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INTRODUCTION

Coffee 1s one of the most important money crops pro-
duced in the majority of the countries azlong the equator,
According to the New York Coffee and Sugar Exchange, Inc.,
in the period 1931-32 the total world exportation of coffee
emounted to approximately 34,390,100 bags, of about 132
pounds each, with a value of $45,394,932,00, the value being
based on a price at 10 cents a pound, as given by the Sta-
tistical Abstract of the United States Bureau of Foreign
and Domestic Commerce fbr 1931, Although the part which
coffee plays in world trade is important its production has
not had the stﬁdy that such 2 crop deserves., Very little
is lmown regarding the response of the different varieties
to different soils and climatic conditions, the best end
most practical method of cultivating the plant, the part
that shade plays in the growing of the crop, the effect of
different types of pruning on yleld, the best and most
Practical way of cleaning and preparing the bean for market,
etc. In fact, from the literature reviewed, it appecars
that the investigation of coffee production, from a scilentific
point of view, has hardly begun.
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In the present work an attempt has been made to review
and summarize such literature on coffee production as was

avallable to the writer.



COFFEE PRODUCTION AND CONSUMPTION

The production and exportation of coffee on a commercial
scale is confined to South and Central America, lMexico, the
West Indles, Asia, the Pacific Islands, and Africa., An idea
of the world exports of coffee may be obtained from the
table below which gives in five~year periods, from 1909 to
1928, the exports of green coffeec for all of the Important
coffee producing countries, The data for this table were
obtained from Bynum's (18) report on "The world exports of

coffee." The figures represent thousands of bags of 132

rounds each,

South America

Brazil, Colombia, Venezuela, and Ecuador are the
chief producers of the countries in South America, with
Surinem, Peru, Briiish Guiana, and Bolivia following.

Brazil 1s the largest coffee producing country In the
world, According to Bynum's report, its percentage of the
world's total production was approximstely '76 for the period
1910-14, 77 for the period 1915-19, 66 for the period 1920~
24, and 71 for the period 1926-30. The total production foﬁ
1932 was approximately 15,880,000 bags of 132 pounds each
(151). (In this discussion, whenever the word bag is used



-6-

TABLE I, World!s coffee production in thousands
of bags,
:1909-1913:1914-1018:1910-1025 119241928
Country : Average : Average : Average : Average
South America :
Bragil 12,642 11,882 12,799 14,091
Colombie 774 1,116 1,863 2,331
Venezuels 843 843 898 803
Ecuador 62 49 64 104
Surinam 3 8 37 40
Peru 8 4 1 8
British Gulana 1 3 5 5
Bolivia 1 2 1
Total 14,333 15,905 15,669 17,383
Central America
Guatemala 633 650 718 754
Salvador 478 578 615 738
Costa Rica 215 235 237 290
Nicaragua 155 167 185 249
Honduras 5 9 22
Total 1,481 1,635 1,774 2,053
West Indies
Halti 499 406 565 553
Porto Rico 332 285 138 119
Jamaica ' 63 60 54 656
Dominican Rep. 26 31 25 60
Guadeloupe 17 12 10 12
‘Total o937 794 839 809
Hexico 366 360% 289 404
Asia : :
Neth, BEast Ind, 401 446 1,077 1,399
British India 210 193 194 189
Arabia (Aden) 117 89 99 100
Strits Settlem, 40 33 149
French Indo-China 3 4 11 8
Federated lNalay States 12 6
Total 784 770 1,531 1,769
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Table I (Continued)
| 219091913 :1914-1918 :1919-1923 : 10241928

Country : Average : Average : Average : Average
Pacific Islands

Hawyaill 26 30 27 36
Hew Caledonla 8 5 12 14

Total 34 35 39 50

“Four year average only.
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in connection with ﬁfoductidn of coffee, it will be under-
stood to represent & unit}of 132 pounds.) Of the coffee pro-
duced in Brazil in the period 1926-30, 52 per cent went to
the United States and 13 per cent to France while 16 per cent
went to Italy, the Netherlands, end Germany. The remainder
was distributed among a large number of other countries,

Colombia, which ranks second to Brazll in production,
produced in 1932-33 approximately 5;548,239 bags (151). On
the average about 90 per cent of Colombia's coffee comes to
the ﬁnited States, The Netherlands consume about three per
cent,

Venezuela in the year 1932-33 produced aprnroximately
950,000 bags (151)., Data show that this country has fallen
in world trade in coffee from second to fourth place, For
the period 1909-1913, Venezuela's part in world trade was
4,7 per cent of the total snd for the period 1924-28, 3,5 per
cent, The Unlted States and Germany constitute the two most
important markets for this coffee, |

The development of the lndustry in Ecuador has been
notable, From the period 1809-13 to the period 1924-28,
Ecuador's exports have gailned 69 per cent. Spain is the main
market for Ecuador's coffee, with France, Italy, and Chile
following next in order,

Surinam, Peru, Britlsh Guiens, and Bolivia are not im-

portant in the volume of the world's coffee trade, neverthe-
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leas, they present interesting developments. For the most
part coffee from Surinam and British Guiena goes to the
Netherlands, whereas the coffée from Bollvia and Peru goes

to Chile,

Central Americe

During the period 1924-28 the five republics of Central
America produced 8.9 per cent of the worldl!s total exports
of coffee, For the year 1930 the exports in bags for four
of the republics were approximately as follows: Guatemala,
952,000; Salvador, 979,000; Costa Rica, 393,000; end Nica-
ragua, 255,000 (174). In general, the United States is the
largest single market for Guatemalan and Honduran coffees;
Germany for Salvadoran, the United Kingdom for Costa Rican,
and France for Nicaraguan (17).

West Indies

The exports of the West Indies group of countries, com-
prising Haltl, Porto Rico, Jaﬁaica, Dominican Republic, and
Guadalupe, average aboubt 3,5 per cent of the world!s total,
Haltl and the Dominican Republic, which are the leading pro-
ducers of the group, in.1932 exported together aprroximately
803,000 bags. Porto Rico, which in previous years was among
the large producers of coffee, today exports only approxi-
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mately 6,000 bags. France imports almost two-thirds of Haltl's
coffee, Cuba; the United States, Spain, and Germany have in
the past ten years imported most of Porto Ricol!s coffee, Cana-
da and the United Kingdom are Jamaicals chief importers. The
United States and France consume most of the coffee of the

Dominican Republic,

Asie

The Asiantic group of coffee producing countries, such
as British India, Arasbia, French-Indo-China, Federated Malay
States, etc. together with the Wetherland East Indles produce
about elight per cent of the world!s total coffee, Thoe Nether-
lands in 1932 exzported approximately 1,896,000 bags. The
United States and rance consume most of the coffee from these

countries.

Africs

Probebly the most interesting development among the
coffee producling countries is that of the African group,
vhere, for the period 1924-28 as compared with 1909-13, a
gain of Bl9 per cent was recorded for the area including
Kenya Colony, Uganda, Nyasalend, end Tanganyika Territory.

In general, most of the coffee from Africa goes to the United
Kingdom, This group contributes about 3.5 per cent of the

worldtas total coffee,
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Mexico gnd Hawail

In the period 1924-28, these two countries supplied
about 1,7 and 0,2 per cent, respectively, of the world?s
coffee trade, The United States 1s the chlef market for
these coffees.

- Some idea of the consumption of coffee may be obtained
from the following table, In which is calculated the annual
average consumption per caplta for the more important coffee
consunming countries, for the five~year periods 1909-13;
1921-25, and 1925-30. The data for this table are from the

International Review of Agriculture, Volume 22, page 410T
(178). |
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VARIETIES

Thg‘coffee varieties of commerclal importance, accorde
ing to Hcéie}land (120), can be placed in three groups; the
Arabien, the\iiberian, and the Robustoid., Of these the
Arabian is by far the most important. In this group are
found the best cup co:fees end for this resson the coffees
of this group have beeﬁ\more extensively cultivaeted,

According to Galang (51), Arabian coffees grow best
at lower sltltudes where a well marked, shorit, dry season
prevalls, Observations have shown, however, that these
coffees grow woll as high as 2000 meters, In character, the
trees of this group aere smaller than those of the Liberian
group, with thinner leaves and producing a fruit which falls
readily from the tree when ripe and needs, therefore, picking
at short iptervals. In this group are found such coffeesn as
Porto Rico, Burbon, Golunmaz;is,\; Hocha, San Ramon, etec, 4
detalled consideration of the different varieties is given
in labter pages of this discﬁssion.

The Liberian group of coffees is considered inferior in
quality. In growth, the coffees of thls group assume the
proportions and appearance of trees rather than of shrubs,

They have more of an upright than a spreading habit of growth,
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with stiff, stralght trunks, The leaves are oval or el-
liptical in shape and are stiff and leathery In texture, In
all of the varieties of this group, Excelsa excepted, the
frult is large and the pulp thick and firm. Unlike the
Arablan coffees, the fruit, when ripe, does not fall from
the tree. In this grou@tare included such coffees as Ex-
celsa, Deweveri, Absocuta, and Liberlca, These coffees are
said (51) to grow better at the lower altitudes, regions
near sea level being the best, and to stand much drought,

The Robustoid group includes Robusta coffee and its
related specles such as Qillou and Uganda, These coffees
are intermedlate in growth between the ILiberians and the
Argblans, They are poor in quality and for this reason have
been slow in comlng iInto commercial use,

Before entering into the discussion of the different
varieties of the different groups, as given above; it may
be advisable to summarize in tabular form, some of the data
obtained by NeClelland (120) from his varietal trials of
coffee in Porto Rico, The data presented in the tables were
obtained from coffee treea growing in a soll of medium
fertility at the lHayaguez Experiment Station,
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TABLE IV, Average production of coffee berries
per tree,¥ (MeClelland-Forto Rico).

Ho, of years Production per

o8 4 e
. 9 &6

Variety record tree (Idters)
Arablan Group
Bourbon S5 1.8
Erecta . 11 1,0
Colurmarls 11 2.1
Haragolpe 11 1.6
San Ramon 7 0.9
Hochsa 11 l.1
Murta 8 1.1
Liberian Group ‘
Iiberica 6 35
Excelsa 3 5.0
Dewovrei 8 547
Robustoid Group
Robusta 5 1.7
Canephora 5 2.0
Quilliou 5 1.3

*The yield record for the varietles was started as soon
as they bore fruit,
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In preparing coffee for the market the skin, the pulp,
the parchment, and the silver skin are removed from the beans.
Investigations have showm that varietles differ as to the
proportion in which these materials form part of the grain,
In the following table the loss in weight in the process of
preparing the beans for market as reported by licClelland 1is
shown for several varleties, |

TABLE VI, Reduction in weight of coffee occurring

during preperation for market. (Varleties

are listed according to ratio of weight of
coffee berry to weight of cleaned coffes,)

“srfresh wt, of 1L :Lbs, 0of sundried: Per cent

:almud® of coffee: cleaned beans 3 loss
Variety : berries (lbs.,) : per almd 2 In weight
Quillou 31-3/8 8 2
Canephora 29-1/2 - 7-3/8 i2
Congensis 29-1/16 7 13
Robusta 20m9/16 6~3/4 14
San Ramon 28-15/16 5-11/16 15
Porto Rico 29-1/4 S=7/16 17
Haragoipe 29-7/8 5-7/16 7
ldochs, 28.7/16 5-3/16 20
Columaris - 28«5/16 5 18
Erecta 28-15/16 4-5/8 19
Bourbon 28-1/4 4-1/2 16
Padang 29-3/16 4.7/16 18
Excelsa - 28-10/16 4 26
Libverica 28.1/16 2.5/4 33

*An almd is equal to sbout five pounds of marketable coffee
or sbout 28,3 pounds of coffee in the berry,.



