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Chapter I
INTRODUCTION

Commercial interest in dwarf tomatoes has increased con-
sideradbly in recent years due to the advent of mechsnical harvestiag
in the tomate industry. Their upright type of growth and small plemt
sigse make them especially suited for mochanical harvesting. Because
of the higher plant population required for dwarf plamts, direct seeds
ing in the field, rather then transplanting, is & requirement and
thus research on germination and emergence of dwarf tomatoes is nece
es8aTy .

To facilitate further rescarch studies with dwari tomstoes,
eagy means of identification of the dwarf phemotype in seedlings
appear to be important,

Shicesives.
1. Establish an casy idemtification for the dwarf phenotype
in the seedling stage.
II. Determine the factors sffecting seed germination and
sesdling emergence.
A, Effects of tempsrature and moisture conditions on
seed germination.
B. Effects of depth, temperature and growing media om
seed germingtion and seedling energence.
I11. Determine carly growth response of dwarf tomatoes to

wmoisture conditions.




Chapter II
REVIEW OF LITERATURE

Bxaxf seves
Cenetically dwarfed tomato plents weve first repovted by

Maghrthur (21) 4n 1926. He deseribed dwarf (dy) tomato plants ass
"having upright growth habit, stecky-shortemed steme, short broad
cotylodons, leaflets and petioles, peculisr rugese, puckerved and dowm
curved leaves, end a deeper green foliasge color.”

Since 1926, six othey genes which heave dwariness as their
main phenotypic expreseion, have beon added to the limkage map of the
tomato. Butler (7) deseribed the brachytic (br) and dwsrf modifier
(dm) genes. The br gene shovtems the intermodes and induces a spreads
ing growth habic, and the gy gene in the presemee of g produces an
extreme type of dwerfing. Barton (2) and his cowerkers list dy™, a
gene causing entreme dwarfncss as being recessive to geme dy. Three
other genes, namely dwarfe1®"2P%3 (4 oriap), dwarfe2 (d,) and
dwarfe5 (d5) heve been listed by Clayberg (8) and his asseciates.
Dwarge16¥19P8%8 1y 4y allele with a phenotype intermediste between
d1 =nd 1%, The geme gy ceuses shortened internodes snd leaves, but
it is not alletic to gdy. Dwarfe3 is a semiesterile plant type with
normal stem and leaf proportioms.

Cercain changes in the penetic makeup of other plants have
also resulted in the appearance of dwarf individuals, Since the
sppeavance of these dwarfs, mmerous studies have been made to study



the phenotypic effects of the dwarf gemes. Histological studies by
Bindloss (3) on dwarf (Dwarf Stome) and nmormal (Marglobe) races of
Lycopersicon ssculentun end Zignis slegans showed that in dwarf plants
the cells divectly behind the meristemstic region were lonzer because
of earlier maturity. In mormal plants, however, there was a lomger
meristemetic region thus making a greater mumber of cell gemsrations
possible. Abbe and Phiamey (1) related dwarfness in corm to slower
rate of cell division and cell enlargement. Denna and Munger (9) im
Lugurbita pepo found the bush gene exerted its effect on intermode
length through am effect upom both cell lemgth and cell numbsry,
Houghtaling (16) found differvences in size of cortical and pith tissues
between & dwarf end normal tomato line due to differemces in cell
number.

The effects of dwarfiem have 2lso been investigated from &
physiological standpoint. Van Overbeek (27) noted that nanse dwarf im
corn contained the same amount of auxin as normal plamte, but Jdwari-l,
dwarf-2, dwarf-3, dwarf-7 and pigmy dwarf had lower auxin production
than that of their mormal sibs. A differeamtial growth reaponse of
gingle gene dwarf mutamts in corn to gibberellic acid was cbserved by
Phisney (23). In peas (Pisun), Brian and Hemming (5) found that dwerf
varieties responded more to applications of gibberellic acid than the
anormal, fast growing varieties. Thay also reported a similar growth
response to applications of gibberellic secid between tall and dwarf
varieties of broad bean (Vigia) and Frenmch bean (Phaseplus). Von
Abrams' (28) iavestigation of dwarf and normal peas also exhibited a
differential growth response to I1AA applications. lee (19), whe
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gompared the growth of excised tomato roots carryimg dwarf and sormal
elleles, found some evidence of an suxin differential between the two
types of clones, Be also investigated the effects of sowme anti~auxine,
but they all reduced the growth of both root types.

Seed gexmination and growth response to limited mohsture conditions
The use of differential concentrations of mamnitol solutioms

and brief exposures to water shortage have provided good basis for
investigating the e¢ffects of limited moisture conmditions on seed
getmination and plant growth., Evans and Stickler (11) with seeds of
srain sorghum, Uhvits (25) and Dotzenko snd Dean (10) with alfalfa
seeds, Helmerieck and Pleifer (13) with winter wheat sceds, EKaipe and
Hexbel (17) with seeds of grass species and MeGimnies (22) with range
grass seeds studied germination characters under wmoisture temsions
induced by mammuitol selutions of differenmtial atmospheric pressures.
Apart from the diffevremtial rvespomses of each crop to the various
molsture tensions, they all noted that a gradual imcresse in the
molsture stress docressed both the rate and the percentage of germines
tiom. MeGimnies (22), Evans snd Scickler (11) also reported that
temperature levels emeeeding the optimum for the gemmimacion of grass
and sorghum seeds imitiste a faster germination under moisture stress.
They noted 2 veverse at temperatures lower than the optimum. The
importance of air necessary for tomato seed germination was mentiomed
by Baek (13) in a recent otudy. Through the use of porous ceramic
plates, ha tested germination at soil woilsture tensions ranging from
0.5 to 20 centimeters of mercury. In the wet trsatments of 0.5 and 1

centimeter mercury a severely retarded germination was observed, while



at 2 centimeters of mercury pgermination was good., He associated this
small difference in tension to a large difference in the pore space
occupied by air. This difference then agcording to him, was the
contributing factor toward the severcly retarded gevminsctionm rvates,
Ageording to Kramer (18), water serves four basic functiomns
fn plants., It serves as the mejor comstituent of active tissues,
participates as a reagent in photosynthesis and several hydrolytie
processes, acts as ths solvent in which salts, sugers and other solutes
mnove from cell to ¢ell end it also maintains turgidity while celle
grow and enlarge., Flant growth, therefore, cam be greatly effected by
limited moisture conditioms. In tomato seedlings, Brix (6) noted
that the met vate of photosynthesis degreases when the leaf's diffusiom
pressure deficit reaches seven atmospheres snd & diffusion pressure
deficit of fourteen atmospheres decrcases it to sevo. At a leaf
diffusion pressure deficit of eight atmospheres for the same sample.
be 2lso observed a decline in the vespiratiom rate, showing that limdged
moisture conditions influence the rate of photosynthesis before redug=
ing the rate of respiration, Gates and Bommer (12) recorded a suppressed
ENA metabolism in leaves of young tomato plants due to brief periods
of water shortage. They also showed that moigture stress imhibits the

accumulation of nitrogen and phosphorus in young tomato leaves.

Ssed sige atudies Jp xelation to growih and fxult development
The effeet of seed size and thes weizht on plant prowth have

been reported by meny. Schaide (25) with corm, soybean Dbuckwhest aand
lima Deen seede showed chat seeds of high wedium welght produce better

plents Lhan sceds of lightev ov abnormally heavy weipght, The rvelative
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importence of the embryo and endosperm size in sssocistion with wheat
growth is reported on by Bremmer (4) and his coworkers. Embryo sise,
asgeording to them has a negligible effect om growth, while endospera
gize a considerable effect. In their opinion, thevefors, the relation-
ship between seed size and plant size is governed by the amsuut of
reserve material present in seeds.

Germination and carly growth also scem to be influsuced by
seod sime. Schmide (25) observed that light seeds, in gemeral, gerw
minate more rapidly than heavier seede. Pollack and Larsea (24), howe
ever, noted a decrease in germination of tomate zeeds ae seed weight
inervessed. Brsmper (4) and his ecoworkeve found early growth of wheat
ssedlings to be relatively higher whon emerging from small esbryos
than those emerging from large cuwbryos, apparently regardless of the
emount of resarve material presemt in the sesd.

