
STUDIES OF THE ROOT SYSTEM OF COFFEA ARÁBICA L. 
Part I.—Environmental Condition Affecting the Distribution 

of Coffee Roots in Coloso Clay 

By J. GUISCAFRé-ARRILLAGA and Luis A. GóMEZ 

INTRODUCTION 

To the present, the aerial portion of plants have been more in-
tensively and thoroughly studied in botanical and agronomic prob-
lems. The reasons for this are obvious, among the most important 
being t ha t it is the p a r t from which man usually derives more in-
come and the easier on which to under take investigations. 

However, knowing that production in the tops of plants depend 
on the roots and par t icular environmental soil conditions it is clear 
that studies of the root system help a great, deal the technologist 
and agronomist in the efficient performance of agricul tural practices, 
such as systems and distances for plant ing, fertilizer application, 
general tillage operations, drainage and irr igation systems, control 
of diseases and erosion, intercropping and others of special applica-
tion to par t icular crops, all of which contribute to a more productive 
aerial portion. 

Wi th these objectives in view and to obtain fundamental knowl-
edge on which to base investigations and recommendations for neces-
sary agr icul tural practices in the growing of coffee, this s tudy was 
under taken. 

LITERATURE REVIEW 

The distr ibution of roots of crop plants in the soil and related 
problems have been studied by Gómez (1) , Lee (2 ) , Lee and Bis-
sinber (3 ) , Nutman (4) , (5) , (6) , Trench (7) , Venka t raman (8 ) , 
Weaver (9 ) , Weaver and Christ (10) . These investigators have 
devised and used various methods ¡or the most accurate determina-
tion of the root system under study. Such methods may be clas-
sified as na tu ra l and artificial. Those methods in which specially 
designed boxes or cylinders are used for growing the p lan t the root 
system of which is to be studied, may be termed as artificial while 
the methods of excavating and weighing the roots of plants as they 
actually occur at different soil depths, or that of exposing and fol-
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lowing the roots by washing with jets of water or loosening the soil 
with hand tools and drawing the root system to scale in the field, 
may be classified as natural. 

The artificial method: This has been used by Lee (2) and Ven-
katraman (8). The method followed by Lee (1) consisted in plant-
ing gsuar cane seeds in boxes with detachable sides and poultry 
netting wire placed horizontally and filled up with soil at different 
depths. Once the plants had attained the desirable size, the soil 
was washed away and the roots exposed but held in their correct 
position by the horizontally placed poultry netting. In this way 
the distribution of the roots at different depths was determined. Lee 
(2) originated a more natural and accurate method later. 

Venkatraman (8) used earthenware cylinders in which cane seeds 
were planted for studying the root distribution. 

Natural methods: The following investigators have used the 
"natural methods" for the study of root systems of plants: Lee (2), 
(3), Gómez (1), Nutman (4), (5), (6), Trench (7) and Weaver 
et al. (9), (10). 

The method used by Lee (2), Lee and Bissinger (3), while mak-
ing studies of the root distribution of sugar cane in Hawaii and the 
Philippine Islands may be described as follows: after selecting 5 
to 10 stools as uniform as possible in a commercial field, the cane 
is cut and the green and dry weights of the tops determined. Stakes 
are set exactly half way between the rows of cane to be studied and 
the contiguous rows on both sides. A cord is stretched around the 
four stakes enclosing the cane stools under study. Then the excava-
tion is begun within this area and all soil removed to a depth of 8 
inches care being taken that the excavation does not exceed 8 inches 
in depth. As the earth is removed from the area studied, it is thrown 
in a wire screen of ^- inch mesh placed at one side of the excavation. 
The screen separates the roots from the soil. All the roots found in 
the top-most 8-inch layer represent the mass of roots of the 5 or 10 
stools in the top-most 8 inches of soil. The roots from the top-most 
8-inch layer are then collected in bags, labelled and held until the 
complete excavation has been made. Deeper excavations are then 
started and the roots separated for every 8-inch layer until the desired 
depth is attained, which is usually that point where the quantity 
of roots found is negligible. The roots from the various soil levels 
are then washed, separately air-dried, and oven dried, until all 
moisture is removed and weighed. 
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Following this method which is very accurate, the distribution 
of roots at various soil depths is determined with certainty. Lee (2), 
(3), prefers this quantitative method to the expensive, and almost 
impossible task of longitudinal measurements since the weights of 
roots may possibly be even better index of the absorbing surfaces. 

Gómez (1) followed Lee's method for the study of the distribu-
tion of sugar-cane roots in certain soil types of Puerto Rico. 

Nutman (4), (5), (6) has studied the root system of coffee, 
Coffee arábica L., in various soil types of British Bast Africa using 
various methods. 

Where water was readily available Nutman studied the root sys-
tem of coffee bj' washing the soil with fine jets of water under pres-
sure. The soil was washed in layers and the roots exposed and fol-
lowed to their terminations. The roots were pegged in their posi-
tion on the soil face by means of long, pointed steel rods. When 
the roots of the whole selected sector were washed out, and the roots 
pegged in their natural positions a string grid of 1 ft. mesh was 
then erected and the root system drawn to scale in the field. Where 
water was not available, excavation was performed by hand with the 
help of hammers and chisels. 