Arabian Group

The Arabian group of coffecs includes the following:
(In discussing the coffee varieties here reported the work
of McClelland in Porto Rico has been used freely. Reference
is made to the worlk of other persons named by McClelland

under the bibliography number of McClelland, namely (120)),

Porto Riecan

This coffee is grown very extensively at both bhigh and
low altitudes in Porto Rico. It is reported, however, that
the product from the higher altitudes is conaidered better
and sells at higher prices. This coffee is comparatively
low in caffein and has a pronounced aroma and a high color
value which make it a very desirable article of commerce

where these characteristics are appreciated,

Padagg

This coffee 1s highly thought of in the world's markets,.
It 1s a Sumatran variety and resembles Porto Rican in bean
and tree character. Seced of this coffece planted at the Porto
Rican Coffee Station in December 1908, produced seedlings
which were transplanted in the field the following August., In
1911, 1912, 1913, and 1914, the transplanted seedlings were

four, six, nine, and ten to eleven feet high, respectively.
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Bourbon

Wildeman (120) says that this coffee, owing to its fine
aroma, has slways been one of the most highly esteemed sorts.
According to Laliers (120) it is grown in the deepest and
richest solls on one-fifth of the plantations of the State of
Sac Paulo, Brazll, and 1s more exacting in its requirements
than the ordinary Brazilian coffees. In Salvador, C. A.,
this coffee 1z grown atAeleVations of from 2000 to 3000 feet
in the open, without shade, wlth good resulis,

Pointed Bourbon

This differs from Bourbon proper in tree, foliage, and
frult, The tree grows very slowly. Eight year-old trees
measure on the average six feet, Fully developed trees average
8 to 10 feet In helght, The bean is polnted in shape, and
MeClelland states that 1t should not be mixed wlth typical
Arablan coffees for marketing since it differs from them in

shape. The tree, being smaell, gives low ylelds,
- Erecta

This coffee, in Java, is found from time to time in the

plantations of Coffee Arabica typica. Cramer (120) of the
Department of Agriculture, Dutch Bast Indies, believes that
it probably 1s a mataticn repeating itself and considers it
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well suited in spots exposed to heavy winds., In Porto Rico,
during six years beginning with 1911 {two years after the
trees had been planted from seed), 236 trees of this coffee
attained an average height of approximately two, three and
one-half, five, slx and one-half, eight, and ten feet ro-
spectively. The tellest tree 1n the group msasured 17 feet,
and many were 13 to 14 feetAhigh. MeClelland states that the
rather high productivity of this coffee, together with its

vigorous growth, recommends it for trial,

Colummearis

According to Cramer (120), Columaris is distingulshed
by its vigorous growth; the tree may become 25 feet high,
forming a long columm, covered with dense foliage. In Porto
Rico, in the coastal regiom, which is less favorable for
coffee than are the uplands, 1ts general appearance is that
of coffee produced in very fertile soill at an elevation of
several thousend feet, The tree, because of its size; pﬁo-
duces large crops, but the fruit 1s difficult to pick, At
the Coffee Station in Porto Rico, Colummaris begins to bear
a year later than the average Arablan coffees. The variety

is, however, recommended for planting on the island,
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Maragoipe

Keable {120) states that this coffee was discovered in
1870 near the town of the same name in Bahls, Brazil, He
also reports that the variety is commercially important and
has been rather extensively grown in Guatemala, MNaragolpe
differs from typical Arablan in both foliage and internodal
length. The intermodes attain such s length as to limit thelr
vroduction on & gilven area. The leaves of the varlety are
larger than those of other varletles of Arablan coffee, some
of them ranging from 7 to 10 inches in length and 3 to 4
inches in breadth. Cramer (120) says that it is "The finest
coffee Imown; it has a highly developed, splendid flavor,
Haragoipe is, however, a light ylelder,”

San Ramon

Hi1l (120) states that San Remon coffee originated in one
of the Central American republics, and that the tree is made
by nature to stand a very exposed windy outlook. In Salvador;
it seems to do well in places vwhere the Arabian has been
growing for years but hes become unprofiteble, and where
winds make the cultivation of Arabica or Maragoipe difficult.
HeClelland points out thse fact that San Romon coffee comes
into bearing very young and has a long bearing season. He
recomnends it for trlel on exposed situaticns where the typical
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Arablan coffee does not do well and states that its stocky
growth facillitates harvesting, but the small size of the beans
is a disadvantage in marketing as large beans sell at better

prices,
Mocha

Little over 200 years ago practically all the coffee ex=-
ported from Aranbla was shipped tﬁrough the port of locha
vwhence came the name "Hocha coffeé.? The production of this
coffee today is limited and relatively in;ignificént iﬁ quan-
titji but, owing to the establishment of the name as  trade
term, considerable quantities of coffeé from vericus sources
have been sold as Mocha, Cramer (120) suggests that ﬁhis‘ :
variety probably is a distinct specles (C. mokka), although
he classes 1t as a variety of C., arabia, of which it usually
is considered a subspecies. NcClelland finds that in general
appesrance the tree differs noticeably from the typical Arabian,
having shorter internodes and much smeller fruit and foliage,
Though in quality this coffee 1s excellent, it is not recom-
mended for planting in Porto Rico because the berries are so
small that the number contained in a glven measure is nearly
double that of most of the other varietles and this makes the
cost of plcking abnormally high. Also, the weight of the dry
beans, in proportion, is lower than for any of the other coffees.
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Hurta

Loliere (120) states that Murta is characterized as a
degenerated variety of Bourbon and is grown in Brazil., At
the Porto Rico Coffce Experiment Station it hasg proved to be
a mongrel (124); aprr oximately half of the seedlings being
of the Murts type, with others ranging from small, dwarf, with
many upright branches resembling tiny green rosettes, to the
ordinary Arabiasn type. The fully developed Murta tree 1s
seven to nine fecet in height, with a spread of four
feets MeClellsnd states that lateness In coming into bearing
and low ylelds are disadvantages, but ease of vicking, due to

the small size of the tree, is in favor of this varlety.

Liberian Group

The Liberian group of coffees includes the following

which are the most important commercially,
Liberica

Of coffees in Liberla, Graham (120) says. that the one
kmown as Coffea liberlca is cultivated very successfully in

hot, moist lowlands or hllls of no great altitude, and that
in the wild state the tree often attains a height of from
30 to 40 feet, producing a berry vhich is from 30 to 40 per
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cent stronger in flavor than the average coffee and there-
fore is used to a large extent in blending with mild coffees,
Cramer (120) observes that in Java well developed trees may
measure 50 feet in heipght and states that the tree 1s better
adapted to lower altitudes, reglons near sea level being the
best., Galang (51) states that this coffee should not be
grown at sltitudes above 350 meters and points out that the
variety succeeds well in districts with & pronounced dry
season and a rainfall of about 1200 millimeters, but that it
ylelds better in places where there 13 a uniform distribution
of rainfall, van Zwaluwenburg (179) reports that some varie-
ties of coffee seem to be practically immmne to minor injury
due to the thickmess of their leaves, among which is the
Liberian coffee and several other specles belonging to the
same group. Galang (51) states "the tree is quite resistant
to the nematode worm, but no new plentations of this varlety
are being set out in Java, as it was found to be badly affected
by leaf disease,”

In Porto Rico, Liberica was found to give a fair crop
after the sixth year of planting from seed. Galang (51) claims
%he tree 13 a robust and prolific bearer, HNeClelland states
than when the heavy reduction in weight from berry to market-
able bean 1s considered in comnnection wlth the individual
yie 1d, gnd also the wider spacing required for trees of this
speciles, 1t will be seen that the harvest is costly and the

yield per acre very light. In a comparative test at the Lamso
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Experiment Station in the Philippines, Excel;a and Librias
coffees were found to be the two highest ylelders in a 10
year test which included Robuste, Dybouskli, Quillou, Cane-
phora, Congo, Uganda, and Abeocuta (185, 186).

Excelsa

This coffee is said to have been discovered by Aug.
Chevalier in West Africa; in 1905; near Lake Tchad, Cramer
(120) reports that it is not particular as to soil, and is
sulted to the same climate as is Liberian, but will do very
well aléo'at higher sltitudes. He states further that at
Bangelan (Java) the best fieldsAprdduce 760 to 1500 pounds
per acre, He pronounces the quality of this coffee as good
and its growth as vigorous, and asserts that it is one of
the best kinds to grow. McClelland writes "Excelsa is the
most promising of the Liberian group of coffees so far tested
at the station (Porto Rico). Its good cup quality; vigorous
growth, comparatively low (for the Liberian group) ratio of
reduction in weight, indications of productivity, end resiste
ance tovﬁha leaf miner recommends it for trial, especlally
in localities which suffer from ravages of this pest.” Ga-
lang (51) says that the tree is very resistant to the attack
of the nematode worm, and because of its resistance to blight
and to drought it is becoming very popular in the Philippines
at the lower elevations and where the rainfall is not well
distributed,



Dewevrel

Thisg species 1s indignous in the African Congo. Plant-
ings of this coffee at the Porto Rico Station have shown an
extremely wide veriation in type and suggest a heterogeneous
collection of geveral varieties., Individual treesg differed
in size of follage; iIn color of blossoms, some being white
and others pale pink: in number of petals, flowers having
five, six, seven, and as many as eight petals; in size, shapse,
and color of frult; color of silver skinj; and shape of bean,
In August, 1913, 56 trees of about 33 feet in height were
traﬁsplanted.from the nursery to the fleld at the Porto Rico
Station. Two years later, the trees had attained an average
height of 5% feet, and annually thereafter for five years they
were, 7.75, 9.50, 11,25, and 14,756 feet high, respectively,

In another two years the average height was 17.5 feet, and

the tallest tree was about 25 feet., Pully developed trees

are said to attain a height of 50 feet. The individual treés ‘
at the Porto Rico Statlon differ widely in their season of |
ripening, and mature berries can be found on some trees dur-
Ing almost any month of the year. Thése trees come ihﬁb bear-

ing two years after planting.
Abeocuta

Galang (51) states that this coffee stands between the
Liberian and the Excelsa in vigor and ls more susceptible to
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leaf disease than Excelsa., The berries are large with a
thick pulp. Being inferior to Excelsa in quellty 1t is not
recomrended by McClelland for Porto Rico, However, Galang
states that it is worthy of trying in the FPhilippines because

of 1ts strong flavor and vigorous growth,

Robﬁstoid Group

Coffees of the Robustoid group are planted very ex-
tensively in Java and Sumatra. This group includes:

Robusta

Cramer (120) states that what is known as Robusta coffee
is probably a group of coffees of different varioties rather -
than a pure speciés. He pointS'oﬁt that Robusta 1s marked
by rapid growth, early fruiting, end high productivity. He
states that it grows best in wet climates, especially those
wilth regularly distributed rains. In such climates the crop
comes all the year round., In Java, Robusta is grown from
sea level up to more than 3000 feet, and in Sumatra at even
higher aititudes. The general altitude for best growth has
been put at 1000 to 3000 feet above sea level, Under favor-
able conditions this coffee has been reported to yield as high
as 1500 pounds to the acre, Gallagher (52) states than in
Java the tree beglns to yield the second year from seed,
Cramer (120) states that Robusta ranks in qualibty 1ittle
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under good average Santos., McClelland, in Porto Rico, does
not recommend the growing of Robusta for export, but belleves
it to be a good coffee to serve that part of the local trade

which prefers a cheap coffee rather than a high priced coffee
of good quality.

Canephora, Quillon, and Uganda

These coffees are very simllar to Robusta in growth
hebit end in the quality of the product. Quillou, under
favorable conditions, is reported (120) to yleld well over
2500 pounds of merchantable coffee"per acre, Galang (51)

states that thls coffee is rather resistant to leaf disease,

Hybrids Kawisari B and D

These are two hybrids becoming very populer in Java
beecause of thelr immmnity to leaf dlsease and their excellent
flavor. The two hybrlds are said to withstand unfavorable
soil and climatic conditions snd to yileld well (51).
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CULTURAL PRACTICES IN COFFEE PRODUCTION

Soil

Under favorable conditions coffee thrives well in a
large variety of soills, BHowever, reports indicate that to
insure good results the soll for coffee should be deep;
loose, friable, well drained, and preferébly of volcanic
origin, Soils wvhich are rich in lime, poorly dralned, and
shallow are not adapted to the growing of the plant (24)
(51).

Gethin Jones (72), in hisg survey of the coffee soils
of Kenya, Africa, has correlated the growth of the coffee
trees with the condition of the soil and finds that too high
a water-table, insuf ficlent aeration, the presence of clay
or iron pan, sudden changes from heavier to lighter subsoils,
and lack of depth of the soll are factors generally assocligted
with poor growth of the tree, He finds that coffee needs a
slightly acid soil, fairly rich in humis and potash but not
necessarlily rich in phosphorous, He belleves that red solls,
which are generally considered good for coffee, are so be-
cause they contaln adequate smounts of minor nutritional

elements which are essential to the plant,
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Gracle and Trench (58) have found in their work with
the coffee solls of Kenyas a correletion between mealybug
infestation and potassium deficiency in the soil, They find
that potassium qéficiency ~ and consequently mealybug infec-
tion - 1s correiated with high acidity of the subsoll, They
point out that plants growing in a soll deficient in potassium
may be recognized by the shorting of their internodes and by
a reduction in the size of the ieaves, the leaves appearing
more numerous as well as more closely packed together than
normals The authors find also a yellowing of the leaves,
quite simller to thaet caused in plants by & deficlency of
potassium, to be common to coffee growing in soils high In

lime and believe g 'deficiency of manganese to be the cause,

Preparation of the Land

Though in all the literature reviewed no work is reported
ags to the best method of preparing the laend, some suggestions
are given which may be worthy of mention,

HcClellandl(lla) points out that when cleaning the land
for planting; the leguminous trees should be left to furnish
shade for the coffece, He states that if the timber which is
cut; instead of being burmed, as is the general prasctice, is
allowed to remaln on the ground a great deal of humis and
fertility will be conserved for the coffee trees, and that
where there 1s danger of soll washing the felled trunks, laild
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at right angles to the slope of the hill, will tend greatly
to reduce the amount of soll carrled off,

81 Manual del Cafetero Colombiano' (111) states that
a8 soon as the land has been cleared 1t should be plowed decp
and that this should be done at least eight months in advance
of planting to insure good asration of ﬁhe'soil. Vheore this
cannot be done, 1t is suggested that the lend be‘holed one to
two months previous to the transplanting of the coffee trees,

David (41) points out that in the Fhilipopines it’has been
found advisable to plant some sort of crop before the cleared
soil is planted to coffee, Corn, upland rice, and potatoss
ere recomuended by him as having given good results,.

