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STATEMENT OF THE PROBLEM

fThe propagation of eitrus rootstock by commereial nur-
serymen in the various citrus areas of the United States has
presented many'teehnical problems in the field of germination
of citrus se‘edo The low percentage of germination necessi-
tated the planting of excess seed to obbtain sufficient éeed%
lings for budding %0 commercial varieties.

Asexual propagation of citrus for rootstock purﬁoses is
not eoongmieal since this method regquires more labor, larger.
greenhoﬁSe facilitiess.and more exacting conditions_fhan
would be needed for sexual propagation.

This research has been directed toward means of increas-
ing the germination of sour orange and Cleopatra mandarin
seed, two desirable diseaseureéistént footétockso The main
objective of this study was to increase germinatibn of ecitrus
seed used for rootstocks. |

Two groups of growth regulators were selected. The
firstvgroupihas been reported in the literaturekas éffecting :
growth<processes‘other than seed germination, and the second
~group has been reported as affecting seed germination. The
two groups weres

Grdup I: Alpha naphthalene acetic acid

, 2,4,5 btrichlorophenoxyacetic acid

Indolebutyric acid
Maleic hydrazide



Group 113 Thi'ouz‘*éa N .
2, h=Dichlorophenoxyacetic acid



REVIEW OF LITERATURE -

Many>éhemieal compounds have beég syathesized during the
past twenty years, and more speeifically during the period
since 1941, which have an effect_on,blant growth, Most of
these materials are hormones or hormone-like substances which
have an effect on the development, flowering, and fruit set
of plants. The reaction of growth regulators on germination
of seed and on plant growth may be different ab varieus'levels
of concentration. An example of this is 2,4=D which is usged
widely as a weed killer in comnercial crops, being especially
- recommended Tor broad=leaf plants and in eitrus orchards to
reduce fruit drop or for other beneficlal results.

Mahmoud (12) in his recent research found that 2,4-D
could be used'to"réduce respiration in stored citrus fruito
Franklin (5) found that ammonium salt of R,4=D at 20 pop.m.
would facilitate bolting and the production of seed in head .
lettuces | | | |

Zimmérman and Hiichcoeg (15) of the Béyqe Thompson In-
stitute published their work in 1942 describing the use of
2,4=D as & plant-growth regulator; and in 1944 North end
Mitehell (13) of the U.S. Department of Agriculture reported
on the destgﬁctiog_of muny wggds with 2y4=D, . » ‘

Limited research work has been dbng'with_zshwb as an aid

to seoed germination. Heas and Brusca (10) in Riverside,



Galifornlas founé that the 2,4=D treatment of citrus seed
would double the germlnatlono

Hseuh and Tou (8) found that 2,4-D accelerated the ger-
mination of barley and rice seed at low concentrations, but
would delay germination when a certain threshold of conecen-
tration was exceeded., Hamner, Moulton and Tukey (9) found
in 1946 that solutions of 2,4-D had greater inhibiting ef-
fects then the dust form on ecabbage, clover, and»whéat seed.
ﬁith 0.01 gms per pot of soll, cabbage and clever seed failed
to germinates‘but 85 per cent of the wheat germinated.
- Allerd, DeRose}ahd_Swanson (1) found in lQhé‘that 2,4=D
retarded the rate of germination of wany plants used in
their tests. The delay in initiafion of growth increased pro-=
portionally with.the increase of 2,4=D. A} |

In 1949'maleig hyﬁrazidg_was feleased forrexyerimental
Wc:k‘by the United States Bubbef Company. Sinee then many
workers have reported their results relative to the effect
of maleic hydfaziée on p;énﬁ growth, Some of ‘the suggested
uses based on thesé investigations were to improve storage
qualitiés of crops, as herbicide, and as a temporary growth
inhibitor (6). Knott (11) in Californie demonstrated that
the growthnef pyﬁaeantﬁa hedQGS'éould be controlled with
maleic hydra21dea | |

Numerous growbth regulators have been used commercially
or experimentally in many phases of plant_prepagation9 or=

chard managaéentg and vegebable production. Batjer andl



Moon (2) used naphthalene aeetip‘acid spray to reduce the
droppiné‘of apples; Batjer, Thompson and Gerhardt (3) ﬁémoma
strated that this ngWth regﬁlator and 2,4=D eould'céntrol
pre-harvest drop of Bartlett pears: Goéman and Barton (7),
using thiourea in solutions of 0.5 and 1.0 per cent, in-
creased the germination of lettuce seedo

Many growth regulators have been used in raoﬁing cut=
tings. BSwartley and Chadwick (14) used indoleacetic and
indolebutyric acid end found that these substanees; when
mixed with talc, would aid root production of evergreen and
softwood deciduous cuttings., Cooper, William eand Kenneth (L)
used one mg. naphthalene acetic acid per gm, of tale for a . "

" roobting ald.



