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cotyls and roots which failed to penetrate the medium* - - - - 52

Figure 8. Enlargement of part, of a flat held in the dark for 21 
days. Though temperature and moisture conditions were favor­
able, the absence of light completely inhibited gemination. - $2

Figure 9. Germination of C. ledgeriana: seeds supplied 21 daily
10-second ©xposiares to light of different intensities. Left,
2000 foot-candles; center, 700 foot-candles; right, 500 foot-
caxitiles* - 34

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

Figure 11. Exterior view of the improvised germination chamber 
used to study th© effect, of controlled temperatures on the 
'germination of cinchona seeds, lot© location of thermostats. - 59
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The early history of the nee of the quinine hark as an 
antiaaiarial febrifuge will probably remain m  unsolved mystery. The 
first reliable record of Its use was in the year 1630, when, according 
to Suppan (21), the Spanish Corregidor of Loaca was cured of an 
intermittent fever by the bark. The most popular and persistent 
legend as to its discovery and introduction involves the Countess of 
Chinehon, but this legend has recently been thoroughly discredited by 
Baggie (12), who believes that the drug was introduced into Europe soon 
after 1633, through Belgium rather than Spain, either through ordinary 
commercial channels, or throu# the efforts of the Jesuits.

Regardless of the point or mode of its introduction into Europe, 
the neat two hundred years saw an increasing recognition of its curative 
powers, given particular impetus when Pelletier and Caventou isolated 
the quinine alkaloid in 1620, resulting in att extravagant exploitation 
of the only natural source, a rather limited area in South America. 
Holland and England, because each had highly malarious colonies, finally 
became fearful of exhausting the natural supply, mid took steps to 
inaugurate the cultivation of the plant*

Their early attempts at cultivation were discouraging. The few 
plants they were successful in establishing in Java and India were 
difficult to grow and returned low yields of alkaloids. Private enter­
prise could not be interested in the attempt until about 1673, when 
the vezy high yield from the plants from seeds collected by Ledger in 
Bolivia were reported from Java. There then began a production race 
between Ceylon, where the plantation owners had turned to cinchona when



their oof fee acreages were being destroyed by disease, end Java, the 
result was overproduction and a consequent drastic reduction in returns, 
the climate of Ceylon not being as suitable for growing Cinchona 
ledgeriana, another species, C. succirubra. had been planted, but 
because of its lower quinine content, the Ceylon growers were forced to 
turn to another crop (tea) leaving the Dutch Bast Indies with a virtual 
monopoly of the cinchona industry*i/

This monopoly has been effectively protected since 1913, when an 
agreement was signed between growers and manufacturers which has 
controlled prices and prevented over-supply. Though it has been stated 
that the Java plantations could produce all of the bark that could be 
sold on the world market at a price that would sustain the growers, 
there never has been sufficient quinine available to adequately treat 
the estimated eight hundred million eases or prevent the current three 
million deaths annually fro* malaria. Other 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 own use.

Thou# the possibility was foreseen and large stockpiles of quinine 
accumulated by several governments, the occupation of the Dutch last 
Indies by the Japanese military forces in the current war has created an 
emergency situation for the United Nations. Plans are now being carried

1/ A recent note by Fosberg (9) on the taaconoay of the gems Cinchona 
recognises only twelve valid species. The names of the two principal 
fones of ecmmercial importance, long referred to as C. ledgeriana Moene 
and C. succirubra Pav. ex Klotach., are currently considered invalid 
synonyms of C. of fie inali a L. and £, pubeacena Vahl, though the author 
feels this classification requirea~further substantiation. The former 
names, however, are retained in this thesis to conform to conventional 
usage. The C. hybrid seeds 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 ore under consideration to cultivate cinchona In the Americas 
and elsewhere, to provide an emergency supply of tin drug In the event 
of a long war and to safeguard against a future Interruption of the 
supply of this indispensable material. Although atabrine, the synthetic 
compound of Gasman origin and now in large-scale production in America, 
plasmochin, another synthetic with less desirable properties and 
effectiveness, and totaquine, a tc&al-aU&aloid product that can be 
produced in a relatively short tine from young cinchona plants, are all 
partially effective against the four main fonas of malaria, quinine is 
still the preferred specific antlmalarial febrifuge.

Thus, though emergency remiraaents could probably be met with 
drugs produced more quickly, until improved chemical substitutes are 
discovered, any conclusive campaign against malaria must still be based 
on quinine free the cultivation of cinchona. Furthermore, until higher- 
yielding strains of other species can be developed or discovered, past 
experience* indicate that the proven ledger strain should be heavily 
relied upon.

From the numerous recorded accounts of previous attempts to 
cultivate the ledger strain in many parts of the world, and from a knowl­
edge of the conditions in Java which were obviously favorable for its 
growth, a knowledge of the general climatic limitations within which 
successful growth m*y be expected c m  be deduced with reasonable 
accuracy. A rich, deep, light lossy soil, at an elevation between 4,OCX) 
and 5,500 feet, with uniform temperatures averaging about 22°C, and 
always between 8° and 30°C. and a uniformly distribtged annual rainfall 
of between 100 and 200 inches are known to be required for the best 
growth of this fom. ft will not tolerate frost or prolonged drought,
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and excessive heat or poorly-drained soil seriously reduce growth and 
increaee losses from diseases and insects* within these general limits 
the plant is very reactive to environmental changes. Cultural practices 
as followed in Java, including propagation, nursery and plantation 
practices, cultivation and harvesting methods, have been receded.

host of the cultural details are recorded as observations before 
1900} later information and experimental data are largely lacking, is 
the culture of this form has been almost exclusively confined to the 
Butch East Indies since Its discovery, and since it succeeded there so 
well, there has been little incentive for its subjection to modem 
experimental techniques in other localities. It has been repeatedly 
observed that the first few months are the most critical period in the 
life of the plant, and that its success is considered assured if it sur­
vives this period. Tet infomation as to the effects of conditions other 
than those encountered in Java, as will be the ease in many of the 
localities in the Americas where the attempts 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 recorded In 
the literature.

the present investigation was undertaken to provide at least 
preliminary data on this critical growth stage of the fastidious 
C. ledgeriana, of immediate value and importance to the current emer­
gency program, as the rather limited supply of available seed must be 
utilised with the greatest efficiency. This investigation furnishes 
data on (1) the effect and importance of humidity and temperature and 
their inter-relationships on the maintenance of viability of the stored 
seeds, (2) the effect of various temperatures, light and media factors



>

on gemination, (3) an evaluation of mm* of the factors affecting early 
seedling growth, and (4) nutritional requirements and nutrient 
deficiency symptoms daring the earlier growth stages. These studies 
were conducted at the U. 8. Plant Introduction Garden of the Department 
of Agriculture, and at the Horticulture Department of the University of 
Maryland.

litk&atuke w m m i

As stated in the introduction,recorded experiment at ion cm the 
horticultural aspects of cinchona cultivation is almost non-existent, 
and particularly as regards the early growth stages* Such references 
as are pertinent to the scope 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 general 
subject of cinchona, the reader is referred to Morrison (18), and to 
Fosnlak (19).
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will have an inhibitory effect, end that optimum storage conditions 
should result from the reduction of both factors as low as is possible 
without inflicting permanent injury on the seeds* Akaaine (1) found the 
control of either temperature or humidity of approximately equal Talus 
in prolonging the life of stored seeds in Hawaii, and in other investi­
gations both factors haws been found to be mutually dependent.

the extent to which seeds can safely be dried varies widely. Seeds 
of some aquatic plants are normally stored under water (2); some types 
have a fairly high critical moisture content below which there is a 
serious loss of viability, as oaks and hickories (8) (16), seas maples 
(6), strawbeny (13) and others; and still other types require a lour 
moisture content for storage, as with mulberry (25) and d m  (21)(3),
The reaction of seeds to lowered temperatures during storage is usually 
lees critical and temperatures somewhat above the feasing point are 
frequently employed with safety, though soma seeds may be severely 
injured by below-frooming temperatures.

Cinchona seeds have long been known to lose thstr viability rapidly 
when held under the conditions of high humidity and temperature in which 
the plant succeeds, and though there are maiy observations recorded in 
the popular literature which indicate that high humidity was recognised 
as a chief cause of the decline in viability, not until 1920 were there 
experimental data to support the belief. Kerbosch (14) reports the 
details of an experiment in which a range of nine vapor tensions, from 
? to 92 percent, were maintained for three years by the use of various 
chemicals in wall-elosed bottles. All C. ledgeriana seeds stored at a 
relative humidity of 30 to 60 percent gave geminations of over 90 per­
cent after three years, but those stored at higher or lower humidities



suffered a decline in viability. Kerbosch concluded that same diying 
was necessary for successful storage, but that a humidity of below 30 
percent resulted In too strong a desiccation. Though a supplementary 
experiment in the same work indicated that viability was maintained in 
white glass bottles somewhat better than in yellow glass bottles, 
nevertheless Kerbosch recommended that cinchona seeds be stored over 
calcium chloride in bottles placed 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 one preliminary experiment on the effect of 
temperature has been recorded. A one-year test by Kevorkian (15) with 
C. ledgeriana seeds stored over calcium chloride at recas temperature 
and in a refrigerator led to the conclusion that viability of the seeds 
so stored was prolonged regardless of the storage temperature. Though 
significantly superior to the checks, the stored seeds geminated only 
30 and 33i percent at the end of the test.

The rather limited supply of fresh seeds of C. ledgeriana received 
by the U. s. Department of Agriculture soon after the occupation of tbs 
Dutch East indies was immediately stored over calcium chloride, in 
accordance with t ha recommendations of Kezfeosch. But as the program for 
re-establishment of the species in the Americas made it probable that the 
stored seeds would be exposed to various temperatures, information as to 
the effect of this temperature factor was desired • This phase of these 
studies accordingly considers (1) the effect of four humidities at each 
of five storage temperatures on maintaining the viability of seeds of 
C. ledgeriana* (2) the effect of four humidities and three temperatures 
on maintaining the viability of £. succirubra and C. hybrid seeds,



(3) & comparison of C. ledgeriana seeds stored at five hmidities In 
delight with those stored in the dark, and (4) the effect of storing 
well-dried £. ledgeriana seeds In sealed tin oontalners placed at two 
temperatures*

Materials and Methods

In the investigation of the of feet of both temperature and humidity 
on prolonging the viability of cinchona seeds, two-quart screw top glass 
Jars were used as containers for the samples. The jars were fitted with 
metal caps which had waxed cardboard inserts, so that reliably airtight 
closures were easily made* 1 waxed screen*!?* rack was placed in each 
Jar, upon which the small 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 sulfuric acid solutions 
were employed. Humidities of 0, 33, 66 and 100 percent were established 
In the Jars, lure concentrated sulfuric acid was used in the minimum, 
and water alone was used in the maximum humidity Jars. The intermediate 
humidities were established by means of WHson** data and frequently 
checked by properly calibrated hydrometers. Storage temperatures of 2°, 
7°, 16° and 32°C. were accurately maintained. The fifth temperature used 
was that of the laboratory at the 0. S. Plant Introduction Garden, which 
varied somewhat, but averaged about 24°C«, and will be hereinafter 
designated as ±24°C. The specific gravities of the solutions at 25°C. 
which produced humidities of 33 mod 66 percent in the Jars at the 
desired temperatures are given in table 1.

One and one-half gram samples of G. ledgeriana seeds were weighed,
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pot in stall cheesecloth bags and o m  bag placed in each of the twenty 
jars, One-gr&a samples of C. sueoirubra and £. hybrid seeds were placed 
in twelve of the jars, none being stored at 7° and ±24°C. Figure 1 is a 
natural size photograph of these three seed lots. The arrangement of 
the samples and solutions in the Jars is shown in figure 2.

Table 1. Specific gravities of sulfuric acid~water solutions at 25°C. 
which when placed at the temperatures indicated |> reduced relative 
humidities of 33 and 66 percent in the Jars.

Storage temperature 

«€.

Specific gravity of solutions to produce 
relative humidities of 

33 percent 66 percent
2 1.407 1.273
7 1*405 1*271
16 1.402 1.268
±24 1.400 1.265
32 1.397 1*262

The £• ledgeriana seeds had bean 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 the 
experiment resulted in 100 percent germinations. The previous history 
and care of the £. succirubra and £• 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 controlled germination conditions used in 
this experiment, indicated that these seed lots nay have already begun 
to decline in viability*

An arbitrary set of uniform gemination conditions was selected to 
eliminate the effect of season on the results* Four replicates of fifty 
seeds were counted from each of the storage samples on each test date* 
The seeds were sown on seed fiats of sphagmm 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.

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

Cinchona ledgeriana

Cinchona succirubra

Cinchona hybrid

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 vial 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 vials around the glass tubing so that the seed mass ins a no 

more than 4 mm, track at any place, assuring that a very large percent­

age of the seeds would be exposed to the light. The vials were then 

placed in the bottles arid samples were withdrawn, counted and germinated 

at three successive 18-week intervals under the standard conditions 

previously described.

For the samples to be stored at two temperatures in tin cans, again 

only the fresh C . ledgeriana seeds were used. Two ho. 2 cans were well

filled with previously dried seeds on a warm, dry day, and the cans were

sealed by the canning laboratory machinery at the University of Maryland. 

It was thought that this procedure might profitably be considered either 

for storage for relatively long periods or for shipping seeds for 

considerable distances. A sample of the seed was oven dried at the

start of the experiment, 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 400-seed samples were germinated under the standardized 

conditions previously described.

Results

Effect of storage ternperatare-humidity inter-relationships upon 

gemination of C. ledge riana seeds. In recording the gemination of 

samples stored under the different temperature and humidity conditions, 

two counts were iaade, at 21 and 30 days from sowing. A large percentage 

of fresh seed in good condition germinates in 21 days from sowing. A 

deviation from the optimum, either in condition of seeds or of 

gemination procedure, results in slower gemination. Though germina­

tion of poor seeds continues for a longer period under certain
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conditions, trie 3‘0-day period was arbitrarily selected as the maximum, 

beyono which geminations would have little practical value.

The average gexmn&tion of the lour replicates of fifty seeds each 

at each of the six progressive sampling dates following storage at 

various combinations of temperature and humidity is given in table 2.

A stuay of the data In table 2 shows that both the temperature and 

humidity of the storage atmosphere are extremeiy important factors in 

determining the viability of C. 1eageriana seeds.

Though check samples geminated 100 percent at the beginning of 

the experiment, those stored for only nine weeks at the various 

temperatures and 100 percent humidity varied widely in their gemination. 

Storage at either 2° or 32°C. resulted in less than 5 percent gerisina- 

tion, while those at 7°, 16° or ±24°C. geminated between 65 and 90 

percent. The average gemination for all temperatures at 100 percent 

humidity after 9 weeks was only 46 percent. For the saeje period, the 

samples stored at 66 percent humidity averaged %  percent gemination, 

those at 33 percent humidity 97*4 percent germination and at 0 percent 

humidity 88.9 percent germinated. However, storage at 0 percent humidity 

and 32°C. resulted in much reduction of gemination after nine weeks and 

a complete loss of geminabiiity by 27 weeks. Thus it is clear that 

storage at either extreme of the humidity range for even a short period 

seriously reduced germination. The extent of the reduction depended on 

the temperature of the storage.

Storage at 32°C. resulted in a rapid decline and finally a complete 

loss of geminability in 18 weeks at 100 percent humidity, in 21 weeks 

at 0 percent humidity and in 36 weeks at 66 percent humidity, while 

those stored at 33 percent humidity geminated nearly 80 percent even



Table 2. Average percent germination of £. ledgeriana at six progressive nine-weeks sampling 
dates after storage under twenty coffibinations of temperature and humidity (four fifty-seed 
replicates for each test).

Storage Average percent gemination in 21 and 30 days after storage under twenty
environment temperature and humidity combinations for —
temp, humid- 9 weeks IB weeks 27 weeks 36 weeks 45 weeks 54 weeks
°e. ity (*) 21 da . 30 da. 21 da. 30 da. 21 da. 30 da. 21 da. 3u da. 21 da. 30 da. 21 da. 30 da.