MeClelland (118) suggests that it is advisable to lay out
the main roads and the smaller foot paths before the land is
holed as this avoids difficulties later end saves labor, He
also points out that where the slopes are very steep the rains
wlll ceuse less washing if ditches ere placed at intervals,
not exactly at right angles to the slope but with a gentle
and steady incline to naturel drains, and that these ditches
should be made before setting the coffee, else it would be
difficult to obtain the desired fall. |

The best size and type of hole to make depend greatly
on the kind of soil. In Porto Rico (118) "2 feet cube" holes
have been found very satisfactory for Arablan coffee, In
Ceylon (61) holes ™18 inch cube” are used for Robusta coffee,.
In Central America the holes are generslly made 24 inches



- 33 -
deep by 18 inches in width and length, McClelland (118)
suggeststhat when digging the hole the sufface soil should
be put above or at the side of the hole where it will be con-
venlent for later filling, aend that the subsoll should be
placed at the lower slde of the hole to form a table or indi-
vidusl terrace, He finds that where the slope is very steep
a few gtakes driven in, inclined in the same direction as the
slope and having others placed crosswise, will help to hold
the new s0il until it settles In its new position.

The dilstance at which the holes must be dug depends on
the varlety of coffee that 1s to be planted and on the topo-
graphy of the land. Where coffee is grown on level land the
trees are generally planted much farther apart than when the
land 1s steep or rolling and suffers severely from erosion.
David (41) recommends for the Philippincs, under normal cone
ditions, a dlstance of 2.5 by 2.5 meters for Arabian coffee,
3.0 by 3,0 for Robusta, and 4.0 by 5,0 for Liberica. In
Ceylon (61) Robusta is planted at a distance of 3,3 by 3.3
meters. Galang (51) gives a planting distance of 4 by 4.5
meters for Excelsa éoffee.

In Colombla (311) the "tfiangulation system" of plaﬁting

coffee has been found to be superior to the "square system.",
; : - Fg ,f” "’»'1, .~



Seed

Selection

In ordinary practice the custom is to use seed from any
source whatever, However, for best results, the seed should
be obtained from matured berries on healthy and productive
trees., In Colombia (111) it is advised to gather for seed
only the larger berries of the first crop, borne on the

stronger primary end socondary branches,

Cleaning end curing the secd

In Java (51), the bverries once -selected ave pulped by
hand and the beans washed 1n fresh water with sand or ashes
to remove the slime and so prevent fermentation. Sometimes
the beans are dusted with powdered chercosal to hasten their
drying before any fungus infection may attack them. In Colom-
bia (111) on the contrary, the beans are allowed to undergo
fernmntétion for sbout 10 hours before they are washed and
dried,

MeClelland (123) conducted experiments in Porto Rico
to see if by excluding the moist air of the tropics, he could
preserve longer the viability of the seed, He kept well
natured, shade dried coffee seed in cotton sacks which allowved
free passage of alr and in tightly closed jars containing
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calcium chloride as a drier.. Every two weeks 100 seeds were
planted from each container. The resﬁlts shewed that the vig-
bility of coffee seed is destroyed by very severe drying end
that a certaln amount of moisture as yet undetermined, 1s
necessary for“its prolongation,

In the Philippines, Youngberg (185) presecrved coffee
éeed in cloth bags, pseper envelopes, moss, sawdust, and in
molist charcoalilmoist'sawdust, and moisgt moss. His results
indicaeted that the dry materials, including the péper envelopes,
and the cloth bags, preéerved the vitaellty of the seed for two
months only, whereas the molst materials preserved the vitallty
from three to 15 months, The seed in the wet moss remained
viagble the longest. The highest percentage of germination
was obtained during the tenth month (94%) and the lowest in
the last or sixteenth month of the test (16%). The experiment
was repeated twice with similar results, |

Germinatlion tests wlth different specles of RQhusta and
Liverica coffees at the Peradelga Experiment Station, Ceylon
{(62) showed that fresh berries could be kept in an ordinary
place for two weeks without falling off in their germination
capacity., After two months coffee In the parchment showed a
germination capacity of only about 16 per centy after four
months the germination was so small that the geed was practically

valueless,
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In the Philippines (186) fresh coffee seed submerged in
water kept thelr vitality for over a month,
In Porto Rico (123) tests have shown that properly pre=-
pared seed should remain viable for four months but that after
eight months hardly any seed can be expected to germinate,

Planting the seed

The seed 1s planted elther In boxes or in sced beds,
?1aﬁting in boxes usually insures a llttle more care and atten-
tion In the prepaering of the soll, which is quite important,
though for large plentings this method is impractical. It is
recommended (118) that the bed be made on finely puvlverized
ground and that its pre#aration be bepun several weeks in '
advance of planting to provide for good ameration of the soil,

Figucroa {50) points out that it is advisable before the
seed i3 planted to grade 1t, keeping only the large seed of
uniform sigze, He gdvocates planting 1.5 to 2,25 inches apart
snd one-fourth inch deep.

Chardon (é4) states that the seed should be planted the
flat side down and at a depth of 1 inch;  whereas Gonzalez
(55) reports that the grain may be dropped in the hole in any
way‘since hia experiments have showm that the position of the
seed does not affect the germination or seedling growth, '

HeClelland (118) suggests that the seed should be spaced
two inches each way. He directs that in planting the seed
be 1laid on the surface of the soll and then pressed lightly
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with the finger, teking care not to push 1t down too deep.
He bellieves that one~fourth of an inch is sufficiently desp.

Gelang (51) states that the seed may be sown brosdcast
éb the rate of 2000 to 2500 seed to the square meter if the -
seedlings can be transplanted prompitly to the nursery, but
that if this cannot be done it 1s best to spread the seed
over an area twice as large in order to provide stronger
plentse A‘ |

On the average, if the seed is fresh, it may be expscted
to germlnate In 25 te 30 days, but if 1t has been allowed to
dry 50 to 60 days probaply will be required before seedlings
make thelr appearance,

Nursery

Location and preparation

Regarding the location of the nursery most aunthorities
emphasize that, above all, 1t be located where water 1s avail=
gble duiing dry weather arnd that, 1f sultable locations can
be found; the beds should be well distfibuted over the pros-
pective planting in order to save labor and lessen the injury
to the plsnts when transplanting them to the permanent placé
in the field., It 15 suggested (118) that the beds should be
80 located in rogard to surroundings that, if covered, the
plants may receive fubiy'as much sun light after the covering
has been removed as any of them willl receive when planted in
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the field, Otherwise the transplanting from a sheded to &
more or less unshaded location wlll add unneceésarily to
the shock received by the plants.

As to the preparation of the mursery bed, most investi-
gators recommend that they be made four feet wide, with fur-
rows two feet between, on six months old plowed ground, to
which well rotted mamwme had previously been applied, It‘
is also advised that the beds be built up higher than the
surrounding land to provide drainage and to facilitate the
removal of the plantlets later, | |

Setting the plantlets

Chardon (25) reporis that very good results are dbtained
by transplanting the seedlings to the nursery "when the plant-
let is in the round palr leaf stage"; that is; about three
months old. , _ ,

Tn Colombla (111) 1t is recommended to set the plantlets
vhen they have four to five pairs of leaves at a dlstance of
20 by 30 centimeters apart.

HeClelland (116) recommends spacing six inches apart
when the plants are removed from the nursery bed the season
following their planting. If the plants are left in the
nursery until the second season they should be spaced no
closer than eight inches.
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The small seedlings are removed from the seed boxes or
bed wlth a trowel or any other instrument which will 1ift
them without injuring the roots. It 1ls suggested (118) that
plants with feeble and poorly deveioped root systems be dls-
cerded and that where the tap root is rather long 1t dbe
shortened by cutting 1t with a Imife or scigsors.

It is advised that plants should not be set deeper in
the nursery bed than they were in the seed beds., Deep setting
is a factor which 1s apt to favor damping off, or other fungus
disenseg of the sten,

The bed must be kept frec of weeds at all times and
vhen watering it Is advisable to give "fewer and more thor-
ough waterings than more frequent waterings of the kind
which do little more than sprinkle the asurface and simply in-
duce damping off (118),"

Transplanting

In Porto Rico (114) experiments on different methods of
transplanting coffee showed that Arablan coffee seedlings
with five to six palrs of leaves could be transplanted just
as well wlth the root system bare of earth ms with the roots
encased in a ball of earth, With older seedlings the results
showed that when transplanted with/a ball of earth ths trees
grew better gnd the yleld was greater and earlier than those

transplahted with the roots bare of earth, The results secem
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to indicate, howsever, that a better stand may be obtained
by leaving the trees in the nursery untll the second summer
after planting than by putting out seedlings with five to
s8ix palrs of leaves, HeClelland suggests that the increase
in growth and vigor from using older seedlings would appear
to be worth the extra labor and expense,

VWhen transplanting, care should be observed to prevent
exposure of the roots to the sun as this wlll dry them very
quickly.

Cultivation

Wakefield (191) has concluded from his rather extensive
experiments that the physiologicel activitles in the coffee
plant have an important bearing upon the cultural operations
and the time at which they should be performed. He and
Sanders (158), working in Tanganylka Territory, Africa, have
obgserved that the coffee plant possesses both a superficial
and a deep system of roots. The first run parallel with the
s0il surface and function only in the aerated top soil, These
roots appear to be essential to the absorption of nitrates;
so essentlal for the formation, setting, and ripening of the
fruit. When cut or broken these roots are lost as they are
seldom replaced by others.

The second type of roots grow downward into the unaerated

subsoll of low nitrate content and appear to be concerned



- 4] -
mainly; if not entirely, with the water and the mlneral salt
supply. It appears that the absorbtlive, fibrous rootlets car-
ried by the downward roots do not require much oxygen for
their development, Wakefield states that there appear to be
different requirements for the two systems of roots, just as
there appears to be g difference in theilr function.

Recent resesrch has showm that the demand of frult trees
for nitrates is greatest during the period from the time of
flower formation to the time of ripening of the fruis, If
this demend is not satisfied from the first, then the flower
setting will be poor and there will be an extensive fzll of
both flowers and young fruit. From observations carried ocut
both In Tanganyika and Kenya 1t is 6bvious, Wakefleld states,
that this nitrate demand azlso occurs in coffee and that the
pruning of the more superficlal roots, either purposely or
by improper methods of cultivation, tends to cut off almost
completely the nitrate supply and to produce a wide carbon-
nitrogen ratio, This results in a heavy set of fruit, very
little of which ever matures, Wskefield states, therefore,
that 1f coffee trees are to mature their crop to thelr maxli-
mum genetical capaclity, the surface s0il must be maintained by
anti-eroslon measures and damage to the shallow lateral roots
muét be avoided at all costs. He advocates "envelope forking"
as the most'efficient, chéapest and most satisfactory method
of soil hnébandry for economical coffes production.
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"Envelope forking” consists of driving a fork 15 to 18
inches long into the soll at right sngles to the roots radiat-
ing from the tree, so that the roots are merely slightly
combed by the backward and forward movement which-i% is neces-
sary to glve to the fork to drive it well andto obtain the
amount of geratlion desired, The forking should start not
closer than 18 inches from the trunk of the tree and is done
svery nine inches to one foot until about one foot beyond
the farthest extremity of the longest branches. It has been
pointed out (158) that “"envelope forking” should not be
carried out during the periods of root restv(dry season) in
coffse planted at the correct level, but that with déep
planted coffee 1t is immaterisl whether the operation'is
carried out during the period of root reat or nots It has
been found that with this system of soil eeration the feeding
rootlets are in greater profusion and start growing earlier
than with unforked trees, Wakefield states that the use of
plows, deep disc cultivators and even the forked hoe must be
regarded as dangerous mecthods of cultivating coffees,

David (41) states that the practice of heaping the soil
around the tree, as 1s often done, is not good as this only
serves to incrense the number of surface roots and these are
generally destroyed by hoelng. He points that hoeing should
be done from the mlddle of the row toward the tree. He found
malching the trees through the dry season with vegetable
wastes very practical, Lustro (95) found that trees where
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mulch was used excelled the control trees in height, spread
of branches and frulting.
HcClellend (118) states that the most advantageous time
for cultivation is towards the end of the ralny scason or the
beginning of the dry,

- Cover Crops

Cover crops have been found to be of mmch value in the
cultube of coffee, In plantations where shade is deficieht
and weeds are troublesoms it has been found to be an excellent
practice to plant a leguminous cover crop as a means of keeping
the weeds down and of decreasing soil erosion. Wakefield (191)
states that the ideal cover crop for coffeé is a deep rootiﬁg,
deep feeding,‘procumbent, perennial legume, capable of giving
a good solil cover, preventlng soll wash and suppressing weed
growthe Also, at the same time, it should yleld vegetative
material or organic matter, which, when "envelope fofked”, be-
comes incorporated with the soll,

Trench (82) recommends that Kenya farmers plant cover
crops when the tfees are smali or when heavy pruning is care
ried out, but not vhen the trees are of such size that the
lateral branches are touching egch other, Sanders and VWaokoe
fleld (158), with thoe same idea, state that turning in of cover
crops may be done with good resuidts in young coffee as long as



- 84 -
the roots have not spread ruch, but with older trees the
practice is not advisable,
Trench (82} compared various plants for cover crop plant-

ing in coffec with the following results: (a) Crotolaria

incana; satisfectory; is ready to turn under from 12 to 14
wookss will become woody if sllowed to grow too long. (D)
FPield peas: very poor nodule producers; are ready to turn

under in from 8 to 10 weeks. (c) Nandl cowpea (Viga sp.):

wlll grow at higher altitudés than any other varlety tested
and is very resistont to leaf blight; nodules freely and is
ready to turn in from 10 to 12 weeks., (d) New Zenlend gress

pea: an excellent cover and wash stop crop; nodules freely

and is ready to turn in from 14 to 16 woeks. (e) Hairy vetch:

early growth 1s slow but ultimately forms a mat overcoming
21l weeds; nodules freely,
Hollond (63), in Ceylon, found Infigofera endecaphylla

to be a good crop to stop soll wash and recommends it for
that purpose,
The Jack bean, Conavalia ensiformis, is reported (118)

to be the best all around leguminocus cover crop for coffee

under Porto Rican conditions,



Catech Crops

David (41) points out that in experiments conducted in
the Philippines, catch crops such as tobacco (Nicotina tabacum L)

and sweot potatoes (Ipomea batatas L) were found to yleld good

returns, but were found to be rather exhausting to the soil,
He states that catch crops wvhen planted on young coffee are
beneficial to the farmer as well as to the coffee trees,

which benefit from the tillage that the cateh crop demands.,

Pruning

There are three recognized methods of pruning coffee:
(1) the capping or Costa Rican method; (2) the agobiado or
Guatemalen method; end (3) the Colombian method. Of these
the capping method was greatly improved by Yglesias (183) in
1831 and it 1s thought thet a detailled consideration of this
method may be desirable,

The méthod as worked out by Ygleslas consists of filve
steps, nameiy: pruning to multiply, pruning to renovate,
pruning to substitute, pruning to eliminate, and pruning.the

suckers.