In Lygopersicon sseulentum fruit weight has been shown to be
influenced by the mumber of seeds produced withim fruits. Hagcher (14),
Pollack and Lazeom (24) showed that as the pumbar of seeds incressed
within tomate fruits, fruit size end thus weight also increased. This
inevessed numbey of smeeds, however, also resulted in & decrease of
sead size in both investigstions. Luckwill (20) made en intemeive
study on the factors affecting mean seed weight of tosmite fruits. He
found that variatioms in the externsl emviromment, varistions in the
nuaber of fruits developing in the tyuse and variations ia the wumbex
of seeds developing in the fruit ave comtributory factors towards
differences ia seed weights. BHateher (14) noted that seed size, and
hence the size attaimed by embryos, is negatively corvelated with the
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effectivennss of pollinstion in tometocs., Pollack and Larsom (24)
found that tomato seed weizht can also increase with lemgth of time
to maturity of the fruit,

Hatcher (14) made a conparative study of eced and cmbryo
sise of a dwarf snd ¢ mormal tomsto lime, while fmvestigating hybrid
vigor betwmen crosses of the two lines. Through wmeasurements of cross
sectional aveas, he chowsd both secds and embryos to be significanmtly
lazger foxr the novmal line. In the crosses batween these lines, he
also observed that the hybrid embryos were always larger thaan those
of their maternsl parests. The matermal enviromment influenced the
size of the embryos im such a way that the reciprocal hybrids differed
gignificantly. When the matermal parent was the sormal lise in the
eross, embryos were larger then when the dwarf line wes the maternsl

parent.




Chapter IIX
MATERIALS AND METHODS

The materials and methods deseribed bearein follow the
organizetion of the objsctives, as presented is the iatroduction of
the .wv

Adeneification of the dwer{ phemotype in seedling stage

It is cepy to distinguish between dwarf and morwmal tometo
plants when sueh charaseteristics of dwarf plamts as rugose leaves,
short petioles and leaflets, short internodes end upright growth habit
can be observed., This distinction is not as cbvious, however, im the
cotyledou stage. Therefore, in ovder te fecilitate phemotypic dee
termination in young seedlimgs such measurements ss hypocotyl lemgth,
cotyledon length and cotyledom width were takean.

The possibility that low light intemsity wight diffeventially
affact growth of dwarf sand normal phenotypes was considered, It was
observed that hypocotyl length of nommal seedlings teaded te be gyeater
than the hypecotyl length of dwarf seedlings under nmowrmal light im-
tensities. Both phenotypes were therefore growm under low light
intensity to determine whether or net the hypocotyls of nomal seede
lings elomgated move than those of dwarf seedlings umder these adverse
conditions.

This experiment was conducted in two parte, For the first
part, 25 seeds of each of two dwarf varietiecs, Puck and Premier, and
two noreal varieties, Marglobe and Rutgers, were planted one centimeter



deep in potting seil. The flats were placed in the laboratory uader
light intensities of 230 end 650 foot camdles, with a 12~hour day
length, regulsted by & time cloek, Labovatory temperature was approxis
mately 80° ».

The secomd part utilized aw F, population segregating for
dwari, (VF 36 z (Kemosha x (Puck x Kenosha) Fy) F,. Fifty seeds of
this variety were planted four centimeters apart sad one gentimster
deep in potting soll. The flats in this part of the experiment were
exposed to 130 and 660 foot camdles.

ls both parts of the expeviment, hypocotyl length was
measured two and three weeks after plamting., Three weeks after plant-
ing, cotyledon length and widch were also measured. The cotyledem
indox (length/width) was also determined for cash segregate.

A, The effects of tomperature and moisture comditions om

sved germinacion.

For the comparison of dwarf and normal phenotypes under
induced drought conditioms, am ¥, segregating populatiom (VF 36 =z
(Kenosha x (Puck x Kenosha) F,) Fy was tested under a moisture tensiom
of three stmospheres induced by mannitol, Water was used for a control
treatment of zero tension. Five replications of 50 seads ecach for
both tensioms were used and surface planted on germinating paper in
petri dishes, One petri dish constituted s replication. The sceds inm
five petri dishes received seven milliliters of the mamnitol solutiom
adjusted to three atmospheres. The other five received seven milli-

liters of water at the start of the experiment. Similar amounts of
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water and mannitol solution were maintained in all petri dishes.

Because of evaporation of water from petri dishes comtaining mannitel
solution some increase in tension could have occurred., Low tomperatures
and covered petri dishes, however, aided in reducing this danger. The
petri dishes were kept at 3% 7 for gemaination. For the preparatiom
of the three ataoaphere mannitol solution, the formula listed by
Helmerick and Pieifer (15) was used. In this experiment, however, one
drop of Ceregan was added to cach dish to prevent fungal growth,

Cerminating seeds showing radicles were removed daily from
the petri dishes, numbered individually, and placed im plastic con=
tainers lined with moist blotter paper. The seedlings were then zrown
at voom temperature (75% F) until the sheddimng of the sead coat
ogeurred., These scedlinge were then tramsplanted into flats comtaining
potting soil, labeled according to date of germinatiom snd placed under
8 continuous light intensity of 560 foot camiles until an identification
of the dwarf and normal phenotypes became possible.

Upon the completion of the first trial, another trial of the
same material was started under 2 six stwosphere molsture stross level
and a zero comtrol level in order to observe differemees im germination
at a higher level of woisture stress. The procedures used for this
trial wevre the same 38 those usad for the previeus trial, except that
the mannitol solution was adjusted to six atmospheves,

B, Effects of planting depth, growing media and temperature

on seed germination and seedling emergence.

Undexr some field comditions it had bsen observed that emergence

of dwarf varieties wee later than normal varieties in the same trials.
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Occasionally even the percent emergence of dwarf varieties was less
than that of normal varieties. To determine the conditions under
vhich dwarf seedling emergence was adversely affected, the following
variables were studied.
1. Varieties.
&, Dwarf
1. Puck
2. Premier
3. F2-21 (Kenosha x (Puck x Kemosha) ¥3) Fy
B. Hormal
1. HManslucie
2. Rutgers
3. Red Jacket
II, Flanting methods.
1. On germinating paper in petri dishes.
2, % inch deep in both sand and soil.
3. 1% inches deep in both sand and soil.
II1. Temperature,
1. 50° ¥ degrees.
2. 68° ¥ degrees.

Each variety was used im cach of the treatments. GBSeeds were
surface planted in petri dishes, and in flats at depthe of § inch and
1} inches in both sand and soil, at each of the two temperatures. For
each treatment, 10 seeds were planted in each of two replicationms.

After a period of 16 days the trials from the 50° F germinater

were transferred to 68° F in order to observe amy possidle effects of
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s prolonged vold period on seed germinastion and seedling emergence.
Results were based on the resulting 20 seeds of the combined replications.
Upon completion of the above experiments two other trials
were conducted. Three dwarf variecties: Premiov, Puck and F2-25 (VF x
FO=25) ¥y and three normal varieties: Marglobe, Bed Jacket and
Butgers were used., Limited seed source of F2«21 and Manalucie lead
to the use of ¥2«25 and Marglobe in these trials. Using oaly seil,
25 seeds of each dwerf and normal variety were seeded in flate at
depthe of & imch snd 1% inches. Germination temperstures of 68° F and
50° F were used for each plenting depth. Following a period of 16 days,
the flats from 50° F were tramsferred to 68° v,
In the second trial, 25 seeds of each dwarf and mormal veriety
vere seeded im four flats at depths of % inch and 1% inches in soil
and placed in a greenhouse with both night and day temperature at
75° P. Iwo flats of each depth were covered to create complete darke
neass, vhile the vemaining two remained uncovered. Soil temperatures
at the two eeeding depths in both covered and umcovered [{lats were
also vecorded following planting,
Throughout a1l trisle both flats and petri dishes were
watered according to needs oaly.

This study was conducted to compare early seedling growth of
dwarf snd normal varietiece umder moisture tension. Sinee it had been
noticed in the field thet dwarf scedlings did not show symptoms of
wilting at transplanting as did novrmal seedlings, it was further
desivable to determine whether or not dwarf scedlings weve otherwise
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affected by moisture tension as much as normal seedlings. The study
was divided into two experiments. In the first, moisture tension
was accomplished by using 8 six atmosphere osmotic pressure mamnitel
solution added to soil in pots. The solution wes prepared according
to the formula given by Helmerick snd Pfeifer (15). In the second,
molsture tension was accomplished by allowing the soil te dry.

Three dwarf varieties: Puck, Premier and F2-26 (VF 36 x
F0=23) F; and three normal varieties: Rutgers, Mamalucie and Fireball
wvere seeded on September 7, 1963, The seadlings were transplanted
into four-ineh clay pots containing potting soill on Septewber 20 and
arranged on a greenhouse bench.

