THE EFFECT OF STORAGE CONDITIONS ON GERMINATION .
AND VIABILITY OF SOUR ORANGE AND ROUGH LEMON
' ROOTSTOCK SEEDS

by
Abdul L. Al-Heaty

A Thesis Submitted to the Faculty of the
| DEPARTMENT OF HORTICULTURE

In Partlal Fulfillment of the Requirements
. Por the Degree of

MASTER OF SCLENCE
In the Graduate College
THE UNIVERSITY OF ARIZONA

19673



STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfillment
of requirements for an advanced degree at The University of
Arizona and is deposited in the University Library to be
made avallable to borrowers under rules of the Library.

Brief quotations from this thesis are allowable without
special permission, provided that accurate acknowledgment of
source is made, Requests for permission for extended quota-
tion from or reproduction of this manuscript in whole or in
part may be granted by the head of the major department or
the Dean of the Graduate College when in their judgment the
proposed use of the material is in the interests of scholar-
ship., In all other instances, however, permission must be
obtained from the author.

SIGNED: Al ). - ,Ll,ec%}

APPROVAL BY THESIS DIRECTOR

This theslisg has beep{ggproved on the date shown below:

Assoclate Professor of Horticulture




ACKNOWLEDGMENTS

The author wishes tb express his gratitude to
Dr, ieiaﬁd Burkhari9 head of the Horticulture Department,
ﬁnivérsity of Arizona, for making‘research.facilities avail-
able, He wishes to acknowledge the assistance of Mr, Steve
Fazio9 ﬁssoeiate Professor of Horticulture, in supervisiﬁg
the experiﬁent aﬁa his helpfulmsuggestions in direeting fhis
thesis,

He also wishes to thank Dr, William P, Bemis, Pro-
fessor of Horticulture, for his'éoopération in sutlining the

plot desigﬁlfor the’experimental germination tests,

iii



TABLE OF CONTENTS

INTRODUGTION o . g o ® o [<3 Q o -] o . < Q Q a o o
tiTERATﬁRE'REvaW e e e e e e e e
MATERIALS AND METHODS . o o o o .o o o « & .

Storage of Cltrus Seed in Sealed Gontainerso

Cold Storage of Citrus Fruit . . . .

Storage of Citrus Seed in Undiluted Juice -

~ Storage of Citrus Seed in Boiled Juic

Dustlng Citrus Seed with Funglcide
- ﬁ&rasan 75 o o o ¢ o o - o -3 -] o -3

Gitrus Seed Stored at Room Temperatur
EXPERINENTAL RESULTS o o . o ¢ o o o o o . .

.Effect of Cold Storage on Washed Seed,
Sealed and Stored at 40° F ., . ., .

Effect of Reem Temperature én Waéhed
Sealed and Stored . o o o o o o o

Effect of Cold Storage of Fruit
on Germination . o o o -0 « o o =

Effect of Seed Storage in Undiluted
Fruit Juice on Germination . . . .

Effect of Storing Seed in Boiled
~Gitrus dJuice on Germination . ., .

The Effect of the Fungicide :
. Arasan 75 en Seed Germination . .

DISCUSSION o © o Q ° Q o o - o © o o ° o © °

EIE] . Lo .
SUMMARY o o o L4 ° =4 o 0 ° o o o o o o -] e o K

BIBLIOGRAPHY o o o o o o o o0 o o o o o -0 o o

A

-3 o 4

e . o

o o ¢

eou..

o -] °

4 o L]

Seed,

o o °

©

o

24
25
26

26
27
33 .

35

36

58
40
45
ur



Number

1.

2,
3o

LIST OF TABLES

Species, Sources, Date of Harvesting

and Color

of Fruit from Which Seeds

for Storage and_ Germlnatlon Tests
Were Obtall’led Q -] © L] o 0 -] _'o ] -4 o o

Preservation of Citrus iSeeds in Fruit Juice

Germination
~ Peat Moss
(Planting

Gefmination
Peat Moss
(Planting

Germination
Peat Moss
(Planting

Germination

_Peat Moss
(Planting

of Sour Orange Seeds in Sand-

Media after. Six Weeks Storage
date January 15, 1963) . . .

of Reﬁgh Lemon Seeds in Sand-

Media after Six Weeks: Storage
date January 15, 1963) . . .

of Sdur Orange Seeds in Sand-

Media after Six Weeks Storage
date March 1, 1963) . . . . .

of Rouwgh Lemon Seeés in Sand-
Media after Six Weeks Storage

‘date March 1, 1963 . . . o o

4

a

Page

. 22
24

28
29
30

31



INTRODUCTION

Seeds are usually.stored for varying lengths of time
aftei harvesto Viability at the end of any storage period is
the result of: (a) the initial viability at harvest, as
determined by fac%ors of production and methods of handling,
and (b) the rate at which deterioration takes place., This
rate;of physiological change is associated with: (1) the
species of seed, and (2) the environmental conditioﬁs of
storage. :

Barton (15) divided seeds into three biological
classes accordihgiﬁo theif duration of life under favorable
conditions: (1) shortélived or "microbiotic" seeds, with a -
life span hot éxceeding three yéars; (2) medium-lived or
"mesobiotic" seeds which may live from fhréé‘fo fifteen years;
(3) 1ong~li§edwor "macrobiotic" seeds which may retain via-
Biiity for fifteen to over a hﬁndred years.

A1though the longevity of many seeds in storage has
been found to be increased by drying, there are soﬁe éeeds
which do not tolerate desiccation (12). Citrus seeds afe
among those which are injured by dryihg and hence deteriorate
rapidly under ofdinary conditions of storage. For the mbst
part citrus seeds are stored in the fruit.on the trees aé
long as possible with the exception of certain varieties, This
means seeds are stéfed in this manner until just prior to
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planting in early April. Seeds from early maturing varieties
are extracted during January and Pebruary and stored in water
and placed in a‘refrigerator with the temperature set near
35 PFahrenheit degrees. This is the commeréial method used in
Flofida for storing citrus seed and has-prcduced excellent
fesults with Cieopatra seed,

The Sour orange is used as a rootstock in the Salt
River,Vailey'area.and the Rough.lemon has heen used in the
Yuma area in recent years. The storage of seeds of these two
rootstocks for éxteﬁded beribdsg as is frequently necessary.
in shipment over long distances or when planting time is
delayed for one reason or another, is usually attended by a
serious reduction in viability during germination,

The obgect1Ves of this study were to re-examine some
of the known storage conditions affecting germination rate -
and viabiiity of the seeds, such as sealing the seeds, and
chilling of'fruits; to determine the germination rate and
viabilify of citrus seed stored in undiluted julce extracted
from the fruit; to determine whether treatment with boiled
Julce from the fruit would show bétter results than non-
poiled juice on the germination rate and viability of the
seed during stérage; to determine the germination rate and
viability of citrus seed treated with Arasan 75 prior to
storage; to determine the effect of storage at room tempera-

ture on germination rate and viability of the seed,



Viability of seeds was represented by éermination
percentage which expresses the number of seedlings which .
can be produced by a given amount of seed, Seed vitality .
or germination power is repreeented by the germinatidn

rate which is the number of days required to produce a

given percentage of germinated: seeds. Coefficient of

velocity ~ fotal number of seedllngs x 100 where A is
eé-‘nT‘H 3 AQTE o 0 o + A T

the number of seedlings emerging on a particular number‘of

days (T).



