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The ear1y\Maturity of vegetab]e“cu1tivars is of utmost,importance

A]though stud1es concern1ng the phys1o1ogy of'ﬁeed germ1nat10n, of
phys1ology of4f1ower1ng and of fruit pre and post harvest phys1o]ogy'
have beén numerous 11tt1e research has‘been done in relation to the
' \phys1o1ogy of vegetat1ve ear}1ness ‘ o ' .i% .

The purpose of this 'study was to provide an approach to thetunder—
-stand1ng‘or measur1gg of th1s phys1o1ogwca1 phenomenon determ1n1ng some -

14
of the factors that, m1ght 1nf1uence it and _that might prov1de a bas1s

H " -,4

o fOr future research work IR .

Three vegetab]e crops, cabbage, ]ettuce and tomato were grown at

i

ithe Parkland .Farm and the Plant- Sc1ence Greenhouses of the Un1vers1ty of

&

: A]berta durlng the _years ]972 and 1973, - ¢ LA . - ~;* fﬁf

———— e e g

— L SOy R
. S

~The percentages of phosphorus and’ ca1c1um in dry. 1eaf t1ssues and
“the shoot: root ratio of these.crops were determuned and net ass1m11at1onv
measurements were conducted “for tomato and cabbage. |
| Stat1st1ca11y s1gn1f1cant negat1ve corre]at1ons were obtawheg

between % phosphorus in dry ]eaf t1ssues and days to maturlty oF the_

1ettuce cu]t1vars No s1gn1f1Cant corre]at1ons were obta1ned in the:_

\

tomato and cabbage stud1es ' - wf7

fﬂ,.: Significant pos1t1ve corre]at1ons between/% ca1c1um 1n dry 1eaf '

t1ssues and days to matur1ty were found for cabbage and lettuce No

consistant corre]atnons were obtained for tomatoes . e
. S1gn1f1cant pos1t1ve corre]at1ons were obta1ned between shoot root

ratio and days to matur1ty for: the three spec1es stud1ed
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The ]ﬁmited@fata obtained for net assimi]ation,studies éou]d not be

ana]yzedfsfétistica]]y but they did suggest some interesting hypothéses.
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INTRODUCTION

In Edmonton and similar areas where there are on]yx]OO days frost
treelperiods to grow crops, thexear1y maturity ofjcultivars‘is of utmost
importance inbthe fai]ure'or success expected dn their production.

E1r1y matur1ty provides an econom1c advantage to the farmer 1n
_a]]ow1ng him to market his pnoduce early It also enables the vegetable *
Jndustry as a who]e to have fresh, 1oca11y produced. vegetab]es for a

blon%er per1od of t1me Th1s can be a great advantage, spec1a11y if we

' cons1der that in A]berta we 1mport fresh vegetables most of the year at

a value in excess of $1O\m1111 n per year (3). ﬁven a two week extension
~of the market could account for a very 1arge~quanfity of money that could _
N . . \. . .. )

remain in the country, *\
A\

Stud1es of the phys1o]ogy of seed germination, of f]ower1ng, of

fruxt r1p§n1ng and of post harvest phys1o1ogy have been\numerous but very

-

‘little has been done in relation to the phys1ology of vegetat1ve earllness,
'Exper1ments conducted‘by M;b{ Pand1ta:(52) on the relationship of
'vvegetative ear]iness to % P content %.dryvmatter, ehlorophyl content ;
‘and ma11c ac1d content of 1eaf . tissues and by S.A. Molnar (47) on the
eva]uat1on of pH, total sugars ahd re]at1ve amounts of ma]ate and c1trate
as a cr1ter1a for ear11ness in tomatoes: have opened the way 1n ‘this area :
However very 11tt1e 1s known about - what factor or. factors cou]d be used
as an 1nd8X’tO determ1ne the matur1ty per?ZE of a certa1n cu1t1var w1th- v
out the needato grow it to matur1ty, a len h]y and expens1ve process |
If an 1ndex or ®criteria cou]d be found that wou]d e11m1nate the
necess1ty of "grow1ng on" plants cons1derab1e sav1ngs in money and t1me \

m‘ght_be‘ach1eved... ~
. : .



2

: ﬁﬁ%rthermore, if a factor or combination of faCtors could be oeﬁjnite*
ly correlated to early maturity, investigatohs'in»that area might make use»
of a better knowledge of the phys¢%1ogica1 and/of genetic‘bases of earlit
ness ih initiating Breeding‘programs to imphove such earliness.

