Comparative Anatomy of Citrus and Cold-Hardiness'

CHery (. Salaza®
INTRODUCTION

Cold-tolerimer 1 one of the important propertics sought In the seleetion
of citrus hybrids and intvoductions. I muy be a deciding faetor when coni-
paring otherwise similar varieties. Testing ¢itvus Tor eold-hardiness has
been done by exposing the plants to cold, either vaturally or through (he
wse of lreezing fests, The plants may or may not have been preconditioned
before the test, although they usnally are, inan attempt (o duplicate the
cold days of autumn before winter freezing,

The recogrized cold-tolerance of the betier known vareties has heen
the result of numerous and repeated obscrvations (hroughout the years,
The condition of the plants hefore a freezing test may definitely determine
the results ohtamed. It has heen found that the hehavior of a certain varviety
nmay be quite misleading fromy a given fest. Thus, plants out of the green-
house or the ficld, grown under high temperatures, may he more cold-1ol-
erant. than eold-preconditioned planis (1,28).°

Aunything which curtails growth to the point of inducing shoot, roo(, and
cambial dormaney, fends to produce cold-toleranee, Such treatment should
not. have caused o greal incvease in respiration or in the breakdown of
claborated foods in the tissues of the plant, but should have permi{ted their
accunlation and the development of the physiological conditions assovi-
ated with eold-hardening. The difheulty in artificially oblaining such a
state before conducting a freezing test is probably oue ol the causes of
conlradictory resulls with the same variely.

The detection of physical traits which do vot depend upon o given
physiological balance, and which may be consistently associaied with eold-
joleranee, would simphify the separation of hardy and lender varietios.

REVIEW O LITERATURE

The correlation of cold-hardiness with physical traits has not been very
suceesslul. According to Levitt (14), the reported corrclitions of various
traits with cold-hardiness often inchude a number of exceptions, or have
been found by others not Lo be so correluted. The similarity of the effects
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ol freezing, drought, and heat on cell dehydeation has been discussed hy
Searth (22) and Levitt (13,14). '

Those physical factors involved in the retardation of waler loss have
heen considered as favorable or condueive, divectly or indirectly, to in-
creased toleranee o freezing, Levitt has, in {act, combined in the term
“dehydration resistance” the tolevance to cold, drought, and heat (/.3).

sSnall eell-size has been found by Scarth (23), Shields (24), Siminoviteh
and Briges (20), Leviltt (13,14), and Parker (/8) to be the only constant
and reliable anatomieal feature associated with cold-hardiness, The ability
of small cells 1o resist the injurious effeets of freezing 1s due largely to their
opent saurface-to-volume ratio, The large suriace is favorable for rapid
exosmosis and nmbibition during freezing and thawing (2,15), This reduces
the dehydration and reliydration stresses involved. Small cells possess
small or no vacuoles (15), o factor whieh considerably reduees the amount
of waler exchanged during freezing and thawing, According (o Parker (18),
the reduced water movement of small cells maintaims cellular organization
close to a normal level during low temperatures.

Smiadl cell-size may be a resuit of envivonmental conditions (4), Moisture
stress, nutrient deficiencies, abundant llumination, or cold during de-
velopment have been found to be factors indueing the Lormation of smaller
cells. The offect of the sfresses mentioned is responsible, within eertain
Hmits, {or the development of the xeromorphic type of leaf. Such leaves
have a thick cuticle, a well-developed palisade, inereased overall leal thick-
ness, inereased stomatal density, and a well-developed vaseular system
(3,4,33). These attvibutes may be associated with a rapid metabolic rade,
facilitating the aecumulation of photosynthates, nerease in osmolic con-
eentration, and prolection against desiceation (£3,£4).

