
COMPOSITION OF FRUITS AND PHLOEM EXUDATE
OF CUCURBITS

A . S. CRAFTS AND 0. A . L OR EN Z

Phloem exudate has been used in many studies oln solute tranisport in
plants. As far as can be determined by microscopie observation, it comes
from the sieve tubes and represents, therefore, ani unimixed sap that moves
rapidly within the planit.

If the exudate from cut peduncles of cueurbit fruits represenits a true
sample of a solution of food materials moving through the phloem by mass
flow to nourish those fruits, there should exist a fairly conistant proportion-
ality betweeni the various compounids presenit in the exuidate and in the
fruits. That the process of phloem exudation has been variously interpreted
in the past is apparenit from the following review of literature.

Sinice the researches of HARTIG aInd NXGELI (6) it has beeni commonly
assumed that the sieve tubes of the phloem tissu.e of plants are conitinuous
elemnenits interconlnected by open pores through which substaniees in solu-
tion may pass more or less freely. Phloem exudation from cut cucurbit
stems, described in detail by NXGELI, was cited as confirmingy evidenice for
an open system; and many considered it a manifestationi of the normal
process of food transport.

ZACHARIAS anid KRAUS (6), analyzing such exudate, showed that it con-
tained sugar, organic nitrogen compounds, potassiumii, alnd phosphorus, all
of which were presumably translocated in the phloemi.

The works of FISCHER, STRASBURGER, and HILL (6) tenided to conifirm
this early interpretation. The cucurbit sieve tube became the accepted type
of food-coniductingc element, illustrated in elementary texts, anid ofteni cited
as anl example of adaptation of structure to functioni. To many+- botanists
the structural aspects of the process of food transport in plants seemed
clear.

In 1855, however, VON MOHL questioned the actual perforation of the
sieve plate, contenidingc that the middle lamella remainied intact.. LECOMTE
described the protoplasm as penetratinig into the striations of the callose
plates in the form of filaments terminating, at the swellings in kinobs. Such
structures are commonly found in the positioni of the middle lamella of the
sieve plate. The researches of HILL, STRASBURGER, and other early work-
ers (6) emphasized the extreme fineness of the sieve-tube coninectionls in
many plants, the gymnosperms in particular. KUHLA (16) dcenied the per-
foration of the protoplasmic connection of the sieve plate, anid siniee then
others have shared his view (6, 9, 26, 27).

If the sieve tubes are nlot perforate elements through which ready-mass
flow of solutions caan take place, how are foods transported in plants?
BIRCH-HIRSCHFELD (1), DI-XON and BALL (12), anid MASON anid LEWIN (18)
concluded that they move through the xy-lem. Later, DIxoN (11) and
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MASON (19) chanoed their views. In 1931, CRAFTS proposed that foods
move throuhli the highly hy-dlrated wall of the phloem (5); in 1932 and 1936
(6, 7), reversino this opiniioni, he suggested that the sieve-tube protoplasm
of the mature element is permeable, allowing the foods to move readily in
solutioni alono phloem stralnds.

In 1936, AASON anid PHILLIS (21) confirmeid the early analyses on
phloem exudate fromi cueurbits, but retained AMASON anid MASKELL'S inter-
pretation (20) that food materials move by "activated diffusion" inde-
pendenit of the solvent.

In such a controversial field, what role cani be assioneid to phloem exuda-
tioni, anid of what value are studies oIn that. subject? NXGELI, FISCHER,
LECOMTE, anid STRASBURGER (6) had all regarded the colnduction of slime-
that is, the more proteinaceous food constituents-as a normal fuLnction of
sieve tubes. In 1931, 1932, and 1936 CRAFTS experimented with phloem
exudation from cucurbits (5, 6, 7). Though he recoonized that the initial
rate of outflow might be as hioh as ten times the normiial rate, he maint-ained
that phloem exudation was a manifestation of the normal process of food
movemenit ancd that the exudate was a true sample of t.he solutioni of foods
movino in the phloem.

