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Technical Bulletin No. 76 . December 1940

Residual Effects of Forcing and Hardening
of Tomato, Cabbage, and
Cauliflower Plants**

By DL F. Bang

Asseciale physiologist, Cheyenne Horticuftural Freld Station, Division of Fruit and
Vegelable Crops and Disenses, Burean of Plant Industry
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INTRODUCTION

Texthooks and other herticultural literature dealing with the culture
of vegetables make frequent reference to the “hardening” of seedling
]gimts prior to removing them from hotbeds or greenhouses to the
Wdre unfavorable conditions of the field. This hardening process is
@signed to make the plants better able to resist desiccation from hot,
ﬁying winds and the direct reys of the sun, less subject to injury

m wind-whipping, and more frost-resistont.

o Hurdghing may be accomplished by almost any treatment that will
*heck tite growth of the plants. However, it is usually accomplished by
gradually subjecting the seedlings to lower temperatures or by watering
Sthem g‘@{.ringljr for a period of from 7 to 10 days before they are
get intotthe field. Trequently a combination of these two methods
S employed. Other treatments, such as root pruning, frequent
Sranspinting from smaller to larger pots, or watering with N/10
ﬁ;odium“clﬂoride or N/10 sodium bicarbonate solutions have been

! Submitted for publieation Junc 15, 1947, .
t Algn snbmitted as o i{hesis under the e “Residoal EfMects of Forelng and Hardening on the

Ql\{orphnlom' and Physialogy of Veoelable Plants™ to the facully of the Graduate School of tho Uni-
.1¥‘ursity of l{\)‘linnvsntu in partinl fulfillment of tho reruirements for the degree of docter of philesophy.
chruary 1630,
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tried but have not met wilh general aceeptanee, probably because of
the difficully of standardizing methods of procedure.

The benelits generally expected [rom harvdening are a quicker
resumption of growth folowing wransplanting, earlier maturity, and
greater vields,  To these should he added the saving of the plants
from total desirnetion by one or more of the extremely ndverse
condilions to which they mayv be subjected undeor ficld condilions.

Plants that bhave not been hardened are wsually doesienated as
“Lender.”  They are more sueculeot, or loss resistant (o wind-
whipping and desiceation, and have no vesistonee o frost pxeept
what s imherent in the prrGenine species of plant in question,

Having observed many instonees where plants that would be eloss-
thed as tender wnde greater eaviy growth and reached maturity onelier
than hardened plants, the writer conducted preliminary tosts i 1033
and 1332 Lo dotermine the relative meritz of the two types of plants.
These tests indientod thal the tender plunts wore equal to, if not
better than, the bardened ones. Consequentiy in 1933, 1934, and 1935
the studies herein veported were condueted at the Cheyenne [larti-
viltoral Field Station o establish the most satisfctory method of
handling secdling vegelable plants.

These studies has o shown thai seedlings srown in the greenhinuse
under optimal conditions of femperature, moisture, and nutrition
until they were set i the fivld were not inferior to hardenod plants
in their ability to withstand field econditions.  For this reason the
writer has felt that the terin “fonder” was not appropriate for the
nonhardened planis and has ased the term “loreod” instend.

LEFERATURE REVIEW

Numerous investigations have heen conducted in the past te
determine the effeets of the bardening proeess on plants,  However.
with the exceplion of the mvestigations of (vist ()3 Porter (7)), and
Benshor aud Westover (3Y, these studies have dealt with the effecis
indduced by the particnlar (rentments  given  upon the  physical
characteristies or the ehemical composition of the plants or both.

Sueh stidies bave contvibuted mueli {o the knowledge concerning
the paiure of the response of planis to low tempersiures by pointing
out several passible methods by which plante can adapt themselves
to adverse temperatupe conditions,  Thus Flarvey (7Y lias suggoested
than an increase in the amino-acid content in hardened plants may
have been the resull of the breaking down of proteins to forms less
casily precipitated by the increase in hydrogen-ion and sall concen-
trations useally aceompanying hardening.  Fle also found thal plants
with the most bloom on their leaves were the most resistant to the
formation of ice within their tissucs,

Contributing further to knowindee of the nature of the changes
effected in plants by hardening, Rosa {17 delermined that this
process was aceompanted by a siowing up of the growth rale, an
merease in the waxy eovering on the leaves. an incresse in the por-
centage of dry matter. a decrensed transpiration rate per unit of
leal avea, an inereased percentage of reducing and lotal sngars, n
deercase in stareh, and other ciianges of a physical or chemical nature

2 Nialie numbers in parentheses rofer e Literstune £jed, I 33,
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any or ail of which may have contributed to the incroased resistance
of the plants to low temperatures.

As a result of these and other similar studies dealing with the effects
of hardening on scedling plants, it has been established that plants
may be rather definitely divided into two groups with respecl to their
potential hardiness. Thus, of the vegetable crops thatl are commonly
grown for a time before field setting in heated plani-growing structures,
tomatoes, peppers, and egeplants represent the potenliaity nonhardy
type, or that which acquires but little added resistance to adyerse
condztions_through hardening. Cabbage, cauliflower, and celery, on
the other hand, represent the potentially hardy type, or that which
acquires considerable resistance to adverse conditions through
hardening,

However, the investigntions of Starring (79), Thompson {20}, and
Platenius (73) have shown that exposure to low temperatires, 40° to
50° I, for any considerable period of time is one if not the chief cause
of premature seedstalls development in celery,

Boswell (2), in his investigation of the eauses for premature flower
formation in overwintered cabbage, found that cxposure to low
temperatures was essential and that the effect inercased with increasing
time of exposure. Miller (17) confirmed the findings of Boswell as
to the effect of low temperatures on seedstalls formation in cabbago,
and both of them stress the fact that the effect of the low-temperature
treatment was more pronounced on the older, larger seedlings,

Edmond and Lewis (8 state that no bad offeets may be expeeted
from extreme hardening of cabbage plants incident to delaying trans-
planting until weather conditions are favorable, or for the purpase of
miing them wmore resistant to frost and dronght. Howoever, it
appears that all of their plants were subjected to the sar e temperature,
and that the only variable measured was the effect of withhaolding
nutrients during the scedling stage as contrasted with single andd
donble applications of nutrients.

Insoflar as is known a relationship helween low temperatures and the
holting of cauliflower has not been esiahlished experimentatly, hut this
tendeney has heen reported as common by growers from widelv distant
sections of the country (Jones and Benst (8). Judson (9. and others).
That premature heating of cauliflower max he indueed by limiting the
nitrogenous salts in the nutrient solution supplied to seedlines has been
establishied by Robbins, Nightingale, and Schermerhorn (760, and it is
of interest to note that they lfound a relativoly high percentage of ear-
hohydrates and a low perecntage of assimilated nitrogen in the plants
that headed prematurely. as compared with the pereentages found in
the vigorously vegotative plants.

In a comparison of farced and hardencd tomato plants Crist (4
found that early wield of marketable fruits from the hardened plants
and their total yields were not materiallv increased over those from the
tender plants. ~ As an explanation of this he states:

Hardening appe: .+, to aficel and establish a morpholocical trand in the stem,
which was char..clerized by an excessive differentintion and maturation of the
tissnes. This trend involved the leaves and fruits and amounted to s permanent
check in general development. The upper portion of the plant, which developed

subsequent to the period of hardening, had a different morphological trend and was
not aflected adverscly,
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He adds that:

The applieation of nutrient salts to the hardened plants prior to setting them in
the beds und foreing them did not relieve the check suffered in the hardening
process.

This comparison between tender and hardened plants was made by
subsequently forcing both types in o greenhouse

In a similar investigation, in which he compared performance in the
field of forced and hardened plants, Porter (14) arrived at the conclu-
sion that hanlening tomato plents veduced early yiclds of mavketable
fruits and that this reduction resulted regardless of variety or of when
the planis were set into the field.  To agreement with Crist, he found
that hurdening the plants increased total vields but not enough to
increase the profits over those from tender plants.

The findings of Brasher and Westover {3) are in complete agreement
with those of C'risl {£) and Porter (14) as evidenced by their conclusion
that even a moderate hardening of tomato secdlings produced a
stunting eflect, did not make them better able to survive under early
spring conditions, and resulied in lower early vields of fruit of lighter

weight.
EXPERIMENTAL METHODS

In 1933, 1,440 tomato plants, of the Bonny Best and Penn State
Earlians vnrieties, nnd 3,000 cabbage plants, of the Golden Acre and
Enrly Jersey Walkefield variclies, were used in the feld plot tests.
In 1934, 750 plants of Bonny Best tomato and 1,500 plants of the
Danish Giant (Dry Weather) enuliflower were used, and in 1935, 3,000
Danish Ginnt cauliflower plants were set in the fleld. The change
from cablbage to cauliflower as a test crop was made in 1934, because
carfiflower has & more definite period of maturity than cabbage,
consequently, it is better adapled for a study in which earliness of
maturity is an important lactor.

All plants were started in the greenhouse. The tomatoes were
sceded about Mareh 15 and the eabbage and cauliflower about
March 27 eiwch year. With the appearance of the first true leaves the
seediings were transplanted into flats in which they were grown until
set in the field. The tomatoes were spaced 4 by 4 inches apart,
and the cabbage and cauliflower plants 3 by 3 inches apart in the flats.
Normal greenhause culture was given to all plants unti! about May 6,
at whicl time one-half of the plants were moved into the coldframes
for hardening.

In the first vear’s sty the foreed plants were given applications
of cither nitrogen, or phosphorus, or potassium, or » complete nutrient
solution on the assumption that their use would promote better plant
growth. The hardened plants were not fertilized.

In 1934 the plan of the work remained the same, except that both
the forced and hardened series were subdivided into groups, each of
which received a particular nutrient solution. A check or unfertilized
group was also added in both the foreced and hardened series. This
arrangement made possible o study of the differential response of the
forced and hardened plants to fertilizers.