LITERATURE REVIEW

The morphology and anatomy of citrus seeds have been
comprehehsively discussed by Webber and Batchelor (46). The
séed is made up of an embryo,Vthe endoépé:cm9 and_tﬁo éeed' f
coats, The embryo cénsists of the cot&ledons which are'the _
fleshy pért-and constitute by far the 1arggst part ofvthe
mature embryo, TheY'are;atﬁached to a very short hypocotyl,
at the othér end.of Which is the radicle., Lying between the
cotyledons is the plumule., A seed with oné‘embryo has two
cotyledons about equal in size and shape, but where there are
two or mbre embryos the size andrshape of their cotyledons .
often vary greatly. [The endospérm is merely a temporary
nutritive tissue which is later absorbed by the embryoo

The ﬁwo seed coats are the tegmen, or inner seed coat,
and the testa9 or outer seed coat. The tégmen;is a thin
rather_delicate'membrane which encloses the embryo or embryos.'
In most varieties the tegmen-is-colofed; the aréé céveriﬁg '
the chalazal eqd_of thé'ségd is.brownwspurﬁieg pink, or yellowi
While the rest of the seed;has a much l—ighter‘colox"9 as clear
| browﬁg purplish or grayish whitéo The outer seed coat, or
testa, 1s grayish white, cream, or yellow in colox"9 and is
tough and woody in texture,

The color of the intact seed depends chiefly upon the
color of the tegmen and the.embryoé and on the extent to which

.



their color is visible through the testa; for example, in a
variety which has green cotyledons the green color may_be
visible through-the seed coats, Fresh seeds in general range
from grayish white, cream or yelléw9 to brownish or greenish,

Size aﬁd shape of the seeds between a varietly are
highly variable; for instance, common lemons have small,
smoothly rounded, pointéé seeds, while grapefruit,seeds’fénd
to be large and flattened, with comspicuous fin-like projéc»
tions of the testa.

The germination process starts with elongation and
emergencé'of_the radicle through the micropylar end of the
testa, The cotyledons are normally hypogean, remaining in
the soil‘during germination, The radicle elongates rapidly
to form a thick fleshy taproot'which grows directly downward,
Meanwhileg.the'plumuie has been rgpidly lengthening its first
internode (the epicotyl) and devéioping the first true leaves,
The cbtyleéons.1engthenﬁsqmewhat9 and often the taﬁroot has
considerable growth when the plumule emerges rrom‘the'burst
testé ané grows upward., Its tip is bent while pushing through
the soil, but as soon as 1t emerges it straightens itself
upward,

In many species and varieties of citrus the seeds may be
polyembrjronic° The seed produces two kinds of seedlihgs9
namely the gametic and nucellar séedlingse The gametic seed-

ling develops from the embryo after pollina%ion and



fertilization, and usually differs morphologically from the
female parent, The-éﬁher kind is the nﬁcellaryseedling which
develops from the nuceliar'tissue of the ovule alongéide the
normal fertilized embryo. Nucellar embryos arise without
fertilization, and are therefore identical to the female
parent, These nucellar seedlings tendkto be more'vigorous ,
than gameﬁic seedlings,

‘Oitfus<seeds are easily injured by drying, and the
germination'qf seeds decreases witthesiécatiqng Fu. . (25)
found that the moisture content of trifoliate oranée éeeésg.
and not the fate of drying is the critical factqr9 and thét
~ there was a sharp drop in the germination percentageiwhen the
moisture content was reduced below 70%., The moisture cohtént
was reduced to 70% in_Bi hours at room témperature, but only
5 hours were reQuired‘ﬁhen seeds were dried in the sunlight,
This emphasizes that a relatiﬁély short exposure of the seeds
fo'éunlighﬁ méy héve pronounced effects on their viability°

AléRaWi (2).pmesenﬁéddata showing that drying re-
Aduced the rate aﬁd"germination percentage of.Roughllemon and
Sour;oréﬁge seédo ﬁrying the Rough lemon seed for two days*
at room temperature"reduced the germination percentage to 76%
as compared with'98% germination for freshly extracted seede‘
Sour orange seed driéd.forVBO days gave 53% germiﬁétion com-
pared with 88% germination for freshly extracted seeds,

Batchelar and Webber (hé) have reported that if citrus seeds
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are allowed to dry they lose their viability, If the seeds
aie;to be kept'for some time they should be surface-dried
quickly after being thoroughly washed, and then should be
mixed with equal parts of-ground charcoal, pécked in a tight
wooden box or tin container, and stored in a damp cool place,
preferably between 380 F and 550 P, B

Barton'(12)~hasmfound thaé citrus seeds are among
fhose which areminﬁuredAby_dryiﬁg and heﬁce deteriorate
rapidly under 6rdinary conditions of storage. She pointed
6ut that Florida dealers in these see@s have experienced °
difficulty in maintaining germination power of the citrus
seeds, For the most part they have kept their seeds either
in the'dfiginal fruif juiee or in moist sand untillsold° She
found that grapefruit and sweet orange seeds were injured by
dr&ing on blottérs iﬁ the laboratory to 52% and 25% respec-
tively, calculated cn'ﬁhe basis éf the drylweight'éf thé
séeds° However, seeds of both of these species rémained
viable longeSt in open storage in a humid atmdsphere of
410 F, where moisture content of the seed was reduced to
appréximately 17%. Grapefruit seeds may be kept successfully
fér at least a yéar under these conditionéc Fortywone-degrees
' Fahrenheit (41° F) also proved best for maintéining the via-
5ilify of Sour ofénge ahd Rough lemon seeds~both of which
tolerated more‘drying than grapefruit and sweet orange seeds,
Room temperature and 23° F were deleterious to preserving

viability.
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Fu (25) pointed out that a more rapid rate of germina-
tion Wasmobiaiﬁed from trifoliate orange seeds collected .
later in the season than those colleetéd earlier, Similar
results were obtained by Al-Rawi (2) who showed that the stage
of maturity or time of harvesting“héd a significant effect
upon the rate ana peicentage of germination of seed from four
rootstock species of citrﬁsa -

The effect of chilling the fruit of citrus or strati-
fication of seed prior %o sowing was investigated by several
workers. Fu. (25) presented data showing that chilling of the
trifoliate orange fruit resulted in a more rapid rate of
- germination of the Seéds;rthe réte-increasing'as the period
of chilling was increased. The maximum was obtained after a
chilling period of from 30 to 60 days. He menﬁions fhat
chilling of iﬁtact'fruit and stratification of seeds in moist
sand at 420 P were effective in hastening germination. It
seems.likely“that the response from chilling or stratifica-
tion would be less marked with fruits picked late in thez
season since seeds collected later in the season ordinarily
germinate more rapidly than those collected earlier,

 Al-Rawi (2) found that cold stérage of some citrus
rootstock specieé éﬁ 40°‘F'affected the rate and percentage
of germination., His resuits suggest différent citrﬁs To0t=
stocks show different responses in chilling.

