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. INTRODUCTION , r ;

Canaigre, Rumex hymenosepalus Torr., was first' used by 
Indians and Mexicans, both as a medicine and as a tanning 
material. (2). During recent years more attention has been 
given canaigre as a means of developing a commercial source 
of tannin. During World War II, when tannin became more ' 
difficult to obtain, steps were taken to develop the yield 
of tannin from canaigre roots commercially.

Canaigre roots are often injured during harvest. The 
injury exposes internal parts to drying out and also makes 
possible the entrance of pathogenes. The wound exudes a gum
like substance containing cytoplasm, starch granules, and 
various coloring matter which, on being exposed to a dry 
atmosphere,' becomes dry, hard, and brownish in color. The 
special problem treated in this research concerns the forma
tion •of periderm under various conditions in canaigre roots. 
...  One of the special functions of the periderm, as dis
cussed in Eames and MacDaniels (3), is the protection of 
wounds by the production of wound cork. Dead tissue is usu
ally shut off from that which is healthy by suberizatloh of 
the walls of several layers of cells adjacent"to the wound. 
This change may be followed by formation of a phellogen layer 
in the deeper layers of uninjured living parenchyma adjacent 
to the wound. The phellogen forms phellem and phelloderm in
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the normal way, thus sealing the wound. Such a layer not 
only prevents water loss from the wound, but also protects 
the healthy tissues against infection by fungi and bacteria, 
because cork is particularly resistant to the action of 
microorganisms.

An investigation to determine the optimum conditions to 
produce the most rapid formation of suberin and wound periderm 
in canaigre was undertaken, Artsohwager (1), investigating 
wound formation in Irish potatoes, worked with different 
temperatures and humidities. Under optimum conditions, he 
found suberization in potato tubers within 24 hours and for
mation of wound periderm in two days.

MATERIALS AH) METHODS

The material used in this study was obtained from a 
cultivated field of canaigre grown near Yuma, Arizona, in

1l ' ' ' - -August, 1949. The samples consisted of one and two year 
old roots which were wounded within three days of harvesting. 
Roots of approximately the same size were selected, the aver
age size being 4.inches long and 3/4 of an inch in diameter.

The injured roots were placed in wide mouth gallon jars.
These jars were selected because of the ease in controlling
humidity according to the method of Stevens (5), Relative
humidities selected for observation were 3, 38, 72, and 95$.
1. Bureau of Plant Industry Division of Drugs and Related 

Plants.



Replications of these humidities were placed at temperatures 
of 50, 70, and 90 degrees F. Samples were taken at intervals 
o f 2, 3/ 4', 7, and lit- days.

The root was wounded by cutting the end obliquely with 
a razor blade. Care was exercized that the cut transversed 
the cambium. After the predetermined interval, samples were 
removed from the wounded areas. The samples were killed and 
fixed in formalin-acetic-alcohol, dehydrated in tertiary 
butyl alcohol, and embedded in paraffin. Sections were cut 
at a thickness of 12 microns and stained with safranin and 
fast green. :V-u- ‘ - _ ; i:

. . STRUCTURE OF THE FLESHY CANAIGRE ROOT
' - ' . - . -•

The fleshy roots which contain the bulk of the tannin 
are composed mostly of parenchyma. The cambium is located 
about l/lj. the distance from the cork to the center (Fig. 1). 
The cambium produces mainly xylem parenchyma centripetally, 
and phloem parenchyma centrifugally. Sieve tubes are scat
tered throughout the phloem parenchyma outside the cambium 
and are not. readily discernible. The outer layers of the 
phloem consist of a periderm. Xylem has scattered vessels 
which are more numerous towards- the center. Tannin filled 
parenchyma cells are scattered throughout the phloem and 
xylem.



Primary
Xylem

Secondary Xylem Cambium Secondary 
Phloem

Figure 1. Transverse Section Canaigre Root
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RESULTS - Suberization

Suberization is the deposition of suberin in the cell
ulose of cell walls. This was observed in the sample by 
microscopic examination of sections differentially stained. 
There was no significant difference in suberization in one 
and two year old roots.