In 1935 a further subdivision was made of the nutrent-treated
plants whereby one lot received nutrients only during the seedling
stage, o second lot during both the seedling stage and after thay were
set in the field, and a third lot was given nutrients only after the
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plents were set in the field. Figure 1shows in diagrammatic form the
nature of the forcing and hardening treatments employed ench year.

Nufrient solutions used for this work were made by dissolving or
leaching cominercial fertilizers. The use of pure salts would have
tacilitated standardizing the selutions but would not have sdded to
the accuracy of the work, because the plants were grown in prairie
topsoil to simulaie, insofnr as possible, she usual method used in
growing seedling planis.

The nitrate solution was made by dissolving 2.4948 kg. of nitrate
of soda in 40 liters of water, whereas for the solution carrying potash,
1.7282 kg. of muriate of potash was nsed. The phosphate solution
was made by leaching 8.2962 kg. of superphosphate n 40 liters of
water for a period of 3 days. The solution was frequently stirred by
an electrically driven stirring apparatus to hasten the leaching process.

TREATMENTS

YEAR AND T L
VARIETIES FORGED HARDEMED

933 -{i-2-3-4)

1934 -12+5)

1935 -(5]) STAGES TREATED STAGES TREATED

SEEDLING SEEDLING FIELD SEEDLING SEEDLING FIELD

AND FIELD AND FIELD
1
NPKCU} [nNPRCUl {NPRCU] NFKC U RPHGU NPRKCU

F1ourr 1.—Chart showing nature of forcing and hardening treatinents employed.”
Crops and varieties: 1=Penn State Barliana tomato; 2=PRBonny Best tomato:
3=Jersey Wakeficld cabbage; 4=(olden Acre cabbage; 5=Danish Ginns
{Dry Weather) cauliflower. Fertilizers: N=nitrogen; P==phosphorng; K==

potassium; e=complete noirient solution; u=no fertilizer.

The complete nutrient solution was made by mixing equal parts of the
three single-clement solutions.  All stock solutions were diluted with
water 1 to 10 belore they were applied to the plants. Determinations
made by the freezing-point-depression method showed that the osmotic
pressures of these solutions averaged about 2.0 atmospheres. This is
# somewhat higher concentration than is generally employed, but as
the solutions were applied to flats in which the soil was kept moist by
daily watering, the actual concentration available to the plants was
much less than indicated by the determinations. The nutrient solu-
tions were applied to the plants at intervals of approximately 2 weeks,
\ﬁvl‘ielthcr during the seedling stage or after the p&nts were sef into the
eld.

The number of replications of each treatment group varied from
vear to year. In 1833 there were six,in 1934 there were three, and in
1935 there were two plots of each subtrentment group. All plots
were thoroughly randomized in the field, except in 1933, when two
varieties of each crop were used, and the contrasted varieties receiving
like treatments were paived. I all 3 years the crops were grown under
wrigation.

Data recorded for the tomatoes included the numbar and weight of
the vine-ripened fruits by harvest dates, and at the close of the season
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the plants were pulled and the number and weight of the green fruits
were defermined.  Root growth studies were also made on the tomato
seedlings in 1933 and 1934.

For the enbbage and cauliflower, data were taken af cach harvest
date on the number of heads snd the weight, diameter, and depth of
encli hend. Studies of the rate of transpivation and regeneration
were made on the cabbage in 1933, but these were not repeated on the
caulillower in 1934 or 1935.

In 1035 ehemical analyses of lorced and hardened plants were made
a part of the study for the purpose of determining whether or not the
ehemical composition of the seedlings could be correlated with subse-
quent performance ol the plants.  For this purpose typical scedling
plants were selected at eancom from the several treatiment groups and
preserved i aleobol antil required for analysis.  Nitrogen determina-
tions were made by the official Kjeklahl method.  Starch and hemi-
celluloses were determinad by the recorumended methods ol the Asso-
cintion of Official Agricultural Chemists (1) and the sugars by the
Lane-Eynon General Volumetric method as modified by IMildreth aned
Brown.! Scparste analyses were made of the stems and leaves and of
the roots. All data have been stotistically analyzed by Fisher's
Method for the Analysis of Variance (6).  Values for F ave taken from
those compiled by Snedecor (18) from Fisher's tables lor ¢ and 2.

Relerence will Trequently be made in this bullein to the early har-
vests or to the carly harvest period.  This period is arbitrarily defined
as extending from the date of the first harvest fo September 1, in-
clusive. The date September 1 was chosen as representing the close
of the early harvest period, because, for the erops concerned, varieties
that do not mature a considerable portion of their ultimate erop belore
this date may bo eongidered as late. Likewise, treatments that do
not materially inerease the yiclls belore this date may he considered
as of little valiwe in inereasing earliness. The data for the entire
season include those for both the carly nnd late harvest periods.

EXPERIMENTAL RESULTS
ToMATOES

Table 1 presents the results obtained [rom forcing and hardening
treatments npplied to the tomato varieties Penn State Earliana and
Bonny Besi in 1933 (fig. 2, 4.

lxmmination of these data shows that there were no significant
dilferences between the forced plants that were fertilized with phos-
phorus or potussivm and the unfertilized, hardened plants i the
number of ripe fruits produced during the carly harvest period.
Forcing the plants with o complete nutrient solution served to reduce
the number of fruits as compared with the elfeets of phosphorus or
potassium; and nitrogen when nsed alone reduced yields even below
thase frow the unfertilized, hardened plants.

CineeT, Al CLoamd Brows, G B3 Toobe puldished.
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In weight of the ripe fruit produced during the carly harvest season,
the forced plants [ertilized with phesphorus or potassium and the
unfertilized, hardened plants exceeded those fertilized with mitrogen
or & complete nutrient solution. Tt thus appears that nitrogen served
to reduce both the number and the weight of the ripe fruits produced
during the carly harvest period, but that its depressing cffect was
somewhat reduced by the addition of phosphorus and potassium in
the comnplete nutrient treatment.

By the close of the harvest scason the differences between the
forced and hardened plants in number and weight of ripe fruils were
not statistically significant, nor wore those for total number or weight
of both green and ripe {rmts.

Bonny Best produced a greater number and weight of ripe fruits
than did Penn State Earliann during the early harvest season and
exceeded the latter in number produced lor the entire senson, though
it did not exceed it in total weight of both green and ripe fruits.
There were no significant differences between the varicties in total sct
of fruit.

In 1934 only one varicty of tomato (Bonny Best} was used for sbudy
instoad of the two varieties of the preceding vear.  In this year both
the forced and hardened plants were fertilized, mud provision was made
for a cheek or unfertilized subseries in each treatment group (fig. 2,
B, . Table 2 shows the results obtained.

TanLe 2.—Influence of forcing wnd hoerdening treatmint upon the mean number
and weight of ripe Bonny Best lomnle fruils, and the lotal set of fruils per plot for
the seasen, 193.]

Friits

Mean number of ripe t Miean weizht of ripe i Mean ¢ Aeuan

fruits | mnber of - welght of
preen and - preen aad

Preatimnent Coripe frufle ripe fredts

Eorly Tntire Early - Entize  furentire | for entire
harvesls senson - larvests | senson . Seasin seasan

Number Nuwwher | Ounces  Ounees
Witrogen - A 404 43,53 . I 177,85
Phnsphoras . o 1. % 41,97 N1} {47,185 BT 7D
TPotussium 3,060 46, 3 3% . I 415,41
Coanplele nutriont sohition 7. % 40,63 - 21,481 - 185, 442,30
TinferiHized 6, G0 579 - 14,538 . 205, 67 43042

Number b Gunces
20,m

Shnifleant ditferenee T
Chserve! F - [ O] £} £ 4

‘Freadtient” ; '
Foreed e e o . 5% 30.77 i 4053 350,61 88, 40
Hardened - 3.6 5i. 63 8 Rl 448, 15 | 1,120,140

a7 .54 557 . 135, 38

Bignificunt difference oo, 217 AT :
- e aeain THN 106,05 . ] 315,48 - TRAT

Ohservedd F

Stanedard ¢rTOF. L Laiiieeaa . 498 10,08 L05 ?!l:;iT"
1 .

b Not sipniboant with respeet to cesidanl evror # eddds of 19 to 1 againg) the diferences noted being due to
chanter are seeepted as g erdterion. ’

? Oddds npainst the dilferences noded being due 1o ehanee are greater than 10 Lo L, it less than B .

3 Odds apninst the differences noted Ueing due b ¢hanee are greater than 93 to 1,

Although in 1932 cortain of the fertilizers markedly allected yields
gn examination of the data o table 2 shows thal in 1934 none or
them was effective in increasing yiclds over those of the unfertilized
checks.

Regarding the effeets of the foreing and hardening (reatments,
however, it may be scen that the forced planis produced a greater



http:1.032.64

EFFECTE OF FORQING AND HARDEXING 9

number of ripe fruits than the hardened ones during the carly harvest
period but not a greater weight of fruit, By the close of the harvest
season, however, the retarvding effect of the hardening treatment on
carliness had disappeared, and the hardened plants are seen to have
produced the greater number of ripe fruits.

There was no statistically significant difference in weight of ripe
fruits produced by the forced and hardened plants during the early
harvest period, though the forced plants procduced the greater num-
ber; it is evident therefore that foreing inereased ecarliness of maturity
at the expense of fruit size. By the close of the harvest season, the
hardenced plants produced a greater total weight of rvipe fruits and
they also made a greater Lotal sel of Truits, as is evidenced by the total
number and weight of green and ripe fruits produced.

CABBAGE

Supplementing the work with tomatoes in 1933, & study was made
of the effects of the forcing and hardening trealments on two varictics
of enbbage, Barly Jersey Walkefield and Golden Acre, s strain of
Copenhagen Market (fig. 3).  Tahle 3 shows the results obtained.

Fiune 3. - Typieal eabbage secdlings, phetographed just prior to field sctting,
1933. Plants fertilized with: &, Complete nuirient solution: B, nitrogen:
C, phosphorus; £, potassium. I, Unfertilized, hardencd plants.