But Nutman (6) used furthermore the following method which he 
claims to be more accurate. This consists in digging a trench with 
one face 8 to 9 inches from the trunk of each experimental tree. The 
soil is then washed away in adequately measured 1 ft. cubes by a 
jet of water of Y¿ inch diameter and 10 pounds of pressure. The 
soil washed is examined and all roots from each cube are collected, 
washed, labelled and preserved. Then all the feeding roots are meas-
ured from a selected section of the root system. In this way it is 
determined by trees the distribution of the feeding area at various 
soil depths. 

In addition Nutman (5) has studied the effect on the coffee root 
system of various soil conditions, such as presence of hardpans, 
aeration, height of the water table, soil reaction, manurial treatments 
and cultivation methods. 

Trench (7) after studying the root system of coffee trees in 
Kenya carefully removed by washing, comments that the root system 
of coffee can be materially affected by environmental factors and 
that it can be modified by Avise guidance and suitable treatments for 
proper development. 

In the United States of America, Weaver and his associate (9), 
(10) have studied intensively the root systems of numerous plants 
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in various regions of that country. His method consists in working 
into the side of a trench with hand tools and folowing up the roots 
by breaking away the soil. Once exposed, the entire root system 
is drawn to scale in the field. 

After a critical study of the work done and the results accom-
plished by the investigators just mentioned, the writers developed 
a new method which is really an outgrowth of the methods developed 
by Lee (2), (3), Gómez (1) and Nutman (6) but which is thought 
to be more adaptable for the study of the root system of coffee in 
our prevailing soil and climatic conditions. 

Before going into the details of the method used in this prelimi-
nary study, an account will be given of the conditions of the trees 
studied and their environment. 

CONDITIONS RELATIVE TO THE SOIL AND COFFEE TREES STUDIED ON A 
REPRESENTATIVE SOIL TYPE OF PUERTO RICO 

The six coffee trees selected for this study were located at the 
farm of the College of Agriculture and Mechanic Arts at Maya-
güez, P. R. 

These trees were growing in a 2-acre terrace of soil belonging 
to the Coloso Clay type and surrounded on two sides by a small 
stream and hills of low elevation of Catalina Clay. The Coloso 
Clay found in this terrace originated from alluvial and colluvial 
deposition of the stream and the neighboring hills. Terraces of this 
nature and soil type are quite abundant in the coffee region of 
the island. The drainage of this soil is poor during the rainy season 
clue to the high level of the water table. This soil has been found 
to be quite productive when proper drainage systems are made. The 
physical and chemical analyses of this type of soil are shown in 
tables I II and IV. The average annual rainfall for this region is 
81 inches. 

The six coffee trees used for this study were 7 years old. The 
average size of these trees was 299.16 cms. high, 159.66 cms. wide 
and of a trunk diameter of 3.70 cms. The individual sizes of all 
trees is shown in table VIII. The general vegetable conditions of 
the trees is shown by tree No. 6 in plate 3. All the trees studied 
belong to the arabian coffee type, Coffea arábica L., which is the 
coffee variety extensively planted in the island. 

The general conditions of the field where the excavation was per-
formed may be described as follows: The coffee trees were planted 
systematically in rows at 8 ft. X 8 ft. under leguminous shade trees 
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of "guaba" , higa Inga (L.) Britton, and "guama", Inga laurina 
(Sw.) Willd., planted at an approximate distance of 16 ft. X 16 ft. 
The agricultural operations effected rearly consisted in weeding with 
a "machete" two or three times, and pruning the shade lightly after 
picking the crop. No fertilizer was ever applied to the trees in this 
field. 

The excavations of the root system were started on February of 
1937 and finished on May of the same year. The trees were in bloom 
when the tops were cut off. 

METHOD OP PROCEDURE 

For this study, six contiguous trees were selected in one of the 
innermost rows of the field. The tops were cut close to the soil 
surface and the green weights of the stems, leaves and lateral branches 
were obtained by direct weighing in the field. The dry weights of 
these same parts were obtained later after drying in the sun and in 
electric ovens. Table VIII shows the green and dry weights of each 
tree. 

Once the tops were removed, stakes were placed halfway between 
the row of coffee trees to be studied and the neighboring rows on 
both sides. A cord was stretched around these stakes thus marking 
a total area of 384 sq. ft. equivalent to an area of 64 sq. ft. corre-
sponding to each of the six trees. The position of the stakes, the 
top-most total area excavated and the planting distance of the trees 
is shown in text figure No. 1. 

The area corresponding to each tree was then divided in squares 
of one sq. ft. each by means of 5-inch nails and cords. The excava-
tion was begun, and the soil was removed in blocks of exactly one 
cubic foot in the 64 sq. ft. area corresponding to each tree. The 
depth of excavation was carefully checked with a 12-inch hand ruler. 
The roots found in each cubic foot excavated per tree and per layer 
were separated from the soil by a wire screen of *4 i n c u niesh and 
by hand. The roots found were collected in cloth bags and taken 
to the laboratory where they were washed and spreaded under shade 
until the excess of water was evaporated. Then the green weights 
were determined. Afterwards the roots found in each cubic foot were 
dried in electric ovens to deiermine the dry weights. The same was 
done with a second layer to a depth of 24 inches, with a third layer 
to a depth of 36 inches, and to a fourth layer to a depth of 48 inches, 
in which layer the amount of roots found was very small. Details 
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concerning the excavation and separation of the roots from the 
soil are shown by plates Nos. 1 and 2. 