Haunitol.--Each of four replications contained eight plant
samples of esch of the six varieties, The statistical design was a
randomized block design, with subeblocks containing four pots each of
mennitol treatment and s contrel (water). In both sub=blocks 100 ml.
of mannitol solution to the treated plants and water to the ceomtrol
plants were added at cach daily watering. Treatment began on
September 26 and continued until October 2,

At the conclusion of the sevon~day period, fresh weights of
tops and voots were recorded for both mamnitol treated aand comtrol
plants.

Dry seil.~-This experiment was divided into two parts, each
with four replications. Each replication contained four plants of
each of the six verieties, In the first part, watering was suspended
on September 26, Wilting symploms were observed after three, six and
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eight days. On the 3th day all pots were watered and on the 9th day
the number of dead plants were recorded.

The plants in the second part were watered mormally until
OQotober 2, when watering wae suspendsd, Wilting symptoms weve obe
served after five, seven, nine and clevem days. Om the lith day all
pots were watered and on the 12th day the number of dead plamts were
recovded.

Yo messursment was mads of hydraulic temsion im the mssmitel
study and no measurement was made of vemotiec tension in the dry geoil
study. In each study these temsions were assumed to de uegligible
since conditions were near field capscity in the msanitol study and

only normal potting soll and water were used {n the dry soil study.
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Chapter IV
EESULTS AND DISCUSSION

The arrangement of the cobjectives listed in the introductiom
and used 25 the basis for the organization of the materials and

methodes section will be followed in the results and discussion section.

Lexly identification of the dwarf phenetype

In the firet planting, wsing two dwerf and two normal
varfeties. hypocotyl lemgth was weasuved under two light intensities
(Table 1). The average hypocotyl lenmgth was greater at 230 foot emd
at 560 foot candles for sach variety tested and the average hypocotyl
length of normal varieties was greater than that of the dwerf varieties
when grown at each light intemsity. Furthermore, the measursments of
both Harglobe and Rutpgers, the two norwal varieties, were similar in
all treatments; and likewise the measurements of Premier and Puck, the
two dwarf varieties, were eimilax,

Une of the odjectives of this study of effcete of low light
intensity was to find & suitable means of idencificatiom of the dwarf
vhenotype. If low light intensity causes the hypocotyls of the norsal
scedlings to clomgate comsistantly wore than the hypocotyls of dwarf
seedlings, there would then be less overlapping of the ranges of the
two phenotypes. Controlled light imtensity could thus be used where
phenotype identification is to be accomplished. The vesults shown in
Table 1 imdicate that the hypocotyls of dwari plants do not necessarily
clongate more than those of nommal plants when grown at 230 foot candles



TABLE 1.--EFFECT OF LIGHT INTENSITY ON HYPOCOTYL LENCTH OF TWO
DHARF AND TWO NORMAL VARIETIES,

Average hypocotyl

length of seedlings Percent incresse
() of 230 ft.c. over
.mﬂm Vardety 230 ft.c. 560 fe.e. GO0 ft.e.
14 days Dwarf
Premier 26 20 30.0
Puck 24 20 20.0
Morma i
Marglobe 38 34 11.8
Rutgers 40 31 29.0
21 days Dwaré
Premier 29 23 26,1
Puek 28 22 27.3
Normal
Marglobe &9 41 19.5
Rutgers 51 38 3.2
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instead of 660 foot candles. The normal variety Marglobe produced the
least increase in clomgation of all four varieties vhen measured at

14 and 21 days, while the other normal variety Rutgervs produced the
greatest imcrease at both datus.

An obvious effect of light intemsity in differemtiating
between dwarf and novmal phenotypes is shown in Tables 2 and 3. At 230
foot candles, the ranges of the two phenotypes overlepped more than at
660 foot cendles. The range of hypocotyl lemgths for each variety,
both dwarf snd normal, was greater at 230 foot candles thean at 660
foot candles when measured at 14 days after plantimg (Table 2) and
also wvhen measured at 21 days after planting (Table 3).

In the second planting, using a segregating ¥ populatiom,
hypocotyl length was messured again for Lits possible use im the
determination of dwarf and normal individuals under the two light
intensities. Fourteem days after planmting, 33 normel and § dwarf
seedlinge weve identified at 230 foot candles. At 660 foot candles,
37 normal and 11 dwerf seedlings were identified, The average hypo-
cotyl lemgth was greater for plants of both phemotypes growm at 230
foot candles tham for those grown at 650 foot candles, and the average
hypocotyl lemgth of the normal phenotype was greater than that of the
dwarf phenetype whem growm at both light intemsities (Table 4).

As shown in Teble 4, the perceant imcrease of hypecotyl
length at 230 foot candles compared with hypocotyl lemgth at 660 foot
candles was greatey for the dwarf segregates than for the normal
segregates. This comparative rating of dwarf and mormal phenotypes was
similar wvhen measured at both 14 and 21 days.
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TABLE 2,--NUMBER OF SEEDLINGS WITH VARIOUS HYPOCOTYL LENCTHS OF TWO
NORMAL ABD TWO DWARF VARIETIES CROWN AT 7WO LIGHT INTENSITIES
AND MEASURED 14 DAYS AFTER FLANTING.
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TABLE 3.~--BUMBER OF SEEDLINGS WITH VARIOUS HYPOCUIYL LEBCTHS OF TWO
HORMAL AND TWO DUARF VARIETIES GROWN AT TWO LIGHT INTENSITIES
AND MEASURED 21 DAYS AFTER PLANTING.
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TABLE &4,--EFFECT OF LIGHT INTENSITY ON WYPOCOTYL LENGTH oF
SEGRECATES OF AN Py POPULATION,

dverage hypocotyl
length of seedlings Pevcent increase
(-') of 230 ft.c. over

AR

Age of

16 days Dwart 20 15 33.3
Normal 5§ 1 27 14,8
21 days Dwarf 24 i8 33.3

Normal 36 31 16,1
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As in the case of the first plantiang, the owverlapping of
the raages of dwarf and normal phenotypes in the second planting was
also less when the seedlings were grown at 660 foot candles then
when they were grown at 230 foot candles (Table 5). The results from
this second planting differ from those in the first plamting im that
the reanges of hypocotyl leagths wers not always greater at the lower
light intensity.

The resulting overlapping at the lower light intemsity thus
makes growing the seedlings under such conditions less desirable when
differentiation of the two phenotypes is to be determimed.

Twenty-onz doys aefcer planting, cotyledon length and width
measurements for the identified segrogates of the ¥ population were
also wmeasured at the two light intemsitice. Through the obtained
cotyledon lenmgth and width weasuresmonts, the ecotyledon index wes also
determined for each segregacte. Table 6 illustrates the average cotye-
ledon leagth, cotyledom width and cotyledon index for the segregates
of the ¥, population., The average cotyledon leagth, width and index
wves greater awong the normal than smong the dwarf segregates when
growm at each light intensity. Cotyledon width, however, showsd en
average difference of only one milliseter at 230 foot candles and two
millincters at 660 foot candlea detween the dwarf and mormal segregates.
Thus its use in phemotype identification, with the emception of its
role in the determination of the cotyledon index, is less desirvable
than that of cotyledon lemgth. The vesults im Table & also illustrate
that the average cotyledon length, cotyledon width and cotyledom index
for each segregate was greater at 660 foot candles than at 230 foot
candles.
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TABLE 6.--EFFECT OF LIGHT INTERSITY ON COTYLEDON LENGTH, COTYLEDOW
WIDTH AND THE COTYLEDON INDEX OF SEGREGATES OF AR Py POPULATION.
MEASUBREMENTS WERE TAKEN 21 DAYS AFTER PLANTING.

Average cotyledon Average cotyledomn
Phenatype length width index length width index
) (o) (om) L)

Dwarf 23 7 3.50 29 & 3.60

Hormal kH 8 3.73 &1 10 4,06
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Table 7 shows the effects of the two light intensities om
cotyledon length and width of the dwarf and nommal phemotype. The
range of cotyledon lengths for the normal segregates was greater at
6560 foot candles than at 230 foot cendles. However, for the dwarf
segregates, the range of cotyledom lengths was greater at 230 foot
candles than at 660 foot candles. The range of cotyledon width for
cach segregate was similar at the two light intemaities.