These data show that the forced plants fertilized with nitrogen,
with phosplorus, or with a complete nutrient solution matured a
greater number of heads during the carly harvest period than the
unflertilized hardened plants, and that nitrogen or the complete
nutrient solution, but not phesphorus, induced significantly greater
earhiness than potnssinni.  There was no significant difference between
phosphorus and potassium in their influence on carliness, and by the
close of the growing season the difterences between the effeets of the
other fertilizers and between them and the unfertilized hardencd
plants had become insignificant,

The plants foreced with nitrogen or a eomplete nutrient solution
produced a greater weight of heads during the carly harvest period
than those that hiad been loreed with potassium or thinn the unfertilized
hardened plants, but there were no significant differences between them
for the entire harvest season.

The average weights, average lengths, and average diameters of
the heads produced during the early harvest period were not differ-
entinlly affected by fertilization or by the forcing and hardening
trentments.  However, toward the Iatter part of the growing season,
though the charscteristic of head length remained unchanged, the

LRt EH F LR S
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TaBLE 3.~~Influence of forcing and hardening lrealments on yield and on cerlain morp

hological characters of 2 varieties of cabbage, 1933

01

Mean number of Mean yicld per | Average welght per Avumge length of | Average dinmeter | Density index for
heads plat head eads of hea heads !

Treatment and variety e e e i TRt PO

1
Early- | Entire Early ! Entire Early | Entire Early Entire Early Entire Early ! Entire
hurvnst51 season | harvests | season | harvests» season | harvests | season | harvests | -season harvests | season
i i 4

} Centi- Centi- Centi-

Foreed (fertilized): Numher  Numher | Pounds | Pounds | Pounds ' Pound melers meters
Nitrogen ... P . - 2. 08 49,00 SL42 1 134,52 2.75 2, 7 14.68
Phosphorus . O . (0% . 69.80 ¢ 131,32 L 63 i
Potassium ..o e 3.25 40, 61.70 126,15 . 50§
Complete nutrient solution FETN .17 .17 74 66 124, 50 . &

Hardened (uofertilized) ... oo oLl 22,805 49, 58.64 . 124,19 . 61

85

B2 B

Siguificant difference O ) L 12.16«?., IR
Observed £, . e 15 14,68 ! ®

2 | GO
[X17)

[XY-B By A

-

Varioty: ) : i ]
Early Jersey Wakefiedd . ... ... - . 233 ; 49,10 ¢ 33.00 °  127.03 0258 !
Qolden Acere. L. ... ) 3013, 4980 105.04 1 120,24 : 2 73 13.61

Signifieant difference ...oovu_. U e ———— 2, lb e O 0.28 - 0.23 .
Observed 1 L1 E600. 81 ¢y 0 235224 (2) ) [ I M 220490

i

Standard error. 424! 1.15 1, 1403 10.16 0. 24
i ! :
! Index numbers are inversely praportional to density,
¢ Odds against the differences noted heing due to chanee are greater than 99 to 1,
3 Not significant with respeet to residual error if odds of 19 to Lagainst the differences noted being due to ehance are accepted as a eriterion,
4 Odds against the diferences noted being due to chance are greater than 18 ty 1, bitt less than 99 to 1.

0.20 | 04

i
'
4
'
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average weight and average diameter of the heads from the plants
forced with nitrogen were gronter than were those from plants foreed
with potassium, or with o complete nutrient solution, or than those
from the unlertilized, hardened plants.

Tlhie index numbers for density of heads presented in the last two
colummns of table 3 wore computed by multipiying the lengths of the
heads by their dinmeters and dividing the produet by their weights,
The index numbers so obtained are inversely proportional to the actual
densiby or solidity of the heads.

The objeetive sought in using two varictics of en bbage in the study
was to determine whether or not they would give similar responscs
to the forcing and hardening treatments.  As none of the possible
nteractions between varictivs and  treatments was lound to he
significant, it may be assunied that they did give sinsilar responses in
all enses.  However, several other eharnctoristios of the bwo varietios
were studied and comparisons between them are shown in the lower
part of table 3.

From these data it may be scen that the Golden Acre variety
produced a greater number and total weight of heads d uring the early
harvest scason than did Barly Jersey Wakolicld and that thore woere
no statistically signifieant differences between them in these respeets
at the close of the senson. The differrnee noted belwoen them in
avernge length of liead is merely an expression of the dilference in their
varietal characteristics and evidenee that this was not measurably
altered by any of the treatments given. There was 0o differonce
found between them in the avernge dinmeter of the heads for the early
haryest season, but Golden Acre avernged somewhat lnrger Tor the
entire senson,

CAULIFLOY ER

To represent that type of plant which responds {o hardening by
acquiring added resistance o low temiperatures, the variety of eauli-
Hower commonly known as Danish Ciinnt (Dry Weather) wag substi-
tuted in 1934 ifig. 4 for the two cabbage variotios used in 1933, As

Fuovre & Field view of caulifluwer plots.  Taken shortly after first tying
of pilants.

alrendy stated, this change was made boeause the stage of minturity of
aulitlower ean be more definitely determined than that of cubhage,
and therelore it is better adapted to o study in whieh carliness of
muturity is an important fnctor.  For this year, too. fertilizers woere
applied o both the foreed and the hardened plants, and unfertilized
checks were also provided for in ench serivs.  Tuble 4 shows the results
obiained.
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TABLE 4.—Influence of jorcing and hardening treatments on yield and on certain morphological characters of Danish Giant cavliflower, 1934

heads Tean yield per plot

Treatment et g

| : .
Early ! Entire Early Entire ;| Early Entire Early Entire Early Entire Early Entire
harvests |- season | harvests | scason ! harvests | season | harvests | season | harvests | season .| harvests | season

Average weight per . Average depth of | Average diameter | Density index for
head heads of heads heads!?

T

[
Mean number of } M

s

? H Centi- { Cenli- Centi-
i Number Ounces ;| Ounces | Qumnces | Ounces melers © meters meters
NItrOgeN vl i e cm e e e e 25. 67 3 351..50 . 13. 59 7.82; 7.52 11. 57
Phosphorus . 27.83 L 67 © 330.17 2, . 12,2 7.81 7. 11,20
Potassiom..._ ... ... . 17 7.07 | 37533 . . . 8.09 ! . 11,76
Complete nutrient solution. g .83 | 32450 4 3 . 7.56 11.14
Unfertilized ... ... . .... . - B . 3 344, 50 . 67 3 .28 ¢ 7.72

Significant difference .. . R mnem
Observed F._. e e, ) ( )

Treatment: | ‘ ; }
TForced .00 ! 39.73 | 388.47
Hardened . . 93 ¢ 34,20 © 301,93 ;

Significant difference. . 289 W SLOT L. .o oo
Observed F....... Co3L21 L o161 39,13 ; !

Standard error. . 3.95 i 3.77 l 78.42 ‘ L6607 .08 |

I

1 Index numbers are inversely proportional to density.
? Not significant with respect to residual error if odds of 19 to 1 against the differences noted heing due to chance are accepted as a criterion.
3 Oddsagainst the differences noted being due to chance are greater than 99 to 1.
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From the data in table 4 it is evident that there were no significant
differénces between the effects of different {ertilizers nor befween the
effects of any one of them as compared with the unfertilized checks in
their influence on the charactoristics studied. Moreover, as the inter-
action between fertilizers and treatments was found to be nonsignifi-
cant, it may be nssumed that the effect of the fertilizers was approxi-
mately the same on both the forced and hardened plants. Because
this is so it is possible to st,udif the effects of the foveing and hardening
treatments on the plants independently of fertilizer effects. Such 2
comparison is made in the lower portion of table 4.

From these dats it is evident that the forced plants preduced 26.03
percent more hends during the early harvest period than did those
that had been hardened, and 13.92 percent more for the entire season.
The forced plants likewise produced a greater total weight of heads
(22.28 percent) during the early harvest period than did those that had
been hardened, but for the enfire season no significant difference could
be demonstrated bebween them in weight of heads produced. That
the forced plants failed to produce a greater weight of heads than the
hardened, though exceeding them in number, 1s due to the slightly
though not significantly greater weight of the heads from the hardened
plants during the latter part of the growing season. None of the other
characteristics studied was measurably altered by the forcing or
hardening treatments.

The work in 1935 was confined to a study of the effects of the forcing
and hardening treatments on the Danish (iant (Dry Weather) variety
of cauliflower. The design of the experiment remained essentially the
same gs in 1934, but in order to study the offects of applying fertilizers
during various stages in the growth cycle of the plants, each of the
fertilized subseries was divided into three groups. To one of these,
nutrients were &p};lied only during the seedling stage; to & second,
nutrients were applied both while the piants were in the seedling stage
and after they were set inte the field; the third group was fertilized
only after the plants were set into the field (fig. 5). By this design the
anfertilized subseries served as appropriate checks for both fertilizers
and for the various “steges.”” Their means, however, are shown in
table 5 under fertilizers.

An sxamination of the data for early yields shows that only potas-
stum increased yields significantly over those of the unfertilized checks,
but that phosphorus, potassium, and the complete nutrient sclution
all served to Increase yvields over those ol the plants fertilized with
nitrogen. As neither the interaction between fertilizers and treat-
raents nor that between fertilizers and stoges was found to be sig-
nificant, it may be assumed that the effect of the ferfilizers during this
early harvest period was essentially the same on both the forced and
hardened plants and this was regasdless of the stage in the life cycle of
the plants during which fertilizers were applied.

Tn total number of heads for the entire sesson the plants that had
heen fertilized with nitrogen were significantly lower than those that
had been fertilized with plosphorus, potassium, or a complete nutrient
solution, or than the unfertilized checks. Moreover, the depressing
effects of nitrogen were still apparent even when used In a complete
nutrient solution, for plauts so fertilized produced significantly fewer
heads than the checks. Potassium did not increase total yield over
that of the checks, but it was superior to any of the other fortilizers.
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TasLe 5.—Influence of forcing and hardening treatments on yield and on certain mo:phological characters of Danish Giant caulificwer, 1936

Mean number of

cads

Mean yield per
plot

Average weight
per head

Average depth of
heads

Average diameter
of beads

Density index for
heads!

