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cm) rows and budded with 'Valencia' (Citrus sinensis (L.)
Osb.) scion in March, 1976. The trees received commercial
care with irrigation provided by a permanent overhead sys
tem. Cuttings of the scion were rooted in the greenhouse,
established in pots, and set in the nursery in June, 1976.
Six trees of each rootstock and 6 rooted cuttings were
selected in February, 1977 for study of their root systems.
The excavations were approx 40 to 48 inches (101.6 x 121.9
cm) in width and 24 inches (61 cm) deep. Adjacent trees
were also removed when necessary in order to retrieve inter
mingled roots. The root systems were washed, dried, and 2
trees on each rootstock and the cuttings were photographed
against a grid of 2-inch squares.

Abstract. Young 'Valencia' (Citrus sinensis (L) Osb.) trees

propagated on 12 rootstocks, and rooted cuttings of the
scion, were excavated from a nursery planting and their

root systems photographed and described. Differences were

observed in the general appearance of the root systems and
the nature of the lateral and feeder roots. Several rootstocks

including rough lemon (C. jambhiri Lush.), sour orange (C.
aurantium L), and Cleopatra mandarin (C. reticulata Blanco)
had vigorous, spreading root systems with numerous feeder
roots and prominent lateral roots. Others, for example, sweet
orange and 'Orlando' tangelo (C. paradisi Macf. x C.
reticulata) had more compact root systems dominated by
feeder roots. Some rootstocks particularly Swingle citrumelo
(C. paradisi x Poncirus trifoliata (I.) Raf.), appeared to have
feeder roots which branched less profusely as compared to
other stocks.

The commercial acceptance of a rootstock is based on
several characteristics including both its field and nursery
performance. In the nursery, the growth of the young

budded plant and its root system is especially important

because these factors affect the time required to produce a
salable plant and the ease and success of transplanting to
the field.

In an earlier study (3), nursery trees were excavated 4
years after budding and their root system described. The
rootstocks were largely experimental but included some
commercial ones as well. Differences in the characteristics of
the root systems were noted; however, the trees had been
confined to a close spacing considerably longer than would
be in a commercial nursery which might have restricted the
growth of the root system.

Our objective was to describe and compare the root
systems of nursery trees on 12 established or new rootstocks

plus rooted cuttings of the scion. The trees were grown

under conditions comparable to a commercial nursery and
maintained until they reached approx the normal age for
transplanting to a grove.

Materials and Methods

The trees used in this study were part of a nursery
planting of 1500 trees grown for another purpose by the
Division of Plant Industry in Dundee. The soil type at this
location is Astatula fine sand. The site was fumigated with
methyl bromide at a standard rate (2) prior to setting out
seedlings of the 12 rootstock selections (Fig. 1-3). The liners
were set in June, 1975, in approx 10 x 60 inch (25.4 x 152.4
iFlorida Agricultural Experiment Stations Journal Series No. 793.
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Results and Discussion

The root systems as illustrated in Figs. 1-3 were healthy
and in an active state of growth. No evidence of phytophthora root damage was observed indicating that healthy
trees can be raised in soils repeatedly fumigated with
methyl bromide. The general morphology of the root sys
tems was influenced by rootstock. Some rootstocks such as
'Orlando' tangelo, had dense root systems consisting pri
marily of feeder roots while with others, for example
Rangpur lime, the lateral roots were more prominent.
Descriptions of the excavated root systems follow.
Rough Lemon (Citrus jambhiri Lush.) Fig. 1.

The rough lemon root systems were vigorous and spread
ing in growth habit. They had many lateral roots which
extended from the taproot to beyond the point of excava
tion. Most of the lateral roots were relatively small in diam
and bunched near the soil surface. Numerous feeder roots

were distributed along the lateral roots and the taproot.
There was a tendency, however, for stronger feeder root
development away from the crown of the plant on the
lateral roots rather than near, as noted by Savage, Cooper,
and Piper (3).
Sour Orange (C. aurantium L.) Fig. 1.

This stock, like rough lemon, had a vigorous, spreading
root system characterized by an abundance of lateral and
feeder roots. Many lateral roots appeared to be smaller in
diam than those of rough lemon with a larger quantity of
more evenly distributed feeder roots. The lateral roots were
primarily located just below the soil surface. A taproot was
usually present but it often divided into several roots after
penetrating one ft (30.5 cm) or more into the soil.

Carrizo Citrange (C. sinensis (L.) Osb. x Poncirus trifoliata
(L.) Raf.) Fig. 1.