2 0 89.0 89.0 72.5 94.0 74.6 82.5 90.0 91.0 _
7 0 96.5 100.0 -- 4>

16 0 88.0 90.0 63.5 85.5 78.6 96.0 80.5 82.5 89.5 95.5 69.; 71.0
±24 0 96.5 97.0 70.0 95.5 72.0 87.0 83.5 84.0 73.5 85.0 77.0 82.5
32 0 60.0 69.5 19.5 43.0 0 .0 0 .0

2 33 100.0 100.0 71.0 87.5 78.0 87.5 94.0 95.0 .— «.«— .—4?
7 33 93.7 99.0 81.5 91.5 77.6 8?.o 91.5 94.5 64.5 92.5 89.0 91.5

16 33 100.0 100.0 67.5 96.0 82.5 90.5 89.5 90.5 92.0 97.0 86.5 88*0
±24 33 96.0 97.5 73.0 94.0 84.O 94.5 83.0 85.0 88.5 93.5 85.0 35.5
32 33 89.5 91.0 71.0 82.5 76.5 87.0 74.0 81.0 65.O 72.0 77.5 78.5
2 66 91.0 95.0 75.0 89.0 96.5 99.0 90.0 99.0 89.0 97.0 72.5 74.0
7 66 98.5 100.0 88.0 99.5 85.5 96.0 96.0 96.0 89.5 93.5 92.0 95.0

16 66 91.5 99.0 75.0 95.5 8?.0 90.5 69.5 89.5 75.0 88.0 85.0 85.5
±24 66 97.5 98.0 73.5 93.0 65.5 84.5 77.0 77.0 73.0 73.0 61.0 82.0
32 66 85.0 89.5 48.0 84.5 0.0 1.5 0.0 0.0
2 100 2.0 3.0 0.0 0.0
7 100 69.0 69.5 47.5 55.5 53.5 69.O --- —

16 100 64.0 69.0 37.5 50.5 43.5 45.5 40.0 40.O 31.0 36.5 28.5 30.0
±24 100 89.5 89.5 47.0 72.0 68.5 88.5 76.5 79.0 67.5 73.5 62.5 64.0
32 100 2.0 2.0 0.0 0.0

Samples destroyed by contact with humiaity-controlling solutions.
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after 5o weeks* storage at 2°C. arid luO percent humidity resulted in 

only 3 percent gemination after 9 weeks, and a complete loss of 

gereliability after 18 weeks.
■#

The effect of the Interaction of temperature and humidity in 

determining the viability of stored C. ledger!ana seeds is perhaps 

shown more- clearly in figure 4. This figure graphically illustrates 

trie data for the germination after 30 days for the samples stored under 

the various treatment conditions for the 34-week period.

Effect of storage temperature-humidity inter-relationships upon
< w w — w w i n w w  iii.wiinum ......  aim .mm ■ hiii—mhw hii liwi i w iiww n  mi m, *iipmi ihi.i u.n— mmhj* p in <i — .hum .iJ  w h  hi 'ilB m - m *.

gemination of C. succirubra and C. hybrid seeds. Though a lack of 

definite knowledge regarding the history of the seeds of C. succirubra 

arid £. hybrid possibly renders data on their reaction to tbs various 

temperature arid humidity storage conditions less subject to accurate 

interpretation, the results do illustrate two points of importance and 

are therefore presented in tables 3 and 4.

These data serve as further proof that both, temperature and 

humidity controls are necessaiy to prolong; the viability' of stored 

cinchona seeds. The combinations that proved deleterious to the 

C. ledger!ana seeds also resulted in drastic reductions in the via­

bility of C. succirubra and C. hybrid seeds. High humidity is again 

revealed as the critical factor, particularly at either extreme of 

temperature. Thus, as was the case with C. ledgeriana seeds, storage 

of C. succirubra and £. hybrid seeds at 2°C. and 100 percent humidity 

resulted in a complete loss of geminability in 27 weeks, and at the 

32°C. and 100 percent humidity combination loss of viability was 

complete after only nine weeks.

The effect of high temperature on the viability of C. succirubra



<J>>s

VVLLr S 'N  STORAGE

££
oK>2
ZO5

45
Vn/ e e ^ s  i n  s t o r a g e

80*

cO 70><Q 60 8
*  50

V/EEKS IN STORAOE

90

cn 70

z  50

W e e k s  \ n  S t o r a g e ^
Fi|or» 4* Graph# of tho effect of tenper&tur# (^5*) and humidity con^jSKe 
on prolonging th© viability ©f stored C* ledgsrlaaa seed#*

IS' 
* '



and C. hybrid seeds also was similar to the effect on £• ledger!ana 

seeds. Seeds stored at 32°C. and 0 percent humidity rapidly lost via­

bility, failing to germinate after 2? weeks, arid those at the same tem­

perature and 66 percent humidity suffered a sii;dlar loss in viability*

Table 3* Average percent germination of C. succirubra seeds at six
progressive nine-weeks sampling dates after storage under various 
combinations of temperature and humidity (four fifty-seed 
replicates for each test).

Storage Average percent germination in 21 and 30 days after
environment storage under conditions indicated for —
temp.humid- 9 *2.s. IB wks. 27 wks. 36 wka. 45 wks. 34 wks.
°C. ity (%) 2fda.30da.21da, 3dba.2icia.3Gba.21da.3Gha.2i-da.3uda.2lua.3ods.
2 0 71.5 71.5 6l«5 66.0 52.0 55.0 59.5 60.0

16 0 76.0 76.5 44.0 65.O 50.0 55.0 56.5 57.0 35.0 56.5 4/. 5 47.5
32 0 66.0 70.0 2.G 20.0 0.0 0.0
2 33 77.5 78.0 55.5 65.0 64.5 67.5 71.0 72.0

16 33 64.5 85.0 54.0 69.5 65.5 75.0 67.0 60.0 47.0 65.5 58.0 59.0
32 33 75.0 76.0 44.5 68.5 48.0 58.5 49.0 51.5 21.0 36.5 39.0 39.0
2 66 B0.Q SO.5 50.0 ?2.0 69.5 73.0 69.5 70.5 34.5 52.G 64.5 65.0

16 66 76.5 77.0 59*0 77.5 65.0 65.0 71.0 71.0 51.5 68.5 41.5 41.5
32 66 70.0 72.0 15.0 54.5 0.0 0.0
2 100 49.5 51.5 19.0 31.5 16.0 19.5 —

16 100 58.5 61.5 6.0 26.5 13.5 21.5 14.0 14.0 2.5 5.0 8.5 3.5
32 100 0.0 0.0

* Samples destroyed by contact with humidity-controlling solutions.

It is of considerable interest to note that the older seeds have 

reacted to the various combinations of temperature and humidity in a 

manner quite similar to the fresh seeds, as this lends support to any 

general conclusion which may be drawn as to the optimum storage 

conditions for cinchona seeds.

An examination of the a&ta for ail three lots of cinchona seeds 

reveals that in general, under the conditions of this experiment, there 

was little relationship between the gemination recorded at 21 days and 

that at 36 days, and that the wide variations in this ratio were not
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related to treatment variations, However, a wide variation in 

gemination between the two periods did exist following storage under 

conditions proving decidedly unfavorable and during which the seed had 

apparently approached a very low stage in vitality. This is seen most 

clearly in the case of the 32°C. and 66 percent humidity combination at 

18 weeks with ail three seed lots, and with the 32°C. and 0 percent 

humidity camoination at 18 weeks vith C. ledgeriana and C. succirubra 

seeds. This fact indicates that there is probably some point in the 

process of deterioration at which germination is considerably slowed. 

Consequently such ge ruination behavior may hold practical importance, 

Indicating that such seed has reached a critical condition and should 

be used promptly.

Table 4* Average percent germination of C. hybrid seeds at six
progressive nine-weeks sampling dates after Is to ra ge uiider various 
combinations of temperature and humidity (four fifty-seed 
replicates for each test)•

Storage Average percent germination in 21 and 30 days after
environment storage under conditions indicated for —
tea,,.humid- 9 wks. 18 wks. 27 wks. 36 wks. 45 wks. 5n wks.
°C. ity(%) 21da.30da.21da.30da ♦21da.3oda.21da.3Qda♦21da.30da.21da.30da.
2 0 57.0 62.0 39.0 64.0 35.5 52.5 46.5 51.5

16 0 50.0 59.0 29.0 51.5 28.5 46.5 40.0 44.5 36.5 441.0 22.5 23.0
32 0 15.0 25.0 0.5 4.0 0.0 0.0
2 33 85.0 87.0 64.5 83.5 58.5 76.5 69.0 73.0 — — mmmi

16 33 75.0 77.0 66.5 80.0 71.5 87.5 64.5 70.0 63.5 74.,0 60.5 69.O
32 33 74.0 77.0 41.0 64.0 34.5 42.0 28.0 30.0 29.0 32,*5 25.5 26.0
2 66 85.0 69.0 60.0 75.5 65.0 82.0 79.0 83.5 73.5 80,► 0 71.0 71.0

16 66 83.5 siS • J 60.0 77.5 52.5 65.5 71.5 73.5 69.0 75 .5 67.0 68.0
32 66 67.0 71.0 16.0 54.0 0.0 0.0
2 100 20.0 22.0 8.0 11.5 2.5 3 .0

16 100 26.0 30. Q 13.5 44 . 9.5 12.5 6.5 q t- 4.5 5 .0 5.0 5.0
32 100 0.0 0.0

* o&mples destroyed by contact with humidity-cantroiling solutions.
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Effect of storage in light vs. darkness. The data for the germination 

of samples of £. ledge ri-ina seeds stored at rcx>m temperature under five 

humidities and in the presence of daylight are presented in table 5•

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

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

table 2.

Table 5. Average percent germination of samples of C. ledger!ana seeds 
stored in the presence of light at room temperature under five 
humidities, compared with storage at the same temperature under 
four humidities in the dark (four fifty-seed replicates for each 
testJ•

Storage Average percent germination after storage for —
environment 18 weeks in 36 weeks in 54 weeks in
temp, humid- DARK LIGHT DARK LIGHT DARK LIGHT
°C♦ ity(%)2ida.30da.31da.3bda♦2iria.3bda.21da. %)q& .21d a.30da.2Ida.jbda.
±24 0 70.0 95.5 71*5 39.5 23.5 84.0 51.5 77.5 77.0 82.5 65.0 75*5
±24 25 76.0 85.5 58.5 84*5 68.5 22*5
±24 33 73*0 94.0 S3.G 85.0 85.0 85.5
±24 50 80.5 87.0 58.5 85.5 70.5 76.5
±24 66 73.5 93.0 77.0 77.0 81.0 82.0
±24 75 6I .5 70.5 24.0 59.0 9 .0 31-5
±24 100 47.0 ?2.0 0.5 0.5 76.5 79.0 0.0 0.0 62.5 64.0 0.0 0.0

These data show that storage of £. lcd&eriana seeds in daylight at 

room temperature and high humidity significantly hastened deterioration 

over those stored in the dark. This might nave been anticipated, as 

these conditions approach those favorable for germination, though no 

gemination was observed in the storage battles. The seeds stored in 

the light at 0 percent humidity geminated consistently les^ than 

comparable seeds stored in the dark, though the differences were not 

very large, ho direct comparisons are available at the intermediat© 

humidities, but geminations of seeds stored in the light were below what 

alight be expected on the oasis of the results from those stored in 

the dark.



Effect of storage in sealed tin containers. As stated previously, only 

one gemination test was Made of the seeds stored in tin cans at two 

temperatures for one year. A ijOC-seed sample of the seeds stored at 

16°C. averaged 81.5 percent gemination, in 30 days, and a like sample 

of the seeds stored at 32°C. averaged only 52*5 percent gemination in 

the same period. This again demonstrated the deleterious effect cf 

high storage temperature on seed viability, and though at the lower 

temperature gemination was nearly 2o percent below that of the check 

at the beginning cf the experiment, it compared favorably vdth the 

better geminations recorded in table 2, resulting after storage for a 

similar period at various temperature and humidity combinations*

On the basis of the results of this preliminary test, the use of 

tin cans as storage or shipping containers vfould seera to warrant 

further consideration.



Pari IX* jSffeot of Various Media

fiao popular literature on the prepaytios of elaeboaa eontai&s 

several detailed accounts of the preparation of the gemination beds 

and o f the e x a c tla f care they require# «11 are agreed that success or 

failure In the enterprise depends primarily on this phase of the work, 

and repeatedly urge that sa© expense or ears he spared*

van Qoxfeow (10) states that w e n  the famous Xutoh propagator 
Ju&ghuha first collected good seeds in Java, he tried many methods of 

germination*
Prom 200 well developed seeds, sowe broadcast upon well 
prepared beds, there was hardly ass healthy plant obtained* 
Junghuha ascribed this misfortune to the fineness and light­
ness of the seed, which were there exposed to all the 
oaprloes of wind and weather, and further pointed out the 
dangers without a umber, which ©listed also fro® the first 
sprouting of the seed*

Ju&gfruhn then tried sowing the seeds la bamboo pots filled with
purified, finely sifted wood earth, or else with a mixture of this and
a fourth part of blank volcanic sand*

la the first experiments, sash bamboo pot served for the
retention of a single seed, afterwards two or three were put
las this was done la a small superficial pit, made by the
pressure of the flayer la the loose soli la the sea ter of the
pot, which was then sprlakled with the black saad Just men­
tioned, to a thickness of i or at most 1 millimeter to hinder 
the seed being blown away, m d  t© prevent It being dried 
too mush by the air* from this time the soil la the pots was
kept ©onstautly moist by mesa® of a very fine watering pot*

do handled, the majority are stated t© have germinated in, six weeks, in
a few eases after 20 or 22 days, never after 100 days*

tfheu van ftoxkov took over the direction of the cinchona culture,
he found a hundred thousand seeds so sown that had failed completely
to germinate* he then used baked earthen pots, filled two-thirds of



their depth with sand, os which was spread out a layer of loaay soil, 

properly m >1 stoned, of a few oe» time ter s la thickness* On this pre­
pared soil the seeds were scattered as thickly as possible and the pots 
then put la a saucer of water* He states that to this way

• • • a sufficient quantity of moisture Is drawn up by capillary 
attraction, whilst in the sprinkling of the seeds the limits of 
the desired moisture m ? be easily overstepped, moreover the 
seeds themselves stay be damaged, and sometimes dislodged or 
removed* It is quits clear that favorable conditions for the 
germination of the seeds and the development of the plants 
cannot be sufficiently ensured in the open ground, and thus It 
is necessaxy to have well-devised propagating houses*
As further experience was gained, however, a system of outdoor

propagation was developed which yielded satisfactory results* Sands (20)
reported that the system extensively used in Java was to construct

special germination sheds of bamboo poles, covering the roof with dried
grass and providing removable grass or bamboo shades for the sides* A
trench t  feet deep was dug and filled with fresh jungle mould, and the
seed sown thickly on the top of the mould* 2be seeds germinated in
about three weeks amid

• • » from then onwards extreme care and watchfulness have to 
bo exercised In the watering, lighting and sheltering of the 
young plants* If the soil is too wet or too dry, or if there 
is insufficient diffused light for the seedlings, damping-off 
diseases often destroy them] If kept too dry or exposed to 
wind, red spider or orange mite say cause damage to the tender 
leaves and shoots*
9bo germination methods employed in Java were undoubtedly successful, 

and have been imitated In many other localities* axperimental data 
on gemination media other than Jungle mould were mot available until 
1939, when St off els (23) reported am experiment to determine the effect 
of media said altitude on germination* Six media, Including (1) arable 
soil dug to a depth of 30 cm*, (2) arable soil disinfected with fire,
(2) arable soil and fine gravel, (4) fine gravel, (0) subsoil, and
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(6) a layer of to res t litter, were tested at altitudes of lo&O and 

1880 meters, Somewhat better germination was recorded with the subsoil
and gravel media than with other media, with an indication of superi­

ority for the higher altitude, The germiaation was recorded as the 
member of plants per square deaimeter, arid the sowings were apparently 
duplicated, but there is no statistical evidence to indicate that the 
germination differences ware significant. Tm superiority of the 

subsoil mad gravel media was attributed t© the lack of losses due to 
fungi»

nevoi%ien ( Id )  reported a reeent experlstent in which sphagmum moss, 

peat jboss, fo rest mulch and sand were tested as germination media.

Though the earliest germlaation was recorded on peat moss, a highly sig­
nificant difference in the number of seedlings surviving by the end of
the eleventh week was reported in favor o f the sphaenust ssoss medium.

Materials and "ethods

To obtain data on the influence of the medium on gemination of 

£• lodgerlaa^a seeds, an expertmeat was oonuuoted in which sphagnum 
moss, peat, filter paper, blotters, sand, sterilised e©tapested soli and 
distilled water were all compared as germinal ion media. Btour hundred 
seeds were sown on. each of the media and placed in a small room la 
which identical light and temperature oondltlons were supplied all 

treatments, rhe sowings were Inspected daily for 30 d&ys and, with the 
first appearance of the radicle as the criterion ©f germination, the 
rapidity of germination as well as the maximum was recorded, five we. ks 

from the date of sowing the experiment was discontinued, and the number 
of plants remaining at that time reoorded.