MATERTALS AND METHODS

The germination tests were conducted in the Horbticul-
ture‘bepartmantVs greenhpuse, University ef A¢;zona° This
greénhouse prcvided exeellent facilities for:maintaihing con-
stant temperature ﬁy thé uge of hot watef heat. The heating
pipes located an&er'the benches maintained a constant temper-
ature of 70° F. during the wiater.monthso' Lead heating
rcables were placed under the reotlng media to maintain soil
temperature at 80@ Fo N ) o ‘ )

Sour orange frult was selected frém.healthys good bear-
ing treeg from the e¢itrus plet‘of the Horticulture Department,
The fruit was large in size’and high in quality. It was
washed in tap wateia cut into halves, aﬁd twisted by hand %o
‘avéid seed injury. The seed was washed in tap waber several
times and was selected for size, uniformity, and freedom from
' injury and disease. , |
| The Cleopatra mandarin seed was obtained from the Grand
Island Nurseries at Eustis, Florida, The seed was dried after
-extraction and was in good condition. '_

The solutlons of 2 4=B 2, 4 5T; maleic hydraz1de, thia
ourea, alphs naphthalene acetie acld, and indolebutyric acid

were prepared in the laboratory of the Hortieulture Department,



Experiment No, 1

The objeet of this»ex?erimgnﬁ vwas to determine. the effeet
of'zpﬁabg 2,4,5T; and maleic hydrazide in various coneentra-
fions eﬁ germinétion of seed of freshly harvested sour
oranges, _ | _

On June 12, 1953, three hundred {(300) sour orange frult
of uniform size and color were 6ollected fram ?rees lecated
on the University of Arizbga cam@uso The seed was extracted
from’tﬁe'fr&iﬁ and Wéshed thoroughly iﬁ waterAto_remcve pulp
and juice., Twenty-four hundred sceds were selected for unio
form size, After washiﬁg9 the seed was plage& in water and
stored under refrigeration at 50° F, for & hours.

Solutions weie made from 29A=3m(sodium,salt_7d per eemt)
as follows. The 2;4aD was @issolvédfin ;G ec. carbo wax l50é)9
then in distilled watérs and the following concentratlous m@re‘
prepared: 1 PoPol., 10 DPoP.lio, 5O'popom°9‘190 PoDoloy 250-
DeDolle, 500 PoPoite, and 1000 popom. - o

The 2,4,5-T solutions were prepared in the same manner
as the 2,4=Do | |

The maleic hydrazide concentrations were prepared from
a liqﬁid form; 30 per oent,maleithﬁdrazideD and from that
solutioﬁ the following ecncentratioﬁs were ?repared: 30 popolm.
90 popem., 300 PoBolle, 600 Dopolie, 1500 pepeme; 3000 PoDele,
and gO@O PoPolo in distilled_Watero '

On June 14, each group of l@G‘See&s was soaked for 30
minutes in the various solutions; 100 seeds were used as a

éenﬁrol group., The seed was then planted in rows in the



Plate 1. View of Sour Orange Seedlings in
Greenhouse Propagating Bench

Date of planting: 12/13/53
Date picture taken: 4/28/54



greeﬁhouse and received ééequaﬁe_watero ‘Tigure 1 shows the

-,expj.eratory,arrangemenﬁ of the planting in the greenhouse, :

ﬁxperlment ﬁeo 2

The obgeet of this BX§Grlmﬁﬂb was to determine the rate =~
of germlnati@n after 15 deys, end the effeect ofrthe various
growth regulators on germination. Sour orange seed used in
this experiment was ex%récfe& from the frgit in the same man=
ner as-forVExperimsnt Noo 1. | ‘ |

Solutions were prenare&'of thiourea L per eeﬂt° thiourea
g per eent° indolebutyric aeid 1 pop.m.; alpha naphtha1ene
acetla acﬁé l.p Polloy 10 PoPolie, 50 PoPolle, 100 popolils, and
250 PoPoitts | 7 ‘

On July 7, 1953, each grdup of 50 seeds was treated by
soaking in the selutlans as follows:

G@eup 1 in thiourea L per cent for one hpur

Group 2 in thiourea 4 per. cent fer_8 hours at 50° F

. Group 3 in thiourea 8 per cent for one hour
Greqp L in thiourea 8 per cent for & hours ab 569 F,

Group 5 in indolebutyric acid, 1 poPolic, for one hour
~and for 8 hours _

Group 6 in alphe naphthalene acetic acid 1 p.p. m09 10
PoPoloy; 50 PoPollo, LOO poPolte, 250 pobolm. for
one hcur

Group 7 in 2,4k=5 15 Dopem.

