,300a.2i08.F.da 21da, 3uda,. 2ida. 3uda.2dda, 3uda.
Rl O TOW0 9545 TLe5 8945 83.5 BLWO 5.5 77.5 77,0 82,5 05.G 75.5

2l 25 76,0 85.5 58.5 845 6345 8245
24 33 13,0 94.0 £30 85,0 85.0 €h.5
2L 50 80,5 87,0 58.5 85.5 0.5 7645
24 66 T3.5 43,0 770 T140 81,0 82,0
24 75 6L.5 70.5 24.0 59.0 9.0 31.5
T2 100 47,0 72,0 0.5 0.5 765 7940 0.0 040 62.5 64.0 0,0 0,0

These data show that storage ol {. ledgerianz seeds in daylight at
rooin temperature and high humidity significantly hastened deterioration
over those stored in the dark. This might nave been anticipsted, as
these conditions apjprouch tnose favorable {or gerrination, though no
gemiination was observed in the storage bottles. The seeds stored in
the light at O percent humidity germinatsd consistently less than
corparable seeds stored in the dark, Lhough the differences were not
very Jarge. Ko direct comparisons are avalizbie at the intemediate
humidities, but jgerminations ol seeds stored in ihe ligit were below what
might e exjected on tie Lasis of the resuits [frow those slered in

the dark.
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Eifect of storage in sealed tin containers. As stated previously, only

one geruination test was made of the sesds stored in tin cans at two
tenperztures for one year. A Jul-seed sample ol the seeds stored at
16°C. aversged 81.5 percent gexminat-ion in 30 days, and & iike sample
of the seeds stored at 32°C. averaged only 52,5 percent geruination in
the same pericd. This aguain demonstrated the deleterious effect of
high storage tempersture on seea viability, &«nc though at the lower
tesperature germinatlion was neurly <u percent below that of the check
at. the veginning cf the experiment, it compared favorably with the
better geminatious recorded in table 2, resuiting after storuge for a
similar period at various temperature and humidity combinations,.

On the basis of the results of thds preliminary test, the use of
tin cans as storsge or shipping containers vould seem to warrant

further eonsideration.



Fart Jl. ZEffeat of Varlous ¥edis

The popular literature on the propasatlon of zinchbonu contalng
several detalled aosounts of the preparation of the rernination beds
and of the exaoting cure they reguire. .1l are arreed that suzoess or
failure 1an the cnterrrise depends primarily on this phase of tbe work,
and repeatedly urge thal mo expense op cure e spared.

van Toxkom (10) states that wren the fancus Iubtoh propasator
Junghubn first colleoted cood seeds in Java, he tried many methods of
gersination,

Prom 200 well devsloved seeds, sSowr brouadoast upon well

vrepured heds, there wus hardly one healthy plant obtaimed.

Junghuin ascribved this misfortune Yo the fineness and light-

ness of the seed, whloh were there exposed to all the

canrices of wind and weathsr, and further poluied out the

danrers without nweber, whioh existed ulseo from the first

sprouting of the seed.
Jungiuin then tried sowilng the seeds 1m bamboo pote fllled with
puriftled, finely sifted wood earth, or slse with a mixture of this and
a fourti part of black volsanie sand.

In the Tirst experiments, esash tamboo pot served for Lhe

recertion of u single seed, aftersurds two or three were put

in; thls was done in = small superficelal plt, made by the

pressure of the finrcer in the loose soll 4n the senter of the

vot, whish was then sprinklied with the black sand just men~
tioned, to & thiokness of £ or at most 1 millimeter to himder
the seed belns blown sway, &ud to prevent i1t being dried

too mush by the ulr. From this time the soll ia the pols was

kept oonstaontly molst by means of & very flue waterlns pot.

50 handled, the majlority are stated te¢ have germlnuted in six weeks, 1n
a few casee after 20 or 22 davs, never after 1CO days.
“hen van Norkom took over the direotion of the olnehoma culiure,

he found s hundred tnousand geeds so sowa that had falled oompletely

to serminates lie then used baked carthen pots, filied two-thlrds of



thelir depth with samd, on whioh was spread out a layer of loamy sell,
properly molstened, of a few oentimeters in thiokness., On this pre-
pared soll tihe seeds were socatterec as thiockly as possible and the pots
then put in a saueer of water. MNe states that in this way

« s « & sufficlent guantity of molsture is drusm up hy capiliary

attraction, whilst in the eprinkling of the seeds the limits of

the desired molsture may be easlly overstevrped, moreover the

geeds themselves may be damaped, and sometimes dislodped or

removed. It 1s quite alear that favorable conditions for the

germipatlon of the seeds and the development of the plunts

gannot be suffiolently ensured in the open ground, amd thus 1t

is nesessary to have weli-devised provagzabting houses,

A8 furtcer experience wat galined, however, & system of outdoor
propagation was developed wilch ylelded satisfaetory resulis. Sands (20)
reported that the system extensively used in Java was to construct
special permination sbeds of bamboo poles, covering the roof witn dried
grass and providine removable grass or bamboo shades for the sldes. .
trench 2 feet deep was dug and filled with fresh Jjunele mould, and the
sesd sown thiekly om the tep of the mould. The seeds perminated in
about threc weeks and

e s« o from then onwards extreme ocare and watohfulness have to

be exeroised in the watering, lishting and sheltering of the

youne plants. If the soll 1g too wet or too dry, or if there

is ipsuffioient diffused licht for the seedlings, dampins-off

diseases often destroy themi if kept too dry or exposed to

wind, red splder or orsuce mite may sausze damige to the tender

leaves and sheots.

The zemination methods employed im Java were undouttedly successful,
and have been imitated i{n many other loocalities. #xperimental data
on permination medla other than Juple mould were not available uwntil
19239, when Stoffels (28) reported an experiment to determine the effest
of medla wmd altitude on germination. Six media, includlag (1) aradble
soil dug to a depth of 25 om., (2) arable soll disinfected with fire,

{&) arable soil and fine eravel, (4) fine gravel, (5) subsoll, and



:?,4.
{6) a layer of forest litter, were tested al altitudes of 1650 and
1380 meters. Jomewhal better perminailon wae recorded with tle subsecll
and mravél media than with othey media, with an indicatlion of superi-
ority for the higher altitude, The sernlnat lon was recorded as the
awsbey of plants per square deslmeter, wund the sowlnrs were appurently
durnlicated, tut there 1s no stutistiesl evidence to inddcate that the
germination di fferences were slgnificomt. The superiority of tae
sudbgoll and oravel media was attributed to the lack of losses due to
fungi.

Yevorklan {15) reported a recen! experiment in whiok sphamum moss,
peat moss, forest muleh and sand wers tested a3 servinstion nedla.
Thoush the earllest rermination wus recorded on peat moss, a hierbly sie-
nificant difference In the number of seedlinss survivias by the eud of

the sloeventl week was reported in favor of the sphaspur moss medlum.
Haterluls and Uethods

Jo obtuln duts on the influence of the medlws on rermination of
e lodperiana seeds, an experlment was couuucted in which spharmum
moss, peat, filter »aper, blotters, sund, sterilized composted soil zpd
distilied water were 3ll compured as gersinztion medla. Your hundred
secds were sown on eaeh of tuae medla aud plased in a szall room lo
wanlon identical 1lipht and temperature oondlilons were supplied all
treatmentse the sowlnss were luspecied dally for 30 duys and, with the
first appearmnce of the radlele as the eriterion of memination, the
rapldity of geraination as well as the maximum w:s recorded. Wve we ks
from the dute of sowlne the experiment was discontinued, und the pumber

of plants remainine at that time reocorded.
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Gesult s

Yaxinmum gerninatlion was obbelned +lth all medis in 18 dave, with
8o siqolftcunt differcue lp rapldity of zerminuation. However, thsre
was a slrniflcant differense in tae survival of the seedlinre, with
lossss rauncing from O pervect in the case of spuasnum moss, to 28 pers
cent Yn :he case of the soll mediume These datu are presented in
tablie €.

fable G. Ianfluenos of wedlum on the seminailon of C. ledperiana seeds
aud survival of the youns sesdlines (400 seeds in eash teat).

Tays to saximum Days to Ho. sdles, krercent
Yed iun lst germ=- gemina~ maximen surviving loss

inution tion zeming~ uftey sfter

{po.pits.] tlom 5 weoks zersination

Sphagnun moss 7 400 15 400 Qo
Sand 10 288 18 269 Zeb
201l 8 387 18 290 25.0
Feub 7 3% 14 310 20.9
™Mlter paper & 90 16 bats 22
Riotters 2 87 1g 265 Ba7
Plstllled water 8 &9 18 8O 2.8

wearly all of the losses ocsscurred shortly after servinmtion,
probably due almost entirely to dampine-off funei. Yandarsae {17)
peported 20 to 20 percent losses of cinchona seediinrs due o a
Ahizogtonia damplop-off ia soll im the Thilipplnes.

Prom thls dats, It anpears that the medlum exerts little influenae
oo sctuul sermination, and that complete perwminution will resuli on sny
substrate Lhat provides a prover wmolsture comdition wmd is not astually
toxic to vhe seeds. However, a8 the seedlings are extremely sussentihle

to dampine-off funpl, and the bizb molsture and temperature csondliions
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favorable for germination are also conducive to fungal growth, there is
a alose correlation between the medlum used and the survival of the

youns seediincs.
Part 111, ZEffeot of Lisht

The réle of lient in seed gerncination has been the sublject of
rnumerous investicutlons, from which it may be concluded that some seeds
re-uire lishkt for the initiatlon of germinative processes, the sermina=-
tion of others is favored by exposure 1o ligzht, exposure to light
interferes with the germlnation of & third group, and a final oroup 1
indifferent to the avallablliiy of lieht curine gercination. These
investipautions bave been recently reviewed by Burkbolder (4), and
Jrosker (7).

Fervosch (14), In the only published studlies onm the recuirem.nt
of lisnt for ciuchona seeds, concluded thut (1) other environmental
factors belne favorable for germination, eerzlnation wifl not take place
until the seeds are exposed to some lisht, (2) rermination is the more
rapid and complete with Increasing exposure to light, maximum cerminsa-
tions resulted from conditions of continuous illumination, and {(Z) in
an exveriment in which li~ht intensiiles from 55 cm. from a light
source (50 ocandle Thilips' metal-fllament liecht) throush four inter-
meilate Intensitles to 230 cme from the licht source, serminution was
the more rapid and complete as the lieht intensity was Increused.

The experiments to be reported were desisned to verify the lisht
regul rezent of elnchona seeds and to determine guantitatively in
unlversally recoenized foot«gundle and time units the intensity and

duration of exposure to liesht necessary for complete germinatlon.
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These experisents were sonducted in a small underground dark room
equipred with autonatic temperature and lleit controis. The temperature
was walntslned with a raee of 22° to 2497, Lient condltions were varied
in accordsunoe with eash npartlioular study and the spesiflc detalls are
pregented with sash test. o« larese quantity of sphaszpum moss was hept

moist in the roou, which effestively malntalned 2 humld atmosphare.

Frogcedures snd hesultis

yerifisation of light retulrement. To deteruine that soms liaht is

necessary for germination, four repllicates of fifiy seeds eaoh of

Zinshona ledperlana were sown on sphasnum, thorourbly moistened, covered

with a pane of plass, and held In totsl darkness for 21 duys. Jhen
then Insrected It was found that the seeds were mpparently in pood
sondition mnd had lobibed waler, btut there was no frace of germination.
4 Quplicate sowlns was prepared and held in the dark for 50 days. Thoush
there was ample molsture, there was sgaln mo lndliazsiion of permination.
In the latter case, aowever, some of Lhe sesds had deterlorated throush
lonr exposure to molst senditions. hen sowlnes tihws held in ithe dark
were subsecuently brouest Into the light, the zeeds wndsnused by rot
gerinated normaily. Phose held dark for 21 duys reached maximum gemmina«
tlon in an additlional 21 days, or 42 days from scwlne, and those held
dark for 50 days reached maximum permipation in 71 days frowm sowing.

The experiment was agalmn repested, using C. sucoelrubra and
= hybrid seeds as well as J. ledserlana, and usio~ sand, soll, peat,

filter paper and sphagnum as gervination medls. In all cases the result



wag ihe sare, none peminszbizd in the dark, bul when breusht lnto the
lieht the vemulninr pood sesd germinated wormaily. These results are in
sompleie agreement wiih those of Ferbosoh, and cosslusiveiy prove that some

Ilent i3 requlred for the initiation of the serminuatlive process im oinahona.

Light

«ml;ed for germinstion. For experinents on the exposure
recuired for pervinautlion of sinohona seeds, the durk room was subilvided
into a serics of booths, each eiuippresd with a lient whish was controlled
independently of the others. Hew li0-watt frosted Yazda buits in reflee~
tors were suspended 15 inches above the sowlne medium, whiloh resulted im
a light intensity of aboul 200 foobl~puandles at the seed level, as meuasured
by the seston lllumination meter.

Metal bread pans, 5 by 10§ by 3 lushes were used as seed flats,
These accommoduted four replicates of 10U sesds eashs o preliminary
experirent was oonducted in whish sand, soll, peat and spharmum wers
aonn.red ss permination medls, Corsiderabls diffioultly was encountered
in maintainine adequate molsture conditions In the sand, and damping-off
oaourred In the peatl wnd soll trials, sonsequently sphacnum was selected
a8 the standard medlum. The lower portion of the fluts was filled with
soil, over whioh au luyer of at least ome~half inoh of finely shredded
sphasnus was placed. This was thoroushly watered, the seeds were sown
on the surfuace, and the pan eovered with a pame of #lass. Eo further
wat ering was usuuily rejulred durlng the perwmination period.

Lally exposures to the 20¢ foot-scauiles of lisht of 24 hours
{eoutinuous ), 12 hours, € hours, 1 hour, 10 minutes, 5 minutes, 1 minute
and 10 seconds were supplied to fcur replicates of 100 seeds esch of
e ledeerispna. -5 the results of the first experiment falled to apree

with ¥ertossh's oonclusion that maxlmur germinatlion resulied from



oont inuous Lliwnination, the epiire oxperiment wae repealed three tlues,.
The datwu from the four experiments are presented in table 7.

2he ¢aba in table 7 show that dully exposures to 200 foot-samiles
of lizht for as short & pe:lod as 10 seconds were sufficlent to pesult
in nearly complete geruination of C. ledgerians seeds im 21 days. Por
the purvoce of this experimeanl, a seed wss considered geruinated only
after the hypoootyl had besun to elongate.

However, as the light quantity supplied was decreased, thoush
gerninatlon was neurly ocomplete, the presuitine seedlinge had longer
hypoootyls, werc prorressively more etlolated, and their roots falled to
penetrate the medium normally. This response iz 1llustrated in figures
B throush 7. <hen these weuk seedlines were gruduaily exposed to larger
dally lieht exposures, however, they rapldly developed more shlorophyll

and were soon mormal im appearance.
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Tabie 7s Germination of J. ledperiana seeds after 21 dally ezxposures
to 200 foot=-sapdles of light for the lenztins of time lnuicuated,

NS o : o et e
wenrts of Cermination of 10(~seed replisates after 21 days
duily lieht
exnosure Zepl. z@e;z.x Axn ner.ll ixmer«il) dxver.ly
R cenm
- 100 97 100 g
B 08 o9 o6 95
24 hours o 29 95 el 97
{(sontinuous) D 99 100 %8 2%
VG 99 28 97 _ 97.5
Y 93 86 5 98
B 2% o4 160 a5
12 hours 2 38 99 29 o7
L @7 100 95 93
A 38 94 $6 93
3 il 90 8¢ 92
& hours v =74 o7 o 20
b 0w 95 95 95
AVS s 5eD o4 s 94
A 96 9% 8 100
B o8 2 92 85
i hour ¢ ol 90 99 o6
h2] 100 29 3] 83
AV o7 94 97 93
a 94 M ol 88
B 160 20 o6 92
10 minutes G 96 @5 e 7
3] 4 21 84 92
AVEe 26 $2.5 95 . 92.5
& o4 100 ad 23
B 92 gl Sl 9é
5 minutes G 96 92 87 o1
b 100 20 92 95
AVE. 25,5 22.5 o1 5
& 88 xR 96 88
B s £0 91 85
1 mdnute C g8 8& 90 @&
L 100 89 b %] 92
HVE » 0.5 905 Y 2T 90
A 8¢ 48 431 96
B 82 97 87 93
10 seconds ¢ 80 82 11 98
b Q6 & 34 11 §

&Y€@ 88.5 %4 gl 9.5




Figure 5* Cinchona seedlings germinated with short exposures to Z0O
foot eoodles of light. Left, I hour; oeater, 10 roiautes; right, 5
Minutes daily for 21 days. Bote Increasing length of hypoootyls with
decrease in length of ©imesure*

Figure 6* As in figure 5, with (left) i sinufce and (center) 10 seconds
daily exposure to 200 foot-oandles of light. Pan ea right was held In
the dark.



Figure T* &Liarg«meat of a section of a flat exposed to 10 seconds of
light daily (figure 6# centerj. Sote long, etiolated fcypocetyls and
roots whioh failed to penetrate the medium*

Figure 8. iklargeaeat of part of a flat held in the dark for 21 days,
fhough temperature and moisture conditions vrere favorable, the absence
of light completely Inhibited germination.



33

Light Sntensity reguired for germipation. To determine the effect of

light intensity on germination, an experiment was conducted 1n which
several light intensitles were provided by vaming the distance from
the sown seed to a single light source. 4 Photeflood No. 2 buld was
used as the licht sourse, and positions for the seed flats were so
seleoted that 2000, 700, 300, 150, 75 and 25 foot~candles of light would
be supplied at sesd level. 4is an exposure of 10 seconds dally had
previously proved to be sufflclent, it was used in this experiment. 7This
experiment was repeated twice, using four replicates of fifty seeds
each of C. ledgerlana at each of the treatment conditions in each of
the experiments. The results zre summarized in tabdble 8.