Maximum gemination was obtained with all media in IB days, with 
no sisalfioanfc 41 fTerm.:,}® in rapidity of gemination* However, there 
was a significant difference in tm  survival of the seedlings , with 

losses ranging from 0 percent in the ease of aphagau® ©ess, to 25 per* 
@m% im ;he ease of the soil medium* fhese data are presented In 
table 6.

fable 0. la flue no© of medium on the gemination of Q# a seeds
and survival of the young seedlings i400 seeds in eaefc test)*

I;ays to xaxiiium Bays to Mo« @41ga« reroent
H!od to« 1st g e m ­ gemina­ maxim*® surviving ior.s

ination tion gemina­ after after
tco*rits«} tion 5 weeks gemination

Sphagnum moss 1 4 m 15 4 m 0*0
Sand 10 385 18 369 3.5
Soil 8 387 16 290 35.0
Fe^t 7 393 14 310 20*9
Filter paper 6 390 16 354 9*2
Blotters 9 38? ii 365 5.?
Sistilled water 8 39,1 18 380 2*8

Mearly all of the losses ooourred shortly after ^ormlnatloa, 
probably due almost entirely to damping-off fungi* U?)
reported 20 to 30 peroent losses of olnohona seedlings due to a 
Bhlaoetonla damping-off in soil In the Philippines*

?re® this data, it appears that the medium exerts little Influenoe 
os aetual germination, m d  that eofspiete germination will result m  any 
substrate that provides a proper moisture condition m d  is not actually 
toxls to the seeds* however* as the seedlings are extremely susceptible 
to damping-off fungi* m d  the high moisture and temperature conditions



favorable for germinat ion are also conducive to fungal growth, there is 
a close correlation between the medium used and the survival of the 
young seedlings.

Part III* Effect of Light

The role of light In seed germination has been the subject of 
numerous investigations, from which It may be concluded that some seeds 
require light for the initiation of germinallve processes, the germina­
tion of others Is favored by exposure to light, exposure to light 
interferes with the germination of a third group, and a final group is 
indifferent to the availability of light during germination* These 
investigations have bees recently reviewed by Burkholder (4), and 
0rocker (?}•

ferhosoh (14), In the only published studies on the requirement 
of light for cinchona seeds, concluded that (1) other environmental 
factors being favorable for germination, gemination will not take place 
until the seeds are exposed to some light, (2) termination is the more 
rapid and complete with increasing exposure to light, maximum semina­
tions resulted from conditions of continuous illumination, and (3} in 
an experiment in which light intensities fro® 515 cm* fro® a light 
source (50 candle Philips* metal-f11ament light) through four inter­
mediate intensities to 330 cm* from the light source, germination was 
the more rapid and complete as the light Intensity was increased*

The experiments to be reported were designed to verify the light 
requi remant of cinchona seeds and to determine quantitatively in 
universally recognised foot-candle and time units the intensity and 
duration of exposure to light necessary for complete germination*



Materials

•These experiments were conducted la a small underground da fit room 
equipped with automatic temperature and light controls. The temperature 
was maintained with a mi?« of 22* to 24°0* bight conditions were varied 
la accordance with each particular study and toe specific details &r© 
preacted with eaeh test, a large quantity of sphagnum moss was kept 
moist is the roo which effectively maintained a humid atmosphere.

Procedures and Be suits

Verification of light requirement. To deters la a that some 11 edit Is 
necessary for germination, four replicates of fifty seeds each ©f 
Otnchoaa ledger!ana were m m  on sphagnum, thoroughly moistened, covered 
with a pane of glass, and held in total darkness for 21 days, -foen 
then Inspected It was found that the seeds were apparently in good 
condition and had Imbibed water, but there was no trace of germination. 
a duplicate sowing was prepared and held in the dark fo r 50 days. Though 
there was ample moisture# there was again no indication of germination.
In the- latter cas®, however, some of the seeds had deteriorated through 
long exposure to moist conditions* Then sowings thus held In the dark 
were subsequently brought Into the light, the seeds undamaged by rot 

germinated normally, Those held 'dark for 21 days reached maximum gemina^ 
tion in an additional 21 days, or 42 days from sowing, and those held 
daik for 50 days reached maximum germination in 71 days from sowing*

Th# eacperlnent was again repeated, as lag &« succirubra and 
C* hybrid seeds as well as £• led&eriana, and usln^ sand, soil, peat, 
filter paper and sphagnum as germination media. In all cases the result



was the s « ,  non® geminated la the dark, hat when brought 1st© the 
light tm  remaining good seed germinated normally. them resalts are la 
cKHsplets agreesi&fii with those of Eerboseh, and eeaoluslvely pits?® that some 
light Is required for the Initiation of the <»er-T4native process in olnohona,

hlgfrt exposure required for germination. For experiments m  the exposure 
required for germination of siaoaona seeds, the dark roam was subdivided 
lai© a series of booths, each equipped with a light which was controlled 
Independently of the otters* Mm lOO-watt frosted Magda bulbs in reflec­
tors were suspended 15 inches above the sowing medium* which resulted la 
a light intensity of about 200 foot-candles at the seed level, as measured

by the Heston illumination meter.
Metal bread pans* § by IQ§ by Z inches were used as seed flats*

These accommodated four replioates ©f ICO seeds each, a preliminary 
experiment was conducted la which sand* soil, peat and sphagnum wore 
ootsparod as germination media* Considerable diffloulty was encountered 
In maintaining adequate moisture conditions in the sand, and deep lag-off 
ooourred in the peat and soil trials, consequently sphaguuai was selected 
as the standard sodium* The lower portion of the flats was filled with 
soil, over whioh u layer of at least one-half inch of finely shredded 
sphagnum was placed. This was thoroughly watered, the seeds were sown 
on the surface, m &  the pan covered with a pas® of glass* 1© further 

watering was usually required during the gemination period*

Daily exposures to the 20C foot-oandles of light of 24 hours 
i continuous}, 12 hours, £ hours , 1 hour, 10 minutes, 5 minutes, 1 minute 
and 10 seconds were supplied to four replicates of 100 seeds each of 

£* ledgerlana. *s the results of the first experiment failed to agree 
with Kerbosoh's conclusion that maximum gemination resulted from



eoatinuous lixuffiinaiian, the entire experiment was repeated three times* 

Tm data from the four experiments are presented In table ?•
The data in table 7 shew that dally exposures to 2GQ foot-candles 

of light for as short a period as 10 seeeads were sufficient to result 

in nearly oomplete germination ©f £• ledger!ana seeds Is 21 days. For 

the purpose of this experiment, a seed was sonsidered geminated only 
after the hypoootyl had begun to elongate*

However, as the light quantity supplied was decreased, though 
gemination was nearly complete, the resulting seedlings had longer 

hypoootyls, were progressively more etiolated, and their roots failed to 
penetrate the medium normally* This response is illustrated in figures 
5 through 7* when these wedk seedlings were gradually exposed to larger 

daily light exposures, however, they rapidly developed more chlorophyll 
m d  were so on normal In appearance*
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Table 7. Germination of 2* la&qerlaaa seeds after 21 dail̂ r exposures
to 200 foot-caudles of ligtot for the leasrt hs of time lati 1 sated®

Length of Germination of 100-seed real 1 oates after 21 days
daily lljpbt
exposure B@t>1* iacserl.l j&rper.Xl aarper.XIX &E$er.l7

Jl 100 97 100 99
3 98 99 96 95

24 hours fSV 99 95 95 97
(oon&inuous} D 99 100 m 99

,.ve® 99 m 97 97.5
ii 98 96 98 98
B 99 94 100 95

12 hours ■.J 98 99 99 97
& 97 100 95 99
Aire® 93 9? 98 97
a 93 94 §6 98
B m 90 89 92

6 hours 0 92 97 97 90
B 99 95 95 95
Are. 95*5 94 94 94
A 90 96 98 100
3 98 92 92 95

1 hour 0 94 90 99 96
D 100 99 99 81
Ave* 97 94 9? 95
A 94 94 91 88
1 100 90 96 92

10 minutes G 96 95 98 97
D 94 91 94 93
Are. 98 §2.5 96 92.5
A 94 100 94 93
B 92 91 91 96

S minutes G 98 93 87 91
D 100 90 95 95

Aire. m .  5 93.5 91 95
A 83 97 96 88
B 98 90 91 @5

i minute C 98 86 90 33
L 100 89 93 93
Are. 93.5 90.5 92.5 90
£X 80 68 91 96
3 92 97 87 93

10 seconds a 90 91 91 98
B m 93 94 91
A*re® 89.5 94 91 94.5



Figure 5* Cinchona seedlings germinated with short exposures to ZOO 
foot •oodles of light. Left, 1 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.



bight Intensity required for gemination. f© determine the effect of 
light Intensity on gemination, an experiment was conducted in which 

several light intensities were provided by varying the distance fro® 
the sown seed to a single light source. A Photoflood Wo. 2 bulb was 
used as the light source, and positions for the seed flats were so 
selected that 2000, 700, 300, 150, 75 and 25 foot-candles of light would 
be supplied at seed level, as an exposure of 10 seconds dally had 
previously proved to be sufficient, it was used in this experiment, ffcis 
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 are summarized In table 8*

fable 8. Average percent gemination of C. ledgerlana seeds given a 
daily exposure of 10 seconds for 21 days to light of several 
intensities (four fifty-seed replicates for each test}.

Light intensity Average percent germination in 21 days
(foot-eaadies) Experiment I Jhtperimeat XI gxrerlraent III

2000 99.0 93.0 95*5
700 95.5 93.0 96.0
300 39.0 34.5 90.0
150 43.0 47.5 46.5
75 15.5 12.0 10.0
25 7.5 10.5 13.5

Figures 9 and 10 are photographs of representative flats given 
daily 10-seoond exposures to light of the several intensities.



M

«'*»'■ ’%*»;• Ml j..,'. -*£>.dj■- "  -i : > r̂  ~■ ■ ■»*:

A' -J-i ' -?’*«•'1/- S*j4*q3l 
viSf»'-•?. - ft ĉ'̂ rw--, ■«

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.

V-...

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 data that there was a rapid decline in 

germination as the light intensity supplied was reduced below 300 
foot-eandies* ?hls corroborates the results of the previous experiments 
which Indicated that there is a minimum point in the light requirement 
of cinchona seeds, below which reduced gemination results, but above 
which germination is not greatly increased, fhls minimum point was 
determined to be a combination of 10 seconds per day exposure to light 
of between 150 and 300 foot-candles intensity, under which conditions 
nearly complete germination was recorded in 31 days*

It is of interest to note In figures 9 and 10 that the increased 
intensities of light supplied were not effective in preventing the 
etiolation or elongated hypoootyls previously recorded as resulting 
from short dally light exposures during the germination period*

the results of the effect of light intensities here reported may 
not be In disagreement with the worfc of Kerbosoh (14) from which It was 
concluded that maximum gensinations resulted at the greater light 
Intensities* Mo means are provided for determining the range of light 
supplled in the previous work in universal units, but if the light 
intensities wore below 700 foot-eamdles such a conclusion would have 
been justified*

Stage of gemination period at which lldat is required* fhe experiments 
on the light required for germination of cinchona seeds have recorded 
the effeot of daily exposures to light of a known quantity* To determine 
whether exposures less frequent in occurrence are effective, two 
experiments were oonduoted*

In the first experiment, the total light quantity supplied by 21 
daily 10-second exposures to light of 300 foot-candles intensity, which
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Is near the balsam amount that results is complete germination. was 
supplied at less frequent Intervals by lengthening the individual 
exposures. Ihe results obtained with four 100-seed replicates of 
C. ledger!ana are given In table 9.

fable 9. termination of C. ledger!ana seeds supplied a total of 
63.000 foot-eandla-seconds of light at several stages during 
the 2l-day germination period.

hearth and frequency of Germination after 21 days
exposures to light of
300 foot-candles Intensity Eeplioate A B G 6 ^ve.
10 seconds daily 96 96 100 97 97.5
20 seo. every 2nd day 87 85 85 90 87
30 sea. every 3rd day 56 62 61 64 61
70 seo. on 1st. 7th and 14th days 11 9 8 4 8
106 see. on 1st and 10th days 6 9 9 7 8
210 sea. on 1st day only 0 0 1 1 0.5
210 sec. on 10th day only 1 0 Z 1 1
imllghted control 0 0 0 0 0

From the data in table 9 it is apparent that the 63.000 foot-oandle- 
seoonds light quantity was suffiolent to supply the minimum requirements 
for the germination of ainohona seeds only when some portion of it was 
supplied at least every second day. ffce failure of less frequent 
exposures to result in reasonable germination suggested that light must 
be required throughout the germination process, rather than being required 
only as a possible eatalyti© stimulus for the initiation of germination* 

Following this, a second experiment was ooaducted in which a tsueb 
greater light quantity was supplied. Four 100-seed replioate sowings 
of 5. ledweri ana were supplied 2100 foot-candles of light for (1) 7 
minutes on the first day. (2) 7 minutes m  the 10th day. and {Z) 140 
seconds on eaob of the 1st. 7th and 14th days, the germinations recorded 
are presented in table 10. fbis shows that even with a light quantity
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far greater than % m  43,000 fool*0^41 a-seeends previously s^ta to be 

near the tttai&OB required for fermlaetlaa ©f £• letesrlaiis seede, termina­
tion failed to oewur when the itffet was supplied at tafre^eat intervals*

libit 10, ^ermlaatiea of 2* ledrerlaaa so#4s supplied a total of
$03,000 foQt<»©aadl«~se©«ttds of light at m m m l states dartag tfc# 
ai«4ay germinalten period*

iumgtfc ms fre^aaey of tioxminatleA after Si days
expose res to light of
Z10© foot indies Intensity &epileo%e A. B 0 $ Are*

¥ minutes @n 1st day Z © I 4 £
f minutes on 10th day 1 1 3 a- Z
140 see* on lit, ftfc and 14tb days IS IB 24 IB If

fart X?# affect of temperature

ffeore 1 e ba©ua to fee a direst relationship bet m m  the temperature
of the environment and seed gersaiaafciea, 4u© %n large pert to the effeot 

of leap© mature ot? the rate of eh«ml©al reactions* ?fee temperature 

requirements for gemination of different ©peolee is qaIt# varied, tout 

fairly definite Blaise, optima® and maxima® temperatures be 

deisms in©0 for a *>iv«» speales*

fbere ere so published date on I be temperature requirement* for the 
of cinchona seeds* Eerbeeeb {14) recognised that difference* 

might bo erpeoted fro® variation© In feridnetloa temperatures, but since 
at the esifbr® temperatures of 19° to $$*0* at Java exeellesit mmlm&%lws, 

m m  being obtained, no study was reported for tfel s footer* However, 
since It Is not feasible to maintain the#© t%mp&r&%um& In outdoor beds 
In mm$ of fcte planes la toe America# eh«r© tbs attempt to reestablish 
this plant is being made, a ©rltloel study of the effect of this faster
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A t m * *  ooaalderatele Import isioe*

opt U r n  m &  m m t m m  t « p » r a t « m  fo r the norodnatto* j * f

i* lodaertaaa seeds bar# beee determined la  fc&U in ves tig a tio n , &ad 

toe effoet o f  r e la t iv e ly  saort exposures to above "ttH&laal temperatures, 

fW»& 99 algfet 999*1? lfi f o i l  Sunlight Wkd** fI& iS  ©JT Otb*? t rtfCSlUE 3€Elt 

©over, ©» tae v ia b i l i t y  o f  t it*  soma 6694 Has been Investigated*

la tes i& iS

fbe study o f  the o ffs e t o f  toe temperature o f  toe eavinmsteot on 

tbe fperal&fttioii o f alaabm a seeds yes mode e ltO  ibe a id  o f  m  I a r o ­

vised oso9% m t-temper ature ©baafeer* A metal ©a telnet was p a rtitio n e d  

In to  four smell eteamb*rs, in  eeafc o f  wOiali wee piaoed a HfJbt bulb to  

furnish botte bead and lig h t*  the bulbs mere operated in d iv id u a lly  by 

therm ostat** ftea oaMoot wee plaoed in  a eeid ite r a te  room t b i t  was 

bold at ?eS* %r o a re fttily  adjusttag tbs thermostats, the ind iv idua l 

eb ambers ooeJU be maintained wiitelm 1 degree o f  m y  desired temperature, 

from ?d to 40^0* Pigmies 11 and 18 respective ly  i l lu s t r a te  the 

e x te rio r m &  In te r io r  arrs&reae&t o f tbe gem ination sbamfeeys*

fmmogmpfeie re&orbiags mere made disrlng eeete o f the expert moat a 

to smard against the p o s s ib ility  o f  temporary s t r m l  fo ilu re  or bulb 

f i l l e r *  ablate wight tea** a lte red  i m  ao iitlau H y o f  the- desired tempera- 

to re* £ • ledeertaa* seeds were us ©a in  a i l  o f tbs-so experiments*

But? were m m  on sphagnum moss In  metal pans in  the meaner previously  

desert teed, sad covered w ith  « pane o f o iear glass*



Pl^nare XX* d x ta rle r view o f the improvised germina­
tion eharaber used to  study the e ffeo t of oontro lled  
terrtneratures on the term ination o f oinohonu seeds* 
Sole location o f thermostats*