Pruning to multiply

This operation is practiced on the main or primary stem
of the plant with the object of developing secondary and
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tertiary stems. Before the plantlet has developed its primary
branches and when it 1is still in the nursery, the main stem
is "capped" or pruned off just above the third or fourth pair
of leaves, This causes the shoot bud In the axil of each
of the leaves of the top most pair to develop and grow to
form a secondary stem. Vhen the two secondary stems produced
by this "capping" reach the size of a pencil in thiclmess ﬁhey
are in turn pruned sbove the fifth node. This, as was the
case in the previous "capping", forces the development of the
shoot bud In the axil of cach of the leaves of the top mosﬁ
palr to develop, with the result that four tertiary stems are
formed. As 1t is upon these tertiary stems that the substitu-
tion pruning is carried on, they are generally termed "stems
for the substltution pruning." The tertiary stems, like the
secondary, are also pruned above the fifth node, with the re-
sult that eight quaternary stems devclop.. As 1t is on thé
quaternary stems that the larger part of the fruit is produced,
they are allowed to grow freely until they have produced one
to three crops, when they will be removed by "substitution
pruning.”

Pruning t0 renovate

This operation 1s practiced on the primary lateral
branches which have fruited for two consecutive years, The
method generally practiced when pruning the primary laterals
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is %0 remove t&anxwholls'from the tree as soon as thelir fruit-
ing capaclty has been exhausted, with the result that after a
period of years large proportlons of the stem are lef't bare,
ss primary lsterals once removed cannot be replaced. Through
the renovation system of pruning, Yglesias claimé that the
primary branches of the plant can be maintainediin aAfruiting
condition for an almost indefinite perlod of years. To accom-
plish this the unproductive primary branches asre pruned back
to the first or second node from the main stem, ‘As was the
case when the stem was Yeapped", the pruning of these brenches
results in the development'of the adventitlous b@dsfat the
node of the}cut primary to form secondary 1atera£,branches.
These, after they have yielded for two consecuti&étyeérs nay
be pruned back to the first or second node from &hé primary
with the development of tertiary lateral brandhe%; and so the
process may be continued, As the primery brancgbs are not all
producing at once, but in succession, from the ﬂéttom up,
. when the lower ones are being renewed, the uppeﬁﬁdnes are pro-
duciﬁg or vice versa, so that at any time the pl?nt is reeady
to bear fruit; %

Pruning to substitute

The purpose of this operation is to remove ﬂhe quaternary
stems which cammot be prumed back because of the: excessive
amount of shoot growth that results, nor can they be allowed

/

to grow freely as they would grow too long and b@coma UNpIros=

i

R
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ductive. In order to remove them the substitute pruning
method is used., This consists in pruning - after the quater-
nary branches have produced thelr first crop - two of the

four tertiary branches at the node which will be the node be-
low the fork formed by the quaternary stems on the fourth
node of the cut tertiary stems., The followling year the opera-
tion is repeated on the remaining two tertiary branches vhich
were not pruned the'previous year. The following year; that
is; the third year from the commencement of the substitute
pruning, the operation is repeated by pruning the first pruned
tertiary branches at the third node, The fourth year the

same operation ls done with the other two tertiary stems,

and so the process is continued untlil the stem of the tertiary
branch has all been used. To rencw the lost tertiary stems;
the secondary stem 1s then cut just above the fourth node and
the tertiary stems that result from this "capping" are treated
the same way as the previous‘ohgs, and the substlitution prun-
ing is started over in the same manner as before, According
to Yglesias this type of pruning theoretically should keep

the plaent "young" for 104 years,

Pruning to eliminate

This operation consists of removing from the plant all

branches which have dled or have become unproductive,
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Pruning the suckers

Ygelsias states that vhen pruning the suckers 1t 1s often
advisable not to remove them altogether from the plant as these
are some times needed to0 provide substitute branches in the
tree, He pndvises that the sucker be pruned back to one node
from the main stem. He réports that suckers treated this vay
generally stop growth or grow very little and thus can be
conserved,

. The agobiado and the Colombian methods differ in principle
from,ﬂhé capping system in the way the tree is trained, The
agoblado system aims to develop a tree with three or four lead-
ing branches from the base., The Colombien system aims to have
only one main stem which is cub back three times as the plant
grows to give it strength. |

Trench (80) states that in Kenya the planters have found.
the capping system decldedly advantageous over the agoblado
aystem in that the branches are established more rapldly.

Effect of topping coffee on yield

MeClelland (114) took records for & period of 10 years on
Arabisn coffee which had been (1) pruned; (2) untopped but
pruned to the original stems (3) topped to five feet; and (4)
topped to four feet., He found a distinct loss in the produce
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tion of berries from topping as well as & loss in labor from
the subsequent removal of suckers necessary in this treatment,
The average annual productlon for the first three years of
the experiment for the four groups was 2.3, 2.5, 2.2, and 2,0,
liters, respectively. For the entire 10 years the average
production was 2.8, 2.1, 2.1, and 1.6 liters, respectively.
He states that slthough in the exporiment the wholly unpruned
trees gave the highest production, 1t should not be inferred
that it is not advisable to prune.,

In another experiment in Parto Rico (122) high growing
trees which had logst their leaves were cutbt at digtances vary-
ing from a few inches to six feet abovo growmd. From the ree-
newed growbth mede by the trees 1t was concluded that in top
working coffee the trees should not be cut higher than six
inches from the ground because the greater part of the crop for
that year is lost regardless of how high the trees are cut,

It the trees are cut low a better spreading of the side branches
is obtained. In Ceylon (10) similarly conducted experiments
gave similar results,

Holland (61) recommends not to top work coffee trees un-

less they are in en extremely unproductive condition,

Grafting

Grafting has become an importent means of propagating
coffee whore the presence of leaf disease has made 1t desirable
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to propagate resistant varieties, In Central and South
Americae this method of propagating coffee has not as yet re-
ceived-the attention that it deserves but there is no doubt
that with time 1t will be used more extensively,

Galang (51) states that even though comparative yields
have shown that coffee trees from seedlings yield more, over
e period of years, than grafted trees, grafting should be
used to propagate coffee as this method insures trees more
uniform In growth, less variasble in yield, and more uniform
in ripening.

Srinivesen (165) and Antez (27) concluded from their ex-
periments that while both strap grafting and cleft grafting
can be used successfully in coffee the lstter gives a stronger
union. Gillett (54) is of the same opinion as Srinivasan and
Antez and belleves that for best results the graft should be
made on old brown wood on the root stock and the cut should
be just above an internode, He states that the most successe
ful scions seem to be those obtained from the first nonperioled
portion of the tree or sucker, . Antez considers the condition
of the astock more important then that of the scion which can
be taken from the sucker with the stem still green, In his
ekperiments he cut the stock at the first internode below the
green portion.

In experiments conducted in the Philippines (51) with
young, green scions and wilth old, woody scions, 1t was found
that the first type of sci&n gave only 14,1 per cent of suc=-
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cess while the second gave"S'Z.B‘per cent, Similar results
were obtained by Bagaloso (11).

Romerc (157) found that main stems end vertical suckers
with or without terminal buds maske good scion materiasl but
that iateral branches without terminal buds gave a growth
practlically all of which was in one direction, the plant falle
ing to produce branches from the main stem,

In the Philippines, the best covering material for grafts
was £ ound to be glass tubing (11, 157) whereas in Java paraffin
paper tubes are claimed to give the highest percentage of
successes, Bagaloso (11) in his experiments with banana leaf
petiols and sphagnum moss, found these materials extremely
poor for covering grafts and advocates the use of paraffin
paper tubes,

"K,E,T,” (74) reports a methoé for grafting coffee seedlings
vhich gave a high percentage of successes. This method consists
in making a vertical cut through ths plumule and hypocotyle of
the stock seedling so that the dotyledons fall epart. The
seedling which 1s to form the scion 1s then cut Just above
ground in such e manner that the cut forms a long tapering
wedge. The point of the wedge 1s then inserted in the bottom
of the sllit made In the stock, taking care that the cut surfaces
come in contact well, The graft is then wrapped and allowed to
grow., Though a very large percentage of grafts has been ob=-
tained by using this method, it is not as yet recormended bew-
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cause further data aere needed td determine subsequent behavior
of the plants in the field,

Maynev(loé) reports that in Mysore grafting takes best in
the nursery in lay and in the field in June. The average”rain-
fall for lay 1s 93 inéhes and for June 16 Inches, ‘

Cramer (38) finds that under conditions prevailing in
Java; Iiberian end Excelsa coffees make the best stock for
grafting. Romero (156) reports Excelsa superior to Quillou
for stock unde; the conditions of the Philippines.

In Java (51) a series of experiments with pollination
has revealed that some Individuals are self sterile. It would
seen then, that trees in large flelds of grafted plants de-
riveé from a single ééiiﬁ might be inter-sterile, This assump-
tion séems to have been somswhat substantiated by the fact
that the boundary trees of grafted plantations, where these
plantations joined others planted with trees of different
descent, bore well, while the Interior of the plantations
yielded a poor crop. To avoid thls undesirable outcome, Ferul
werda (48) recormends the use of self fertile colons, the
mixing of grafis and seedlings, and the mixing of colons.,

He states that the flowering time of the colons should be de=
termined by trials and observations since it may be different
for different locallities, He also points out that some colons
are universally female and others universally male; the propor-

tion of serviceabls colons being low,
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Gillett (54), trying to propagate coffee by cuttings,
found that hard wood cuttings gave good aerall growth but
developed no roots, He obtained good results from etioli-
tion of sucker growth, He stumped old trses and allowed
suckers to develop at the bagse, Once the suckers had grown
from 18 to 24 Inches he rang-barked them near the stump .
and placed over them a "debbie” open at both ends. The
"debble" was then filled with dirt and the suckers allowed
to grow freely. Gillett found that after two months, roots
developed from' the callous formed at the region of the ring.

McClelland (130) experimented with cuttings from soft-
wood, wood of intermediate maturity (turning from green to
brown), end with hardened wood. He failed to get roots to
develop from any of the cuttings. In a trial where he split
open at the base cuttings of about one-fourth inch dismeter
and planted them in this way he got a high percentage to root,
The slit In the cutting had to be held open to insure rooting,.
He held the slit open by placing in it a small stoné. Ile
used decayed cocoanut fiber and washed gravel in which to
plant the cuttings.

Bagaloso (11) in his experiments on topping coffee trees
found that not all the trees can be top worked as some prow-
duce water sprouts too small to be grafted, He found that
the time from topping to the emergency of the water sprouts
varied from 18 to 49 days according to the vigor of the stock
plant and that generally the sprouts were ready for grafting
250 days after emergence. In his grafting experiments he
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found that neither the size of the stock nor the size of

scion had any direct relation on the success of grafting.

Shade

The shaeding of coffee has been one of the most disputed
questions in the cultivation of coffee. The llbterature on
the subject, practically all of which is based onltheory,
abounds in opinion of the most contradictory import. Coqk
(56); for instance, basing his conclusion on pure theory,
states that without denying that shade may be a necessity in
a few instances where coffee 1s grown in arid regions like
parts of Arebla and Mexlco, it is Irrational and unJustifiable
to say that 1t 1s necded in the moist tropics. Ukres (174)
on the other hand, states that coffee requires shade when it is
growing on low lying land, but that it grows well without it
on elevated land.

Andrad 02) reports an experiment in Brazil where shade
improved the quality of coffee and increased the yleld of
frult,. By placing thermometers on branches of sheded coffee
and on branches of unshaded coffee he found that the tempera-
ture of the shaded coffee was very stable, whereas the tempera-
ture of the unshaded coffee varied considerably, He explains
that this variabllity in temperature probably accounts in
large part for the less perfect ripening of the berry and the
lower percentage of frulting on the unshaded trees. Andrad
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| found that coffee harvested where shade prevailed produced =
‘less number of bad frults, a larger fruit, and a lower per-
centage of "escolha',

McClelland (igg) in Porto Rico, using artificial shade
and young plants of the same age and more or less of the same
height and conformation, found pronounced differences between
the shaded and the unshaded plants. The difference between
the heavily shaded and the lightly shaded plants was not
marked.-‘In spite of a gradual transition frém.shade to full
sun exposﬁre the unshaded plants were much yellower and less
healthy in appearance than were the shaded plants severél
months after the differentiation in treatment was bégun. At
" the outset of the experiment the unshaded group of piants had
a slight advantage in helght and in trunk diameter, At the
end of a yoar the trees in the shade had incréased invheight
twice as much as those receiving full sun~exposure. Thils differ-
ence in increase in height was due princlpally to differences
in internodal length. On correspondingly located portions of
the main stem a section of five Internodal lengths averaged, |
per plani, 22 cm, for plants recelving fﬁll sun-eiposnre and
42 cm, for the shaded plants. The internodes on the lateral
branches showed similar response to the differences in light-
ing, the average length for correspondingly located intermodes
being 4.5 and 7.3 cm. for the unshaded and shaded plants, Te=
spectively, Leaf counts at the beginningvof the experiment
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Showed all plants to be quite uniform in respect to the
amount of follage, averaging 69, 73, and 67 leaves per tree
for the unshaded, lightly shaded, and heavlly shaded plants,
respectively., Leaf counts a year later showed averages of
530, 812, and 569 leaves per tree for ﬁbe same plants, The
size of the leaves was found'to be in reverse proportion to
the amount of light received.