Carrizo has become one of the most popular rootstocks
in recent years, virtually replacing rough lemon because of
the blight disorder associated with the latter stock.2 In this

study, Carrizo had the poorest root system development.
The root system consisted of a prominent taproot but only
a small number of feeder and lateral roots. The lateral roots
were not as long as those of either sour orange or rough
lemon but some were found all along the taproot. The
shorter lateral roots deeper in the soil were usually well2Carrizo was the rootstock for 51% of all registered trees sold in Fla.
during 1976-77 as recorded by the Budwood Reg. Office, Winter Haven.
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Fig. 1 Root systems of 2 young 'Valencia' trees on each of 5 citrus rootstocks. The background grid is composed of 2-inch squares The area

outlined by a dashed line represents that portion of the root system which may remain after commercial digging of the plants.
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Fig. 2. Root systems of 2 young 'Valencia' trees on each of 5 citrus rootstocks. The background grid is composed of 2-inch squares. The area
outlined by a dashed line represents that portion of the root system which may remain after commercial digging of the plants.
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Fig. 3. Root: systems of 2 young 'Valencia' trees on each of 2 citrus rootstocks and, 'Valencia' cuttings. The background grid is composed of
2-inch squares. The area outlined by a dashed line represents that portion of the root system which may remain after commercial digging of the
plants.

supplied with feeder roots; however, the fibrous roots tended
to group near the ends of those lateral roots located closer
to the soil surface. This characteristic is possibly related to
the difficulties experienced by some growers in transplant
ing trees on this rootstock. Many of these groups of small
roots are severed from the tree and remain in the soil when
the trees are dug. This emphasizes the need to avoid carry
ing trees on Carrizo in commercial nurseries for prolonged
periods after they have reached a salable caliber. Continued
extension of the lateral roots will probably only accentuate
this problem. This suggests that root pruning may be one
approach to maintaining the feeder roots closer to the plant.
The feeder roots did not appear to branch as profusely
and form a thick "mat" as those of most of the other rootstocks.

Cleopatra Mandarin (C. reticulata Blanco) Fig. 1.

The root system of this stock was similar to that of sour
orange. It possessed many secondary support roots which
grew 2 to 3 ft (61 to 91.4 cm) beyond the extremities shown
in Fig. 1. Also, the large number of feeder roots generally
formed into a distinct layer or "mat" that extended out
horizontally from the base of the plant to the ends of the
lateral roots. The Cleopatra root systems were not charac
terized by long, well-developed taproots as observed in an42

other study (3) possibly because of the difference in age of
the respective groups of plants.
Ridge Pineapple Sweet Orange (C. sinensis (L.) Osb.) Fig. 1.
The sweet orange root system in contrast to those above,
had a more compact appearance because the secondary roots
arising from the taproot were more closely spaced, shorter
and smaller in diam than those of rough lemon or sour
orange. The feeder root density seemed comparable to that
of Cleopatra, however, the fibrous roots seemed to branch
less, as in Carrizo, and form a "coarser" network (4).
Trifoliate Orange (Poncirus trifoliata (L.) Raf.) Fig. 2.
The fibrous roots constituted the major portion of the
small, poorly developed trifoliate orange root system. The
lateral roots were small and few in number. The root sys
tem was not as vigorous in its growth habit as any of the
other stocks.

Palestine Sweet Lime (C. limettioides Tan.) Fig. 2.
The sweet lime root system had several traits commonly
associated with vigor in a stock/scion combination: A pro
nounced taproot could generally be observed, although it
frequently divided into 2 or more vertical roots; relatively
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large and long lateral or brace roots well-distributed around
and along the central root; and, many feeder roots which
were dispersed throughout the framework of supporting
roots. This description differs from that of Savage, Cooper,
and Piper (3) who reported that sweet lime lacked an obvi
ous taproot and had a greater mass of feeder roots.
Rangpur Lime (C. limonia Osb.) Fig. 2.

Rangpur lime and sweet lime root systems did not differ
greatly in their general characteristics; however, Rangpur
lime had a more prominent lateral root system composed of
fewer but thicker and longer roots. Feeder roots were mainly
present near the tips of the lateral roots.
Swingle Citrumelo (C. paradisi Macf. cv. Duncan x P. trifoliata (L.) Raf.) Fig. 2.
Swingle citrumelo has recently become of interest as a
potential rootstock for Florida because of its excellent per
formance in Texas field trials (5). The root system of this
rootstock, as shown here, was small and consisted largely of
numerous slender lateral roots which supported a network
of relatively unbranched feeder roots similar to that de
scribed earlier for sweet orange and Carrizo citrange. The
Swingle citrumelo roots with apparently active, growing
(white) root tips were frequently of larger diam than com
parable roots of other stocks, and did not appear to sub
divide in the same manner (Fig. 4). Many of these feeder
roots emerged from the slender laterals and continued
growth as a single "string-like" root with only a small num
ber of feeder roots arising along its axis.