Nhat factor or factors cou]d be cons1dered7 Reference has been made
to a few that have been cons1dered in prev1ous stud1es by several authors
but,undoubted1y severa] others might prov1de a better approach.

‘Thus, the purpose, of this study has-peen to find ctiteria that, at
.the ear]y stages of development, cou]d be corre]ated to ear11ness and to
determine some df the factors that affect these cr1ter1a

A study that wou]d provlde an hort1CU1tura1, pract1ca] approach to
understand1ng cr mcasur1ng these phys1o]og1ca1 phenomena might be of
_ 1nterest to future researchers

Three vegetab]e crops, Tomato (Lyu¢7“70uucﬂ asculensxh L.), Cabbage
(Brasswu oleracea var. cag:-itata L.) and Lettuce (Zzeruea ea:"; 'zovar,
.capztaLJ L.) were used as theAtest crops 1n the-investigations

The re]at1onsh1p of four factors to the vegetat1ve ear11ness of
these crops was considered. The four factorS'were; percentage of phos-
phorus anq'percentage-of ca]ciumrin dfy‘Teaf tissue, shoot:root ratjos

and net assimilation.



 LITERATURE REVIEW

A. The Role of Phosphorus in H1gher Plants and Its Re]at1onsh1p to c.“_

Ear11ness

]

I) The I;portance of Phosphorus in Plant Nutrition

Phosphorus 1s one of the main elements needed for p1ant growth and
- development. A]though tie mode*n phosphate fert111zer 1ndustry d1d not
start unt11 1840 when L1eb1g uemonstrated that the fert111zer value of
bones could be 1ncreased by treating them with sulfur1c_ac1d3-1ts use in
the natural form,such.as bone or guanovgoes back to préhistoric times and
has‘been practtca11y WOrtd wide. | |

It s genera]Ty conSidered that_p]antsltake up most of thé{r phos-
PO, and i

phorus as the primary orthophosphate ion H R smaller amounts,

2 74
as HPOJ:. Other forms of phosphorus such as meta hosphates, pyrophosﬂ'

phates and certain soluble organ1c phosphates such as phyt]n or nuc1e1c
1_ac1d may a]so be absorbed by p]ants but the1r relative 1mportance under
u normal cond1t1ons is pract1ca11y neg]1glb1e when compared to the ortho-.
| phosphate ‘ions. | | |

' The effects of an adequate phosphorusvlevel fn higher pﬁants are
multiple. Historically ah increase in’root growth, deve}opment and pro?% .

"11feratkon has been associated with 1t

L e
R

Exper1ments conducted by,Tatsum1 and Kageyama (71) on tomato seed-

~ lings have shown that phosphorus promoted new root deve10pment ecpec1a1]y
when phosphorus had beenva ]1m1t1ng factor.. Fo]1ar phosphorus sprays
‘1nf]uenced the ab111ty of develop1ng shoots to absorb other nutr1ents, "v
oart1cu1ar1y at the. ear]y stages. o e'a‘F‘vv

Exper1ments by other authors (19 75) have re1nforced th1s assert1on

N
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The effect of phosphorus on the,deve1opment of the aerial part of
§> the p]ant has atso been extensivé]y studied. Cutcliffe and his assoc- ,
iates (20) working on the effects of severa] nutrients on broccoli
plants have shown that a good phosphorus supply 1ncreases the terminal
(centra] inflorescence) and the 1atera1 (ax1]1ary sta]k) growth
Increases in y1e1d ear11ness and phosphorus content in tissue, samp]es

were also observed dur1ng their exper1ment D. Oprea (50) in exper1ments
conducted on grape v1nes observed that phosphorus def1c1ency was _respon- |
's1b1e for a decrease in t stem d1ameter, 1n the wood/p1th rat1o, in
the number of hard ph]oem ]ayers, in the amount of ph]oem in the vesse]s
and the starch supply . | | |

Another effect associated with adequate phosphorus fert1]1zat1on is
an increase in y1e1ds | Khupse and Ka]ke (36) work1ng on- cabbage plants
have shown that a d1rect result of 1ncreased phosphorus levels was an
]ncrease in head we1ght dry matter -content and total yield per acre.