Table 8. Average percent germination of C. ledreriana seeds given a

duily exposure of 10 sesends for 21 days to lipht of seversl
intensitles (four fifty-szeed replicates for each test).

Light intensity Averages percent germinatien im 21 days
(foot~candles) Bxperiment I Experiment II  Experiment III

2000 2¢.0 98.0 95.5

700 95.5 93.0 96.0

200 89.0 84.5 90.0

150 43.0 47.5 46,5

75 15.5 12.0 10.0

25 7Teb 10.5 13.5

Fleures 9 and 10 are photographs of representative flats given

dally 10-gecond exposures to lizht of the severul intensities.
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Figure 9. Gemination of C. ledgerl ana seeds supplied 21 daily 10-
seoond exposures to light of different intensities. Left, 2000 foot-
oandles ; center, TOO foot-oandles; right, 200 foot-candles.

Figure 10. As in figure 9, but supplied (left) 150 foot-oandles,
(center) 75 foot-oandles, and (right) 25 foot-oandles of light dally



It is apparent from these datu thst there was a rapld decilne in
germination as the light intensity supplied was reduced below 200
foot-~oandles. This corrotorates the resulis of the previous experiments
which indloated that there is & minimum polnt in the light requirement
of oinchona seeds, below which reduced permination results, dbut above
which germination 18 mot greatly lnoreased. This minimum point was
determined to be a combinatien of 10 seconds per day exposure to light
of between 150 and 3CC foot~cundles intensity, under which conditions
nearly complete gemmination was recsorded in 21 days.

It is of interest to note in flgures 9 and 10 that the increased
intenslties of lieht supplied were not effectlve in preven:ing the
stiolation or elongated hyposotyls previcusly resorded as resulting
from short dally light exposures durine 'ihe germinat ion pericd.

The results of the effest of light intensities here reported may
not be in dlssapreement with the work of Kerbosob (14) from which it was
goncluded that maximum germinations resulted at the greater lieht
intensitles. No means are provided for detersining the range of light
supplied in the previous work 1n universal units, but if the light
intensities were delow 700 foot-candles such a conslusiom would have

been Justified.

Stage of germination period at which light 1s required. The experiments

on the liszht required for germination of cinchona seeds have recorded
the effect of dally exposures to light of a known quantity. Te determine
whethsr exposures less freguent in cocurrence are effestive, two
experiments were conduoted.

In the first exveriment, the tetal light guantity supplied by 21

daily 10-second exposures to light of 300 foot-candles intensity, whieh



i3 pear the minimum amount that reswulis in complete mermlnation, was
supplied at less frejuent intervals by lengthenineg the individual
exposures. The results obtained with four 100-seed replisates of
Lo ledgeriupa are elven in table 9,

Pable 9. Sermination of ¢, ledperians seeds supplied a {otal of

63,000 foot-sandle-seconds of light at seversl stares during
the 2l~day gperminatlon period,

Lensth and frequenoy of Germinatlion after 21 days
exposures to light of.
300 foot-oandles intenslity Hepllioate 4 B c b 2V@e

10 seconds dally 98 %6 100 9 97.5
20 Bec. every Znd day 87 85 85 90 8%
30 secs. every 3xd day 56 €2 61 &4 61
70 seoc. on lat, Tth and l4%h days 11 ] 8 4 8
1056 zec. om lst and 1Otk days 6 '] 8 v 8
210 secs on lst day oanly 0 0 1 1 C.5
210 ses. on 10th day only i o 2 1 1
unlighted cmtrol 0 C o 0 0

Frow the data in table 9 it is apparent that the 62,000 foot-sandle-
seconds light gquantity was suffielent to supply the minimum requirements
for the germination of olnchous seeds only when some portion of it was
supplied at least every seoond day. The fallure of less frejuemt
exposures to result in reasonable germination sugmested that light must
be reyuired throughout the germmination process, rather than bveipg rejulred
only as a possibie satalytio stimalus for the initlation of germinatiom.

Follewlne this, a second experiment was corducted in which 3 mueh
greater light quantity was supplieds TFour 100-geed replicate sowings
of . ledseriapa were supplied 2100 foot-candles of light for (1) 7
minutes on the first day, (2) 7 mlnutes on the 1Otk day, and (Z) 140
seconds on eaoh of the lst, Tth amd l4th duys. The germinations recorded

are presented in table 10, [Thls shows that even with a light guantity



for grester thun toe 63,000 fool~oundl e~seconds previously shown to e
pear the misimos requlred for gervimatlien of ., ledperians seeds, germina-

tion falied to czour shem the light was surplied ot {nfrequent intervals.

fable 10, Terslpation of 3, ludgerlapa se«ds supplied a lotal of
882,000 foot-sandle~seconds of lignt ab several stages durine the
2l=-day peralnation period. )

senrth asd freguency of teprination after 21 daye
exposurss Lo lient of
2100 foopt-sandles intenkily teplieate & B ¢ by Ave.

T minutes on lat day 2 (+)

1 4 2
7 minutes on LOth day 3 1 2 2 2
140 gso, on let, Toh and l4th days 15 18 24 i9 19

A A ————.

Fayt IVs &ffeat of Terporalure

There 1o kpown to D@ &« divsotr melatiomsbip betwesn the Leapervature
of the savironment and seed germinatiom, due iz larse vart to sthe effeot
of teaperuture on the rate of obemloal reasstions. Tius Lemperature
revuirenents for gerzination of dAifferent species 15 julte varied, bdut
falrly definite minimus, optimum and maexizmes tesperatures oun be
detwruined for a siven speales.

There sre 20 publishod data on the lespsrature yesulressnis for the
persination of slsohona seeds. Ferbosoh {14) recogmlized thul differences
misht be exvested from varlautions 1o gperelnscion tempersiures, but sinse
at the wmliform tesperstures of 18 to 229C. st Jsva exoelient germinations
were being obtalped, no study was revorted for thls feotor. Howsvep,
sinoe 14 is not fessible to malntaln these temperstures inm outdsor heds
in msny of the plages in the .morlous where the attemps to reestablish

tois plant $8 belag made, 2 sritlosl study of t(he effest of tils fsotor
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assumes sonslderable lspertamnce.

¥inlomwe, optlmws wmd waximum temperatures for the perodnation of
2+ ledgsrians seeds huve been detérmined in thls imvsstipation, and
tre effoot of relutlvely short exposurcs $o aleve-maximal teapsratures,
susk 45 might voour in fuil sunlight under glese or other btransluscent

sover, on the viability of the sown seed bas been lnvestizatsed.
H¥aterials

The study of the effeot of the Lemperature of ke avironment en
the merminatlion of olncbone seeds was made with the wid of an lapro~
vised ocmstunt~bumperature ohomber. 4 metal asblnet was partitiomed
into four small shambers, in eaasn ¢f whiok was placed a light buly teo
furnish boik heat and lights The hx}mn were oparated Individually bwy
themostates The eablnet was plaoed ln a 00ld storaze room that was
held at 7°C. By ourefully adjustine She tdermostats, the individual
shambiers could be malntained withinm 1 degree of any desired temperature,
from 7O to 40°C, Plgures 1l usad 12 respectively illustrate the
exterior ad interlor aprangement of ths geralnation shambers.

Themographis recordlops were made durlpe each of ithe experiments
to gruard seaiast the possiihiliiiy of temporary surrent failure or buld
fallare whish wight have altsred the sentinulty of the desired tempera—

tures Jeo ledges 3 Boeds were used im sll of these experiucnts.

They weye sown On sphasnum wose in medal pane ln the muuner previscusly

desaribsd, and oovered with a pape of alear glass.



Pl*nare XX* dxtarler view of the improvised germina-
tion eharaber used to study the effeot of oontrolled
terrtneratures on the termination of oinohonu seeds*
Sole location of thermostats*



Flgor* 1z Interior Tlew of iaprovisod *ox”inatloo
cfeantfaor* shoeing 1&mUted 1»dl?ldual ©Goaipartmmts
and arrangement of bulbs, seed fiats sad bysnrothermo-

ogr&j>jbs»
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Proaedures and Hesults

betersination of m

am temperatures for

germination. & prellmlnary experiment wss oonduwsted to determine the
extremes of temperature at which germinstion would take place., Sowlngs
were made at 7% and 40%°C. and resulted in complete fallure. The seeds
sown at 7O0C., thousk tiuey retelned thelr vitality, falled to germinate
even after 75 days, whereas those sown at 409C, deterlorated rapidly
ané had all beocome mouldy in only b days. Therefore 7% was below the
minimum and 40°C, was above the maximum temperature for germinstion.

4 serles was then sown in the ocontrolled~temperature ohanbers,
adjusted to maintain temperatures of 12,59, 18.59, 24° and 29.5°C.
Four replicstes of fifty seeds esach were placed at eaoh of the tempera-
tures and the resultings gerrinations® recorded after 20, 230 and 50 days
to determine the effeot of temperature on the rapidity of germination
as well as on totsl germination. At the conclusion eof the experiment
a new set of samples were sown and the experiment repeated. The results
of the two experiments are glven 1a table ll.

The oouwplete fullure of the seeds at 12,5%., and the increasingly
rapld and eomplete germination at ihe three higher temperatures indlsated
that thoush 12.5% was below the minimum, 29.5° was also below the

maximum for permination.
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Table 11, .iverage percent merminatlon of 3. ledgeriana seeds at
12.50, 18,59, 249 and 29.5%, (four-fifty seed replicates for

sach test),
“xperiment 1 Bxperimeat II
Temporature sives pereent gem. after ive, percent perm, after
oz, 20 20 80 days 20 30 50 days
12.5 (4] + 0 0 0 ¢
18.5 68 95 8 80 93 5
‘24.0 o4 100 100 ) 100 100
29.8 98 100 100 81 100 100

The thermostate were then adjusted to maintsin temperatures of
149, 16,59, 229 and 235%C. 1la the compartmmts’anﬁ two sepurate experi~
ments were apaln oonducted in the mamner descoribed, using four
replicates of 50 seeds eash for eash of the temperatures indlcuted.
In table 12 are found the average germination percentaces for this
series of experiments.

Table 12, average percemt germination of J. lsdperlana seeds at
149, 16.,5%, 320 and 359C, (four fifty seed replicates for eaeh

test).
Bxperiment I Experiment II
Temperature Ave. veroent porm. after Ave. percemi serm. after
9¢. 20 30 50 days 20 30 5C days
14 ] 0.5 1.0 0 1+ 1.0
13,5 3¢5 &lu5 Bl.0 4.0 28,3 58,0
32 2.0 4,0 11,5 o 2,5 12.0

&5 o 2.0 76 o 2.5 8.0

The slew and lncomplete gmermination at these temperatures indi-
cated that the maximum and minimum temperatures were closely approxi~
mated, The data in tables 11 and 12 were combined Im the preparation
of figure 12, whieh graphisally presenis the effesct of temperatures on

the gemmination of {, ledperiuna seeds.
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tables 11 and 12.

It is apparent from figure 12 that there was a definite reaostion
between the temperature of tie environment and the resultant rermination
of . ledeerianaz seeds. There exists & eritical mlolmum near 14°7, velow
wiioh somplete fallure results, and a oritical maxlmum near 35%7. above
which germination will not take pluce. Detween these two extremes the
germination obtalned iInereases in woth rapldity snd smount with am
inorease in tewperature, attalnlng a muxlmum between 24° amd 29.597,.,
with an extremely rapid loss in zerminatility at temperatures above 29.5°C.

It snould be emphasized, however, that the temperatures used in
this serles of experimentis were malntulned constantly throushout the
entlre germination period. In germinations under natural conditions,

prompt and complete rerminutlions have been obtulned at temperatures
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avaraging about 20°C, with diurnal fluotuations of several desrees.
Little practical sismificance o be attaohed to the flusiuvations
between 18.5° and 29,5%,, and possibly to short exposures to tempera-

tuwres below this rampe.

Bffeot of short exposures to above-maximal temperatures on germination.

as previously stated, seeds sown al temperatures below the minimum for
germination retain their vitallty for some time. One sowing that was
held at 79C. for 75 days germinated 87 percent after sm additional 30-
day exposure to 249C. Seeds sown at temperatures above the maximum,
however, rapidly lose thelr vitallty. To obtaim data on the effeot of
short exposures to high temperatures, 20C-zeed samples of C. ledperisna
were 2own on Sphagnum and allowed to imblbe molsture overnight, and
then exposed to 40° or 50°C. for time periods of 2, 6, 12, 24, 48 and
92 hours, after which they wers plaoved at 249C. for the remalnder of a
Z0=-day germination period, These data are presented ip table 13,
Table 13. siversge peroent germinatiom of C. ledgeriama seeds exposed
to 40° or BO°C, for the time period lndlocated, thereafter held at

240C, for the remainder of a 30-day germination period (four fifty
..ssed replicates for sach test).

Temper- Cemm. Average germ. psroentage after 1nitisl exposure

ature period v to temperature lndloated for

oc. 6375 2 hrs. 6 hrs. 12 hrs, 24 hrs. 48 hrs. 92 hrs.

40 21 23.0 $3.0 98.0 90.0 5145 040
30 95,0 95 .0 98.0 91.0 53.0 0.0

50 21 T0.5 28.5 11.0 0.8 0.0 0.0

30 72 Os . 31-0 12’0 0’5 0.0 0.6

The data in table 1Z shew that an exposure of 48 hours to a
temperature of 40°C. resulted in a germlpatlon of only 51.5 percent, amd

that a 92-hour exposure to the same temperature resulted In a complete
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fatlure of sermination. OShort exposures to 509C, reduced perminatien
g€ven more drutia&ily_, only 7245 perosnt germinating In 20 days follawlng
an exposure of two hours, and only 0.5 percent after am exposure of

24 hours.
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Assuming that the ourrent program for the cultivatlon of olnshons
in the imericas will be ocarried out in losalities where the atove-ground
environmental conditions conferm to the general reguirements which have
been held pecessary for adequate growik, a knowledge of the below-ground
environmental iimitatiens is mevertheless essentlal to the successful
prosesution of the project.

4 few gemeral statements on the soil requirements of the plants
in plantation oulture exist in the literature, thus, we bave the
statements of Sands (20) that im Java "the best soil is a deep, lisht,
friable loam, rich in organic matter, well-drained and with a pravelly
or other porcus subsoil. A slopine yet sheltered situat ion is
necessary.” PFurther, that "oinohona, partlecularly the high-ylelding and
valuable 'Ledgeriana’ type, is most lladle to the ill effeots of
uafavorable gsoll mdit!gas*'; and, fimally, that

s « » Ohemical amalyses é! some of the best olnohona sollz in

Java ipdioate that they are well supplied with nitrogen and

phosphorous, but the writer was surprised to fipd In an exten-

sive serles of analyses of soils of a large group of estates

no mentlon of potassiuvm, and 1t may be that the lack of avall~

able potash 15 the limliing fastor on the podrer or previously

oultivated lands, Jjudging by the physiologlsal effeets produced.
Tae general practioe 1p Java was to use freshly-cleared junsle land and
grow one orop only. He-use of the lund resulted in poorer growth amnd
yleld, theush detalls as to the cause, or of attempts to remedy the
troudble, are not recorded,

The statements of #llson amd Mirohandanl (26) agree with these of

Sands, amd add that & mitrogen level of about 0.3 percent in the top
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foo? 4nd not less than O.1 pereent im the thuird foot 18 neseszary for
sucsessful growth. They furtosr stute that the einohens tres requires
a desp, rish, wall-dpained soil, soldts In reaction (pE 5.2 o B.6),
with less than 35 peroent olay. Cencerminy fertilizer practiocss, they
state:

This aspest of sinohona eultivation bas mot reselved as mmoh
attention in India as it deserves. There bhave besn s few
isolated trlals doth ip Bengal and Madras, but mo systematioc
experiments with adequate conmirols have yet been attempted.
Thoush the detalls of wanuring olnshona in Java are not avalle
{ able in the literature, it 1s, however, mentioned that at the
Covernment plantations in Java stable msmure imcreased the
quinine samtent of the bark and ammoniux sulphate reduced it
slightly. HNo informatlon i3 awvaliable reparding the effect
on yield of hark per asre.

|

.}\j They urge that mn_»imu should by undertaken to determine the effect
‘of nitrogen alome and in combination with phosphoris scid em the growth
and the yleld of the bark, and of potash on the alkaloid contemt of the
bBerk, and that the gensral effest of limlng be studled.

These stalemenis are mrﬂutniw'of the weoorded obsservatiomns
on the requimments of the older plamis, and lllusirate the lack of
spesifio data on this phase of oinchona ecnltivation., However, taough
it is freqguently stated that young seedlings in the geed bed and
sursery sre more exacting in thelr requirements, there is a somplete
lask of even general information as Lo the effects of the soil aavirea-
meat on this phase of thelr grewth. Probably the ohlef ciuse of losses
in the early growth stares is the inecldence of damping-off fungi,
though malputrition and incocmpatible media are doudtless importamt cem~
tributing faotors to this less. Yet there are no avatlable data om
the effeotiveness éf variows oultural or mutritional practices em the

mulon of these logses.
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There are few statements in the literature as to the usual rate
of growth of youns seedlings of cilnchoma. Sands (20) reports that in
Java when the young plantp have developed two or three pairs of leaves
apd are 3 to 4 ipncheg high they are transplanted into speclally prepared
nursery beds. 4is to rate of growth, he states

¢« o« « the seedlings often grow unevenly with the result that

some may be removed at 5 months from the time of sowlmp the

seed, ahile others in the same bed may not be ready for 12

months « « » « the seedlines of ledgerlanas are ready for

planting out in their permanent position 1ln 2 te 2 years from

the time of sowine the seed. They should them be about 3

feet high.
aogordlng to Stoffels {23). in the peigian Congo the seedlinpgs are
planted into the nursery when thney are about 6 om. high. st about
1650 m. of altitude they attain this size in about 7 months, amd at
1860 m, after 11 months from seedling. Final plaeing in the piantauan
is done after they have grom 8 to 10 months in the nursery, when the
plants measure about 25 oms The perlod from szeed to plantation thus
varies from 15 to 20 mounths.