Suberization in samples kept at the lowest temperature 
(50°F.) occurred very slowly, and then only in samples kept 
at the higher humidities (see Table 1). Samples taken at 
the end of 2, 3, 4, and 7 days showed no sign of suberization 
at any of the humidities. Only from the samples collected • 
after 2 weeks was there any sign of suberization, and then 
only in the samples kept at the two higher humidities (72 
and 95 percent),

At 70°F. there was a marked increase in the rate of 
suberization of samples in the two higher humidities (72 and 
95 percent). All samples kept at the two higher humidities 
(72 and 95$) showed suberization in three days.

The rate of suberization was increased at 90°F. Suber
ization was observed in all samples taken at the end of 
three days and even at two days suberization was present 
except in the lowest humidity (3$).

RESULTS. Wbund Periderm; Formation

Soon after suberization cells beneath the suberized 
layer begin to lose their starch grains and tannin. In



TABLE 1 - Suberization
1 .. r- , .V :: ' ' rTEMPERATURE '•

. ■■ ■ ■ :■ • .. ' ’• ' ■"/ " "- 50 degrees F. 70 degrees F. 90 degrees F. .
Rel.ative38̂ s M

#

d9^ Rel
•3/o.

.ative38̂ s Hum! 
1 2 f o d9l Rel

3/0
ative 38̂  |Hum!IZ fo

2 days 0 0 0 0 0 0 X 0 0 X : X X
3 days ; 0 ■ 0 0 0 0 0 X X X X X ■ X
L days 0 0 0 0 0 0 X X X X X X
7 days 0 0 0 0 0 0 X X X X X X

1I4. days 0 0 X X 0 0 X X X X X X
0 These samples did not show suberization.' - - • ,
X These samples showed suberization.
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microscopic examination; these cells are lighter in appear
ance than the surrounding tissue. fOften the starch grains;
disappear in the dells which are several cell layers deep
in the tissue’ while the cells adjacent to the cut retain 
their starch grains and tannin. Cell'division begins in the 
starch-free cells> paralleling the wound until a continuous 
cambium is formed beneath the cut or injured surface. This 
wound cambium gives rise to a wound periderm which makes 
a more effective and* permanent protection against the entrance 
of pathogenes than was afforded by the suberization of 5 or 
4 cell layers adjacent'to the cut surface. The wound cam
bium in most cases seems to develop according to the types of 
tissues exposed to the cut. The wound cambium usually forms 
deep beneath the cut surface next to the old periderm. As 
the wound cambium continues to develop, it forms outward to 
within 7 or 8 cell layers of the injured surface (Fig. 2).
As the cell division continues, the wound cambium trans- 
verses the vascular cambium very near the surface of the cut. 
After crossing the, vascular cambium it dips down several 
cell layers and the contour of the wound cambium is unvaried 
in the xylem parenchyma cells except when the wound cambium 
dips down to include vessels in the suberized cell layers , 
(Fig. 3).

At the lowest temperature (50°F.) there was no evidence 
of wound periderm formation at,the end of 2 weeks at any of 
the humidities.
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At 70°!?. wound periderm was observed at the end of 4 
days at the two higher humidities (72 and 95%) while at the 
two lower humidities (3 and 38%) no periderm was noted at 
the end of 2 weeks (see Table 2).

Ther samples at 90°F. proved to be unaccountably erractic 
in their-behavior. Some of these roots were extremely slow 
in showing signs of wound periderm formation. The tendency 
however, was.for early formation of wound periderm. In sam- 
pies taken at 3 days, wound periderm was present at all humid-
ities. Samples taken at 2 days showed wound periderm formation' \..Vonly In the higher humidities (72 and 95%)♦

No significant difference was noted between the 1 and 2 
:-/v : - : ' ■ .

year old roots in wound periderm formation.

*» 1.0795
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TABLE 2 - Wound Periderm Formation

TEMPERATURE ■' 
5>0 degrees F. 70 degrees F.. 90 degrees F.