4!

Treatment and stage of growth

Early Entire Early Entire Early ' Entire Rarly Entire Early Entire Early Entire -
harvests | scason -| harvests | season | harvests | season | harvests | season | harvests | senson | harvests | season

Tenti- Centi- Centi-
: Nuinber | Number | Ounces | Ounces QOunces meters

Nitrogen. ... 9.79 80. 58 244. 29 12,11 . . . 48 10. 84
Phosphorus 3 . 134.23 416. 10 » 5 3 . 11.82
Potassium.._. .- A . 145, 08 514.42 5. 8 3 3 . 12,09
Complete nutrient solution 3 . 118.00 353. 96 L 5 3 7 12,07
Unfertilized. : 6. . 97.42 530.46 3

Significant difference . X 35.11 §9.02
Observed F. . , 2 33.60 214.03

Stages of growth eycle:
Seedling, 3 . 79.88 A 12. 53
Scedling and flield. 7.88 3 114. 76 . 14.25
Field 155. 95 A 15. 05

Significant, difference . . 27.19 . 1.85
Observed F. ... . 3 315.69 3 23.87

Treatment;
Forced 8 116. 48 3. 11.29 2 3
5 13. 68 . 16. 60 . 11. 48

Significant difference . 1.30 3 1. 51 . - .63
Obsarved K A 39.74 ) . 349.19 312.73

Standard error.. 3 3.57 . . 4.15 X 1,74

1 Index numbers are inversely proportional to density.

2 Odds against the differences noted being due to chanee are greater than 19 to 1, but less than 99 to 1.

20dds against the differences noted being due to chance are greater than 99 to 1.

4 Not significant with respect to residual error il odds of 19 to 1 against the differences noted being due te chancy are aceepted as a criterion.

CUALINOMHY IO "IITA S ‘0 ‘092 NITWLING TVOINHOML
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EYFECTS OF FORCING AND HaARDENIXNG

Frounue 5.~ "Typical foreed and hardened cauliflower plants photegraphed just
prior to ficld setting, 1935, A, Porced plunts; B, hardencd plants.  In each
secies the plants of group e were fertilized with () nitrogen, (2) phosphorys,
{8) potassium, and () a complete nutrient sohetion, respeetively, and were
destined for simdlar appiteations in the ficld: group b, plants fertibized like
group a during the scedling sbuge but vot destined for ficld applications; group ¢,
check plants, unfertiized as svedlings and in the field; group o, plants unfertitized
during the scodling stage but destined for field applications of (f) nitrogen,
(£ plhosphorus, {3) polussium, and {4} a complete notrient solution.

Because in this instunce the internction hetween fectilizers and
stages was found to be significans, table 6 is presented to show the
differential action of the fertihzers when applied during the various
stages of plant growth, 16 is evident that the poor results obtained
from the use of hitrogen were due to its harmlul effect when applied
during the seedling stage, or both during this stage and alter the
plants were set in the field plots. When it was applied to the plants
only after they were set in the field it did not differ measurably in ifs
effezts from the other fertilizers, nor did any of them increase yields
over those of the unfectilized plants. The effects of the complete
nubrient solution were very similar In tendency to those of nitrogen
in that it depressed yields when applied 6o seedlings. The high
value shown in table 5 for the elfects of potassium is seen from table
8 to have been due to the relatively high vields secured from its use
regardless of when it was applied.

Such results indicste thab though potassium may be safely applied
during any stage in she growth cyele, nitrogen, cither alone or as used
In a complete nutrient sclution, depresses vields when applied to
seedlings.  ‘They also show that none of the fertilizer treatments guve
results supcrior to those obéained with the unfertilized plants. In
considering these results, it should be borne in mind that conclusions
as to the effects of fertilizers on plant behavior can have only local
application, because the respouse of plants to their use depends to a
large extent upon the type of soil in which the plants are grown.

In welght of heads produced during the early harvest period the
plants fertilized with phiosphorus or with potassium outvielded those
fertilized with nitrogen as well as the unlertilized checks. Morcover,
as the interaction between fertilizers and stages is not significans,
the stage means given in table 5 may be accepted as evidence that
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all of the fertilizers gave better results when applied to plants in the
field than when applied during the seedling stage, or during both
geedling and feld stages.

TarLE 6. —Differeniial response for entire season of cauliflower plants lo rulrienis
applied during various steges in their growth cycles, 1935

[Interaction: Fertilizors X stages]

Megn number of hends por plot ! Menn yielit per plot when treated
when treaiwl ati— npi—

Fertilizer I . |

.| Svedling . i Seedifug
I ﬁ"s'igy‘:“‘ uned field | il stige - S(;‘igj,’f“’ amdd tield | Ficld stage
: stages e Shtes

Number Nuather Nuwiher | Ounces ’ Ounces Onnces
Nirogen.. .. ...oao ... oo - 3.48 0,48 D483 EATRLL | 150,13 586, 25
Phosphorus.. ... .. . . . 1213 145, 25 LBR . o, i 450, 44

Potasslum ... ... . . . 3 7. 13 L& 0,88 ' 46075
Compiete nutrient solution. . . 12,00 3 184,25 248, 75
Dnfertiiized - 7% 5,88 @t T 5, 50

i Observed F for interaction, 0.2 1-percent point, 2.7% value fur & signifeant difference between mesns,
3.57; between <liflerences, 5.04,

30bserved Ffor interaction, 5.77) i-percent puind, 072, value for a significant dilferonce between eans,
54.20; between differences, 218.07.

The compound means in table 5 for total weight of heads indicate
that the use of nitrogen or a complete nutrient solution depressed
yields. However, as the interaction between fertilizers and stages is
highly significant, table 6 shows how the various fertilizers affected
weight when applied during the seedling stage, during both the seedling
ond field stages, or only after the plants were set into the field.

Examination of these date shows that nitrogen and the complete
nutrient solution depressed yields only when they were applied to
seedlings. Applied to plants only after the latter had been set in
the field, they gave results not materinlly different from those ob-
tained from the use of potassium or from the unfertilised plants; and
the complete nutrient solution gave results superior to those obtained
from the use of phosphorus. None of the fertilizers, however, in-
creased yields over those obtnined from the unfertilized checks, with
the exception of the complele nutrient solution applied to plants in
the field.

Of the other characteristics given in table 5, neither the average
weight, nor the average depth, nor the average diameter, nor the
average density of the heads produced during the early hervest
season was measurgbly altered by the use of any fertilizer treatment
if comparison is made with the mnfertilized checks.

By the close of the harvest season, however, the effects of the
fertilizers became more pronounced. The table showing the inter-
actions is omitted in the interest of brevity and because it is ahnost
identical in its implications with table 6. Thus, nitrogen used either
alone or in a complete nutrient solution served to reduce the average
weight of the heads when it was applied to seedlings. When it was
applied to the plants only after they had been set into the field it
was not measurably different in its effects from the other {ertilizers,
nor did any of the latter alter the avernge weighis of the heads as
compared with those from the unfertilized checks. On the other
hand, phosphorus and potassium produced similar results regardless
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of when they were applied. The interacltion implied by these results
was found to he significant, (observed F, 2.57; 3-percent point, 2.47).

In a similar way nitrogen applied to seedlings either alone or in 2
coraplete nutrient solution reduced the average depth and average
diameter of the heads produced during the entire season below the
values for plants fertilized with potassium or with phosphorus, or
for unfertilized plants. Moreover, the internction between fertilizers
and stages was found to be bighly significant in each case. The
tables f{or these internctions have also been omitted, as they add bug
little to the information already gained [rom a study of table 6.

The density index numbers for the teads produeed during the
early harvest period (table 5, eolumn 12) indieate that fertilizers did
not affect this charnetivistic significantly and that there wers no
differential eflects from their application at suceessive stages in the
development of the plants. EHowever, these compound means do
not differentiate the effects of applying partieular fertifizers at succes-
sive stages, nov the difference in their effects on the forced and hard-
ened plants. As the second order interaction between these three
factors is highly significant, table 7 is presented to stiow the inter-
actions,

Tavue 7.—Differential effects of variouws nulvienls when applid lo cavliftower
planis during successive slages in thef: - mweth cycle and the differcice in degree
of such response by forced and hardenvid pleents during the eurly harvest period,
18351

[interaetion: Fertilizers 3 treatments X stapes 1]
Density Bubes members of faremd  Densicy index wantrers of hazdeued
plants frentod ni-- piaars treated st

Fertilizer T . 1

5o - Feedling - il
Swedling | Ui Fid swedling
ALBg, SEARUS slag shag

Semiling
Al flel)
<hnees

Pkl
stuge

Nitrogen . . R L]} P e T4 a1y
Phosgaloros . w07 ST B noar 082 "8
Potassium %23 SR K.an 6537 6,48 627
omplote nitrient solition HL UG R 1] 7.0 g.41 1] B
Unfert iz I L] v.37 7.4 1.2 703 .02
1 1

L Valizes in talie ane inveesely proporonal Lo hend densily.

! Observed Ffor secgini order Brleraction. .58 Lpegeent joint, 2,72 value for significance hetween means,
2,35 for Nirst order Intoraetion, 3.18; for secniv] order intorneion, 4.45,

Table 7 shows that the chief eavse of the interaction was the
differentinl response to unitrogen by the foreed and hardened plants
when il was applied during the scediing stage. Thus, when applied
to forced plants during this stage, it served (o increase the average
density of the heads, whereas when applied to hardened plants during
this same stage it decreased head density.  Moveover, its effeet when
applied to the forced and hardened plants only after they were set
in the held was the reverse of its effect on seedlings.  The complete
nutrient solution, on the other hand, produced sinulay effects on hoth
the forced and hardencd plants atb each stage, but the degree of the
effect varied according to the stage in their growth ~veles during which
it was applied.  Thus, heads produced hy either the Toreed or hardened
plants that were lertilized only during the scedling stage were signif-
wantly less dense than those from plants that were similarly fertilized

203527 ~4) - -3
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only after they were set in the field. Corresponding comparisons lor
phosphorus and potassium show that they produced similar effects on
both the forced and hardened plants regardless of the stage in the
growth cvele when they wer2 applied, Comparisons other than
these may be made by ail of the values for significance appended to
table 7, but for the most part they are of litile biologieal imporlance.