The excavation by cubic foot was controlled by an excavation 
map specially prepared for the total area to be excavated for each 
tree, by numbering each block. The excavation map of the root 
system of the six trees used for the four layers excavated by blocks 
of one cubic foot each is shown in text figures Nos. 3, 4, 5, 6, 7 and 8. 

It was possible to make the excavations by blocks of one cubic 
foot due to the stiffness of the clay contained in the soil. I t is real-
ized that in loose soils this method is impracticable, but it is claimed 
to be the most accurate method for the study of root systems in clay 
soils because it makes possible to determine not only the quantities 
of roots at different soil depths but also the distribution of the roots 
in definite lateral areas. In other words, this method determines 
the lateral spread as well as the vertical penetration of the roots 
studied. 

It is expected that some of the roots of the trees under study 
have extended on both sides beyond the excavations limits, but in a 
field planted at uniform distances, the loss of roots beyond the limits 
of the excavation are compensated by the roots of the trees of the 
neighboring rows which extend into the excavation. This idea ad-
vanced by Lee (2), (3) is applicable to systematic root studies in 
fields planted out at uniform distances; the types of field that should 
be used in studies of this nature. 

The two major handicaps in the execution of this study were, the 
search for a systematic plantation, which are still few in the island 
and the separation of the coffee roots from the roots of neighboring 
shade rtees, as all coffee is grown under shade in Puerto Rico. 
This separation was possible by a thorough study, previous to the 
excavation of the rot systems under study, of the roots of coffee, and 
the shade trees in the vicinity. The morphology, color and odor of 
the coffee roots is typical, but in order to avoid any errors, as the 
separation of the roots from the soil was done by laborers, the roots 
found in each cubic foot excavated were thoroughly inspected by 
the writers and the roots of the shade trees discarded. 

The writers also admit that the green weights of the roots are 
not completely accurate. There is the possibility for some water 
to be lost, thru the necessary handling during the excavation, separa-
tion and weighing, but if care is taken to perform under shade all 
the operations involved in the excavation, separation, washing and 
drying until the excess of water brought in by the washing is re-
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moved, it most be realized that there is accuracy in the method used 
for the determination of the green weights. Although before start-
ing the study, the difficulty involved in the determination of the 
green weights of the roots was appreciated these were obtained in 
order to compare the ratios of tops to roots based on the green and 
dry weights of both parts of the trees. 

RESULTS 

NINETY-FOUR PERCENT OF THE COFFEE ROOTS WERE FOUND IN THE 
TOP-MOST 1 2 INCHES OF SOIL: 

That 94 percent of the roots were present in the top-most 12 
inches of soil is shown by the following tables I and I I in which the 
greatest quantity of roots of each of the six trees was found in 
the top-most 12 inches of soil. 

The quantity of roots decreases tremendously from the 12-inch 
level downward to the depth of 48 inches at which the quantity of 
roots found was negligible. A small amount of roots was found for 
trees Nos. 3 and 6 at a depth of 48 inches. According to the 
figures, it is shown that 94 percent of all rots was found in the top-
most 12 inches and that practically the whole root system of seven-
year old coffee trees growing in Coloso Clay is found in the first 24 
inches of soil, since 99 percent of all the roots of the six trees under 
study were excavated above the 24-inch level, (see Photos. 4 and 5.) 

T H E PERCENTAGE OF ORGANIC MATTER IS H I G H I N T H E 

COLOSO CLAY TOP-SOILS: 

There was 2 percent of organic matter in the top-most 12 inches 
of soil as indicated by table III . This is remarkably high for Puerto 
Riean soils. The quantity of organic matter decreases tremendously 
at lower depths. The high content of organic matter in the first 
layer is undoubtly due to the acumulation of leaves and other vege-
table remains of the coffee, shade trees and weeds. The high content 
of organic matter may have a direct influence on the development 
of more roots at the surface, although the effect of better aeration 
of surface layers is also a factor to be considered. 

As shown also by table III , the percentages of silt and clay was 
practically the same at all soil levels while the percentage of total 
sand was greater at the 36 and 48 inch level. 

The high percentage of clay, and average of 72 percent, makes 
this a distinctly clay soil. 
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six trees studied. 
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T H E PRINCIPAL PLANT NUTRIENTS ARE PRESENT IN FAVORABLE 

QUANTITIES AT T H E SOU. LEVELS STUDIED: 

Upon examinaiion, table TV shows that the nitrogen and potash 
are present in rather high quantities, while phosphorus is present 
in low quantities. The qnan'ity of these three nutrients is practi-
cally the same at all depths. 