4 photograph (figure 1) published by Mandaramg (17) shows three-
months-o0ld seedlings ia scoil in the Phillppines that apparently are
gsoarcely an inoh tall, thourh no data are given.

Thege stalementis indliocate that the éarly growth of cinchona
seedlings proceeds rather slowly., 48 the tender young planis are doubt-
less most suseeptible to dmnping-off logses wntll such time as the lower
portion of the stem 1s suffioclently woody to offer meohmical resistance
to hyphal penetration, this slow early growith may well be a limiting
fastor in the suscessful oulture of the plant, and further, may alse

have been responsible for the laock of swocess with C. ledgeriana in

localities other than Java.
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sufflei eat nutrients were supplied, was away time* as vapid as la lb# ease

of the soil medium. This response is illustrated la figure 14«

figure 14* Growth of £e¢ ledger! ana seedlings la a greeahouee soil
mixture (left) and la sphagnum moss (right).

Preliminary toots shooed that there woo apparently aa adequate
supply of zratrlmtff 1lb the soil madIan* Be pH of the soil was 5.7,
while that of the sphagnum medium was 4*4, mé& there Is a wide difference
la the physical atruetare of the two media* fhe effeet of ttese factors
on the growth of young seedlings le eocaeldered la the following series

of experleeets.
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Figure IB* C* ledger'!ana seedings in soil mixture, fertilised vd fib 8
grams of 6-10-6flrtulser* flat on left adjusted with sulfuric aoid
to a pH of 4*4, center flat unadjusted, with a pH of §¢?, and flat on
right adjusted with calcium carbonate to a pH of 7,4%

Effect of aeration on growth of seedlings In various madia, Seeds of
£¢ ledaerlana were sows in August, 1942, and the resulting seedlings
transplanted Into flats of sphagnum in October of the same year.

Because of the sub-optimal growing conditions during the winter at this
latitude, these seedlings had attained a height of only 20 mm* by March,
1943. fhese short, well-hardened seedlings were transplanted in March
to 7-inch clay florist's pots la which copper tubing, coiled within

1 Inch of the pot walls and with holes drilled with phonograph needles
at one-inch intervals along the length, was fitted so that air could

be pumped into the media, as described in detail by Crane (5). The
seven media used were (1) a mixture of three parts of sphagnum and one
part of peat, (2) 100 percent leaf mould, (2) 75 percent leaf mould and
25 percent potting soil, (4) equal parts of leaf mould sad potting soil,

(S) 25 percent leaf mould and 75 percent petting soil, (6) 100 percent
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potting soll, comsisting of three parts M@aﬂm sterilized soll,

one part eash of bank sand and Miohigan peat by veolume, and (7) the
composted, sterllized zoll, without s'and or peat. ie!@pd quantities
of eaoh medium were put la five pots .l and the molsture-holding oapaoity
determined by both the glass fumnel snd the Buchmer porcelain fliter
methods. The amount of the medis in each pot and the averuge of the
moisture-holding capasity determinations are given in tsble 4,

Table l4. imount of ovem-dry material in each pot, and the average
moisture~holding capaclity of the medla.

Oven-dry material iverage moisture-holding

Hedlum por pot (gyams) otpacity (perceat)
. 1. Sphagnum and peat 164.5 1,108

2. 100p leaf mould - &0 427

3. 755 leaf mould, 254 soil 1,808 122

4, 50} leaf mould, 50% setl 2,320 71

5. 255 leaf mould, 75§ soll 5,385 42

6. 1007 pottine soll 4,020 38

7« Compost 3,525 -

i'ne ér’lginai ‘sxperimental design called for the malntenanse of a
molzture lavel of between 50 and 66 perceant of the moisture-holding |
oapacity of the medlum waed in each of the pots, As the welght of the
individual pots and all contents was known, this was ssomplished by
ealoul ating a weleht ronse for the two wmolsture percentages, shish was
maintalned by frequent welghlngs and water aiditions. Three of the pots
of eaoh medium were supplied 15 migutes of alr eash day, by puwaplrez air
tarough the tubing. The other two pots, though they also contalned the
tablng, had no additiomsl alr pusmped throush them. There were ten
sesdlings in eash pot, making & total of fifty plants in each medlum,
thirty of which received gdditlonsl alr by pumpine. ft'}_ae pots were

placed on racks on a greenhouse bench, the position oooupled by a



treatment chosen at random and the pets systesaatleally rotated to
minimiae place effect* Figure 1l& is a photograph of the experiment taken

~aroh X09 six days after the transplanting*

Figure X6« experiment to determine the effeet of aeration and various
media on the early seedling growth of C* Xedgeriana* Air was pumped
through three pets of eaeh of the seven media 15 minutes daily* Rote
uniform siso of seedlings¥*

Differences in growth rat® attributable to the additional aeration
failed to appear* Whether this was due to the method of aeration, to
the amount, or to a laok of a critical requirement was not determined
in this experiment* 80Owaver, early differences in growth rate due to

the different media were soon apparent* Zhe seedlings in the sphagnum

and peat mixture soon began to grow rapidly, as was expected on the



basis of previous experiences, but growth in some of the other media,
notably the potting? sell and tone of the pottin* soil smd leaf mould
combinations, was not significantly less rapid than in the case of the
sphagnum and peat mixture. Figure 17 is a photograph of the experiment

tailren June 6, or after the experiment had oontinned for three months*

Figure 17* As in figure Id, but after the experiment bad continued for
three months* Note differences in growth between media (rows), but
lech of growth differences due to aeration' (within rows)* The media
are (left to right) U) 25/S leaf mould, 75> soil, (2) 100$ soil, tZ)
oospost, (4) 100$ leaf mould, (5) sphagnum and peat, (6) 75t leaf
mould, 25% soil, and (7) equal parts of leaf mould and soil*

*dsen it was apparent that supplying additional air was not affecting
gpowth rate, the pumping was discontinued, and water was added as needed
rather than maintaining a particular moisture content. The experiment
was continued to determine the offoot of media*

The early differences in growth rate in the different media began

to disappear, however, and very rapid growth was observed to occur In
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“ta-ure 19* Representative pot from each meaia treatment, September 15%*
Differences in growth between treatments are slight*

A summary of the height laeasuremeats of the plants In the seven

media is presented in table lb¥*

Table 1lb* Summary of height measurements of 0* ledgerlaaa seedlings
grown for sir months in the greenhouse in pots of seven media*
Plants wore Z am* tall at the beginning of the experiment*

average height (cm*) of plants In pet

Medium A B Cc D S Ave.
1* sphagnum and peat 34 39 36 36 44 36
2*x 100% leaf mould 29 35 36 40 30 34
3* 75> leaf mould* 2§p soil 33 36 35 41 33 36
4* SO> leaf mould* 50 soil 33 34 35 34 32 34
6* leaf mould, 75/1 soil 34 36 31 29 ac 33
6* 100~ potting soil 44 39 34 34 41 36
7* Compost 32 34 42 40 34 36

Statistical treatment of the data In table 15 by the variance

analysis method revealed that none of the height differences was

*

significant. minimum of 7 am* difference In the average heights

would be required for significance at the 1 percent point* Therefore*
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well-hapdened seediings that were 2 e, tall in Hareh, made am average
sdditional growih of 36 om. in six months in the greenhouss, regardless

of the medhum in whioh Shey were growing.

In smotier experiment the age of tine sesdling at the time of trmmsplant~
fng has been oonsidered. One lot of seedlings from seeds sown in Way
of 1942 on sphagaws and subseqneutly held without mutrientz, a second
let from seeds sown in Jumnary of lmzimé haprpdened Ty withholding
nubrients, snd a third lot from sesds sowm $n Hay of 1842 aad sinilarly
hurdencd, wore transplanted Into two media, nawsly 3oil and sphagnus
and pest, on July 10, 1942, Tem T~lnoh pots of soil were planted with
each of the threes lots of seedlings, tan sesdlings iav easch pot, or a
tobal of 100 plants of each let, Pive pots of sphapaws and post were
similarly planted with 10 sesdlings of the sumwe lots. Plgurs 20
fllustrutes the surviwil amd early post~transplanting grewth tn the
two media.

It 1 apparemt from figure 20 that in the case of the yownger
sesdlings (Kay and Jemmary 1942) there is a slight differemce 1 early
post~trensplanting growth in favor of ihe sphugmwm sad peat medium, Im
the sase of the older seedllnss, however, the tramsplants in the soll
are fully egual in helght teo tiosse im tﬁa sphagnum and peatl wedium, amd
are notably more sturdy.

fhe results of thase experiments are in direot contrast eith
earller Wﬁu«u to the effect that grewth of the young seedlings
1a slow in & soil medium ws ocupared with growth In m orgmloe med fwm.
The fast that as good growth was pecerded 1n seil ss in the sphaguus
and peat in these ecxperiments 1s bellieved te be due to the faot that



the seedlings were well hardened before being transplanted to the media*
2be conclusion drawn froe these experiments is that when newly germinated,
aotiv&ly frowinf seed!lags are transplanted iota soli they fail to make
as rapid growth as similar seedlings transplanted into the sphagnum and
peat medium In which they were germinated. However, wham the seedlings
were hardened before transplanting* :im difference in subsequent growth
was negligible, fhis peculiarity has also been obserred In the case of
seedlings to be transplanted into sand for sand oulture studies. Con-
siderahle difficulty has hem experleooed In attempting to establish
actire seedlings la the new medium, whereas a prior period of hardening

has resulted in excellent transpiintlag survival and subsequent growth.

figure 20. S.lodeerlami seedlings of three ages transplanted into
pots of soli compared with similar seedlings in pots of sphagnum and
peat. Left to right (1) Hay, 1942 seedlings in soli* (2) same in
sphagnum and peat, (2) January, 1945 seedlings in soil, (4) sme in
sphagnum md peat, and (5) Hay, 1942 seedlings In sell and (6) la
sphagnum sad peat, transplanted to the media July 10, photographed
Seotember 15. 1945.



gimord suy wo wajpew mmuidvyds oqy 09 suEoyysejydde JueweTe-OIOTW pER emwyy
*ISATTIHO] JO 1093J0 874 U OUBPIAG TRINRw IodNs GS[WINg O WD yHY
uy qiacyd Lrojomjepivs uyviqa 04 Livszoosw ses weiioxd woyywsITINe; ®
‘g tiiny Jo symmows ofqldyyden Aywo sulviueo mnufunds sw ‘Zesskoy
*jsodeuniy jo pogsew
gy s¢ Zcoxdxe ZW JO bem oY) SQISYe; Iniyem ‘yyos uy wwaad sygeyd
Jepiwis U3 (s pesednos sv juweoled gogT J9A0 3O Jufien Jo fuoucoe we yjia
pofeyoed 9q Weo unoid os siuyrpess eyl 40w oY3 ST osye meifaid jmesead
Yy Uy aouEDl3yuils Teejgonid juexd Jg csecumyalp Suoy Xeso YTea LWE
~ysomas diys ©f PARGY WRQ eAvy seimouwseld Iqy W WA(pow mnudegds eqy
WP SQiuom Xye 09 SAINY WY SeqUUT ST 03 § JO WHOY ¥ oy WMaLd sIupPees
‘sromzoyiamy *jjo-Fujdmep oy W pm sesWNe [EOuUEHUAE 03 ATeRIv onp
ssoys pwr *jusnded y weys seer LMEIOp[suOD Weaqg Sey ssoy Bxyjuwydenwiy
o) wnuieyds ojuy poqueTdsuAIy SIS PSS JO SPUESBOYI JO SPOIPUS
oqs Jo tiuyrpsss posueydewals ey JO eSEO oy W] ondy 9q O3 PUAG Tesq
os(e SUY WRIPIE WOiruJIed QY se ssom waudeyds Jo asm ony woXJ Fuy
~3INSOZ PAq PSSR oy UL eeeseY JJo-Iupdwep moil wopsol)] WP ITWELI ayyg
tocerd 1sdy] ouy UD *oRERqURADE (RI0A0S 328)J0 unipex ojundle we O
290 9G4 ‘secunisip CTAUISPIEROO Jeac juowdiys juenbssgus 103 sSuyrpees
03I -o5usely ‘smox0iiA JO sioqumt SawT Suisczd Jo ssodand eyy 207
‘usxes 5] Suyaepivy mojasid ® jo wojqnsoesd oy WeGs Emipem o8 ¥ U}
L1p1des wsotd eq uwo wnuwieyds uo peswupmred) WERIISFAPET °F Jo siugpees
03 SOURX 03 3sedequy [VOIeUId SYQPASPISUCD JoO 8] 3} GEWOGS

waipsg jeey pte mnuleydn
¥ u} yjmerp e emy PUR smoyiwetyddy JeETTIAINS JO 998338  °IT ded

‘09



61,

of young I. ledgeriana seedlings, the following serles of experiments
was copducted.

Materials and Wethods

For these experiments, sesds of C. ledgerisna were sown om sphagnum
June 1, and the seedlings trunsplanied without & previous bardening
period during the week of iugust 3, 1942, Slxty usiform plants were
transplanted in esmoh metal flat, and two such flats, or 120 plants were
used for each treatment. A mixture of three parts sphagnum and ome
part peat, shown by preliminary experiments to be slightly superior to
all~gphagnum as a growiane medium, was used in the flats,

All treatments wore placed on 8 single greenhouse bench, divided
longthwisc iato twe pi‘ota, withln whioh the trestments were losated at
- random, Twlce weekly for the duration of the experimemt the flats were
systemalloally shifted as to position and exposgure, to minimlize place
effect.

The fertilisers were Qll applied in soluilon form, and exoept
where mentioned, the sume supplementary solutien Gontaini:nﬁ. culoium,
uam{eshm and the mloro-elements were applied to all flats. it no time
‘during the experiment was enough liguid added to the flats to ocause
leaching. Thus, the total amounts of ﬁétrldﬁts sgppiieé are assumed te
have been avsilable to the seedlings,

The experiment was aondﬁeted for three months, or uatil the second
week in Hovember, 4 43-plant sample from each treatjzmt..;;»ing enly
the innermost 24 plunis lm each flat, was then measured as $o héigbt,
width and leneth of largest leaf. Three scentral rows of each flat, or
36 plants for euch treatmemt, were out at the medla line, and Tresh

and dry welghts determined.



The experimental 1layout t photographed In Hove®her, Is shown in

fl R2re 21*

Figure gl. “feneral view of the experiments on the nutrition of young
C* ledgerlaoa seedlings grown In spbagm® and peat. Srperlment begun
In AuJTUSt, photographed In Sovember#

In the absence of any Information In the literature as to a suit-
able fertilizer formula, a complete nutrient formula containing 6 per-
cent nitrogen, 10 percent phosphoric acid and 6 percent potassium was
arbitrarily selected* The following treatments were provided: (1)
Applications ©f the 6-10-6 fertilizer at the rate of Zg.f4 g., and

$ g. per flat, as Oompared with an unfertilized shock* (The Z g* per

flat application is roughly equivalent to 260 lbs* per acre on an acre



six inches basis¥*) (2) fhe preceding rates applied in One application,
as ooscared to the same rate In 3 monthly and in 6 bl-wee*ly applica-
tions* {$) Applications at the 2 and 4 g* rates in which each of the
nutrient Oopponents In the 6-10-6 fertiliser foranla was doubled*

{4) The addition of lime In rates of 10 and 30 g* per flat to the
sphagnum and peat medium* (5) The customary application of micro-
elements (3 ppm* boron, % ppm* copper, 1 ppm* manganese and slno, and
10 pom* Iron) as compared to no supplementary application of micro-
elements*

Besults

Effect of rate of anolloatlm* Growth resulting whom 6-10-4 fertiliser
was annlied to the sphagnum and peat plots insix equal portions at
bi-weekly Intervala In rates of Z g* and 4 og»per flat, aa coop*redto
an unfertilised check plot In the same medium ia Illustrated In figure
22m Measurements of these seedlings taken at the conclusion of the

experiment are summarised in table 16*

figure 22* £e ledgerlana seedlings /rrown In sphaenum and peat medium*
Flat on left Is unfertilised cheek, center flat received 2 grans 6-10-
6 fertiliser and flat on right received 4 grams 6-10-6 fertiliser¥*
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fatal#§ 16, Summary of of £* ledjgerlaaa seedlings grown In
sphagnum asd peat fertilised with 2 an# 4 grams of 6-10-4 fertil-
iser, compared with unfertilised eheak.

Ave. height Awe. width Awe. length fetal fetal

Treatment 48 pits* largest leaf largest leaf fresh wt.dry wt.
(on.) {am*} lee.) 36 pits. 38 pits.
ts—> <*e)
Inf«rtllls*d 5.67 Z.T1l 5.00 53.5 11.58
2 $-10-6 8.58 3.19 «.T8 81. 18.88
4 ft. 6-10-8 8.00 3.38 8.80 9s.8 18.55

The effeet of further Increasing the rate of ”~ pileatico is
illustrated In figure 33, which is a photograph of the flats receiving
4 end 6 g* of 6-10-6 fertiliser compared with the unfertilised ebeok.

She measurement data from these treatments are given In table 17.

Figure 2S. £. ledgerlane seedlings In sphagnum sad peat medium. Flat
on left Is unfertilised oheek, esnter flat received 4 grams 6-10-6
fertiliser, and flat <m right received $ grams 6-10-6 fertiliser.