Group S&Was the control or untreated seed.

A1l seed wes planted July 7 im clay pots in sand.
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Zxperiment No. 3

Each group of lOG'éeédé'éf'sbur orange was treated with
malelc hydrazide é@QO PoPollo, maleic hydrazide 12,000 popom.,
thiourea 8 per cent; and 100 untreated seeds acted as a con-
trol. The seed was soaked for 8 hours, then planted in é
randomized block on August 25 in a sand medium and ﬁas irri-

gated frequéntlyo (Sée Fig. 2.)

Row 1 Maleic Maleie ) Control
: hydrazide” hydrazide Thiourea ' '
12,000 ppn 6000 ppm . 8%
Row 2 Maleic Maleic 'GOntrel
hydrazide hydrazide Thiourea
6000 ppm 12,000 ppm 89
Row 3 . Control Maleiec Mzleic
- Thiourea : hydrazide hydrazide
8% ‘ ' 6000 ppm 12,000 ppm.
Row L Control Maleie ' Mgleiec
- hydrazide  Thiourea hydrazide
12,000 ppm 8% 6000 ppm

Figure 20‘ Latin Square Arrangement of Sour Orange
‘ Seed Plots in the Greenhouse

Experiment-ggé L ) »
Sixteen hundred séeds were eolleeﬁed‘from.lze_séar orange'
fruits on Decemﬁeribg 1953, After extraction and ﬁashings the
seed was dried in the sun for é hcurs and kept for 9 days in
the laboratory at 759 ¥, On December 13 each group of 400 |

seeds was treated as Tollows:



i2

Group A = not treated

Group B = soaked in maleie hydrazzde 60@0 PoPokhls
Group ¢ - seake@ in thiourea 4 per cent

Group D - soaked in 2,4<D 100 p.p.m.

The seed waé soaked in the Yaéi@us golutions for 50 minutes,
then planted in randomized bloeks in a sand medium with tem=-

perature set at 80° F. (See Figo. 3.)

| ~ Bxperiment No. 5
Tn this experiment 800 sour orange seeds were treated in
thg same manner as those in Experiment Noo &, and planted on
December 13, The plot was randomized, and temperature main-

tained at 80° F. (See Figo ko)

Experiment No. 6

This experiment was cenducted with Cleopatra mandarin.
The dried seed was divided into two groups. Crowbh-regulab-
ing solutions were made of 2,4~D 100 pop.m., maleic hydrazide
6000 popoln., and thiourea A perheento The two groups were
treabted as follows: |
Group 1 = socaked in tap water for L8 hours, then placed
in the 2,4-D; malelec hydrzalde,. and thiourea
selutlons for one hour

Group 2 ~ placed directly into the same growthw
regulating solutions as Group 1 for one hour.

The seed wasg planted_lmmedlapely after being removed ,
from the solutions. Dried and wet seeds were planted beside
each other in a randomized block in the greenhouse, with tem-
perature set at 80° F. (See Fig. 5.) The date of planting
was December 13, 1953, | ) | |
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Row ' o
no., o ' Treatment‘

1 " Control

2 Maleic hydrazide 6000 ppmo
3 Thiourea L%

L 2,4=D 100 ppm

1 Thiourea 4%

2 2,4=D 100 ppm

3 Control

b Malele hydrazide 6@00 ppm
1 Maleic hydrazide 600@ ppm
2 Control

3 Thiourea 4%

L 2 haD 100 ppm

1 2 4=D 100 ppm

2 Thiourea 4%

3 " Maleie hydrazide 6000 PpH
L , ~ Control

Figure 3., Arrangement-of Dried’ Seur Orange Seed in
o Rows with 16 Replications

Rowl . 2,k-D Control  Maleic Thiourea

100 ppm | hydrazide - 4%
, o 6000 ppnm ,
Row 2 Maleie Thiourea 2 =D Control
hydrazide . L% 100 ppm
6000 ppm. . , S
Row 3 Control 2,4=D Maleic Thicurea
S 100 ppm hydrazide L%
- 6000 ppm ,
Row & Thiourea . Maleic Control 2,4=D
_ 4% hydrazide 100 ppm

. _6900.1313131 .