Flgor* lZ* In te r io r  Tlew o f iaprovisod ^ox^inatloo 
cfeantfcor* shoeing l&mUted l»dl?ldual ©oaipartmmts 
and arrangement of bulbs, seed f ia ts  sad bysnrothermo- 
gr&j>jbs»



Procedures and Kesuits

j3e termination of minlimns., optimum and maximum temperatures for 
geralntittcm. a preliminary experiment was oonduotfcd to determine the 
extremes of temperature at which geraination would take place* Sowings 
were made at 7° and 4G°v* and resulted is complete failure, the seeds 
sown at 7°C** though they retained their vitality* failed to terminate 
even after 75 days* whereas those sown at 40°C. deteriorated rapidly 
and had all beoom© mouldy In only $ days. $ her® fore 7° was below the 
fslnlmnai and 40®€* was above the maximum temperature for germination*

A series was then sown in the ooatre 1 led~t«®pera t ure chambers* 
adjusted to maintain temperatures of 12*5°* 13*5°» 24° and 29*S°C* 
fhur repllo&tes of fifty seeds e&oh were plaoed at each of the tempera­
tures and the resulting germination* recorded after 20, 30 and DO days 
to determine the effect of temperature on the rapidity of germination 
as well as on total germination* At the conclusion of the experiment 
a new set of samples were sown and the experiment repeated* fhe results 
of the two experiments are given in table 11*

fhe complete failure of the seeds at 12* # C * , mad the Increasingly 
rapid and complete germination at the three higher temperatures indicated 
that though 12*3° was below the minimum, 29*3° was also below the 
maxims for germination*



fable XX* average percent gemination of Q» Icd&srlaiia seeds at 
12*5®* 16.8°, 24° and 29*§®C. (feur-f1fty seed replicates for 
each test)*

Experiment I txperimeat II
femperatur* Are* percent germ. after Are* percent gem* after

®c. 20 30 50 days 20 30 50 days
12.5 0 0 0 0 0 0
13*5 ea 95 m 50 93 95
24.0 u 100 100 95 100 100
29.S m 100 100 91 100 100

The theraostate were then adjusted to maintain temperatures of 
14°, 16*3°, 32° and 83*0* In the compartments and two separate erperl- 
swits were again conducted Is the stanaer described, using four 
replicates of SO seeds each for eaoh of the temperatures indicated*
In table 12 are found the awcrdge germination percentages for this 
series of experiments*

fable 12* a we rage percent germination of 0. ledgsrtaaa seeds at
14®, 15*5®, 32® and 35®C* (four fifty seed replicates for eaeh 
test}*

Kxperliaeai X Experiment XX
temperature Awe* pereant germ* after Awe* percent gem* after

®g*_____________ 20 30 SO days 20 30 SO days
14 0 0*3 1*0 0 0 1*0
16*3 3.5 31*5 51.0 4*0 28.5 55.0
32 2*0 4.0 11.5 O 2*5 12.0
35 0 2*0 f*5 0 2*5 8.0

ffc® slew and Incomplete germination at these temperatures indl- 
oated that the mar Ism and minimum temperatures were closely approx i- 
mated* fhe data In tables XX and 12 were combined in the preparation 
of figure 13* which graphically presents the effect of temperatures m  

the gemination of 0. y t u g j L m  8*®&u
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T e m p e r a t u r e  f C . )

Figure 13. effect of constant te:iperatures on the 
Derain at 1 on of Q* Iedgerl ana seeds. ~rom data in 
tables 11 and 12.

It Is apparent from figure 13 that there was a definite reaction 

between the temperature of the environment and the resultant termination 

of 2* ledger!ana seeds. There exists & critical minimum near 14° 1. below 

which complete failure results, and a or It leal maximum near 35°2!. above 

which germination will not take place* Between these two extremes the 

germination obtained increases in both rapidity and amount with an 

increase in temperature, attaining a maximum between 24° and 29.5°C., 

with an extremely rapid loss in germinafciiity at temperatures above 29.5°C.

It should be emphasised, however, that the temperatures used in 

this series of experiments were maintained constantly throughout the 

entire germination period. In germinations under natural conditions, 

prompt and complete germinations have been obtained at temperatures



averaging about 20°C* with diurnal fluctuations of several degrees* 
Little practical significance &m bo attached to the fluctuations 
between 18.5° and 29#5°C., and possibly to short exposures to tempera* 
tures below this range*

jgffoot of short exposures to above-maximal temperatures on germination. 
as previously stated, seeds sown at temperatures below the minimum for 
germination retain their vitality for some time* One sowing that was 
held at ?°C* for 75 days geminated 87 percent after an additional 30- 
day exposure to 24°C* Seeds seen at temperatures above the maximum, 
however, tap idly lose their vitality* to obtain data on the effect of 
short exposures to high temperatures, £GO~se©d samples of £• ledjreriana 
were sown on sphagnum and allowed to imbibe moisture overnight, and 
then exposed to 40® or 5G°C* for time periods of 2, 6, 12, 24, 48 and 
92 hours, after which they were planed at 24°CJ* for the remainder of a 
30-day germination period* these data are presented in table 13*

fable 13* Average percent germination of C* ledgerlaaa seeds exposed 
to 40° or 50°C* for the time period indicated, thereafter held at 
34°C* for the remainder of a 30-day germination period (four fifty 
seed replicates for each test}*

temper- Gem* Average germ* percentage after initial exposure
ature period to temperature indicated for
®C. days % hrs* 6 hrs* 12 hre* 24 hr 8. 48 hrs* 92 hr s.

21 93.0 98*0 98.0 90.0 51.6 0.0
30 98*0 95 #0 93.0 91.0 82.0 0*0
21 70*8 28*8 11.0 0*5 0.0 0*0
30 72*8 31*0 12.0 0.5 0.0 0.0

fhe data in table 12 show that an exposure of 48 hours to a 
temperature of 40®C. resulted In a germination of only 51*5 percent, and 
that a 92-hour exposure to the same temperature resulted In m complete
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failure of germination* Short exposures to 50°G. reduced germination 

eren more drastically, only 72.5 percent germinating in 30 days following 

an exposure of two hours, and only 0*5 percent after an exposure of 
24 hours*



atndleg Came minor M r lT  Seedling Growth

Assuming that the current program for the cultivation of elaahcna
In the Americas will bo carried out In localities where the above-ground
environmental conditions confers to the general requirements which have
been held necessary for adequate growth, a knowledge of the below-ground
environmental limitations Is nevertheless essential to the suoeessful
prosecution of the project*

a few general statements on the sell requirements of the plants
In plantation culture exist in the literature, thus, we have the
statements of Sands (20) that In Java *the best soil Is a deep, light,
friable loam, rich In organic natter, well-drained and with a gravelly
or other porous subsoil* A sloping yet sheltered situation is
necessary.'* Further, that *olmehena, particularly the high-yielding and
valuable ’Ledger!ana’ type, is nest liable to the 111 effects of
unfavorable soil conditions*? and, finally, that

• « • chemical analyses of some of the best cinchona soils in 
Java Indicate that they are well supplied with nitrogen and 
phosphorous, but the writer was surprised to find la an exten­
sive series of analyses of soils of a large group of estates 
no mention of potassium, and it msty be that the lack of avail­
able potash is the limit low factor on the poorer or previously 
cultivated lands, judging by the physiological effects produced*

Tie general practice in Java was to use freshly-cleared jungle land and
grow one crop only, ite-use of the laid resulted in poorer growth and
yield, though details as to the cause, or of attempts to remedy the
trouble, are not recorded*

the statements of dll son and Mlyehandam! (2&) agree with these of
Sands, end add that a nitrogen level of about 0*2 percent in the top



feet end not lio than 0*1 percent In the third foot la neeessaxy for 
suoeeasfUl growth* they further *t»ie that the oinahcna tree yequlres 

a deep* ri©b, well-drained sell* aeidtO in reaetioa (pB &*f te &•&}» 
with less than 38 percent slay* Oeaaerming fertiliser praetlses, they 
state:

This aspect of eissheea cultivation has not received an amah 
attention In India as it deserves* there bare bees a fee 
Isolated trials both in Bengal and Madras , but no systematic 
experiments with adequate controls bare yet bean attempted*
Yhonati the details of manuring elms hone la dava are not avail* 
able la the literature. It Is* bower®r, mentioned that at tbs 
doveramieat plantations la Java stable mature Increased the 
quinine content of the bajk and asmomium sulphate reduced it 
slightly* Bo imfOsmatlen is sea 11 able regarding tbe effeet 
on yield of bark per sere*

they urge that experiments should be undertaken to determine the effeet 
of nitrogen alone sad in combination with phosphoric acid on the growth 
and the yield of the berk, sod of potash on the alkaloid content of the 
bark, and that the general effeet of liming be studied*

these statements are representative of the xeoorded observations 
on tbs requi.imsmmts of the older plantsv and Illustrate the lash of 
spool fie data on this phase of elneheea cultivation* However, though 
it is frequently stated that yeemg seedlings in the seed bed sad 

nursery are more excel lug lutheir requirements, there is * template 
lack of eren general in format ion as to the effect* of the soil environ­
ment on this phase of their growth* frehebly the chief cause of losses 
in the early growth stages Is the incidence of dsnpiag-off fungi, 
though malnutrition and incompatible media are doubtless import ant con­
tributing factors to this loss* Yet there are no available data on 
the effectiveness of various cultural or nutritional praetioee on the 
reduotlon of these losses*



There are few statements In the literature as to the usual rate
of growth of young seedlings of cinchona. Sands (20) reports that In
Java when the young plants hare developed two or three pairs of leaves
and are 3 to 4 1 mh®$ high they are transplanted into specially prepared
nursery beds* as to rate of growth, he states

• . • the seedlings often grow unevenly with the result that
some may be removed at 5 months from the time of sowing the
seed v while others in the same bed may not be ready for 12
months • • • • the seedlings of ledgeiiana are ready for 
planting out in their permanent posi t ion In 2 to 3 years from 
the time of sowing the seed, They should then be about 3 
feet high.

According to A toff els (23), in the Belgian Congo the seedlings are 
planted into the nursery when they are about 6 on. high, ^t about 
16b0 m. of altitude they attain this size In about 7 months, and at 
i860 m. after 11 months from seeding. Final placing In the plantation 
is done after they have grown 8 to 10 months in the nursery, when the 
plants measure about 25 cm. The period frost seed to plantation thus
varies from 15 to 20 months.

A photograph (figure 1) published by Mandarang (17) shows three- 
months-old seedlings in soil in the Philippines that apparently are 
scarcely an inch tail, though no data are given.

These statements Indicate that the early growth of cine hone 
seedlings proceeds rather slowly. As the tender young plants are doubt­
less most susceptible to damping-off losses until such time as the lower 
portion of the stem is sufficiently woody to offer mechanical resistance 
to hyphal penetration, this slow early growth may well be a limiting
factor In the successful culture of the plant, and further, may also
have been responsible for the lack of suooess with C. ledgerlama in 
localities other than Java.
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suff lei 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 £• 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 1b the soil mad Ian* B e  pH of the soil was 5.7, 
while that of the sphagnum medium was 4*4, m& there Is a wide difference 
la the physical at rue tare of the two media* fhe effeet of ttese factors 

on the growth of young seedlings le eoaeldered la the following series 
of experleeets.
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Figure IB* C* ledger!ana seedings in soil mixture, fertilised vd fcb 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



petting soil, eenelsting of three parts ooisposted sterilized soil# 
one part each of bank sand and Michigan peat by volume, and (7) the 
composted, sterilized soil* without send or peat* tfeigfaed quantities 
of each medium were put la ft ye pots * and the solsture -holding' capacity 
determined by both the glass funnel and tbe Buohner porcelain. filter 
method s. the amount of the media In each pot and the average of the 
moisture-holding oapaoity determinations are .given in table 14*

fable 14. amount of even-dry material in eaoh pot* and the average 
moisture-holding oapaoity of the media*

Oven-dry material 
Medium per pot (grams)

Average moisture-holding 
capacity (pereeaU

1* Sphagnum and peat 164*5 1 *106
2. 100/leaf mould 60S 427
3. 75jf leaf mould, 25> soil 1*808 122
4* 50$ leaf mould* 50$ soil 2,320 71
5* 25$ leaf mould, 76$ soil 5,685 42
6* 100$ potting soil 4,020 25
7. Compost 3,535 32

fhe original experimental design called for the maintenance of a 
moisture level of httwesm 50 and 66 percent of the moisture-hold tog 
capacity of the medium used In each of the pots* As the weight of the 
Individual pots and all contents was known, this was accomplished by* 
calculating a weight range for the two moisture percentages, which was 
maintained by frequent weighings and water additions, Three of the pots 
of each medium were supplied 15 minutes of air each day, by pumping air 
through the tubing* the other two pots t though they also contained the 
tubing* had no additional air pumped through them* There were ten 
seedlings In each pet, making a total of fifty plants la each medium* 
thirty of which received additional air by pumping, The pots were 
placed on racks on a greenhouse bench* the position occupied by a



treatment chosen at random and the pets systesaatleally rotated to

mini mi ae place effect* Figure 1& 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* A ir was pumped 
through three pets of eaeh of the seven media 15 minutes daily* Rote 
uniform si so 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 deter mined 
in this experiment* 80waver, early differences in growth rate due to 
the different media were soon apparent* 2he 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 pot tin* 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*

? >--t*.

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 of foot 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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t̂a-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 lb* 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 C JD S Ave •

1* sphagnum and peat 34 39 36 36 44 36
2* 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 at 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*



weU-h&rdeaed seedling# that were % m* tall in Marsh, made m  average 
additional growth of 3S on* la six souths la tbs ^reeahettse* regardless 

of the mod Inn In whlah they #•** growing*

Sgfwt of w  «f at llm at imaatAmiim on w w t t  to »»!!♦

In another experiment the airs of tits seedling at the tins of transplant-* 

Inf h m  Wan eexieldered* <hw lot of seedlings from seeds sewn in 9ay 

of 1942 on spham&nm and safes*3.000 tiy held without nutrients* a seooad 

lot frost seeds sow in January of 1943 m &  hardened fey withholding 

nutrients* sad a third lot frost roods soon in hey of 1943 and similarly 

hardwood* wore transplanted Into too media* m m ily soil and sphagawm 

and post* on Inly 10» 1943* t m  T̂ lnofe polo of soil 0010 planted with 

each of the thro* lots of seedily*, tm  seedling# In eaeh pot* or a 

total of ICO plants of each lot* fir® paid of i ^ p n  and post worn 

similarly planted with 10 seedlings of the m m  lots* Flger* 90 

Illustrate* the survival and early post-transsplentlng growth In the 

too media.
It Is apparent from figure 30 that In the ease of the younger 

seedlings (ley and January 1943) there is a slight diff erenow in o&rly 

post-transplanting grawth In favor of the wphnpmmi and post medium* In 

the ease of the older seedlings, however, the transplants in the soil 

are fnlly equal In height to those In tho syhamram and post medium* and 
are notafely »©r* stardy*

fhe reunite of tlutso experiments are in dlroot amtrwt with 
oorlior expert eases to the offset that growth of the young seedlings 

Is slow In s soil median «s eewpired with growth hi m  organle medium, 

fhe fhet that as good growth was yeeerded In sell so In the sphagnum 

wad peat in these experiment a Is hollered to he doe to the fast that



the seed lin g s  were well hardened before being tra n s p la n te d  to  the media* 
2be conclusion drawn fro e  these experim ents is  th a t  when newly g erm in a ted , 

a o tiv & ly  fro w in f  seed !lag s  a re  tra n s p la n te d  io ta  s o l i  they fail to  make 

as ra p id  grow th as s im ila r  seed lin g s  tra n s p la n te d  in to  the  sphagnum and 

p eat medium In  w hich they  were germ inated . However, wham the seed lin g s  

were hardened be fo re  tra n s p la n t in g *  i m  d if fe re n c e  in subsequent growth  

was n e g l ig ib le ,  fh is  p e c u l ia r i t y  has a ls o  been obserred  In  the  case of 
seed lin g s  to  be tra n s p la n te d  in to  sand f o r  sand o u ltu re  s tu d ie s . Con- 

s id e ra h le  d i f f i c u l t y  has h e m  experleooed In  a tte m p tin g  to  e s ta b lis h  

act i r e  seed lings la  t he new medium, whereas a p r io r  perio d  o f  harden ing  

has re s u lte d  in  e x c e lle n t  t r a n s p iin t la g  s u rv iv a l and subsequent grow th.