The pH, on the average 4 6. indicates that the soil reaction is 
deeidely acid. The content of calcium was extremely low and as 
well as the pH, was practically the same for all soil levels. The iron 
was present in higher quantities at the 36 and 48-inch levels while 
alumninum was present in lower amounts at these same levels. 

The percentage of moisture ah hough higher at the first layer 
was practically the same at all the other soil levels studied. 

Magnesia is present at all soil depths in greater quantities than 
calcium. 

In general, according to the chemical analysis shown by table IV, 
the Coloso Clay is a good soil. It has proved to he productive for 
sugar cane growing specially in dry years and when using the "gran 
banco" system of planting which provides adequate conditions of 
drainage. 

In text figure 2 (he distribution of the coffee root system is shown 
in relation to the root weight and physical and chemical soil analyses 
of the different soil layers. 

A HEAVY TOP IS NOT DEPENDENT ON A STRUNG AND HEAVY BOOX.SYSTEM : 

Tn tables V and VI is shown the advantages of the new method 
used for this study. 

Tn table V, in the first layer, of the 384 cu. ft. excavated for 
the six trees, only 242 cu. ft. were found with roots and the number 
of cubic feet found with roots decreased enormously in the other 
three l-ayers. In the fourth layer, of 384 cu. ft. excavated, only 
4 cu. ft. were found with roots and ¡hese belonged to the root sys-
tems of trees Nos. 3 and 6. Text figures 3 to 8 show the advantages 
still more clearly since in the excavation maps for each tree, the 
lateral extension and vertical penetra: ion of the roots is indicated 
by the dry weights of the roots found in each cubic foot excavated. 
Upon examination, each individual excavation map shown in text 
figures 3 to 8, gives an aproxímate idea of the form of the root 
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system of each 7-year-old coffee tree in this type of soil. According 
to the dry weight of roots found per cubic foot per tree and to the 
position of the blocks of soil found with roots, the form of the root 
system is that of an inverted cone of rather short height. I t is also 
shown in text figures 2 to 8 that the vertical penetration of the root 
system is 4 feet and the lateral extension is approximately 4 feet 
also. 

TABLE V 

DISTRIBUTION OF ROOTS AT D I F F E R E N T SOIL D E P T H S IN RELATION TO 
TOTAL VOLUME OF SOIL EXCAVATED AND TO VOLUME OF SOIL WHERE 

ROOTS W E R E P R E S E N T 

QUANTITIES OF ROOTS, DRY WEIGHTS 

Laye r d e p t h s 

0 " - 1 2 " 
12"-24" 
24" -36" 
36" -48" 

T o t a l 

T o t a l weight 
of roo t s per 
layer of six 
coffee t rees 

G r a m s 

1175.18 
63.26 
8.72 
0.67 

1247.83 

To ta l cub i c 
feet excava ted 

per layer 

384 
384 
384 
384 

1536 

Weigh t of roots 
per l aye r per 

cubic foot 

G r a m s 

3.060 
0.140 
0.020 
0.002 

C u b i c feet 
excavated 

where roots 
were found 

242 
103 
35 

4 

384 

Weight of root 
per cubic foot 
where roots 
were foupd 

G r a m s 

1.86 
0.61 
1) 32 
0 17 

In table VI. is shown that of a total of 256 cu. ft. excavated 
for each of the six trees studied, the number of one cubic foot blocks 
containing roots fluctuate between 51 and 76 blocks. 

The trees with the heaviest root systems, Nos. 2 and 6, do not 
have the most extensive root systems since all their roots were found 
in 65 and 57 one-cu. ft blocks respectively. If table 8 shown later 
is examined, it will be noticed that trees Nos. 2 and 6 do not possess 
the heaviest tops. 

TABLE VI 

WEIGHT OF ROOTS PER CUBIC FOOT OF SOIL P E R T R E E 

Tree n u m b e r 

1. . . . 
2 
3 
4 
5 
6 

D r y weight 
of roots per 

tree 

G r a m s 

167.35 
300,36 
212.22 
120.75 
1Ü0.79 
250.36 

T o t a l cubic 
feel excavated 

per t r ee 

256 
256 
256 
256 
256 
256 

Weight of roots 
per cub i c foot 

G r a m s 

0.65 
1.17 
0.82 
0.47 
0.77 
0.98 

C u b i c feet 
w h e r e roots 
were found 

02 
65 
73 
51 
76 
57 

Weight of roots 
per cubic foot 
where roots 

occurred 

G r a m s 

2 7» 
4 62 
2 1)0 
2 37 
2 59 
t 30 
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"With the exception of tree No 4 the figures for the dry weights 
•of tops and roots and number and position of the one-cubic foot 
blocks excavated for each tree found with roots, indicate that a 
heavy top growth is not dependent on a heavy and extensive root 
system. This is in accord with Lee's (2), (3) and Gómez (1) in-
vestigations on the root systems of sugar cane in Hawaii, the Philip-
pine Islands and Puerto Rico. 