Childs and Hrueciar (18) found that Semesan, 8-hydroxy-



‘quinoline sulfate, puratized N5E, thiocyano analine, and
Du Pont 1155HH were effective in controlling the growfh of
'ﬁicroorganismé and on viability of citrus seeds under moist
conditions, In his experiments, citrus seeds were dipped in
ﬂoo% solutionkof 8=hydroxy-quinoline sulfate and stored iﬁ |
4 moiét sawdust or moss in non-sealed cbntainers at 35° F for
from 6 to 8 months. Of 34 varieties of citrus seed reéeiving
this treatment, under Florida counditions, 29 gave 'better than
90% germination at théhend of 6 months, and of the 33 vari-
eties recorded at 8 months, 2 gave better than 80% germination.
Experiments by Fu (25) on storage'of triféliate orange
seeds in moist sand, peétméss; or sphagnum at 42° P showed
that the seeds may be stored for at least 5 months without
mafked reduction in viability. He suggested that these orange
seéds might be stored by burial in the ground, provided that
they are removed-before soil temperature rises sufficiently
to allow germination during storage, He found that after 6
months 96% germination of the seeds was obtained, at which
time 60% of the seeds had started to germinate in storage.
'Richards“ (31) preliminary germination studies in-
dicated that seeds'diCountry Lime and Bible Sweet Orange
shOWed a marked reduction in viability when stored at normal
~air temperature of 78° F to 80° P for more than 3 days after
extraction, and that af%er 6ne week's storage only about 50%

of the seeds germinated., Seeds which have not been washed
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properly after extraction and treated with fungicide'(copper),
and surface dried tend to become moldy, and show poor'germiné=
tion, Seeds from decayed frult also.fail to germinate
satisfactorily. He recommended that in the absence of éold
stoiage facilitiesg the best results are obtainedlif.the seeds
are treated with a copper fungicide immediately after ex=
traction and élanted within 3 days after being surface dried
~quickly in the open. _

Hartman. and Kester (28)-suggested that for storage of
citrus speciés a temperaturé of 326 to 50° F should be main-
tained with seeds plaéed in a sealed contaiﬁer to maintain
their moisture conten‘t9 or that the seeds be mixed with a
moistureeretalning material,

Observations of Milella (29) showed that Sour orange
seeds sown immediately after harvestlng on fortnight intervals
showed réspective germination percentages of 83.25, 78050, |
and 76525; These percentages were reduced to 4‘2075,A629259
and 47,50 when the seeds were stratified in sand for 1 month
béfore sdwinge .

Bacchi (3) found seeds ofAthe two main rootstock
"species of Sao ?aﬁlo,State stored best in closed containers
at 35° F to 37° P in a2 very humid atmosphere, The Rangpur
liﬁe reéained ité viability for i4 months at 33%38% relative
humidity and the Sweet orange for 11 months at 41~50% relative
numidity. | "
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Montenegro and Salibe (30) studied storage of seeds
of the eiocofﬁi§=resistént varieties of citrus rootstock.,
The seeds were washed, dried, and'sﬁored within 48 hours of
harvestingo Afier-224 days the germinating capacitj was satis-
factory with seeds stored in plastic bags at room temperature.
Fungicidal treatment was elgreat advantage, and in the un-
treated seeds fungal infection was correlated with moisture
content, Germination Was-sefiously checked at lowkmoisture
-contents; the minimum was 27% for trifoliete orange and 10%
for_the other types. In Seeds-exposed to the atmosphere the
values fell somewhat below these figures, |

-.Elze (22) in investigating Palestinian sweet iime9

Sour orange, Rough lemon, and Poncirus trifoliata determined

ihat'the storage of fruit had a delaying effecthupon germina-

tion; He found that two weeks of stratification employinge
~eharcoai wifh washed wef seeds in closed containers gavel

satisfactoiy resul‘bs9 but that fungus infeetioﬁ grew worse if

send was used instead'of charcoal for storage.

Storage femperature is a factor of vital importance

in determining;the life span of seedsq It was known that low

temperature is more effective than higher temperature for
“viability of seeds, but above freezing t_emperetures9 especially

between 41° P and freezing9 have been considered adequete°

Barton (13) found in the region of Yonkers, N. Y., that a very

ﬁeist‘atmoephere at 41° F brings more rapid deterioration in
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tree, vegetable, and flower seeds, than ordinary laboratory
eon_difionso | ‘

The effect of moisture on the storage of seeds is
‘closely related to temperature. Barton (13), (9) reported
that high'moisture content is more deleterious at high than
at low temperatures; . She élsoaréports the more’rapid de=-
terioration of seeds stored in sealed comtainers whichzare
repeatedly openéd and re-sealed as compéﬁed with seeds in
sealed containers which are never opened from the time of
storage to the time of testing.

Barton (11) reported that the length of time at a
narmful relative h@ﬁ;idity (76%) was found to be directly’
related torthe deterioratiéﬁ'iate of some seeds regardless of
the storage conditiens before and after this exposure. When
the period of eiposuré to T76% relative humidity was as long
as 8 or 12 we_eks9 previous variations in relative humidity
écceleraﬁed‘loss of viabilitya'

The effect: of a ﬁartiai vacuum on longevity has been
‘considered for seveial different varieties of seeds with
varying results. Somé benefits of a reduced oxygen suppiy
maj have been experienced by conifer seeds under certain
storage conditions as reported by Barton (13).

Childs and Hrneciar (18) cohcluded that viability of
citrus seeds is greétly depfeséed.by microorganisms;'thé poor

germination of seeds that become moldy at 359 F was due to
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ﬁreatment with a spent solution of 8-hydroxy-quinoline sulfate.
The viability of ecitrus seeds is best maintained by storage
‘at relative humidity levels approaching.saturatiogg though
not neeessarilﬁ'by the preseﬁce of free moisture.

It was found by Barton (10) that seeds of high ini-
tial vitelity Werehmuch;ﬁore reeis%ant'to unfavorable storage
humidities and temperatures than those With low inltial Vi-
talitieso. |

:.Data of Barton (14) showed that the lower subfreezing
temperatﬁxe (t@ e649 F)winéreaSed_the survivelef the shorte-
lived eoniieé seeds iﬁysterageo ‘Sealed storage at low |
temperatures (41° F'er‘23°'F te 59 B) Wasaeffective‘fer main- .
tenance of vitality of coniferous seeds-for eensiderable‘
periods (6). | _

Germinetlen data of Steinbauer and Steinbauer (34)
relating to sterage of American elm seeds indicated that 320 B
is a better temperature for storage than either 50° F or 68° P,
In regard %e moisture eentent>it eppears that the mofe seeds k
ﬁere desiccated, the higher was the pereentage of germination
at any time and the longer v1ability is retained. é.lso9
Bartcn (8) found that elm seeds can be kept V1able for at least
16 months by sealing in eontainers kept at 41° P or below.

Results of Barton (5), (7) indicated that open storage

at room temperature in reglons of the same general tempera~

ture and humidity9 would effeetively malntaln vitality ef
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‘sone vegetablé seeds for 2 years., However, if the moisture
content of the séeds is reduced to 6%, and sealed'containers
ére used, vitality is assured for 3 years,

Toole and Gorman (37) found that seeds of vegetables
sealed at various moisturé céntents in glass vials generally
retained their vitality as well as, or better ’chazi9 seeds at
- similar moisture contents that wére exposed to the open'aire

Results of Bartqn”s'(4)‘experiments on storage of
delphinium séeds'inﬁicated that room temperature andrsealed
storége was much more effective than open storage, For keep-
ing the delphiniﬁm.éeeds viable, 46° F and 5° P wWeresuperior
tomioom temperature, especially in thé case ofk0pen storage,
Seeds from favorable Storagé conditions produced:a good stand
of seedlings even after 62 months of storage.