A well-developed palisade has been recognized by Turrell (3¢) as a fenture
which implies o Iarge internal-to-external surface ratio, a characteristic of
xeromorphs, Plants of this type have been found to have a lower waler
content than mesomorphs, and a larger percentage of dry matler (24).
Smith and Reuler (29) have found a larger pereentage of dry matler in
leaves of ‘Valeneia’ 4 orange in winter than i summer. Curtis and Clark

tRingle guotes are used for varietal names i Lhis paper following the Internn-
tignal Code of Nomenclature Tor Cultivated Plants-1961, Regnum Vegetabile vol. 22,
International Coramission for the Nomenelature of Cultivated Plants of the Inter-
nntional Unlon of Blologieal Sciences; Utretoh, Netherlands, Article 17 of said cade
veds in part: A eultivar (vartety) name, when inmediately following or preceding
a botanieal or conunon nasne, must be dist inguished elearly from (he lagter, either by
phicing the abbreviation ev, befare the cultivar (variety) name, ov, for exaple, hy
enclosiy withio single quotadion marks. * * * Nate: Double gnotation marks must,
nob be used Lo distingnish cadlivar {varielty) names.”
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(2) have recognized that a lower water content in the tissues iy conducive
to resistance Lo ice formation. :

Citrus leaves have been found to possess two or three Iayers of palisade,
depending upon the variety (7,32). Halma found that palisade-layer number
is not influenced by the stoek upoun which the seion is grafted (7). This pro-
portion of the leaf corvesponding to palisade {issue in eitrus folinge was fonnd
to range from 21 to 30 percent, thus leaving a kuge proportion of the leaf
mesophyll to the spongy parenchyma, Such a distribution of loliar mesophyll
would appear characteristic of mesomorphic leaves, but Turrell (30} classi-
fied eifrus leaves as xeromorphic,

Whether the smount of palisade in citrus s g favorable factor in the de-
velopment of eold-hurdiness is open to argument. Palisade thickuess in ettrus
wis found to inerease with age of the leaf, from o 2-month-old {ully expanded
Tleaf 1o a 12-month-old mature leaf, This amounted to 514 percent in ‘fu-
reka’ lemon (7).

Hirano (9) observed a certain relation hetween stomatal density in the
citrus leal and the elimatie distribution of (he varieties. He coneluded that
densities of 500 stomates per square millimeter or less were associated with
cooler climates and hardier variotics. [here ave some noliceable exceptions
to {this conelusion, The hardy endanwondin (32) with 665 stomates, and the
tender “fahiti” and ‘Bearss’ lunes with 372 and 326 stomaies per square
millimeter, respeetively, may he mentioned as such. Hirano (8) conceded
neverbheless, that stomatal density may be more o result of moisture than
of temperature. Thuw, in hel, arid regions, stomatal densities have been
found higher for the same variely than in cooler and moister arcas (57).
similar observations have heen made by Miller (£7), Shields (24), and
Maximov ({6) for other plants. _

A thick culicle has been menfioned by Vasil'vev (3/) as u lealure of
planis exposed (o constant low {emperatures. Maximov (/6), Shields (25),
and Philpott (19) have associnfed a thick cuticle with xeromorphice leaves,
Harvey (8) found that a waxy covering provided protection against ice-
nueleation during freesing.

A smad] surfaee-to-volume ratio has heen observed by Shields (29) as a
characteristic of leal xeromorphy. This implies o smaller, thicker leafl, which
s associated with a well-developed palisade and o relatively compact
spongy parenchyma. Leaves with such ehavacteristies usually have o more
dense network of veins, "This adaptution to drought imaplies an casier water
{ransport 1rom cell 1o cell, and to the intercellular spaees. The large internal
surfaee and the nimerous points of contaet between the eells of this type of
leal accounts For the ease of waler movemoent (24).
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MATERIALS AND METITODS

With {he object of establishing possible relafions hetween anatomient
traits and cold tolerance, lour varictios of eilrus representing o wide varia-
tion in recogmized cold-hordiness were seleeted. "Uhe plands used were grown
from seed, and all varants appearing dueing the mitial S-month period of
egrowth were eliminaled. Criterin {for climination were departures Fron Lypi-
eat folinge charaeteristies and unusually slow or rapid development.