T H E R E IS NO FIXED RATIO OF TOPS TO ROOTS I N COFFEE T R E E S : 

Studying the figures for green and dry weights of tops to roots 
ratio since it is different for all the six trees studied. Based on the 
total dry weights of the tops and roots of all trees, the ratio of tops 
to roots ratio is 7. Inasmuch as these figures are practically equiv-
alent it may be stated that the ratio of tops to roots is aproximately 
8, taking in consideration either the dry or green weights of both 
parts of 7-year-old coffee trees. 

In table VII information is given also regarding fertilizer ap-
plications and moisture conditions of the six trees studied. 

T H E TRUNK DIAMETER OF COFFEE TREES IS A GOOD INDICATION OF A 

HEAVY TOP AND A STRONG ROOT SYSTEM : 

In order to understand clearly the possible interrelationships 
"between certain botanical characteristics of the tops and roots of 
the trees studied, table VIII was prepared. 

This table shows the following: 

(a) That the average tree size for the trees used in this i;tudy 
has a height of 299.16 cms., almost 10 ft.; 159.66 ems. 
or 5 ft. 4 in. of lateral spread and a trunk diameter 
of 3.70 cms., approximately 1% iu. 

(b) That the average tree top and root system in this series 
weighed 1849.16 grs. and 207.97 grs. (dry weight) 
respectively. 

(c) That the trunk diameter of coffee trees was more in-
dicative of a heavy top and a strong, extensive, root 
system than either the height or lateral spread. The 
figures in table VIII show this clearly; the trees with 
a trunk diameter of 4 cms. or above are in general the 
trees having the heaviest and most extensive root sys-
tems. For comparing the root extensiveness of the six 
trees, refer to table VI. 
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TABLE VII 

RATIO OF TOPS TO ROOTS OF EACH T R E E BASED ON GREEN AND DRY 
WEIGHTS AND ITS RELATION TO MOISTURE AND FERTILIZER 

DRY WEIGHTS 

Tree n u m b e r 

1 
2. . 
3 
4. . . 

B 

Fert i l izer 
appl ied 

Average per-
cent of soil 
mois ture for 

all layers 

22.93 
22.93 
22.93 
22.93 
22.93 
22.93 

T o p s 

G r a m s 

1,042.00 
2,038.00 
1,925.00 
1,471.00 
2,094.00 
1,925.00 

11,095.00 

Roots 

G r a m s 

167.35 
300.30 
212.22 
120 75 
196.79 
250.30 

1,247.83 

R a t i o of tops 
to roots 

9.81 
6.78 
9.07 

12.18 
10.64 
7.68 

8.88 

GREEN WEIGHTS 

1 
2 
3 
4 

6 

Totals 

22.93 
22.93 
22.93 
22.93 
22.93 
22.93 

2,500.00 
3,500.00 
3,100.00 
2,050.00 
3,400.00 
3,100.00 

17,650.00 

338.09 
591.81 
404.08 
203.98 
396.95 
520.28 

2,521.19 

7.39 
5.91 
7.07 
7.76 
8.57 
9.89 

7.00 
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Other information that can be obtained from table VIII is ¿n 
relation to the water contents of upriglits, lateral and» leaves and 
roots. Based on the dry and green weights, there is approximately 
50 percent of water in the uprights; 23 percent in the lateral 
branches and leaves, 39 percent in the whole tree tops and 50 percent 
in the roots. The figures definitely indicated the woodiness of the 
coffee tree. 

DISCUSSION AND CONCLUSIONS 

Recognizing the necessity of fundamental knowledge regarding 
the root system of coffee in Puerto Rico in order to be able to in-
troduce better agronomic methods for growing this crop and to be 
able to offer definite explanations for failures attained, the present 
study was undertaken. A new method was used endeavoring to 
obtain abundant as well as accurate and reliable information. This 
method, consists in excavating one-cubic foot-blocks of soil in definite 
volumes of soils corresponding to each of the trees under investigation. 
The green and dry weights of the roots found in each cubic foot of 
soil is obtained and by using an excavation map for each of the root 
systems, the weight as well as the vertical and horizontal distribution 
of the roots excavated for each tree is obtained. The method used, 
just mentioned is the outgrowth of methods previously used by Lee 
(2, (3), Nutman (6) and Gómez (1) for studying the root systems 
of sugar cane and coffee. 

Lee (2), (3) trying to get a quantitative distribution of the 
roots of sugar cane at different soil levels designed and successfully 
executed an accurate, fast, practicable and relatively inexpensive 
method of studying root systems of plants which has been fully 
described. Using Lee's method, no roots are lost since these are 
carefully separated by screens and by hand as the soils is excavated 
by 8-inches layers at several depths. By weighing the roots exca-
vated by layers, an accurate distribution of the roots of the plant 
studied at definite soil depths is obtained. However, no information 
is obtained as to the lateral extension of the roots. Lee's method 
has the further advantage that it is practicable under conditions 
naturally existing in commercial fields. 

Gómez (1) followed Lee's method for studying the root system 
of sugar cane in the western part of Puerto Rico and obtained useful 
and practical information. 

Weaver and his associates (9), (10) studied intensively the root 
systems of man}'- different plants in the United States by working 
into the side of a trench with hand tools and following up the roots 
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by breaking away the soil. Once the root system is exposed, it is 
drawn to scale in the field. 