Figure 4, Latin nquare Arranvement of Fresh Sour
. @range Seed Plots in Greenhouse
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Row T '
no. _ Seed - Treaﬁment_
1 Dried ' Thiourea L%
2 Wet Thiourea L%
3 Dried 2,4=D 100 ppm
L Wet 2,4=D 160 ppm
5 Dried Maleie hydrazide
- = 6000 ppmn
6 Wet Meleic hydrazide
o 6000 ppm
7 Dried Control
8 Control

Vet

Figure 5., Arrangement and Treatment of Cleopatra
: Mandarin Seed in. the Greenhouse



Plate 2.

View of Cleopatra Mandarin Seedlings
in Greenhouse Propagating Bench

Date of planting: 12/13/53
Date picture taken: 4/28/54



PRESENTATION OF RESULTS

| _ Experiment No. 1 |
_Experimént‘ﬂoo.l-was exploratory and was not designed
for statisticél analysis. | | ) | _
Gemﬁination-of the treateé and check plot was first evi-
dent July 2, 1953 as follows: |

Control | L seedlings

2oh,57 10 ppm o 1 o
Maleic hydrazide 30 ppm 1 L
2,4D .  Neme

The seed in the control plmts.inereassd in germination -

- every day until July 23, 1953; a germination of 68 per eenﬁ

was reached,

The seed treated with 2,4,5T germinated as follows:

1 13},570111.o = the seed startedAto germinate L days after
“the control (on July 6, 1953) and stopped on
July 23 with 35 per cent germination

10 poﬁomo = k1 per cent of the seeld germinated by
July 23 : f

50 p°§0m¢ = L, per cent of the seed germinated‘
100 p.poms = orie per cent of the seed germinated

With solutions containing 2,4,5T in coneentrations of
250, 500 and 1000 p.p.m. there was no germination,

These results indicated that Ry4,5T 1s not beneficial
in the germination of cltrus seed. The germination percen=

tage generally was low, and the_seediings from 2,4,57-treated
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seed were small and weak. (See Fig. 6.)

Maleic hydrazide also inhibited the germination of seed,
but it was not toxic when used in econcentrations below.éeee
Popomto. The results of this experiment were as follows:

Genmlnatlon of sour oranbe 'seed treated with malele ,
hydrazide in soluﬁlans of 3@ and 6@'0 popomo exceeded that of -
the control plots. Using 6000 PoPollo, 73 per cent gernunatlan
was obtained, Growth of the seedlings was satlsfactoryo
| Selutions conbtaining maleie hydrazide in eoneentratlans
of 90, 300, 1500 and 3000 p.p.m. delayed germination for 11
days (see Table I). The inhiﬁited éeed germinatéérrapidly
after 10 days, aﬁd germination was completed on July 23,
1953,

All seed treated w1th maleic hydrazi@e germated at the
rate of 46 to 73 per cent. (See Fig. 7.)

-The gii@i of 2,4=D on gﬁei‘hﬁﬁatien of citrus @ed varies

with the concemtration of the solutions used in soaking the
geed,- A solution of QghmD 1l poPolt, inhibited germination for
10 days, vhen germination started slowly. It wasicempleted
on July 23, 1953,

The plot treated with the 10 p.pol. solubion began to
germinate on.July 3, and germination proceeded very slowly
during the next 10 days. '

Germination in the plots usiﬁg 50 pop.m. solution began

July 9 and resulted in 27 per eentvgerminationo'



Per
cent
80#

10#

Control

1

Fig.

6.

10

50 100 250 500 1000
P.P.M. 2,4-5T

The E ffect of 2,4,5T on the Germination
of Sour Orange Seed



19

Table I, Percent Germination of Sour Orange Seed- (100 Seed Used infEa@ﬁ?RGW)
. _ 2,4D e 24,57 . - ﬁblei@ hydrazlde.fgéi7 -

Date 1 10 5. 100 250 500 1000 1 10 50 100 250 500 1000 30 9@_300 600 15060 3000 6000 Control
| TDoDom. T DPebel. | DD l —

7/ 2/53 1 . ok
7/ 3 1 3 1 i s
7/ b 1 6 2 1 1 3 6
7/ 5 3 8 1 1 3 20
7/ 6 3 Ly 7 14 2 3 21
7/ 7 5 19 8 2 5 3. 3 28
7/ 8 5 21 11 o5 7 3 29
7/ 9 5 1 26 13 6 7 7 5 30
7/10 6 3 36 1 g 9 13 10 30
7/11 7 3 k2 17 9 12 1 1 15 L1733
712 .1 10 6 49 17 W 23 11 16 2 3 3 & 5 2 35