Trench (84) also reports an experiment carried out with
artificial shade in which he obtained an increase In yield
from e few cwts. to>about three-fourths of a ton per acre
by the use of shade, The experiment was conducted in the
field and the shade was obtained by placing maize staiks;
gress, branches, etc. on strands of plain wire supported on
posts,

It has been suggested (61) that the ideal type of tree
to provide shade in coffee plantings is one which 1s deep
rcoted, grows rapidly, has e prolonged 1life period, branches
abundantly, wlth branches such that when they fall they go
directly to the ground and seldom remain hﬁnging from the
coffee bush, belonging to the legume family (cepable of fix-
ing nltrogen), and if possible bearing edible fruit,

Holland (61) states that shade trees for coffec Arasbica
- gshould be planted 10 to 15 feet apart in avenues with about
20 to 206 feet between the avenues. The avenues should run
from east to west to lnsure a lateral shade being cast on
the coffee from scuth to north, He recommends planting dife
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ferent kinds of trees in the same plantation stating that
this will help to conserve soil fertillty and aid in control-
ling insect and disease pests,
Cook (36), in his very extensive discussion of "Shade
in Coffee Culture') names over 100 different specles of trees

that have been used for shade. In Java (561) Erythrina titho-

sperma and Pltheoclobum seman have been found to be the best

shade trees for coffee, In Brazll and in some of the Central

American countries, Igna supris, Imrna ursi and various other

specles of this genera are used quite extensively,

In Porto Rico (128), after the hurricane of 1928, 1t
was observed ﬁhat thé rogions most severely damaged were those
where the large trees of Igna vors were thrown over. The
broken Erythrina bertérvana trees developed leaves within a

few weeks after the storm, thus showing thelr superiority
over the Irna trees which were practically worthless as shade,

Gliuclida sepium also showed decided wind resistance as come

pared to the Igna trees. This tree has been found (129) to be
abundantly supplied with nodules of the nitrogen fixing bacter-

ia.



Fertilizers for Coffee

In Porto Rico (117, nitfogen as ammonium sulphate,
phosphorus és superphoéphate, and potassium as potassium
sulphate, were appllied singly and in combinatlion to coffee
trees of the Padang variety. Records for an eight year perlod
show thet potassium alone, or in combination with nitrogen,
was effective in 1ncreé$ing growth and vield. Nitrogen alone,
when applied in améxmts of fomm'pounds to the tree, was found
to affect growth end fruiting, but the sams amount applied
in combination with potassium at the same rate gave the
highest y:ield of all combinations tested. Phosphate applied
to coffee trees did not glve a profiteble response, I

In Hysore the results from a one year test showed that
nitrogen and phosphorus in combination gave higher yields
than combinations of‘ potassium and nitrogen or than phos-
phorus end potassium, but less than when all three were used
together, - of the nitrogeneous fer'tilizers tested, Floranid
end ammonium sulphate gave the highest ylelds with nitrate
oi‘ soda and groundnut cake following. Of the phosphorié
manures tested basic slag end superphosphate ranked first in
vield while potassimn sulphate was superior to potassium |

chloride in a comparison of potassium carriers.
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At the Lamo Agricultursl Experiment Station, P,I, £85,186)
seversl mixtures of fertilizers were tested on Excelsa coffee
with the following results: For the first two years a com-
bination of guano, potassium sulphate, and bone meal in the
proportion of 2-1-2, respectively, gave the highest yleld,

In the third year, a combination of ammonium sulphate, po~
tassium sulphate, and superphosphate, in the proportion of
1-2-3, respectively, ylelded highests In the fourth year
emmonium sulphate, potaésium sulphate, and sizperphosphate in
the proportion of 1~-2-3, respectively, gave the highest yield,

Youngberg (186} in a tv:‘est to ascertain the relative
effectiveness of mothods ofv.'applying fertilizers to coffee
trees, found that trees fertiiized by &oadcasting the fertis
lizer aground the tree gave an évérage yield of 2,33 kilos
of clean coffec per tree, Those fertilized by burying the
fei'tilizer in trenches ylelded an average of 1.83 kilos, vhile
those in which the fertilizer was forked in gave a yleld of
1466 klloa,

Experiments in Porto Rico ( 117 showed no beneficial
effect from the use of lime applied to coffee treess

MeClelland (118) determined the amount of nitrogen;
phosphoric acid, and potash contained in every 100 pounds of
market coffee, He found that by returning the pulp to the
land more than one-fourth of the total phosphoric acid,
nearly half of the total potash, and considerably more than
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one-fourth of the total nitrogen removed from the plant in
the fruit could be returned to the groﬁnd. His results were
as followss
Hitrogen, phosphoric acid, and potash
removed from soll for every 100 pounds
of market coffee, (lcClelland, Porto Rico.)

Entire Cherry  HMarket Coffee Parchment

and pulp
Phosphoric acid <40 1bs. .29 1bs. o11 1bs.
Potash 2487 n 1.44 n 1.43 n

Nitrogen 2,39 " 1,68 " 70 "
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Diseases:

Thers aere a very considerable number of dlseases which
attack coffee,. The more important of these are discussed

briefly.

Rust or leaf disease (Hemilels vastatrix B and Br)

This diseasé atﬁacks the under surface of the leaves
producing small, orange~yellow spots of about a millimeter
or two in diameter, The disease is very prevalent in Java,
Sumatra, India, Ceylon and other countries of the orient.
It has not, as yet, been reported from any country on the
western hemisphere. The dlsease appears to attack coffee
only (106). It 1s more prevalent in humid areas. However, in
India and Kenya severs cases have.been roported as developing
in the dry season (134). E=zperiments and observations in
Mysore (106) have shown that the fungus passes the dry season
in the infested leaves that drop to the ground, As a means
of control MeDoneld (134) recommends clean cultivation. Down-
son (45) hasvfound comnon strength Bordeaux mixture a good
pfeventive for the disease. Africa (2) roports that Bordeaux
applications for the control of this disease should not be
less than 25 per cent of 3:5:50 stock solution. David (40),
in the Philippines, found Liberica coffee toc be the most re-»
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sistant and Arabica the most suscepﬁible to the fungus.
Hayen (106) notes that Hemileis is more common in unshaded

places and recommends the use of shade sas a preventive meaw
/ , a3
. ",i’,
‘ t

‘ /
"Gotera” or "Hancha de la Hoja" (Omphalia (Stilbella) {(Cook)
HMaubl, and Rang,)

SUre.

This disease, according to Tucker (172), is the worst
disease affecting coffee in the Wew World., The fungus prow
duces grayish spots on the leaves., The spots are generally
circular in form and measure sbout 16 millimeters in dlamster,
The infected tissue generally drops out leaving a hole in the
leaf, hence the neme of "goteﬁa“. In severe cases the fungus
attacks also the stem and the frult, producing discolorized
areas. Fawcett (48) has found the disease to attack such
mmrelated plants as the orghge, mango, begonig; various ferns,
and guava; As o preventivé treatment to the disease, it is
recommended in Colombia (111) to control the humidity of the
plantation by controlling the shade, The fungus has been
found not to affect leaves that are not moist at the time of
the attack (134), Anything making for drier conditions should
be unfavorsble to the fungus, Fawcett (48) found Bordeaux
mixture very effective as a preventlve and recommends it as
a check for the discase when spreading to healthy ylantaticné.
In Porto Rico (171) the varleties Arabica and Columaries
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were found to be very susceptible to the fungus. Iiberica

and Abeocuta were found to be very resistant.

Brown Eye Spot (Cercospera coffelcola B and Cke)

This diszease attacks the leaves and the fruilt, producing
round or semioval spots. On the leaves the spots are reddish
brown with & gray center, On the fruit the spots'are dark
brown and form sunken, dry areas on the pulp. .Tye disease ‘
has been reported from South and Central America, Porto Rico,
Cuba, Trinidad, and Santo Domingo (172), In Kenya it appears
to be negligible In field plantings but sometimes_;s decidedly
injurious in the nurseries (134}, In Colomble the diseasé'
is said to be more prevalentvwhere'shade is limited, Proper
sheding is recommended as & control measure. Fawcett (48),
in Porto Rlco, found sufficieﬁt'shade to improve the.condl-
tions of the berries when badly infected with the fungus.
Downson (45) in Bast Africa, and Wells (192) in the Philippines
found the fungus to yleld readlly to Bordeaux misture, Tucker
(172) found coffee Arablce typlica amd Colummaris very very
susceptible and Liberica and Abeocuta very resistant %o the

fu.ng'us.

Black blight or Sooty mold (Capnodium Brasilense Puttem)

This disease manifests 1tself in two ways: (a) in the
form of black spots on the surface of the leaves and (b) in
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the form of agglomerative messes on the branches and at the
base of flowers end fruit, The Infected leaves have the
appearance of being covered with soot, hence the name "sooty
mold." Investlgations (134) have shown that the mold does
not derive nourishment from the plant. 11;3 food is the honey
dew produced by certain insects, notably scales. The fngua
damsges the plant by excluding from the leaves light and air
needed for photosynthesis, The dlsease 1s controlled by
controlling the insects which provide food for the funguse

Kolerora (Corticium (Pellleularis) Koleross (Cook) Hohms)

This 13 mainly o discase of the leaves. The leaves .when
attecked turn first to a reddish brown color and ‘then black,
The leaf when dead drops off and is usuelly held suspended
by the myceiium of the fungus which, upon cersful exsmination ,
can be seen extending along the stem and branches and between
the leaves, The disease somstimes also attacks tne frui't.,
causing 1t to turn black (48) (111) (171). The disease is
found to be more common at the lower altitudes. The fungus
is known to be parasitic to many other plants. Fawcett (48)
found no very satisfactory msthod of control, Mayne (107)
found that Bordeaux was effectlve in the early stages of the
disease, Good ventilation and 1light have been recommended as

helpful in checking the fungus.
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Esclorosis (Schlerotium coffeicollum Stahel)

It is reported that this dlsease attacks only the Ii-
berian type of coffee (111) {171). The Arabian appears to
be immmme. The fungus attacks the berries producing dark green
spots about five millimeters in dlameter, It lives on the
fleshy part of the frult and does not affect the grein, Frults
attacked usually mature imperfectly, In humid reglions the
fungus forms compact, sclerotic masses on the leaves and .
frult. These masses are dark green outside and white inside,
They are‘nsually very abmdant. on frult that has fallen to
the ground. In Surinem the disease has been fought with Bor-
deaux mixture with good results (171),

Black root Vrot (Rusellina bunodes Berlk, and Br,)

This disease attacks the root of the plant causing the
leaves to yellow and the root anchorage of the trunk of the
tree to become insecure (51), In advance stages the disease
may be identified by the presence of a black substance (the
hyphae of the fungus) between the cortex and the woody tissue,
as well as by the presence of small dots in a cross section of
the infected wood (171). The fungus is imown to be sapro-
phitic. Tucker (171) states that infected trees seldom re-
cover and that to insure protection, the infected plants
should be dug up, the roots burned, and a trench deep enough
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to extend below the organic matter level made around the in-
fected area, The disemse has been reported (171) also to
attack seedlings, which, when infected, look wilty rather than
yellowlsh, as the trees do,

White root rot (Armillarias mellea Quel)

This disease has symptoms very similer to black root
rot and differs from the latter mainly in that the Infecting
fungus 3s white instead of black. The gsame treatment as for
black root rot is reccmmendad;ﬁ

Bprown root rot (Fomes lamaoensis Mun,)

This disease, as reported from the Fhilippines, attacks
young trees., The disease 1s detected by the presence of a
soil erust which forms around the affected roots and does not
£all away readily on removal of the bush from the soil., The
crust sometlimes appears on treses above the surface of the
soil and black fungus strands may be discovered on it, In ade
vance stages of the disease the leaves lose thelr colnr; the
branches die back, and the tree may suddenly topple over (51),
The game control treatment as fof black root rot is recom-

mended (51).