Similar resu]ts were observed in beans by Mascarenhas and h1s assoc1ates

in Braz11

F1na 1y a good supp]y of phosphorus has been shown' to hasten matur-
_'1ty, as will begreported in more deta1], in a 1ater sect1on of th1s rev-

" iew of ]'terature

"II) The Role of Phosphorus in P]ant Metabo11sm

N

P osphate metabo]1sm 1n p]ants 1nc1udes three distinct phases (75)
The f'rst phase 1nv01ves the absoﬁﬁtﬁon of inorganic phosphates and the1r
comb'nat1on with organ1c mo]ecu]es or rad1cals | In. the second- phase

.thede - pr1mar11y\phosphory1ated compounds transfer the phosphory] group

\ .
to other molecu]es This step is known as transphOSphorylat1on,~an the
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th1rd’and final phase phosphate or pyrophosphate is sp11t from the

phosphory]ated intermediates e1therlby substitution of an organic radical

or by hydrolyticjcleavage.

The ox1dat1ve reductxon potent1a1 energy set free n 0x1dat1ve meta-
b011sm is the main source of energy for the 1ncorporat1on of phosphate

P
'1nto;organ1c comb1nat1ons.

. ;The potenfiai_energy that can be released by thekenergy=kich phos-

phate,bpnds‘gives phosphohus the key;ro1e itihas in-plent metabolic reac-

. tions where the phoephory1ated cdmpoundsesuth as ATP_can act asvehergy

| carriers.. | | | | | “

Phqsphohy1atfpn (39) is the:biochemica1 procesé by which phosphete ;

dr phosphohyl radi¢a1s are transported, by a trahsfer reaction, to an |

acceptdr, 1ncreaéing the'reectivity of the compound, lowering the h

enefgyvbarrjers,ahd,pvercomjng'otherwise unfavorable thermodynamie condi-

" tions. - - | | . p‘ : A_

- The role of "these compounds in gTyco]ySis, Krebs cycle and certain
aepects of photosynthesis is very_we11'known'anqgas‘ear]y as 1952‘anh

| exce11ent_review*dea1fng with this matter wae written“by Harry~G. Albaum |

@ .

- Phosphorus a]so has a key role in the synthes(i\pf nucleic acids and”

in. the 1nterconvers1on of sugars. bw'l | ; ‘:) |

The - ava11ab1]1ty of phosphofructok1nase and ATP seéms to be a factor

| of maJor 1mportance an carbohydrati metabo11sm

The 1mportance of the exchange of phosphate between ATP. and 1norgan1c

: pyrophosphate in the synthe51s of prote1ns could be descr1bed, accord1ng

to.G.C. Webster (82) by the following schemat1c process.

9



‘ Step 1 .'Amino Aeid Acﬁivation‘

Mg++h
AA + SRNA + ATP .~ < AA - SRNA + AMP + Pyrophosphate o

<

-Step 2 Peptide bond formation - o '
- - o v
o . GTP Y | __
n(AA - sRNA) + Ribosome <+ Polypeptide attached to Ribosome + nsRNA
}

v

Step 3  Release of polipeptide from ribosome

) ] I Lo . ++ ) . Lol
Polypeptide attached to ribosome ~-—= 5 Polypeptide + Ribosome

Finally phosphorus is a constifuent'not only of the sugér'phoSphates
and phospholjpﬁos but‘a1so of nucleic aoids,hnuc1eotides, phytic acid ahd'.
hcehtain ooehzymes (21)‘a11 of which are-heeded forlplant growth and devel-

v

opment.

iil) ‘Effects of Physiological Age and Translocation on Phosphorus’Levelsv

of H1gher Plants.

’ Phosphorus (unl]ke ca1c1um mqngahese or boroh)'is readily redistri- .

buﬁﬁd'within'the p]ant. Dur1ng periods of phosphorus deficiency,a large

'_proport1on of the phosphorus available in o1der 1eaves may move to other

. more actively grow1no areas such as mer1stemat1c t1ssues in younger p]ant§
. or; at_a later stage “to. f;::ts and seeds where a ]arge proportion of the
.phoSphorus fn EFtUre p]ants is located, becoming accumu]ated there;dur1ng
their deve]ooment (43) v‘Studies wifh radioactive phoéphorus as ear1y es E

"1940'(4) ‘have shown additional ev1dence of the high mob1]1ty of this
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eiement. Thus, physio]ogica1 age does-have a marked inf]uence on the
accumu]ation 1eve1s‘and phosphorus requirements of different tissues.