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 ) & m e  in 
sphagnum m d  peat, and (5 ) Hay, 1942 seedlings In sell and (6 )  la 
sphagnum sad peat, transplanted to the media July 10, photographed 
5eotember 1 5 . 1945 .
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of young JU ledjgeriaaa aocdl lags . the following scries of experiments 

was conducted*
Materials and Met bods

For ttss» experiments, seeds of C* ItftBMfaM , *»« «  «phag»vm 
June if and the seedlings transplanted wit boat a previous hardening 
period during the week of August 3, 1942* Sixty uniform plants were 
transplanted in eaeh metal flat, sad two such flats, or 120 plants were 
used for each treatment* A mixture of three parts sphagnum and one 
part peat, shown by preliminary experiments to be slightly superior to 
ail-"Sphagnum as a growing medium, was used in the fiats.

All treatments were plaoed on a single greenhouse bench, divided 
lengthwise into two plots, within which the treatments were located at 
random, IVioe weekly for the deration of the experiment the flats were 
systematically shifted as to position and exposure, to minimize place 

effect«
the fertilizers were all applied in solution form, and exoept 

where mentioned, the same supplementary solution containing calcium, 
magnesium and the micro-elements were applied to ail flats* At no time 
during the experiment was enough liquid added to the flats to cause 
leaching, Thus, the total amounts of nutrients supplied are assumed to 
have been available to the seedlings.

She experiment was conducted for three months, or until the second 
week in hovember, A 48-plant sample from each trea-tmmit, using only 
the innermost 34 plants in each flat, was then measured as to height, 
width end length of largest leaf, three central rows of each flat, or 
36 plants for each treatment, were out at the media line, and fresh 
and dry weights determined*



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

fl Tv2re 21*

Figure gl. f̂eneral 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 Z g.f 4 g., and 
$ g. per flat, as ©ompared 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 b1-wee*ly applica­
tions* {$) Applications at the 2 and 4 g* rates in which each of the 
nutrient ©opponents 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 in six equal portions at
bi-weekly Interval a In rates of Z g* and 4 g» per flat, aa coop* red to
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* £• 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*



64.

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-> <*•)

Inf«rt llls*d 5.67 Z.T1 5.00 53.5 11.58
2 s,6-10-6 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 ^  pile at ico 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. £. ledger lane 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.



m

however, indicate thsfc there vas little difference la the response 

hotveeii the 2 and 4 . g. applications, while the use of 8 g . resulted 
la a further increase in growth, fhe 8 g* application rat© yielded 
plants that were 101 percent greater in day weight than the unfertilized 
obeok plants* Of particular Interest also Is the fact that even with 
the 8 g* rate of sppl lout lea* which Is roughly the equivalent of an 
application of 1040 lbe* per aore six inches« there was no evidence of 
leaf burning or other symptom of overfeeding*

fable 17* dummary of measurements of C» ledger!ana seedlings grown In 
sphagnum and peat medium unfertilised, compared with fertilised 
with 4 and 8 grams of 6-40-8 fertiliser*

Ave* height Are* width Ave. length fetal fresh fetal dry
treatment 48 pits* 

(cm* i
largest . 
leaf 
(c®.)

largest 
leaf 
le*.)

weight 
36 pits• 
(£.}

weight 
36 pits 

ig«)
Unfertilized 6*67 2.71 5.00 53.5 11.58
4 &• 6-10-6 i*20 2.10 4.22 84.2 16.95
8 fi> 6—10—6 10.21 3.04 7.37 122.4 22.26

Affect of time of aoolleatlem. Growth resulting when 4 g* ef 6-10*6 
fertiliser was implied to the sphagnum and peat medium la six equal 
portions at bi-weekly intervals. as compared with the ease amount 
applied In three equal portions at monthly Intervals and all In one 
application at the beginning of the experiment, Is illustrated In 
figure 24, and the final measurements are summarised in 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, m d 
(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©* width ats* length Total fresh Total dry
Treatment 48 pits. largest largest weight weight

(©«•) leaf leaf 28 pits* 36 pits*
(om*) (oau) (r*) (*• )

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* £• ledger! ana seedlings In a sphagnum m d  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#) (oau) (g*) <«.»

6 applications 10.21 2*34 7*37 122.4 23,26
$ applications 8,52 3 #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# I>ry 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# rate, there was a signlfloaat increase In
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Figure 26. £* ledrerlaaa seedlings 1a 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 grm e of 6-10-12 fertiliser.

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

-re. height Are* width Are. length fetal fresh fetal dry 
4@ pits. largest largest weight weight 

?r sat meat 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 gr. 6-10-12 9.87 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.



TO.

Figure 27. £* leaserlana seedlings 1a spfcagsws end peat m t 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*

fa b le  21* 3tuacar? o f Bwaseremsttts o f £ • ledaorlaaa seedlings 11 la s -  
tra te d  1a  f ig u re  f t *

    W  W M im . 11 «g»»)hWNiwifWMi <i n»inil >>,■■*« mi......... ..........."I"■'munn.in**n n !■■   n*ii*iu î *>nii.> *11 .*ni'<wiw

Are* height Are* width Are* length fe ta l  fresh fe ta l  dip  
44 p ita *  la rg es t la rgest weight weight 

Treatment (o a .) le a f  le a f  34 p i t s ,  26 p its *
(aw*) (aw*) (g») (g«)

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 reeel slag 4 g. 6-10-6 fertiliser pi elded 16*96 g* 

dip matter* thus doubling eaoh of the nutrient evofflponenfce 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*£ and 4*4* ŝ 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 m s  conducted* 
2 m  grams of sale lota carbonate thoroughly mixed with the modi on 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 
ooapared 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* £• ledger! an a 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*



Pafele 23« Summary of measurements of C« ledger 1 ana seedlings frown la 
sphagnum n d  pool limed to pi 5*8, and supplied 0, 2 and 4 grass 
of 6-10-© fertiliser*

Are. height Are* width a.re, length fetal fresh fetal dry
48 pits. largest largest weight weight

Treatment (cm.} leaf leaf 36 pits* 36 pits*
(oau} (am*) (£•) (g.)

Unfertllized 3.16 1*90 3.38 24.3 6*28
Z g* 6—10—6 6. 04 2.77 8*49 66.1 12 *20
4 g* 6-10-6 7.76 3.16 6.28 72.1 13.80

It oan be seen from figure 28 end the data in table 22 that tbere 
was a response to tbs application of fertiliser by the plants in tbs 
limed medium wbieh was similar to tbs response in tbs unllmed medium 
(see table 16}, though growth in tbs limed medium was slgnlf leant ly 
less than in the wnllmed medium, tbs dry weight yield of the former 
being 61, 42 and 41 pereant below tbs ©ooparable plots la the latter*

A similar response Is seen la figure 29 and table 23, In ghloh 
seedlings grown in plots limed to a pH of 6*9 and supplied 4 and 8 g* 
of 6-10*8 fertiliser in six bi-weekly portions are illustrated and the 
growth measurements summarized.

Here again, though there was a significant increase In growth 
resulting from the application of fertilisers to the limed medium, 
growth remained significantly less than la the ease of the unlisted 
medium (see figure 22 and table 17). fhus, regardless of the applies- 
tion of fertiliser, growth In the limed medium m s  less them In the 
unllmed medium*



73

Flgure 29# C. ledge rl ana 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 for till 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 (eauj 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 f. 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 oalolwm 
carbonate, resulting in pH readings of 5.8 and 7.2.



FI pure 20. C. ledwerlana seedlings la sphagnu* and peat medium 
fertilised w ith  2 grm n 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 lorn*) 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-lG-o fertiliser*

figure 31* £* Iedsrerlm u  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* led peri ana seedlings 
Illustrated In figure 31*

Treatment
*~ve* height 
48 pits* 
(cm.}

^ve .width 
largest 
leaf 
(dm*}

Are* length 
largost 
leaf 
(om.)

'Total fresh 
weight 
36 pits. 

(!?•)

Total dry 
we Igfct 
36 pits, 

(g*)
pE 4.4 8.20 3.18 6.23 84*2 16.95
pH 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



reduction in growth from the add} lion of Xlme when Z g. of <3-10-6 
fertilizer were applied per flat, In the ease of the 4 g. application 
such reduction In growth did not materialize when the medium was limed 
to pH 5.8t and was to a slenlfloantly lees decree when the medium was 
limed to pH 7*2* In neither case* however, did liming materially 
Increase growth*

gffeot o f withholding micro-elements. Preliminary trials to establish 
young 0* ledgerlana seedllogs In water suitors* and the question as to 
whet tier micro-element ferfc ill gallon would fee required when plants were 
ffro«tt in the sphaigaua me. peat mediuma prompted the inclusion In this 
series of experiments of a comparison to determine the effect of the 
presence or absence of additional micro-elements 1b the fertilizer 
mixture employed* ^gur© 32 1 illustrates the growth of the seedlings 
In the unfertilized medium, compered with similar seedlings fertilized 
with 3 g* of 6-10-6 per flat supplemented by a solution containing 
3 ppm* boron* i ppm* copper* 1 ppm* mrngmxeee aud zinc, and 10 ppai. 
iron* a third plot received the 3 g* of fertiliser without the micro­
element supplement* Growth measurements are summarized In table 33*

Table 2«* Summary of growth measuresnents of &. led&erlajaa seedlings in 
s?>aa!>num and peat medium unfertilized* compared with fertilized at 
the rate of Z grams of 6-10-3, with and without micro-el ement 
supplement.

«.▼© .height .width «ve* length Total fresh Total d:
48 pits* largest largest well^t welght

Treatment (am*) leaf leaf 33 pits. 36 pits
tom*) Com.) (g.) (g*)

Unfertilized &#6? 2*71 6.00 63.5 11*58
2 g* 6-10-6 +
mloro-elem* 3*60 2.39 6.78 81.9 16.98

2 g. 3-10-3, no
mioro-elem* 8*82 3.38 3.80 91.5 13.98



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



n .

figure SZ* Ied#erlajo.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 $ d id  not result in increased growth* In fact* there was a 
consistent, though non-si gal fie ant difference in growth in favor of 
the treatments where no additional micro-elements were supplied, .Us©, 
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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Plants* 3eedlln#*s of £* Xê erartana from seeds sown an sphagnum in Hay, 
1942* war* hardened by withholding nutrients before transplanting* tm 
wsedlln^s were used im eaoh of the mm®irs* m& oil of the plants worn 
taken fro® the m m  seed flat an! ware apparently uniform as to growth 
and appearance* Shay ware about 3 an* tali wad bat famed thalr second 
pair of i m  itaws whan they ware set In tbe crocks on magnet 17, ant 
watered with distilled water only tor a few days before tbe solutions 
were applied*
tetbe&s* two etoeks, or twenty plaits, ware weed tor eaefe treatment*
?he pB of tbe unadjusted ©oopos It e saleIIone m  prepared for applies- 
tion was 5.2 tor Eolation X an! §*4 for Solution 11* flu pH treat­
ments, from 4*0 to 6*0 at 1*0 point intervals, were established by 
adding tbe meeeasayy amount ef 1 peroeat WX or HS0H to tbe solutions* 
Indicator dyes were weed as standards* laeb ef the compos lie solutions 
was applied at eaeb of tbe five pH levels* making a total of ten 
treatments*

fbe orooks were planed on a table In tbe greenhouse, and the posi­
tion occupied by any treatment or Its repiloate obosen at randan* 
fwlee eaeb week all of tbe erooks were systematically rotated as to 
pesitlenf and turned half around to nasalise exposure*

fho pH of the solutions was adjusted Ismedlately before applica­
tions* and ISO nl* of tbs prepared solutions was applied to eaeb 
oreck twloe eaoh week* this momt was found to thoroughly moisten the 
medium and tarnish about ISO ml* of leachate* At twe~*eefcs Intervals 
during the course of the experiment the orooks were flushed throw# 
with a liter of distilled water* to leaoh out any aeouiaalated chlorides 
and sulfates*
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83.

The data la table 28 also shew that a h igh ly significant reduo fc Ion 
la growth resulted fro» tbe application of nutrient solutions ad pasted 
to a pi higher than 6*0* This m s true la tbe oase of both nutrient 
solutions* >?lth Solution IX, In whioh the nutrient elements were la 
twloe the oosoent ret Ion as la Solution I, there sensed also to be a 
relationship between the pH of the solution and the number of plants 
survl ring*

fable 28* Growth measurements of 3* ledgerlaaa supplied composite 
nutrient solutions at two concentrations and five pH levels*

Treatment
Plants
surviv­
ing
(no*)

Ave*
height
{tm *)

Ave.wldth ave*length 
largest largest 
leaf leaf 
(mm*} ftis®* )

Ave* fresh 
weight 

per crock 
ft*)

Ave. dry 
weight 
per crook 

ft*)
Solution I
pH 4 20 45 20 m 10*74 1.408
pH 5 20 45 19 22 7*93 1.134
pH 6 20 55 21 27 10*11 1*389
PH T 20 42 15 25 3*82 *538
pH 8 20 44 15 24 2.76 *458
Solution II
pH 4 20 51 18 U 7*17 1*081
pH 5 19 44 20 m 7.49 1*221
pH 8 17 41 17 31 5.62 •876
pH 7 11 45 12 23 0.90 .357
pH 8 16 42 14 25 1.85 •481

figure 34 Is a photograph showing the comparative response of the 
plants supplied Solution X adjusted to pH 4, 5 and 6* These are seen 
to be quite similar in appeaxsmw** This substantiates the results 
obtained in sphagnum cultures, in ifeleh maximum growth was seen to 
result from a pH of 4*4, and also the statement of illson and Hlrohan- 
daal iZ&) that In India a pH range of 5*2 to 5*8 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 a d  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 Solution XI adjusted to
pH 6, 6, 7 m& 8 before application (left to right).

ffceusto 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 and &* The
root systems of the seedlings supplied Solution II adjusted to pH 5, 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.



?i£iare 3?# liepressntatiT# root s/s tons of C* led^orS a»* soedlimrs 
applied Solution I ad Just.d to pB #, 6. T S.rrffSfte^“ S t

” * 2 *  *?• Soo‘ «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.
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40* Hepres©ntat5v© pots of the supplemental pd exwrteat. 
Growth of o ld e r  0. ledj»erlarxa seed!Inrrs supplied a nutrient solution 
adjusted to pH 3.0# 4.0, h.0, 6.0 and ?*Q Ueft to rî hfc). ,.11 plants 
were 1:2 om• hiitx at the start of the experiment on Uoxember 10. 
Photographed Magr 10.