The varicties sclecied were, in deseending order of observed cold-toler-
ance: ‘Changsha’ mandavin (Citrus reficulala), “I'niwanien’ sour orange (€.
tatwanden), ‘Parson. Brown’ sweet orange (€. siensis), and “Mexican’
(‘West Indian’) lime (€, qurantifolic). This raling is based on observations
reported by various investigators (£,0,10,11,32,534). “Paiwanicn’ sour orange
has been observed by Krezdorn (/2) to be havdier under certain conditions
than ‘Changsha’ mandarin,

The seedlings were grown in 10-¢m. plastic pots in a greenhouse bench,
After the plants were 5 months old, a series of them was placed in a con-
trolled-climate chamber for preconditioning treatment. This was done to
investigate whether there oceurred any anatomical or growih changes as a
result of the treatment, and to determine the degree of cold-hardiness
developed in each variety. The preconditioning eyele included o 12-hour
photoperiod ol 26°C. and a 12-hour nyctoperiod al 2°C. The night low was
gradually reached after 10 progressively cooler nights, starting at 14°C.
the first night. The total preconditioning treatment lasted 5 weeks, although
freezing fests were made af the end of 2, 4, and 5 weeks.

The growth of the plants was reeorded at 5, 514, and 6 months ol age.
Tofal height, foliation, and branching were observed. Leal avens were deter-
mined at the time of leaf sumpling for microscopie examination. Specific
gravily and dry matter were determined from the cleventh emerging leaf of
each seedling, Microscopic examunalions were made from the fenth emerg-
g leaf of each plant.

Leaves were picked at 8:00 a.m. and placed imunediately in o fold of moist
filter paper in a plastic bag. They were stored in a vefrigerator for the very
short period between colleeling and processing. Each leal was surface-
cleaned of possible deposits of dust and foreign matter with distilled wa-
ter and a No. 6 camel’s-hair brush, dried with bibulous paper, and weighed.
The volume of the leaf was then defermined by numersion and measure-
ment of (he displaced liquid. After rinsing in distilled water, the Jeaves were
placed i individual paper bags and dried v a forced draft oven at 70°C.
After storage in o desiceator for 48 hours they were weighed aguin. I'rom
the data obtained, specilic gravily and dry malter were caleulated.

Vascularization was studied from whole cleared leaves alter removal of
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the pigments by Inelie acid (20, Microseopie venation palferns were ex-
ained from sanall disks of <imilarly cleaved fHissue eut from the midportion
of the blade, approsimalcly equidistant from the argin and the midrib,
Prisks from the {enth emerging feal of each seedling were killed and fixed
for the preparation of stained monndts, Anatomienl staly was earvied o from
transections and paradermal sections of leaves and lrom ansverse, radial,
and (angential sections ol stems, Pixing fluids {or Jeaves were Tormaldin-
aceto-nleohol and ehremic-anceto-formaling and for stems formalin-acelo-
aleohol only, Staining was roulinely done with safranin-fast green (2/).
Fealures which were ameoable (o measurement, were selected <o that the
analomieal chancteristios of the varietios wder study could be compared,
These icluded densities of stomates, erystal idioblasts, oil gands, and cells
of epidermis, upper palisade, and Jower palisade, as well as vein-termination
numbers, arcolar munbers, and inderveinal intervals, Lamina widths, cen-
tral-vein widths, leaf thickoesses, palisade-tissue thicknesses, and spongy
mesophyll thicknesses were also micasured, s ware several other minor
characteristies which may bave a bearing upon ecold-tolerance.

RESUETS AND DTSCUSSION

The freezing testz condueted after 2, 4, and § weeks of preconditioning
revealed results which did not coulorm in all respeets to the aceepted eold-
{olerunce rating of the varieties under study. After 2 weeks all plants swr-
vived a freezing temperature of —4°C, {or 1 hour. After 4 weeks the frees-
ing temperatnre used was —7°C0 Tor 3 howrs. An additional {est was also
made ab 5 weeks. The vesulls of the seeond and third tests appear as tesf L
and test 1) in table 1. Control plants my test L had been kept in a controlled-
climate chamber similar i illuniustion to the preconditioning chamber, but
under o eyele including favorable temperatures for growth. Clontrol plants
for test 1 were brought directly Irom the greenhouse.