From figures 22 and 22, and the data In tables 16 and 17, It is

apparent that the use of fertilisers hag resulted in significant

Increases In growth ever the unfertilized plots. The dxy weight data.
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however, indlo.te that there was 1"1‘t‘tle difference In the response
between the 2 and 4 g. spplications, while the use of 8 g. resulted

1a a further increase ié growth, The B8 g. applleat lon rate ylelded
plants that were 101 pereent ereater ip dry welght than the wnfertilized
cheok plamts. Of partiocular interest also is the faot that even with
the 8 gy rate of @plioat}ou, which 13 roughly the equivalent of an
application of 1040 1lbs. per sore six lmches, there was mo evidemoe of
leaf burning or other symptom of overfeeding.

Table 17, OSwmmary of measurements of C. ledmeriana seedlings grown in

Sphagnum and peal medium unfertilized, compared with fertilized
with 4 and 8 grams of 6-10-8 fortilizer.

AV hei.ght be‘xn. width ave. length 'Tatal fresh Total dry

Treatment 48 plis. largest largest weight we ight
{cms ) leaft leaft 36 plts. 36 plis.
(om. ) (om. ) {g.) {m.)
Unfertilized 5.67 2.7 5,00 3-%. 19 11.58
4 s 6~10-6 8.20 3-18 6.% 8.2 15. 95
8 g 6~10-6 10.21 3.84 7.37 122.4 2%. 26

Bffect of time of application. Orowth resulting when 4 g« ef 6~10-8

fertilizer was applied to the sphasmum md peat medium in six egual
portions at bl-weeXly imtervals, as compared with the sase amownt
applied in three oqual portions at monthly intervals and all in ome
aﬁpliaatim at the begluning of the experiment, is illustrated in

figure 24, and the final measurements are summarized iz table 18.



Figure 24* C. ledgerlaaa seedlings grown in a sphagnum and peat medium
to whioh 4 grams of 8-10-6 fertilizer was applied (left) in six equal
portions bi-weekly f (©eater) la three equal portions monthly, md
(right) all In one applla&t Ion at the beginning of the experiment¥*

fable IS* Summary of measurements of £. ledger!aaa seedlings Illus-
trated in figure 24.

Awe* height AT©O©* width aTs* length Total fresh Total dry

Treatment 48 pits. largest largest weight weight
(©«e) leaf leaf 28 pits* 36 pits*
(om*) (cau) (x*) (*e)
6 applications 8%*00 3.252 6.80 93.3 18*55
3 applications 8.12 2*28 6*78 85.7 17.75
1 application 7.12 2.13 8*02 75.7 15*32

Similarly, growth resulting when 8 g. of the 6-10-6 fertilizer
was added to the sphagnum and peat medium in s&* three and one appli-
cations is Illustrated in figure 25, and the measurements summarized in

tabic 19. !



ure 25* £e ledger! ana seedlings In a sphagnum md peat aediua to
which 8 grams of 6-10-6 fertiliser was supplied (left) In six equal
portions bi-weekly, (neater) in three equal portions monthly, and
(r’ rht) all In one application at the beginning ef the experiment#

Table 19* Jmssaary of measurestents of £* ledgerlaca seedling* Illus-
trated In figure 25#

Ave# height Ave# width Ave# length Total fresh Total dry

frontment 43 pits* largest largest weight weight
(03U) leaf leaf 36 pits# 36 pits#
(on#) (cau) (g*) <«.»
6 applications 10.21 2%34 7*37 122.4 23,26
$ applications 8,52 34#28 6*76 96.1 19,30
1 application 7*21 3.20 6.50 79*5 16.32

As shown by the data In tables 18 and 19, there was an Increase In
growth resulting from spilt applications# Dry weight data for the 4 g.
rate shoes a 21 and 23 persont increase for the three and six portion
applications, respectively, ever the weight for the single application*

Similarly, with the 8 e#f rate, there was a signlfloaat increase In
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growth when the fertllizer was .-.E.v»o» in oplit applicatioms. 1Im the
latter sase, the 4ifferences are more marked, and it is again of
interest to mote that even when tbe 8 g. wre applied in oue wpplleation,
po injury te the youms wcnﬁmga resulted. lata from preliminary
experiments have shown that this maun,, if applied to young seediings

in sell, will result 1n .wozg injury to the follsge, In most cases
resulting in the death of tiw wg»u., One uraanﬂ.q explanation of this
difference is that there is & very great &a,?gn ir the moisture~
holding eapaecity c,h_ the two media, md thus & larwe ﬁw?;oo in the
quantity of solutlien presemt, Hmmoe, thowh »u_o smount for a givem
_area or volume may be the same, there is neverthéless ounsiderable
differencs in agptual sgnoentrstion. It is thus possible Lo apply
seemingly large guantitles of fertilisger to plants in the sphageum

snd peat medium without danger of injury to the seedlings.

Ef fect

doubling a2 sutpient cowpopemt, To obtaln preliminary
inforaution on the effect of different ratlos of N, ¥ snd ¥ in the
fertilizer formula, an sxperlment was somducted iz which ezch of the
three ccmponents was individuslly dowbled. PFlgure 26 1llustrates the
growth resvnemse of C. g g&ﬁ%ﬁ in the sphasbum end peal
medtum fortilized with 2 g. per flat of 12-10-6, 6-20-6 and 6-10-12

faprtilizers. Pinsl measuvrements are svmmarized im table 20,



Figure 26. £* ledrerlaaa seedlings la sphagnum and peat m diwat. Fiat
cm left reoelred Z &rm* of 12*10-6, oenter flat % grams of 6-20-6, and
fiat on right Z grme of 6-10-12 fertiliser.

Sable 20. Summary of measurements of 0* lednerlaaa seedlings illus-
trated in figure 26.

-re. height Are* width Are. length fetal fresh fetal dry

4Q pits. largest largest weight weight

?rsatmeat tom.) leaf leaf 36 pits. 36 pits.
(as*) tea¥*) (s?») tg*)
2 g. 12-10-6 8.28 2.25 6 .TO 7T.8 16.08
%g. 6-20-6 8.21 3*20 6.54 86.8 17.82
2 o¢. 6-10-12 09.87 3.58 7.23 1Gs.1 21.76

Similar pleats receiving 2 g* of 6-10-6 fertiliser yielded 16.98 g.
dry matter, thus* only la the ease of the 6-10-12 fertiliser, or where
the potassiuxt was doubled, was there m Increase la yield that was
significant.

Growth resulting when 4 g* of fertiliser was supplied Is illus-

trated la figure 27, and the measureaent data summarised In table 21.



Figure 27. £* leaserlana seedlings la spfcagsws end peat mt lam* Flat
on left resolved d grams of 12-10-6* eeater flat 4 grams of 6-20-41 and
flat on rlgtat 4 grams af 6-10-12 fertiliser*

fable 21* 3tuacar? of Bwaseremsttts of £+ ledaorlaaa seedlings 11las-
trated 1A figure ft*

w1 Low poasna L e n W ety oo AL
Are* height Are* width Are* length fetal fresh fetal dip
44 pita* largest largest weight weight
Treatment (oa.) leaf leaf 34 pits, 26 pits*
(aw¥) (aw¥) (g») (9«)
4 g* 12-10-6 9%62 3%63 6.T6 91%4 19*30
4 g* 6-20-6 9.78 3*%44 6*69 99*0 17*69
4 g* 6-10-12 9%89 2.61 6.67 99*6 17.90

Similar plots reeelslag 4 g. 6-10-6 fertiliser pielded 16*96 g*
dip matter* thus doubling eaoh of the nutrient evofflporenfce was net

effeotlye la slgaifieantly laeseasi&g growth of the seedlings.



Bffect of liming. The pH of the spfeagsrasi and peat mlxture used as the
growing- medium la these experiments was between 4*f£ and 4*4* “s this
was below the 6*2 to §*6 range stated by Wilson and Mlroha&dani (26) to
he the optional for growth of this fore in India, M experiment In which
the pH was controlled by the addition of csiolu®© carbonate ms conducted*
2m grams of salelota carbonate thoroughly mixed with the modion in

each flat before the plants were set resulted in a pH of 5%*8, She
growth that resulted at the higher pH in m unfertilised checdr, as
oocapared with similar plots to which Z and 4 g* of 6-10-6 fertiliser
was applied In six bi-weekly portions is Illustrated in figure 26, and
a susffsaigr of the measurements taken at the conclusion of the experiment

presented In table 22%*

Figure 66* £f£e¢ ledger! ana seedlings in sphagnum and peat medium lined

te a pH of 5*8¢ Flat en left Is unfertilised, center flat received Z

grans of 6-10*6, and Hat on rlgit 4 grama of 6-10-6 fertiliser in six
bi-weekly portions*
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fable 22. Summary of measurements of . ledgerlepa seedlings groem in
sphagnum @nd peat limed to pH 5.8, and supplied O, 2 and 4 ersams
of 6-10-8 fertilizer.

ive. helght .ve. wldth ave. length Total fresh Tetal dry

48 plts. largest largest welght welght
Ireatment (ems ) leaf lear 36 plts. 36 plts.
(m' } _ {om. ) (ﬁ{- ) » (g.)
Unfertilized 3.196 1,90 328 24 .3 5.28
2 s B=10=6 6.04 2.77 5,49 56,1 12 -20
4 g, 6-10-6 7.76 316 8,28 73,1 13.80

It can be seen from figure 28 and the data in table 22 that there
wss a respomse to the applioatlom of fertlliser ty the plants in the
limed medluwm which was similar to the response in the unlimed medium
{see table 16), though growth in the limed medium was aigmifiocantly
less than in the unlimed medium, the dry welight yleld of the former
being 61, 42 and 41 peroent bdelow the gomparable plots ia the latter.

A similar respomse 1s seen im figure 29 smd table 23, in whloh
seedl Ings groewn in plots limed teo api of 5,8 snd swpplied 4 md 8 g.
of 6-10-6 fertilizer in six bi-weekly portiems are illustrated and the
growth measurements sumar ized.

Here again, though there was a sigmlflcant Inerease in growth
resultine from tbe application of fertilizers to the limed medlum,
growth remsined sismificantly less tham in the ocause of the unlimed
medium (see flpure 27 and table 17). Thus, Mesu of the appllsa~
tion of fertilizer, growth in the llmed medium was less tha in the

unlimed medium,



Flgure 29# C. ledgerlana seedlings b sphagnum and peat limed to a pH
of 5.8# Flat on left is wnfertili »d, center flat reoel ved 4 grams sad
flat on right 8 gnats of 6-10-6 fortill ssr la six bl-weekly portions.

fable 23. Summary of measurements of £# ledger! ana seedlings grown la
sph&gnum and poet limed to pH 5.8 and supplied 0* 4 and 8 grams of
6-10-6 fertiliser#

Are* height M m width Are# length fotal fresh fotal dry

48 pits. largest largest weight weight
Treatment (eau] leaf leaf M pits# 26 pits#
(mm#) tom#) (g.) (g.)
Unfertilised 3.16 1.90 2.28 24.3 5.28
4 g. 6-10-6 T.70 8.26 6.42 87.2 18.08
8 £. 6-10-4 8.23 8.32 7.00 97.9 18.82

An application of thirty grams of calcium carbonate per flat to
the sphagnum and peat medium before the seedlings were planted resulted
In a pH reading of 7.2# figure 20 Illustrates the growth of seedlings
la the medium which had received Z g. per flat of 6-10*6 fertiliser#
and similar plots to which had bees added 10 and 20 g» of ocalolwm

carbonate, resulting in pH readings of 5.8 and 7.2.
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FIpure 20. C. ledwerlana seedlings la sphagnu* and peat medium
fertilised with 2 grmn per flat of 6-*10-6 fertiliser* Flat on left

was not limed (pH 4.4), oenter flat received 10 grams of ealolwm ear-
bonate (pH 5*8), and flat on right 20 grams of oaloium carbonate (pH 7*2)*

Sable 24* Summary of growth measurements of 0* ledger! ana seedlings
Illustrated in figure 20%*

Are* height Are* width Awe* length fetal fresh fetal dry

48 pits* largest largest weight weight
Treatment lom*) leaf leaf 28 pits* 28 pits*
(em*) (am*) (g*} (g*)
PH 4%*4 8*58 2.28 6.78 81*9 16.98
pH 5*8 6.04 2*77 5*49 §8.1 12*20
pH 7.2 1*25 0.68 1*40 5.8 0.89

It is apparent that the addition of lime to the medium has resulted
In a reduction of growth* Growth In the medium limed to pH 7.2* though
2 g* of fertilizer was applied, was the least of any of the various
treatments in this series of experiments, The dry weight yield, shown
in table 24 , was less than 10 percent of that of the unllmed, unfertilised

oheok plot (table 16, p, 64),



a similar eomparison is seen in figure 31 f In which the same
liming treatments were applied to flats which received a double rat®© of

tne 6-1G-o fertiliser*

figure 31* £* TIedsrerlmu seedlings in sphapnum and peat medium fertil-
ised with 4 grams per flat of 6-10-6 fertiliser* flat on left was not

limed (pH 4*4) r center fiat received 10 grams of calcium carbonate (pH

5*8}» and flat on right 30 grams of calcium carbonate (pH 7*2).

fable 25* Summary of growth measurements of C* ledperi ana seedlings
Illustrated In figure 31%*

*~e* height “ve .width Are* length 'Total fresh Total dry

48 pits¥* largest largost weight we Igfct

Treatment (cm.} leaf leaf 36 pits. 36 pits,
(cm*} (om. ) (12¢) (g*)
PE 4.4 8.20 3.18 6.23 84*2 16.95
pPH 8*8 7.70 3.26 6*62 87.3 13.08
pii 7.3 2.25 1*93 3.82 23*8 5.55

from the data in table 2b It Is apparent that the deleterious
effect of the addition of lime on the growth of the young seedlings in
the spnagnum and peat medium is overcome to a certain extent by increas-

ing the rate of fertilizer application* Whereas there was a consistent
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reduction in growth from the addition of lime when 2 g. of G=l0=6
fertilizer were arnlied per flut, in the ocase of the 4 g. avplicution
suoh reduation in growth dld not materialize whem the medium was limed
to pH De8, and was to a slemificantly less deeree when the medium was
limed to pd 7.2 In melther cuse, however, did limine materviully

ineresse prowbhe.

affeot of wituholdine micro-elements. Prelimlnary trisls to estublish

young C. ledgeriana seédlings in water pulture, und the ~uestlon as to
wieloer mioro-element fertilization would be resuired whem plants were
eyow: In the spharmum and peat sedlum, promvted e Inslusion In tils
serice of experimencs of a compurison to determine the effect of the
nresence or absense of «dditlonal micro-elemecnts 1a the lertililzer
mixture employede Wpure 22 lilustrates the growth of tie seedlings
in the wnfertilized wedlum, compared with simllar seediines fercilized
with 2 2. of 6-10-6 per flat suprlemented by a solutiom ::ant#ning
3 ppme boron, & Ppm. cOpper, 1 ppm. mmganese :md zine, and 10 ppm.
iron. « toird plot recelved the 2 o. of fertilizer without the mioro-
element supplement. Growth messuremcnts are sumnmarlzed In table 26,
Table 2ue JSummary of growth n'seasurmmnts of C. ledperiuna seedlin~g in
spaasmumn and peat medium uafertilized, comvared with fertilized at

the rate of 2 grans of 6~10-0, with and without micro-el ement
supplenent.

vesheirnt .vewidth .ve.length lotal fresh Total dry

48 plts. larsest largest weight weleht
Treatment {om. ) leaf leaf %6 plise 26 plts.
{oma } (o) (2. ) (2 )
2 ge 6=10=6 +
mioro-elem. 8.53 Z.39 6.78 8l.9 1€.98
2 gs 0~-10-6, no
miero~el e, 8.87 Sed8 6.80 4.5 18,98

-



Figure 32* C* led&erlana seedlings in sphagnum and peat medium* ?lat
on left is unfertilized oheole, center flat received 2 grams 6-10-6
fertilizer, supplemented by the addition of a micro-element solution,
and flat on right received fertilizer but without mlort-elements*
To determine the effect of level of nutrition on this response,
4 g. per flat of the 6-10-6 fertiliser was applied with and without the
same micro-element supplement, fhe response to these treatments is
illustrated in figure ZZ9 and the summarized growth measurements are
presented in table 27*
fable 27* Summary of growth measurements of (0* lednrerlana seedlings in
spuagnum and peat medium unfertilised, compared with fertilized at

the rat®© of 4 grams of 6-10-6, with and without micro-element
supplement¥*

*4ve. height *.ve*width “ve.length fetal fresh fotai dry

48 pits* largest largest weight weight
treatment (om. } leaf leaf 36 pits. 36 pits*
(cm*) (cm*) (g*) (g.)
Unfertilized 5.67 2.71 5.00 53.5 11.58
4 g. 6-10-5 +
micro-elements 8%20 3*18 6*33 4.2 16.95

4 g. 6-10-6, no
micro-elements 8%*41 3.38 6.68 94.0 17.90



figure SZ* Iedfferlajo.a seedlings in sphagnum and peat medium, Flat
on left Is unfertilized check, center flat received 4 grans of 6-10-6
fertilizer supplemented by the addition of a micro-element solution,
and flat on right received fertilizer but without micro-elements.