- +B.TY 60011 and assoctates (18) in experiments conducted in Macadamia
trees in Hawaii have‘shown that the jnf]ﬁence'of‘phosphorusvavai{abilityb‘
on vegetattve growthtfs on1y important in young p1ants while at ]ater
stages its effect is 11m1ted to the y]e]d of nuts produced »

Similar effects were observed in tomato p]ants by Arnon ahd S
- Hoagland (5).‘ Plants f1rst were grown for five weeks at adequate phos-
r‘phogus levels r-when phosphorus was later. exc1uded trom the'nutrient
solution a detr1menta1 effect on the vegetat1ve growth was on]y observed
when the plants were allowed to flower and F?uit normally stnce to be able
to supply these(h1gh1y act1ve organs with adequate P 1evels, a red1str1bu-
tion, even from the younger vegetative tissues towar%& these organs had
to take place within the plant. when p]ants were def]owered this redis-

tr1but1on was not necessary and a normal vegetat1ve growth was- observed

I

" IV) Re]at1o€£h1p Between Soil Nutn1ents and Phosphorus Levels in

P1ant Tissues .

The total amount of phosphorus in plant tissues is directly dependent,
on aVai]abj]ity’tn the-nutrient solution (17). Expertments conductedFOn
-strawberries by Roberts and Kennorthy (60) have‘a]so‘COnfirmed this fact.

However -the .level of other'nutrients‘inpthe.soiltsolution can also
have a definite‘effect.on'phosphorus'uptake_by the plant. ‘Thevredation;’
¢ shippbetneeh:phosphgrus and nitrogen has been'eitensive1y.studied..

. Although generally it has been reported (1, 35) that an increase



~in nitrogen levels in the soil solution produces a decrease in the

phoSphorus content of plant tissuez this effect appears to be dependent

'on the source of n1trogen used.
While th1s prev1ous assert1on is true for N03-N, exper1ments conduct-

ed by C.R. B]att"(lo) h 'Acad1a stﬁﬁyberr1es and by Horada and associates

on young p1ants of severa] spec1es (32) indicate that NH4—N has rather the

opposite effect, i.e. '1ngreas1ng phdsphorus uptake by the'b1ant. Increases
in phdaphorus lTevels in the nutrient solution however, have atways resulted
in increases in the nitrogen levels of plant tissuee.. This 1ncreased nitro-
Qen has been reported by Y&da’and-Okamoto_(85) tO'he mainly as protefn‘in
in leaf tissue of citrus plants, and by J.N. Daviesv(ZO) as nitrate in the {

tomato fruit. .

LN

The ratio of N to P has been fdund to be‘a'better'index-for determjn-

1ng‘tertilizer requirements than theﬂactual'Tevelé of these nutrjents pre-

sent jn'tissde anaiysis: considered fndependentTv ( 22,38).' -
Srivastava and Agrawal (68) in avstudy‘of the fer;dTization of sugar

cane have shown that the level of P205 present in tﬁevsoi1 nutr1ent solu-

l.?W

o t1on is cr1t1ca1 if! heavy app11cat1ons of nitrogggfare app11ed

‘Calcium and magnesium also.have a marked ii 1uence on phosphorus’
uptake due to theveffect that'soil pH has Onh§§g avai]abi]ity of this

nutrient in solut1on At‘ldw pH vaki

"ﬁﬁ, n soils high in aluminun and
iron, phosphates are rendered 1ess'aw%}f“hs ‘due to the1r reactwon w1th
;these elements. The add1t1on of a }1ma‘;
inum and 1ron 1ons, thus increasing the 1eve1 of ava11ab1e phosphorus.,
However, if 1iming is continued to a po1nt where 5011 pH increases o
much over the 7.0 pH level phosphorus ava11ab111ty w1§% decrease ‘once :
)

more due to the preeipitation_of it as ca]cium»or magnesium phosphates‘( 75).
- ‘ . . . PR ‘ _
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Theva]UminumEphosphorus ratio is very importanthin the uptake of
phosphorus (g4) due to the pinding eftect of the aluminum ton; |

An increase in coba]t (6) andiboron (49) levels in the soil solution
has been shown to have a positive effect on phosphorus uptake by the p]ant
and on the 1eve1s present in leaf t1ssue

Génera]]y adequate levels of all plant nutrients are directly or &
indirectly required‘for‘a»norma] phosphorus uptake and turnover by t
plant since p]antS'suffering.from'deficiency or toxjcity symptoms_of any
nutrient are bound to have a genera]vimbalance in their metabolic activi-

- ties and thus will affect'thE'presencé~ofiphosphorus in tissues.