Toole (35) pointed out that increased moisture in the
Seeds'spéeds the éhanges that finally lead to loss of via-
bility, that increased temperature further increases the rate
of these changes, and that any exposure to high temperature
and high moisturé reduces the potential duration of‘life of
seeds, even Eefore the germination percentage is reduced,

Several explanations have been offered for the'gradual
degeneration of seeds in dry storage. The explanation that
has the most facts in its favor embodies grédual changes in
the chromosome sysﬁem(of embryo cells with duration of storage}

Crocker (20) reported that the early changes are slight and
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ﬁay show little disturbance in the resulting plants except
for producing new forms of eﬁen tetraploid plants, With
further dislocations detrimental effects appear in the fem
sulting plants, such as slower germination rate and growth,
etiolation, sterility, and death ofithe plants before the set
of flowers.,
| Weakening of the seeds may result from unfavorable

éonditions dﬁring ripening of the plant, du;ing harvesting,
or during curing immediately after hérvesting; therefore age
of the seed from harvest méy not be a measure of ability to
withstand further storage. | |

Rodrigo (32) found in the Philippines that Qegetable
and farm crop seeds stored in air-tight containers had out-.
lived their ccrresPQnding_cbunterparts in unsealed containers
by 190 toAQVer 620%. Thé life duration of seeds.in'airmtighﬁ
containers varied»ﬁith'the kind of seed, For example,'lettuce
completely lost its viability in 27 months and soybean in 55
mori_thso | |

W‘eibulll(lw) pointed out in Sweden the possibility
of using =& tempefatﬁre of <40 Flfor the long term storage of
certain Vegetablegand flower ééedso- He indicatedvthét storage
- at %2° T and With 9Q% humidity, and finally.ﬁnderjnormal condi-
tions, (419 to. 68° F and 70 to 80% relative humidity) gave
Qonsidefably lower ﬁigﬁres9 and a useless product for 6nion

and chive after 4 and 2 years respectively.
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Goss (26) found that flower seeds of the same genera
which were stored for 10 years in the California State Seed
Laboratory, seem to retain their viabilify approximately  the
same length of timeo» The results of this experiment indicated
that'manykkinds of flower seeds can be successfully stored
under favorable conditidﬁsn

The cause of loss of viability in old seeds has been
a matter of cqnsidérable investigation.,

Duvel (21) stated that the seeds retain their viability
longest in conditions which permit the least respiration.

Acton (i) by a careful anélysis of 0ld and new seeds,
found that thefemWas but a slight difference in condition of
their foéd content. He discovered that there was a con- -
siderable diastatic and proteolytic enzyme actlon in new seeds,
while in old seeds there was none. Acton (1) and Waugh (39)
assumed-that the loss of vigbility is related to the.loéé of
enzyme action. 1

Groves (27):found that.énzymes gradually disappear
with age., He téstédTBOo'species of seeds and found no peroxi-
dases in anj of the samples secuméd before the 18th cen“turjo
In sdme oaseé-the retention of enzymes was attribﬁted to'the
hard coats of the seedépﬁand the loés.of viability was stated
to be due to sbﬁe'cause other than degeﬁeratibn of enzjmes,
Also, he found no increase in the germination of seeds soaked

in enzyme solutions, but rather a decrease due to an increased
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fungal action. According to his work the enzyme theory of
the loss of viability is not tenable.

Toole, et al. (38) have conéluded thét‘the presence
of germihation=inhibitingJsubstances in plants seems to, be a
wide=-spread phengmenone Evenari (23) reported that they occur
in all parté of plants; in fruit pulﬁs9 fruit coats, endo-
sperm, seéd coat, embi’yo9 leaves, bulbs, and roots. . Besidés
inhibitors, high osmotic pressure and acid pH are often
partly-responsiblé for the germiﬁation inhibition caused by
sap jﬁicés and extracts, Evenari mentions that Fruchten was
the first who observed that fruit juices of Sour'orange aﬁd
' Rough lemon contained the inhibitors. Cohen (19) mentioned
that citrus'juicé contains inhibitors to germinafion which
are citric and malié»aéidsok | |

Scott (33) found, in the case of péach juice, that the
injurious agenﬁ pfésent iﬁ the fermented peach juice destroyed
viability of the seeds., The same injurious effect on seeds
was obtained by pe:mitting the seeds to reméih in decaying
pulp for 10 days or in the fermented peach jﬁice for 7 days.

Germinationvof citrus seeds is influenced by the
temperature of the medium. Camp (17) reported that minimum
temperature of the soil for germihation of citrus speclies seeds
is 59° P, the maximum is 104° P, and the optimum is between 870
and 95°“Fo He found that grapéfruit and sweet orange seeds

appear td haﬁe slightly lower optimum temperature than Sour



- He reported no germination When the soil temperature was

18
orange-and Rough lemon,

Fawcett (24) found that the most vigorous growth of
seedling"QCCQTred after 90 days for the sweet orange seed-
lings at-rdom temperature of 759 and 85° F, Batchelor and
Webber (16) indicated that good germinatién is obtained when
the mean dally temperature range is between 589 and 65°~
‘below 55° F or above 104° F

Toole (36) found in crop seeds that under unfavorable
storage éonditioné slight mechanical injuries predispose-the
seeds to more rapid deterioration than occurs in‘uninjured
seeds, although preliminary results do noﬁ confirm this'viewo
ﬁbnormal seedlings are caused nbt'only by mechanical injury, -
but also by other factors that result.in the death of organs,
or parts of organs, before the death of the entire seed or

seedlings.



- MATERIALS AND METHODS

Seéds for the-gérmination tests were obtained from

Sour orange (Citrus aurantium L.) and Rough lemon (Citrus

Lemoni Le)gtéémmoniy used rootétéck species. Thisiexpéiiment
ﬁas con&uéted in the greenhouse of the Departmént of Horti-
culture. Sour orange fruit were obtainéd from the University
of Arizona campus, Tucson, Rough lemon fruit were obtained
from the University’of Arizona, Oitrus'Experiment Station,
Yuma, Arizona,

FPruits used in the experiment were harvested on
December¢i, 1962, and on Januaiy 15, 1963, They were divided
into two groups affer har%esting; one group Wwas stored in the
cold room at 40° F for six weeks before they were removed for
seed extraction. The other group received no storage treat-
ment and the seed was extracted immediafely after harvest and
subjected to various treatments, »

The seeds were extracted from the fruit by'cutting
each fruit ecarefully in half with a sharp knife in order not
to injure the seeds, The seeds from the cut fruits -were
vextraeted by hand intd a seiﬁe having a coarse mesh to retain
the seeds and allow the Jjuice and pulp to be Waéhed through,
The seeds were washed thoroughly in water, and soaked tem-
ﬁorarily in a container With frésh water, lRudimeﬁiary seéds
in which the embryos had not fully developed were light and

19
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these'ﬁere discarded When they were floated to the surface
durlng seaking in clear Watero_ Then the seeds seleeted fér
storage and planting were dried on blotters for four hours
after they had been thoroughly washed, _ .

Seeds of Sour orange and Rough lemon were stored
in sealed containers .in cél@ storage at 40° F, and at room
_ﬁemperature at 709 F for six Weekso Other séeds were stored
in the original undllvted julce ef the fruit and other seeds
| Were st@red in the original beiled juice of the fruit at
room temperature, alse; for six weeks, Other seeds, also,
were dusted ﬁith Arasan 75, and stored in plastic bags at
room témperature for six weeks, One group of‘seedsv-used as
a,eohtrelg,was stored at room temperature for six weeks,
| Moisture determinations were made as foliewé: dupli-
- cate lots of 10 grams each were weighed and then dried in
a2 vacuum oven atv78@ ¢ for forty-eight hours, after which
the dry Welghts were determlned Galculatioﬁs of maistnre
__centent were made on the basis of the dry weight ef the seeds
Germinatlen tests after each storage period were -conducted
in the green houseo The gexminatlon tests ‘were repeated
twice, namely: January 15, ﬂ9539 and March 1, 1963, |
The eipéiimental design based on Spliﬁapot Design with
three feﬁliéations,and seven treatments Wés arrahgeé in'a | '

randomized manner. The gérminating medium consisted of a
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mixture of sand and peatmoss in egual parts by VQlumeo Trip-
licates of twenty‘seeds each for each test were used, The
germinatien medium ﬁas kept moist thrbnghout the duratién of
each test°

The seeds were planted by hand, and were placed about
an inch apart each way in the flats, and then pressed into
the medium with a board., This pressed the seed down firmly
ih"ﬁhe sell in the normalzﬁositiano The seeds were ccvered
with a)iayer of clean river sand to prevent both the spread
oﬁ‘dampingecff fungi and tﬁe fermation of a surface crust
which might hinder Tthe emergence of the %ender young shoots.