Fart II* Factorial Ixper lment on the nitrogen* Phosphorous a d
t

Potassium Nutrition of Young £* ledge rl ana e ©tilings

The first successful attempt to grow 0* ledgerlaaaa seedlings In 
sand culture indicated that they responded favorably to the arbitrarily 
chosen nut rl t concent rat loti3 when applied at the relatively acid pH 
of 4*0 to 5.0* It was deemed highly desirable to oontinue the studies 
by experimentally varying the concentration of the nutrient components 
to detemine the combination most favorable £br growth. This Is best 
accomplished by means of factorial experiments, in which the effect of 
all combinations of chosen concentrations of moxe thmot one nutrient\
component can be simultaneously studied*

as nitrogen, phosphorous and potass ium have been the most widely 
studied elements In pi ant nut rl time work, an experiment of the factorial 
type was conducted In which the effect of three levels of each of these 
elements was determined* The nitrogen levels selected were 20, 80 and 
320 ppm*, to be combined with 5, 20 and 80 ppm* of phosphorous and 25,
100 m d  400 ppm* of potassium* The nitrogen and potassium levels selected 
were so chosen as to extend the range above and below that used in the 
previous experiment* but as there was sane indication from the preliminary 
work that the 124 and 248 ppm* concent rat ions of phosphorous may have been 
above the optimum for this element, a much lower raae-e of oonceat rat ions 
was employed in the present experiment*



Materials and Methods

Crocks and sand, a factorial experiment with three levels of three 
elements requires 27 pots per replicate to include all possible combina­
tions of the variates• In this experiment, each treatment was tripli­
cated, making a total of SI pots* Two-gallon glased oof fee-line rs 
were used as containers* md the drainage hole in the bottom was covered 
with glass wool* The 13-mesh white quarts sand previously used was 
again employed as the medium*
Solutions* Stock solutions were prepared with reagent chemicals and 
tarn water* The composition of the stock solutions, the dilutions used, 
and the resulting concent ration of the elements In the feeding solution 
are Mven in table 29*

The solutions were prepared just prior to their application, at 
which time they were adjusted to a pH of 4*5 to 5.0 by means of 1 per­
cent HOI.

plant s* Twelve seedlings of 0. ledger! as a were planted in each of the 
81 pots on February 18, 194?. The plants were fro® seeds sown the 
previous December 7, and had just begun to develop their first pair of 
true leaves* All plants required for the experiment were taken from 
the same seed flat, and were very uniform in growth and appearance* 
Methods* The crocks were placed on a single bench in one of the Horti­
culture greenhouses of the University of Maryland* The position of a 
treatment in each of the replicates was chosen at random, leaving all 
of the interaction degrees of freedom unconfounded* As the plant is 
kno*n to be susceptible to rather slight environmental differences,



several precautions were taken In this experiment to reduce place 

effect or other factors contributing to replicate variance. The 
greenhouse was shaded as uniformly a* possible, a double layer of 
aster sloth was suspended over the ben oh, mid In the first three weeks 
after transplanting oboe see loth shades were placed direofcly over the 
pots* In addition to these precautions, the position of the pots on 
the bench was systematically rotated, without disturbing the randomized 
distribution of the treatments within the replicates*

Table 29. Composition of stock solutions, dilution rate and final 
concent rat Ion of the nutria t elements in the feeding solution*

Steak Dilution Concen­
iiloment Source concen­

tration
rate 

(ml. stock
tration of 
el eiaent

in 3 1.) (ppsu }
Nitrogen HifeMOg 8*58 5 5

20
80

20
80

MaMO„ 53.70 5 15€> 20 60
80 240

Phosphorous HaH2PV H2° 13.76 5
20
80

5
20
80

Potassium KC1 28.65 5
20
80

25
100
400

Calcium CaCl 110.98 10 133.4
Magnesium and Sulfur MgS0?*7H 0 246.49 6 48.6 and 64*1
Boron H BO* 2 2.290 7.5 1
Copper Cfe<£«SH Q 0.786 7.5 0.5
Manganese !%Q1’*4H?0 1*438 7.5 1
Cino CaSO**7H^O 

Fe ( C j 5 j  *10
1.760 7.5 1

Iron 10.0 15 102 4 4 4 3 2

The arrangement of the pots on the benob and the shading employed 
are Illustrated in figures 41 and 42*
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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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leaf 301 or# for the duration of the experiment •

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.



96,

ex am La at Ion 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.

Fiij-ure 4b. 0. ledgerlana seedlings supplied HIGH HlTKOGSH solutions.
ifaotographed May 25, 194;?.



P Medina 1' i,ow F

Figure 46. C. iedgerlana a w U i W i  supplied LO* SIT?100iE solutions. 
Photographed at the conclusion of the experiment v July m t 1$4£.

X»OiV

Med.

Hl«h

dl*?h F fttediun F Low T
Figure 47. Q. Aedgprl*na seedlings supplied MiillUM HlfftGO® solutions.



Low r

Med. T

High I’ Keditia I Low T
?l*nire 4$. 0# ledger lap a seecUing* supplied HIGH HITRO Gals' solutions

Individual heights of all the seedlings were fc&tcen to the nearest 
millir»eter, the plants out at the aedia line, dried at 70®C. and indi­
vidually v?eir-hed. Those me as ur assents 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.



Tahle 30* Smamry of heights aad 4*y weights of I ho three replloates
of 12 plants each of C*. IgQaa^SM ta * S * 8 * 8 factorial Mtporl- 
went on the nitrogen, phosphorous and potassium nutrition of tho 
yewng aeedllngs In sand cultures.

Bwtrieat Average heights la a»« Average weights la  agr*
ocrabination Bepll oate Replicate
B P K A B C  At*. A B C  Ave*

L L L IT 24 30 20 37 52 41 43
L L H 15 19 16 IT 26 41 39 36
L 1* H 22 18 19 20 62 43 40 49
L H L 22 17 SB 22 63 49 65 59
A S M 21 16 20 19 43 52 51 49
i, » H 20 IT 21 20 55 48 65 56
i S h 20 20 19 20 56 69 54 60
L 1 M 22 17 20 20 59 48 58 55
L H H 24 19 28 24 69 57 97 75
U 5 L 21 28 24 24 56 108 81 79
* E H' 20 35 SB 28 48 109 95 81
18 L H 22 25 21 22 59 70 52 61
M M E 41 38 29 39 169 149 198 172
M 8 K 49 47 51 49 217 224 222 221
V M H 47 56 42 52 191 236 181 217
M H L 41 31 40 37 i n 133 200 167
M 5 M 29 31 44 38 158 122 229 166
M H H 38 87 29 35 1ST 172 118 149
E L L 30 28 28 29 102 92 91 95
H L 8 16 27 22 22 34 75 45 50
E i. E 17 17 21 18 39 23 54 39
H H E 42 38 47 42 189 101 164 152
E M M 42 58 41 47 1ST 225 163 193
H K H 49 53 57 53 191 236 265 232
H E L 43 47 39 43 187 166 155 170
1 H M 55 35 45 45 284 108 189 181
H E E 65 53 59 59 274 238 291 267

Bltrogea (H)* I#ew * 20 ppa. , Medium * 00 ppai* » High s 320 ppm* 
Pbosphorouu (7)s he* » 5 pp»*, Median * 20 ppm»# High « 80 ppm* 
Potass!on (E)t how * 25 PP**» Median * 190 ppm* , High a 400 ppeu

109051



fahl* 31. 2vm>&ry of Y&riaae® analysis of avera#® dry weights per pot 
of plants supplied all combinations of thro® levels of nitrogen, 
phosphorous and potassium in a saad eultur® factorial experiment 
on the nutrition of g, 1 edge rl ana seedlings.

Souree m S3 m ss m f i f tf
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A study of the statistical analysis of the average dry weights 
per pot repeals several points of Interest* The high slpilfioanoe of 
the variance from nearly all sources proves beyond doubt that the seed* 
lings In this experiment have shorn a marked response to variations In 
the nutrition supplied, and from the vaiy small variants© duo to replicates 
it is eenelttded that the various precautions token to eliminate error 
due to plaoe effect were effective*

More than three-fourths of the total variance is seen to have been 
due to the nitrogen and phosphorous treatments and their in turbotions.
This demonstrates that careful consideration should be given these two 
elements in the nutrition of the young seedlings. A comparison of their
igarland© shows that the nitrogen levels have contributed somewhat more 
than have the phosphorous levels* The subdivision of the effect of nitro­
gen yields the Information that lr t : SO ; 20, from which It is 
concluded that though m major portion of the variance was due to the 
tendency of the plants to increase in weight in proportion to the amount 
of nitrogen supplied (&r), a considerable amount of the variance was also 
due to a deviation (Mg) from this proportionate response* Either the 
high nitrogen level or the low nitrogen level was therefore a limiting 
factor in the growth of the seedlings as compared with the growth result­
ing at the medium level• A study of the data in table SO and the photo­
graphs {figures 42 through 48) shows that the low nitrogen level was 
definitely limiting, even to the point of rendering non-si gel f leant the 
effect of wide variations In the amounts of phosphorous and potassium 
supplied*

It Is similarly evident from the subdivision of the variance due 
to phosphorous levels that a considerable portion is due to the devia­
tion effect (£4 t F = *2?}, which again is interpreted as indicating



that the growth m o l t  tag fro* the medium level is disproportionate 
with that at the high and low levels. ffce data for the phosphorous 
levels, particularly la ©omhlnatlon with a medium level of nitrogen, 
strongly suggest that the high phosphorous level (80 ppm*} re salted 
in a deelded reduction In growth* Ceineiden tally, at the high nitrogen 
level, low phosphorous wee again a definite Halting fa©tor, the steal 1- 
eat plants In the entire experiment resulting from the low phosphorous, 

high nitrogen nod high potassium oomhlaatioxu These data provide two 
©onoluslens as regarde the phosphorous nutrition of £• ledgerlana seed­
lings, (1) this element Is required in relatively small amounts by 

young seedlings, and may limit growth under eertain oosditlons If 
available in ©o&oent rattens as high as SO ppm*, mad (2) though the 
relative requirement Is lew, it met he available in the proper pro* 
portion to nitrogen end potassium, slsee 5 ppm* of phosphorous in eon* 
blast Ion with high nitrogen and high potassium resulted in s I gnlfi easily 
less growth than the same phosphorous level in other treatments*

Though the total varieeoe due to potassium levels exhibits only 
questionable algal fleaaee (between the 1 and 5 percent points)9 it la 
of Interest to note that 95 percent of this variance Is toe to the 
regression offset (t£r). Therefore, under the ©ondltlona of this experi­
ment , though the young £* ledaerlaaa seedlings failed to respond with 
high siigal finance to £g>pl lost lens of potassium, the partitioning of 
the variance yields the Information that the levels used produced 
proportionate effects, and that neither the high nor the low level 
limited growth when easpaied with the medium level* la sent rest to 
the off sets p reduced by nitrogen end phosphorous applieatleas, the data 
for potassium Indio ate a relatively lew requirement and a relatively 
high tolerance*



103

A similar varlaaee analyst# was ©aUmiatad m  fcbi basis of the 
&mm§* batriits far fat, sad t*» mmwry la pros as tad la tabla 33*

fable 33* Sussaary of Tariaaee analysis of a a m e *  fe*i§bt« par pot of 
C. ledaaidaaa seedlings supplied all ©ora bloat lens of throe levels 
of Bitrogaei, phosphorous aid potass So* la a footorial aaad ©altars 
axpe rlamt.

Bourse xrr S3 W S3 m F 1̂ 8*
■Replies tee * 1 2 I 0,5
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4 367 m 3.00 3.72 2.56

H j P i K G m t 631 66 2.27 2.88 2a,
Srror u 1,69? 62 1*697 29
total 80 16,667
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In the analysis of the plant heights, the error variance constituted 
a larger portion of the total variance than with the height data, and 
the F values were correspondingly reduced* There was, however, a close 
correlation between the relative effects of the treatments on heights 
and weights* The nitrogen, phosphorous, and the nitrogen x phosphorous 
Interaction variances are seen to be highly significant, while the value 
for potasslura and for the nitrogen x potassium Interaction are not 
sign!fioant•

Partitioning the variance Into regression and deviation effects
(yielded the Inform at ion that the deviation effect of nitrogen levels
\
On height {#£ i N « *11) was not as great, while the deviation effect\
of\ the phosphorous levels (Pd 1 * s *39) was considerably larger than 
was true with the weight data* the proportion of the two components

ivof the small potassium variance was the same In both cases* fheseI
calculations further substantiate the correlation between the effect 
of the treatments on both weight and height, though with phosphorous 
It appears that the high level (80 ppm*) was somewhat more effective 
in reducing height than It was in reducing weight, in comparison with 
the medium and low levels*



Fart III* Factorial ifccperlsmnt m  the Calcium, Magnesium aid Potass las 

nutrition of young 2* ledger1ana Seedlings

?h© effect on the .growth of C. ledger!aaa seedlings of all combina­
tions of three concentrations of ealoium, three of magnesium and two 
of pot ass las was also dot ©mined by the us© of a factorial experiment*

Materials and Methods*

Crooks and sand* fwo-gallon glazed earthenware aoffee-llners were used 
as containers for the growing medium, fh# 18-mesb white quartz smd 

previously employed in smd culture studies was again used in this
kzperlment* there were a total of 18 treatments with each treatment
\

triplicated, making a total o f 54 pots*
Solutions* Stock solutions of oalolufs chloride, magnesium sulfate and 
potassium sulfate were prepared, i&ioh when diluted to feeding strength 
delivered 50, :>G0 said 400 ppm* calcium, 15, 60 wad 240 ppm. magnesium, 
and 100 and 400 ppm. potass inns, A fourth stock solution was prepared 
containing ammonium nitrate, sodium nitrate, acid sodium phosphate and 
the micro-element s. Jfhen diluted to feeding strength this solution 
delivered 140 ppm* nitrogen* 20 ppm* phosphorous, 1 ppm* sine sod 
manganese, f pm. copper and 2 ppm* boron, these elements were supplied 
orally to all treatments« A final stock solution was prepared with 
Iron tartrate, which was diluted to supply 10 ppm. Iron to all crocks.
FI apt s. 0. ledgerl&na seedlings were germinated on sphagnum in Hay. 
fhey were hardened well before transplanting by withholding nutrients, 
and 12 uniform seedlings were planted in each of the 54 crocks on



July 10# the crooks wore shaded and watered with tap water for 10 days 
to allow them to begin the initiation of new roots before the 
differential treatments were applied#
Methods# The crocks were placed on a around bed in the greenhouse on 
individual stands which held the crooks above the soil* Che location 
of the treatments was selected at random within the three replicates# 
On® liter of the nutrient solutions diluted with tap water was applied 
to each of the crooks twice weekly# any additional watering required 
to maintain the sand in a moist condition was supplied as tap water#

ffce treatments were first applied on July 20 and the experiment 
was continued until September 20, when the treatments were photo- 
graphed# Final measurements taken were height measurements and 
Individual dry weights of the aerial portion of the seedlings#

Besuits

It soon became apparent that the plants In the high calc turn 
crocks were being Injured by the treatment* Many of the plants died, 
and the few surviving made very little growth, regardless of the other 
nutrients supplied# Plants In ail of the other treatments grew rapidly 
and uniformly# The final photographs of all treatments are presented 
In figures 49 through 51#

The data on the height measurements of the plants in the various 
treatments are summarised in table 23# As in the case of the H, f  and 
K factorial experiment, the average height of the plants in a pot Is 
given# It is felt that this statistic affords a better comparison 

between treatments than does the use of total heights, which would give 
weight to differences in survival regardless of cause#



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

\

\

H m re 50. 0. ledgeyl ana 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 ma#mesiusi. with medium and bisfc magnesium treatments in 
seen ter 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)

Treat ~verse*e height in millimeters of plants 
in replicate

VIants 
surriv-

C A % K. a B C 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 Ju 56 52 50 52 36
M L fi 55 44 64 54 36
U X L 74 62 55 64 36
M X H 74 55 51 60 35M H Ju 82 53 52 82 35
K H H 49 49 54 51 36
H L L 41 50 42 44 19
£ I* H 33 37 58 43 8
H X L 41 42 35 39 10
U M E 55 49 27 47 9
a E L 54 46 43 . 48 16a H E 60 49 43 47 14
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The summarized variance analysis of the height measurement s of 
the 3# ledger! an a seedlings is presented In table 54. as the plants 
that received the high calcium treatment were obviously not eoisparable 
with those in the medium and low oalciuro treatments, they were not 
Included in the analysis.

Table 34* analysis of variance summary of average heights per pot in 
millimeters of C. ledger!ana seedlings supplied two levels of
calcium, three levels of magnesium and two levels of potassium.

Source Ut m m F

Replicates 2 193 97
\ Calcium 1 90 90

ague s lum 2 751 375 3.32
lotassiiHA\ 1 3»3 . tyvW 393 3.43
Gk x V.& 2 50 25
Ca it F 1 58 38
Mg x\K 2 132 66
Srror '\ 24 2,7a 112
Total 35 4,368

A study of the data In table 34 reveals that statistical

3.40
4*26

canoe was not shown by any of the treatments. The values for magnesites 
and potassium most nearly aprroaoh significance, but even these are 
below the values required for odds of 19 to 1,

The relatively low variance due to replicates indicates a lack 
of error due to place effect, while the relatively high error variance 
demonstrates the failure of the plants in the individual pots of each 
treatment to respond similarly. This is apparent from a study of the 
data in table 33.



the plant a were out at the media line for dry weight determinations, 
dried at 70°0.f and Individually weighed, a summary of these data is 
presented In table 25*

fable 35* average diy weight per pot of d. ledgerlana seedlings
supplied three levels of calcium, three of magnesium and two of 
potassium In sand cultures*

average weight (milligrams) of plants rlants
* iu r«PHoate surviv-

1 A B 0 ii.ve» lag

h h L 228 141 171 180 34
L L a 210 198 112 173 35
L V L 182 174 184 180 3©
L M H 161 211 187 18© 35
b H L 197 222 233 218 36
b H H 217 200 215 211 35

\  L L 100 121 94 108 3©
M\ L H 118 110 182 137 36
M ( M L 147 151 189 162 36
m \ M H 156 174 174' 168 35
M \H b 243 158 205 202 35
U \  H 202 112 129 148 26
H L\ 1» 27 42 57 42 19
H l . \ H  27 12 40 2© 8
E SI >  41 75 27 48 10
E II E 66 34 27 42 9
E E L  \ 40 45 42 42 1©
B E E  36 48 31 38 14

The data in table 55 again demonstrates the slgniflcantly Inferior 
survival and growth of all treatments with the high calcium level, 
regardless of the levels of the other two nutrients*

The data for the high calcium treatments were not included in the 
variance analysis of the dry weights, as the plants In these combinations 
were not homogeneous with those in the medium and low calcium treatments* 

A summary of the variance analysis of the dry weight data is 
presented in table 36.



fable 36. Summary of variance analysis of dry weights per pot In
milligrams of aerial portions of C. ledgerlana seedlings supplied 
two levels of calcium, three of magnesium and two of potassium 
In sand cultures.