V) Other Factors Affect1ng Phosphorus Leve]s 1n Plant T1ssue

Other factors also have an 1mportant effect on the uptake of phos-
: phorus
Low -osmotic potentfals'have been shown to decrease'thefphosphorus
uptake by beetroots in'a study conducted py-Resn{ck and:?1owers (58) in
9. e SN
- Soil moisture also has a direct 1nf1uence on phosphorus'uptake. |
R.M. Thorup (74)Ymeasured the phosphorus uptake by tomato p]ants under '
controlled soil moisture conditions.’ Decreases in soil mo1sture 1eve1s
produced a marked decréase in phosphorus uptake by the “ants Wilson,
(84) in experiments done on one month 0ld Trifolium sut terraneum - . i;;;
p]ants'at different 1eveis of moisture depletion showed that the
. amountvgf acidvsoluble phosphorus compounds decreaSed markedly when the -
relative turgidity.was‘lon Decreases~of 50% or more were ‘found in most‘
phosphorus compounds in w11ted plants in which re]at1ve turd1d1ty was f\
iE?O 45% Large decreases in the concentrat1on of these compounds were

—

5
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‘a1so found at leuels of 70% relaﬁiue turgidity while a rapid increase in
, concentration was_observed when plants recovered fU]]}Eﬂﬁgidity under
proper moisture levels. |
Soil temperature has a marked.effect)on phosphorus absorptjon

. Carter and Lathwet] (17) on exper1ments conducted on exc1sed corn roots
;"vhave reported that the Q]O of the orthophosphate absorpt1on is approx1—

- mately 2, that is that for every 10C increase 1n temp rature approximat-
ely twice the amount of orthophosphate is absorbed by the roots.

"The use ofsgrowth-regu1ators has also been reported to affect‘phosj"

phorus content in plant tissues. ,Generally'higher"amounts of phosphorus,f h

in t1ssues and a faség;\:ptake of ‘this nutrient have been reported by
authors work1ng with these substances (16 34, 51). -However Fedorov (23)
working on app]es and go]den currant cuttinas reported that IAA and 2 4.-D
app11cat1ons 1nh1b%ted the absorpt1on of - phosphorus by these spec1es
Carbon dioxide enrichment of the atmosphere has been reported by
E T. McEvoy (42) to increase the rate of uptake of phosphorus in chrysan- |
themums, geraniums, and cucumbers at ranges between 500 and 1500 ppm . of |
carbon dioxide concentrations. | |
F1na]]y some other factors such as air temperature and 11ght cond1-
tions may also affect phosphorus uptake ma1n1y through the1r effects on

~plant growth and metabo]1c act1v1t1es

N

VI) The Relationship of Phosphorus Uptake and Content 1n Plant T1ssu°s

to Ear]1ness

Phosphorus fert111zat10n has been claimed to be respons1b1e for
‘hastening maQUr1ty In exper1ments done on tomato p]ants in Bo]ogna

Italy, (26) increases 1n phosphorus fert111zat1on were shown to 1ncrease



commun1cat1on)

11
A o |
the size of the fru1ts and to hasten matur1ty S1m11ar resu]ts were
obta1ned,by J.S. Brar and associates (12) work1ng on ;pe same spec1es
According to A.L. Sommer (66),the effect of phosphorus on maturity
is probab]y due'to the increase inlqrowth that higherllevels of this

nutrient can promote, ‘growth that a]]ows the p]ant to take up other ions’

‘at a fasfer rate. These 1ons may thus become ]1m1t1ng factors respons1b1e

for the hastening in matur1ty

Mtt. Pandita (53) 1n>exper1ments conducted at the bniversity-of .
Alberta on tomato,gradish; cabbage and‘1ettuce;p1ants found thot a cor--
re]ation'existed'betwé%n'total phosphorus. present invleaf’tissue samples

and days to maturity. Studies were conducted on cultivars of these crops

with dﬁfferent maturity periods. With each of these four crops a signi-

 ficant correlation was found at some.stage of growth between ear]iness

and phosphorus content’in .Jeaf tissue samples. Correlations were greater

at the.ear]fer stages ot‘plant'growth‘_ For cabbage’and radish this‘cor-

4

‘relation was found to be pos1t1ve whereas for tomatoes and ]ettuce the

corre]at1ons were found to be negat1ve
He tentatively oonc1uded that in the case where p051t1ve correlat1ons

were ~found, a. h1gher phosphorus Tevel in p]ant t1ssues maght help 1n

'hasten1ng phys1o1og1ca1 processes, but no poss1b1e exp]anat1on,¢w1th the

data ava11ab]e, ‘could be given for the negat1ve corre]atlons a]though the

poss1b1]1ty of these resu]ts be1ng dependent on genet1c factors was.

mentioned.