_ Germination counts Were_taken for an 11 Wéek peried.
Only the'number of seeds that germinated was counted, and
not the number of seedling39 since some polyembryonic seeds
pr@duced more than one seedling and the weak seedllngs
eventually died., The time requlred to reach a germinatlng
pércenﬁagé éf SG%gland the total number of seedlings appear-
“ing above groundhwere recorded, The data are presented in

tables,

Storage of Citrus Seed in Sealed Gonﬁainers

In order to obtain information on the effect of
sealing én germination of ecitrus seeds, the seeds were treated
.-and. stored in the follewing manner: ‘thoroughly washed seeds

from Sour orange and Rough lemoen at two stages of matuiity
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(Table 1) were aried at>room temperature on blotters for four
héurso 6ne group‘of seed was stored in sealed’glass con-~
tainers in the greenhouse at room temperature for six weeks;

" the other group was stored at 40° F for six weeks.,
TABLE 1

Species, Sources, Date of Harvesting and Color of Fruit from
which Seeds for Storage and Germination Tests Were .Obtained

Species-' Sburcéé - Harvesting ' "Ccior of'Frﬁit
< Date
Sour orange University - December 1, ‘ .
(Citrus ~ of Arizona 1962 and Not Fully Yellow
aurantium L.) campus . January 15, ' L
7 . - 1963 Yellow
Rough lemon Yuma Citrus December 1,
- (Gitrus ‘Experiment  .1962 and . Not Fully Yellow
lemoni L.) Station o January 15, -
v - o { 1963 Yellow

Cold Storage of Citrus Fruits

Fruits of Sour orange and Rough,lemdn picked on Decem-
ber 1, 1§62,,and on January 15, 1963 (Table 1) were held in a
cold room at 40° F for six weeks, The fruit was removed after

storage and the seeds were extracted for the germination tests,
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Storage of Citrus Seed in Undiluted Juice

Elze (22) stressed the importance of WaShing the
seeds immedia%el&laffer their extraction from the fruit.
HoweVer, many ﬁﬁrserymen still prefer to.storé the fruits in
barrels of Watéro_'Here the fruit undergo a slow process of
decay Whiéh facilitates the:separation of seed by softening
the rind and pulp, but this process seems to exért an adverse
-influénce onlthe viability of the seeds, Slight fermentation
facilitates extraction and exerts a favorable éffect on
germination..

Sour orange and.Rough lemon seeds were preserved in
undiluted citrus juice pressed frbm‘the actual parent fruits
for six weeks at room temperéture (Table 2). Then the seeds

were removedg»Washed‘thoroughly; and plantéd ih the flats,

Storage of Citrus Seed in Boiled Juice

Sour orange and Rough lemon seeds were preserved in
boiled citrus juice, invsealed containers, for six weeks at
room temperature (Table 2). ~ The juice was boilea, iﬁ ordexr -
tb test the influéncé of éermination inhibitors, 1if such were
present. The seeds were removed from the Jjuice, washed

thoroughly;_and planted in the flats,
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TABLE 2

Preservation of Citrus Seeds in Frult Juice

Date of Species Treatment Mo, of
Immersion - , Seeds

Sour orange

(Citrus
aurantium L.)
12-1-1962 . . 6 weeks in 60
' natural julce
6 weeks in 60
boiled juice
1-15~1963 o 6 weeks in - 60
' ‘ natural juice
6 weeks in 60

boiled juice
Rough lemon

(Citrus
lemoni L.)
i2=-1=1962 . 6 weeks in 60
: _ natural juice
6 weeks in 60
boiled juice
1-15-1963 6 weeks in 60
. natural juice
6 weeks in . 60

boiled Juice

Dusting Citrus Seed with Fungicide Arasan 75

Mahy seed fqngicides are quife specific in their
toxic effect, Some are séfe for the treatment of the seed of
certain species”of plants and are injurious to othersolAIn
order to investigate the possible reaction on germinatioﬁ,

the fungicide, Arasan 75 (Tetramethylthiuram Disulfide), was
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applied in dust form to freshly extracted Sour orange and -
Rough lemon seeds that had been washed to remove juice and
mucilaginous matgrials and then dried on paper towels_for
four hours. The seeds were dusted with an excess amount of
the fungicidai dust, shaken gently to remove excess dust,
transferred to cellophane bags, and were then stored for éix
weeks at room temperature9 about 70° F, After storage the

seeds were planted in the flats.,

Citrus Seed Stored at Room Temperature

It is known that citrus seeds are injured by drying
and hence deteriorate rapidly, and viability is imﬁaired under
ordinary conditions of storage. Fresh1y~ex£raeted Sour orange
and Rough lemon seeds were washed and surface dried, and
stored in plastic bags at room temperature for six weeks,
HThey were then removed and sown in flats in the greenhouse,

' The purpose of this test was to determine the range
of 1osé in viability and rate of germination of the seeds, in

comparison with other treatments,



EXPERTMENTAL RESULTS

Effect of Cold Storage on Washed Seeé,

Sealed and Stored at 409 F

i .

Table 3 shiows the rate and;ger!Cent germination of

seed extracted from Sour oranée (g;trus_auragtium L,) har-

vested on'Beoember 1, 1962, and stored for 6 Weeks“aé 40é F,
Bighty peT cent germination was obtaimed in 11 weeks with
sealed st@red seeds at 40° F for 6 weeks as compared with-S%
‘germinati@n,Which“was obtained in 11 weeks from the comtrol
seeds'(the use of the term control designates storage of ex-
tracteé9 uﬂtreated seeds at room témperatﬁre)o A similarx
effé@t was noted for the rate_of germinaﬁicng it fo@k six
weeks to reagh SQ%tgerminaﬁion4f@r seed in cold storagég_while
‘50% germination wés not reached iﬁ the non-sealed seeds stored
atfro@m temperature (control).

Seed cold stérage ewaough lemon seed from fruit
harvested on December 1, 1962 also maintained the rate and
pexr cent germiﬁation (Tgble 43, Eigﬁty per cent germinatipn
was obtained in 19 weeks ff@misealed seeds stored at 400 F
for six weeks as comparéé with 10% germination obtained in
11 weeks from nonwsealed-seedé'stéred at r@om.temperatupeo
The rate of germinatieﬁ was also affected by sealed cold
ét@rage; it t@bk 5 Weeks:t@ reach 50% germinstion for cold
storage segdg while this-perceﬁtage Wwas notlreached in nen-
sealed seeds_stdred at room temperature.,

© 26
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Sealed cold storage greatly maintained the per cent
germination of seed eXtraeted from Sour orange and Rough
lemon harvested on Januwary 15, 1963, Data in Tables 5 and
6 show that 90% and 85% gérmination was obtained for Sour
orange and Rouéh lemon stored at 40° F in sealed contalners
for 6 weeks, compared to 10% and 15% éerminationg respeCa
tively, obtained in 11 weeks from non-sealed seeds stored at
room temperature., A similar effect was noted for the rate of
germination° it took 5 weeks to reach 50% germination for
Sour orange and Rough lemen sealed seeds stored for 6 Weeks
at 40° F while 50% germlnatlon was not ebtalned from the
non=sealed seeds stored at room temperature during this same
period, |
- Finally; the germination data for Sour orange and
Rough leﬁontseeds show that sealed chilled‘seeds extracted
from fruit harvested in'December and Januarxy have a highly
significant rate and peréenfage germiﬁatien compared with

non-sealed seeds stored at room temperature.