Although Weaver's method gives information as to the vertical 
penetration and lateral extension of the root systems, it must be 
recognized that a certain quantity of small roots must be lost neces-
sarily in stiff soil since a soil of this nature breaks out in lumps of 
various sizes. The loss of these small roots will affect the results 
obtained because no accurate information can be obtained regarding 
the location of the real absorbing area of the root system. Besides, 
the information obtained in relation to the lateral extension of the 
roots is not representative because the roots do not probably extend 
to the same distances in all directions, taking as axis the trunk of 
the tree and its prolongation, the central root. In other words 
Weaver's method gives good information if the vertical penetration 
and lateral extension of the principal roots of the entire root system 
is desired, but since a certain quantity of the roots is lost, is impos-
sible to get the real location of the absorbing surfaces at different soil 
levels. 

Nutman (6) has used two methods for the study of the root sys-
tem of coffee in Kenya. The first is very similar to that developed 
by Weaver and his associates (9), (10). The second method, which 
according to Nutman is possibly the most accurate method for study-
ing the root system of plants consists, briefly, in washing away the 
soil in 1 foot cubes with fine jets of water at a definite selected 
section of the root system. The roots found at each cube are washed 
and the total length of the feeding roots measured. 

The disadvantages of this method are obvious. In computing the 
total feeding area for the entire root system, it must be assumed 
that the average diameter and concentration of the root hairs is 
constant, a great percentage of the total roots is ignored since only 
a section of the entire root system is studied and the longitudinal 
measurement of the feeding roots must be necessarily a complicated 
and expensive procedure. Nutman developed this method believing 
that the longitudinal measurement of the feeding roots is the best 
indication of the absorbing area of the tree. But that the quantita-
tive determination by weighing the roots is as good an indication of 
the absorbing capacity of the root system as longitudinal measure-
ments, was first advanced and proved by Lee (2), (3) and later cor-
roborated by Gómez (1) and the writers. Besides, although Nutman 
insists on longitudinal measurements, the figure obtained with his 
method (6) indicate that the greatest concentration if feeding roots 
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occur in the top-most 12 inches of soil which definitely establishes the 
fact that the weight of roots at definite levels is an accurate means 
of determining the location of the absorbing area of the root system. 
This is to be expected since the concentration of large numbers of 
feeding roots although of small size and weight will affect the total 
weight of the roots found at a definite soil depth. 

Nutman's (4), (5), (6) intensive works on the root system of 
coffee in various types of soil in Kenya, have undoubtly contributed 
to explain and solve important problems related with the coffee 
industry of that country. 

Nutman (5) also studied the effects of various soil conditions in 
modifying the root-growth of coffee trees and found that in general, 
hard-pan has little effect on root development; lava, mud-stone gravel 
strata and high water-table cause penetration to be inhibited in 
greater or less degree and that the acid limit of satisfactory growth 
is at a pH of 5.8 to 6.00. 

According to the results obtained in this study 94 percent of 
coffee roots of 7-year-old trees in Coloso Clay are found in the top-
most 12 inches of soil. These results generally agree with Nutman \s 
results in Kenya (6) by which he found the greatest concentration of 
roots in the top-most 12 inches of soil, with Lee's (2) results in which 
he found that sugar cane either hilled-up or in furrows, more than 
85 .percent of the roots were found in the top-most 24 inches of soil 
and with Gómez (1) results in Puerto Rico in which 51.39 percent 
of the total amount of roots excavated at a depth of from 0 to 48 
inches, is found in the hilled-up and top-most 0-8 inch soil depth. 

However, it is believed by the writers that the concentration of 
94 percent of the total amount of roots excavated is a little abnormal 
and that must be due to an abnormal soil condition, in this case, 
the imperfect drainage typical of the Coloso Clay soil. From meas-
urements taken on individual 2-year old trees in the coffee experi-
mental fields planted at the Puerto Rico Experiment Station of the 
United States Department of Agriculture at Mayagiiez which indicate 
the height, lateral spread and trunk diameter that may be attained 
by trees under proper soil and cultivation, and from observations 
made on individual trees at commercial fields, it is found when com-
paring the growth of trees used for this study with trees of less age, 
that the 6 trees studied had not developed properly. 

The Coloso Clay Soil being regarded as a productive soil in Puerto 
Rico is not responsible for the growth attained by the trees in 7 
years, but the improper drainage due to special environmental con-
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ditions prevailing in the locality where the excavations were per-. 
formed. It is expected that with better drainage conditions the 
growth attained by the six trees would had been greater and the 
penetration and lateral extension of the root system would had been 
greater also at the various soil depths studied. 

Although Coloso Clay is not the most common type of soil found 
in the coffee region of Puerto Rico it is present at flat, level places, 
near streams in farms where the Catalina Clay is abundant. There-
fore, it is recomemnded to provide the coffee plantations growing m 
localities of conditions similar to those prevailing at the place where 
these studies were conducted, with proper drainage so that the growth 
of the trees may be normal and the production of the field, greater. 