- Later exper1ments conducted by E B Casement have 1nd1cated cons1d-

erable var1at1on in such corre]at1ons re]at1ng to cu]twvars (personal.
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B. The Role of.Calcium in Htgher Plants and Its Relationship to' Earliness.

\

1)~ The Importance of Calcium in Play

4

f Nutrition

Calcium is an e1ement requ1red all h1gher plants. = v

Its uptake 1s in the form of Ca jon wh1ch taies,p]ace majnTy from
the soil solution and probab]y, toa 1esser extent by:the processiof -
contact eXChange (75) v |

Calcium is necessary for root e]ongat1on ' Ekdahl as reviewed by -
Brayer and Stout (14) found in studies conducted ot the roots of wheat
plants that ﬁh the presence of caﬁcium salts six times the elongation of
- root hairs is prddUced. This was attributed mainly to the effects of
‘ca1cjum on pH. | | .

. <H. Sorokin and A;L. Sommer (67) have shown that ca]cium is necessary -

X

% . ' ‘ .o . S . L
for the continued growth of apical meristeRs 1n Ficws sazivier roots where,

in the absence of calcium, mitotic divisions be e aberrant or“suppressed.

High external calcium levels have been reported by H.E. Street (69)

~to cause stuntingvof‘root hairvgr0wth-presumab1y by'hardening the”growing
'ftih; . S o | ,
Studies done by Barke and Menary (7) on tomato ptants-where‘ca1cium

def1c1ency was 1nduced through the use of ammon1um sa]ts, determ1ned that i
" calcium def1c1ency may cause Pwth Rot. Fo11ar sprays of ca1c1um were found'
‘to offset yleld reduct1ons resu1t1ng from moderate fert111z1ng w1th (NH 4)2.

304, High total ca1c1um in the p]ant was d1rect1y re1ated to a marked

decrease in fruit yields. B - o '_; o o -

L d

Y. Miura (45) reported that 1ncreas1ng 1eve1s of calcium in the R

nutrient so]ution»decrease general growthﬂand\Take the 1eayes 1eathery

el
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in appearance 1n studies conduct on Cuclanen pereicum“pTants ‘

These apparent c dictions on*the enhanc1ng or 1nh1b1t1ng ’fect
of calc m on pTant growth and part1cuTarTy on root growth m1ght be ~
exp1a1ned in the 1ight of evidence obta1ned by A. Wallace (80) ‘that caT-
‘T cium is needed only in trace amounts by h1gher plants, whereas the usuaT
Targe TeveTs utilized may pr1mar11y only detox1fy other eTements Bush
beans grew very weTT when ca1c1um content of Teaf tissue was onTy 210
ppm;and that of the root,t1ssue 350 ppm (on a dry we1ght,bas1s). To .
obtain normaTlpTants at very'Tow levels of calcium in phe nutrient
solution it‘wasvneceSSary to redﬁ%e'the TeveTs of other cations 5f¢h as
’1ron magnes1um and copper s1nce they were otherw1se toxic. .
_‘ Another effect of caTc1um on pTant growth is to reduce the 1nc1dence
:'of some phys1oTog1caT'd1sorders such as Pith Rot and Blossom End Rot (8. E.R.)
;.C.R M1111kan and assoc1ates (45) found that on tomato pTants B.E. R |

| T icidence decreases w1th the presence of: h1gher levels of caTc1um and that
the K:Ca ratio was, higher Ain fru1ts affecled by thTS phys1oTog1caT d1sease

B .The main effects of’ ca1c1um are probabTy due to its effect on- the |
so11 pH.. The va]ue of T1qﬁﬁ% has been known from’ ant1qu1ty The earTy
dweTTers of Aeg1na app]1ed marl, soft unconsoT1dated depos1ts of ca1c1um
carbonate to their Tand and the Romans who Tearned its use from‘the;

Greeks and GauTs even cTass1f1ed the var1ous T1m1ng mater1als Columella
'and Pliny made recommendatqgns “for' 1ts use. o

The 1nd1rect benefits: that ca1c1um thus prov1des are muTt1p1e (75)

e,

»