Source 1)? 33 MS f i/o 5^

Implicates Z 1.320 660
Calcium 1 12,432 12 ,432 11.29 7.82
Magnesium z 12,141 6,071 5.51 5.61 3.40
Potassium 1 192 192
Ca x Mg 2 1,984 992
O a x E 1 42 42
Mg x K. 2 3,090 1,545 1.40 3.40
Error 24 26,420 1,101
Total 35 57,621

The data in table 36 show that there was a highly significant 
variance due to the two levels of calcium. from the data in table 35
it i s s een that the medium oalclum level (200 ppm.) produced plants of

V
less weight than those receiving low calolu® (50 ppm.).

The parlance due to magnesium levels was significant between the 
1 and 5 percent points, again referring to the data In table 35, it 
is seen that there was a consistent increase in yield as the concentra­
tion of magnesium in the nutrient solution was increased from 15 to 240 

ppm*
Ho significance can be ascribed to the yield differences due to 

potassium levels. This corroborates the data from the factorial experi­
ment on the nitrogen* phosphorous and potassium nutrition in which It 
was found that the young seedlings are unresponsive to a rather wide 
range of concentrations of potassium when grown in sand cultures.



Fart I¥• Hutrlent i,efi®ieney Symptoms of young Q* led wort ana 3e©diings

an important csontribating factor to the belief that £* ledperlana 
is difficult to grow arises from the fact that considerable losses are 
Incurred at the time of the first tmasplantinier Of the seedlings from 
the flor»ixiiit ion medium to the preriared nursery beds* xeept when 
tmusualiy severe insect-or disease infestations occur somewhat I -ter, 
or dampla<>-off losses are particularly heavy in the see eliap bed, this 
first transplanting loss is normally the point in the culture of the 
• species at which the most severe losses are encountered*

One fr-ethcd of r@de.oing this heavy loss of see allays has been\
reported in the section on the effect of various media on seedling 
growth* iUiotaer, which under certain conditions may be the controlling 
factor, is the possibility of m incompatible nutrl tioaal condition 
in the tran splant bed*

The effect of various levels of some of the. more important 
nutrient element* on early seedling growth, as determined by sand culture 
studies, has been considered previously in this investigation* fhe 
present studies were Inaugurated to detemine the effect of a 
deficiency of some of the nutrient elements cm the survival md the 
subsequent appearance of young transplanted seedlings* .-%!so, in a 
supplemental experiment, tne leaf symptoms exhibited by older seedlings 
well established In sand cultures and supplied nutrient-deficient 
solutions are briefly described*



Materials and Methods

Crocks and sand* G»«-gall©n a rooks of 18-amsh white quart* sand were 
used as the growing medium* The drainage holt in the bottom of the 
crock was covered with a piece of glass wool*
Solutions* The nutrient solutions were prepared with 0. P* chemicals 
and distilled water* The basic composite solution was prepared to 
contain 140 ppm* nitrogen, 124 ppm* phosphorous, 156 prm* potassium,
POO ppm. ©alciuai, 98 ppm* magnesium and 64 ppm* sulfur, using calcium 
nitrate, magneslum sulfate and issonopotassium phosphate* Chemicals

t

oa it ted mad substituted la the preparation of the nut rlant-defie lent 
solutions are shown la table 87*

a micro-element solution was prepared, which when diluted to 
feeding strength would deliver I ppm* copper, Z ppm* boron, and 1 ppm* 
of sine and manganese* This was supplied equally to all treatments. 
Likewise, a stock solution of ferric tartrate was prepared, and 10 ppm* 
of iron was supplied to all treatments* The pH of the solutions was 
not adjusted, since it was determined to lie between 4*8 and 5*2 as 

prepared*
Hants, Seedlings of C«- ledaerlaaa from seeds sown on sphamvm in 
If ay, 1942, were hardened by withholding nutrients before transplant lag* 
Ten seedlings were used in eaofr of the crooks, and all of the plants 
were taken fro® the sane seed flat and were apparently uni form as to 
growth and appearance* They were about 3 cm* tall and had formed 
their second pair of true leaves when they were set in the crooks on 
&upust 17 and watered with distilled water for a few days*



fable $?• Shemieals os!tted and substituted la the preparation of 
nutr! ent-deflclent solutions for the determination of deficiency 
symptoms la young 0* ledgerlaaa seedlings*

Deficient ay 
desired Chemicals emitted Jhemleals substituted

Hltrogea
Phosphorous
Potassium
filtrosen and phosphorous

Bitrogem and potassium

Phosphorous and 
potassium
\C-aToim
\

Maeme'elum
Caioium\ aad .saasneslu»

X
\

Calolum aa<i potass hua 

Magnesium aad potassium

Wttrogen, phosphorous 
aad potassium

Calcium nitrate Calcium ohloride
inoDopotasslum phosphate Potassium ohloride

Men©potassium phosphate aoit sodium phosphate
Calcium nitrate, Cai el urn chloride,
steaopotasslum phosphate potassium chloride
Calcium nitrate, Cal©iwsi chloride,
momopoiasslun phosphate acid sodium phosphate
Monopot assluss phosphat a none

Oaldust nitrate
Matmesium sulfate
Calcium nitrate, 
magnesium mil fate
Oaldust nitrate,
mon©potassium phosphate
Magnesium sulfate, 
monopot&sslum phosphate
Calcium nitrate, 
aonopotassiuai phosphate

Sodium nitrate
Sodium sulfate
Sodium nitrate, 
sodium sulfate
Sodium nitrate, 
add sodium phosphate
Sodium sulfate, 
a d d  sodium phosphate
Calcium ohloride, 
acid sodium phosphate

tiethods, fwo crocks, or twenty plants, were used for each treatment , 
the crooks were placed on a table in the greenhouse, and the position 
occupied by any treatment or Its replicate chosen at random, twice 

each week all of the crooks were systematically rotated as to position, 
and turned half around to e^allse exposure.



The prepared solutions were applied to the crocks twice each 

week, 250 pi* to each or© ok at each application* At two-weeks intervals 
during the course of the exp ©rim eat the crocks were flashed through 
with a liter of distilled water, to leach out any accumulated chlorides 

and sulfates*
fhe solutions were first applied to the crocks on August 20, and 

the expert peat continued for sews weeks, by which tine the symrtoa® 
of nest of the deficiencies were well defined, said ocarlete collapse 

of some of the plants had occurred*

^  Basalts

rowan* rflthin 1G days from the tine tm  differential treatments 1 —
werf begun the effect of the -M solutions could be easily recognized*
3̂ previously stated, the plants had been hardened before transplant* 
in/7, hut the plants 1b the -B, -BP, -IE and -JOT treatments all 
appeared similar in that the leaves became deeply reddened. In compari­
son with the lighter coloration resulting from the hardening treatment* 
Particularly notable was the deeply reddened condition produced on 
the stems of the young transplants, starting at the media line and 
progressing upward until the entire stem was deeply colored* The leaf 
coloration ^peared more Intense on the upper leaves, particularly near 
the margins, but at the discontinuation of the experiment the entire 
leaf area was affected to an approximately equal extent*

All of the plants in the -1 treatment survived the transplanting, 
and new growth was produced during the experiment, though the new 
leaves were significantly smaller m& the Internodes shorter than in 
the case of treatments where nitrogen was supplied* as the new leaves



unfolded, they were only slightly colored, but as taey matured the 

red solo rat! ob becaase evenly distributed over the leaf* The -M plants 

are illustrated in figure 52#

Figure S&m Color photograph of 0* ledgerlana trans­
plants in sand culture supplied nutrient solution 
deficient in nitrogen*

rhoi>rhoVous* Ho symptom of phosphorous deficiency appeared in the
\

plants receiving- a nutrient solution deficient in that element during\
the period o'f the experiment, The plants grew equally as well as those 

receiving the Ipmposite solution, and showed no disoolorat ion or other 

symptom indicating a lack of this element* This failure of a -P symptom 

to develop was noted also in the - H  plot* la the latter case the -K 

symptoms which developed were no more severe than in the treatment 

where potassium alone was deficient*

Potassium* The lack of potassium produced a pronounced effect by 

September 10, or after the treatments had be ©a applied for three weeks* 

The leaves were pal® in color and small in s i&e, but no chlorotio or 

necrotic areas developed* The aost striking symptoms were that the 

leaf tips curled downward aid then toward the stem within 10 days after



th e treatment was started* ,it .in an additional 10 days the leaf mari*lns, 

at first near the petioles and later along most of the length of the 
hlade, also rolled downward. Concurrently with the margin rolling, 
the reins in the leaf became conspicuously sunken into the intervene! 
tissues* This effect was first evident on the leaves already formed 
on the plant, but as the new leaves were fbrmed, the same sequence of 
events was observed. These plants are illustrated in color in ?ioure 64*

\Figure 53* dolor photograph of £• le&gerlana trans­
plants in sand culture supplied a nutrient solution 
devfl oiei-jt in phosphorous*

Figure 54. dolor photograph of C. ledgerlana trans 
plants in sand culture supplied a nutri m t 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*

esi9<«ei
Figure 55* C* 1 edgerjasa transplant* supplied nutrient solutions 
deficient InT(leil) nitr»g«a# (eemter) phosphorous and (right) 
potassium. Bote excellence of growth in -P treatment.

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

Mitroeien

only diffWrence noted is the two treatments m t  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 *4£ plots, but inferior to that



In the -1 plots, tiers the *4C 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! an a 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.



Figure 5?* Color photograph of C# ledgerlaaa trans­
plants In sand oulfcure supplied a nutrient solution,
deficient in ealoium*

ie|Jbgm« #hen magnesium was emitted from the nutrient solution 
sdippl 1 ed * the appearance of the growth of the plants was strikingly 
similar to plants In the -Ca treatment* Leaf oolor and else was so 
similar in both Inatanoes v In faotf that the plants oould not be 
distinguished on the basis of appearance# Figure 58 Is a oolor 

photograph of the -*1% plants#

Figure 58* Color photograph of C# ledge rl as a trans­
plants in sand culture supplied a nutrient solution 
deficient in magnesium#



Calcium and Magnesium. When calcium and magmas Ins were s Imultaneoas ly 
omitted fro® the nutrient solution supplied, a pronounced effect was 
observed after only 10 days* Several of tbs plants failed to survive 
the transplanting* The leaf tips turned brown and died, then the 
entire leaves and finally the stems* The plants that survived the 
transplanting produced leaves that were ehlorotic except ©n the. veins*' 
'The older leaves collapsed and died, from the tip toward the base.
FI mare 59 is a oolor photograph of the -C&Mg plants, and. figure 60 
affords a comparison of the plants supplied the -Ca, -Mr and H2&t% 
solutions.

Figure 59* Color photograph of C* ledgerlana trans­
plants In sand culture supplied a solution deficient 
In both calcium end magnesium.
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Sfrlalum and frotasalum* transplants In sand supplied a solution
\deficient in both oalolum and potassium exhibited symptoms similar to1

those desoribed for the -Gal4g plots* Several of the seedlings failed
to survive the transplanting, those that survived differed from

\
the -CaMs^ plants mainly In the appearance of the -r symptoms which 
were absent via 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)*

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



Tleure 61. Color phctopraph of 0, ledger!ana trans­
plants In sand culture supplied a nutrim t solution
defla lent in both calcium and potassium.

IfWnesluro aad lotassiuia. Vhen totfe magnesium and potassium were
N

withheld from the solution the result on the seedlings was very
\

similar to that produced by the -Cat: treatment, rhe effect when both 
magnesium and potass!ms were omitted was similar in the Intensifica­
tion of u,he -7' symptoms, but the effect on transplant survival was 
much less sev#re. The surviving plant® produced leaves that were 
larger, with pale intervenal tissues as in the plants from which 
oalolum and magnesium were individually withheld. Chese plants are 
Illustrated In fimire 62.



Figure 62. Color photograph of C* ledgerl&na trans­
plants In sand eulture supplied a nutrient solution
def iclent in both nagnsstas and potassium.

If-itr&ffm. rhosnhorous sad Fotasstna. Plants in the -1OT pots exhibited 
the\-h symptoms of reddening ^nd the -K sy.aptoras of leaf curling and 
sunk4s reins. hut none of the plants showed aî r signs of sellapse for

ithe rather short duration of the experiment, and the depression of 
growth Ht\s not sl§aifleantly greater than in the ease of those plants 
supplied a \solutioa do ft el ant only in nitrogen.



ia&.

A comparison of tbo plants produced in the -Cal, the 

m d  the hHTK plots is affolded fcgr 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.



Leaf symptoms of larger seedlings* &• Icdgerlaaa sge^llfifs, germinated 
la May on sphagaua and grown imp Idly in sphagnum hurta# the * were
hardened and transplanted to sand la Moventor* They were supplied a 
odaposlte nutrl aa t solution until the following June , when they were 
supplied only distilled water ffcr three weeks to leach out as much of 
the nutrients as possible* The active, vigorously growing seedlings, 
avera#ot SS cm* in height, were then supplied autriec fc-defloient 
solutions to determine the expression of m lack of a glvea element on 

larger plants*
solutions deficient In nitrogen, phosphorous , potassium, oalolum, 

magnesium, and calcium and magnesium were prepared as described in the 
previous experiment* Solutions deflslant In iron m& In manganese
we^e also prepared*\

^ Only one pot of three plants was available for each of the
deficiency treatments, so that the results are not considered conclusive*

\
Most of Hhe lower leaves were lost from these plants when the composite

\
nutrient Isolation was replaced for three weeks by distilled water*
The nutrient "deficient treatments were continued for three months,
and the symptoms on the leaves produced during that period were 
described end photographed*

Plants growing in the nitrogen-deficient culture produced leaves
\

that were narrower, shorter aad thinner than those receiving the 
composite solution* The leaves were notably paler In color,- but not 
until the shorter day© and cooler temperatures of autumn did they 
assume the red coloration so characteristic in the small seedlings*



Phosphorous deficiency symptoms again failed to appear, though 
the leaves were somewhat darker green than those reselling the full 
autrieat, partioularly la the area near the midrib* The difference 
la oolor quality was apparently more evident to the photographic 

filia, however# as nmy he men in figure $&• This photograph# taken 
on panohromatio film through a light green filter# resulted la a 
much lighter print tone with the -P leaf then la the ease of the 
oomposlte-solutlea leaf*

Symptoms of potassium defloieaoy were easily reooipls&hle la the 
new leaves of the plants supplied the -& solution* In addition to the 
leaf curling and sunken veins as noted with the smaller seedlings *
-there appeared a mottled reddish coloration along the edges of the 
leaf hi ode * which was soon followed by a breakdown of the tissues* or 

marginal necrosis*
The application of -Ca and of - %  solutions resulted In pale green 

leaves and occasional Intervene! neorotlo areas* Bo distinction oould 
ho made m tm m  the plants under the two treatments* '-Ohm heth 
elements were simultaneously withheld* a masked increase In the amount 
of aeorotic tissue ooourred*

Mafked lntervsnal chlorosis soon appeared in the -F© plants* and 
the contrasting green veins can he seen in figure 64. The experiment 
was discontinued before there was a significant effect on the growth 
rate*

The symptoms of a laofc of manganese were not very clearly defined* 
'She leaves were pale and thin* though of normal s i z e , and the plants 
grew slowly* but no fVsrth©** symptom were evident when the experiment 
was discontinued*



V '
figure 64* Leaf sjn^toras of larger rood! lags* aeprosentatl v® leaves 
from £* ledirerlsaa seedlings la saad salt are 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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r£he Investi?atlons reported herein fumi sh data whl ch, tfcou&b 
they must be Interpreted and, verified for local conditions In the 
field# establish certain ftrnd amenta!s concerning the effect of 
various faotors on termination# early seedling growth end nutrition 
of 3* ledger!ana- and suggest methods of appxouah in obtaining 
further necessary >nowleu.?e of these and other growth sta«*es*