The relatively high percent of organic matter of Coloso Clay ac-
counts lo some extent for the greater concentration of roots at the 
top-most 12 inches of soil although the effect of better aeration of 
surface layers is also responsible for a greater quantity of roots to 
be present in the first layer excavated. Nutman (5) found that 
manorial aplications always resulted in an increased feeder-growth 
in the neighborhood of the manure. 

Apparently, the texture of the soil and the concentration of the 
principal plant foods do not affect the growth of roots. This applies 
especially to the results obtained by this study because with the ex-
ception of a few figures of the physical and chemical analyses of 
the 4 soil depths studied, the texture and the concentration of nu-
trients was quite uniform for the 4 layers in which roots were ex-
cavated. 

Contrary to the common believe that an exhuberant vegetative 
condition of tree tops must be correlated with a heavy and extensive 
root system, the results obtained in this study indicate that the con-
ditions of growth of tree tops cannot be considered in figuring the 
conditions of growth of the root system because a heavy top is not 
dependent on a strong and extensive root system, judging from the 
figures shown in tables V, VI and VIII. The results obtained are 
in accord with those obtained by Lee (2), (3) and Gómez (1) in 
their stuides of the root systems of sugar cane in Hawaii, the Philip-
pine Islands and Puerto Rico. 

According to the figures shown by table VII there is no fixed 
ratio of tops to roots in coffee no matter whether dry or green weights 
of tops and roots are used for determining the ratio. This accords 
with Weaver's (9). (10) results with siudies of the root systems of 
plants in the United States. It may be stated conclusively that the 
ratio of tops to roots of young coffee trees was approximately 8 : 1 . 
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In selecting trees with a vigorous and abundant vegetative condi-
tion at the tops and strong, extensive root systems, the diameter of 
the trunk is a better indication of the possession of these desirable 
characteristics than either the lateral spread or the height. This was 
shown definitely by the figures in tables VI and VIII already ex-
plained. In the six trees studied, those with a trunk diameter of 4 
cms. or above were the trees with the heavier tops and heavier and 
more extensive root sj'stems. 

The new method of studying root systems of crop plants, de-
veloped by the writers and used for studying the root system of 
coffee, C. arábica L. in Puerto Rico, besides making it possible to 
obtain the information discussed already, enables us to propose a 
description for the root system of coffee based strictly on the results 
obtained. Such root system may be described to have the form of 
an inverted cone with a wide base; the spread of the roots in the 
top-most 12 inches of soil, and a rather small height, the vertical pene-
tration. There is really no pivot or main root in the coffee root 
system. The broad, central root noticed in text figure No. 2, is 
part of the stem, buried as a result of a tendency of our farmers 
to plant the coffee seedlings too deep into the planting holes. At 
a very short distance from the collar of the stems (the collar is 
regarded as that point in between the stem and the root system) a 
number of roots are found spreading out laterally and vertically 
which have a greater diameter than any other roots in the system. 
These main or primary roots give rise to secondary and tertiary roots, 
each of smaller diameter, and largely on the tertiary roots the root 
hairs are originated. According to the results obtained and the 
observations made in the field, the tertiary roots with root hairs are 
present in great quantities in the top-most 12 inches of soil and they 
originate at any point or distance from the center of the root system. 
The tertiary roots with the root hairs may originate at any part 
of either the main or secondary roots. I t must be explained that 
the terminology of main, secondary and tertiary is based on the 
diameter of the roots and not on a systematic branching, in other 
words, tertiaries with root hairs haA7e been observed to occur even 
on the buried stem adjoining the root system. 

From the description of the root system just proposed it may be 
concluded that the absorbing area of the root system of coffee is not 
confined to definite places on the soil, but is evenly distributed in 
all places penetrated by the main and secondary roots. 
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APPLICATION OF THE RESULTS OBTAINED 

Athough the results obtained thus far need further confirmation, 
with the information gathered, it is possible to make some recom-
mendations for the improvement of agricultural operations followed 
in the coffee plantations as follows: 

(a) The greatest quantity of roots, 94 percent of the total 
roots excavated for the six trees, is found in the top-
most 12 inches of soil. 

(&) In the top-most 12 inches of soil, the roots of some of 
the trees extended laterally more than four feet. 

(c) The maximum vertical penetration of the roots oF most 
trees is three feet. 

(d) The high content of the organic matter of the ex-
cavated at the top-most 12 inches and the better aera-
tion of surface layers are apparently responsible for 
the greater quantities of roots found in the top-most 12 
inches of soil. 

In view of these facts, the young coffee tree is a surface feeder 
and shade trees or crop plants such as oranges and bananas should 
never be interplanted with coffee because of similar root-habits. In 
case, bananas are used to provide shade to the young coffee seedlings, 
the banana plants should be eliminated as soon as the permanent 
shade trees provide the coffee with the desired shade. Also, the ex-
cessive number of shade trees per cuerda, usually noticed in the 
plantations should be eliminated in order to reduce the competition 
for plant food to a minimum. 