The ava1Tab1T1ty of m1croe1ements, with. the except1on of moTybdenum
increases }ﬁth a decrease 1n the so1l pH value and th1s can have serious’
consequences due to the toxic nature of many of these eTements at anyth1ng

"_ other than mJnute_concentrations._ ATumfnum and manganese soTub111ty

L3 L
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- increases with a'decrease in soil pH and this, in addition to its toxft

'effects, canvinterferé’wfth the?adsorption of magnesium and other basic
cations 1nc1ud1ng ca1c1um 1tse1f Mo1ybdenum deficiencies arevrelated
to low pH values in the so11 | | ' .

| Detrimental effects on n1tr1f1cat1on also take place . at Tow pH
values and 11m1ng with ca1c1um salts can counteract this effect espec1a1—
i ly since most of the organ1sms‘1nvolved in the n1tr1f1cat1on of ammonia

requ1re large amounts Q§ active ca1c1um

Decomp051t1on of p1ant res.idues and breakdown of organ1c matter is
A

also reduced in ac1d so11s N1trogen fixation, both symb1ot1c and non-
symb10t1c is dlso affected in acid soi]s; ~Calcium salt, by raising the

"~ pH values of the soil can exercise a favorable.effect on all these
phenomena S _ ’
. . [

F1na11y the structure of fine textured soils may a1so be 1mproved

by ]1mfhg due mainly to an increase in the organic matter content and,

to a lesser extent, to themfloculat]on,of calcium saturated»col]o1ds (75).

PN . .
- !

I1) The Ro]e of Calcium in Plant Composition and Metabolism.

Ca1c1um is found in abundant quant1t1es n 1eaf t1ssues where so11d '
-deposits of'ca1c1um oxa]ate$ahd\even ca]clum carbonate are sometimes,
found aTong-the vaécu]ar'bund1es of these organs. Su]fate;and phosphate
iione probably also contribute inaoluble ca]cium sa]ts in sone cases.
However much of this'e]ement'is found 1in plants in-the vascular sap where
1t often prec1p1tates as crysta]s of ca]c1um oxalat% ‘Calciunwis‘aTéo
found in the cell walls where it 1s be11eved to form re]at1ve1y insoluble -
salts by reacting w1th,pettiC»ac1dslin the m1dd]e lamella. These ca1c1um
pectatesnare-genera11y,accepted to act°as cement between'theradjacent f

. A L
. . ) B . . . . 3



primary;wa}1sﬂSO;that the cells of a tissue remajn"bOUnd to one another.

According to Salisbury and Ross (63) th1s could exp1a1n why ca]e1um
\\;:geficiencies cause a marked 1nh1b1t1on of bud deve]opment and death of
' .root tips s1nce ce]] d1v151on is most active in these mer1stemat1c areas
. The cell plate that d1v1des two daughter cells is r1ch in pect1c sobstances
: and under normal c1rcumstances it wou]d become the ce]] lamella. 'Perhaps,
; these -authors advance, ca1c1um performs an essent1a1 funct1on 1n its syn—"
thesis and stab111ty o ' )
In h1gher p]ants at‘]east ca]cium is needed in low concentrations
in membranes to ma1nta1n the1nﬁproper structure and d1fferent1a1 permeab11—
‘1ty character1st1cs i
Calcium also forms salts with other organ1c ac1ds and may enter 1nto
comb1nat1on w1th protein molecules.. v | .
,;)'\ It s poss1b1y 1nvolved in bxnd1ng'theAR.N.A; to the protein in the
chromOSOme andiitsodeffictency cap*cabse.chromosome fragiTity.(21)
Ca1c1um 1s also known to have a ro]e in the nitrogen metabo]1sm of
plants and appears: to be 1mportant in the reduction of nitrates. tn p]ant
- .tissues (44) |
: Ca1c1um is an essent1a1 part of the mamy]ase enzyre, that is d1rect1y
‘qﬁnvo1ved in starch d]gest1ons and ca1c1um is also requ1red as a cofactor

by some other enzymes involved 1n the hydro]ys1cbof ATP and phospho]1p1ds

F1na1]y there is some suggest1on that the a sorpt1on of calcium 1n

' combxnat1on w1th other cations may be essent1a1 for the synthes1s of

-

organ1c acids whereas trad1t1ona]]y it had been cons1dered that the forma-
‘,t1on of calcium sa]ts of these acids prevented their accumu]atIOn in tox1c _