Citrus volkameriana Pasq. Fig. 3.
C. volkameriana is a new rootstock, virtually untested in
Florida, but being considered as a possible substitute for
rough lemon. In comparing the root systems of these 2
stocks, their general appearance differed very little; however,
the C. volkameriana seemed more vigorous. The lateral roots
were larger and the taproot deeper penetrating. The smaller
"size" of the rough lemon root system probably reflects the
poorer growth of the aerial portion of the seedlings com
pared to other stocks. Rough lemon seedlings are susceptible
to certain leaf fungal diseases as well as foot rot, which can
limit the vigor of the plant. The budded rough lemon
plants were noticeably smaller than the C. volkameriana
ones.

Orlando Tangelo (C. paradisi x C. reticulata) Fig. 3.
Growers and nurserymen often express concern over
feeder root density when evaluating nursery plants. The
'Orlando' root system perhaps exemplifies the desired degree
of feeder root development. This root system was not as
spreading nor did it share some of the features noted in
other rootstocks. The overwhelming characteristic of the

Orlando root system was its mass of feeder roots. At first,
such an ample supply of fibrous roots might be viewed as
an advantage, but there are other considerations. For ex
ample, it is generally recognized that an important aspect
of tree planting is establishing good soil-root contact. This
could be difficult to achieve with such a tightly interwoven
"mat" of fibrous roots.

'Valencia' Cutting (C. sinensis (L.) Osb.) Fig. 3.

The rooted cuttings had the shortest growing period
but rapidly increased in size after planting in the nursery
and were approaching the size of some of the budded trees
at the time of excavation. The root system of these plants
did not develop as extensively as that of the other plants
and was mainly composed of fibrous roots.
The results of this study describe the state of root de
velopment for nursery trees at a time when they might
normally be transplanted to a grove. Therefore, the question
arises as to the existence of any meaningful differences be
tween the physical characteristics of the root systems which
might be related to their ease of transplanting. If the entire
root system as shown in Figs. 1-3 was considered, the root
stocks could be grouped according to the obvious differences
in their gross morphology. The first group would consist of
C. volkameriana, C. macrophylla, and Rangpur lime. These
stocks have a taproot and prominent, vigorous lateral roots.
Fig. 4. Swingle citrumelo and rough lemon feeder roots obtained
during excavation of the nursery trees.

This pattern of root development was distinct and easily
observed. It represented a definite and consistent divergence
from the pattern noted for each of the other rootstocks ex
amined. Whether this difference is of any practical or
physiological significance was not determined. The experi
ence of commercial nurserymen in Florida is that Swingle
seedlings are vigorous growers despite the features of the
root system as described above. A scion, particularly sweet
orange when budded to Swingle citrumelo, however, may
grow very slowly as was observed in this study.
Citrus macrophylla Wester. Fig. 2.
The root system of this stock was essentially identical in
form and growth characteristics to that of Rangpur lime ex
cept the number of feeder roots appeared to be less.
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Palestine sweet lime also has these characteristics but in
addition, a larger number of feeder roots. Rough lemon,
sour orange, and Cleopatra mandarin constitute an inter

mediate group of stocks with a reasonable balance between
vigorous lateral and feeder root development.

In the next group of 'Orlando' tangelo, sweet orange, and
Swingle citrumelo, there is a further shift toward a more
compact root system comprised primarily of feeder roots.
Carrizo citrange and Trifoliate orange form the last group
with generally poor root development. Trees on Carrizo
had moderately vigorous lateral root growth but com
paratively few feeder roots as did the Trifoliate orange.