The preconditioning sequence, the growth conditions, and the {reezing
tests as carried outl in this investigation apparently indueed o marked de-
gree of eold tolerance in ‘Mexican’ Jime, but did not do so i Parson Brown’
sweel orange. The overall scorve for hardiness oblamed by the four varieties
placed them in the following order: " Changsha’ muandavin fest, followed by
Mexican’ Tine and “Talwanicen’ sour orange with quite similar seores, and
Parson Brown’ sweet orange fast. The natural hardiness of plants diveet
fromr the greenhouse placed these varietios o descending order as [ollows:
Paiwanmen’, ‘Changsha’, ‘Mexiean’, and ‘Parson Broww’,

Plants from the confroled-chmale chamber, kept al {avorable growth
temperatures, showed eold-toleranee 1 the order: “‘Changsha’, ‘Mexican?,
“Taiwanicy’, and ‘Parson Brown’. Finally, the combined pumerical score
obtaiied from nonhardened planis in Lhe two tests, was in the following




Tavrr Lo Cold-tolerarce rating of Ganonih-old scedtings of 4 variclics of elirus subjected

lo =770 for § hours
Variely wnl condilion Tusl? Survival Scere Recovery Seore ;}:{fill?é
""" Poreand | - W]
Moexienn’
Preconditioned i 100 10 45 3
1t G0 G 35 14
Control I 80 8 15 18
Il 30 3 12.5 5
27 71 A
CrEIwah e
Preconditioned [ i G0 h 25 17
11 10 1 32.5 13
Control t 70 7 42.5 17
1 511 (§] 57.5 23
23 70 3
Parson Brown’
Preconditioned I 90 9 15 18
IT 50 ] 27.5 11
Conirol I H() b 15 7
IT i 1 2.5 1
20 37 4
Changsha’
Preconditioned I 100 10 75 30
LI {614 6 52,5 21
Control I 100 10 7i.5 31
iR 40 4 32.5 13
36 ah 1

lests Iand TL after 4 and 5 weeks of precouditioning, respectively.
Survival rating schedule:
o AN e o5 e somd Bime wer 5ol 5060 B0 W00 5000 §00 ol b 0 90 4 U2 GBS 0 5 8 ¥ ! paint,
B Dt L e e e e e 0 point
Poereent Survival = A X L X 100/mumber of plants
Recovery rating schodule:

A =No wood or faliage damago. . oo i i e e D 4 poinfs
B—Partial or complete defoliation or less Chan Lineh of wood kitled .. .3 peints
C--One-third to three-fourths wood killed. . ......................... 3 points
B—Killed o ground level, but sprouting. ....... . . cociiienviinena 1 point
B L O T 0 poink

BULLXD H X3 F XD+ DX

Percentage Recovery o g : i R e R s
Nunber of plants

Potal rating = points Reeavery 4 points Survival
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order: ‘Changsha’ mandarin first, followed rather closely by “Tanwanicen’
sour orange, ‘Mexican” lime thivd, and ‘Parson Brown’ sweel orange last.

The low degree of cold-toleranes shown by ‘Parson Brown’ sweet orange
and the relatively high score of the normally tender “Mexiean’ lime scem to
indieate that different varicties require o different set of growth conditions
before the onset of frecsing temperatures, whieh is not identical for all
varietios. When these conditions are not met, cold-hardening does not take
place,

Tu table 2 are summarized the growth i height, aud the leal expansion in
seedlings of the four varietios when kept under favorable growing conditions

Tane 2 Developuient of conliol end preconditioned seedlings of 4 citrus variclies
hetween 5 and 6 months of age

I Height Expanded lesves
Variely and condition -
S ma, G mo, Change 5 mo, G mo. Change
Cin, O, Co. Nunrber Number | Number
‘Mexicmy
Control 37.2 39.6 2.4 20.0 30.9 1.9
Preconditioned 30.1 1.9 30.7 1.7
‘Chongsha’
(lonirel 18.4 22.5 4.4 17.5 21.7 4.2
Preconddioned 19.2 .8 20.2 2.7
Parson Brown!
Contral .2 471 3.9 18.4 22.6 q.4
Preconditionad 35.5 2.3 21,5 2.9
Taiwanian’
Conirol 51,6 36.7 5.1 20,3 24.6 4.3
Preeonditionad 33.7 2.1 22.: 2.0

and under preconditioning temperatures. The greatest stem elongation was
made by “Tniwanica’ and ‘Changsha’ under control conditions, and the
most marked depression was also observed in these (wo varietios under pre-
conditioning temperatures (fig. 1), This scems 1o indicate that these vari-
eties initiate dormancy soou after the tenmpernture begins to fall, ‘Parson
Browi? and ‘Mexican’ were depressed less in their growth by low night.
temperafures,