The results presented inm Tables 6 and 7 thus indicate that
ths cotyledon length and cotyledon index of the dwarf and normal
phenotypes can also be used for phenotype Lldentificatiom when early
growth is subjected to such light intensities sc used in this study.

Sced garmination and seedlips emergence

Isppexature and molsture temsion.-~In the first trial, seeds
of an F; segregating population were germinated at 68° F under a three

atmosphere moisture tension induced by mamnitol and 2 zero atswsphere
control., The expected phemotypic distribution from this pepulation
was three normsl seedlings to ome dwarf, Table & shows the daily
germination rates for both dwarf and normal segregstes at sero and
three stmospheres. A X% test was conducted to determine whether or
not the germination produced & true three to ome ratio. A2 the three
atmosphere level a X value of 0.19 was obtained, whils st the
accompanying control level of zere atmosphere a %% value of 1.38 was
obtained. These values were both below the five percent table x?
value of 3.841 and indicate that the phemotypic ratios found in the
wannitol treated lots snd in the control lots were true 3:1 ratios.
Therefore, at thyree atmospheres, total germination of the dwarf
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TABLE 7.--THE NOMBER OF SECRECATES WITH DIFFERENT COTYLEDON LENGTHS
AND WIDTHS OF AN Fy POPULATION GROWN AT TW0 LIGHT INIRNSITIES
AlD MEASUBED AFIER 21 DAYS OF CROWTH.

Length
and width
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segregates was not cffected cither positively or mepgatively when
compared with the total germination of the mormal segregates.

The treatment, however, ¢ffccted the time and rate of gere
mination of both normal snd dwarf segregates. As shown in Table 8,
at three atmospheres germination for both segregates began six days
after planting, vhile at the contrel level, gevmination for both
segragates began four days after plantimg. PFurthermore, at three
atmospheres 2 963 germination was not reached wntil 19 days after
planting, while at the control level a 98% germination was achieved
within an lledsy period following planting.

In the second trisl, seeds were germinsted at 63° F under
a six atmosphere moisture tension level, and & control level of zero
atwospheres., Table ? shows the daily germination rates fer both normel
and dvarf segrepates at zeveo and six atwospheres. AL six atmospheres
of moisture teusion a X? value of 0.17 was obtaimed, while st the
sccompanying control level a X° value of 2,21 was obtatmed for the
two phenotypes. These values were slso below the five percemt table
%* value of 3.8341, indicating as in the thres atmosphere study that
six atmospheres of tension did nmot alter the J3:1 ratie. Thus, total
germination of the dwarf segregates was uneffected when cowmpared with
total germimation of the mormal segregates at 68° F at & six atmosphere
woleture tension.

This six atmosphere moisture temsion, however, caused an
even greater delay in the vate and time of germinstion for both
segregates when compared with the three stmosphers moisture teansion of
the fivst trial, Sced germination at the six atwospbere molsture
tension for both phemotypes began 10 days after plamtimg and only 36%
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TABLE 3,--NUMBER OF SEEDS CEIMIRATED OF DWARF AND NORMAL SEGREGATES
OF AN f, POPULATION AT 68° ¥ UNDER MOLSTURE TENSIONS OF ZERD AND
THREE « BOTATIONS BASED ON FIVE REFLICATIONS OF EACH
TENSION,

——GE0 Okmoophere . ... 0B0ESS Simospheres .

Total Total
Days daily daily

after gormie uart Horwa L gormie Dwar Hormal

3
& 23 2 23
5 81 18 63
6 80 17 63 b 2 7
7 40 5 32 23 & 19
8 10 3 7 33 9 24
$ & & & 31 6 25
10 36 4 29
ii 1 | 47 10 37
12 23 6 i7
13 17 4 13
14 e A 3
15 6 2 &
ié 2 2
17 1 ]
18 2 2
19 i L
20
21
Totsl 249 53 192 240 57 183
Expected (3:1) 61,25 183.75 60.0 180.0

x? 1.38 0.18




TABLE 9,--52ED GERMINATION OF DUARF AND NORMAL SEGREGATES OF AR F;
POPULATION AT 68° F UNDER MOLSTUSE TENSIONS OF ZERO AND SIX
ATMOSFEERES. NOTATIONS BASED O PIVE REPLICATIONS OF EACH
TENSION.

baye Tota Total

afver gexuie Duax{ Hormal germi= Pwari liormal

=

cz:gwaueubué
w

Lo ]
L SR TR R TR S T R T LT R YR e B2
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s
F ﬂwwmuw&ueouuwvnvu'\us:%uwu
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Total 247 7 175
Expeeted (3:1) 61.75 183.25 23.73 71.25

b
w

22 73

e 2.21 0.17




of the seeds germinsated by the 36th day following planting. AL the
accompanying control level, seed germination for both phenotypes began
four days after planting and 2 total of 988 of the seeds germinated by
the 8th day following planting.

The effects of the three gnd six atmospheve moisture tensioms
and their sceompanying control levels of zero atmospheves on the rate
and time of germinmation of both segregates is also illustrated in
Piguzes L and 2, Both figures show that germination of the dwart
segregates whon compared with the gereiunation of an equal nmumber of raaw
domly sclected normal segregates is similar at each woisture temsiom.
While these figurves illustrate the delsy in germinstios of both
segregates due to high molsture tensions, they do not show percemt
germination sinece the populatiom sise of the normal segregates was
ad justed to equal that of the dwarf populatisn.

Rlanting depth, growing medis end tesperature.~~The results
obtained from seed germination in petri dishes, and seedling emergense
from various depths, growing media snd temperature lewvels of the dwarf
and normal phenotypes are shown in Tables 10 amd 11.

Table 10 shows germination and emergenmce data, using verious
treatments at & constant temperature of 68° F. Tadble 1l shows germinae
tion and emergence data, using various treatments at & temperatuve of
68° ¥ preceded by & léeday exposure to 50° F. At each tesmperatuve,
seads of both phenotypes produced good germimstion ia petwi dishes.
Seedling emevgence, howewer, resulted in phenotypic, varietal end

treatment differcnces at sach temperature.



NUMBER OF SEEDS GERMINATED

Figure 1.--The effects of moisture tensions of zero and three atmospheres on tomato seed germination

of dwarf and normal segregates of an Fy population. Based on the total dwarf segregates and an
equal number of randomly selected normal segregates.

72,
68 1
64 1
60
561
521
481
44 1
401
361
321
28 1
24 1
201
16 1
12 1
8 4
4

Zero atmosphere

_Og_

—————— Dwarf segregates

Normal segregates

. rg— +

11 13 15 17 19 21 23
DAYS AFTER PLANTING



Figure 2.--The effects of moisture tensions of zero and six atmospheres on tomato seed germination

of dwarf and normal segregates of an F) population. Based on the total dwarf segregates and an
equal number of randomly selected normal segregates.
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TABLE 10,+~-PERCENT SSED GERMINATION IN PETRI DISHES AND SEEDLING
EMERGENCE AT VARIOUS PLANTING DEPTHS IN SAND ARD SOIL OF THREE
DWARF AND THREE NORMAL VARIETIES EXPOSED Y0 A TEMPERATURE OF
68° F, DATA WEBRE OBTAINED 17 DAYS FOLLOWING PLANTING.

Lreatments
Germinating
paper in % dach 1% inches 4 inch 1y inches
bwart
Puek 100 70 50 75 45
Premier 100 3 3 20 5
P2e21 L 43 23 32 3
Average 92 40 30 50 k1]
Hormal
Red Jacket 85 85

%0 80

Hanalucle 85 75

Butgers ) 5]
o B 8 5 8

chesg
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TABLE 11,«PERCENT SEED GERMINATION IN PETRI DISHES AND SEEDLING
EMERGENCE AT VARIGUS PLANTING DEPTHS IN SAND AND SOIL OF THREE
DWARF AND THREE NORMAL VARIETIES EXPOSED TO A TEMPERATURE OF
68° ¥ FOLLOVWING A 16~DAY EXPOSURE TO 50° F. DATA WERE OBTAINED
31 DAYS FOLLOWING PLANTING.