713 6 16 9 5k 19 19 26 2 1 5 9 7 6 9 8 30 36
7/ 7 17 1l 58 20 20 26 2 1 33 15 W 9 20 13 40 4l

- 7/15 20 21 15 62 21 35 39 3 1 40 23 16 15 26 b - 48 47
7/16 21 24 19 65 2 35 40 3 1 4¥7 28 24 20 30 21 51 51
7/17 21 25 23 70 26 1 35 M & 1 51 38 25 23 35 2% 56 52
718 2, 28 26 70 27 1 35 11 & 1 60 Lk 52 33 39 31 59 61
7/19 26 29 27 72 27 1 35 41 b 1 65 L7 53 L1 39 35 62 éz_
7/20 27 30 27 76 29 1 35 bl 4 1 72 52 60 L& W6 kL 69 66
7/21 27 32 27 76 30 1 35 L1 b 1 72 5k 61 2;9 L8 - 52 59 -éé
7/22 27 32 27 76 31 1 35 Bl k1 73 57 62 55 k8 43 69 ¢8
7/23 27 33 27 76 31 1 35 41 4 1 72 66 67 60 53 k6 73 68




80$

70%

408

20%

10$

30

90

300 600 1500 3000 6000

Concentration of Maleic Hydrazide (P.P.M.)

7.

The E ffect of Maleic Hydrazide on the
Germination of Sour Orange Seed



- The geea_scakéd iﬁ‘loo PoPola began germinatinglcn
July 3 With 3 seedlings; germination increased every day, eX=
ceeding the contrel plots with an additional 8 seedlings.

Optimam germlnaﬁlon was obtalned with the concentration
of 100 p. pomo>294=® (Bee Table I and Fig. 8.)

Germinetion of 31 per cent resulted from the solution of
250 popels _ o ) : |

The 500 popgém solution effected the germination of ome
seedling on Jtly'i7, and the 1000 p.p.m., solution gave no

geﬂminationof'(See Fig. 9.)

As shown graphically in_Fngre g, the optimum germina=

tion results obtained in Experiment 1 were:

1. 2,4-D 100 ppm 765%
‘2, Haleic hydrazide 6000 ppm - 73
30 2,4,5T 10 ppm L1

4o Control : 68

Experiment No. 2 )

On July 22, 1953, the sour oerange sgedAwas taken from the
elay poté and washéd with tap-watero The seed that had ger-
minated in each group was counted, and it was decided the
‘seed needed more than 15 days to gerﬁunateo Results from this
experiment weres _ » » ‘

7 Thiourea L per cent gave 30 per cent germination when
the seed had been soaked for one hour.,. |

A temperature of 500 ¥, reduced ﬁhe rate of germination

as compared with room.température, about 76° F,



Per
cent

80%
10%
60%

50%

30%
20%

10%

,4-D 2.4-5T M H. Control
ppm. 10 ppm. 6000 ppm

Fig. 8. Optimum Germination of Sour Orange Seed
Using Various Growth Regulators



Per
cent

80#

Control

1 10 50 100 250 500 1000
P.P.M. 2,4-D

Fig. 9. The Effect of 2,4-D on the Germination
of Sour Orange Seed
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Indolebutyric aeid 1 PobPoit, gave 18 per eent germination
when the seed had bSen soaked one hour9~and é per cent when
the seed was scakeé for 8 hours,

With 2 aaﬁ 15 p.poln. there was germlnation of 2 per
cent, _ _

In the control seed'B per cent germinatiop occurred, and =
in thet soaked in alpha naphthalene acetic acid no germina-
tion took places {See Table IIO)

- Pable II. Percent Germination of Presh Sour
o - Qrange Seed

% of seeds germinated

Treatment ~ 0 on July 22
Thiourea 4% for 1 hour o 3@
Thiourea 4% for 8 hrs. at 50° ¥, 2L
Thiourea 8% for 1 hour . 20

 Thiourea &% Tfor 8 hrs. at 50 F, ‘ 1k
Indolebutyric aeid 1 ppm for 1 “hour "18
Indolebutyric acid 1 ppm for 8 hrs. _ g
Alpha'naphthaleﬁe aceblic aeid 1 Pppm, . |
10 ppm, 50 ppm for 1 hour 0
2;4=D 15 ppm for 1 hour 2