In 1937, MASON anid PHILLIS (22) questionied the comiiplete permeability
of the mature sieve tube, casting doubt on the mass-flow miiechanism.
Meaniwhile, studies on phloem-i exudate from forest trees by PFE1FFER (24)
and bv HUBER, SCHMIDT, anid JAHNEL (15) clearly pictured the conicentra-
tion of solutes ill this material; also the diurnial fluctuations in conicentration
resulting from chanoes in the processes of carbon assimilation. In a way,
these changes followed the diurnal changes in sugar concentration found
in the bark of cottoni by MIASON and MASKELL (19).

HUBER anid ROUSCHAL (14) confirmed CRAFTS' observationis on sieve-tube
permeability, while the latter (8) suggested a newer technic for demon-
strating phloemi exuldation in many plant species.

Thus, though-i workers in the field were still lacking agreement on the
mechaniism of phloem transport, evidenee that seemed to support the mass-
flow theory was rapidly accumulating. While STEWARD an1d PRIESTLEY (28)
concluded that phloem exudation was of local origin and was due to turgor
pressure or tissue tensionis, and while CURTIS (10) considered it strictly
abnormal, they provided no experimental proof for their contentions.

CLEMENTS (2) studying the growth and composition of the fruits of the
sausage tree (Kigelia african a), deduced that t.he mass-flow mechanism was.
iniadequate in this planit. His conclusions are weakened by several unwar-
ranted assumptions: namnely, that all water in the phloem is mobile; that
a suoar analysis of the total phloem reveals the sugar content of the sieve
tubes; ancd that because fruits are young", the sieve tubes leading, into them
are immature anid therefore in a high state of miietabolic activitv. His work
implies, nevertheless, that there should be a eertaini agreemenit between the
composition of a growing structure and the solutioln movingr in to nourish
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its tissues. That such an agreement fails with respect to the composition
of fruits and phloem exudate from cucurbits is evident from the work of
Coom (4).

COLWELL (3) found no agreement between the composition of the fruits
and exudate from peduncles of Connecticut Field pumpkin with respect to
carbon and nitrogen. He found that the CIN ratio of the exudate varied
from 3.7 to 4.4; while the ratio in the fruit varied from 7.5 in very young
to as high as 18.5 in more mature fruits. In general, the C/N ratio averaged
about three times higher in the fruit than in the exudate from peduncles
supplying the fruit. As both the exudate and fruit approached a value of
about 3 per cent. carbon on the basis of fresh weight, the disproportionality
in the C/N ratio resulted from the much lower nitrogen content of the
fruit than of the exudate. In other analyses, COLWELL found the exudate
t.o be higher in dry weight than the fruit. Reducing sugars and total sugars
were three to four times higher in the fruit than in the exudate; He was
able to account for practically all of the carbon of the exudate as existing
in the form of protein compounds and sugars.

The experimental work of this paper is concerned with further testing
the proportionality between carbon and nitrogen compounds of the exudate
and fruits of two cucurbit species.

Methods
Two varieties of CUtcutrbita pepo were used: Connecticut Field pumpkin

because of its vigorous growth, copious exudate, and because COLWELL'S
previous st.udies had been made upon it; and Early Prolific Straightneck
summer squash because of rapid growth, uniform shape, and yellow color,
apparently containing no chlorophyll.

The exudate was collected in the morning. Successive cuts from the stem
tip or the peduncle were made until 3 to 10 milliliters of the exudate had
been collected. Successive cuttings were necessary because only a few drops
could be collected from any one cut, owing to the tendency of the exudate
to coagulate. Ten or more stem tips or peduncles were used as a composite
in obtaining material for any one sample. The exudate was collected in
glass vials. Since it tended to coagulate on standing, it was usually dried,
;and analyses were then made on the dried material. Nitrogen was deter-
mined by the Kjeldahl method. Insoluble nitrogen was designated as that
fraction insoluble in boiling 80 per cent. alcohol. Carbon was determined
by the wet combustion described by MCCREADY and HASSID (17). In ashing,
the samples were ignited at 450° C. for 48 hours. For the dry weights the
samples were dried in a forced-draft oven at 70° C. for 48 hours. Sugars
were determined by the eerie sulphate method described by HASSID (13).
Except for some of the dry weights and ash, all determinationis were made
in triplicate.