It is apparent from these data that supplying additional micro-
element $ did not result in increased growth* 1In fact* there was a
consistent, though non-sigal fieant difference in growth in favor of
the treatments where no additional micro-elements were supplied, .UsO©,
failure to supply additional micro-elements to the seedlings growing in
the sphagnum and peat medium, regardless of the other nutrients applied,

did not result in visible symptoms of malnutrition in the plants*
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Though a fipal determination of tbe most feasidle fortilizer
praatice for asay crep mmust be made in the locality and partieular site
-on whioh 1t 18 grown, condrolled .ﬂ,ﬁﬂ»waﬁu&ﬁ in the greephouse
often provides the btasio knowledge upom whish m efficlent fleld experi-
ment oan be based. Mo resorded acecunts of such contyclled experimenta~-
tion with olnokona are awvallable, however, theugh correspondence by
Stoddard (22) with the author mentions m unsaccessful attempt to
grow the plants o smd oultures in Pusrto Riooe

Preliminary experiments with samd eultures amd water oultures
indicated that the plants eam bs succsasfully srown in the former,
Therefore, a seriecx of experiments wers oconducted to obtaln informatiem
on (1) the gemeral nutriemt level required amd the offect of the pH of
the nutrient solutlom an seedling growth, (2) the effeot on the seedling
of all ocomblnatfons of three lsvels of nitrogen, phosphorous md
potassium in the nutrient solutlem, (3) the effect of .s&.uﬂa. eslotum,
magunesive and potasstum levels, and (4) the mineral deficlency symploms
of some of the important mutrient elements as evidenced by yowmg
secdl ings.
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8l.

Plants. Seedlings of C. ledserispna from seeds sowm on sphagnum in May,
1942, wers hardened by witbholding mutriemts bGefoye transplanting., Tem
ssedl Ings were usod in eash of the orocks, and all of the plants were
takem from the same seed flat and were apparently uniform as to growth
and sppearase. They were sbout I om. tall and hod forwed their seeond
palr of true leaves when ihey were set in the erocks on svgust 17, anmd
watered with distilied waler only for s few days bdeforc the solutions
were applied.
Xethods. %we orvoks, or twemiy plants, wers used for sash treatment.
The pB of the uwnadjusted somposite solutlons as prepared for applica~
tion was Be2 for Solutlom X and 5.4 for Solutiom IT. Five pH treat~
ments, from 4.0 to 8,0 at 1.0 point intervals, were establizhed by
adding the neoessary amount of 1 peroeat HClL or NalH to the solutioms.
Indloator dyes were used as stamdards,. Eseb of the cemposite solutious
was anplied at eagh of the five pH hvo.ls, waking a total of tem
treatnents,.

The orooks were plaoed on a table in the greenhouse, and the pesi-
tion cooupled by any tyeatment or its repliocate ohosen at random.
Twioe each week all of the ervoks were systematically retated as to
position, and turned half saround $o squalize exposurs.

The pH of the solutions was sdjusted inmediately defore applisa-
tions, and 250 ml. of the prepared solutloms was applied to each
orock twice each week. PThis amount wus found to thoreuphly melstenm the
medlum snd fumich about 150 ml. of leashate, it two-weeks intervals
durise the coume of the experiment the srooks were flusimd through
with a liter of distilled water, to leash out any acowmlsted ohlorides
and sulfates.
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The experiment was continued fur six weeks, or until ihe first
week in Ostober, whem 1% was apparent that sutwmm oonditions were
gag the growtkh rate. Pinal yeocords consisted of height messure~
ments , width and wﬁ%_v of the largest leaf prodwsed, and fresh amd
dry welight determinations of the asrial portion of the planta, Fhoto~

graphs were taken of both tops md representstive reot systems.

Baeylts

¥oin experimeat. The leaves of the sesdiings supplied the compesite
solutions a$ the low end of the vn nl&.o were observed to change fyom
the reddish eslor indicsiive of the hardened oondition to a dark green
eolor after cnly 10 days. The temminal buds lnoressed greatly in asise
and the new palr of leaves produced sewpared favorably Im size and
eolor with plante grown In sphagnum.

The plante receiving the composite solutions adjusted to pH 7 and
8, on the other hand, elther resumed growth amoh more slowly or falled
to sarvive.

Growlh mcasurements male at the end of the six~weeks period are
sumsari sed 1n table 28, This data shows that thers was ne sigmiffount
inorease in growth resulting froa increasing the mutrient comoentra~
tlon. 7Thisz sugrests thet sems of the mutrient compoments were in
suffisl mt consemdration 1n Solution I and posaibly may have Wsen in
sxoess of optlmum In Solutiem II, Data presented elcewbere in this
thesis show that the phosphorous oemoentration, 124 ppm. in Selution X
md twloe that amownt 1o Solutiom II, was oonsidersdly above the leovel

at which maximum growth was yecorded 1m a faotorial experiment.



The data in table 28 also show that a hiehly signifloant reductiom
in growth resulted from the appiloation of nutrient solutioms ad justed
te a pH bicher than 6.0. This was true in the case of both mutrient
golutions. ith Solutien II, ia whioh the nutrient olements were in
twice the wmmtﬁtim as in Solutiom I, there seemed also to be a
relationship between the pH of the solutiom and the number of plants

survi ving.

Table 28, Orowth measurements of J. lesdgeriuna supplied composite
nutrient solutions at two concentrations snd five pH levels.

| Flants Ave. Ave.width ave.lenpgth ive. fresh ive.dry
. surviv- helgbt largest larpest welpght welght

‘1\ Preatment ing leaf leaf per orock per eroek
(noe)  (ms.) (mme ) {mme ) {ge) {ge)
Seiution I »
pH 4 20 45 20 27 10.74 1.408
pH b 20 45 19 a2 T2 1,134
pH & 20 55 21 a7 10,11 1.389
pH 7 20 42 15 28 3.62 528
pHE 8 20 44 15 24 2.76 A58
Selution Il
pE 4 20 51 18 33 7.17 1.081
PE S 19 44 20 5 749 l.221
pH 6 17 41 17 31 5462 «876
pE 7 11 45 13 23 0.90 357

pH 8 16 42 14 25 1.35 481

Pgure 34 is a photograph showing the compsrative resvonse of the
plants suplied 3e;ncioa I adjusted to pH 4, 5 and 6, These are seen
to be cuite similar in sppearunoce. This substantiates the results
obtained in sphagnum cultures, in which maximum growth was seen to
result from a pl of 4.4, and aiso the statement of Wilsom and Mirchan-

danl (26) that in India a pH ranre of 5.2 to 5.6 was optimum for growth.

™



Figures Z5 md Z& provide a comparison Of th© response of the
plants whioa reoeir&d solutions adjusted to pE 5, 6, 7 ad 8, In which
It is apparent that with both Solutions I and II the solutions at pH
? and 8 resulted In a shifted depression of growth, though the greatest
reduction in growth and highest mortality resulted from a combination

of Solution II at a pH of ? or 8%

Sljpurc 34. C. seed!in« supplied Solution I adjusted to
PM 4, & and 6 (left to right).

Figure 35. £. jjcfefglggj, iiidlinfs supplied solution I adjusted t#'
PH St 6, ? and 8 before application (left to right).



H 38, £, ledgerlaaa stealings supplied SolutionXI adjusted to
PH 6, 6, 7 m& 8 before application (left toright).

ffoausto it was not possible to obtain reliable physical data on the
roots of the plants in these treatments, because of their fragility and
small quantity, photographs were taken of representative root systems
of the plants In the various cultures, iftaure 37 illustrates the root
systems of the plants supplied delation I at pH 5, 6,7 andé&* The
root systems of the seedlings supplied Solution II adjusted to pH S5, 6,
7 and 8 are illustrated la figure 38.

fhe differences in the tops produced, both as a result of the
variation of the nutrient concentration and the various pH levels, are

seen to be reflected also in the gross configure!lem of the root systems.



?ifiare 3?# liepressntatiT# root s/stons of C* led”orSa»* soedlimrs
applied Solution I adJust.d to pB #, 6. T S.rrffsSfte”*™ St

7 *2% *2e¢ So0' «y*t«.* of £. tgdjgon” eoodlin*, reppii.* Solution
IX adjusted to pH 6, 6,? awl 8 (left to rlgbt).
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a luxuriant growth with large leaves and long Internodes. Plants
supplied the neutral solution, though all remained alive, made but
little growth In height, and the leaf oolor was notably ©ore pale than
In the other treatments. Thus It appears that larger plants ®ay be
tolerant of a somewhat wider range of pH values, nevertheless these
results support the results obtained with younger seedlings In that
optimum growth occurred when the nutrient solution was adjusted to

between pH 4 and 6.

Figure 39. General view of older C. ledgerlana seedlings In supple-
mentary pH experiment.



40* HepresOntat5vO pots of the supplemental pd exwrteat.
Growth of older 0. ledj»erlarxa seed!Inrrs supplied a nutrient solution
adjusted to pH 3.0# 4.0, h.0, 6.0 and ?*Q Ueft to ri*hfc). ,.11 plants
were 1:2 ome hiitx at the start of the experiment on Uoxember 10.
Photographed Magr 10.
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Part 11. Pactorial Hxperiment on the Nitrogpen, Phosphorous and

Potassium Nutritlon of Young C. ledperlapna jeedlings
The first suzcessful attempt to erow C. ledmeyiana seedlings in

sand oculture Indiocated that they responded favorably teo the arbitrarily
ohosen nutrient concentratlons when applied at the pelatively zoid pH
of _4.0 to 5.0 It was deemjd hieshly desirable to contlinue the .atudies
by experimentally varying the comcentration of the nutrient components
to determineg the oomblnut lon most favorable for growth. This is best
ascompl 1shed by meuans of fastorial experiments, In which the effect of
all oonbinations of ohosen concentrations of more than one nutrient
wmponmt can be simultaneously studled.

: AS nitrogen, phosphorous ané potassium have been the most widely
studied elements in plant nutrltion work, an experiment of the faotorial
type was oondusted in wiich the effect of three levels of each of these
el ements was determined. The nitrogen levels selected were 20, 80 and
320 ppu., to be eanblned with 5, 20 and 80 ppm. of phosphorous amd 25,

100 mmd 400 pome of potassiume The nitrogen and potassiwm levels selcoted
were 80 chosen as to extend the range above ad below that used In the
previous experiment, but as there was some indication from the preliminary
work that the 124 and 248 ppm. conceuntrations of phosphorous may have been
above the optimum for this element, a much lower rancre of concentrallions

was employed in the present experiment.



Materials and Methods

Croo¥s and send. 4 fastorlal experiment with three levels of three

elements reculres 27 pots per replieste to inzlude all possible combipa-~-
tions of the varlates. In thils experiment, easch trestment was tripli-
gated, making a total of 81 pots. Two-gallon glazed coffee~liners
were used as containers, amd the dralnage hole in the tottom was covered
with slass wool. The l3-mesh white quartz sand previoucly used was
agailn employed as the medium.

solutions, 3Stook solution: were prepared with reasent chemicals and

tan water. The ocomposition of the stock solutlonsz, the dilutions used,
and the resulting concentration of the elcments in the feeding solution
are ~iven In table 29.

The solutions were prepared just prior to thelr application, at
which time they were adjusted to a pi of 4.5 to 5.0 by means of 1 per-
oent HCl.

Plantss Iwelve seedlings of C. ledgeriana were planted 1n esch of the
8l pots on February 18, 1947, The plants were from seeds sown the
previous December 7, and had just begun to develop thelr first palr of
true leaves. 2l1 plants reguired for the exteriment were taken from
the same seed flat, and were very uniform In growth and appearaunce.
Methods. The orccks were placed om a single bench in one of the Horti-
pulture greenhouses of the Universlity of Maryland, fThe position of a
treatment in eaoh of the replicates was chosen at random, leavine all
of the interactlon degrees of freedom unconfounded. 4s the plant is

known t0 be susceptlible to rather slight envl ronmental differences,
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gseveral precsutions were taken in this experiment to reduce place

ef fest or other fastors contributing to replicate varlance. The
greenhouse was shaded as wniformly as possible, a double layer of
aster cloth was suspended over the bench, and in the first three weeks
after transplanting oheesecloth shades were placed directly over the
‘pots. In addition to these precautions, the position of the pots on
the bench was systematlically rotated, without dlsturbing the randamized
distribution of the treatments within the replicutes.

© lable 29, Composition of stook solutiopns, dilution rate and final
’ concentratlon of the nutrient elements in the feedine solutlon.

Stoak Iilutien émam-

" @ concen~ rate tration of
Blement vource tration (ml. stock element
(5’0/1- ) in 2 1l.) (ppm.)
Eltroeen NI, NO, 8.58 5 5
20 20
80 80
NaNO, 53,70 5 15
20 60
i 80 240
Phosphorous NaH _PO, .H O 12,76 5 "B
274" 20 20
80 80
Potassium KC1 28,65 5 25
20 100
80 400
Calolum call 110,99 10 122.4
Magnesium and Sulfur Mg302+7H 0 246,49 & 48.6 and 84.1
Boron i 2 2,290 7.5 1
Copper c'ései-sa 0 0.786 7.5 0.5
Manganese i 313‘4 ,0 1.428 Ted 1
Zine msoa-mao 1.760 7.5 1
Iren F‘ez( 4H4 6)3 uzo 10.0 15 10

The arrangement of the pols on lhe bench and the shading employed

are 1llustrated in figures 41 and 42,



Figure 41%*

brooks of the 3 x 3 x 3 factorial nutrition experiment,

showing amount and arrangement of shading materials¥*

Figure 42.

Arrangement of crooks on beach* Photographed May ZS, 1943
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Cons lderable difficulty was encountered in malntaining the humidity
of the greenhouse atmosphere as hirgh as desired. Though the floor was
kept wet and the cloth shading was freguently syrineed, it was oftem
nesessary to add waler to the crooks bdetween nutriemt applicatians to
maintain sufflolent wolisture in the sand, The additional water was
applied wniformly te all treatments, however, sud though somewhat
less total growth may have resulted tham 1f this factor sovld have beem
more favorably comtmiled, It is motl helieved that this faol militates
sgainst the vallidity of the comparisem of the effesis of the treatwents
used , whish was the principal objeetive of the experiment,

The solutions were spplisd to the pots for the first time on
m_w,wamﬂ 20, and the experiment was oontloued for five wmonths from that
date , at which time photographs and final measuremenis were taxen. For
the first three months, one liter of selutiom eontaining the desired
ooncent ration of mitrogen, phosphorous, potassium, ecalofum, masmestum
ad sulfur was applied to each of the pots at weekly intervals, and
the 1ron md misro-slements solutions applied b-weekly., During the
final two months, vwhen the plants were larger and the greenhouse tempera~

tures higher, the interval belween applisatiens was reduced one~half.
Sesults

fhe first differemces due to treatments, followine the initial
shesk Iin growth due to transplanting, were seen after three weeks, at
which time it was apparent that the high-nitrogen plants were resumiag
ﬂ.@a@ more quiockly tham those of the other treatments. The medium-
nitrogen plants beoame visihly active adout z week later, tut those

reoel ving low nitrogen falled to become fully sotlve, as evidenced by



leaf 30lor# for the duration of the experiment e
Photographs (flares 43 thresh 4S) t&Jten on May 25* or about

three months after the differential treatments were first applied, show

the pronounced effeot of the nitrogen lerel on the growth of the plants.

figure 43. C. le&gerlsaa seedlings supplied LOW KI'fHQtm solutions.

Figure 44. £. l».%erlafta seedlings supplied I&MU& solutions.
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Fiij-ure 4b. 0. ledgerlana seedlings supplied HIGH H1TKOGSH solutions.
ifaotographed May 25, 194;7.
examlaatIon of figure 44 , which shows the seedlings supplied

the laediuis nit rogue levels, indicates that growth as a result of medium
phosphorous applications (center row) was apparently creator than with
either the high or low phosphorous levels (left and right rows, respect-
ively). Finally, a marked reduction in growth is seen to nave resulted
at the high nitrogen applications ®h®m low phosphorous was supplied
(figure 45, right row), and the reduction appears to be correlated with an
increase in the potassium concentration (back to front). The quanti-
tative data later obtained substantiates this observation. Compared
with any other treatment, the survival in the high nitrogen, low potassium
combination was by far the lowest.

it the discontinuation of the experiment on July 20, the plots were
again photographed (figures 46 through 48), and the treatment differences
noted in the previous photographs are seen to have become further

intensified.
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Figure 46. C. iedgerlana awUiWi supplied LO* SIT?100iE solutions.
Photographed at the conclusion of the experiment v July m t 1$4£.

p.9.174

Hl«h

di*?*h F fttedivn F Low T

Figure 47. Q. Aedgprl*na seedlings supplied MiillUM H1fftGO® solutions.
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?l*nire 4$. O# ledger lapa seecUing* supplied HIGH HITROGIS' solutions

Individual heights of all the seedlings were fcstoen to the nearest
millir»eter, the plants out at the aedia line, dried at 70®C. and indi-
vidually v?eir-hed. Those measurassents are suaamurijted in table 3G.

The variance analysis of the dry weight averages* according to the
outline in Goulden (11), Is given in table 31. ootaewbat larger differ-
ences would have resulted fro® the us®© of pot totals instead of pot
averages, as the forwer figure would also have given we L$at to differ-
ences in survival, but on the assixsption that survival differences
may have been due in part to factors other than those under consideration,
the ua®© of pot averages In the analysis is believed to reflect more

accurately the true effects of the treataent variations.



Table 30.

ment on the nitrogen, phosphorous and potassium nutrition of the

Summary of heights and dry welghis of the three repliocates
of 12 plants esch of C. le

#9.

ang in a 3 x 3 x § factorial experi-

young seedlings in sand oultures.