Control . . L 3
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Experiment No. 3 -

The fresh sour orange seéd'plets in the greenhouse
startéd to germinatelon September 13, 1953. The rate of ger-
mination inmcreased, then stopped on October l? (Table ITI).
The statistical analysis showed no significant éiffereﬁoé9

ag is evident from Table IV,

Experiment No. L

The total germination of the drieé sour orange seed was
veryiﬁeoro It reached 50 per cent, including %he_éontrol

(Fig, 10 and Table V). The statistical results gave signifi-

cance in the F ®@Ol,ﬁas shown in Table VI, There was no sig-

nificant différence at F 0,05,

Experiment No, 5

The germination of the fresh sour orange seed ranged
from 69 to 80 per cent (Table VII)., From the statistical
standpoint, the results showed no significant difference

(Table VIII).

Experiment No. 6

The seed of the Gleopatra mendarin was slow in germi-
nating, but the germination of both driedrand wet seed was
highly significant. The germination of seed soaked with the
~growth regulators showed a greater_increase than that in the
contfol>plotso In the control there was no difference be~-

tween the dried and wet seed (Table IX and Fig, 1ll).
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Treatments are significant at the 5 per cent level, and

not significant at the 1 per cent level., The results in

Table X show that there lis a significant difference in the

data from Experiment 6.

A  Thiourea, 4% )

Al " )

B 2,4=D 100 ppm )

- Bl " )

G Maleic hydrazide 6000 ppm)
el " )
‘D Conmtrol )

pL "

L;S;D; at 5% level

*Number of seed germinated from total of
25 planted in each plot

Treatment

means™ .

12.43
Te5
7.93

5.5
5.6
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Percent CGermination of Fresh
- Sour Urange Seed

Maleie hydrazide’ | 8%
6000 ppm ~ Thiourea

Date Control 12,000 ppm
9/13/53 26.6% 0 % 1.0% 1.0%
9/20/53 66,0 18,0 b5.5 32,5
9/27/53 78,0 35.5 | 67.5 55.5
10/4/53 8L.5. W75 72,5 67,0
10/11/53 82,5 52,0 75,0 75.5
10/18/53 82,5 6l460 82,5 80,0
Tablé IV, Statistical Analysis of Data
from Bxperiment Fo, 3

Source of Degree of Sum of Mean
variation freedom: square square F
‘Treatment 3 112,25 3742 0,71
Replications 3 81.25 27,08 0,51
T x R ervor 9 K7h .25 52469

Total 15 667,75
F 0,01 df 3,9 (5099)=not signifiecant
F 0,05 af 3,9 (3.86) not significant
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Fig. 11. Optimum Germination of Dry Sour Orange
Seed Using Various Growth Regulators
Control

Maleic hydrazide, 6000 ppm

Thiourea 4#

2,4-D, 100 ppm
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Table V. Percent Germination of Dry
4 Sour Qrange Seed .

Maleic .

hydrazide Thiourea 2,4=D
Date Control 6000 ppm . k% 100 ppm -
1/27/54 25.5% 28, 0% 21,.5% 30.0%
2/ 6/53 26.5 37.5 36,0 39,0

2/14/53 30.5 46,5 . h8.5 L7.00

Table VI, Statistieal Analysis of Data
, from Experiment No. k

Souree of Degree of Sum of Mean

variation - freedonm  square’ = 'square F
Treatment 3 53,62 17.87 3,07
Replications 15 61.97 : Lol3
Error L5 261 .61

Total 64 377.23
T 0,01 af 3,4k (L.26) significant
T 0,05 &f 3,44 {2.82) not signifieant =
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Table VII., Percent Germination of Fresh, Treated

 Bour Orange Seed

Maleic :
hydrazide 2,4=D Thiourea
‘Date ~ Comtrol . 6000 ppm 100 ppm L%
3/10/54 50 , 0%  LO.0% 51 ,0% 50, 0%
3/20/5k 57,0 53,0 62,0 59,0
3/30/5L 80,0 69,0 R4 Y ¢ 73,0

Table VIIT, Statisgtical Analysis of Data
. from Experiment No. 5

Sourece of Degree of Sum of Mean

variation freedom gquare ' square 'F,'
Treatment 3 ’ : 31,1 10,37 1489
Replications 7 - 57.22 8,17
Ervor 2 - 115.40 5,5

Toval 31 | 203.78

0,01 af 3,21 (8.45) not s1ga1fleant
0,05 4f 3 21 (4035) not significant

b b
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Percent Germination of Cleopatra