Results

The data presented in table I show t.he changes in carbon, nitrogen, and
ash content of the exudates over a period of time. Successive cuts were made

328



CRAFTS AND LORENZ: CUCURBIT FRUITS AND PHLOEM EXUDATE

TABLE I
NITROGEN, CARBON, AND ASH CONTENT OF PHLOEMI EXUDATE FROM SUCCESSIVE

CUTS OF THE SAME CONNECTICUT FIELD PUMPKIN STEMS; EXUDATE
COLLECTED FROMI STEMI TIPS AUG. 25, 1942

PERCENTAGE OF DRY WEIGHT

CUTS* TIME OF DRY WEIGHT C/N AS
COLLECTIONr PERCENTAGE

C N ASH OF FRESH

1- 3 8: 00- 8: 30 A.M. 59.03 16.22 7.49 3.63 6.81
4- 7 8: 30- 9: 00 45.85 14.73 7.86 3.11 7.28
8-12 9: 00- 9: 30 46.36 13.84 8.80 3.35 6.32

13-18 9: 40-10: 35 40.05 11.50 9.06 3.48 6.58
19-24 10: 40-11: 10 40.05 11.73 8.97 3.41 5.93
25-44 11: 15 A.M.-12: 25 P.M. 32.77 11.39 7.98 2.88 6.18

* Cuts 1-7 were made in 5-mn. seetions, while for the remaining sections the cuts
were of 2-mm. sections.

from the same stem tips until about 5 milliliters of exudate had been col-
lected. The first column in the table shows the number of cuts made in
obtaining the samples; the second column, the time consumed in gathering
the exudate. Carbon concentrationi tended to decrease with time. The first
sample, taken from 8 to 8: 30 A.M., was considerably higher in carbon than
the last sample, taken from 11: 15 A.M. to 12: 25 P.M. Nitrogen content
showed a marked decrease in the samples taken at the intervals between 8: 00
and 10: 35 A.M. and apparently reached a constant value after that time.
The C/N ratio was approximately constant except in the last collection,
where the ratio was lower. The ash content remained almost constant.

Table II presents further evidence that there was no great change in
carbon and nitrogen composition of the exudate collected over a period of
time. In this instance a comparison was made between the composition of
the first and second drops of exudate from the same stem tips. Individual
first and second drops from each stem tip were collected and composited
until about 5 milliliters of sap were available for analysis. There was a

small increase in carbon content of the second drop of exudate as compared
with the first drop; but nio difference in the nitrogeni contenit. The CIN ratio
was approximately the same for both the first and second drops of exudate.

Efforts were made to determine the relation existingr bet-ween the nitro-

TABLE II
CARBON AND NITROGEN CONTENT OF FIRST AND SECOND DROPS OF EXUDATE OF CONNECTICUT

FIELD PUMPKIN; EXU.DATE FROM STEM TIPS COLLECTED 1-3 P.m., AUG. 21, 1942

PERCENTAGE OF FRESH WEIGHT
DROP TESTED C/N

C N

First .... ...... 7.38 2.61
Second ....... 8.14 2.53
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gen, carbon, anid ash content of the fruit and the similar content of the
exudate from peduncles of these same fruits. If the ratio of these con-
stituents was the same in the exudate as in the fruit, one might conclude
that the constituents observed in the exudate were a true measure of what
was actually moving, into the fruits. These anialyses were made on small-
immature, medium-sized, and mature fruits of each of the two varieties.
As shown by the data in table III, carbon, nitrogen, and ash in t.he peduncle
exudate of Early Prolific Straightneek were the samiie regardless of the size
or age of the fruit. The C/N ratio was likewise a constant value. In the
fruit the carbon, nitrogen, ash, and dry weight tended to decrease slightly as
the fruit became larger. The C/N ratio was approximately the same for
all the various-sized fruits. This ratio in the fruits was about 14 to 1, as
compared with only 3.4 to 1 in the exudate of their peduncles. In other