Jrescments
Germinating
paper in ¥ inch 1% doehes % inch 1§ inches
Dwarf
Pusk 100 10 (4] 35 4“0
Premier 100 15 4] 65 75
¥2-21 T 3 2 43 59
Average 95 17 0 48 55
Bormal
Bed Jacket 80 45 ¢ 80 55
Henslucie 100 i 3 30 70
Rutgers 2 100 23
Average 93 33 3 90 73




At 68° ¥ (table 10), all three normsl varieties showed
good cmergence st each of the two planting depths in sand and soil
wedis, The lowest emergence among the sormel varieties, 75%, occurved
in sand at 1% inches plamting depth., Among the dwarf varietiss at
this same tempevature (Table 10), Puck and F2«21 showed the highest
emergence st the two planting depths im both soil end sand. Premier,
although showing a2 100X germinstion in petri dishes, shows the lowest
emergonce at the various planting depths in soil and sand., Considers
ing all three dwarf varieties, the higheet seedling emergence was obe
tained in soil at ¥ inch planting depth, while the lowest seadling
emergence was obtained in sand and im soil at 1% f{oches planting depth.

In all casee, emergence of dwarf seedlings was inferier to
emergence of notmal seedlings, despite the good gemmination of dwaszf
seeds in petri dishes.

Sced germination parcentages from petri dishes obtained
after prolomged exposure to 50° F (Table 11) were similar for both
normal and dwerf phenotypes, ramging from 802 to 100K, Moreover,
seedling emergence of dwarf varicties was not as good as that of
normal varicties, as in the previous trisl at & comstant temperature
of 48° ¥,

All three normal varicties showed good emergemce at % imeh
and 14 inch planting depths in soil. Butgers showed a 1008 emergence
at Yy imech, while Bad Jacket showed the lowest emargence of 55% at
the 1% finch planting depth im soil,

Emergence from sand was poor for c¢ven the normal varieties,
At 1% inmches in sand no emergence was noted for Red Jackst and only a
5% smergence wes noted for Memalucic and Rutgers. AL the & inch
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planting depth in sand & 45% emergence was observed for both Red
Jacket and Rutgers, while Manalucie showed the lowest emergemes of
10%.

The dwarf verictics at this seme temperature level (Table 11)
produced even lower emergence pereontages than the normal varieties
at the various treatments. Ia sand at 1% imches planting depth mo
seedlings emerged, while at % inch plamting depth, swergence ranged
from 10% for Puck to 235% for Fi~21. At the two planting depths im
soll, higher emorgence waa obsexved at 1% laches tham at % ineh. Ia
both cases, Premier showed the highest emergence, while Pueck showed
the lowest cumergence.

Conglusions comcerming cficcts of depth, growing media and
tomperature on seedling emergence of dwarf{ and normsl phanotypes are
difficult to make because of small sample numbers and variety differences.
A few obvious differsaces, however, can be presented. It is appareat,
for instemce, that dwarf secdlings did not emerpe from soil or sand
at as high a rate as normal seedlings. This differsance betwen
phenotypes docs not appear to be due to germinability as showm by the
data from petri dishes. High osmotic pressure of solution also dees
not appear to be the cause of poor emergence, sinee various cemotic
tensions applied in petri dishes had no appreciable effect.

Tables 12 and 13 present the data from repetitions of part
of the trials shosm in Tables 10 and 11. The plantings at the same
two depths were repeated in soil only, again using three dwarf and
three normal varieties. The dwarf variety F2-25 was substituted for
F2»21 and the normal varicty Marglobe was substituted for Hansluecie.



TADLE 12.--SEEDLING RMERGENCE OF THEEE DEARF AND THEEE BOMAL VARIETIES AT TWO PLANTING DEFTHS IN
SOIL AT A TEMPERATURE OF 589 9.

Emergence at various mumber of days

Planting following planting
depth _ _ Varieties X ] 2 19 b S . .
¥ inch Duwarf
F2-25 5 15 1 84 11.35
Premier 6 i 7 1 26 10.95
Puck 9 % i 2% 133
Avevage 92 11.27
Boraal
Merglobe i i3 1 84 11.53
Red Jachet 8 12 30 11.62 .
futgers o 13 i AL.87 g
Average 85 11.61 s
1% inches Duarf
Fi-25 3 1é 5 96 9.02
Promier 8 14 a8 $.40
Puck 5 $ it : .13
Average ‘§§ $.40
Bormal
Marg lobe 17 7 i 106 30.48
fed Jucket 9 3 7 76 ig.10
Rutgers 18 5 1 28 18.7%
Averags 91 10,51

}/ Vormuls used taken from Kotowski, F. 1926. Proc. Amer. Soc. Hort. Sei. 23:177-1834.

Ap ¥ Age... ¥
100 x Af:‘ “"Azfz u““+&".uhnnlummnhcrﬁmumyubdwtmrntbw
Jﬁ‘r planting, corresponding to A.




TABLE 13.--SEEOLING EMERGENCE OF THEEE DHARF AND THIZE NOBMAL VARITTIES AT THO PLANTING DEPTHS IN
SOIL AT A TEMPERATURE OF 487 ¥ POLLOWING A 16-DAY EXPOSURE TO 50° F.

?Miﬂﬁ O ilowing plantine
dopth . Varietles 2.2 3 23 2% 21 28  swmrgence
% imch Duarf
F2=25 4.4 4 82
Premfer i il 3 58
Puck 3 5 32
Mverage &4
Hovmal
Harglobe 2 i 1 &8
Bed Jacket 2 1 32
RButgers F 5 2 180
Average 93
i% imches Dwarf
F2e235 i1 7 1 76
Promiex & i3 1 o4
Puck 5 6 1 A8
Average 69
Hornal
¥arglobe & 15 Z 838
Bed Jacket 3 17 2 88
Butgers 2 18 2 1 23
Averazc 85

Epergence ot various mumber of days

Total
percent

Coefficient

.10
4el2

.23
4.15

1/ Pormula used taken from Kotowaki, ¥,

1926.

Proc. Aoer. Soo. Hort. Sei. 23:177-184,

o 5




In this trial, emergonce of the dwari varieties at the two planting
depths, with the exception of Puck following low temperaturs exposurt,
was not severely redoced.

One difference between dwarf snd mommal varietics, however,
is clearly shown in Tables 12 and 13. Az-@mu-mm-
58% 7 vemperature (Tasble 12) and at cach depth following exposure to
lov temperature (Table 13), there was a consistant delay in emergence
among the dwarf{ varieties, ss expreseed by the coufficients of veloeity.

Another vepetition of the depth of plamting study wes made
by planting im flats in the grecnhouse. One tyeatment was kept im
dark as in the previous studies and one treatment was left uncovered
to give nstural day-night light conditioms., Temperatures at seed
level were as high as, or slightly higher tham, the 68° ¥ tempersture
used ian the previous studies. Results, together with tempevatures
for each treatment, are shown in Tables 14 and 15,

In all creatments, Tables 14 and 15, emergence of all
varieties, dwarf and normal, was good, although emergemce of the dwarf
varictics wea again slightly delayed. Singe cmergence from the dark
treatment was not low, it is obvious that light is also not the limiting
factor for good emergence. |

Comsidering all trials, the vesults of which appoar im
Tables 10=13, it appears theve are factovs influencing emergence of
dwarf tomato seedlings which have not beon found. GCermination pex se
was shown, Tables 10 and 11, te be similar for dwarf and normal phenoe
types, regardless of temperature and molsture tension. The emergence
results, however, have been erratic. Im the two trials iscluding low



TABLE 1. --SEEDLING EMERCENCE OF THREE DWARF AND THREE NORMAL VARIETIES AT TWO PLANTING DEPTHS URDER
BATURAL DAY-NICHT CREENROUSEZ CONLITIONS AND VARIOUS SOIL TIMPERATULRES.

Emergence 8t various nusber of days Total Coafficient
Plantiny Tewperature following plentisg percent of
depth et sced depth  Vaviety § 7.8 9 10 11 12 13 14 ewersemce velochtpd/
% ineh pay: 71° ¥ Duarf
Right: 71° F F2e2% 1% 7 1 1 92 11.73
Premicy 1 18 5 38 12.22
Puck 1 2 16 6 100 2.3
Average 3 12.11
Homal
Karglobe 2 12 6 1 2 92 13.29
Red Jacket 1 17 3 1 1 $2 14,02
Butgers & 20 1 Jog 12,69
Average 85 13.33
1% inches bay: 69° ¥ varf
Bight: 69° F F2e25 8 5 7 4 36 8.85
Premier 8 12 2 2 100 10,50
Puck 3 2 & i ._g?
Average 9 9.7
Hormal
Barylabe 5 15 3 2 100 11.02
Red Jacket 5 10 3 1 2 84 10.75
Rutgers & 18 2 i p i) 11,06
sverage g5 10.95

1/ Formula uscd taken from Kotowski, F. 1926, Proc. Amer. Soc. Hort. Sei. 23:177-184.