From the above discussion it is evident that the factors most
influentia! in affecting density Curing the early harvest period were
the forcing and hardening treatments. By the close of the harvest
season, however, the difference in density of the heads from the
foreed and hardened plants had largely disappeared, due to the
refatively mueh greater increase in density of the heads from the
forcod plants during the Iatter port of the wowing season (table 3,
column 12).

The difference in the effect of fertilizers on density hoeame more
prononnesd as the season progressed.  Thus the plants to which
nitrogen was applied produced heads that were signilicantly less
dense than did plants fertilized with phosphorus, with potassium,
with o complele natrient solution, or the unfertilized plants.  More-
over. the effeet of the complete nutrient solution was simifar to that
of nitragen in that it reduced the density of the heads as compared
with those from the unfertilized plants.  In this instance, too, the
internetion hetween ferlilizers nmd slages was fonnd to be highly
significant beeanse of the differential response of the plants to appli-
citions of nitrogen during the seedling siage as compared with {ield
applications,  As n similar interaction has already been discussed lor
total weirht of heads (table & these dala are omifted.

Thus (ar the discussion of the dala secured in 1435 hos dealt with
the offects of fortitizers and espeeially with their differential effects
when applied during suecessive stages in the growth evele of the
plants.  Turning next to a consideration of the eflfects of the foreing
and the harlening treatments and of the differential effects of lertili-
zers on foreed and on hardened plants (table 5), it will be seen that a
larger preportion of heads was produced by (he forced plants than
by the hardened plants. This inevease in vield amounted lo 36.12
percent for the early harvest period, and 12.98 pereent for the entire
SCH301.

The mean vields in pounds per plot for the early harvest period
show that there was no mensurable difference between the forced and
hardened plants, even though the former outyielded the iatter in
number of heads produced.  An explanation of this result is found in
the greater nverage weight of the heads produced during this period
by the hardened plants (table 5, column 5}, For the entire season
the havdened plants produced o grealer total weight of heads than
did the lorced nnes,  1n this ease, however, the internetion between
treatnents and fertilizers was found to be highly signifieant (table 8).

Trom these data it is ohvious that though phospherus and potas-
sium served to produce heavier yields than either nitrogen or & com-
plewe nutrient selntion when applied to the hardened plants, there was
no significant difference between fertilizers in their influence on the
forced plants. Furthermore, only potassium produced significantly
different results on the foreed and hardened plants. [t was this effect
of potassium in inereasing the total weight ol the heads produced by the
hardened plants combined with the nonsignificant but numerically
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greater yields from the hardened plants supplied with phesphorus
and from the unfertilized ones, that accounts for the grenter $otal yield
of this series (table 5).

TanLE 8.—Differential response for enlive season of forced and hardened caulifiower
plonls fo nulriends, 1985

{Interactian: Fortlilzers ¥ trentotents]

Average welght of

Mean vield per plott honds !

Fertitirer

Faorowd '_ Hn:dem’d?_ Foreed Iﬁnrdclmd

Gunees
i8. §2
.38
35. 74
a5, 38
31,35

Guntees  + Ouages - Oioices
Witrogen 250,58 190,00 ; 18
Phesphorus e e .- 408, 3 172,88 .
Potnssivm. . -- 45884 ¢ 0,00
Complete nutrient solution... ... et 39125 314, 07
ElertHized . cume e vmie e AST.HT 1 57825

LR 1] Es

ZEkE:

L Ohserved F for interuction, 520 L-perecat polnt, 3.53; value for n sienifieant Jdifference belween micans,
12506 between ditferences, 178.05.

2 Ohweeved £ for tnleraetion, .57; Sptreend polnt, 247 value (or & significait ditforenoe bolween ineans,
6.5G; bebween differeoees, 832,

As has already been pointed out, the average weight of the heads
produced by the hardened plants during the early harvest period was
greater than that of the heads from the {orced plants, indicating that
earliness of muaturity was achieved at the expense of weight. Further-
more, this reduetion in weight of the heads from the forced plants
was persistent for the entire season. However, as the interaction
between trentments and fertilizers was found to be significant, these
data are presented in table § to show the mteractions.

This tabulation shows that the heads from the hardened planis
fertilized with phosphorus or potassium and also those from the un-
fertilized plants were significantly heavier than those {rom similar
groups of forced plants. On the other hand, the differences in weight
between the heads from forced and from hardened plants fartilized
with nitrogen or a complete nutrient solution were not signifieant.

No difference was found between the depth of the heads {rom the
forced and hardened plants during the early harvest period, but for
the entire season the heads {rom the hardened plants averaged some-
what greater in depth.

Forcing the plants reduced the average diameter of the heads both
during the early harvest period and for the entire senson. Foreing
likewise reduced the density of the heads produced during the early
harvest period, but for the entire season there was no diffierence in
she density of the heads from the two treatment groups.

ROOT GROWTH AND ROOT REGENERATION STUDIES

TOMATORS

Supplementing the field tests iIn 1933, which eompared the effects
of foreing and hardening treatments on the subsequent perforinance of
the tomato varieties Penn State Earliana and Bonny Best, studies were
also mede to determine whether there wans a difference between the
forced and hardened plants, or between the two vaneties in root
growth, or in their nbility {o regenerate roots after transplanting. For
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this purpose 15 plants were selected at random [rom each variety and
trentment group and set in washed bar sand in earthenware crocks
where they were allowed to grow for & period of 13 days. Before they
were set in the erocks, however, the plants (rom each treatment group
were further subdivided into 3 subseries of § plantis each.  Oune of these
subscries was transplanted with roots intaet: a second subseries had
all of the roots trimmed to 1 inch from the point on the stem where
the topmost root originnled; the thivd had all lateral roots removed
from the plants with o sharp sealpel.  The size ar volume of the
roots was determined by meastring the cubie centimetors of water
displaced when they were submerged in 2 Landsied] extraction tube of
the incomplete siphon type.  The delimitation of the voots was done
to simulate ns nearty us possible the loss of roots that occurs in trans-
planting.  Table 9 presents the results obtained.

Tanue 8.- - The effects of foreing awd hardendng trevtments on rool growth and root
raplucement of fomata, 131

Menntin-  Aean rolio

erease in of ineropge

ront vol- tainitinl
Lt volune

Alean ini- - Jean vul
R R TES A ETHHE TR AN Lt ront [HILE .
vedim- L aliws

e eeitti- ubie centi- Crdic combi- € ubie penidi-

Foreed tfertilisedi: NIl Es miedirs welire welirs
Nitrowen - b g7 [T]] unr
Misplinrus 3. 4n 11,01 el Gy
Potissimin . Losh a4l - w0 2,70
Cotizplete potrient aleelion 105 LNl A, 1.

Hurdener] tanfortilizeds A K] AT o L

Shenifeant difTerence L A sz I

Ohseraml & e e e e o Y & £ G

Variety: . :

e dale Karliang e mmeee o i 3.0 %Al IR E 2,107
By Best e e { R ARG 1. U 2.

Sjuenifeand ditference e e e - 1.7 1,5

Oleerved ¥ . 11137 tT A m

Rool trealment:

AT e e .44 AU a3
1-inel ronls i 1, S0 JRUH 1]
Batire ruots by Al 1.4

Afrnileanl differene: S e 0,0 [ L&

Qlwsperved & el e ; <AL T - .M Lt

Stamdand errer . PR 1,2 1 A 1%

O ppainst vhe diferenees noted elng due to elaeie are eremior Pl 90 e,

2 Not significunt witly respeet to resioal error A7 mlds of 100 1 seainsn e ditferaess noted beine e
o chanee are aeeepimt as a crilecion,

1 Oddds npainzt the differeaees nobee Teinge dine to ehinnes are greater than 1960 1, bat loss fhan M |,

Data on e initinl volume of the roots are presented to show the
influence of the foreing and havdening treatments on root growth up
to the Lime the seedlings were ready for teansplanting in the field.

Analysis of (he data in table 9 shows that the initial rool volunies
of the lorced plants that lwmd heen fertilized with either nitrogen,
phospliorus, or a complete nutrient solution were signilicantly lavger
than those of the unfertilized hardened plants, but that there was no
significant difference between the plants thal had been fertilized with
potassium and these that had been havdened.  Moreover, the seod-
lings that had received a complete nirient solution had larger oot
volumes than those that reccived cither phosphorus or potassinm,
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The difference between the complete nuirient and the nitrogen treat
ments was not quite significnat.

Of the three root trealments it is evident that the planis whose
roots were left entire and those whose roots were limited to 1 inch
were both greater in initial volume than those of the “no-root”
subscries, but thal there was no signifieant difference betwoen the
two former. Perhaps it should be explained that the value 2.28,
given as the initial volume of the “no-root” subserics, represents the
gverage volume of the main rools ol the plants from which the lateral
roots had been trimmod.

Rootl measurements at the close of the i3-day period show that
mitial differences in root volume of the plants from the sevoeral fortilizer
trentment groups had largely disappeared.  Of even less magnilnde
were the differences remaiming between the root Ueatment subseries.
Unfortunately, no measurements were made on the tops of these
plants during the experimental period, so il is not known whether or
nol root growth during this period was made at the expense of top
growth. Of the fwo varietios, Bonay Best still maintained its load
over Penn State Ensliana itn voot volumie,

There was no signilicant difference between the fertilizers in their
influence on the mmount of oot growlh made during the 13-day
period.  However, a comparison of the ralios of inerease to initial
size shows thal the plants fertilized with phosphorues or polassium
and the unfertilized hacdened plants made sigmficantly greater roob
growlh than those fertilized with a coruplete nutrient solution. The
greatest growth in proportion to initial velume was made by the
plants fertilized with polassium, and this significantly exceeded that
made by the plants fertilized with nitrogen and those Tortilized with a
complete fertilizer.  OF the root-treatment series it is evident thab
the no-root planis made proportionntely greater erowth than those
of the T-inch subseries during the 13~day period, and these in turn
made greater growth than those whose rools were not pruned. It
may also be seen that Bonny Best made greater root wrowth than
Earliuna, but not a proportionately greater growth in relation ta the
initial size of its rools. 1t thus appears that the mite of root replace-
ment and growth was inversely proportional to the initial size of the
root systems al teausplanting time.  Approximately the same re-
Intionship also exists in the fertilizer series.