TABLE III
CARBON, NITROGEN. AND ASH CONTENT OF PHLOEM EXU-DATE AND FRIUITS OF DIFFERENT-SIZED

EARLY PROLIFIC STRAIGHTNECK PUMPKINS; EXUDATF FROM PEDUNCLES
COLLECTED AND FRUITS HARVESTED 8-11 .-AT., SEPT. 8, 1942

PHLOEM EXUDATE FRUIT

DRY DRY
FRUIT* PERCENTAGE OF DRY WEIGHT PERCENTAGE OF DRY WEIGHT
SIZE WEIGHIT C/N AS PER- WEIGHT C/N AS PER-

CIN_CENT- _CENT-

C N ASH AGEOF C N ASH AGE OF
FRESH FRESH

% % % % % % %N
1 44.69 13.21 9.70 3.38 9.40 42.71 3.50 10.95 12.20 6.90
2 44.07 13.13 8.74 3.36 9.70 38.49 2.46 10.07 15.65 5.51
3 44.30 13.19 9.07 3.36 10.54 36.92 2.62 10.09 14.09 5.12

* Description of fruit sizes:
Size 1: Length 10.15 cm.; greatest diameter 2.66 ciii.; weight 42.66 gin.; average

of 44 fruits.
Size 2: Leiigtlh 21.29 em.; greatest diametel 5.72 cmii.; weight 343.55 gini.; aver-

age of 19 fruits.
Size 3: Lenigth 27.04 cm.; greatest diameter 7.64 ciai.; weight 893.63 gini.; aver-

age of 12 fruits.

words, the C/N ratio in fruits was over three timiies as high as that founid in
the exudate.

As table IV shows, the results obtained with the Connecticut Field
variety resembled those obtained with Early- Prolific Straightneek. The
carbon, nitrogen, and ash content of the exudate revealed lno consistent
differences between the fruits of different sizes or ages. The CIN ratio
approached a constant in the exudate from all the fruit sizes. In the various-
sized fruits the carbon content was relatively constant, whereas the nitrogen
content fluctuated. There were indications of a decrease in nitrogen content
as the fruits enlarged. In the young fruits the total nitrogen content was
considerably higher than in any of the others. Differences between the
ratios in the exudate and in the fruits were highly significant. The ratio

330



CRAFTS AND LORENZ: CUCURBIT FRUITS AND PHLOEM EXUDATE 331

TABLE IV
CARBON, NITROGEN. A.,ND ASH CONTENT OF PHLOEM EXUDATE AND FRUITS OF DIFFERENT-SIZED

CONNECTICUT FIELD PUMPKINS; FRI-ITS HARVESTED AUG. 28, 1942; PHLOEM
EXUDATE FROM PEDUNCLES COLLECTED AUG. 31, 1942

PHLOEM EXUDATEt FRUIT$

DRY DRY
FRUIT* PERCENTAGE OF DRY WI,EIGHT PERCENTAGE OF DRY WEIGHT
SIZE WVEIGHT AS PER- WEIGHT AS PER-

CINCENT- C/.N' ~~~~CENT-
C N ASH AGE OF C N ASH AGE OF

FRESH FRESH

1 38.82 11.32 3.43 47.43 3.09 8.87 15.3 6.71
2 43.65 12.62 6.77 3.46 9.43 38.79 2.39 6.72 16.2 5.81
3 50.24 13.84 6.96 3.63 11.32 40.70 1.79 6.82 22.7 6.75
4 46.46 12.18 7.55 3.81 10.46 45.41 2.11 7.71 21.5 8.63

* Description of fruit sizes:
Size 1: Diameter 7.8 cm.; weiglht 272 gm.; collected a day or two after pollinatioil.
Size 2: Diameter 18.1 cm.; weight 2473 gm.
Size 3: Diameter 25.3 cm.; weight 5255 gm.; fruits still of green color.
Size 4: Diameter 29.2 cm.; weight 8816 gm.; fruits of yellow color.

f Average of 10 or more fruits eaeh.
' Average of three each.

in the exudate averaged about 3.6 for all the different-sized fruits, as comu-
pared with 18.9 in the fruits.