It is likely that the differences in the full root systems are
more indicative of the expected pattern of root development
for field trees on each stock in deep, sandy soils particularly
in the first years of growth (1). From the practical stand
point, some of these differences are probably absent or not
as apparent when freshly dug, commercial nursery trees are

examined because the extent of the root systems will not be
43

as shown in the photographs. Lateral and taproots are gen
erally severed during the digging operation, reducing the
root systems to an area approx 10 inches (25.4 cm) to each
side of the plant and 12 inches (30.5 cm) deep as outlined
by the dashed line in Figs. 1-3. Differences that do remain
are probably less meaningful because field experience sug
gests that trees on most of these stocks can be transplanted
with minimum difficulty. Active, growing feeder roots are
usually considered primarily responsible for supporting a
tree during the reestablishment period. It appears that each
root system is adequately supplied within the outlined
area; however, some transplanting difficulties have been en
countered with Carrizo and Trifoliate orange. Trees on
other stocks e.g. C. macrophylla, seem to lack feeder roots
but apparently are able to rapidly regenerate new roots and
resume growth. Also, these results are representative of trees

raised in deep sands. Nursery trees raised in other soil types
or in containers may have entirely different root systems.
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Abstract. 'Robinson7 trees on Estes rough lemon (RL) rootstock were larger and produced more fruit than trees on 9
other rootstocks tested. However, these fruit had the lowest
total soluble solids (TSS), acids, and juice content (46%).
'Robinson' on Orlando (ORL), Cleopatra (CLEO), and Troyer
(TROY) produced nearly as much fruit, which was higher in
TSS and juice content than those on RL. The percentage of
large-size 'Robinson' fruit was greatest when trees were on
TROY rootstock. Rusk (RSK) induced early production of
'Robinson' fruit with high TSS, but fruit yield was among the
lowest for any rootstock. 'Page' trees on Sanguine sweet
orange (SANG) rootstock produced the most fruit, followed
by trees on RL and CLEO. 'Page' trees on Carrizo (CAR) pro
duced the largest fruit, followed closely by those on MIL.
'Page' fruit from trees on these rootstocks had similar juice
content, but those on RL had the lowest TSS.

'Robinson' (Citrus reticulata Blanco X (C. paradisi
Macf. X C. reticulata)) and 'Page' ((C. paradisi X C.
reticulata) X C. reticulata) are citrus hybrids released as
new cultivars in 1959 and 1963, respectively (3, 4). Informa
tion on the performance of these cultivars on various root
stocks was not available at the time of their release, and no
results have been published to date. Trees destined for the
first rootstock experiment with these scions were destroyed
in the nursery during the 1962 Florida freeze. Most of the
commercial 'Robinson' and 'Page' trees were established
during the early to mid-1960's. Rootstocks used for these
cultivars were selected on the basis of the observed per
formance of similar scions, such as tangerines and tangelos.
iThe authors express their appreciation to W. R. Conybear and
R. Fenton for their assistance in the collection and analysis of data.
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This report contains information on the performance of
'Robinson' and 'Page' in a scion-rootstock experiment dur
ing the period 1968-1976.
Materials and Methods

Nursery trees of 10 scions

(all mandarin or mandarin

hybrids) on 10 different rootstocks were planted on Astatula
fine sand in 1965, near Leesburg, Florida. Trees were spaced
4.5 x 5.4 m in 4 randomized blocks with 3-tree plots. The
planting received excellent care and all cultivars were
vigorous and fruitful. Fertilization, irrigation, and other
operations were carried out uniformly. During the early
years of the experiment, it became apparent that insufficient
labor was available to obtain all the information desired
from the experiment. Consequently, complete data on fruit
yield and quality were not obtained annually. Also, data
were later restricted to 2 of the 4 blocks. For these reasons,
most of the data were not subjected to statistical analysis.
Fruit quality data were determined by standard methods.
This report includes only data on 'Robinson' and 'Page'.
The rootstocks were Carrizo (CAR) and Troyer (TROY)
citranges (Poncirus trifoliata (L.) Raf. X Citrus sinensis

(L.) Osbeck); Estes rough lemon (RL) (C. Union (L.) Burm.
f.); Milam (MIL) (rough lemon hybrid?); Seville sour or
ange (SO) (C. aurantium L.); Rusk citrange (RSK) (C.
sinensis X P. trifoliata); Cleopatra mandarin (CLEO) (C.
reticulata Blanco); Orlando tangelo (ORI^,) (C. paradisi
Macf. X C. reticulata); Large Flower trifoliate orange
(LFTO) (P. trifoliata); and Sanguine Grosse Ronde (SANG)
(C. sinensis).

Results and Discussion

The influence of rootstock on time of bloom during 2
seasons is shown in Table 1. Data on the performance of
'Orlando' tangelo are included, because 'Orlando' is com
monly used as a pollenizer for 'Robinson' and 'Page'. Sig
nificant differences in the percentage of petal drop were

found only for 'Robinson' in 1969 and 'Orlando' in 1969
and 1971. The trees were young, and their annual or bi
ennial bloom patterns may not have been stabilized. 'Page'
Proc. Fla. State Hort. Soc. 90: 1977.