[ 1934, studlios on the rate of root growth of the foreed and hardened
tomato secdlings were condueted in very much the same manner as
for the preceding vear.  Tive seedlings were seleeted at random from
ench of the forced and hardened treatment groups and transplanted
into washed bar sand in carthenware erocks.  All plants wore sot
with their roots intact, and the tests wore extended from 13 to 35
days.  Prior to sebting them in the eroeks, the plants wore treated in
all respeets like those employed in the field studies. Thus, hath the
foreed and hardened series were reprosented by subseries of five plants
that had been fertilized with nitrogen, with phosphorus, with potas-
sium, or with a complete nutrient solution. Unlertilized, or cheelk
plants, were also provided for in ench series. Table 10 presents a
general summary of the results obtained.
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TaaLE 10.— The effecis of forcing wrul hurdening lrealtnents
displaccuend af tomnloos, Hidg

TRCHNICAL BULLETIN 760,

an vool growth and root
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Contrary to the results of the preceding year, these data show fhat
there woere no measurable differences in the effeets of the fertilizers
on root growth up to the fime the seedlings were large enough to be
set m the field, and that the root systems of the hardened plants
averaged somewhat Iavger than those of the {oreed plants,

By the close of the 35-day perviod any significant difference m root
volume between the forced and havdened plants had disappeared.
Between the lertilizers, hiowoever, though their influence during this
period was purely residual. it may be seen that the root systems of
the plants fortilized with o complete nutrient solution were significantly
lareer thnn those of the plants forced with either phosphorus or potas-
sium.  None of the other comparisons are signilicant,

Because in this instance the interaction between the effects of the
fortilizers and those of the foreing and hardening treatments was
found to be sieniflicant, table 11 is presented te show more clearly the
difterentinl effects of the fertilizers on the foreed and hardened plants.

Tante 11 Differential response of fareed wod hardened tomato pleals lo nulrieals,
134

Vintwrzetionn . Furdilizers 3 Grentinents]

FToal valume of rogts?

Poryifient . _

Foreed Hordewed

Cubiie Cubic

cewdbarrters | rentimeters

Nitrogen .- . U2 2,2
Plhivsphorus e 1463 12,31
Potnsslnm . .- B 13. 54 147
Complele nntrient soliiing e I - : 17. 20 ). 65
Unferidlized au - e mwee e el : 1519 15. 70
¥ Ohgerved & lor internel o, 3.4 -neceent print, 3015 3-peceent pofrl, 264 value for siznifiennee bolween

menns, 505 bebween Jiflerenees, 701

A study of these interacting means shows that {ertilizing the forced

plints with nitrogen, or thie hardened plants with

n complete nutrient

solition, resulted in significantly greater voot growsh than thet made
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by either the foreed or havdened plants fertilized with phosphorus or
potassiunr.  Moreaver, the foreed plants fertilized with nitrosen made
signifieantly greater root growih ehan either the foreed or lardened un-
fertilized plauts, ov than the hardened plants supplied with nitrogen,
though not more than the hardened plants that were given o complege
nutrient solution.  Other compurisons are mnde possible by aid of the
volues required for signifiennce appendwd to the table.

The inerease in oot volume made daring the 33-day period by the
plan{s Teetilized with either nitrogen or g complete muririent soluon
was signifteantly greater than that of those fertilized with phosphorus;
and those fertilized with a eomplete nutrient solution made signifi-
eantly greater root growth than those lertilized with potassium
fiable 10%

No signifiennt difference was found between the fwo treatments in
thetr influenee on the inerense in root size made during the 35-dny
period, but the interaetion betweey fertiliners and teeatmoents was
found to be signilieant,  The table for this internction s omikted,
however, as it s identical in its implications with ndings shown in
talyle 11,

I proportion to their initial volume and irrespective of the loreing
wnd hordening (reatnients, the plants fertilized with nitrogen or a
complete nuteient solution made greater gaing in root volume than
those fertiized with either phosphorus or potassium, bat not signifi-
cantly greater than those of the unfertilized subseries. Moreover,
the mean ming of the foreed plants were ereater than those of the
hardened planes tiable 03,

Canurer

The 1933 investigation of the effcets of the forcing and hardening
treatments on the rool growth of cubbage seedlings was eoandueted in
the snme manner as that on tomaloes, exeept that in this ease all
seedlings were trangplanted with their reots intaet.  Table 12 presents
a summary of the resolis oheained.

Tavue 120 Tl o floels of foreing awd hardi ning frealments on root growth and reot
disploccment of F ravicdios of eabloge, (934

Alvan ralio
Aen Aean vol- Medi - ol el
Treatton it amd varjery il et ume alter ereae i voligine Ie
vidnnue 13anye  ront valune initial yol-
Hie

[ LT ¢ e € b
Foreed fortiiizel: ettt rx cealimetere erntimeters
Nilrowen 4 a7 In iy 1309
I"hg st i K Rl W
1"ai1sinim A B 1A L5, 4
Canipsete putewent ol ol AR T Pl | 15, i
Taraderter ranfeetilised: N 1111 o
Sien et diflerenos ]
iHbrrsed M . it 12 Th

Voriers

Furly dorsey Wakehiel] fi, 52 . 165, M40

Haldenn Ao . Fiis | Ay 12 A, 40
Sjepifieanm diisvenee . Lidi i R W
fHprayd & . ER A ' KL v

Rafand erpoy Tm nm (]
Mol sfraiteont il pespeet fooeesidied erene i el of B ] e steeepted] s o ecHerion.

« dhdrls s0the difleraiees eoged Breige does tooclaie iee 2o Ui 18 1o 1, bt legs Than 89 o 1,
SOl il U ediiTerenons sk itz dhite o el are prcader Than 98 (o 1
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A comparison of these data indientes there were no significant dif-
forences between the vifeets of the fertilizers on root growth up to the
time the seedlings were lnrge snough to be set in the eld, or between
the avernge root volumoes of the seedlings ot the elose of the [3-day
growth period.  However, & compavisou of the aclual nercases e
during this peviod shows that the foreed plants fertilized with phos-
phorus, with potassium, or with u complete nutrient solution made
significantly greater root growth than the unlertilized. hardenced
plants.  There was no significant difference between the plants (erti-
lized with phosphorus aned patassiun or betweoen the plants lertilized
with nitrogen and the hardened plants in the nmount ol root growth
made.  Ln proportion to their initial volumes, the plants fertilized
with nitrogen or with o complete nutrient solution made signifieantly
greater root growll than did thoese fertilized with phosphorus, or with
patassium, or the hardened planis,

Barly dersey Wakelield seedlings had Inrger root systems than
Golden Acre both al the besinging and at the end of the 13-day
period, but in proportion to their initinl size those of Golden Acre made
the greater gaing,

A general summary of the results obtained rom these root-growth
studies with tomnato and eabbage plants shows that there was but
little eniformity in the offects of the fertilizers on root growth either
before the seedlings wore transplanted or alterwards, A siilar lack
of consistency also appears in the elffeets of the loreing and hardening
treatments on root growth,  Nevertheless, as in the ease ol the data
showing the differences in the relative root size of the Marly Jersey
Walkoficld and Golden Aere eabbage varictios in 1033 and between
the foreed and hardened tomato seedlings in 1034, it is evident that
the seedlings having the snadler root systems when they were trans-
planted made greater gains in proportion to their initial size than
those having lurger root systems. A comparison of these results with
the subsequent performanee of similar plants in the Geld shows that
enrliness of maturity was associated with rapidity of root growth alter
transplanting.

This snane tendeney is (o be found elsewhere in the data, as in the
ease of the relathve rool size of the Peun State Earlinna and Bonny
Rest seedlings in 1033, In this instance, however, the dilferences in
the mtios of inerease in root volinne to initial volume were not signifi-
cant and 50 no delinite conelusions can be drvan from them,

TRANSPIRATION STUDIES
(ARBAGE

Transpiration studies were conducted in 1933 with cabbage sced-
lings that, prior to their selection for this purpose, had been trewted
in all respeets like these used Tor the field studies.  Five plants of each
variety, selected at random from each of the loreed groups and [rom
those that had bheen hardened, were transplanted into moist praivie
soil in tin containers of aboul 1-gallon capacity. A wax seal was used
to prevent loss of water from the soil by evaporation, and provision
was made [or the replacemont of water lost by transpivation.  The
quantity of water lost was determined by weighing.  Leaf aveas were
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measured by the use of n polar planimeter. The duration of the ex-
pecimental period was § davs.

Measuremenis of the leal aveas of seedlings at the time they were
transplanted show (table 13) that those ferrilized with a complete
nutrient solution were larger than those from the other fertilized
groups, and that., with the exception of the geedlings fertilized with
potassium, all of the forced seedlings were signifieantly Inrger than
the hardened onves.

As mieht be expeeted from their Inraer sizes, the plants fertilized
with a complete nutrient solution lost n greater quantity of water by
trangpiration thun those from any other treatinent group.  Likewise,
the forecd plants, regardless of the type of Tertilization. lost mere than
the hardened plants.

In this conncetion it is of interest to note that though the plunts
fortilined with pofassium were not signifienntly lacger than the hoe-
dened plants, they lost o greater quani{ity of water by transpiration.