Table V gives more complete information regarding the constituents
present in the exudate. On the dry-weight basis the exudate of Connecticut
Field pumpkin contained 41.5 per cent. carbon, 11.50 per cent. total nitro-
gen, 6.42 per cent. insoluble nitrogen. 2.55 per cent. reducing sugars, 0.79
per cent. sucrose, and 3.34 per cent. total sugar. The exudate of Early
Prolific Straightneck was slightly higher in carbon, total nitrogen, reducing
sugars, and total sugars. In both varieties the insoluble form of nitrogen

TABLE V
CARBON, NTITROGEN, SUGAR, AND ASH CONTENT OF PHLOEM EXUDATE FROAM CONNECTICUT

FIELD* AND EARLY PROLIFIC STRAIGHTNECK PUMPKINS; EXUDATE FROM PEDUNCLES
OF CONNECTICUT FIELD COLLECTED 8-12 A.M. ON SEPT. 10, 1942, AND FROMN

EARLY PROLIFIC STRAIGHTNECK 8-12 A.M. ON SEPT. 22, 1942

PERCENTAGE OF DRY WEIGHT DRY

REDUC- WEIGHT

VARIETY TAL IN- ING SUB- SU-NOTALSASPC/
C NOA SOLU- STANCES CRSE SUGARSAS CENT-

BBLE N AS GLU- CROSESLGRS- AGE OF
COSE FRESH

Colleeiet % %o %o % % %o %oNConniecticut
Field. 41.46 11.50 6.42 2.55 0.79 3.34 7.49 3.60 11.35

Early Prolific
Straightneek 52.92 13.20 6.32 4.61 0.58 5.19 7.66 4.01 8.65

* The Conlnecticut Field pumpkin exudate had a freezinig-point depression of 0.740 C.
and a refractometer reading of 12.2.
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accounted for about half of the total nitrogen. The carbon present in the
form of sugars accounted for only about 3 per cent. of the total carbon
present, leaving much carbon to be associated with nitrogen in the form
of proteins or other compounds.

Discussion

As has long been recognized, the exudate of cucurbits is a slimiiy coagu-
lable material t.hat gives typical protein reactions with microchemical
reagents. The possibility of very high protein composition of the exudate
is manifest in data from table VI. Here an attempt has been made to show
the relation between the carbon present and the protein contenit. The
nitrogen of the exudate of the two varieties was converted to protein by
the conventional factor, and the possible carbon content of the protein

TABLE VI
CARBON CONTENT OF EXUDATE BY ANALYSIS AND BY CALCULATION. RESULTS GIVEN

AS PERCENTAGE OF DRY WEIGHT

TOTAL CARBON
CARBON CARLCABO

VARIETY AND CALCULATED CARBON CALCULATED
FRUIT SIZE FROMFRMPO

PROTEINS* IN SUGARS TEINS AND
SUGARS

Connecticut Field
Size 1 ...... 37.4 1.4 38.8 38.8

2 41.8 1.4 42.8 43.6
3 45.8 1.4 47.2 50.2
4 40.3 1.4 41.7 46.4

EarlY Prolific
Size 1.43.7 2.1 45.8 44.7

2.43.5 2.1 45.6 44.1
3 ................ 43.6 2.1 45.7 44.3

* N x 6.25 = protein x 0.53 = C.

calculated by the average value of 53 per cent. as suggested by PLIMMER
(25). The carbon content as thus calculated, in addition to the carbon
present in the form of sugars, has proved to be very nearly equal to the
actual carbon observed. In the Early Prolific variety the value is even
slightly higher than the observed, suggesting that the proteins present
contain an average value of about 51 per cent. carbon. COLWELL (3) found
essentially the same relation in his work on Connecticut Field pumpkin.