The results of toe studies on the effectiveness of temperature 
humidity controls in prolon&inf? the viability of stored 

2* ied^erlana seeds largely corroborate those of Ferhoseh (M) which 
resulted in the reeQatnendatlon Of maintaining a humidity of about 20 
percent (ly the use of 0aCl<>*&%0) as optimum for this species under the 
natural temperatures pro vail inf# dowever« the re suits her© reported 
show that the data presented by Ferbosoh are capable of only a strict 
Interpretation because of the fortunately favorable temperatures 
existing under Ms* conditions* Tae present data demonstrate that 
temperatures otner than the one' he used .exert' a pronounced influence 
on the viability of cinohona seeds- Of particular importance to the 
current €p»er«^ncy program is the discovery of the drastic effect 
of a storage temperature of 32°€* for even a relatively short period 
on the viability of the seeds# particularly at humid 1 ties other than 
those around 20 percent* !‘his condition may be approached in many 
plaees in the -ainerloas and because of the '1 sip or tone e of the avail­
able seed supply should receive the utmost consideration* Of



similar importance would be the danger of reducing the storage 
temperature too low without som concurrent reduction la humidity, 
as is evidenced by the very low germination of 3 peroent obtained 
in these studies after only 9 weeks when seeds were stored at 2°% 
under high humidity#

The data presented show that when extremes of both temperature 
and humidity are avoided, 0# ledaerlana seeds can be stored for at 
least 54 weeks without material reduotion In germ inability# That 
this is probably true also of C* sued rubra and 0# hybrid seeds Is 
suggested by the fact that the trend of responses to storage conditions 
of fresh £• ledger!ana seeds was followed closely by seed a of the 
other species whose previous treatment and age were not knoma#

The studies pertaining to the light requirement s of cinchona 
seeds herein reported not only corroborate the findings of Kerbosoh 
(14) that germination will not occur in total darkness, but also 
contribute muoh new information concernIng the minimum quantity and 
intensity of light required for successful germination# hnawareness 
of this requirement for liqht rmy have been the cause of some of the 
failures in the early attempts to cultivate the plant, for it is 
obvious that covering the sown seeds with eves a shallow layer of 
black volcanic sand, as was the case in seme of the early attempts, 
would have effectively prevented sufficient light from penetrating 
to the seeds, particularly when the entire procedure was carried on 
under the shade of forest cover#

These studies establish the fact that the total light quantity 
required for germination Is e«aliv considerably smaller than, that 
required for the production of stocky seedlings# This, too, may have
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been & factor leading to the widespread belief that the plant is 
difficult to manage in its. early stages. In situations where only 
borderline light intensities were supplied, the resulting weak 
seedlings would have been highly subject t© early losses from damping- 

off fungi, ae well as losses resulting from mechanical causes*
The rather elaborate germination beds developed in Java and since 

widely adopted as standard for cinchona germinations were so con­
structed that a fair quantity of diffused daylight could reach the 
seed sewn on the surface of the germination medium* Data gathered is 
these studies Indicate that so far as the light requirement of the 
seeds is concerned, geminations could be obtained in the presence of 

m c h  greater light intensities* Bearing in mind the effect of 
increased light on the temperature and humidity ©f the environment and 
assuming that these factors could be satisfactorily controlled by 
ventilation, the possibility that a modification in the design of the 
germiipator which would permit more light to reach the seedlings would 
result In less susceptibility to damping-off losses is considered 

worthy of future investigation*
The temperature requirements for the germination of C* ledgeriana 

seeds are apparently recorded for the first time as a result of the 
experiments reported in this investigation* It has been determined 
that there is a critical minimum temperature between 14° and 16.5°C* 
below which germination is completely inhibited, and a critical maximum 
lying between 29*5° and 52°C* above which, a rapid deterioration of 
the seed is initiated* The optinpm sustained temperature for 

germination was near 29*5^*, though as complete but not as prompt 
germinations were recorded at temperatures between 18*5° and 29*5°C*



It saouId perhaps be reiterated tnat the experiments oonducted on the 

effect of temperature have not ©on side red the effect of fluctuating 
temperatures* Apparently excellent germinations nave been reported 
under Javanese conditions, where temperature is stated to vary, 
usually between 18° and 22°C*

Of particular importance to the present emergency program is the 
deleterious effect shorn to result from snort exposures to above- 
maximal temperatures* aerious reduction in germination resulted when 
the sown seeds were exposed to a temperature of 50°C* for only Z hoars9 
m e  exposures of over 24 hours to temperatures of 40°2. likewise 

reduced germination* deed sowings out -of-doors must usually be 
■covered to Lkdntain adequate moisture conditions, and in some cases 
transluscent materials such as oaeesecioth or lello-miass are being 
used to admit sufficient light* Unless the effect of relatively short 
exposures to hi^h temperatures is considered and provided against, 

'valuable seed may unnecessarily be lost.

Itudles Ooaoeraln#? larly Seedling Orowth

It seems clear that the usual rather slow rate of growth of the 
seedlings during the first few months after their ge main at Ion can be 
considerably hastened under a oombination of more favorable media, 
nutritional and environmental conditions• A greatly increased rate of 
early growth, besides shortening the time Interval during which the 
plants are most susceptible to losses, would be desirable also from 
the standpoint of hastening the production of Quinine*

It has been found that the use of sphagnum as a growing modiam 
for actively growing seedlings geradnated on sphagnum has resulted in 
several times the rate of early seedling growth obtained with similar



seedlings transplanted to a soli medium. when the seedlings were 
hardened by withholding nutrient s prior to transplanting, however, 
early growth of sphagnum-g«radaat e d seedlings was equally as rapid In 
several soil ana leaf mould media as In the sphagnum medium, regardless 
of the age of the seedlings at the time of transplanting, ’fhe 
poss 1 clllty that early growth of seedlings transplanted fro® a jungle - 
mould germination, medium to a soil nursery medium may be benefited 
in a tropical environment by a prior n&rdeninr of the seedlings by 

Increasing light quantities is considered worthy of investigation.
Of special value to the current program also is the masited reduction 
in transplanting losses when the seedlings are previously hardened.

In the production of large numbers of 2* ledger!ana seedlings at 
the U. 3, Plant Introduction harden for later shipment to coo’-erators 
In the emergency program In the Americas, the use of a sphasnum and 
peat medusa for early seedling growth has proven ideal, both from the 
standpoint o f producing vigorous, disease-free seedlings, and from 
the enormous economy of the packaged weight of plants so grown, 
over soil-grown plants* .-xperlments herein recorded establish a 
fertilisation program for optimum growth in this medium. Kost rapid 
growth was obtained from tne application in six bi-weekly portions of 
a 6-10-6 fertiliser in an amount equivalent to 1040 pounds per acre 
six inches. Data from sand culture studies reported strongly suggest 
that the proportion of phosphorous and potassium to nitrogen can 
profitably be considerably reduced over the ratio used in inis series 
of experiments.

Ho study nus yet been made of tne relative effectIreness of



various nltrogm carriers* Is all of the work herein reported, 
nitrogen has been supplied Is the fhrat of calcium nitrate, sodium 
nitrate or ammonium nitrate, However, is nose of the formulae has 
more than one*fourth of the total nitrogen been mroplled in the 
for?? of the ammonium salt,

fhe pH of the sphagnum and peat medium is 4,4, which sand culture
ex crimestation has shown to he very favorable for active growth*
additions of lime to the medium exerted a pronounced inhibitory effect 
os growth of the seedlings* whether this effect was due to a change 
in the pH of the solution of the medium, to the presence of above- 
optimal quantities of calcium* or to the effect of the lime applica­
tion on the physical structure of the sphagnum has not been determined.

Failure of the plants in sphagnum to significantly respond to the 
application of a micro-el ament supplement suggests either that there 
is a relatively low requirement for these elements or that they
naturally occur in sufficient quantities in this medium.

Hutrltlqaai Studies in Sand Cultures

fhe results of sand culture experiments reported in this Investi­
gation indicate that nitrogen la the especially iaaportant element in 
the nutrition of the young seedlings. Growth of seedlings in sand 
cultures supplied a solution containing 20 ppm. nitrogen was signifi­
cantly inferior to growth when BO ppm, or 320 ppm. nitrogen was made 
available. Though preliminary experiments indicate that the seedlings 
tolerate concentrations as high as 600 ppm. in sand culture solutions, 
most satisfactory growth resulted from the use of 140 to 200 ppm. 
concentration of nitrogen.



Results of greenhouse expo rime tit s on the phosphorous nutrition of 

yarn# 0* leflgerlaaa seedlings indicate that the requirement for this 
element is very small, though evidence of on Inter-relationship between 
nitrogen and phosphorous requirements was obtained, rith solutions 
containing 80 ppm* nitrogen, see61 Inp growth was good with as low as 
5 ppm* and as much as 80 ppm. phosphorous* ISth solutions containing 
330 ppm* nitrogen, however, see tiling growth was significantly inferior 
at 5 ppm* phosphorous, thourh there was no benefit from Increasing* 
the oonoentratlon above 20 ppm* It is inferred from these experiments 

! that with a nitrogen consent ration of 150 to ZOO ppm*, which Is 
1 probably as great as can fee practically maintained, phosphorous need 
Lot be supplied in excess of about 20 ppm. The possibility that grow in 
a«dla containing significantly greater quantitles of available 
phosphorous are not suited for maximum growth of young seedlings 
should be subjected to field experimentation at an early date.

the requirement fbr potassium was also relatively low was
\shown fey \he growth of seedlings 5n s-jad cultures supplied potassium 

in 25 ppm* concentration, i-ittie benefit resulted from increasing the 
potassium supplied to 40Q ppm*, though at the same time no decrease in 
growth resulted'.from the higher concentrations. Thus the seedlings 
tolerate high oonoenI rat 1ons, tnoucb a low concentration is apparently 
adequate for early growth*

Growth during the early seedling stage is reduced only slightly 
when either calcium or magnesium are omitted from the nutrient solution 
fhe simultaneous deletion of both elements from the nutrient solu­
tion, however, results in an almost complete inhibition of .growth•
The failure to produce severe symptoms when only one of the elements



Is lacking suggests that calcium and magnesium may substitute for 
each other In the metaholism of the young seedlings* Evidence from 
sand culture experiments further ladloates that a oonoentratlon of 
magnesium between 100 m d  MO ppm* In the nutrieat solution results 
In veiy satisfactory growth, while concentrations of calcium In excess 
of 200 ppm« are to be avoided*

Symptoms of the deficiency of nutritional elements as evidenced by 
young seedlings grown In smd cultures are illustrated and described 
In this investigation, as the most serious losses are usually 
encountered as a result of the first transplanting from the seedling 
bed, this information should be of great value la determining whether 
such losses may be attributed to a deficiency in the nutrition supplied* 

la general, the studies on the early growth stages of £• ledgerlmaa 
reported in this investigation show that the species is very responsive 
to environmental conditions. It is felt, however, that the plant is 
considered 'difficult to grow’ only because knowledge of its require­
ments is so incomplete, md that horticultural practices can conceiv­
ably be developed by experimentation which will result la the 
successful culture of the form under a diversity of conditions now 
generally considered impossible* Such experimentation, in conjunction 
with the application of modem breeding techniques, may ultimately 
produce a form with a reasonably high alkaloid content in the young 
plant that oan be subjected to large-scale cultivation at a great 
economy of space over the current plsmtatlon system* Certainly the 
successful completion of such a project in the Americas would result 

In complete independence of the Far Bast for the supply of a vital 
necessity, md go far In providing medicine with the available means 
of waging m  effective campaign against malaria*
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SUMMaHY m d  om cwsiom

Clot? boa a ledger lama seeds were stored under twenty combinations of 
temperature and humidity and the effect on germination determined at 
nine-weeks intervals for 54 weeks* It was found that both temperature 
and humidity were factors in determining seed viability* storage at 
either extreme of the temperature or humidity ran#*© used resulted 
in reduced vermination, the most rapid loss in viability occurring 
with a combination of blab temperature and humidity* Conversely, 
excellent terminations were obtained even after 54 weeks of storage*

; with seeds stored at 32 and 66 percent humidity and temperatures of 
16° and ±24°C* Storage in the dark proved slightly superior to storage 
in, the light*

No rronounced effeot of media on actual germination was found* but 
an important indirect effect on the survival of the seedlings resulted*
Of the several media tested* a significantly higher seedling survival 
resulted from the use of sphagnum moss as a germination meaium, 
principally because of the complete freedom from daraping-off losses 
of the young seedlings#

Cinchona seeds require light for germination* It was found, 
however, that the minimum light requirement Is relatively low. Exposures 
to 300 foot-candles of llsrbt for 10 seconds daily resulted in nearly 
complete geira 1 nations in 21 days * though the resultant seedlings bad 
long hypoootyls, were etiolated, md the roots failed to penetrate 
the medium normally# Liubt was required throughout the germination 
period, exposures less frequently than evely second day resulting in 
incomplete vemlnation*



Critical minimum and maximum temperatures for germination of
S.* ^dgeriana seeds were determined* Germination did not take place 
at sustained t©tsperutures below 14°::. or at temperatures above ?5°C* 
at below-mlnimum temperatures seed vitality was retained for weeks, 
whereas at above-maximal temperatures a rapid deterioration of the 
sovn seeds resulted. Optimum sustained germlnation temperatures 
were determined to be between 34° and 29*5°0•

Early seedling growth of sphagnum-germinated seedlings was uni­
formly excellent in seven different media providing the seedlings 
were hardened before transplanting* ihen sphagnum-germinated seed­
lings were transplanted in an actively growing condition to soil, 
^owever, subsequent growth was far 'less than when similar seedlings
wepe grown in the sphagnum medium*

1

\ !?he use of sphagnum as a growing medium required the development
of i\ fertilisation program* Of the several variables tested, it was

\
found Y.hat most rapid growth resulted from the application in six 
bi-weekly portions of a total o f 6-10-6 fertiliser equivalent to 1040 
pounds per ’acre six Inches. Applications of lime to the sphagnum 
medium markedly reduoed growth* It was found unnecessary to supple­
ment the fertilizer with a micro-element solution.

It was found that C* ledgerlaaa seedlings could be successfully\
grown in coarse quartz .sand for nutritional studies by adjusting the 
solution to pH 4 to 6 and using a modification of a three salt 
nutrient with micro-element supplement.

Results of a 3 x 3 x 3 factorial experiment on the nitrogen, 
phosphorous m a potassium nutrition of the young seedlings showed that 
they required a greater concent ration than 15 ppm* nitrogen in the 
solution for active growth, and more growth was made at the highest



level used, 240 ppm., than at the medium level of 60 ppm. Five ppm. 
of phosphorous was too low only whoa In combination with high nitrogen 
and high potassium, and 80 ppm, phosphorous actually limited growth 
in combination with a medium nitrogen level. A low level of potassium, 
25 pp®., was apparently sufficient for the young seedlings, no increase 
In growth resulting from oonoentrat loos up to 400 ppm. in the nutrient 
solution applied.

A second factorial experiment , on the calcium, magnesium and 
potassium nutrition of the young seedlings showed that 4 00 ppm. 
oalolum fro® CaClg resulted in the death of most of the seedlings, 
regardless of the levels of the other two elements, with 200 ppm. 
oaLolum resulting in more growth than 50 ppm. calcium. I'liere was an
Increase in dry weight as the magnesium concent ration was increased\
fî o® 15 to 240 ppm. So significant response resulted from varying 
theV.level of potassium, corroborating the results of the M  factorial

i,experiment, and no ma&ed interaction between levels of the nutrients 
was observed.

Deficiency symptoms of young seedlings supplied nutrlent solutions 
deficient in nitrogen, phosphorous, potassium, nitrogen and phosphorous, 
nitrogen and potassium, phosphorous and potassium, magnesium and 
potassium, and nitrogen, phosphorous and potassium are illustrated and 
described. Leaf symptoms of plants several months old grown with 
solutions deficient in nitrogen, phosphorous, potassium, calcium, 
magnesium, oalolum and magnesium, iron, and manganese are also 
illustrated.



It Is believed that the application ©f the results of these studies 
will prove valuable in the ear pent emergency pro&rm fo r reestablishing 
in the .Americas a dependable source o f natural quinine from the baitc 
of the hisdi-yieldlng ledgerlana species, by reducing to a nlnlons the 
loss of the valuable seed, and by ftiralshing experimental data on the 
environmental and nutritional requirements of the young seedlings* 
fu rth er investigational worfc in the localities where the plants are t© 
be grown is urgently needed t© assure the success of the program*
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