TanLe 13, —Raie aof transpiration of cabbage seedlings af 2 verieties as affecled by
Sercing andd hordening treatments, 1938

Trunsplration

Pramspiration per 100 5. e,

itz lealarea; pet plani; len srime
ean valies mean wilies T

P mean valies
fur fmidny period fot -day period

Trealmenl, noid variety

 dqure genfi- :

Forced (fertilizedd: i aireferk firams Frims
Nilrosen .. . . o ERIY 143,491 116
Thospliorus . . [T LTy
Frobussinmm ' MR WG -

Complete nntrient solirion : 1ALO56 | oK, 85 )

Hardenerl foniertilizegd . 7. 63 RASHI ]

Slemtfieant differsner A, 02
Oleprerdt F LR 5
Voriety.
Enrly Jersey Wakelield . s, 5s
Golden Aere 4514

sienifeant Jifferenee .
Obsereed F m
Standani error . R

1 Ochis perminst the ddierences poded Teing doe toelomes e erealer than 99 tn

1 Mot significant with cespeet toepesiBual eeeor ifendals of 19101 e seeeded @ o eriterion.

There were na significant differences belween the two varieties in

their initial leal sizes, fransplration per plant, or transpirafion per
100 square centimelers of leal aren.

CHEMICAL STLUDIES

CAULLFLOW EX,

Table 14 presents the resulls of analyses for organie wud for total
nitrogen in forced and hadened eauliflower seedlings selected at
random [rom groups fertilized with nitrogen, with phosphorus, with
potassium, with a complete nutrient solution, and from the unfer-
tilized cheeks.
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TABLE 14.--Organic and lolal wilrogen contenls of sem and leaf Hssues (dry weight)
af farced and of hardened enaliflower secdings, 1935

e R, e ¢ e - e

Chrpnde nitrogon : Totnl nitrogen

[ .

VeriMizer @ o Ferlilver
nwans i Foreed ) Hatrgdoned © s
| ,

Hereard Fercent 1 Pereamt Fereent Pereent Percent
Nitrogen e e m .. LT 16205 © 2 1TH P 1,730
Peosphorus ... ... . ! L85 LTG5 1. 1 250 ToEkiEE -
Dotuassitm . . 1T AL b [ LD 1,020 -
Compleie patrient solntion LMY 1, Qb (TR bl 1. hilh
TTnferiilizosd m— om0 TR 1. 1055 1. 3000 LHME 11805 ¢

Trentment
Trarem! Thprdened I

LS L s

Trealnmnt meang .. . ] . Gt

Signficnnt difference .. ay i {176 . 1k 1586 ‘ [EA LT N [(MNEE
Olpeerved 2 .. 15, 24 L i 0n [ N T+

Stundnrd error RN [FARTE

P Odlels apainst e difieeenees poted Deing dne to slnes are prenber Hiao W kg 1,

A comparison of the means for lectilizers shows that the percoutuges
of organie und of fotal nitrogen were practically identical in magnitude.
This indicutes that the nitrate content of the seedlings was extremely
low; in fael; its presence conld not be detected in some inslances by
the maothods of analysis employed.

Fuarthermore, an analysis of the data in table 14 shows that the
eifects of the fertilisors were practically identical on both the organic
and the total nitrogen content of the seedlings. Thus the plants
fertilized with nitrogen or a complete nutrient solution econtnined
significantly bigher percentages ol both organic and lotal nitrogen
than those fertilized with phosphorus, or with poltassism, or than
the wnfertilized cheeks. Both phosphorus and potassium, on the
contrary, appear to have actually decreased the percentuges of organic
and total nitrogen, as the plants ferlilized with them were significantly
lower in these constituents than the unferéilized eheeks; and those given
& complete nutrient solution were lower than those given only nitrogen.

A eritical examination of the two sets of nitrogen datn will disclose
the fact that in ecnch case the interaction between fortilizers ond
foreing and hardening breabments is highly significunt.  The ohserved
F for the interaction in bhe organic nitrogen data was 7.56 and the
I-pereent point 6.42; in the daba for total nitrogen bhe abserved F
was 18.40 nad the I-percent peint 6.42.  In each case the interaction
is significant because the forced plants Tertilized with nibrogen or
with phosphorus and the unlertifized, forced scedlings contained
stgnificantly higher pereentages ol nitrogen than she corresponding
groups of hamdened secediings, whereas the differences in nitrogen
content of the foreed and hardened scediings lertilized with potassinm
or a complete nutrient solution were nol significant.  As thoese inter-
actions appenr to have but lttle biologicnd hnportance, the tables for
them have been omitied.

The two sets of nitrogen data also agree in showing that the forced
plants contnined significantly higher pereentages of organic and total
nitrogen than the hardenod.

The elfects of the forelog and hardening treatiments and of lortilizn-
tion on the percentage of div substances and of carbohydvates in
cuuliflower seedling is shown in table 15.
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‘TaBLE 15 —Dry-matter and carbohydrate contents of the slem and leaf tissues (dry weight) of cauliflower seedlings as affected by forcing,
Jertilization, and hardening, 1935

Treatment

Farced  ened

Dry substances

izer

V: Hard- ! Ii‘(‘ru. !

!
i

Hemiceltuloses

: y Foreed
;. means ¢ j

Starch

Total sugnrs

Total carbohydrates

Forti-
lizer

{‘I,;‘(fg Foreed !

ened

!
i

¢ means {
i

Nitrogen ...
Phosphorus. ... ...
Potassium ... .0l L L.
Complete nutrient solution
Unfertilized

Treatment means

Signifieant difference_ oo oaonoao .
Observed F. . B

Standard error ...

! Odds against the ditferences noted being due to chanee are greater than 99 to 1,

-§ 16,8480

Percent
15, 6580
20. 4830
21, 1923
17,8120
17.7845 | 20,5270

Pereeat
14,2105
18, 1240
19,6070

Percent
14, 0343
1. 3035
20, 3008
17, 3300
19. 1558

Percent

7. 7670
23,0915
24. 0405
23.4070
17. 8610

It ]

Percent
10, 5335
20. 2857
20, 6783
17,8933
20,4500

Percent i

i Percent
13, 3000
17,4800
17.3100
12,3705

i 23. 0300

4. 6150
3. 6700
3. 45625
41925 4

58770 1 5 0400

Hard-

Ferti-
Hazer

. means

Percent
3. 2380
5. 0378
3.8543
4.7145
5, 9085

! Percent | Pereent

17,3148 | 19,1345

0. 7566
23

0.8450

1,2063
125.70

19, 2346

o)

i

1,
i 16. 7017 4.3614 ; 4.7808
;

] Ferti-
Forced | ?,‘,‘.fg' lizer |
{ mesns |
i ]
Percent |
17, 4323
10.7185
13,4845 |
13. 6745
13. 4985

1

17.7750
11,2080 { 10.1390
15,1540 | 11.8150
12,5240 ) 14,8250
14, 3600 | 12. 6370

17.0895

Hard- |
ened

Ferti-
lizer
means

Forced

Percent
31, 6529
35. 0879
35. 4254
36, 2883
40.3515

Percent
32.4118.
31,4835
33. 3823
32, 4425
41, 6158

FPercent
30.8040
36. 6023
37.4685
40, 1340
39.0873

14. 2222 ¢ 13. 3011

3

4. 4620

3. 2654
.20

R

2. 3000

37,2502  $4.2072

®

41,6271

£ Not signifieant with respeet to residunl error if odds of 19 to 1 swainst the differences noted heing due to chances are aceepted as o criterion.
3 0dds ngainst the differences noted being due ta ehance are greater than 19 to 1, but less than 99 to 1.
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Reference o table 15 shows that the percentages of dry substances
and of hemicelluloses were higher in the plants fertilized with phos-
phorus, with potassium, with a complote nutrient solution, and in the
unfertilized cheeks than in those fertilized with nitrogew. It thus
appears that nitrogen served to veduce the percentages of these con-
stituents, as the pereentages in the niteogen-fertilized seedlings ave
lower than those in the unfertilized cheeks.  In the case of the dry
substances, however, phosphorus and potassium appear to have
slightly offset the depressing effects of nitrogen, as plants fertilized
with them contained higher pereentages than the plants fertilized with
a complete nutrient solution and the latler were not signilicantly dil-
ferent from the unfertilized eheeks. This effeet of phosphorus and
potassium in reducing the depressing cffeets of nitrogen on the per-
contage of dry substanees is also to be found in the data for hemicellu-
Joses, but the values are not of signilicant proportions.

The cffects of the [vicilizers on the perecentage of total sugars in the
soedlings were in dircet contrast with their effects on dry substances
and hemicelluloses, in that the plants fertilized with nitrogen were
significantly higher in sugar content than those fevtilized with phos-
phorus, with potassium, with a complete nutrient solution, or the
unfertilized checks.

No signifieant differences were Tound between the effects of the
fertilizers on the percentages of starch or total carbolhydrates in the
seedlings. In the case of the totnl carbehydrates this failure of the
fertilizers to show significantly differential effeets is probably due to
their contrasting cffects on the hemicellulose and total sugar con-
tent of the seedlings.

Though the perecutage of dry substances was significantly higher
in the hardened than in the foreed seediings, there were no measurable
differences in the effects of the two lreatments in the percentages of
hemieelluloses, starch, sugars, or total carbolivdrates.

Stunilar analyses of the root tissues show that there were no signi-
ficant differences hetween the loreing and hurdening treatments or
between the fertilizers in their effeets on chemieal composition.  Table
16 is prosented to show the pereentages of organic nitrogen, total
nitregen, dry substances, and carbohydrates found.

A similar stability of roots toward the effocts of treatments thab
materially affected the chemical composition of the tops has been
reported by Robbins, Nightingale, and Schermerhorn (16), Reid (18),
and ether investigators.

Comparisons between the chemical composition of the seedling
plants and the performance ol similarly treated plants after they were
sl in the eld indicate that the high pereentages of nitrogen and total
sugar in the scedlings [ertilized with nitrogen or with a complete
nutrient solution were associated with vetarded earliness of maturily.
Accompanying this relatively high nitrogen content, there was a
deerease in the percentages of dry matber and of hemicelluloses as
compared with those found in the plants fertilized with phosphorus or
with potassium.