There is no ready way of explaining wlhy over three times as much carbon
per unit of nitrogen was found in the fruit as in the exudate. The more
evident possibility is that materials were iuoving into the fruit by inde-
pendent diffusion. As determined by COLWELL, this situation would necessi-
tate the diffusion of sugars inito the fruit at more than three times the rate
of nitrogen compounds, even though the latter are several times as concen-
trated in the sieve tubes and even though the sugar gradient is in the wrong
direction.
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If mass flow is operative, there are several possibilities. Since some
water from the xylem would be required over and above that. delivered by
the phloem, possibly the excess carbon might enter in this wayl. Xylem
sap of cucurbits is known, however, to be extremely dilute (7) and analyses
have indicated that it contains more nitrogen than carbon.

On the basis of the dry-weight measurements the apparent difference in
the C7,N ratio of about 13: 1 in the exudate and 3: 1 in the fruit results
fromidifferences in the nitrogen content, since the carbon content of the
exuidate was not much different from that of the fruit (tables III and IV).
In the Connecticut Field pumpkin some carbon may have been provided by
photosynthesis of the fruits, which are very green at first and turn yellow
on ripening; but such could not have been the case with the Early Prolific
variety, which is yellow and lacks chlorophyll.

The data presented disregards the effect of respiration on the carbon
content of the fruit. This carbon loss, however, would tend to make the
CIN ratio of the fruit narrower than the ratio of the exudate; correction
for such loss would tend to increase the discrepancy rather than eliminate it.

If mass flow is operative and if the end walls of the sieve tubes with their
parietal protoplasm act as filters, as the formation of particulate slime plugs
would indicate (8), the proteinaceous compounds in the phloem might be
restrained, the sugars or other carbonaceous compounds might pass more
freely just as fine particles pass a filter more rapidly than coarse ones. A
sample of sieve-tube sap might represent the composition of the contents
without giving an index to the rates at which the various constituents are
delivered. And if, when the phloem was cut, the sieve plates of many
elements were disrupted by the rapid flow of contents, then the first sap
to exude would represent a more reliable sample of sieve-tube contents;
whereas later samples, collected after the gradient of flow had lowered, with
no disruption of sieve plates, would reflect the rates of delivery, but not the
composition of the sieve tubes. In other words, the first drop or two might
approximate in composition the sieve-tube content, whereas the later collec-
tions would approach the composition of the fruits. This does not seem to
be the case; actual measurements between the first and second drops of
exudate, although in the direction expected by this possible theory, indi-
cated little if any significant difference in composition. A similar conclusion
emerges from comparative data on successive collections from the same stem.

Apparently the discrepancy in C/N ratio between phloem exudate and
fruit of cucurbits cannot be explained by forcinlg through the sieve plates
of highly proteinaceous vacuolar contents as a result of cutting. If such
were the action, the ratio of succeeding samples should broaden radically
as the pressure is relieved and as the flow approaches that of normal phloem
transport. The ratio was found either to remain constant or to change only
slightly in the exudate collected from successive cuts from the same stem.

Just as clearly, the discrepancy in CIN ratio cannot result from the
emptying of cut cells; the volume is entirely too great from a single cut
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to have come from the sieve tubes that are openied (6, 7), ancd microscopic
examination proves that the tubes are nlot emptv after cuttiug. Nor cani the
discrepaney be caused by? photosynthesis, for the frLuits of Early Prolific
Straightneek containi little or no chlorophvll.

One further possibility is that the ectocyclic, ento(cyclic, aind coiiiiiissuiral
sieve tubes of the cueurbit stem constitute a latex system alnd that the latex
varies in composition from the phloem exudate sufficiently to aecouniit for
the difference. Latex flows much more rapidly from tubes of a oiveni size
than does phloem exudate; if the latex were high in protein in. coimiparison
with exudate, it might come from a cut fast eniough to provide the excess
nitrogen of the samples that were collected and analysed.

Several arguments oppose this view. Accordilno to careful anatomical
studies by FISCHER, STRASBURGER, and CRAFTS (6), anid otlhers, thloiugh this
cortical sieve-tube system differs from that of the maini vascular bunidles in
both structure and conitent, the specialized elemenits are t.rue sieve tubes
with typical sieve plates, anid not latex vessels.