Thus, under cold nights ‘Changsha’ made only 18 percent as much growth
as the control plants, “Taiwaniea’ 41 percent, ‘Parson Brown’ 58 percent,
and ‘MDexican’ lime 78 percent as much, respectively. A divect relationship
appears o exist. between the depression of growth under cold nights and
the cold-telerance of Lthe variety.

Oil glands are found frequently in leaves and stems of eitrus, They wre
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generally elose to the epidermis and may be observed as transhicenl spots,
Total oil-gland density in seedling Ieaves was found (o bear no apparent
relationship Lo cold-hardiness. The proportion ol oil glands between the
upper and the lower epidermises was variable, according to the varicty.
Thus, ‘Mexiean’, the tenderest vindety, had 3 times as many oil glands i
the ventral epidermis as in the dorsal, ‘Pavson Brown!, and “Paiwanien’ had
twice as many, while ‘Changsha’, the havdiest variety, had an alimost equal
nuniher in both facex of the lamina (fig. 2). T is nol kvown what elfecl oil-
gland distribution may have upon cold-hardiness, but the faet remains

40— —

30 /é . é// " é ~
VRO L
liriinil

LIV 7 17 z LB
T m é 17 7 %
7 7 7 7
e
C hangsha' ‘Taiwanica’ ‘Parson Brown’ *Mexican

l///'/] 4 ma,, contral & ma,, preeonditioned

Fra, 1.—1iffect of precondilioning on stem elongation in seedlings of 4 cilrs
varieties,

that the more evenly distribufed the oil-glands, the more cold-tolerant the
raviely appears to be. The total number of oil-glands per square millimeter
in these varieties were: ‘Mexiean’ 146, ‘Changsha’ 2,74, “Parson Brown’
1.91, and “Taiwanica’ 1.37.

Stomatal counts made on eontrol plants showed a slight increase between
3 and 6 months in ‘Changsha’, ‘Parson Brown?, and ‘AMexica’. This was not
observed in “Taiwaniea’. Preconditioned plants had stomatal counts sumilar
(o the means oblained from the control plants. This supports the observa-
tions made by Reed and Hivano (20) {o the effect that stomates are formed
carly in the development of the leaf. The relatively low stomatal counts ob-
tained were attributed to the lowered illumination under which the seed-
lings were grown. No corrclation seamed to exist between stomatal counts
and cold-hardiness, as the hardiest and the tenderest varieties had similar
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counts (fig. 3). The average number ol stomales per square millimeter io
these varieties wepe: ‘Alexiemy- 124, ‘Changsha’-112, ‘Purson Brown’-398,
and “Tahwanien’-3062.
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nng%hn raandorin ‘Mexican’ Tirne
m{__ 2 _—
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Taiwanica sour orange ‘Carsen Brown’ sweel orange
L1 venilral epidermis dorsal epidemmis

M1a, 2---0il-pland densities in leaves from 10 differend seedlings ol each of 4 eilras
vavielies.,
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Taiwan.  PrBrwn' Chongsha  Mexican'

Frc. 8. —Stomatal devsities in dorsal epidermis of leaves from 10 different seedtings
ol each of 4 citrus varielics.

Crystal idioblasts oceurred in parenchymatous {issues of all acrial parts
ol the plant. These idioblasts are very conspicuous beeause of theiv size and
the thick cellulose wall swhich stains deeply. The tenderest variety, Mlexi-
:r’, had 947 idioblasts per squave millimeter, twice us many as the hardiest
variety, ‘Changsha,” which had 455, The other two varieties, “Taibwanica’
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Fra, A4-Crystal-iioblast densities in vential and dorsal epidermises of leaves
From 10 different seedlings of ench of 4 eitrus varielies.