As no sipnificant differences were found between their effects on the
starch and total earbohydrate content of the seedlings, no valid
comparisons can be drawn between the proportions of these constit-
uents and subsequent plant performance.  For the same reason, this
comparison cannot be made hetween the chemical composition of the
roots and the subsequent performance of the plants.




TasLe 16.~Nitrogen, dry matier, and carbohydrate content of the root tissues of cauliflower seedlings ao affected by forcing and hardening, 1935

[Based on dry welghts]
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Although the cwrbohydrate "total-nitrozen and tolal-sugar /(otal-
mitrogen ratios are nol presented, they woere caletlated and thejr re-
lationship to subsequent plant bebavior examined,

Neither the earbohydrate/total-nitrogen ratios in the stem ad leaf
tissnes nor those in the roots were differenGully affected by fertiliz-
tion or by the loreing and hardening Greatments, and o no valid
comparisoms can be made betwoeen thelr relative magnitudes sind sulb-
sequent plant porformaec. Tt is lso true that the tolal-swear-fotal-
aitrogen ratios did not show the inflrence of the foreine and bardoning
treatments. However, signifieant difference: were found  hetweon
fortilizers in their elfeels on (he total-sngar total-nitrogen satios in
the stem and leal Gesies, and these may be compared with subsequent
plant performanee

By suech a comparison, it appesrs Vhat the rolatively high mtios of
total sugars (0 tolal nitrogen found in the plants Tertilized with phos-
phorus or with potassiom were nssociated with greater eaely and total
vields, whereas the relutively low total-snuear total-nitrogen rmtios of
the plants for(lized with nitrozen or with a2 complete nutrient solution
appear to be associzted with reduecd early and total vields.

These results differ from those obtained by Miller €741, who found
no relationship between subsequent porformanee and the mtios of
swrnes Lo insoluble, to soluble, (o amine. or o 1olal nitrogen,  How-
ever, the boliof that seeh a relationship does oxist has been expressedd
by Kraus and Keavbill (70Y, Walster ¢ 271, Niehtingnle (1.2}, Platening
1133, and many others. e some of the stodies releersd Lo, the clieni-
ical changes in the plants were the vesul(x of temperatore trealments:
i othiers they were the vesults of dilferentiad fertilization, but reeard-
less of how they were indueed ther offects appear to have Leen more or
less persisteny thronghout the life of the plants

SUMMARY AND CONCLUSIONS

Studies of the effectz of forelng and hardening treatments applied
Lo tomatoes I 1BE al Chieveane, Wyo,, showed that tiere were no
stenificant differonces betncen the (wo treatimoents in thelr effeets on
either the number or the weight of ripe fruits produced during the
early hnrveat season or duringe the entire soason.

The use of nttrogen or ol a complele nutrient solution on the seed-
lings reduced both the nueber and total weight of vipe Fruils produced
during the early harvest season, but there were no signifieant diffor-
ences betwweon fertilizers in their effeets on tolal vield.

Tn 1934, the foreed tomate plants produced n greater number of ripe
fraits than the hardened ones during the early harvest period, but
there was no sienificant difference bofween trentments in their effects
on the weight of the fruits produced.  For the entire season, the
hardenad plants produced the grenter number and total weight of ripe
[ruits.  Fertihzers were withoul effeet fn altering earliness of maturity
or tofal vields.

Suniar studies of the effects of the foreing and hardening treatments
on ¢abbages showed that foreed plants Tertilized with nitrogen or
with a complete nutrient solotion produced o grester number and
weight of heads during (he eaely harvest period than wofertilized,
hardened plants,  The plints fertilized with phosphorus alse pro-
tireed @ grewter nuwmber of heads during the carly harvest season, but
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these did not exceed In weight those produeed by the unfertilized,
hardened plants during thi= same period. Far the entire scason,
there was po signilieant differener botween the Toreed and hardened
Pants in either nomber or total weight of heads produced,

Tests with eaulillower in 1034 showed that the foreed plants pro-
dueed 26,03 pereent more head< during the early harvest season €han
did the ardened planis, and 13,92 pereent more for the eniire season.
The inerease in total werght of heads from the Toreed plants during the
varly harvest perfod was 22 25 pereent, bul Tor the entire seazon thore
was no sieniteant difference hetween the twe treatments in this
respeel,  Fertilizer< produced no measueable offects on number or
total weight of heads during the early hsrvest period or during the
entice sen=on.

In s, toreed eanliffowrr plants produeed 3512 percent more
henels than the hardened plaats during the early harvest period, and
1208 peveent more for the entire scason, However, the hoads pro-
duewd by the foreed plants during the early harvest period averaged
fighter 0 weight than those from the hardened phants, and there was
no signilicant differenee between treatments in their effect on total
weieht of beads duringe this period s and for the ontive seagon the haed-
ened plants produced the greater total yield as measured by weight.

OF the fertilizors, phosphoros, potassiuny, and the complete nutrient
solution inereased parky vields as compared with nitrogen, but only
the plaaes fertiliand with petassium produesd o greater number of
headz than the unlertilized cheeks.  For the entire season, howoyvor,
even the unfeviilized eliceks exeeetded the plants fertilized with nitrogen
in the nnmber of heads produeed,

The effeers of the fertilizers o1 the weiglht of heads were similar to
their effeets an nuiher, exeept that hoth phosphorus and potassium
mereased prodaetion over Hint of the cheehs during the carly harvest
season, and for the entire season both pitrogen and the complete
natrient sobition decrensed vields.

Analysis of interactions between {ertilizers and stages of growth
shawed that (his depressing effeet of nitrogen was due o its harmful
effects when it was applied o scedlings. When it was applied to
the plants only alter they were sel n the field, its offects were not
significantly «lifferent frem those of the siber fertilizers. The com-
plete nutrient solufion, probably because of its nitrogon eontent,
produced efects similar fo those of nitrogen but not so pronounced.
Phosphoerus and potassium, on the other hand., produced approxi-
mately the sume eflects whether they were applied to the plants
during the seodling stage of growtis, after the plants were sef in fhe
field. aor during both of these stages,

Root-crowth studies on the tomata and cabhare seedlings at the
tinmie they were set s the field showed hat there were no consistent
differences between ihe forcing and hardening treatments or herwoeen
fertilizers in their efiects on root growth up to that time. Thus,
in 1033, the forced tomnte scedlings feriilized with nitrogen, phos-
pharus, or a complete nuivient solution had larger root systems than
the unfertihzed. hardened eheeks, hut the foveed plants Tertilized
with potasshnn were not signilicantly different in size from the latter,
[n 1434 there were no signilicant differences eithor between  the
forcing and hardening treatments or between fortihzers in their
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influence onh root growth up to the time the tomato plants were trans-
planted; and this was also true for the cabbage seedlings in 1933,

Studies on the rale of root growth made by the seedlings after
transplanting showed that where significant differences in initind size
existed the subsequent growth was inversely proportional to initial
size, and that the subsequent rate of growth, rther than large initinl
size, was mosl closely associated with earliness of maturity. A
similar tendency was also found (o exist in those cases where initial
difforences in root size were nof siznificant, but obviously no valid
comparisons ean be made between  these and subsequent plant
perflormance.

A study of the transpiration of newly transplnnted cabbage sced-
lines in 1033 shows that the quantity of waler lost was approximmtely
proportianal to the stze of the seedlings, cxcept that the forceed
seedlings Tertilized with potassinm tost more than the anfertilized,
hardenad plants though nal differing {from the atter 1o imtial size,
When these dilferencos wore ealenlnted as loss per 190 em 2 of leaf
area they failed to rench statistically significant proportions.  For
this reason, mathematiead comparison hetween them and subseguent
plant performance eannol he made, bt an inspection of the means
showing relative earliness of mafurity and of those for transpiration
indicates that the rate of water foss per unit area of leal surface was
not an hmportani factor in afferting carly vields.

Cheniieal analyses of cauliffower seediings in 1935 show hat the
forced plants vontained in their stem and leal tissues higher per-
contages of orgunic nitrogen and of total nitrogen than the hardened
seedlings, hut thai the hardened seedlings contained higher percentages
of dry substanves, There wepe no measurable differences between
the pwo troatments in their olfoets on the percentages of hemiceiluloses,
of staveh, of sugars, or af total earbohiydimies.

Fertilizing the seedlings withy nitrogen or with 2 complete nutrient
solution served Lo inerease the pereentaes of organie nitrogen, of
total mitrogen, aid of total sugars in the stom and lenl tissues, whereas
fertilizing with plosphorug ov with polassium served to tlocrense
them. On the other Lardd, the pitrogen-fertilized scedlings were
lower in dry substances and hemiceltuloses, whereas phosphorus and
patassium produced Increnses.  The pereentages of starch and of
total carhohydrates in the stem and leal tissues were not significantly
affected by lertilization.

The chemicenl composition of the root {issues was not measurably
alfected cither by the forcing and hardening treatments or by ferti-
fizntion.

Comparisons of the chemical composition of the seedlings with e
subsequent perlormance of similarly trented seediings aflter they were
set in the Geld ndiente that the velntively Digh pereentages of total
nitrogen and of sugars i the plants fertilized with nitrogen or with a
complete nutrient solntion were associated with retarded carliness of
maturity; whereas the velatively hieh pereeninges of dry mafter and
of kemiceluloses in the plants fertilized with phosphores or potassium
were associnted with inereased earliness of maturity.

Cosnparisons of the carbobiydrate/tatal-uitrogen ratios in the stem
and leaf tissues or in the roots of the seedlings with subsequent por-
lormance eannot be made, because neither ferlilizers nor the foreing
and hardening treatments differentially affectled these ratios. This
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is also true of the total-sugarftotal-nitrogen ratios in the roots of the
seedlings.  However, the total-sugar/total-nitrogen ratios in the stem
and leaf tissues were measurably affected by fertilization, and a com-
parison of these with subsequent performance indicates that the rela-
tively high ratios in the planis fertilized with phosphorus or potassium
were associated with greater early and total yields; whereas the rela-
tively low ratios in the plants fertilized with nitrogen or a complete
nutrient selution appear to have been associated with reduced early
and total yields.

)
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