When a latex svstem is cut, it usually flows for a longer period than
does the cut phloem. If this occurred, and if the latex wvere higher in
nitrogen than phloem exudate, the CIN ratio of successive samples should
lnarrow. In the one case, where successive drops were analysed (table II),
the C/N ratio of the seconid was broader than that of the first. In the results
reported in table I, where a significant narrowinig might have beeni expected
between the first and succeedingo samples, there is nio major differeniee-
except possibly in the last sample, where it would have no significaniee for
the situation under examinationi.

With these various possibilities eliminated, what explaniationi remains
for phloem exudation in the cueurbits? There seems little ehance that the
exudation can be a manifestation of normal food movement. Rather, it
appears to result from some secretory process in the phloem. By this
process, apparently, a larre amount of proteinaceous material is emptied
into the sieve tubes, whence, by following the channel of least resistance,
it flows to the cut surface.

And what bearing has this situation on the miiode of normal food trans-
port? Because of the constaneV of C/N ratio of the exudate cited above,
and because the exudate contains largely proteinaceous material, whereas
the particulate contents of the sieve tubes remain filtered out behind the
sieve plates, it seems evident still that the sieve tubes constitute a permeable
sy\stem through which liquid may flow rapidly. Further than this, the
phloem exudation from cucurbits can have little significance, for t.he com-
position of the exudate and the rate of flow seem unrelated to normal proc-
esses of food movement.

And of what significance is phloem exudation to the protoplasmic and
mass flow theories of phloem funetion? It is of little import to either, for
it provides n1o positive evidence. It suggests either that materials do not
move into the fruit by a unidirectional mass flow, or that phloem exudate
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is not a true sample of substances actually moving in the phloem. It does,
however, emiiphasize that cucurbits may constitute a special group of plants
with respect to both structure and function of their phloem. Obviously
they should no longer be used as type material for teaching phloem anatomy.
In fact, all plants exhibitinig excessive exudation from the phloem should
be viewed with suspicion, since sieve-tube structure and calculated trans-
port both indicate that t.hese rapid movements are not necessary nor normal
in most plants.

Somiie phvsiologists mnay coinsider the evidence presented by these studies
to be damiagingy eiiough to justify abandonment of the mass-flow hypothesis.
Judgino, however, fromii the work of MOOSE (23) and that of HUBER and
his associates (14), phloem exudate from many species is relatively high in
sugars anid might therefore be a true sample of the assimilate stream of these
speeies. Furthernmore, as indicated above, COLWELL (3) pointed out that
the concentration relations of exudate and fruit of cucurbits do not support
a diffusional miiechanism. These studies indicate the need for chemical
analyses of ulnmiiixed tissue saps and extracts, in contrast to the mass
analyses of whole stem or root regions as commonly practiced in the past.

Summary
The nitrogren contenit of the phloem exudate of Connecticut Field

pumpkin ancd Early Prolific Straightneek summer squash is much higher
than is the nitrogen contenit of their fruits; the carbon contents are essen-
tially the samiie. Thus the carbon/nitrogen ratio of the exudate is con-
sistently lower than is that of the fruits. Furthermore, this ratio does not
change significantly between the first and second drops of exudate nor
between successive exudate samples collected by, repeatedly cutting the same
stems. It is concluded that phloem exudate from cueurbits can no longer
be considered a true sample of the assimilate stream.

UNIVERSITY OF CALIFORNIA
COLLEGE OF AGRICULTURE

DANIS, CALIFORNIA

LITERATURE CITED
1. BIRCH-HIRSCHFELD, L. Untersuchungen fiber die Ausbreitungsge-

schwindigkeit geloster Stoffe in der Pflanze. Jahrb. wiss. Bot. 59:
171-262. 1919.

2. CLE3MENTS, H. F. Movement of organic solutes in the sausage tree,
Kigelia africania. Plant Physiol. 15: 689-700. 1940.

3. COLWELL, R. N. Tranislocationi in plants with special reference to the
mechanism of phloem transport as indicated by studies on phloem
exudation and on the movement of radioactive phosphorus. Thesis,
Univ. of Californiia. 1942.

4. COOIL, B. J. Significance of phloem exudate of Cutcitrbita pepo with
reference to translocation of organie materials. Plant Physiol.
16: 63-84. 1941.