Cancer" or "Ilaga del tronco y la raiz® (Necteria troplea)

- This disease 1s reported from Colombia (111) as attacking

coffee during the wet season, causing the tree to lose its
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vigor. The disease 1s presént in the form of orange colored
areas along the trunk and root where an injury or wound has
been made. In mature trees the disease spreads longitudinally
along the edge of the wound, but in young trees the fungus
spreads all over the woody cylinder. The disease is controlled
by scraping off the infected area and disinfecting it with &

concentrated solution of iron sulfate,

Brown blight (Collectotrichum coffeanum Noaclk)

The fungus causing this disease is believed responsible
for four different diseases of coffee; one on the leaves, two
on the fruit, and one on the twigs. McDonald (134) velieves
these four diseases not to be caused exactly by the same
fungus, but cleims the differences are not sufficiently dif-
ferent to diétinguish the forms és speclesg,

The diseass of the leaves 1s characterized by the appear-
ance of brown spots, up to about an inch in diameter, on both
sides of the leaves, The spots when on the margin of the
leaf are usually elongated; elsewhere on the leef they are
approximately circular. As the spots become older they turn
gray at the center}and black, minute points develop = the
fruiting bodles, The spots caused by brown blight are often
confused with those caused by the grub of the leaf miner moth.
McDonald (134) points out that they may be distinguished, how-
ever, by the fact that the spots caused by the white grub tend
to split up Into flakes when suddenly bent and the grub itself
can be found frequently in the tilssue,
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The two berry dlseases attributed to this fungus are
known as brown blight of the fruit and black berry disease,
The first one is characterized by the appearance of dark brown,
somewhat sunken areas on the pulp of the berry., The fungus
may penetrate to the bean causing a brown dlscoloration on it,
The disease is mors prevalent on unshaded than In shaded trees.
It frequently settacks the berries on the more exposed side;
where 1t gains entrance into tlssues damnged by the sun or in-
Jured by hail, .

The second berry disease attacks the green fruit at any
stage of development and at any point on the fruit, The first
indication of attack 1s a small, brown, slightly sunken spot
which raplidly enlafges until the whole pulp is involved., The
berries so attacked are of a uniform brown to black color,
hard to brittle, and collapse easily under pressure, The
stalk of the berry 1s also attacked and becomes brown, dry
| '§§zn§ shrivelled., The fungus does not attack the leaves or
gwigé, and except for the fruit aend thelr stallcs; the tranches
remain green to the tips (134).

The disease of the twigs caused by this fungus and called
anthracnose, attgcks branches here and there in the tree at a
point more or less distant from the tip, The tissue in the
diseased reglon becomes blackened and the adjoining leaves dry
up and fall, The frultification of the fungus to which the
dlsease is attrlbuted, appear as numerous, minute points on

the blackened aren.
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Por the control of this fungus clean cultivation, proper
shading, careful pruning, and the picking and burning of the
infested twigs and berrles are recommended (134), HMcDonald hé.s
found that spraying wlth Bordsaux and carbide mixbtures has |
glven good results In the control of the fungus,.

Nursery disease (Rizocotonia solani Kuhn)

This disease as reported by McDonald (134), attacks the
stem of young seedlings at or just above the soil level, pro-
ducing a water-soaked area of a dark brown coloration. The
seedlings are genorally attacked before the first lenves have
expanded. Overcrowding, overwatering, and overshading are
factors whiech favor the diseass, Affected plantlets should
be removed from the nursery and burned, No control method as

yet has been found effective,

Mealy bug root disease

This disease, so called befause of its assoclation with
Pseudococeus citri Risso,, the coffee root mealy bug, which 1is

different from Pseudococcus lilacinus Ckel., the common mealy
bug, has been reported from Uganda and Kenya (134)., The roots
of the tree vhen iattacked by this dlsease become covered with
a dlrty-white cqaﬁiug, having a watery appesrance, within
which the insect lives, The latest experience with this form
of root dlsease In Uganda indicates that 1t is caused by the
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fungus Mlcrophomis phaseoli, Thus far not enough work has

been done with the disease to amscertaln reliable methods of

control,

Mol de tinta”

A disegne affecting the base of the trunk and the uprer
parts of the root of trees of all ages has been reported from
Colombia (111}, The name "mal de tinta® has been given to
the disease because of the ink-like color which the infected
wood develops. From the exterior the disease can be identified
by the abnormal development of the part of the trunk attacked,
The disease appears to be more prevalent in areas followed by
water currents, indicating that the fungus 1is ca.rried‘ by water
snd that thls probably is the most important method of distribu-
tion. The active fungus is thought to be a Blepharospors, ale-

though not enough work has been done as yet to ascertain this
definitely. |

Dieback

Several diseases attrlbuted to physiologicael causes have
been reported from different coffee growing countries, Die-
back 1s one of these diseases, It i1s very common in Kenya;
Tanganyika, and Uganda., The trouble is characterized by the
dying of the primary branches which become blackened and dried-
up from the tips downwards, The leaves from such affected
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trees fall and the fruit ceases to develop and turns brown.
There are several types of disback, but the most common is
thaet in which the young primsries in the regilon jJust below
the top of the bush dile completely, while the very youngest
branches at the apex which have not yet reached the hearing
stage and the older ones below, remaln green, Over-bearing
has been credited as the cause of dleback, It is believed
that the straln due to the effort of the tree to mature an
excessive crop is felt most severely by the young primaries
near the top of the bush, which not having established a
system of secondary branches to assist in the process, succumb
more rapldly than either the younger apical branches, not
yet bearing, or the fully developed branches towards the base
of the tree, The problem of combating or preventing dleback
is identical with that of promoting a healthy vigorous growth,
Good cultivation to insure soil aeration and conservati on of
moisture during the dry periods, as well as a proper system
of pruning are important factors in combating dieback (134),

Black tip

This 1s another trouble abtributed to physiological
causeg. Reports from EKenya state that Back tip is more come
mon at higher altitudes (6000 feet upwards) then st lower
altitudes. The trouble affects the extremity of the branches
which dle and turn black. An increase in the branching of



* 7S -
the secondary and tertiary branches usually occurs, This
probably is due to the profuse growth which generally follows
the death of the apical growing points. Two factors are bew
lieved to be concerned with the tfouble, These are sumburn
end too great fluctuations in temperature, The provision of

sultable shade therefore is recommended as a remedy,
Chlorosia

In Kenya two types of chlorosis affecting coffee are
known. One is general all over the leaf and gives a sickly
vellowlsh appearance tovﬁhe foliage, In the other the areas
between the main veins become yellow or almost white, but the
velins themselves remain green, The trouble is not 6f economic

importance and the cause is not lmown.

Ingsects

The insects attacking coffee are numerocus and a de-
tailed consideration of them would be beyond the scope of
the present work. In the table below are prascnted some of
the most dest:uctivé insects attacking the plant with the recome
mnended methods_of control.



Insect

i

2.

Sa

4,

5.

6.

e

8.

e

10,

Broca (Stephanow
ders hampei)

"La palomilla®
{(Ceroputo antie

oquensis)

Leaf miner (Leu-
coptera coffeella)

Milon del cafe~
(Clastoptera Is-
abelae}

Root borer (Ham-
moderus granulioe
sug)

Green scale (Coc~
cus virldis

"Toy-beetle"
(Leucopholis ir-
rorata}

Cuspld bug
(Lygus sim zi)

Aphids or plent
lice,

Thrips.
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Damage

Larva feeds on in-
side of'grain.

Adult sucks Juice
at crown of root

Larva eats ths
follage.

Yymph sucks juice
from leaves and
Stem.'

Borses tunnels in
the root.

Sucks julce from
leaves and twigse.

Larve eats root of
seedling when in
nursery.

Injures flower bud
causing 1t to develop
abnormally,.

Suck'juice of
plant.

Suck julce of plant,

Control

Destroy all in-
fected berriles,
Clean cultivation.
Biological control,
Propos nasutae :

Degtroy weeds near
infected aresa,
Spraying with parn-
dichlorobenzene

has helped.

Pull and destroy
infected leaves,

Spray with nico-
tine sulphste,

Mixed lead arsenate

- {4 1lbs) and barnyard

manure (100 lbs)
epplied to ground
around tree has
helped,

‘Spray with nico- |

tine sulphates
Destroy weeds in

. vicinity of seedbed,

Carbon bisulphlde
applied to ground
has helped,

Spraying with keroe
sene emulsion has
helped,

Spray with soap solu-
tion or kerosene
emilsion,

Spray wlth soap solu-
tion or nicotine
sulphate,



- 75 =

HARVESTING THE CROP AND PREPARATION FOR HMARKETING
\

Observations made iﬁ several countries, and particulariy
in Colombim, indicate that the best way to harvest coffee is
to pick the berries cne by one, by hand, This, though 1t
nmay seem a slower and more expensive method than the one
commonly practiced in which the berries are picked en masse
by puliing them from the branches, has been shown (111) to
be more profitable in the long run. The advantage of picklng
the individual berries lies in the fact that the plant is
damaged less and a better grade of coffee is obtalned, since
the method makes possible carefﬁl geparation of the ripe
from the unripe berrles,

It has been pointed out (111) that vhen picking the cof=-
fee care should be observed not to leave dried or dead berries
on the plant as they seem to have a toxic effect on the plant,

. If the berries are left unpulped for over six hours
after picking they undergo.a fermentation which damages the
quality and appearance of the grain. For this reason the
berries must be pulped soon after they are picked,

It 1s a well mowm fact that thse qunlity of the coffee
may be seriously affected while the besns are being formented

to remove the "saccharine matter” that covers them,
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To avold unsatisfactory results from the fermentatlion process
the i‘oilowiﬁg points have been suggested as important: (1)
The tank in which the coffee 1s to be fermented must be thor~
oughly clean before it is used and if possible white-washed
once a weok; (2) The tank must not contain water during the
‘processy (3) In order to allow circulation of air through the
coffee the coffee in the tank should not be covered; and (4)
The fermenting process should not be allowed to continue for
over 12 to 15 hours depending upon the temperature; the
warmer the shorter the period allowed, |

Huch dispute is found in the literét:ure as to the causal
agent that bresks down the "saccharine mat:,ter" during the
fermentation processe. Beckley (12) believés the agent 1is an
enzyme prbdﬁced by the "sacchgrine matter" itself. Von Lilien-
terfld (182) believes that it is lactic acid produced by
several bacteria, Hany believe the destructive agent is acetic
acld while others c¢laim 1t is alcohol,
| Of the two systems used in washing the fermented "sacche
arine matter" from the grain, the so-called "by hond in chane-
nels" is thought to be superior to the mechanical methods
available,

The drying of the grein, once it has been cleaned, 1s done
by spreading it on cement in "yards”" or by placing it in ovens.
Results (111) obtained indicate that drying in the oven, vwhere
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the temperature can be controlled, gives better coloring of
the grain but the difference usually is not sufflcient to
justify the difference in cost,

The coffee, before it is sacked for shipment, should be
classified as to size and the broken and discolored grains
removed. Sixty kilos bags are becoming the sccepted standard
size for shipping coffeec,



1.

2.

Se

4.

S,
6o
e
8.
9.
10,

1l.

12,

- 78 =

LITERATURE REVIEWED

Alfaro, C., E._E1 acaro del caféto. Esc. Nat. de Agr.,
San Jos¢, Costa Rica. 1932,

Africa, H. M, The minimm Bordeaux applications for the
control of Hemilele, Phil, Agr. & Forester
6:251-271, 1918,

Agate ¥y Pilnero F, Cultivo ¢ industria del cafe, Cuba,
Sec. de Agr, Comm. y Trab,, Cir. 72. 1931,

Andersdn, T, Je Annual report of Senior entomologist,
Kenya Dept. Agr., Amn, Rept. 1930, p. 190-205;
end Ann. Rept, 1929, p. 433-463.

Andrad, E, N, Cultura do cafe a sombra, Brazll, Bol,
Agr. ZOO. © Vet., 6:87-94’ 159"166. 1955.

Anon, Alginag medidas usadas en Java para conbabir
- e1 insdeto furgivero de la Baya del caféto,
Porto Rico, Rev. Agr., 14:3564-366.
Anstead, R, D, Coffee; its cultivation and manuring in

South India, Mysore State, Dept. Agr. Bul. 6.
1926

Arndt, C. H, Confilguration and some effects of light
and gravity on Coffea Arabica L,, Am. Jour, Bot,
16:173-178, 1929,

The movement of sap in Coffea Arabica L,

Amer. Jour. Bot., 16:179-~190, 1929,

Agricultural News, Topping coffee trees, Agre. News 21:
22, Jane 7, 1922,

Bagaloso, C. C. Top working old coffee trees which are
poor ylelders, Phil, Agr, 21:491-501, 1933,

Beckley, V. A, Fermentation of coffee, Kenya Dept. Agr.
Bul, 18, 1930,



13,

14,

16.

17.
18.
19,

20,

21.

22,

Beckley,

-0 -

Ve As The yellowing of coffes, Kenya Dept,.
Agr. Bul, 3. 1931,

Some factors in the manuring of coffece,

Boer, J,.

Kenya Dept. Agr, Bul, 16, 1932,

La poda del cafeto libérica. Mexico Agr.
Dept. Ano II, No, 1:26-29, 1914,

Brittcn-anes, H, R, Conftrol of the amefican leaf disease

(Omphalia flavida) on Arebian coffee in Trinldad,
Mem, impe. College of Tropical Agr., Trinidad,.
Hycological Series Noe 2, pp. 8¢ 1930

Bynum, lary L, The coffee industry in Colombia. U, S,

Bures Foreign and Dom, Ccmm. Trade Prom. Series
No. 127, 1931,

) The world exports of coffee. U, S. Bur,

Poﬁéign and Dom. Gomm. Trade Prom, Series No.
110, 1930, ’

International trade in coffee, U, S,

Camafgo,

Bar s Foreign end Dom, Corm, Trade Prom, Serles
No, 57, 19264

T. ,Influence du rapport potasse/azote sur le

devaloppmenﬁ Jau caféier pendant la premiere
eriode de végetation. Acad. Sci, Compt, Rend.