Tanns 3. Meaw cell depsitios in Usswes af the 10th cmerging leaf of 5- and G-nonth-old
scedlings of 4 mims warielies

Number of cells per s, mm, {or—-
Pissue ] agie (nonths)
Changsha’ “Fajwanica’ Parson Brown® "‘Mexicun’
Ventral 0pulumh

5 3,040 3,447 3,143 2,917
3,907 3,244 3,333 ,S{JU
Average 3,524 3,315 3 2% u,SSb

Upper palisnde
5 16,238 16,190 15,521 11,666
] . l?,](]? 16,845 1-!,583 12,162
Averuge 16 ()72 l() )]7 15, 0 3 11,914

Fower palisnde
H 10,375 6,428 6,619 7,520
1] 9,{330 6,527 7,082 7,420
Averapoe H), 002 (_i,-E-I'?’ 6,851 7,4?0

Total average l 3(),.)‘? ;36,33(}




920 JOURNAL OF AGRICULTURE O3 UNLVERSLEY OF PUERTO RICO

D

Tren, So—Main venation in geedlings ol 1 eitrus varieties: A, “Tatwanica’ sour
ovange ((, fahwenden); 1B, Parson Brown’ sweet orange (O sinensis); G, ‘Mexiean’
ltme (. aurgntifolic); D, ‘Changsha’ mandarin (€. reliculala).
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and Parson Brown’, had 524 and 176, respeeively (g, 1. Crystal-idioblasi
densities showed an apparent inverse corvelation with eold-tolerance, Pre-
conditioning by cold seemed Slightly fo reduee idioblast formstion, ax sug-
gosted by the consistently lower means of cold-treated plants as compared
with the controls.

Three fissues of the leaf having a relatively orderly organization were used
for cell-density detevminations, These were the venteal epiderisis, the upper

Tavri 4 falios of cendral-voin width to lnwina widih in the ledres
of seedlings of 4 cilrus varictios

Variety and aze fmonths? : Vein widlh Lamina width Ratio
I " V_Uns. V {
{Changsha’ | ; :
514 104.2 ;' 19.65 : 16.13
G : 404,65 ; 20.2 ! 40.02
Average ! 1802
“PLaiwanica’ ‘. ;
53 ; H15.6 : 23.9 ; 57.45
] 115,19 : 25.15 60. 57
Average | : 59.01.
Parson Brown’ : .
51y ' 014
G ' 79.92
Averape \ 85,40
“Alexiean’ : ; :
alg ! 206.0 i 28.05 : 00.5
{ | 207 .82 1 2G.6 | 80,31
Averngoe | : | 4.9

padisade and the lower palisade. The values observed are included in table 3,
The total cell-deusity of the three issues mentioned, ax well as that of the
upper epidermis or the upper palisade taken alone, appear (o bear u direc!
relationship with cold-tolerance.

At 6 months of age leaf-thickness averages were: ‘Parson Brown’-24| g,
‘Changsha’-226, ‘Mexican’-211, and ‘Taiwaniea’-209, while palizade thick-
ness averages were: ‘dexican’-69, ‘Taiwaniea’-63, 'Parson Brown’-33, and
‘Changaha’ 62 g The proportion of the leaf oceupicd by the palisade a=
seen in fransection was: ‘Mexican’-32 pereent, Tanwaniea’ 31 pereent,




Fra. §.--Microscopic venation patterns of seedlings of four diflerent citrs
varieties. (All 26).
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‘Changsha’-17 pereent, and ‘Parson Brown’-2G percent. From the above
figures it appears that leaf- or palisade-tissue thicknesses are not related to
cold-hardiness of the varictiox concerned.

Vaseularization characteristies as to vein distribution, interveinal spue-
ing, vein {erminations per square millimeter, and arcolar frequencies, did
not have a consistent relationship {o cold tolerance (figs. 5 and 6). The
width of the central vein, nevertheless, was found (o he proportionately
thicker i the hardier vavietios. Comparing the vein widih to the width ol
the Tumina, i was found that this vatio was narrower in the hwedier varie-

Fic. 7.--Loat frinsection of ‘Changsha’ mundoarin: Lurge oil gland, small-celled
palisade, and compact spongy mesophyll; erystad idioblasts relutively near to oil-
glands. (75%)

tiex. Table 4 shows the values observed and the caleulated ratios. As will be
seen, the nwrrowest ratio is that o ‘Changsha’ mandarin, the hardiest
varviety, and the widest ratio m the tenderest variety, ‘Mexican” ime. The
other two varietics alzo have ratios proportional to their accepted hardiness
when compared with ‘Changsha’ and ‘Mexican’.