Effect of Room Temperature on Washed Seed,

Sesaled and Stored

- The data Whlch were obtained by this study and pre-
~sented in Tables 3y 4y 5 and 6 indicate that sealed storage
at room #emperature yielded signifieant results for seeds
extracted from fruit harvested in December and January as

compared to the germlnatlon per cent obtained from non-sealed



Germination of Sour Orange Seeds, in Sand-
Peat Moss Media after Six Weeks Storage

TABLE 3
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 Pigures represent averages of triplicates for

with Arasan 75,
sealed and
stored at room
temperature

each test
Seed and % Germ, Pre-storage Rate of % Germ,
Planting at_Time _ Seed 50% Germ, 11 Weeks
Date of Treatments Time in from
. Storage ’ - Weeks Planting
Sour orange 85 Control oo 5
January 15, (Open storage )
1963 at room temp,)
(76% moisture Sealed storage 6 0%+
calculated on at 40° P
basis of dry .
weight of seeds) Sealed storage 7 553
- at room temp. .
Fruit stored 6 85 %
at 40° F ..
‘ ‘Seed stored 0o 5
in full strength
fruit Juice at
room temp.
Seed stored 600 25%
in boiled fruit -
Juice at room
temperature
Seed dusted )

8 5%:-7*;

#*Filgnificant: *¥Highly significant

LSD .05 = 3,05%
- . .01 = 3,97%



| Germination of Rough Ilemon Seeds, in Sand-

TABLE 4

" Peat Moss Media after Six Weeks Storage
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Pigures represent averages of triplicates for

each test
Seed and % Germ, Pre-storage Rate of % Germ,
Planting at Time  Seed 50% Germ., 11 Weeks
Date of Treatments Time in from
. Storage Weeks - Planting
Rough lemon 70 Control o0 10
Janvary 15,. (Open storage
1963 at room temp.)
(73% moisture Sealed storage 5 8O
calculated on at 409 F .
basis of dry .
weight of seeds) Sealed storage 5 60%*
. at room temp. .
Fruit stored 6 Q0¥
at 40° F .
Seed stored oo 5
in full strength
fruit juice at
room temp,
Seed stored 000 15
in boiled fruit
juice at room
temperature
Seed dusted 7

- with Arasan 75,

sealed and
stored at room

~ temperature

. BO%*

#*Significant
LSD .05 = 3.,05%
e~ 001 =

3. 97%

*#*Highly significant



Germination of Sour Grange Seeds, in Sand-

TABLE 5

Peat Moss Media after Six Weeks Storage

each test
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Figures represent averages of triplicates for

Seed and % Germ., Pre-storage Rate of % Germ,
Planting ‘at Time  Seed 50% Germ. 11 Weeks
Date of Treatments ' Time in from '
. Storage - Weeks Planting
Sour orange 20 Control 000 - 10
March 1, 1963 (Open storage
at room temp., )
(85% moisture .
calculated on Sealed storage 5 Q0 %%
basis of dry at 40° F .
welght of seeds) .
. Sealed storage 6 60%*
at room temp. .
Pruit stored 5 85 %%
at 40° F .
Seed stored 6 65
in full strength .
fruit juice at
room temp.
Seed stored 6 70%
in boiled fruit .
juice at room
temperature
Seed dusted 5

with Arasan 75,
sealed and :
stored at roon
temperature

*¥Significant ¥¥%¥Highly significant

LSD .05 = 3,284
. 01 = 4,27%



Germination of Rough Lemon Seeds, in Sand-

TABLE 6

Peat Moss Media after Six Weeks Storage
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Figures represent averages of triplicates for

each test
Seed and % Germ, Pre-storage Rate of % Germ,
Planting at Time _ Seed 50% Germ., 11 Weeks
Date of Treatments Time in from
. Storage : Weeks Planting
Rough lemon 80 Control oo 15
Mareh 1, 1963 (Open storage
) ' at room temp.)
(72% moisture - _ .
calculated on Sealed storage = 5 8o##
basis of dry at 40° P .
weight of seeds) .
' . Sealed storage 5 653
at room temp, .
Fruit stored 5 gQ*%
at #0° P o
Seed stored 6 60
in full strength .
fruit juiece at
room temp.
Seed stored .5 75 %%
in boiled fruit -
juice at room
temperature
Seed dusted 5

with Arasan 75,
sealed and
stored at room
temperature

85 %%

#Silgnificant

#*¥Highly significant

LSD .05 = 3.28%

.01

4,27%



_ 32
storage at room temperature of seeds of the same two specieéo

The per cent germination for Sour orange seeds ei-’
tracted from the fruit harvested on December i, 1962 was 55%
which was ohﬁained in 11 weeks aftermsealed storage for 6 )
weeks at room temperature compared with 5% germination ob-
tained in 11 weeks after open storage at 6 weeks at room
temﬁeratureo A similar effect was noted for the rate of
germination; it took 7 Weeks to reach 50% germinétion'for-
sealed storage at roomvtemperaturg;Whilewit did.not reach 50%
germination in non-sealed seeds stored at room temperature
during this same period,

Sealed seeés of Rough lemén extracted from‘fruit
harvested December 1, 1962 and stored at room temperature for
6 weeks, réached a germination percentagé of 60% in 11 weeks,
_compared to 10% germination cbtained in 11 weeks for the same
species of seeds after Qpenjstoragé for 6 weeks at room
temperature. The rate bf germination was also affected by 7
sealed storage'of the seeds; it took 5 weeks for sealed seeds
to. reach 50% germination, while in the non-sealed seedé stored
6 weeké at room temperature this per cent was not obtained,

Sealed storage of seed at room temperature mainmaiﬁed'
‘the per cent germination of seed extracted from Sour orange
and Rough lemon harvested on Januvary 15, 1963, when compared
to non-sealed seed stored at foam temperature, Data in Tables

5 and 6 show that 60% and 65% germination was obtained in
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11 weeks with Sour orange and.R@ugh'1émen respQCtively after
having been sealed and stbfed f@r six Weeks*at rooi tempera~=
ture, For the nenésealéd‘s§éds stored at r@ém'tempeiature
the perﬂcen; germination obtéiued was 10% and 15% respective~
1y, The rate of gefmination w&s_alée(affected,b}‘sealing the'
seeds;as4it;tg@k,6>an&v5~Weeks for $our-orange anng@ugh_
lemon fespe@tivélj t@'reéch 50% éérminatién when stored for
'zélwgeké at're@m'temperature (cgnﬁiol) | |

- The data obtained shew that sealed starage at 40° F
for beth speeles of Sour erange and Reugh 1emen seeds gaVe
.higher SLgnificant percentage germination than dld the sealed-

seeds stored at room temperature for fruits harvested on-

December 1, 1962, and on January 15, 1963,

Effect of’eéld:Storage'of Fruit on Germination

Gomparls@n of rate and per cent ef germinatlon of seeds
from the two rootstock specles9 Sour orange and . Rough lemon,
after storing the fruit at 4@9 F fer s1x weeks .is presented in ]
’Tables 3, 4, 5, and 6 m 4 |

, -The data indieate that cold- storage of Sour orange
aﬁd;R@ugh.lemg@ fruits for 6 weeks:at 40° F maintained the
'Qer cent germinationjof,seeds-haiﬁgsted frém fruits in De-
cember and January iéspect1Velyo invspite of the fact.éhat

the fruit was yellow and appearedAie;be matureg this does not
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indicate that the seeds within the fruit Were mature, because
the appearance of fruit does not necessarily mean maturity of
the seed, | |

., Sour orange and Rough lemon fruits harvested on-
December 1, 1962 and stored for 6 weeks at 40° F gave highly
véignificant percentages in germination over thewcontrolo
Seeds from the stored Sour orange fruit gave 85% gérmination
as compared tb 5%,germination obtained from the control seed
storage., 4 six~%eeks-period was required to feach-BO% ger-
minatioh9 while the seeds from the control did not reach this
percentage for the same period.