3/30/5k 22,5

 L1.0 58.5

Table IX,
. y Mandarin Seed
Maleie
‘ _ Thiourea 24D hydrazide.
g Control L% 100 ppm 6000 ppm
Date “Wet Dry Wet Dry ~ Wet Dry <~ Wet Dry
3/10/5L 18,0 20,0 26,0 37,0 20,0 36,0 14.0 33,0
3/20/54 20,0 21,0 30,0 45.0 20,0 36.0 15,0 35,0
23,0 1.5 38.5

19:5 bhkoO

 Table X, Statistical Analysis of the Number
of Germinating Seed per Plot from Experiment No., 6

and Table IX, Date 3/30/5k4

Wean

-af - 88 ‘square - - F
Material 3 394,93 lBloéb hoé
Replications 7 L5.11 6okl
BError 21 609,38 28,59
Wet and dry 1 L505.75 L505.75 776 .8
Error 31 180,16 5.8 -

64 1303.23

Total

T 0,05 (&f at 3 and 21) 3.07

=

F 0,01 (af at 3 and 21) 4.87

Therefore there is a significant difference in the
treatment means, as shown on page 26,
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60
50
40
30
20
10
0
Al 01 D1
A Wet seedtreated with thiourea 4%
Al Dried M
B Wet seedtreated with 2,4-D 100 ppm
Bl Dried it
0 Wet seedtreated with maleic hydrazide 6000 ppm
01 Dried
D Wet seed, not treated (control)
D1  Dried

Fig. 11. Comparison of Optimum Germination of
Dried and Wet Cleopatra Mandarin Seed
Using Various Growth Regulators
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Plate 3#

Sour Orange Seedlings

A. Treated v/ith 4% Thiourea

D. Check Plants

Date of planting:
Date picture taken:

12/13/53
4/28/54

33



8'

y -
t- -m

Plate

Cleopatra Mandarin Seedlings
A* Treated with 4% Thiourea
D. Check Plants

Date of planting: 12/13/53
Date picture taken: 4/28/54
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DISCUSSION OF RESULIS

8ix experiments were conducted to evaluate the effec~
biveness of growth-regulating solutions on the germination of
eitrus seed. These gubstances hgve been used extensively in
asexual propagation of orﬁamentél plants, but their effect on:
| the germination of geed had not beennrepbrted wheh this ex-

- periment was undertaken. ,

The folicwing growthwfegulating chemicals were applied
as seed treabtments in the germination experiments: 2,4-D;
2,L4,5T; maleic hydrazide; thiourea; alpha naphthalene acetiec
acid; indolebut?ric acid, .Sour orahge and Glebpatra mendarin
éeed was used in the tests, as these two varieties are'used
for rootstocks in the commercial nursery trade. The germina-
tion percentage of these seeds is relatively lOW‘when planted
under conditions used by the average nurseryman,

The selection of the growth-regulating subsﬁaneés for
these experiments was basgd on the fact that certain chemicals
had beneficial effects on the rooting of cuttings. It was
therefore necessary to evaluate the effectiveness of.these
chemicals on an exploratory basis to eliminate those that had
any adverse effect on the germinatioﬁ of‘citrusseede

The first phase of the experimentation was exploratory and
was désigned to eliminéte.any chemical that lowéred the germina-

tionApereentage below that of the control plots. The seed was
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extracted from the sour orange frult and placed directly into
the,solutioné for a 30-minute period, then planted immediately

in a sand medium. The results of this first experiment were:

Malelc hydra21de9 6000 sDoMo, 73 per cent gernunatlon°
this treatment resulted in the highest germination.

Maleic hydrazide, 3000 p. Pollo, hé per cent germination:
this treatment resulted in the lowest germination,

The effect of ?shaD on the germination of cltrus seed
varied w1th the concentratlon used in the soaking solut::_enso
The results obtained from using thig chemical were outstand-
ing‘since the concentrations had a beneficiél or adverse ef~
‘fect on ﬁhe germinétion of the eitrus seed. Hesults obtained
from using 2,4-D were as followss |

2,4=Dy 100 popoio, 76 per cent germination; this treat=
memt resulted in the highest germination.