Both the specific gravity and the dry matter of all the varicties increased
under favorable growing conditions from 3 to 6 months of uge. Plants under
cold nights surpassed the controls of comparable age in specific gravily and
in dry matter. The highest inerease in specific gravity after precondition-
ing was shown by *‘Changsha’ mandarin and “Mexican’ lime. These were also
the 1wo vareties with the highest cold-tolerance score o the freesing tests.
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Fic, 8. Loeaf transection of ‘Puarson Brown’ sweet orange: Mediun-sized oil
glands and lovse spongy mesophyll; erystal idioblasts away from oil-glands. (75X)

Fie. 0 Paradermal section of leal of 'Changsha' mandarin: Midleaf scetion
showing refatively compuct spongy mesophyil. (75X)

Preconditioning induced a higher accumudation of dry matter in three of
the four varictios in the following order: ‘Changsha’, ‘Taiwaniea’, and ‘Mexi-
can’, ‘Parson Brown’ plauts had 2 lower dey-matter content at G than at 3
months, Dry-mafter accamulation followed the rating obtained by these




332 JOURNAL OF AGRICTLTUUE OF UNIVERSITY OF PUEHRTO RICO

varielies in respee( o swrvival and recovery when frozen without precon-
ditioning, as can be scen in table |,

In Ggures 7, 8, 9, and 10 the move compacet nature of the Jeaf Lissues of
‘Changshy’ mandarin as compared with those of ‘Parson Brown’ sweet
orange and the *Mexiean’ hme ean bhe appreciated.

Fia. 10, -Paradermal section of leal of Mexican’ lime: Midleal section showing
apen {ype of spongy meesephyll. (73X

SUMMARY AND CONCLUSIONS

Seedlings of four varieties of citrus were used, representing four species
with a range of cold-tolerance from ligh to very Jow, They were examined
anatomically and the findings related to the accepted cold-tolerance of the
varieties and with their performance in freezing tests.

The varicties sclected were, in descending order of cold-{olerance:
‘Chang=ha’ mandavin (€ rus reliculala); “Taiwanica’ sour orange (('. lai-
wanica); ‘Parson Brown’ sweet orange (€. sinensts); and ‘Mexican” (‘West
Indian’) hme (€. aurantifolia),

It was concluded from the results of these tests that a given precondifion-
ing treatment may induce in the plants subjected to it an ability to endure
cold, which may not be consistent with their aceepted tolerance to cold.

A definite inverse relationship between growth-rate and cold-tolerance
was found in ihe plants under investigation. This growth-rate was more de-
pressed in the hardier varieties when they had been subjeeted o a precon-
ditioning treatment.
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There appeared to be no relationship between total oib-gland content and
cold-huediness, hbut 3t was found that, il ventral and dorsal numbers were
nearly equal, the plants woere move resistant to eold.

Stomatal densities, under the conditions of {lis investigation, did not
show any relation (o the accepted Tolerance 1o cold of these varieties, or (o
{hew tolerance in the frecsing tests.

Culeinm oxalate idioblasts appesred to ocewr in the feaves of Citrus in
quantities inversely proportional (o aceepted tolerance (o cold.

There was apparently no corvelation between the thickness of palisade
as pereentage of tolal thickness and cold-tolerance in the varieties studied.

The number of cells per square millimeter in the upper palisade paren-
chyni of the leaf, ax well as the combived total cell content of the palisade
fissues i of the ventral epidermis, appeared (o bear a direet relationship
{o the aceepted cold-tolerance when comparing the four varietios studied.