335



PLANT PHYSIOLOGY

5. CRAFTS, A. S. Movemenit of organic materials in plants. Plant Phlysiol.
6: 1-42. 1931.

6. . Phloem anatomy, exudation, and transport of organic
nutrients in c-ueurbits. Plant Physiol. 7: 183-225. 1932.

7. . Further studies on exudation in eucurbits. Plant
Phvsiol. 11: 63-79. 1936.

8. . Translocation in plants. Plant Phvsiol. 13: 791-814.
1938.

9. . The relation between structure aild fuinctioni of the
phloem. Amer. Jour. Bot. 26: 172-177. 1939.

10. CURTIS, 0. F. Translocation in plants. McGraw-Hill Book Co., Inc.,
New York. 1935.

11. DIXON, H. H. Bast. sap. Roy. Dublin Soc. Sci. Proe. 20: 487-494.
1933.

12. , and BALL, N. G. Transport of organic suibstances in
plants. Nature 109: 236-237. 1922.

13. HASSID, W. Z. Determination of sugars in plants. Ind. & Eng. Chem.,
Anal. Ed. 9: 228-229. 1937.

14. HUBER, B., anid ROUSCHAL, E. Anlatomische und zellphysiolog ische
Beobachtuiigen am Siebr6hrensystem der Baume. Ber. d. bot.
Ges. 56: 380-391. 1938.

15. , SCHMIDT, E., an1d JAHNEL, H. Untersuchungoen iiber den
Assimilatstrom I. Tharandt Forstl. Jahrb. 88: 1017-1050. 1937.

16. KUHLA, F. Die Plasmaverbindungeln bei Viscrnm album)i. Bot. Ztg.
58: 29-58. 1900.

17. MCCREADY, R. M., aind HASSID, W. Z. Semimicro determination of car-
bon. Ind. & Enuo. Chem. Anal. Ed. 14: 525-526. 1942.

18. MASON, T. G., and LEWIN, C. J. On the rate of carbohydrate tranisport
in the greater yam, Dioscorea alata Linn. RoY. Dubliin Soc. Proc.
8: 203-205. 1926.

19. , and MASKELL, E. J. Studies on the transport of carbo-
hydrates in the cotton planit. I. A study of diurnal variation in
carbohydrate of leaf, bark, and wood, and of the effects of ringring.
Ann. Bot. 42: 189-253. 1928.

20. MASON, T. G., and MASKELL, E. J. Studies oni the transport of carbo-
hydrates in the eotton plant. II. The factors determiningc the
rate and direction of movement of sugars. Annl. Bot. 42: 571-636.
1928.

21.-, and PHILLIS, E. Further studies on tranisport in the
cotton plant. V. Oxygen supply and the activation of diffusion.
Ann. Bot. 50: 455-499. 1936.

22. , and . The migration of solutes. Bot.
Rev. 3: 47-71. 1937.

23. MOOSE, C. A. Chemical and spectroscopic analysis of phloem exudate
and parenehyma sap from several species of plants. Plant
Physiol. 13: 365-380. 1938.

336



CRAFTS AND LORENZ: CUCURBIT FRUITS AND PHLOEMI EXUDATE 337

24. PFEIFFER, A. Die Verteiluncg der osimotischen Werte im Baum im
Hinblick auf die Miinchscher Druckstromtheorie. Flora 132:
1-47. 1937.

25. PLIMMER, R. H. ADERS. The chemnical conlstitution of the proteins.
Part. I. Analysis. Monographs on biochemistry. Loiug-mans,
Green and Co., Londoni. 1912.

26. SCHMIDT, E. W. Bau und Funktion der Siebrohre der Angiospermen.
Jena. 1917.

27. SCHUMACHER, W. UIntersuchungen uiber die Waniderung des Fliores-
zeins in den Siebr6hren. Jahrb. wiss. Bot. 77: 685-732. 1933.

28. STEWARD, F. C., and PRIESTLEY, J. H. Movement of organic materials
in plants. A niote on a recently suggested mechanisimi. Plant
Phvsiol. 7: 165-171. 1932.