Coffee seedlings should always be planted at a minimum distance 
of 8 ft. X 8 ft. This is shown clearly in the first layers of the ex-
cavation maps (text figures 3 to 8) of most trees. The roots in the 
top-most 12 inches extended laterally 4 ft. or more showing that 
young trees in a relatively small number of years need and indivi-
dual area of 64 sq. ft. for the development of the roots. When it 
is supposed that older trees will develop stronger and more extensive 
root systems it is realized that the minimum planting distance must 
be at 8 X 8 ft. Therefore, a cuerda of coffee should not have more 
than 625 coffee trees in order to provide an adequate land surface 
from which to withdraw an ample supply of plant foods. 

The surface-feeding habit of coffee trees specially while young 
requires deep soils for a reasonable amount of growth and produc-
tivity. Many failures to grow coffee on shallow soils have been re-
corded. 
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As to planting system, the coffee seedlings should never be buried 
in the planting holes at time of planting. There is a tendency in 
the farmers to plant too deep which results in the tender new roots 
have to penetrate in hard, less fertile layers of soil affecting tre-
mendously the rate and total amount of growth of the whole tree. 
The seedlings should be planted at the same level as that of the plants 
in the nursery, in this way all the good soil characteristics of the 
surface layers give the young seedlings better chances for a strong, 
vigorous development. 

However, the root systems should be gradually induced to pene-
trate to deeper soil depths so that the roots may resist prolonged 
droughts, and absorb nutrients when the surface layers begin to get 
short of water and plant foods. This may be accomplished by making 
deep holes half way between the rows of trees in which to apply 
vegetable manures and chemical fertilizers. Such lióles would in ad-
dition serve as deposits for fallen leaves and other plant debris. 

In performing general agricultural operations, care should be 
taken to prune and mutilate the least number of roots by using proper 
tools and not operating too close to the tree trunks. This is possible 
by cultivating only in narrow strips half-way between the rows of 
trees. Recently vertical forks have been used successfully by numer-
ous farmers because of their adaptability to loosen the soil breaking 
the least number of roots. 

The coffee seedlings is susceptible to stagnant water, therefore, in 
soils with imperfect drainage, drainage ditchs should be provided 
in order to dispose of the excessive moisture. 

The greatest concentration of roots being found at the top-most 
soil layer, fertilizer applications need not to be applied too deep. It 
is recommended to loosen the soil slightly under the drip of the trees 
and mix the fertilizer applied with the top soil and mulch. But on 
steep soils the fertilizer must be applied on the individual terraces or 
in shallow pits dug-out at the trunks in order to avoid washing of the 
fertilizer during heavy rainfall. 

The better aeration of the surface layer is responsible to a certain 
extent for the greatest concentration of roots at the top-most 12 
inches, therefore the soil of coffee plantations should be loosened to 
improve the aeration and consequently promote all the physical, 
chemical and biologic processes necssary for optimum root growth. 
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SUMMARY 

1. The various methods used by Gómez (1) Lee (2) Lee and Bis-
singer (3), Nutman (4), (5), (6), Trench (7), Venkatraman (8), 
and Weaver and his associated (9), (10) for the study of the root 
system of plants have been described and discussed fully. 

2. A new method developed by the writers has been described 
and used for the study of the root system of coffee, C. arábica L. in 
Puerto Rico. Briefly, this method consists in excavating the volume 
of soil assigned to each tree under study by blocks of one-cubic foot 
each and separating, drying and weighing the roots obtained from 
each block. By keeping an excavation map for the root system of 
the trees, the exact position of roots obtained for each block is ob-
tained, therefore being possible to determine the quantity of roots 
present at the various soil levels excavated and the lateral spread of 
the roots as well. 

3. Ninety-four percent of the coffee roots of all trees were found 
in the top-most 12 inches of soil. 

4. The high percentage of organic matter in Coloso Clay, es-
pecially in the top-most layers, and the better aeration at the sur-
face, apparently accounted to a great extent for the presence of more 
roots in the top-most 12 inches of soil. 

5. The imperfect drainage conditions existing at localities where 
Coloso Clay predominates affect the development of the root systems 
of coffee plants. 

6. Coloso Clay is a productive soil when proper drainage condi-
tions are provided and the principal plant foods are generally dis-
tributed uniformly to a depth of 48 inches. 

7. A heavy and vigorous coffee tree top is not dependent on an 
extensive root system. 

8. There is no fixed "( tops to roots) ra t io" in coffee trees, but 
generally the ratio of tops to roots may be figured to be 8 :1 . 

9. In selecting trees with vigorous, heavy tops and a strong, ex-
tensive root systems, the diameter of the trunk is a better indication 
of the possession of these characteristics than either the height or the 
lateral spread of the tree. 

10. There was approximately 50 percent of water in the upright 
stems of coffee trees, 23 percent in the lateral branches and leaves, 
39 percent in the whole tree tops and 50 percent in the roots. 
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11. The absorbing area of the root system is not confined to 
definite places on the soil but is distributed thru-out all places pene-
trated by the main and secondary roots. 

12. The vertical penetration of roots of 7-year-old trees is 3 feet 
and the lateral extension is 4 feet. 

13. The results obtained have been discussed fully in relation to 
possible aplications in the performance of agricultural practices fol-
lowed by farmers in coffee plantations. 
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