TABLE 15.~-SEEDLINC EMERCINCE OF THOREE DUHARY AND THREE NOMMAL VARIETIES AT TWO PLANTING DEPTHS UNDER
IRDUCED DARK CORDITICHS AND VARIOUS SOIL TEMPERATURES.

Pmergence &t various mumber of days Total Coafficient
Planting Tempersture — & - percent of .
depth st seed depth Vemiety 6 7 8 9 10 1l 17 13 _JA emepsemce velocityd
% inch Day: 69° F Owari
Kight: 69° ¥ F2e25 5 16 & 100 12.56
Premier e 4 1 i 96 13.5¢6
Puck 1 18 5 1 100 13.7¢
Aperage 99 13.29
Hormal
Hazglobe W0 & 2 80 15.15
Red Jacket 7 9 3 & 1 96 13.56
Butgers 12 & 95 12,79
Average b3 | 16.17
1§ inches Day: 63° ¥ Ouarf
Hight: 68° Fi=25 2 9 3 =] 3 92 10,04
Premiex t 3 5 7 1 &8 18.05
Puck 9 & 1 1 100 .
Average 93 10.48
Hormal
Harglobe $ 7 & 1 B84 12.73
Sed Jacket 3 12 1 3 5 12.35
Rutgers 8 & 1 1 2 12 11,06
average 80 12.04

X

Pormula used taken from Kotowski, 7.

1925,

Proc. Aser. Soc. Hoxt. Sci. 23:177-184,

0y
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temperature Creatment, percent emergence was lower for dwarf varieties
than for mormel varieties (Tables 11 end 13), regardless of planting
depthe and growing wedia. Total percent emergence of all dwarf
varioties in the trial reported in Table 10 (a constant 68° ¥) was
poor. In 2 similar trisl (Table 12), howesver, the percent emergence
of dwarf verieties was similar to that of normal wvaricties, These
same results, showing good emergemce of dwarf varistics, were alse
reported in the greenhouse trials (Tables 14 and 15).

In all trials in which coefficients of wvelocity were
calculated, dwarf varicties tended to emevge slightly move slowly than
the normal verieties.

Laxly szowth response

Manpitol.-~Following the sevenwday treatments of the dwarf
and normal seedlings at both high and normal levels of moisture temsionm,
comparisons on fresh plant weight, top weight, root weight and root-
top ratio were made. The results are preseated inm Table 16.

The wannitol treatment reduced total fresh plamt weight of
8ll six varieties tested (Tadble 15). Im meither the tveated group nor
the comtrol group, were the dwarf variecties comsistantly different
from the normal varieties. The percent decrease in plant weight for
each variety was caleculated to determine whether or net dwarf{ var-
ieties reagted teo high moisture temsion in a mamner diffevent from
normal varieties., Again there was not a consistant difference.

It was thought that perhaps the top weight or the root
weight of dwarf plants might be affected following high moisturs tem=

sion in & wmanner different from normal plsmts. Ageain there was ne




mm.uwmammmmmmmwmmmu. THE HANNITOL
: WATER ALCHE WAS USED FOR TIH CONIROL.

Contrel Comtrol

Firveball 4.63) Fireball 1.2% 72.3%% Firchall 3.80 Fiveball 0.78 79,.5%%

F2e26% 4.60) Fle2o% 1.03) 7.7 Flelihk 3.64) Fleig® 0.63 82.7

Butgers 4.30 Puck® 0.99)) 2.3 Butgers 3.56) Butgers 0.58) 83.7

Hanalucle 3.8% Hanalucie 0.9%)) 74.3 Mazalucie 3.05 Eanalueie 0.58) 1.0

Puck® 3.57 Rutgers 0.93 )) 78.4 Puck® 2.54 Puck® 8.5% ) 7%.%

Premicr® 3. Premior® 0.90 ) 72.9% Premicy® 2.56 Premiec® .51 ) s80.1
2
7

HO0C VeIl (EXass mm

Control Heanitol Control Hamaitol

Fle20% 8.95) Fireball 0.51 450,00 Puck® 1.35 Fuck® 3.55 58.5%

Puch® 8.93) Packe 0.%£3 51.6 Premiey® 1.18 Premier® 3.06) 51.4

Fireball Q.85 ) |Manalucie 0.41) 48.1 Flulb® 1.04) Hanalucie 3.01) 56 &

Hanalucie 3.79 })) Fielo® 0.40) 58.3 Hanalucie 1.01) Fouli® 2.6% ) 61.3

Promiey® 0.76 ) Premier® 0.39) 48.7 Fireball 0.88 Fireball 2.60 ) $6.2

Rutgers 8.74 ) Rutgers 0.33 52.7 Butgers S.81 Hutgers 2.4% £56.8

Any wmeans contained within a bracket are not significamily differeat.
* Dwarf varieties.
** Percent increase or decrease of treatment values fros control of the seme variety.
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consistant behavior among dwarf varieties, either treated or untreated,
There was also not & consistant percenmtage inmcrease or decrevase in
either top or root weight becsuse of the treatment.

There was & consistant differemcc between dwarf and sormal
varieties studied in the voot-top ratie. Among the comtrol plants
the dwarf varieties had higher ratios than the normal varieties, al-
though the dwarf variety with the lowest ratie, F2-26, was not este-
tistically different from the normal variety with the highest ratio,
Manalucie.

All six varietics, dwarf and normal, had higher root-top
ratios when grown under high molsture tension thas whea grown under
control conditions, Although the ratios of dwari plants under high
molsture tension tended to be higher tham those of noraal plamts,
only two of the three variesties with the highest ratios are dwarf
varieties. The pevcentage increase in root-top ratio, however, was
clearly lower for all dwari varieties, Amomg the normal mannitel
treated plants, Xhere was some decrease in vroot weight and & great
decrease in top weight compaved with the control mormal plamts. Among
the dwarf plante, on the other hand, there was also a decrease in
root weight but the decresse in top weight was proportiomately not &s
great.

Bry seil.--Following the wanmitol study, three dwarf and
three normal varieties were subjected to several days of dry soil.
Watering was suspended after the seedlings were 19 days old in ome
trial and after they were 23 days old im anothexr. These studies were

conducted to show whether or not there are diffevences in wilting
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symptoms between dwarf and normal phenotypes. The results are shown
in Table 17.

Among seedlings from which water was withheld 19 days after
planting, and also among those from which it was withheld 23 days
after planting, the normal varietics consistantly produced wilting
symptoms first. They also had a higher percentage of plants showing
wilting oymptoms at the completion of each trial,

After resumption of watering the recovered amd dead plants
were counted to determine possible differences between dwarf and normal
phenotypes in ability to recover from severe wilting., The average pere
cent recovery of the dwarf varieties was better in both trials tham
the average of the normal varieties., The nmormal variety, Fireball,
however, was at least as good im this respect as two of the dwarf
varieties in the first trisl and better than any of the dwarf varieties
in the second trial,

There wae a direct relationship among the varieties withia
cach plant type between early development of wilting symptoms and pere
gent recovery., This relacionship occurred in both trials. For ex~
ample, in the first trial F2-286 exhibited the greatest amount of early
wilting among dwarf varieties and also had the higheat percentage of
recovered plants. Firedall was likewise the variety which was first
to wilt and recover the best smong the normal varieties.

In comparing plant types, however, the dwarf varietiss wilted
later than the normal varictics and 2lso 2 lower percent of them
wilted; yot, as sentioned above, they also tended to recover better
than the norsal varieties. The reason for this discrepancy in the




TABLE 17.-~-BRELATIVE DROUGHT TOLERANCE OF SEEDLINGCS OF THREE DWARF AND THEEE NORMAL VARIETIES AFTER AN
BOTATIONS BASED ON FOUR REPLICATIONS.