Data indicate that storing Rough lemon fruits for 6
weeks at 400 F maintained the per cent germination of the
seeds, . Ninet& per'cent germination wés obtained i1iweeks
after planting from the seeds which were planted immediately
 after extraction from the fruits which had been stored for 6
weeks at 40° F; as compared with 10% germination for the
'control'seeds; Six weeks was requiéed to reach the 50% rate
of germination for seeds from the stored Rough lemon ffuito

The per cent germination of freshly extracted seeds
fromrfruits harvested on January 15, 1963 and stored for 6
weeks at 40° F was 85% and 90% after 11 weeks for Sour orange
and Rough 1em5n respeétivelygwas compared with 10% and 15%
germination obtained from the control seeds of thé sane )

species, respectively.



35

Five weeks were required to reach a germination rate
of 50% fér Sour orange and Rough lemon seeds planted immedi-
ately“after being extracted from fruits stored_for 6 weeks
at 40° m, _‘

”Cold storage treatment of‘these two species gave
highly significant results as measured by both the high per
cent and high rate of gérminaﬁiono Daté obtained from this
study and presented in Tables 3, 4, 5, and 6 indicate that
coid storage of citrus fruits is aﬁ ideal method of storing
citrus seed, particularly if such seéds are to be used for

planting the following season.

Effect of Seed Storage in Undiluted TFrult

Julce on Germination

Tables 3,'49 5, and 6 summarize the results of pre=-
serving citrus seeds in unsterilized juice extracted from .
the parentrfruitsq

'The per cent germination obtained was not significant
for Sour‘orange‘and Rough lemon seeds extracted from fruit on
December 1, 1962 and stored for 6 weeks at room temperature,
~ﬁive per cent germination was obtained for both specieé as

éompared to 5% germination for the control seeds in open '

storage.
On the other hand, Sour orange and Rough lemon seed
extracted from fruit harvested on Jénuary 15, 1963, and stored

for 6 weeks in undiluted juice at fqom temperature gave a
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‘significant per cent germination as compared with the open
storage'ét room iemperatureg(contrel)o

The per‘eent germiga%iohlforiSOur orange seeds stored -
in undiluted juice was 65%.as compared to 10% for the control
seeds after ﬂﬂ Weeks; aﬁ@mgerminationrwas 60% for Rough lemon
as'compared.with @5% germinati@n_far the cemérol.seedso A
similar effgét was ﬁote@,fcr the germination'rateg it required-
6 weeks to reach SO%wgermihation for bothrspecies'of eitrus
stored in undilutedmjuiée,while this-SO% rate of geiminatién
was not obtained from the control duriné tﬁe‘same~fime in-

terval,

Effect of Storing Seed in Boiled Citrus Juice

on Germination

Data obtained in this studyg,Tables.B$ 4, 5, and 6,
Aindicate“that preseévation_of citrus seeds in boiled citrus
juice yields higher ﬁer“eent germination than from seeds
presexrved in non=boiled juiee extractéd from the parénﬁ fruit.
Per cent germin&tienufor seeds extracﬁed from Seur
orange and Rough lemon fruits}harvested;on-JanuaryuﬂSQ 1963
and stored for 6 weeks in-the boiled juice at room. tempera-
ﬁure was 25% and 15% reépe@tively; after 11 weeks as compared
to 5% for Séur.qranée‘and_ﬁo% germination‘for Rough lemon for
the same period, . |

on the other hand, per cent germination of seeds



37
extracted from Sour orange and Rough lemon fruits harvested
op. January 15, 1963 andvstored for 6 weeks in the boiled juice
at foom temperature was 70% ‘and 757 after 11 weeks respec-
tively as compared to 10% for Sour orange and 157 for Rough
lemon. o ”

These datalare significant cempared With per cent
vgermination of seeds éxtraeted from ffuit,harVeste& on becem=
ber 1, ﬁ962 and preserved in the naturai ;}uiceo " The rate of
germinatlon also showed signlficance over the contrel it
took 6 weeks for Sour orange and-5 weeks for R@ugh 1em@n to
reach 50% germﬁnationg while it was not reached by the con-
trol seedsav _ H

The results of these experiments suggest that the
Juice of citrus fruits has an adverse influence on the ger-
mination percemtage in the early stages of ripenlng9 but this
effect is less at the middle of the seasono Boiling of the
juice, however, changed the resulﬁs at the midéle of ﬁhé

seasoﬁ”rather than in the early stages of ripehingé



38

The.Effect of the Fungicide Arasan 75 on

Seed Gérmination

Preliminary experiments indicate that when citrus
seeds Were allowed to dry out their viability was impaired.
However, if storage was atmemptedrwith seeds in a moist
condition the growth. of fﬁngi and bacteria soon destroyed
their viability. In order to overcome this difficulty,
Arasan TH5 was seleéfed and applied, in dust form, to freshly
extracted Sour orange and Rough lemon seeds that had been
washed to remove iuice and mucilaginous materials and then
dried on paper ‘bowels° f

Data in Tables 3, 4, 5, and & show the significant
results which were Obtained from using the fungicide Arasan T75.

Sour orange and Rough lemon seeds extracted from fruit
harvested on December 1, 1962 werécsurface dusted with Arasan
75, and stored for 6 Weeks at room temperature. They showed
a highly significant per cent germination. The per cent
germination was 85% and 60%,after 11 weeks for Sour orange
and Rough lemon reépectiveiy, while the SO%lraté of germina-
tion was not reached by the conﬁroi seeds of either variety.

Surface‘duéting with Arasan 75 maintained a high per
cent germination fér-seeds extracted from Sour oiange and
Rough lemon fruits harvested on Januvary 15, 1963, Data in
Tables 3, 4, 5, and 6 show that 857 germination was obtalned

1n 11 Weeks for both Sour orange and Rough lemon seeds stored
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for 6 weeks at room temperature, compaied with 10% and 15%
germinétiSn in'seeds of the control., The raﬁe-ofwgerminafion
ﬁas also affected by surface'dusting.with Arasan T5: it teok
5 weeks ﬁo reaéh 50% germination for beth Sour orange and
Rough lemon seeds, while it did not reach. 507 germlnatlen in

seeds of the controlo



DISCUSSION

Previous research workers have shown that stage of
maturity, éhilling of sealed seeds, and chilling of fruits
are important factors which affect citrus seed viablility and
germination after seed storage. No research previous to this
has shown effects of undiluted and boiled Juice of the parent
fruits or of treatment with surface»dustinggof Arasan 75, Qn
citrus seed stoiage and germination. Data presented in this
thesis have shown that undiluted and béiled juice and treat-
ment with Arasan 75, may be useful tools in studying storage
and germination of citrus seeds, The data presented for
storagé and germination of seéd harvested at two periods of
the year indicate that the color of the fruit cannot be de-
pended upon to determine when the seeds are fully mature,