Natrient Averape helghts in ms. Averasge welpglhts 1ln mg,
combination Replicate Replisste

). § P E A B ¢ AVe. A B D AVe,
L L &L 17 24 20 20 37 b2 41 43
L L B 186 19 16 17 28 41 29 26
L % B 22 18 19 20 6% 43 40 49
L ¥ L 22 17 28 22 63 49 65 59
L 8 K 21 16 20 i9 43 52 51 49
L ¥ H 20 17 21 20 55 48 65 56
L+ B L 20 20 19 20 56 69 54 Y
L H ¥ 22 b 4 20 20 59 48 58 &5
L H H 26 19 28 24 a9 57 87 15
E L L 21 28 24 24 58 102 81 79
¥ L. ¥ 20 3% 28 28 48 109 95 ]
¥ L H®H 22 26 2l 22 59 70 52 61
¥ M L 41 38 &9 29 169 149 ise 172
¥ M K 49 47 51 49 217 224 222 221
¥ K R 47 68 42 B2 1%l 236 i1 217
¥ H L 41 & 40 a7 i7 133 200 167
¥ H ¥ &9 2 44 38 158 122 229 166
¥ H H 38 14 29 35 157 172 118 149
H L L 30 28 28 29 102 92 91 95
g8 L ¥ 16 27 22 22 3% 75 45 50
H L W 17 7 21 18 a9 23 54 29
H B L 42 3. 47 42 159 101 le4 152
H ¥ ¥ 42 58 41 47 187 226 162 193
H K H 49 53 57 53 19 228 28% 232
B E L 43 47 39 42 187 Y. 18% 170
E H ¥ 55 35 45 45 284 108 189 18l
H H H &3 53 59 &9 274 2358 291 287

Hitrogen (N): Low = 20 ppm., Yedlum = 80 ppa., High = 320 ppm.

Phosphorous (P):

Yotassium (E):

109051

Low = 5 prm., ¥edium = 20 ppm,, High = 8C ppm,.
Low = 25 ppm., Medtum = 100 ppm., High = 400 ppm.
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fabdble 21, Swmmary of varlsnce analysis of averaze dry weights per pot
of plants supplied all cesbinations of three levels of nitrogen,
phosphorous and potassium in 2 smd oulture fastorial experiment
on the nutrition of C. ledsertana sesdlings.

Souree DF s3 oF 38 ¥s ¥ 1% 5%
Replieates 2 1,414 2 1,414 707 1,88 3.18
- | 1 128,676 ‘ 61 . : ®.
KT 1 32262 2 161,958 80,979 215.94 5.06
P; 1 sa.oas 2 130,777 65,388  174.37 5.0
¥, 1 3,266 : .
o L A 2 3428 1,714 4.57 5,06 2,18
RS 1 33,00 .
E&\ x Fr 1l 82
Bi\,\?x Pa 1 11,664
N, x & 1 3,268 |
'; x. X, 1 18,93 4 29,027 7,257  19.35 3.72
Ppx K, 1 - 6,806
Ppx¥, 1 189 4 11,575 2,894 T2 2,72
?a x Kr 1 3,710
P‘ x !a 1 870
ExPxXk 1 15,357 8 15,387 1,519 §.12 2.88
Errver 52 19,861 82 19,861 375

Total 80 427,290
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4 study of the statistical analysis of the averase dry welghts
per pot reveals severul polnts of interest.s The high sigmifiscanoce of
the varianoe from nearly zll sourmses proves beyond doubt that the seed-
linps In this experiment have sbown a mrkaﬂ responee to varistions in
the nutrition supplied, and from the very small wvariance due to replicates
it is econcluded that the various precaut ions taken to eliminate error
dus to plage effeot were effestive.

Kore than three~fourths of the total variance is seen to have beenm
due to the nitrogen and phosphorous trestments and thelr interaotions.
.‘I‘his demonstrates that careful oconsideration should bde sivem these two
:‘plemts in the nutritlon of the young seedlines. L oomparison of thelr
i%il"lﬁn@ﬁ ghiows that the nitrogen levels have contributed somewhat more
tr;:;n have the phosphorous levels. The subdivision of the effect of mitro-
gen ylelds the Informstion that N, 1+ ¥y = 80 : 20, from which it 1s
soncluded that though a major portion of the varlance was due to the
tendené‘y of the plants to lnorease in welght in proportion to the amount
of nitrogen supplied (Rr)' a considerable smount of the varlance was also
due to a deviation (Mg) frem this proportionate response. HEither the
high nitrocen level or the low nitrogen level was therefore a limiting
fastor in the growth of the seedlinpes as comared with the growth result-
ine at the medium level. 4 study of the data in table 30 and the phote~
gravhs (figures 42 throush 48) shows that the low nitrogen level was
definitely limitine, even to the point of rendering non~slenificant the
effect of wide variations in the amounts of phesphorous and potassium
supplied.

It is simllarly evideat from the subdivision of the varianoce due
to phosphorous levels that a oonslderable portlon is due to the devia-

tien effeet (Fg ¢ P = .27}, whioh again is interpreted as indicating
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that the growth resulting from the medium level 1s disproporticpate
with that st the bigh and low levels. Ihe data for the phosphorous
levels, partioularly in eombiration with a medium level of nitropem,
strongly susgest that the high phosphorous level (30 ppm.) resulted
ic a declded reduction in growth. Colineldentally, at the high nitrogen
level , low phosphorous was again a definite limltiag faotor, the small-
est plamis in the entire experiment resultine from the low phosphorous,
high nitropen and high potassium combimation. These data provide twe
oconclusions as regarde the phosphorous nutrition of C. ledgeriapna seed-
\' lines, (1) this element 18 reguired in relatively small amounts by
‘\“a;ynmg seedlings, and may limit erowth under serialn comdlilons if
‘elimu!lable in conoentra:leas as high as 80 ppm., @md (2) theugh the
@at!n requirement 1s low, it must be avallable in the proper pro-
portion to nitrosen and potassium, simee 5 ppm. of phosphorous in oom~
bination with high nmitropem and high potassium .rtsnltod in sigmifioantly
less growth than the same phogphorous level in other treatment s,

Though the total varimoe due to potsssium levels exhibits only
guestionable signi flosnoe {betwsen the 1 and 5 percest points), it is
of interest to note that 95 peroent of this varlance is due to the
regress lon effest (K, ). Therefore, under the comditioms of this experi-
meat , thoush the younz G. ledseriaps seedlings falled to respond with
high sigmifiocance to applications of potassium, the partitioning of
the varianoce ylelds the Information that the levels used produced
proportionate effeocts, and that neliher the bigh nor the low level
limited growth when compared with the medium level. In contraust to
the effects predused by nitrogen and phosphorous applieations, the data
for potassium indloate a rel stively low requirement and a relutively

hizh toleranss.
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A similay varisnce asalysis was calsulated on the baslis of the

average helghts per pot, =md tni sumsary 13 presented in table 32,

Table 32. Summary of varianee snalysis of average helphts per pot of
" S» ledperisna seediings supplled all sombinations of tbrec levels
of nitropm, phosphorous and potasslom in a factorial sand culture

experiment.
Jource b 83 58 us r 15 s
heplisates 2 1 1 085
' ﬂ: R+ 5,890 2,045 101.55 5.08
»}% i;‘ | : i’:;gg 3,906 1,953 aj.u 5.08
By 1 110 , :
| x; 1 8 i18 59 2.0 D06 I8
Hy x Ty 1 1,272
By x Py 1 285 2,083 521 17.96 3.72
x Ty, i 1e
Bg x Fq 1l 410
B, x K, 1 5
N x Xy 1 * 19¢ 49 1.68 2.56
l: x X, 1 *
K4 x Ky 1 137
Ppox X, 1 280
Fpx Xy 1 1o 37 a7 T00 3472 2456
Pagx X, 1 98
Pq x Kg 1 »
Fx?Pxk 8 B2l 531 86 2.27 2.88 2.13
Rrror 52 1,497 1,497 29
fotal 80

* Less thun ome.
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In the analysis of the plant helghte, the error varlance oongtituted
a larper portion of the total varlance than with the helpht datu, and
the © values were eorresmﬁdingly reduced. Ibere was, however, a close
sorrelation betwsen the relatlve effects of the tr-alments on helghts
and weigbts. The nltroeen, phosphorous, ana the nlirogen x phosphorous
interaotion varlunces are seen to be highly significant, while the walue
for potassium and for ihe nitrogen x potassium interactiom are not
slegni floant.
Partitioning the variance into repression and deviution effects
{:ylelded the Informat lon that the devial lom effeoct of nitroeen levels
)&n helght (Ng : N = .11) was not as great, while the deviation effect
of\\\ \the vhosphorous levels (Pg : P = .39) was considerably larper than
was \\»“}:,rue with the welght data. The proportion of the two components
of thl@ small potasslium variance was the same In bdoth csses. These
ealeuik‘éa;tlons further substantlate the correlation between the effeat
of the ﬁ'matmnt: on both weilshi and heleht, thoush with phosphorous
it appears that the Ligh level (80 ppm.) was somewhut more effeotive

in reducins helght than it was 1o reducing weleht, in comparison with

the medium and low levels.
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Part I1II. Pastorial Hxperiment on the Caloium, Wagnesium and Potassium

Hutrition of young C. ledgeriuna Jeedlings

The effeect on the erowth of C. ledseriana seedlines of all combina-

Pas i B A e Il

tions of three concentrations s galoiun, three of masnesiun and two

of potassium was also determined hy the use of a fastorial axperiment,

Materials and ¥ethodsa

Crosks and gande Two-gallon glazed earthenware coffee-liners were used

as opontainers for the srowins medium. The l5-mesh white juartz sand

. previously employsd in sand culture studies was agaln used In thls
x’?\experiment. There wore a total of 18 treatments with each treatment
triplisated, mzzing 5 total of 54 pots,

Soiatians. Stook solutions of caloium ciloride, magnesium sulfate and
potass lum sulfate were p.repared, which when diluted to feedins strength
delivered 50, 200 and 400 ppm. culolum, 15, 60 and 240 prm. magues lum,
and 100 azd 400 ppm. potassium. 2 fourth stock solutlonm was prepared
oontaining ammonium nitrate, sodium nitrate, acld sodlum phosphate and
the mlsro-elements, “hen diluted to feedine strensth this solutim
delivered 140 ppme nitrosen, 20 ppme phosphorous, 1 ppme zinc end
mangznese, ¥ pri. copper and 2 Ppme boron. i‘hese elements were supplied
equally to all treatmentss A filnal steok scolution was prepared with
iron tartrate, whioh was dlluted to supply 10 ppm. iren to all orocks.
Plants, C. ledgeriana seedlirves were perminated on sphasmum in ¥ay.
They were hardened well before transplantine by witbholding nutrients,

and 12 uniform seedlings were planted in each of the 54 crocks om
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July 10, fThe orooks were shaded and watered with tap water for 10 days
te allow them to besrin the initlation of mew roots before the
differential trecatments were applied.
Yethods. The orocks were placed on a. ground bsd in the preenhouse on
Individual stands whieh held the croeks above the soll., The losation
of the treatments was seleoted at yraundom within the three replicates.
One liter of the nutrient solutioms diluted with tap water was applled
0 euch of the orooks twice weekly., .ny additional waterine reiulred
to mi;ztain the sand in a moist condltion was supplled us tap water.
The treatments were first applied omn July 20 and the experiment
wag continued until September 20, whemn the trestments were photo-

graphed.s #inal measurements taken were helsht measurements and

individual dry welshts of the werial portion of the seedllnezs.
Hesults

It soon became apparent that the pl;nts in the hish calelum
orocks were belng injured by the treatment., lany of the plants dled,
and the few surviving made very little growth, regardless of ihe other
nutrients supplleds FPlants in all of the other trestments grew rapidly
and uniformly. ?The flnal photographs of all treatments are presented
in firures 49 turoush 5i.

The data on the heleht measurements of the plants in the various
treatnments are summarlzed in table 33, is in the case of the N, P and
¥ faotorial exverlment, the uverage heicht of the plants in a pot is
pivens It 1s felt that this statlstle affords a better couparison
between treutmenis thun does the use of total helghts, whiloh would give

welrht to differences 1ln survival regardless of ocause.



iFigure 49* 2* ledgerlsua seedlings supplied LOS CALCIUM. Back row was
supplied low potassium, front row high potassium, Pets ¥n right
received low magnesium, with medium and high magnesium treatments In
center and on left , respectively. Rote excellence and uniformity of
grbwth,

\

Hm re 50. 0. ledgeylana seedlings supplied MSDIUM CALCIUM. Bar row
was supplied low potassium, front row high potassium. Pot* on rleht
received low magnesium, with medium and high magnesium treatments In
center and on left, respectively.
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i Figure 51* C. leds-erlana seedlings supplied HIGH CALCIUM. Back row
(was supplied low potassium, front row high potassium. JPots on riphfc
(received low mafmesiusi. with medium and bisfc magnesium treatments in
seenter and on left, respectively. Mote uniformly poor appearance of
all plants.

\

Table 3,?. Average heights of plants per pot of C. led“eriana seedlings
supplied tbree levels of calcium, three of reagaesiu® and two of

potassium. (13 plants in each pot)
~verse*e height in millimeters of plants VIants
Treat in replicate surriv-
CA g K a B Cc Are. log
L L L 57 43 74 58 34
L h H 41 55 60 52 35
h U L 70 68 80 n 36
h N H 63 52 77 64 35
L H L 54 80 57 64 36
L H E 58 55 44 52 35
X L a& 56 52 50 52 36
M L f 55 44 64 54 36
U X L 74 62 55 64 36
M X H 74 55 51 60 35
M B & 82 53 52 82 35
K H H 49 49 54 51 36
H L L 41 50 42 44 19
£ * H 33 37 58 43 8
H X L 41 42 35 39 10
v M E 55 49 27 47 9
a E L 54 46 43 . 48 16
a H E 60 49 43 47 14
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The summarized varlance analysis of the heiebt measurements of
the Jo ledgerisna scedlings 1s presented in table 24. 45 the planﬁs
that recelved the hish calolum treatment were obviocusly mot comparuble
with those ip the medium and low calclium treatments, they were not
included in the anclysis.

Table 3. analysis of varisnge summary of average helehts per pot in

millimeters of J. ledperiana seedlinms supplled two levels of
calolum, three levels of magmesium and two levels of potussium.

Source Ly 88 U3 F 5k
Replicates 2 192 97

'\ Calclum 1 90 90
‘¥agnes lum 2 751 375 2,22 3.40
Totasstum 1 3 Y 39 348 4.26
Ca x Vo 2 50 ‘ 25
Ca x K 1 38 36
Mg x\E 2 122 66
Error\\‘ 24 2,721 112
Total 35 4,268

i study of the data in tuble 34 reveals that statistical siemifi-
cacoe was not shown by any of the treatments. The values for magnesiom
and potass fum most nearly aprroach signifioanee, bat even these are

~ below the values required for odds ofv19 to 1,

Phe yelatively low varianoce due to replicates indicates & lack
of error due to place effecet, while the relutively hish error varlance
demonstrates the failure of the ﬁlants in the individusl pots of eanh
treatment to respond simllurly. This 1s avparent from a study of the

data in table 33,
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The plants were out at the media line for dry welpht determimations,
dried at TO%C., and {ndividuaily welphed. 4 summary of these duta is
presented in table 3b.

Fable 35. =verage dry welght psr pot of J. ledgerianu seedlings

supplied three levels of calolum, threc of mapgnesium and two of
potass lum in gand cultures,

averane weipht (milllierams) of plants rlants
Tms@men; in repliocate surviv-
Ca Xg A B e AVEe ine
L L L 228 141 in 180 34
L L H 210 198 112 172 35
L i L 1a2 174 184 180 Z6
L M H lél 211 187 186 35
L H L 197 223 23T 218 &6
L H H 217 200 215 149 25
ké s L 100 121 o4 108 36
i L H ils 110 182 127 26
¥t ¥ L 147 151 189 162 36
¥\ M K 156 174 17 168 35
K d L 243 is58 205 202 3B
¥ ® H 202 112 129 148 26
H L\\ L 27 42 57 42 19
H L\H 27 12 40 26 8
E ¥ L 4l 75 27 48 10
E M H_ 66 e 27 42 9
H H L 40 45 42 42 16
H H H

36 48 z1 38 14

The datz in table 25 agaln demomstrates the slgnl ficantly inferior
survival and growth of all treatments with the hieh calclum level,
regardless of the levels of the other two nutrients.

The data for the high calolum treatments were not included in the
vari amee znalysis of the dry weights, as the plants in these combinations
were not homopsneous with those In the medium and low caloiwsm treatments.

4 summary of the varlunce amulysis of the dry weisght data is

presented in table 36.
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Pable 36, JSummary of varlance analysis of dry welgzats per pot in
nilligrams of aerial portions of C. ledserima seedlines supplied
two levels of caleium, three of magnesium and two of potassium
in sand oultures.

Souroe e 33 U5 ? 1% 571
Hepllsates 2 1,320 860

Calotum 1 12,422 12,432  11.29 7.82
Magnesium 2 12,141 6,071 5451 54,61 3.40
Totassium 1 192 192

Ca x Ye 2 1,984 992

Caxk 1 42 42

Ve x K 2 2,090 1,845 1,40 3440
Error 24 26,420 1,101

Total 35 57,621

The data in table 36 show that there was & highly si-nificant
vaAauce due to the two levels of salolume Prom the data in table 35
1t 1siseen that the medium ocalolum level (200 ppm.) produced plants of
less w\e\i:;\:ht than those receivine low caleclum (50 ppm.).

The\\@rianee due to magnesium levels was simlflcant telween the
1 ané B pere‘hé‘m; polntse sealn referring to the data in tabdble 35, it
ig seen that tiiez-e was a oconsistent incresse in yleld as the zoncentra=~
tion of magnesium in the nutrient solution was lncreased from 15 to 240
ppae

Ho sispiflcance cun e asoribed to the yleld differences due to
potassium ievels. Ihis corroborates the duta from the faotorial experi-
ment on the nitrogem, phosphorous and potassium nutrition in wbich 1t
was found Lhal the young seedl lngs are unresvonsive to a rather wide

range of concentratious of potassium when grown in sand oultures.
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Part IV. MNutrlent Leficlency Symptoms of youns C. ledeeriana Seedlings

4n important contributing factor to the bellef that . ledeerlana
is diffieult to srow arises from the fact thut sonsiderable losses ure
fncurred at the time oi’ the first transpluntine of {he seedlinsms from
the serminat ion medlum to the prepared nursery beds. :xcept when
unusuiliy severe insecl or disease Infestations occur semewhat l.uter,
or dampine-off losses are particularly heavy in the seedlins bed, this
_‘first tracsplanting loss is nommally the point im the oulture of the
‘gpecles &i whloh the most severe losses are encountered.