2,4=D, 500 p.p.m., one per cent germination; this treat-
ment resulted in the lowest germination,

The éffeet of 2,4,5T on the germination of eitrus seed
gave results similar to 2,4-D. The higher concenﬁrations re-
sulted in lower germinationa' Reéulté obtained from the use
‘of this chemical Were: |

2,4,5T, 10 p.p.m., 76 per cent germination; this treat-
ment resulted in the highest germination,

2,4,5T, 100 pePpo.l., 1 per cent germinatien; this treat-
ment resulted in the lowest germination.
The second phase of the experiMentation'was also desigﬂed
to be of an exploratory nature. Indolebutyrie acid, alpha
' naphthalene aeetlc acld are commonly used in propagatlon.@f

plants by asexual means, and their effect on the germlnatlen of



- 37
¢itrus seed Was studied inithe hope of increasing germination.
The results obtained from this test were as follows:

In&elebutyrie acid, 1 p.p.m., 18 per cent germination.

Alpha naphthalene acetic acid, 1 DPoPoMm., 10 pop.m.,
and 50 p.p.m., 1o germlnatlone :

These tWo growth regulators did not increase the germination of
'the citrus seed as eompared with the control plets. The use of
these chemicals is not recommended, as the results obtained do

noet warrant their use.

The third phase of experimentation was designed to evalu-
ate the effectiveness of the three chemicals that gave the |
best results in Experiments Nos. 1 and 2., The test pldts were
enlarged to better study the effect of the chemicals on a
larger scale. Cleopatra mandarin and sour orange seed was used
in this test, The mandarin‘seéd faiied to give a high per%
centage of germ*natlon whexni planted without treatment. Maleic
hydrazide, thiourea, and 2,4=D solutions were used in this test
w1th the following resultsa

Dried Cleopaura mandarin seed soaked in & solution of L

per cent thiourea geve a germination percentage of
58,5, This was the highest for the treated seed.

Dried Gleopatré mandarin seed soaked in the 100 p.p.Mo

§§%;? solution gave a germination percegtage of

Dried Cleopatra mandarin seed soaked in ﬁhe mgleic hy-
drazide solutlon gave a germination percentage of

bk oOo

~
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SUMMARY AND CONCLUSIONS

The germination of citrus seed for rootstock purposes
has'béen ofAconcern to nurserymen, who often enéounter diffi-
culty in obtainihg sufficient seedlings for budding to commer-
cial varieties, _

- Growth-regulating substances have been used for many‘
years to stimulatbte the rooting of cubtings, but these sub=-'
 stances have not been used extensi#ely in the sexual propaga-
tion of plants, A series of growth=regulating substances was
used to determine their effectlveness in increasing the germina-
tion of sour orange and Glecpatra mandarin seed.

The results of these experiments, conducted under exact-
ing conditions, are listed in the order ef their effectiveness
’on‘germinationo
1. Thiourea

2o Thlourea was most effective in 1ncrea51ng the germina-
tion of dry citrus seed.

b. Thiourea also gave more uniform growth response than
any of the other growth substances.

€o ngher germination percentage was obtalned when used
on dried eitrus seed.

2. Malelc hydra21de

a, Maleie hydrazlde9 6060 PoPoll., increased the germina-
tion of dried Cleopatra mandarin seed, but it was found
that it decreased germlnatlen of seed which had been:
scaked in water prior to treatmenu with maleie hydra=
zide,
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b. Maleic hydrazide inhibited the germination of citrus
seed for a period of 2 to 10 days as compared with
the eontrol plots,  This inhibition d4id not have an
adverse effect on the seed that germinated.

8, 2,4=-D, 100 p.p.lt., inecreased the germination of
dry Gleopatra mandarin seed, but it did not have any
effect on seed soaked in Water and later transferred
to the 2,4-D solution. The most effective treatment,
therefore, would be to place the dry seed direetly into,
the golution.

Cho 24,57

8. 2,4,5T concentraticns of 50 and 100 p.p.m. decreased
the germination of eitrus seed. The low concentrations
of 1 and 10 p.p.m. gave relatively low germlnatlon of
seed, This growbh-regulating substance is not recom-
mended for the treatment of ecitrus seed; as its effect
on germ_natlon does not warrant its usee :

5, Indolebutyric and alpha naphthalene acetic acid
" a., These two growth-regulating substances have given
excellent results in the rooting of cuttings, but they
are not recommended for treating citrus seed since the
results obtained in the germination tests 4id not in-
crease the germlnatlon percentage.

Thiourea is. the most promising growth-regulating substance
for increasing the germination of ecitrus seed. Dried citrus
seed should be placed directly into this solution before plant-
ing to obtain the most beneficial results.

The nurserymen should exercise caution in weighiﬁg the
meterial, as excessive amounts could affeet the germination

when applied to the seed in the socaking process,

Univ. of Arizona Library
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