EXPOSURE TO VARIOUS RUMBER OF WATERING FREE DAYS,

Percent of seedlings showing wilting

L I

-

at various

Py

A

o

sumber of days follow-

RS

Percent of recovered
seedlings following

3 3 i 8 I ¥ Y rewatexing
Premiex g i8 75 87
Puck @ i3 75 81
¥2-26 2 43 38 23
Awerage e 26 68 87
Sormal
Hanalucie ] 81 83 15
Fivebalil 58 100 100 87
Rutgers 2 &8 -3 2%
Ayerage is 83 95 2
23 days Dvars
Premier Y 1z 50 106 87
Puck o & % 23 73
¥2-26 2 2 » 8
Average 2 10 ﬁ .§§ 81
Bormal

Hanalucie is 50 3 100 62
Fizreball 43 62 100 100 93
Butgers a 82 Y B
30 58 93 % 76

ad

on
it
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results must lic in some as yet untested differemce between dwari and
normal phenotypes. Perhaps dwarf tomato plants do not exhibit wilte
ing symptoms as readily because of more mechanical rigidity in the
stems and petioles. Anatomical examination would be necessary to
show whether or not this is the reason for the differemer in wilting
symptoms but gross morphological characteristics of dwarf plamts indie
cate that this rigidity is sufficient to delay and reduce wilting.
But the reason for their better recovery is move difficult to explain,
This ability of dwarf plants to regain turgidity wight be somewhat
dus to their higher voot-top ratio. This higher ratio, with its high
proportion of roots to tops, should cause dwarf plants to develop
vilting symptoms more slowly and also to recover better because of
their ability to supply water for their comparatively smaller tops.
This explanation does not explain the varietal retings, though, within
each of the two plaat types. Im both trials uasing dry soil, the
variety Puck, for imstance, showed the poorest recovery but had the
highest root-top ratio in the mannitol study. Since roote-top ratiocs
wers not caleculated for the wilting trials some changes in ratio
could have taken place due to the slight differemce in plant ages.

Another response of the dwarf seedlings to moisture temsiom
was their ability to withstand extensive folliage damage. The seed-
lings of both dwarf end normal varicties that regained turgidity
following the elght deys, during which water was withheld, did not
show any “oliage damage or discoloration. Among the seedlings that
regeined turgidity after the lleday period, the dwerf seedlings showed
less folfage domage and discoloration than the normal seedlings



(Table 18). Foliage damage end discoloration which was restricted
te the firet pair of true lesves on both dwarf asd vormel seedlings
consisted of various smouncs of dead leaf portions and yellow dise
coloration,

Table 18 shows that dwarf seedlinge have 2 saaller percent
of lesves with dead portiocuns, and with the exception of Puck seedlings,
& smaller percent of yellow leaf coloration than ecedlings of the
normel varieties. Secedlings of the vormal verietics show similar
percencages of leaves with dead portions and yellow discoloration.

Since such symptome as partisl death of leaves and leaf
discoloration ave indications of a veduced chlovophyll content, it
appears that dwerf seedlings either lose less chlovophyll under
moisture ‘mzon or their lesves contain mowe. The darker greem
appesrvance of dwar{ tomate plants imdicates a higher chloruphyll
content, Thus following recovery from high moisture tensioms,
dwarf seedlinge can resssume photosyntheeis om a larger chlorophyll
containing arvea,




TABLE 16,-~RELATIVE DROUCHT TULZDANCE OF SEEDLINCS OF THREE DEARF
AND THEEE NOWMAL VARIETIES EXPRESSED THROUGH VARIOUS DEGREES OF
FOLIAGE DAMAGE ARD DISCOLOPATION FOLLOWING RECOVERY FROM A WATER
FREE PERIOD OF 11 DAYS., NOTATIONS BASED ON FOUR REPLICATIONS.

“Percent of Pereeat of
Yaxiety
bwaxi
Promier 14 57 71
Puek 12 59 91
Fae2é 13 53 &1
Norual
Mans lueie 16 80 o0
Fireball 15 80 100
Butgers 12 83 3§
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Chapter V
surgAsy

Means for identifying wove positively the dwarf phemotype
in seedling stage have been found. Characters, such as hypocotyl
length, cotyledon length and cotyledon inmdex (length/width) weve
found to be vasy and precise methods of distinguishing dwarf from
noraal seedlings.

The germination rate and time of dwarf sceds when compared
with normal seeds was found to be similar in petri dighes under
moistuve tensions of zero, three and six atmospheres and at various
temperature levels. Slower emergence from soil and sand was observed
for dwarf seedlings, regardless of tempevature, plenting depth ox
light conditions. Percent emergence of dwarf seedlings was lower
than that of normal seedlinge, particularly following planting at
iow tempersturea.

Dwarf and normal seedlings were similar for fresh plamt
weight, top weight and root weight at high moisture eomsions induced
by mamnitol sad at comtrol conditions. Root-top ratios were found
to be higher for dwerf seedlings than for novmal seedlings when growm
under both high and low meisture temsioms.

A slower development of wilting symptome at various number
of days following suspension of watering, & higher perecent of recovery
following rewstering and ¢ smaller percent of foliage damape resulting
in chlorophyll deostruction was shown to ovcur for the dwarf seedlings
at moisture temsions achieved through the gradual wmter loss by soil.
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APPENDIX ,»~STATISTICAL ANALYSIS FOR HANNITOL STUDY (TABLE 15) -

TREATED PLANT WEICHTS.

0 _Blocke Yarietal Totals
Varisty 1 2 3 4 AR T
Hanaluecie 0.20 0.30 0.27 0.22 0.99 0.2513
Fireball 0.35 0.33 0.3 0.27 1.29 0.4199
Rutgers 0.22 0.25 0.26 0.20 0.93 0.2185
F2«26 0.19 0.29 0.35 0.20 1.03 0.2827
Premier 0.23 Q.24 0.22 .21 0.90 0.2030
Puck 8,36 2.48 .21 0,24 0.2637
Block X, 1.55 1.59 1.65% 1.34 6.13
Totals 73X2y, 0.4295  0.4355  0.4711  0.3030 1.6391
Corrvection term 1.56
Total 38 0.07
Blogck 58 0.01
Treatment 58 0.03
Ervor &6 0.03
Analysis of Variance
Degrees of Sum of Mean
Source of variation freedom sguares squares  F value
Blocks 3 0,01 0.003
Troatment 5 0.03 0.006 3.00%
irver 12 2.03 0.002
Total 23 0.07
value from table 0.5 « 2,50
Sigmificant differemce.
Duncan's Test: s 0.0223
Yalve of p 2 3 -] s
582 2.92 3.07 3.15 3.22 3.28
LSR Q.06 0.06 0.07 0.07 0.07




APPENDIX,»-STATISTICAL ANALYSIS FOR MAMNITOL STUDY (TABLE 16) -

TREATED TOP WEICGHTS.

Blocks ' dexi el Tuale
Variety i 2 3 & ¥ b jx 14
HMonalucie 0.0% 0.18 0.17 0.14 0.58 0.0890
Fireball .19 0.21 0.21 Q.17 0.78 0.1532
Rutgers Q.12 0.1 0.17 0.13 0.58 0.0858
Premiecy 0.12 0.14 Q. 13 0.12 0.51 0.0653
Puck Q.18 000 Q.02 Q.04 0.5 0.0764
Block X; 0.80 0.97 1.03 0.82 3.62
Totals z3x%gy 0.115¢  0.1641  0,1861  0.1138 0,578
Correction term ©O.54
Total 58 0.03
Block &8 0.01
Treatment S8 .01
Lrvor &8 0.01
Analysie of Variance
Degrecs of Sum of Mean
Source of variatiom freedom suares squares I value
Blocks 3 0.01 0.003
Treatment 3 0.01 0.002 3.33%
Ervor P g.g}, 0.0006
Total 23 .03
E value from table 0.5 - 2,50
® Significant difference.
Duncan's Test: sg = 0.01225
Yalue of p 2 - 4 2 .
S8R 2.92 3.07 3.18 3.22 3.28
LSR 0.03 .03 0.03 0.04 0.04
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APPENDIX.~-STATISTICAL ANALYSIS FOR MANNITOL STUDY (TABLE 16) -
TEEATED ROOT WEICHTS.

Blogks Yaxiscal Totals
~ 2. X2
Manmalucie .11 0.12 0.10 0.08 0.41 0.0429
Fireball 0.16 6.12 0.13 0.10 .51 0.0669
Rutgers 0.10 0.0% 0.0% 0.07 0.35 0.0311
Premior 0.11 0.10 0.09 0.0% 0.3% 0.0383
Puck 8.18 2.08 Q.45 0.0569
Block X« .75 0.62 0.62 0.52 2.51
Totals 213215 0.1003 0.0054 0.0656 0.0455 g.21n
Corvection tevm 09,2625
Total 88 0.0146
Block 58 0.004%
Treatment 58 0.0038
Exrvor &8 0.0064
Analysis of Variauce
Degrees of Sum of Mean
Soures of variation freedom SquUATes squares ¥ value
Blocks 3 0.0044 0.0014
Treatment 5 0.0038 0.0007 1.75%
Exror A3 %'m 0. 0004
Total 23 0145
value from table 0.5 - 2.30
Bo significant difference,
Duncan's Test: sy = 0.01
Yalue of p 2 k3 4 2 2.
854 2492 3,97 3.15 3.22 3.28
LaR 0.02 09.03 0.03 0.03 0.03
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APPENDIX ,»~STATISTICAL AMALYSIS FOR MAMNITOL STUDY (TABLE 16) -
TREATED ROOT-TOP RATIOS.