%Paris) 193:1052-1034, 1931. Original not

 seen; Abst, in Biological Absts. 6:2517. Nov,

Chardon,

1932o

C. E. Problemas cafeteros de Puerto .Rico.

La poda del cafeto., Puerto Rico, Rev, Agr. 25:
127140, 1930, -

La poda del caféto, Puerto Rico, Reve

AgI'o 17 :7-15. 1926.

Observaciones sobre las enfermedsdes de

cafe, Puerto Rico, Rev, Agr, 18:5-9, 1927,
Problemas cafeteros de Puerto Ricos

Puerto Rico, Rev, Agr. 18:63-7T4, 192,
| Problemas caféteros de Puerto Rico.

Semilleros y almfcigos., Puerto Rico, Rev, Agr.
19:157-162, 1927,



27,
28,

29,

30,

Sle

32.

33«

S4.

56

37

- 58;'

- 80 =

Chardon, E. €. and Toro, R, A, Plent diseases, Notes
from the central Andes, Phytopathology 17:147-
155, 1827,

Chetty, E. C, Annuel report of the Harthur Farm for
1931-32, lysore Agr, Dept. Report for the year
ending June 30, pp. 113, 1932,

Cheney, R. H, Coffse: A monograph of the economic
species of the Gemms Coffems. New York University
Press, New York City. 1925, .

Coleman, L. C. The improvement of coffeec in the Dutch
East Indies. Trope. Agr.*77'355~366. 1931.

Report of the.coffee berry borer

Steﬁﬁanoderes hampel, Perr in Jav, mysore Agr,
Dept. Genl, ser. Tule 16 1931,

Report of ths work on thevcbffeé experi;

ment station Balehonnur, for the years 1925«
1930, Mysore Agr. Dept. Report for the year
1930. pg l‘

Coleman, L,.C, and Kannan, K. K. Some scale insect
: pests of coffec in South India. Mysore Agr,
‘ Dept. Ent. Ser. Bul, 4.660 1918.

Coleman, L, C, and Venkata Roa, M. K, and Narasimhan, m. Je
Black rot or Koleroga. of coffee in Mysore, Iysore
Agr, Dept. Hypological Sers Buls. 5. 1923, .

Cook, I, T. eﬁ’al, Horticulture at thelPorto Ricn Inéular
station. Porto Rico Dept. Agr. and Lebor. Sta.'
Annt Rept. pp. 79‘. 1928;

Cook, M, T, and Hbrner, W, T. Coffee leaf miner and
other pests, Cuba Estacion Agronomlca, Bul,.3,
1905, - : : ,

Cook, O, F, - Shade in coffee culture, U, S, Dept. Agr.,
Dive of BO‘bg, B’Ql. 25, 1903. .

Dimorphic branches in troplcal crops plants.

Cotton, coffee, ete, U, S. Dept. Agr,, Bul, 1982
34=38, 1911,

Cramer, P, J. S, Grafting in coffee culture, Trop; Agr,
62:78-86, 147-155, 272-279, 336-34%, 1923,



39¢ Crawford, De. L, Insects affecting coffee In Kons,
Hawaiil, Hawgii Univ, Ext, Bul, 9:1-17. 1931,

40, David, Pedro A, Introduced coffees lose resistance to
the rust fungus Hemelia Vastatrixz Ber. & Broome,
Phil, Agr. 17:45<48, 1928,

41, Practical directions for coffes planting.
PRiT. Agr. 17:65-81, 1928,

42, De Andrede, E, N, Cultura de cafe do sombra. Brazil,
Bol, Agre %00, & Vet., 6:87-94, 159-166, 1933.

45 Déan, C. J; Commercial and industrial development of
Venezuela., U. S, Dept. Agr. Trade Informetion
Bul, 783:1-55, 1931.

44, De Camargo, T, et al, Some factors in coffee cultivation,
Trop, Agr. 76:290-302, 1931.

45, Dowvnson, W J. Plant Diseases in East Africa, British
§58t Afr, Dept, Agr., Ann. Rept. 1917-18, pe
3140, '

46, De Haan, R, R, H, A blological study of the coffee
blossom. Java Proefstation Malang leded, o,
40-97. 1923,

47, Early, F. S. La industria de cefe en Puerto Rico,
Puerto Rico, Rev, Agr., 9:5~6., 1922,

48, Fawcett, G. Le Fungus diseases of coffee in Porto Rico,
Porto Rico Agr. Expt. Sta. Bul. 1‘7. 1915.

49, Ferwerda, F, P, IHethoden ter verkryging van productive
enten-aanplantingen blj koffie. (Trans, title)
' Methods of obtaining productive grafted planta-
tions with coffee. Bergculbtures 7:633~641, o
1933, Original not seenj; Abst, In Plant Breed-
ing Absts., Imperial Bur. of Plant Genetics,
4:74, 1933,

50, Figueroa, C, A, Problemas del cafe., Selectlion de la
semilla y semilleros, Puerto Rico, Rev. Agr.
18:136-138. 1927,

51, Galang, F. G. Coffee culture. FPhil, Agr. Rev. 21:
345-379, 1928,



524
53,

4.

&5,
b6
57.

5.
59,
60,
61e
6.
63.

64,

65.

66,

- B2 -

Gallagher, W. J, Coffee robusta. Halay States Dept.
Agre Bul. 7. 1910.

Gil, Isidro., A producao de cafe finos no Brasil. Bol,
Agr. Zool. & Ve'b., 6:281, 1933. .

Gillett, S. Vegetative propagation. {(Its value in the
improvement of permansnt crops and the posgsibili-
ties of 1ts application to coffes.) Kenya Dept.
Agr, Bul, 19, 1932,

Gonzales, Rios P. Ia germinacion de la semilla de cafe,
’ Puerto Rico, Rev, Agr., 22:147-148, 1929,

_Poda de renovacidn en cafe. Puerto

Rico, liev, Agr, 25:2534-236, 1929.

Gracie, D. S. A preliminary survey of some of the solls
in Kenya. EKenya Dept. Agr. Bul, 1, 1930,

Gracie, D. S. and Le Poer Terench, A, D, Soil conditions
aeffecting coffee in Kbnya. Kenya Dept. Agr,
Bul. 7.. 1931. ,

Guedes, G, HNanuring of coffee plantations in the state
of Sao Paulo, Brazil., Int, Rev. Scl. Prac, Agr.,
2:392,. 1924, A .

Hargreabes, H, Ann. Rept., of the government station

mycologist, Uganda Dept. Agr., Anne Rept. for
1928, p. 44-45,

Holland, T. He The cultlivation and commercial possibili-
ties of the robusta type of coffee., Ceylon Dept.
Agr, Bul, 87, 1930,

Germlnation tests with robusta snd liberian

cof'tees, Yéarbook, Ceylon Dept. Agr. ppe 60, 1927,
The green manuring of teas, coffee and

caco. Trop Agr. 77:197. 1931,

HustOn, G. C. Insect infestation of stored cacos ‘Trop.
- Agr. 78:312-316, 1932, ‘

Iyengar, B, N, Improﬁement of the coffee 1ndua£ry in

Hysore, Mysore Agr, Dept,. Genl. Serv, Bul. 13,
1929. _ , _

James, H, C. The control of asterolecanim (The fringed

scale of coffee). Kanya Dept. Agr., Bul. 23,
1932,




- 83 -

67. James, H, C, Bandling for mealybug control. ZXenya Dept.

Agr. Bul, 24, 1923.

68. 'Goffee mealybug research, Kenya Dept. Agr.

Bul., 18. 1932,

694 Repellant, banding, and control of the
ants attenﬂzng the common mealybuge. Xenya Dept,

Agr. (To number in the bul,)

pe 11-14, 1930,

70, lethods for the blologleal control of the
common coffee mealybug. Xenya Dept, Agr. Bul, -
{No rumber in the bul.) 1930. : .

71, The control bf'the antestia in wetter dise-
: tricts. Kenya Dept. Agr. Bule, 4. 1933,

’72. Jones Gethin, G. H, Coffee soils of

Kenya and their

GTS Kaden, 0, F, Observatl ons concerning the healthiness of

coffece trees in Costa Rica,
350-351, 1932.

Trops. Arre 9:

~ 74, "K,E,T," Coffee grafting. Trops Agr, 10:79. 1933,

75, Kinman, Ce F. Cover crops for Porto

Rico, Porto Rico

76« Kirkpatrick, 'i‘. We Biological control of insect pests
with particular referonce to the control of the
common mealybug. Kenya Dept, Agr. Bul, 12,

1926 .

7‘7. Kunhi Kannam, K. The coffee berry borer (Stephanoders
hampei, Fur,) A preliminary account. Nysore
iE

offee Exp. Sta. Bul. 2:2-12,.

1950.'

78. Le Pelley, R, H, The coffee cuspid bug (L gus simongi
Reut.) and the use of kerosene of pyrethrum for
the control of "Lygus" and "Astestia". Kenya

Dept. Agr. Bul. 22. 1932,

794 _1%% imogl Reut, (Hem. cuspid)} 3
A pest of coffee in Renya. Xenya Dept. Agre.

Bul, 1:85-99, 1932,
80. Le Poer Trench, A, D. and Gillett, S.

cd.ffee pruning.

Kenya Dept. Agr. Bul, 13. 1932,



- B4 -

8l. Le Poer Trench, A. D. The coffee industry of Kenya,
Kenya Dept. Agr, Bul. 8, 1926«

82, Green manures and cover CI'OPSe
Ken‘ya Dept. Agr. Bul' 150 1932.

83, ' "Hot and cold" disease. Kenya
Dent. Agr. Bule 14, 1932,

B4, Investigetion work at the Scott
, Agricultural Laboratory. Preliminary study of
root growth and root system of coffee trees,
Kenya Agre. Amm. Rept. for 1932-33. Dbpp. 168,

856, Some aspects of coffee production
in lenya., Kenya De pte Agr,. Bul, 15, 1926,

86, ' The coffee industry in Kenya.
‘Kenya Dept. Agre Bul. 1, 1925,

87 ‘ Coffee seed selection. Kenya
Dept. Agr. Bul, 10, 1932, : ‘

88, Investigations at the Scott Agri-
cultural Laboratory. Kenya Dept. Agre. Ann. Rept.
1951, p. 169-171,

89, Coffee principles of pruning and
observations on trials, Kenya Depte Agr. Bule
7. 1927,

90. A report on the campaign against
SEtephanoderes, 1929, Kenya Dept. Agr. Bul. 9:
'511192“"'I§. 30,

91, - Preliminary observations on the
coftee roots in Kenya, Xenya Dept. Agr, Bul, 2,
1934, .

92, Libersage, V. An economical study of a group of coffee
states in Kiambu, Kenya Depte Agr. Bul, 9.
1932. :

93. Loew, Ogcar. Report of the horticulturiat. Ann. Rept,
of the Porto Rico Agri, Exp, Sta. pp. l4, 1907,

o4, The fermentation of caco and coffee. Anne
Rgpt. of the Porto Rico Agr. Exp. Sta. Pe 41-55,
1907,

95, Lustro, F, D, et al, The effect of mulching on the yleld
of excelsa coffee, A Progress Report for 1930-31,
Phil, Jo’uro of Agx‘i 1:50-51,



96, M.B.S. ILiberia coffee formentation, Intern, Rev, of
Agr,, 223306, 1931, , '

97. Hartyn, E. B. The sclerotium disease of coffee, Some
nobtes on the origin of the disease, its out-
breeks and control, Trop. Agr., 75:106-109,
1930, :

. , : ./

98, Hariani, X. Estadfstica de la exportacion de cafe’ desde,
el ano 1870 hasta el aho 1928, Porto Rico, Rev,
Agr, 15:87., 1930, '

99, Matz, Julius. La onfermeded de la raiz del cafe, Puerto
Rico Estacion Experimental Insular, Cir., 32.
1920, '

100, Observaciéhe;,héchas;acéréa del maricao,
; enfermedad del cafe y guinéo. Puerto Rico, Rev,
Agr, 5:15-20, 1920, .

101, Moyne, W. We Work on the leaf disease and the production
of a dlsease resistant coffee, Hysore Coffee Exp.
Sta. Bul, 10, 1933,

102, Several periodicity of coffee leaf dlsecase
(Eemileia vatatrix, B & Br.,) Mysore Coffee Exp,
, ) S ta - Eﬁ. [ 3 )
103. Seasonal périodicity of coffee leaf disease,

(Hemileia vastatrix, B & Br,) Second Report,
Mysore Coffee lLxp, Sta, Bul, 6. 1931,

104, “Annual report of the coffee scientific office,

1950-1931. Iysore Coffee Exp, Sta. Bul. 5.
1931, o

105, Annual Report of the coffee scientific office,
1951-1932, Hysore Coffee Expe, Sta. Bul. 7.

_ 1932, : .