The rate and per cent germination aftér storage of
Sour oraﬁge and Rough lemon seeds indicate the difference is:
probably due to environmental conditions during fruit matura-
‘tionglfor these two species., In Rough lemon and Sour orange
the rate and per cent germination, for some treatments after
storage, Were high and have a satisfactory useful application.
The applicaiion of various pre-storage treatments indicates
further differences between Sour orange and Rough lemon seeds
ﬁhich probably are due to their inherent characters,
| To'obtain a satisfactéry per cent germination, citrus

40
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seeds must reach a minimum}stage.of maturity before-harves£=
ing the fruit feor seéd extraction and storégea There may be
an in¢rease in per cent germination beyond -the minimum stagé
of maturity of gitrus seeds because of physiological changes
of the fruit agd the éeeds° Undef these conditioﬁs maximum
germination caﬁ‘bg obtained-afﬁér.storimg.the'seeds for an
extended périod of time,

| Sealed storage of Sour orange and Rough lemon seeds
is an impoptant facto?,in seed storage and germination
studiesb‘ A satisfactory per cent germination was obtained
in sealed éold sforége for 6 weeks at 409 P, The germination
" results of both harvest dates indicate that there is an
intérrelationship between harvesting date and the  seeds ex-
posed to cold storage ét 40° P,

Chemical imhibitors associated with the seed coat may
delay or inhibit germination (28). It is known that some of
the chemical inhibitors associatéd With germination and
present in seeds are‘antimaukins° zehiiling.of séeds érobably
causes'chemical changes of the inhibitors in the seeds,

Data obtained ih this study show that cold storage
treatmené,maintains é‘ﬁigh per cent germination for sealed
seeds of Sbﬁrmofange énd Rdugh lemon when cémpared'to seed
storsd at reom temperature. | -
| - Data preseﬁﬁeé in this thesis indicate that in the

case of Sour orange and Rough lemon seed, a highly significant
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.iﬁcrease in per cent germination can be expected if the fruits
from which seed is extracted are étered in a cold room at 40° F
for at least sixhweekso The increase in germination éerggn=
tége is probably the result of a.ehemigal change in seed
inhibiiqisg Chilling of the frults mainfains,a.high germina-
tion percentage after_storagé9 és'indieated by the results
obtained in the eXperiments@ It may be expeeted that there
will be a gradual iﬁcreaée iﬁ‘éermination of séed.obfainéd
from frult placed in cold storage since additional physio-
logical changes take place, and 1t may help to break the‘
dormanecy of. the stored. seedsa
The rate and per cent germlnation is high for seeds
- extracted from fruit chilled at 409‘F for six weeks, which
-from a commercial nursery standpointkweuld be considered
satlsfactoryo o ”

' Data obtained in this study with seeds of Sour erange
andchugh lemon stored for 6 weeks in the parent fruit juice -
showed a lewhgaxmination percentagé due to. the possible
inflﬁence @f inhibitcrs iﬁ the Juice; ihe presence of which
was demonstrated by Elze (22) f@r"tomatoes and other fruits,

Seeds eitracted éﬁd'ﬁlanted‘immediately from fruits
harvested in Januaiy showed a higher percep@age germination
ﬁhan,seeds,exfkacted from fruits harvested in December. This
difference in per cent germination is.probably»due ﬁo a lé¢k

of full seed development.
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The seeds of Sour orange and Rough lemon stored for
six weeks in boiled juice, resulted in a low germination |
percentage. Seeds extracted ffomvfruit harvesteé in Janugry
and,stgred in boiled juice showed a higher\rate.and,pér cent
germination thaﬁ ﬁhose seeas extracted~and stored in ,"December°
This difference in per cent germination could be attributed
to the different harvesting dates of the fruit

Seeds stored for 6 weeks in boiled Juice showed a low
germination per cent probaplyabeCause_of_no fermentation and
hence no bxéakdown of seed coat imhibitors. |

Treatﬁéntywith surfacé-fungicide Arésan 75 seems to
have a goed.cammerc1alnursery Valueo"Data obtaineé in this
study give(*ev1dence that mlcroarganlsms affect the main-
tenance of viability of Sour orange'and Rough lemon seeds in
Storageb Tables 3, 4, 59 and 6 show that a high per cent
germination was obtained from beth Varietles harvested in
@ecgmber and‘January when treated W1th Arasan 75 and stered
foi 6 weeks, It has been shown 1n two instances that via=
- bility of Sour orange and Rough 1emon seeds is greatly
increased by surface dusting Arasan 75.. Unt;gated seeds gave
a low rate of germination, | h

Evidenee seems to indicate that'low temperature
-promotes longevity of stored c1trus seeds through its depress-
1ng effect on germlnatlon of seed in storage, or reerespiratlon

of seedg‘or growth of fungli and bacteria, thus supplementing
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4
in some measure the-actieﬁ.of the fungicides, The fact that
dry storage conditions calise Serious reduction in viability
of cltrus seed suggests tﬁat they are in a more aétive state
of metabolism than mest seedso Accordingly, access to suffi=
cient oxygen must be essential to the prolonged stérage!of
citrus seeds (18), ' |

The résuits obtained in this thesis indiéate that
sealed seeds in cold storage and treated with a fungicide |
will mainﬁéin a high per cent germination after storage, Cold
storaée Brings about @ertain.physiologicél'ehanges within the
embryo (after ripening) which enahle-germinatién’tortake
place pédmptly under normal gering conditions. (28),

" The difference in per egnt'germiﬁatien is due, in
most easésg té différenées.in harvesting dates»of the fruits
 because seeds f:@m‘thé first harvest date were ndt’fully ripe
while the seeds from fruit of the second harﬁeét dafé were

ccmpleﬁely ripe.



SUMMARY

Storage and germination conditions for Sour orange
'énd Rough lemon seeds used for citrus reotstock. have been»
investigated.,

This study was designed to provide specifiec informa-
tion conéerning storage and germination of these twe species
of seeds. , |

Chilling the fruits for 6 weeks at 409 F maintained
bbth the rate and percentage germination of betﬁ Sour orange
and Rough lemon seeds extracted from the fruit.

| Chilling was mosﬁ.éffective in,maintaining the rate
and percentage germination of gour orange and Reough lemon
seeds after 6 Weéks of storage at 40° F., There appears to be
an interrelationship between chilling snd the stages of
maturity with respect to citrus seed germination.

Sealed cold storage of seeds of both é?ecies resulted
in a higher rate and per cent germination for seeds extracted
from fruit harvested in December and January and steored for
6 weeks at 400 P, than_fér-sealéd seeds extracted,frgm the
same twc'spegieé and harvested at the same regpective dates
and stored fof ﬁhe same period of time at room temperature,
- A low pércentage germination was obtained from Seeds
of both Sour orange énd Rough lemon when stored for 6 weeks
in undiluted fruit juice, co
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It is difficult to explain why seeds of both these
specles éhowed a relatively low percentage germinatioh when
stored for 6 weeks in beiled citrus juice. While no con-
clusive explanation is offered, it does not seem that boiling
might affect the inhibitors, | |

The Arasan 75 used as a surface dusting was foﬁnd te‘
be effecfive in controlling ﬁhe growth of mierocorganisms on
Sour orange and Rough lenmon seeds, A highly significant
increase in germination was obtained after treatment of the
seeds of both spécieé and storage for six Weeks after the
Arasan 75 applidation Whéh compared to non-dusted seeds,

Citrus seed Should never be extracted from the fruit
and dried before planting. This method of handling citrus
seed lowers the viability each day it is held in storage.

Evidence indicates that citrus fruit should be allowed
to reach full maturity before harvesting the crop for seed
purposes, _

Since the time elapsing between sowing and germina-
tion of citrus seeds is rather long, their initial germina-

bility may deecrease due to adVerse edaphic conditions.
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