Blocks Yarietsl Totals
Variety 1 2 3 4 Xg Zxx’q
Manslucie 1.20 0.66 0.58 0.57 3.01 2.53
Pireball 0.84 0.57 0.61 0.58 2,60 1.73
Kutgers 0.83 0.56 0,52 0.53 2.44 1.5
Fle26 0.!0 0.61 0.52 G.566 2.69 10 :
Premier 0.91 0.71 0.69 0.75 3.06 2.37
Puck ﬂ‘ﬁ n.ﬁ 2,69
Bloek X ‘}‘% 3.9 g.n 11.%3
Totale Z,X%y; 5.47 2.59 2.28 2.43 12.77
Corvection term 12,11
Total 58 0.66
Block S8 0.45
Treatment S8 0.12
Exvor 88 0.09

Analysis of Variance

Degrees of Sum of Hean
Source of variation freedom squares sqQuaTes E value
Blocks 3 0.45 0.15
Treatment $ 0.12 0.024 6.00%

ot B - S

E value from table 0.5 ~ 2.90
* Significant difference

Duncan's Test: sg = 0.0387

Value of o Pl 3 4 3 6
888 2.92 3.07 3.15 3.22 3.28
88 g.11 0.11 0.12 0.12 0.12
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APPENDIX , ~~STATISTICAL ARALYSIS FOR MAMNITOL STUDY (TABLE 16) «
URTREATED PLANT WEICHTS.

Varisty 1 2 3 4 X % A
Manslucie 1.09 0.86 0.82 1.07 3.84 3.7%
Fireball 1.17 1.20 3.13 1.13 4.65 $.40
Rutpers 0.97 1.23 1.13 0.97 4.30 ‘#aG’
,2'3‘ 1ou 1.29 1-12 10“ 5.60 5031
Premioy 0.83 0.79 0.71 0.97 3.3z 2,79
Puck Lﬁ B.86 9.71 Sa3l 3.3
Totals - 1%%¢, 7. .54 5.72 6.01 25.28

Corrvection term 24,58

Total 88 0.72
Block S8 .04
Error 58 0.30

Analysis of Varieuce

Degrees of Sun of Mean

Source of variation freedom squares squares £ value
Treatment 5 6.38 0.076 3.80%
Lrvor i3

Total 3 &%

z value from table 0.5 « 2.50
%* Significant diffevence.

Duncan's Test: sg « 0,07079

Yalue of p " 1 3 % 3 5
S8R 2.92 3.07 3.15 3.22 3.28
L3R G.20 0.21 0.22 .22 0.23




APFENDIX ,~~STATISTICAL ANALYSIS FOR MANNITOL STUDY (TABLE 16) ~
ITREATED TOP WRIGHTS.

-
Variety 1 2 3 L i 21321;
Hanalucisa 0.83 0.69 0.67 8.86 3.05 2.35
Fiveball 0.83 1.00 0.94 0.93 3.80 3.81
Rutgers 0.7% 1.03 0.%3 8.81 3.56 3.20
'2’36 0.33 1:03 9.90 9.33 3-6&' 3033
Premicr 0.63 0.62 0.54 G.77 2.3}6 1.66
Puck L8 Qa6 el L 1.7¢
m xj ﬁ.ﬁﬁ &.’3 “o“ ‘o ‘ 02
Gorrection torm  15.44
Total 88 0.50
Block S8 0.60
Treatment 58 0.35
Exvor 58 0.15
Analysis of Variance
Degrees of Gum of Hean
Source of variation fresdom squares squares E value
Bloecks 3 Q.00 2.00
Treatment 5 0.35 0.07 7.00%

E:;::ﬂ % %:ﬁ 2.01

¥ velue from table 0.5 » 2.%0
* Significant difference

3.13% 3.22 3.28
L8R 0.14 0.14 0.15 2.15 .16




APPENDIX ,»~STATISTICAL ANALYSIS FOR MANNITOL STUDY (DABLE 16) -

UNTREATED ROUT WRICHTS.

Varioty 1 2 3 4 X z 3k
Hanalucie .26 0.17 0.15 0.21 0.78 0.1631
Fireball .24 0.20 0.1% 0.22 0.85 0.1821
Butgers 0.18 .20 .20 0.16 0. 7% 8.1380
’2‘% 5023 9.26 9.23 Qum 0.96 G.ZW
Premier .22 .17 0.17 .20 0.7% g.mz
Pugk %,&9 %L; S22 %:%Z . <2539
il%?ﬁ xi n” !i, XOH . 5 %
Totale 1iX%1y 0,4444  0.2343  0.2120  0.2270 1.1177
Correction texm 1.05
Total 63 0.06
Block 58 .02
Treatmont 85 0.01
Error &8 .03
Apalysis of Variance
Degrecs of Sum of Hean
Souree of variation frecdom squares syuares X value
Blocks 3 0.02 0.006
Truatment 5 0.01 g.m 1.00%
Ezrox : 0.43 L002
Total g Q.06
Ho significent diffevence.
Dupcan's Test: sy = 0,0223
Yalwe afp 3 3 & 5 &
L8 .92 3.07 3.15 3.22 3.28
0.07 0.07

18R 0.06 0.06 ¢.07




APPEEDIX . ~-STATISTICAL ANALYS1S POR MAMNITOL STUDY (ZABLE 16) -
UMIREATED ROUTSTOP BATIOS.

Variety 1 2 3 4 % z4%3y
Hanaloele 0.31 0.24 0.22 0.24  1.01  0.2597
Fireball 0.25 0.20 0.20 0.23  0.88 0,195
Rutgers 0.22 0.19 0.21 6.13  0.81  0.1647
Fi=16 0.323 0.25 0.24 0.22 L0  0.27%
Promier 0.3 0.27 0.31 0.26 1.8  0.3522
Puck ' , 0.4793
Mok x, T8 Tl itk B oH
Totals 7 gX%g¢ 0.6524  0.3532  0.3646  0.3587 1.7269
Correction term 1,83
Total 88 0.09
Block 8 0.03
Treatment 58 0.05
Exvor S8 0.01

hoalysis of Variamce

Degrees of Sum of Mean

Source of varistion freodom Bquares squares E value
Blocks 3 @.03 0.01
Troatoont 5 0.05 2.01 16,60

M tat # = S

value from table 0.5 - 2.90
Significamt diffovemce.

Duncan's Test: ag = 0.01225

Yalue of p . A 4 A £

S8R 2.92 3.07 3.15 3.22 3.28
L8R 0.63 .03 .03 0.04 0.06
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ABSTRACT OF THESIS

A study of identification of the dwarf phenotype in seedling
stage, of various factors affecting seed germination and seedling
emergence and of growth respomse to various moisture conditions inm
seedling stage of the dwarf phenotype was made.

Characters, such 22 hypocotyl lemgth, cotyledom lamgth and
cotyledon index (lemgth/width) were found to be easy snd precise methods
of distinguishing dwarf and normel seedlinge.

The germination rate and time of dwarf seeds when compared
with normal seeds was found to be similar im petri dishes umder moisture
tensions of zero, three and six atwospheres and at various temperature
levels. Slower emergence from soil and sand was obserxved for dwarf
seedlings, regardless of temperature, planting depth or light conditioms.
Percent emergence of dwarf seedlings was lower than thet of normal
seedlings, perticularly following planting at low temperature.

Dwarf and normal seedlings were similar for freeh plant weight,
top weight and root weight at high moisture tensions induced by mamnitol
and at control comditions, Rootetop ratios were found to be higher for
dwarf seedlings than for normal seedlings vhem grown under both high
snd low moisture tensioms.

A slower development of wiltinmg symptoms at various number of
days following suspension of watering, & higher percent of racowvery
following rewatering and a smaller percent of foliage damage resulting
in chlovophyll destruction was shown to occur for the dvarf seedlings

at moisture censions achieved through the gradual water loss by soil.
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