One msetnod of reduvaine thls neavy loss of seeullnes dus been
;Epwted in the section on the effeat of varlous medla oo sesdling
@r&mth. anotner, whilzh under certaln comdltlons msy be the conitrolline
fastor, 1s the possibvility of an lccoupatible nutritional condition
in t"né} trassplant ded.

';‘hé -sffeot of varlous Lavals of sore of Lbe more important
mtrient elements on sarly seedline prowth, as determined Dy s.pd culture
studles, ias been counsidared previously in thls investigzatiomn. The
present studies were lnaweurated Lo det ermmine the effect of a
daefiaienoy of some of the mutrient elcments on the survivel wd the
subsesuent appearance of younr transplanted seedlings. slso, In a
supplemental experiment, tne leaf sympioms exbibitad by older seedilines
well established In sand sultures and smuprlied nutrient-defiolent

solutlions ure briefly desoribed.
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Baterlals and Yethods

Crosks snd sapd. Ome-pullon crocks of 18-mesh whiie quartz sand were
used as the growlug medium. 1Ihe draluage hole in the dottom of the
sroclk was covered with a plece of glass wool.

Jolutions, The pulrient solutions were preparcd with C. Te chemicals
and dlstilled water. <{he basio ocomposite solutiom was prepared to
vontain 140 ppm. nitrosen, 124 ppime phosphorous, 156 prme. potassium,
200 prm. calofuxm, 28 ppme magnesium and 64 ppm. sulfur, using calcium
npitrate, magnes ium sulfute and momopotassium phosphats. Chemicals
c'x:aittezi and substituted in toe preparation of the nulrient-deficlent
sclutlons are shown iz table 37.

a micro-element solution was prepared, which when dilvted to
feedinge styenpth would deliver 3 Ppme. copper, 2 ppme. borer, and 1 ppm.
of zlune and mangsnese. This was supplied equally to all troatments.
Livewisce, a stock solutlon of ferric tartrate was prevared, and 10 ppm.
of iron was surnlied to all treatments. The pH of the solutlons was
not adjusted, since 1t was determiped to lle between 4.8 and 5.2 as
prevarete
Flants, Seedlines of 2. ledzeriana from seeds sown on sphasuum in
Yay, 1242, were hardencd hy wlithholcdlog nutrlents before trausplanting.
Ten seedlinges were used in each of the crocks, and all of the plants
were tarer from the same geed flat and were apparevtly waiform as to
growth and appearance. They were asboubt 3 ome tull and hud formed
thelr gecond peir of true leaves when théw were set In the orocks om

Aurust 17 and watered with distilled water for a few days.
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Chemicals omltted and substituted im the preparation of

putr ent~deflolent solutions for the determipation of deficlieney
syrptoms in youne J. ledgperiana seedlings.

Deflalenoy
desired

Chemicals omitted

Chemleals substituted

Eitrogen
Frhospho rous
Potausslum

Hitrozern and pbosphorous
Bitropen and potassium
Yhosphorous and
potassium
G&f“gi\m
\
ﬁa@&g\im

Cal aiuni\___ and magnesivm

A

Calclum an\&\potass fum
Hagmesium and ;;“Q_tassim

Hitrogen, phosphorous
apd potassium

Calclum nlirate
¥onopolassium phosphate
Yonopotassiuam phosphate

Cal otum nltrate,
monopotassium phosphate

Calolum nitrate,
monopotassium phosphate

YMonopotassium phosphate

Calcium nitrate
ilagnes fum sulfate

Caleaium nitrate,
magnesiue sulfate

Jalelum nitrate,
monopotasaiwm phosphate

Magnesium sulfate,
monopotassium phospaate

Calocium nitrate,
monopotassium phosphute

calelum ohloride
Yot azslum chlorlde
s01¢ sodium phosphate

Calelum chlorlde,
potasgium chloride

Jalolum chleride,
acid sodlium phosphate

none

Sodium nitraie
Sodium sulfate

Sodium nitrate,
sodium sulfate

3odium nitrate,
aecld sodium phosphate

3odium sul fate,
asld sodlium phosphate

Salcium ohlorids,

.aeld sodium phosphate

ﬁeth@dg )

Two orocks, or twenty plants, were used for each treatment.

The orocks were placed on a table ln Lhe greenhouse, and the position

oocupied YLy sny trestmeut or 1is repllcate shosen at rwmdom,

Twice

sach week all of the orooks were systematlcally rotated as to vositiom,

and fumed half around to sqmalize exposure.



The prepared solutlons were applled to the oroecks twlece each
weak, 250 ml. to eash srock abt eash appliae;\tlon. it two-weeks intervals
durine the eourse of the experiment the orveks were fiushed throush
with a liter of distilied wuter, to leach out any accumulated chlorides
@nd sulfates.

The solutione were first arpllied to the srocks on urust 20, amd
the experiment cosntlinuved for seven weeks, by whioh time the symrtoms
of most of tne deflolencies were well defined, and scmplete soliupse

of some of the plamts aad osourred.

Hesults
\\

Nitrogen. «italn 10 days from the time the differential treatmemts
wex-‘x% bepun the effect of the =N solutlons oould be easily recomized.
a3 ;:Qpeviausly ztated, the plunis had been hardened belfore transplant-
ing, ’h‘agz the plants in the ~-K, -HP, -HE and -HF¥ treatments all
anpeamd"‘a\hﬁilar in that the leaves boocame deeply reddened, in compari-
son with tiﬁe‘ lirbter coloration resultine from the hardenling treatment.
Particulardy notable was the deeply reddened condition preduced on
the stems of tae young transplants, starting at the medla line and
progressing upward until the eatire stem was deenly solored. The leaf
coloration apreared more intense on the upper leaves, pariisularly near
the marsins, tut at the discontinuation of the expveriment the entire
lea? arsa wasz affested to an eprroximately egual extent.

41l of the plunts ln the ~H treatment survived the tramsplanting,
and new growth was produced during the experinent, thoush the new
leaves werc signiflecuntly smuller and the intemodes shorier than in

the nase of trealments where nllrogen was supplled. 4is the new leaves
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uwnfolded, tihey were only slightly ocolored, but as tuey matured the
red ~clorutlon became evenly distributed over tiwe leaf, [he -N plants

are 11llustrited In flgure 52,

Pieure 52. Color photosruph of 2. ledperiana trans-
plants in sand sulture supplied nutrient solution

deficlient in nitrogen.

N\
\

Thospuovous. No symptom of phosphorous deflciency appeared in the

"
plants réﬁ\el'vin&: a nutrient solution deflzlent in that element during
the period 6‘;{: toe experiment. Ihe plants grew equaily as well as those
recelving tihe \Ti:\gmposite sodution, and showed no disacloration or other
symptom 1néieati‘hg a lack of this element. Thls failure of a =¥ symptom
to cevelor was noted also in the =IK plote In the latter case the =K
symptoms whilch developzsd were no more severe than la the treatment
where ot assium alone was deflolent.
Potassium. The laock of potassium produced & pronounced effect hy
Septerher 10U, or after the treatments nad been applied for three weeks.
The lesves were pale in color snd small in size, but no chlorotio or
neorotic areas developede +the most strlizinc symptoms were tbat the

leaf tips curled downward snd then toward the stem withim 10 days after
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the treatment was started. «it:nin an additional 10 days the leaf maresins,
at first near the petloles and later along most of the lemeth of the
blade, also rolled dowmward, Concurrently with the murein rolline,

the velns in the leaf became aonsplouously sunken Into the intervemal
tissues. Thls effegt was {irst evident omn the leaves already formed

on the plant, but us the new leuves were formed, tie sume sejuence of

events was observed, These plants are illustrated in color in firure 54,

Firure 53. Color photograrh of . ledperiana truns-
lants in sand culture supplied a mutrient solution
defiolent 1n phosphorous.

Fleure 54. Color photograph of (. ledgerluna trans-
plants in sand culture supplied a nutrient solution
deficient in potassium,
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A comparison of the effect of th. deficiency of nitrogen, phos-
phiorous, and potassium is afforded by figure 55. The appearance of

the plants In the -P treatment is particularly striking*

esi%«ei
Figure 55* C* ledgerjasa transplant* supplied nutrient solutions
deficient InT (leil) nitr»g«a# (eemter) phosphorous and (right)
potassium. Bote excellence of growth in -P treatment.
Mitroeien The lack of both nitrogen and phosphorous
in the nutrient solution resulted is plants that were Indistinguish-
able frcja those supplied a solution deficient in nitrogen only. The
only diffWrence noted is the two treatments mt that four of the 20
seedlings failed to survive in the -BP treatment, whereas all survived
the -S treatamt, but the experiment was not sufficiently extensive
to ascribe significance to this survival difference.

Potassium. Plants supplied a solution deficient is both
nitrogen and potassium were also strikingly similar to the ~S plants*
In this case all of the plants survived, but growth apparently was
inhibited to such an extent that the -K symptoms were not evident.
Phosphorous and Potassium* Ibere both phosphorous and potassium were

omitted from the nutrient solution, the resulting plants were superior

in growth and appearance to those In the *4f plots, but inferior to that



In the -1 plots, tiers the *C symptoms of leaf curling and sunken veins
were strikingly exhibited on the developing leaves, but the leaf oolor
was equally as good as in the plants receiving a composite solution.

That the plants made significantly greater growth tna© the -IC plants
strongly suggests that the level of phosphorous in the composite solu-
tion may have been above the optimum for early seedling growth. These

plants are illustrated in figure 56.

Flf-ure 56. 0. ledg”apa transplants supplied nutrient solutions
deficient in (left) nitrogen and phosphorous, (center) nitrogen and
potassium, and (right) phosphorous and potassium.

Calcium. C. ledger! ana transplants in a sand culture supplied a
nutrient solution deficient in calcium failed to exhibit any striking
symptom of the deficiency for the period of the experiment. The leaf
color was notably paler than similar plants receiving a composite
solution, particularly in the interwenal tissues, but the leaves
oO;r?pared favorably in siae with those on the full-nut rient plants,
and no ohlsrosis or neorotio areas developed. These plants are

illustrated in oolor In figure 57.



Fleure 67 Color photograph of C. ledgeriama truns-
plants In sand culture supplied a nutriemt solutiom
defiolient in caloium,

esium. When magnegium was omitted from the mutrient solution
gulpplied, the asppearanze of the growth of the plarts was strikingly
gimilar to plants in the =Ca treatment. Leaf color aund size was so

\

similar in both lnstanoes, in faot, that the plants sould not he

Pilgure 58, Color photograph of C. ledeeriana trans-
plants in sand eculture supplied a nutrient solution
deficient in magnesium.

120.
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Calglum and Mapnesiwm. “hen calcium and magnesium were simultanecusly
omitted from the nutrient solution supplied, a pronounced effect was
observed after only 10 dsys. GUeveral of the plants falled to survive
the transplanting. The leaf tips turned brown and died, then the
entire leswves and finally ithe stems., The plunts that survived the
transplanting produced leaves that were chlorotioc except on the welnse
The older leuves collapsed and dled, from the tip tqward the btase.
Pisure 59 18 a color photosraph of the ~CaMg plants, and flgure 60
affords a comparison of the plants supplied the ~Ca, Mg and ~Calp

solutions.

Flgure 59. Color photograph of C. ledgerliana trans~
plants in sand eculture supplied = solution defloient
in both calolum and magnmesiume
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t

\ Figure 60* C* ledgerlana transplants supplied nutrient solutions
Vdeficient in (left) calcium, icenter) magnesium and tright) both
“alolum and magnesium*

Sfrlalum and frotasalum* transplants In sand supplied a solution
deficlient in both ocalolum and potassium exhibited symptoms similar to
those desoribed for the -Gal4g plots* Several of the seedlings failed
to survive the transplanting, those that survived differed from

the —CaM;"plants mainly In the appearance of the -r symptoms which
were absentvia the *Ca$% plants* Uaat of both oalolum and potassium

in the solution intensified the -K symptoms, as is illustrated in

the oolor photograph Ifigure 01)*



Flgure 61, <olor photosraph of . iedgerlana trans-
planis in sand culture supplled & nutrient selutiom
deficlent in both ealclum and rotassium,.

kY

¥aenesium and rotassluwse +hen tolk masmesium and potasslue were
wit\}({held from the solutiom the result on the seedlings was very
stmil\ r to tbat produced by the ~Cak treatment. Tbe effect shen both
ma@neg\i\gm and potasslum were omitted was similar 14 the intensifica~
tion of ‘«ﬁgae ~ symntoms, but the effect omn tramsplant survival was
mach less \\.sgvere. The surviving plants produced leuves that were
lareer,.with.paie intervenal tissues as in the plants fram which
oalolum and mappeslum were indlviduslly withnhelds These plants are

1llustrated in firure B82.
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Meoure 62, Color photograpn of C. ledgerisna trans~
planis in sand ouliure supplied a mat rient solutiom
deflcient in both masnesium and potassium.

Kitropen, rhosphorous and asglum. Plants in the -NPE pots exhibited
tha\;-!n symptoms of reddeming and the -E sywptoms of leafl ourling and
axmkbp velns, but none of the plents showed any sisus of collapse for
the r:}?her short duration of the experiment, and the depression of
growth wiis not sigmifleantly preater than In the case of those plants

supplied a \soluti& deficient only in nitrogen.



A comparison oOf tho plants produced in the -Cal, the

md the hHTK plots is affolded fir figure 62.

figure 63. £. ledgerlana transplants supplied nutrient solutions
deficient In (loft) calcium and potassium, (center) magnesium and
potassium, and (right) nitrogen, phosphorous and potassium.
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Leaf symptoms of lareer scedlings. L. ledperlana seedlines, germinated

in ¥ay on sphusmum and crown ruplidly in sphasmum during the summer, were
hardened and transplanied to sand in Hovember., IThey were supplied a
sanposite nutrient solutlon until the followine June, when they were
surplied only distilied water for three weeks to leach out as much of
the nutrients as possible. The uctive, vigorously erowlns seedlines,
aversging 35 om. in heiebt, were then supplied mutrient-deficlent
solutions to determine the expression of a laok of a given element oan
larper plants.

Solutions deficlent in nltrogen, phosphorous, potassium, calelum,
‘.“mﬁ@eslum, and oal clum and magnesium were prepared as dessribed in the
é;greviws experiment. OJolutions deficlent in irom and in mampunese
w;ig\e also prepared.

\“-.\ Cnly one pot of three plants was available for each of the
deﬂeig\nay treatments, 80 that the results sre not oonsidered sonclusive.
Kost of\“‘{v;he lower leaves were lost from these plants whem the composite
nutrient gﬁ;\oluﬁ:ion was replaced for three weeks by distilled water,

The mutri E;;;\ﬁf_'daﬁ slent treatments were continued for three months,

and the sympt;ﬁvgs on the leu.ves produced duringe thul period were
desoribed und th\t ogravhed.

Plants gmwﬁi‘g\ in the nitrogen~deficient culture produced leaves
that were narrower, a\hprter and thinner tiam those reselviug the
eomposite solution., The leaves were notably paler in solor, but net

until the shorter days and cooler temperatures of subumn did they

assume the red coloratlon so characteristic In the smull ssedlimes.
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Phosphorous defiolenay symptoms aguin falled to appear, thoush
the leaves were somswhat darker green than those recelving the full
nutrient, particularly in the area near the midridb. The difference
in oolor quality was apparently more evident to the photoeraphic
film, however, as nay be seen in flgure 64. fThis photoeruph, takea
on panohromatlis {llm throush a light greem fllter, resulted in &
much Lighter print tone wsith the ~F leaf than in the case of the
composite~solutien leaf,.

Symptoms of potassium defioclenoy were easily recosmmizable in the
new leaves of the plants supplied the -¥ golution. Im addition to the
leaf curling mnd sunken velns as noted with the maller seedlings,
»"'\tbere appeared a mottled zeddish ocoloration along the edges of the
iaeaf blade, wkhish was soon followed by 2 Dbreaxdown of the tissues, or
mé:ginal necrosis.

" The application of =Ca and of -Mg solutlons resulted in pale green
leaves and oscasional intervensl meeorctio areas. MNo dlstinotion could
be mude uetwesen the plants under the two treatmeants. whem doth
el ements were simultaneously withheld, a max?;ed isorease in the smount
of neoreti: tissue ooourred,

¥arked intervenal ehlorosis seon appeared in the -%Te plants, and
the contrastine preen velns san be seen in flsure 64. The experiment
was discantinued before there was a simifiocant effect om the growth
rate.

The symptoms of a lack of manganese were not very clearly defined.
the leaves were pale and thinm, though of normal size, ard the plants
grew slowly, but no further sympitons were evideni when the experiment

was discontinued.
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figure 64* Leaf sjn“toras of larger rood!lags* aeprosentatl v® leaves
from £* ledirerlsaa seedlings la saad saltare supplied a oenposite
nutrient solution (1), rod solutions deficient la (2) nitrogen, [Z)
phosphorous, (4) potassium, (S) oalaiun, (6) magnesium, (t) oaleiaa

and magnesium, (8) Iron and (8} manganese.
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LISCUSS 10N

The investications renorted berein furmish data whi s, thoursh
they must Pe Interereted anid verifled for locsl comditloans ip thne
Pleld, estanlisl cerdoln fundamentals concerning ihe Veffezt of
vatrioun foctors on serwinstlon, eurly seedlinr srowih .nd nuirition

of Je ledreriana, and surpest welbods of approuch ln obtaluing

furtaer nesessury Ynowledre of these znd othsr prowih stares.