Rel
v 3zf

.ative
3&fo

s Hum!
72fo M i

Rel
■ 3 %

.ative
38^

i Huml 
12fo

.dity Rel
• y/o

ative
38;̂

o
.; Humi 
IZfo

.dity
9$*

2 days 0 0 0 , 0 o : 0 0 0 0 X • x: X
3 days 0 0 0 0 i o 0 ; 0 0 X . X X X
it- days 0 0 0 0 O' 0 X X X. X X X
7 days 0 0 0 0. 0 0 X X • X X
ill. days: 0 . 0 ‘ 0 0 - 0 0 • X X , # : % X X

-:$• These samples failed to form wound periderm. 
0 These samples did not show wound periderm.
X These samples showed wound periderm.

12
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DISCUSSION

There has been no previous work dealing with suberiza- 
tion and wound periderm formation in canaigre roots. Inves
tigation of suberization and wound periderm in the Irish 
potato, which closely approximates the reactions in canaigre 
roots, have been described by Priestly and Woffenden, and 
Artschwager. Whereas Priestly and Woffenden (1}.) found that 
cut tubers left for 12 days at temperatures of 59 and 77., 
degrees F. doubled in the rate of suberization, this inves
tigation; indicated the suberization rate to be five times as 
great when the temperature was raised from 50 to 70 degrees 
F. in the higher humidities. Artschwager found that high 
storage temperatures and high humidity produce suberization 
in 2lj. hours and wound periderm in 2 days. At temperatures 
below 44 degrees F. no wound periderm formed, while at 44 
degrees F. wound periderm cells appeared after the ninth * 
day in the Irish Cobbler variety (1). In this study, the 
main difference between potato tubers and canaigre roots is 
the slowness,in which suberization and_wound periderm occur- 
r e d • * ' ‘ - .,,. - _ -

The workers mentioned in the preceding paragraph gave 
no indication as to the age of the potatoes used in the ex
periments which may make a difference in suberization and 
wound periderm formation.. In this study, the canaigre roots
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were used within 3 days of harvesting. A physiological.dif
ference which .may make a difference in reactions of canaigre 
roots from that of potato.tubers is the abundance of tannin 
filled cells.in canaigre.

The samples used in this experiment were kept in jars 
in three different rooms, in two of which the temperatures 
were kept constant at plus or minus 1 or 2 degrees. The 
third room was a laboratory in which the average temperature 
was 90 degrees F. This variation of temperature during day 
and night. may-account for some of the. erratic behavior of 
the highest temperature used.

Both suberization and wound periderm were evident in 
the higher humidities at ?0 degrees F. In the two higher 
humidities,.;wound periderm formation followed suberization 
by 24. hours, while at the two lower humidities, wound periderm 
was not evident at the end of 2 weeks.

Indications are that a degree F. temperature is too 
low to induce very rapid suberin and wound periderm forma
tion.

The material kept at 90 degrees F. proved somewhat 
erratic. There are two possible reasons for this: (1) The 
temperature of the room where the samples were kept was not 
constant as in the rooms kept at £0 and 70 degrees F. (2)
90 degrees F. may be the critical temperature where wound 
periderm fails to form. There was a tendency for more rapid 
formation of wound periderm in some samples, but in others
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there was no wound periderm at the end of 2 weeks. This 
variability was not found at ?0 degrees F. In further 
studies, temperatures between JO and 90 degrees should be 
investigated. .

CONCLUSIONS

The roots of canaigre will respond to wounding by a 
process of suberization of the injured surface and a forma
tion of wound periderm. Both of these processes are affected 
by temperature and humidity. The higher humidities produce 
wound periderm at the end of 2 weeks. No wound periderm was 
found at the two lower humidities at J O degrees F. No wound 
periderm was present in samples kept at 50 degrees F.

Evidence indicates in this investigation a genetic dif
ference in the roots treated. A further study of these two 
processes should be made using material from a single clone.
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