106,  Annual report of the coffee scientific office,
105233 MNysore Coffee Exp. Sta., Bul, 10,
1933, ‘

107, Hayne, W. W, et al. Spraying of coffee in South India,
: Mysore Coffee Exp, Stae Bulse 8¢ 1933,

108, Nematode worms in relation to the
cocknat'er and mealy bug problem in Coorg. MNysore
Coffee Exp, Sta, Bul, 11, 1933,




v 86

109, lendiloa, N, By The kawdiari B coffee introduced in the
College of Agr., FPhil, Agr, 20:101-111. 1931,

110, lMass, J. G, J, and Boedyen, K, B, Desinfectls van door
Bessenboekoek, Aangetast Koffiezasd (Stephanodores
hampri Fur) Algemeen Proefsta, Meded, A V.R.0.S,.
Algemeene Serile 29:1-l6, 1927, Original not
seen3 Abst. in Biological Absts. 2:1716, 1928,

111, HNanual del Cafetero Colombiano, Bogots, June 1932, p; l-
- 390,

li2, Mey, D, W, et al, Horticulture of the Porto Rico station,
Porto Rico Agr. Exp. Sta. Reopt., 1929, p. 8«11,

1415,
115, MNcClelland, T. Be IExcelsa coffee., Trop. AZr., 72:110-
) 112 L J 1929.
114, Effect of topping om the yield of

coffee in Porto Rico. Porto Rico Agr. Exp. Sta,
Bul. 32, 1928, -

115, - Effect of different mothods of transplembe
ing coifee, Porto Rico Agr. Ezp. Sta, Bul, 22:
1"'3.1 Y 1927. . :

116, ‘ et al, Hortilculture at the Porto Rico

Station. Poarto Rico Agr, Exp. Station Rept. for
1930, ppe. 14-16, 19-21, 35«38,

117, Experiments with fertlilizers for coffee

18 Porto Rico, Porto Rico Agr. Exp. Sta, Bul, 31,
1 26.
118. . Sugpgestions on coffee planting for
Yorto Rico, Porto Rico Agr, Exp. Sta,, Cir, 15,
- 1912, '
119. Some profitable and unprofitsble coffee
“lands. Porto Rico Agr. Exp. Sta., Bul, 21,
1917, '
120, ' Coffee varietles in Porto Rico, Porto
Rico Agr. Exp. Sta., Bul., 30. 1924, ‘
121, Report of the assistant horticulturist,
Porto hico Agr. Exp. Sta., Ann. Rept. for 1906,
Pe 31-32, _
122, Report of the sssistant horticulturist,

Porto Rico Agr. Exp., Sta. Ann. Rept. for 1910,
Pe 39=40,



w87 =

123, HeClelland, T« B, Report of the assistant horticulturiste.

124,

125,
126,
127,
128,
129,
130.
131,

132,

133,

134,
135,

136,

Porto Rico Agr. Exp. Sta., Anns, Bept. for 1911,
Pe 2829,

Report of the assistant horticulbturist,

Porto Rico Agr. Exp. Sta, Ann. Rept., for 1914,
p. 23"‘25 [

Report of the assistant hortlculturist.

‘Porto Rico Agr, Exp, Sta, Bnn Rept. for 1916,
DRe 220

Report of the assistant horticulturist,

Porto Hico Agr, Exp. Sta. Ann. Rept. for 1917.
Pe 24-28,

Report of the assistant horticulturist.

Porto Rico Agr, Exp. Sta, Anne Rept. for 1926,
Pe 19-21,

Report of the assistant horticulturist,.

Porto Rico Agr, Expe Sta, Ann. Rept. for 1929,
p "9 14“15 -

Report of the assistant horticulturist.

Porto Rico Agr. Exp. Sta. Ann. Rept. for 1930,
Pe. 14-15,

Report of the sssistant horticulturist,

Porto Rico Agr, Exp, Sta. Ann, Rept. for 1932,
Do 5"6. )

Report of the asslstant horticulturist,

Porto Rico Agr, Exp. Sta. Amm. Rept, for 1933,
P. 12"15 Y

Photoperiodism. PFPorto Rico Agr, EXP.

S%a. Anne Rept. for 1927. Ps 11-12.
Coffee leaf spot (Stilbella flavida)

HcDonald

in Porto Rico. Porto Rico Exp. Sta, Bul 28,
1921, '

J. Fungold diseases of coffee, Kenya Dept.
Agr., Bule. 3¢ mn.d,

Fungold diseases of coffee in Kenya Colony,.

Lenya Dept. Agr. Bul., 21, 1928,
Anmual report of the Mycologlat for 1928,

Kenye Dept. Agr. Anne Rept. for 1928, pp. 187,



137,

138,

139,

3140,

141,

142,
143,
144,
145,
146,
147,
148,
149,

150.

151.

- 88 -

McClelland, T. Bs Report of the horticulturist, FPorto
Ricc Agr. Exp. Sta. Anne Rep‘b. for 19256, De 11"150

iiller, R.gg. Arablan coffee., Trop. Agr. 7:265-268,
1930,

Miller, N, C. E, Coccus {lecanlum) virides Green; the
green scale of coffee, ilalay States Dept. Agre
Bul. T:17-209, 1931,

Mendez, R. R, E1 andlisis qufmicb de los suelos, su
valor y sus limitacidnes. Puerto Rico Rev. Agre
11:13-17, 19223,

Mitra, M. .Some diseases of orops in the Andamen Islands.
Pusa Agr. Res, Inst,., Bul, 195:14, 1929,

Nontealegre, M, Ry Enfermedades del cafe. Costa Rica
Camara Agr. Bole 5 Ano 2:195«-201, 1922,

. /
Horelra, C, Entomo-logle agrféola Braslileira, liinse .
Agr., Ind, e Com,, Brazil, Bol. 1:130-141l, 1929,

Narasinga Reo, T. Spraying agalnst black rot of coffee,.
TI“OP. Agr. 63 :15"20. 1924.

Veiva, A, et al., Instruccidnes para combatir el teladrador
del cafe, Puerto Rico Rev. Agr. 14:264-273,
1925,

Notley, F. B, The control of antestia in wetter districts,
Kenya Depte Agr. Bul., 4, 1933,

Noyes, R, B. Ia preparacion del café. Puerto Rico Rev,
Agr. 14:198-200, 1925,

Pittier, Hs, The middle american species of the genus
Inga, Porto Rico Jour, Agre. 13:121-123,
1929,

Ramos, Jose A, Problemas do la slembra én el cultivo
del cafe, Puerto Rico Rev, Agr, 20:252~254.
1928,

Reo, Narayana, ¥, Rs Report of the government coffee Exp.
Sta. Balehonnur, for the year 1931-32. Iliysore
Agx‘ Y Eept e p - 118-125 [ 1932.

Revista do Instltuto de Cafe do Stado de Sao Paulo, (Pro-
ducao e importacao de cafe na safra 1932-33).
Ano. 8:87. Oct. 1933.



152.
153.
154,

155,

156,

157,

158,

159.

160,

161,

162

163,

164,

- 8T -

Report of the Porto Rico Agr. Exp. Sta, Sheding favors
coffee developmente pe 13-16s 1933,

Report of Committee on Coffee berry dlsease. Kenya Dept.
.Ag!‘¢, Bul,. Se 1934,

Report of the disease situation in coffee areas in 1933,
ltysore State Dept., Agr. Clr. l. 1934,

Report of work on coffoe at the Balchonnur Exp. Sta,
during 1930 and 1931, Hysore Coffee Exp. Stae
‘Bul, 8, 1931,

Rolfs, P, H, Palha de cafe e cinsas de mesna, como adubo,
Braglil, Bol. de Agr. Zoce © vet., 5:143=147,
- 1932, ,

Romero, T, mnltiplicatian af selected coffee trees in
the College of Agriculture by grafting. Phil,
Agre, 19:53-67, 1931,

Sanders, ¥, R, end Wekefield, A, J. Coffee cultivation,
Some factors in Arabla coffee growing with
especlal reference to the Northern Providence,.
Tanganyika Territory Dept, Agr,, Pamphlet 7:1-14,.
1932,

. Further observations
on factors in Arabig coifee culture, Tanganylka
Territory Dept. Agr., Pamphlet 8, 1932,

Seins, Jr. F, Ias abejas en los cafeétales, Puerto Rico
Este Exp. Insular, San Juane GCir. 79, 1923,

Schmelzer, 3, Physiological experiments on the germina-
tion of coffee seed, Trop. Agr. 69:189-190,
1927,

Saldden, G. B. Ltemploil des engrais verts des plantes
de couverture dans la cultuers® de caféire, Bul,
Agr, du Congo Belge, 22:367-384. 1931, (Trans,
title) The use of green manures and cover crops
in coffee cultivation,) Original not seenjy
Abst. In Hort, Absts, 2:2-73. 1932,

Soboinho, M. A, Cultura intensiva do caferio, Brazil,
Secretaria del Estado De linas CGeraes. Bol.
Agre. Z2001ls & Vet,, 5:70-76, 1932,

Springett, L. E« Fermantacao do cafe para melhoras sua
qualidade ¢ coloracfo, Revista del Inst., del.
Estado de Sao Paulo, %70:45-51, 1933,



165.

166,
167,

168,

169.

170.
171,
172,

173.

174;
175,
176;
m;

178,

- 90 -

Srinivasen, K. H. Report of the coffee exp, sta.
Balehonnur for the year 1929-30, NMysore Agr,
Dept. Report for the yoar ending June 30, 1930,

Stell, F. HNycologlst report, 1929, Trinidad and Toboga
Dept. Agr'., Repﬁ. 1929‘ pn 25"’27.

Subrameniam, T, V. The coffee stem borer., Nysore State
Dept. Agr., Ent, Bul. 11, 1929,

Tabor, R, J. and Bunting, R. H, On a dlseasc of caco and
coffee fruits caused by a fungus hitherto un~
described. Anne. of Bot., 37:153-157. 1931,

Taschd jian, E. Beobachbtungen uber Varlabillitst Dominans
und Vizinismus bel Coffeca arablea. Zeltschr,
Tucht. Reihe A, Pflanzenzucht, L7 :341-354, 1932,
Ogiginal not seen; Abhst. 1n-Biol. Absts. 731521,
1933,

Teodoro, N. G, and Gomez E. T. Coffee diseases and
their control, Ehil. Agre Rev, 19:249, 1926,

Tucker, C, M, Enfermedades del cafeto en America.
Puerto Rico, Rev, Agr. 22:27-37, 1929,

Enfermedades del cafe en América, E1 Cafe

deT Salvador, 3, No. 33. 1933,
/
La enfermedad de lara{z del café en los

semillerose. Puerto Rico, Rev, Agr. 16:1920-1930,
1926, - :

U. S, Department of Agriculture., Yearbook of Agriculture
for 1933, pr. 694, '

Ukers, W, H, All about coffee, Tea and Coffee Trade
Jbur. New York. ppe. 724, 1922,

Coffee merchandizing. Tea and Coffee Trade

Jour. New Yorke. ppe 245, 1928,

Valenguilé, A, Composition of Philippines coffee, Phil,
\Tourg SCi.’ 40:349-551' 1929‘

Van Hall, Co Jo J. A roview of the most important publi-
cations .on coffee 1ssued in the second half of
1930 and the first half of 1931l. Intr. Rev, Agr.,
22T :419-436, 1931,



- 91 -

179, Van Zwaluwenburg, R. H, Insects affecting coffee iIn
Porto Kico, Jours Econs Ent., 10:514, 1917.

180. Van Iamhoff, J, W, Report of the Coffee Expe. Statlon;
Porto Rico Agr. Exp. Sta. Rept, for the year
1906. p. 29-32,.

181, Vegetable oils as spreanders for Bordesux mixture, IHysore
Deptas Agr., lysore Coffee Expt. Sta. Cir. 2:3,
19

»

182, von Lilientefld, Total, Fermentacdo do cafe, Secretaria
de Agr,, Ind,.s Commercio de Estado do Sao Paulo,
Br8311‘ DPe 1"60. 1931.

183, Yglesias, B. ILa poda del cafeto. Costa Rica Est, Exp;
de San Pedro de Nontes de Oca, Bul, 11, 1931,

ls4, | Enfermedagss del cafeto. Costa Rica
Patologica Vegetale Depts Agr. Bul. 1l. 1927,

185, Youngberg, Stanton. Twenty-fourth annual report of the
Bureau of Agriculture, FPhilippines., Dec, 1924,
p. 76-'78 [ ]

186, Ammual reporis of the Bureau of
Agriculture, Philippine Islands, 23, 25, 26, 27,
and 28 for the years 1923, 1925 1926, 1927, and
1928, respectively..

187.» Wallace, Go Bo Coffee bean disease.. Trop-Agr. 9:127.

1932,

188, A coffee bean dlsecase, Trop. Agre. 8:
1Z-17. 1931, :

189, ) . A coffee bean dlscase, Trop. Agr. 72
141, 1930,

190, A parasitic disease of coffee beans.

Trop. Agr. 1:14-17. 1924,

191, VWek efleld, A, J, Arabica coffee: Period of growth and
- seasonal measures, Tanganylka Territory Dept.
Agr., Panmhlet 9, 1933,

192, Wells, G, J. Cercospora leaf spot of coffee, Phil,
Jour, Sci., 19:741-745, 1929,



193. Westgate, J. et al, Horticultural investigations in
Howail, Hawail Sta., Rept. for 1831, pe 6, 7,
9, 10, 17, 27.

194, Welcott, G« Ny Annual report of the dlvision of ento-
mology {(Porto Rico) for the fiscal year 1922-23.
Porto Rico Dept. of Agr. and Labor, fmn. Repte
19254 pe 51=57.

195, ?illiams, R. O, Notes on coffee. Trop. Agres 7:503=
308, 1928.

196, Works, G. K, Cultivo del cafe en las Antillas,
Sindlcato Ale de Posta, Havana, Cuba.
De 1l=48, n.de



- 93 -

ACKIIOWLEDGHERT

The writer wishes to express his sincere appreclation
to Professor H, D. Bughes for suggesting the problem and
for his helpful criticisms during the time that the report

was being prepared.