Gemigation Studieg

The resulis of tae studles on the effectivencss of tenmerature
&nd humicity controis in wrolonsine the vlakility of stored
g_.‘.‘j‘_ier;meri ang secéds larcely sorrodorate those of Terhoseh (14) whlsh
resuited in the recommwendation of mulntulnlne a2 humidity of about 20
neraent {(hy the use of Caﬂlg-ﬁﬂge) as optirmm for thls species under the
natural terreratures prevalline. dowever, the resulis here repertéd
show tiut bae dabe rresented hy Jerbosch are carable of only 2 strict
Interpret .t lon hecause of the fortunately favoruble temperalures
existings under his conditions. The present data semomstrute that
tarperatures otoer tham the one he used exert « vronounced influsnce
on the viablilty of sluchona seeds. OF partiasular lwportan-e to the
current amercenay nrocr.n iz the dlszovery of tane drasti: effeot
of a storape temperatire of 22%C. for even o relatively short rerlod
on the viablity of the seeds, pariticulariy =t humicisles oikar than
thore wround Z0 percent, *his condiilom wuy ne apnroached in muny
places in the -~mericas und hesause of the Importunce of the availe~

able seed surply s.oulé preselve ibe ulmost consideratien. CF
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similar importunce would be the duneer of reduclng the storage
temmerature too low without some concurrent reductien In humidity,
35 is evidenced by the very low gerwipution of 3 peroent obtalned
in these studles after only ¢ weeks vhen seeds were stored at 292,
uader aish humidity.

The data preseanted show that when extremes of both temperature
and humidity are avolded, J. ledmeriana seeds can be stored for at
leagt 54 weeks wiithout material reduction in germimability., Thut
this s probably true also of C. suceirubra amd .. hybrid seeds is
surccested by the faet that the trend of respooses to storage conditions
of frest Ce ledgeriona sceds was followed closely by seeds of the
ot ber specles whose previous treatment and ags were not known.

e studies vertuinins to tine light reulrvements of clrcouona
seeds herein reported not only corroborave the flndines of Eerboaoh
{(14) thut sermination will not ocour in total darkness, ut also
sontritute much new information sonceruins the minloum Qquantlty amd
Inten sity of lieght we;ulred for successfful permination. Unawareness
of this requiremant for licht may have beemn the csuse of some of the
failures in the early attempts to cultivute the plant, for it 1is
obvious that covering the sown seeds wlth even a shallow layer of
blask voleanic sénd. as was the sase In some of the early attempts,
would have effectively prevented suffiolent light from venetratine
to the seeds, part! ~uluprly when the entire procedure was carried on
under the shade of Torecst cover.

These studies establish the fuobt thut the total lisht cuantity
recuired for germlnation is Small, considerably smaller than that

resuired for the production of stocky seedlimgs. Ihis, too, may have
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been a factor leading to the widespread belief that the plant is
diffieult to manage in its early stages. In situations where only
borderline light intensities were supplied, the resulting week
seedlings would have besn highly subject to early losses from dampinge
off fungl, as well as losses resulting from mechenical causes.

The rather elsborate germin;tiqn beds developed in Jeva and since
widely adopted sz standerd for einchone germinetions were so con=-
structed thet a felir quantity of diffused dsylight could reach the
gsesd sown on the surface of the germinsation medium. Data gathered im
these studies indieate thet so far es the light reguirement of the
seeds is concerned, germinetions could be obtained in the presence of
;xmmch rreater light intensities. BDearing in mind the effect of
incre&sed light on the temperature and humidity of the environment and
as%uming that these factors could be satisfacterily contrelled by
vengilation, the possibility that a modifieation in the design of the
germinator which would permit more light to reech the seedlings would
result-in less suseceptibility to demping~-off losses is considered
worthy of future investigation.

The temééxature requirements for the germination of C. ledperians
seeds are epparently recorded for the first time sz s result ef.the
- experiments reported irn this investigation. It has been determined
that there is a eritical minimum temperature between 14° and 16.5°C.
below which geymination is completely inhibited, ané e oritical maximum
lying between 29.5% and 32°C. above which a repid deterioration of
the seed is initiateds The optimpn sustained temperature for

[
germination was near 29.59C., théﬁgh‘as complete but not az prompt

germinations were recorded at temperstures Letween 18.5° and 29.5%C,



It siould perbaps be reiterated tnat the experiments conducted on the
effect of tewperature nave nol comslidered tne eficet of fluctuating
tenperatures. =«nparently excellent germinations uwave been reported
under Javanese conditions, where 'tem'_ﬂerature 1s stabted Lo vary,
usuaily bebtwesn 189 und 2200,

Of particular lwmportance to the present emsrgency prooras is the
geleterious of feob shown to resull from short exposures to abtove-
maximal temverstures. Jerlous redustlion In rerminaution resulted when
the soun sSeeus were exposed to a temperature of 509C. for omly 2 hours,
and exposures of over 24 hours to temperzbures of 4090, likewlse
redused perminuation. Jeed sowlngs ovt-of~doore must wsually be
aovered Lo malatuln adesuate molsture conditions, and In soime cases
transluscent matertuls susn as caneesgecloth or lello-smlass are btelus
uged to admly sufficlent lizht. Unless the cffect of relutively short
exposures ¢ hlsh tewperatures 1s coamsidered and provided asulnst,

‘valuable s2ed wxy unnesessarlly be lost.

Studleg Conpgerning larly Seedllnz Growth

It secms clear that the usual rather slow rate of srowth of the
gsecclings durlng the {irst few mouliis after tnelr geraination ean he
sonslderably hastennd unier a oonbinatlon of more favoratle medlu,
nutritional and env!ronmental condlitions, - oreatly ilnoreused rate of
early srowth, besides shortenlngs the time intervul duriae wiizh tae
plants are most susceptible to losses, would be desirable also from
the standpoint of sasteulng tie productlion of cuinine.

It has been found taab the use of sphasnum a8 a growine modium
for astlvely growlus scedlings germinated on sphapnum has resvited in

several times the rate of eurly seedlins prowth ovtulned with simllar



seaedl in~s Lransplonted to < soll mediums ohep the secedlings were
hardened by witiholdins uutrients prior to tramzpluantine, uowever,
gurly srowth of sphuspun~gorminated sesdlings wus ejually us rapid in
several soll anc leaf mould medls as In the spharpun medlum, regardless
of the age of ihe ssedlines aﬁ tie time of tracsplaptine. The
possipliity that eurly srosth of seedilnes transprlanted from a junele-
mould gernlnutlon medium to a soll nursery wmedium may de bdbenefited

in a troplical envircomment hy a prior nsrdeninrs of the seedlines by
Ir:reazsin> lileht quantities is considered worthy of investisation.

Of sreelul value to tze current program also is the marked reduction

v in transplantine losses when the seedlings ars previously hardened.

In the production of laree numbers of 2. ledreriana seedlines at
tﬁg Y. 3. Flant Introduction Tardem for later shimment to coorerators
1n\tne en@ereensy program in the americas, the use of a sphaenum snd
peabkﬁwaium for early seedlins growth hasg proven 1desl, both from the
standpéint of procucine virorous, disesse-free geedlin~s, znd from
the snormous eaonomy of the packuged welrht of nlants so erown,
over soll-grown vlunts. .xveriments herein recorded estadblish a
Pertilization nromram for opilmum prowth in thls meclum. Most rapld
growth was obtalred from tae application In slzx bl-weekly poriious of
a4 6-10-86 fertilizer ln an amount eculvalent to 1040 vounds per acre
six lushese Uata from sand culture studles renorted stronmely susrpest
that the proportlon of phosphorous and potassium to nltromen can
profitubly be considerably reduced over ithe ratio used in thils serles
of experimentis.

No study nas yebl been made of tne relative effectiveness of
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various nitroren carrierse. In all of the work hereln reported,
nitrocen has been surplied in the form of ocalcium nitrate, sodlum
nitrste or wwmonium nitrate. However, in none of the formulae has
more than one=fourth of the total nitrosen been suvnplled 1n the
form of the ammonium sult.

Tue o of the sphagnum and peat medium 15 4.4, which sand sulture
eznerinentation has shown to be very favorable for mative srowthe
s@d1tlong of lime to the medium exerted a proounced inhibitory effect
on erowth of the seedlinrs. whether this effect was due to a chanse
in the pd of the soluilon of the medium, to the presence of above~
‘oj,ntimal cuantities of calclum, or to the effect of the lime applioca~-
tion on the pbysia.al st mocture of the sphagoum has not been determined.

fallure of the plants in sphagnum to sleml flountly resvond to the
arplication of s micro~element supplement zugpests eltbher that there
iz a relatively low requirenent for these elements or that they

paturaily ocour in sufficlent gquantities in this medium.

Nutritiapal Studies lp Sand Cultures

The results of sand culture experimentis reported in thls Investi-
gation indloate thut pitrosen iz the esveclally lmportant element in
the nutrition ¢f the younz seedlines. Orowih of sesdiings in sand
oultures sapplied & solutien cuntainine 20 ppm. nitrogen was sienifi-
gantly mfarior to growth when 80 ppm. or Z20 ppm. nitromen was mades
avallable. Thourh vrelliminary experiments indlaute that the seesdlines
tolerate osoncentrations as nlsh as 600 ppme in samd culture solutiens,
most satisfastory growih resulted from the use of 140 to 200 pmym,.

goncentration of nitrozen.
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hemlts of oreenhouse syveriment s on ihe vhosphorous nutrition of
youne 2o ledserisna seedlines indloute tust the requirement for thils
element 1s very guall, thouch evidence of an Inter-relutionship between
nitroren uné vhosphorous reuirements wus obtulred. +ith solvtlons
sontalinine 80 npm. nltroren, seecline erowth was mood éjth 43 low as
5 pome ¢ as much as 80 prwe phosphorous. Ath solutions containing
720 ppme nitrogen, howeveyr, seedlings growth was sisnl ficoutly inferior
at © prwe phosrhorous, thourh t..her-e- was no henefit from increasins
the conceptration above 20U ppms It 1s inferred from these cxreriments
thut with 2 nitrosen consentrution of 150 to 200 ppme., whlon is
rrobahly a8 eprest as can be prictlcully maintalned, phosnhor ous need

ot be supplied in evcess of aobout 2C ppme The possitility that srowine

m&dia sontulnine sienificantly sreater nuantities of avalladle

f\ngat, the reculrement for potas®fum was also reluatlvely low was

shown bty %he growth of seedlines in swd cultures supplied potassium
\

1

in 25 yrme S‘anent rations uLlttle bencfit resulted from increzsine the
\

potass lum mrsz‘;‘i_:ied to 460 ppme, tuourn al the same tlme no decreuse in

growth resulted\“- from the hisher concent rations. Isus the seedlines

tolerate bizh oconcentratlons, taourh a low consentrutlon 1:s apparmtiyv

adenuute for early growbie.

Srowth during the exrly seedling stase 1s reduced only slicutly
when eltner oalolum or wmupnesium wre omlvied from the nutrient solution.
The gsimultunscus deletion of toth elements from the nutrient solu-
tion, however, resulls in an alwoct conplete inhibltlon of srowth.

The fallure to produce severe symploms whem only one of the siements
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is laokins sugpests thai ealclum mnd mugnesium may substitute for
eaah other in the metabolism of the youne seedlines. Lvidence from
sand oulture experiments further indloates that a concentration of
magnesium between 100 and 240 ppm. in the mutrimmt solution results
in very satisfaotory growth, wille ocomcenirations of. salclum In excess
of 200 ppm. are to be avoided.
Symptoms of the deficlency of mutritional elemenis as evidenced by
youns seedlings growa Q.n sand oultures are ifllustrated and desoribed
in this investiration. 4s the most serious losses are usually
encountered as a reswult of the first transplantinz from the seedling
bed, this informatlon should be of great value in determining whether
such losses may be attributed to a deflolenoy im the nutrition supplied.
In general, the studles on the early erowih stages of C. ledeeriana
reported in this luvestigetion show that the species 1s very responsive
to environmenial conditlions. It is felt, however, that the plant is
oonsidered 'difficuit to grow' only beosuse knowledre o f its require-
ments is so incomplete, und thal hertlcultural practices simn concelv-
ably be developed by experimentation which will result in the
suceessful culture of the form under a dlversity of conditlons now
generally considered immossible, Sush experimentation, in comjunction
'H.‘h the application of modem breedine teshnimes, may ultimately
produce a form with u reasonably hieh alkslold content in the young
plant that can be subjeoted to large~scale ocultivation at a great
economy of spase over the ourrent plamtation systems Certainly the
mooeésm cowpletion of such a project im the imerisas would result
in complete¢ independence of the Far Bast for the supply of a vital
nesessity, ad g0 far in providing medlicine with the avallable means

of warlng an effeotive campalen against malaria.
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SUMMaRY AND CONCLUSIONS

Cilnchons ledgeriana seeds wers stored uncer tweniy comblnations of

tenperature and humlidity and the effect on germinstion determined ut
tine-weeks intervals for 54 weeks3. It was found thal both temperature
and bhumidity were factors in determinine seed viabllity., otoruge at
elt ner extreme of the temmerature or humidity ranee used resulted

in redused aeminati-v‘on, the most ranld loss 1n viabllity occurrine
with a comblnation of hiech temperature and humldity. Conversely,
excellent serminutions were cobtalned even after 54 weeks of storuse,
\wlth seads stored at 32 and 66 percent humidity and tesperatures of
i6° and *24°C, Storuse In the dark proved slishtly superior to storsge
1u the liesht.

| %o rronounced effeot of media on aoctual germinstion was found, but

ap important lndireot effect on the survival of the seedlings resulted.
Of the severzl medla tested, a sienifloantly hirher seedl ine survival
resulted from the use of sphagsnum mMOss as a gertlpation mecium,
principally becsuse of the complete freedom from damping-off losses

of the younr seedlines.

Cinchonsa seeds resulre lieht for eerminstlion. It was found,
however, thut the minimum lipht requlrement is relatively low. Fxposures
to 200 foot =ozndles of ligzht for 10 geoconds daily resulted in nearly
commliete perminations in 21 days, thoush the resultant scedlines had
lon> hypocotyls, were etlolated, and the roots fulled to penetrate
the medium pormally., Lisht was required throushout the cermination
veriod, exposures less frequently than every second day resulting in

incommlete cermination.
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Critiecal minimum and maxlmum temmperatures for serminztion of
Ce ledmeriana seeds were delermined. f%erminatlon 4ld not take place
at sustalned temperatures below 14%97. or at temneratures above Z59C.
at below-minlaomn terperatures seed vitality was retained for weeks,
wsnereas ab above-maximal temperatures a rapld deterioration of the
sovn seeds resulted. Optimum sustalned germinagtion temveratures
were ceternined to be hetween 249 and 290.5°C.

Barly seedling growth of sphagnum-germinated seedlines was uni-
formly ersellent 1n seven dlfferent medis providing the seedlinss
were hardened before transplanting. vhen sphapnum-~gerdnated seed-

\liu?s were transplanted in an aoctively growings condition to soll,
\%owevér. subsequent growth was far less thun when simllur seedlings
wére grown in the sphagnum msdium.

K\ The use of sphugnum as 2 prowine medium requlred the development
of ;\fertilization progrums Of the severul variables tested, it was
feun;\ﬁhat mogt rupld prowth resulted from the apvlication in six
bi-weekiy;portions of a total of 6=-10-6 fertilizer ejuivalent to 1040
pounds pegyagre six Inches. .pplications of lime to the sphasnum
medium markediy reduced growths It was found unnecessary to supple-
ment thse fhrtiliier with a mioro-element solution.

It was founditpat Ce ledeerisna seedlings could be successfully
grown in coarse quart;‘sand for putritional studles by adjustine the
solution to pH 4 t0 & and uslng « modificatlon of a three salt
putrient with mloro-elcment supplement.

Results of a 3 x & x 3 factorial experiment on the mitrogen,
phosphorous @nd potassium nutrition of the young seedlings showed that
they re uired a greater soncenbration than 15 ppm. nitrogen In ibe

golution for active growth, and wore growih was maude ut the hishest
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level used, 240 ppm., than at the medium level of €0 ppm. Flve ppm.
of phosphorous was too low only when in comblnation with high nitroéen
and high potassium, and 8C ppme. phosphorous actually limlted growth

in combinatlon wlith a medium nitropen level. -+ low level of potassium,
25 rpm., was apparently sufficient for the youne seedllines, nc increase
in growth resultine from concentrations up to 400 ppme in the nutrient
solution arpliede.

4 seeond fuctorlal experiment, on the caloium, magnesium and
potass lum nutrition of the younms seedlings showed that 400 ppm,
caleium from CaClz resulted in the death of most of the scedlings,
regardless of tne levels of the other two elements, with 200 ppm.
K\calolum resaltine in more growth than 50 ppm. calcium. There was =
2§ncrease in dry weleht as the macnesium concentration was Increased
gkgm 15 to 240 ppm. Ho sienlficant resvonse resulted from varylng
thgk}evel of potassium, corrotorating the results of the RFK factorial

1
expe;igent. and no marked interaotion between levels of the mutrients
was obse?yed.

Deffgigney symptoms of young seedlings suppllied nut rient solutionms
deficlent in ;igrogen. phosphorous, potassium, nit rogen and phosphorous,
nitrozen and pot;ésinm, phosphorous and potassium, magnesium and
potass lum, and nitrosem, phosphorous and potassium are 1llustrated and
deserited. Leaf symptoms of plaunts severul months old growm with
solutions deficient in nitrogem, phosphorous, potassium, calclium,
magnesium, caleium and maenesium, iron, amd mansanese are also

$1llustrated.
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It 18 believed that the applicatiom of the results of these studies
will rrove valuable in the current emergency proersm for reestablishing
in the ameriocas a dependable souree of natural gulnine from the bark
of the high-yleldine ledserlana species, by reducinge to 2 minimum the
logs of the valuable seed, and by furnishing experimental data on the
environmental and nutritional requirements of the young seedlings.
Further Investlszational work in the loocalitles where the plants are to

be prown 1s urpently needed to assure the succese of the program.
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