Among fhe varieties in fhis tovestigation, there were no appreciable dif-
ferences i the pattern of the major veins of the leaf, Tt was found, never-
{heless, that within a variety there was o relatively constant ratio of the
width of the central vein to the width of the lamuina. The numerieal value
of this ratio was found o be inversely proportional to the cold-tolerance of
the variet v,

There appeared to be no relation in the varieties studied belween cokd
hardiness aud areolar frequencies, intervascular infervals, or vein-termina-
tion numbers,

Precouditioning by cold brought nbout a greater increase in spectfic
gravily and dry matier in the hardier vavieties, between the ages of 5 and 6
months, as compared with the controls.

liardy hranching und early formation of leaticles and eork iy the “Mexi-
e’ e and the ‘Parson Brown’ sweel orange, as compared with ‘Tw-
wanicea’ sour orange and ‘Changsha’ mandarin, scemed to be inversely cor-
related with cold-resistance.

RESUMEN Y CONCLUSIONES

Se estudiaron plantitas de cunivo variedades del género Catrus, las cusles
representaban cuatro especies, cuyu tolernncia al frio variaba de muy adta a
mty haja. Se hizo un examen de Ins plantitas y se asociavon los reswltados
obtenidos a [a reconocida tolerancia al frio de fas variedades y a su com-
portamicnto en las pruchas de congelaeion,

De fos resultados de estas pruebas, se concluyd que al apliciarseles un tra-
tamicnto preacondicionador a las plantitax puede indaeirse en éstas una
capacidad de resistencin al frio que vo coineida con su reconoeida toleran-
cha.

Ion Tas plantas bajo estudio se encontrd una relacion inversa definitiva
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cnfre su ritmo de erecimiento y su tolerancia al frfo, 151 vitmo de erecinnento
cra menos proauncindo en ks variedades mds resistentes caando s¢ =ome-
tieron @ un {ratamiento preacondicionador,

Apareidemente no existe relacion alguna entre el contenido total de
plindulas oleaginosas en las hojoax ¥ L resistencia «1 frfo, pero =e encountrd
que cuando el ndunero de estas glindufus era casi igual en ambos lados de la
hoji-el veotral y et dorsal las plantas cran mes resistenfes al frfo.

Tampoco s¢ encontrd, bajo las condiciones de exte estudio, ninguna rela-
eidn endre ln densidad de estomas y la tolerancia al frio reconocida de extas
variedades ni eon sutolerancin en lay pruebas de congelucidn,

Los idioblastos de oxalato de caleio en lax hojax del género Citrus, pare-
el ocurtir on cantidades jnverswnente proporeiousles o s reconocida
{olerancia al frio.

Aparentemen{e no existia correlacion alguna entre ¢l expesor de lox teji-
dos en forma de palisada y Ja Olerancia al fifo en lax variedades estudiadas

EI niimero de eélulas por milimetro cuadrado en el parenquima de pali-
sada superior, tanto como el conlenido {olal combinado de las células de
palisada y de la epidermis ventral de In hoja, parecid tener una relacion di-
recta con la reconocida tolerancia al frfo al compararse lus cuatro vartedi-
des bajo estudio.

Entre Ins variedades bajo cxtudio no se observaron difereneias nprecia-
bles en el disefio de las venas prineipales de fa hoja. No obstuanfe, s¢ en-
contro que dentro de una misma variedad existia una proporeidn coustante
entre la anchura de la vena central y la anchura de la ldmina. Se encontro
que el valor numérico de esta proporeion es inversamente proporcional a la
tolerancia al frio de la variedad,

No parecid existir relacion alguna en las vatiedades estudiadas entre sa
resistenein al freio y las freenencias aveolares, intervalos intervasceulares, o
ol namero de terminaciones de venas,

Bl preacondicionamiento por enfriamiento provoed un aumento mayor
a0 la gravedad espeefficn y la materia secea en lus variedades mis vesisten-
tos, endre lax edades de 5 o 6 meses; al compararlas con fax plantas testigos,

La formacion temprana de ramas, lentieulos vy coreho en la variedad
Alexican” de limdn y en Ja china dulee ‘Parson Brown’, parecid estar in-
versuniente correlacionada con la vesisteneia al [rfo, al comparaese con la
variedad "Taiwanien’ de navanja agria y la mandaring ‘Changsha’.
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