‘quant1t1es w1th1n the ce]]
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III) The Effects of Phys1oIog1caI Age and Translocation an Ca1c1um Levels

in H1gher PIants

Calcium isd reIativer immobiTe in.plan& tissues and Will not move -
vread11y when it becomes def1c1ent in the’ nutr1ent solut1on and, in contras
to phosphorus ‘and potass1ﬁm more calcium is present in the older than in
the younger Ieaves S o 1‘.( -

However H. Saitoh (62) reports that in caIcium defjcjency-situations
in tomato plants this ion is, transported from,the Iower, oIdeé%?éaves; to
the newly formed ones and the Iower the calcium status 1s in the pIant
the greater the transport. rate If caIc1um status is h1gh the oppos1te
flow m1ght occur -Bas1ca1]y, s1m1]ar cond1t10ns have been reported on
bpeanut plants by Burkhart and Collins- (15) where . crvsta]s of ca1c1um
oxaIate 1n oId Ieaves d1sappear at t1mes of severe stress and are
' reformed in very y0ung Ieaves 1nd1cat1ng that some deqree of red1str1bu-
‘tion takes place. | |

‘The quest1on st1II remains whether th1s red15tr1but1on of caIc1um
i1s suff1r1ent1y rap1d or complete to meet the metaboI1c requ1rements of

%

the younger t1ssues . : k ‘ . . N

CaIC1um appears to have more 1mportance dur1ng the ‘early stages of
P _
‘p]ant growth when there are very h1gh mer1stemat1c act1v1t1es

AL Hernando and assoc1ates (30) have reported that ca1c1um levels in
tomato sap decreased constantIy dur1ng the plants deveIopment and that

th1s decrease was part1cu1ar1y ev1dent dur1ng the f1rst month after thetr
';germ1nat10n '
These authors also found that the Iower the caIc1um level- the more

- read’ ‘y N was absorbed and that the dry matter content was h1gher when

vadeqmate N and: moderate amounts of ca1c1um were prov1ded

»
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~TV) The Relationship Between'Caioium,and Ear]iness
- A]though no report linking calcium levels to early maturity was l
found its 1nf1uence on growth and ion absorption may have. a marked
effect on this phenomena.

If we accept Sommer'S’hypothesis regarding the inf]uence of phos-
phorus in enhancing‘eariy‘maturity (66) similar effects could be due to
ca]cium; Since its action in promoting or inhibiting the’uptake of’othen.'
“ions would be due not on]y to the increase in growth it may cause but
also due to its effects on the avaiiability of the other ions in the soil
soiution " This factor however is much more compiex for calcium than for

- phosphorus.

Recent experiments by.D A. Hegwood (29) on.the effects of soil cai-
cium ]eve]s on minerai concentrations in 1ina bean seediings have shown
that increases in ca1c1um levels also increase the amounts of barium,'
copper and the Ca:Mg and the Ca:Sr ratios in above ground -tissues while
‘detreasing}the»]eVeisqof'P, K,_Mg,iZnQeMo, Mn, Fe and A]. In root tissues,‘
only the calcium levels and the Ca:Mg ratio were increased while. the P,

" Ba, Zn, B, Mo'and:Mn levels decreased. ‘Theseueffects,va]though.benefioiai
pin detoxifying some ions that. otherwise would be in toxic amounts might, .
through the reduction of phosphorus, de]ay.maturity

Furthermore high calcium ]eve]s appear to inhibit rather than pr0mote :

- growth (7 46, 49) by prec1p1tat1ng phosphorus as ca1c1um phosphates, thus
making 1t unavaiiabie Ca1c1um also, by hardening the root tips, can |
,inhibit‘root hair growth., These efiects couidvbe-factors in delaying
maturity. | , | N - |

| “Calcium has aiso been found in: experiments dorie in cot on plant ceﬁ]s'

: Eby Rehfe]d and Jensen (57) to reduce the movement of a]l types of products

-".‘ . M -, . - RN
RS :
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such as photoé“nttetic products, amino acids and'organicxacids. This in
turn m1ght reduce the metabolic activity of the plant and thus retard

maturat1on

It would aopear that if any relatiOnshfo*existé hetween ear]inesé'
and calcium levels in the nutr1ent solution or calcium levels in the
p]ant it would be very dependent on the amounts of calcium app11ed and

4'“0f the balance of other ions, wh11e small amounts of ¢alcium that

| m1ght he’ requ1red to detox1fy other ions and-to form the middle 1ame11a

2 cou]d enhance growth and thus have a pos1t1ve indirect effect on maturity,
‘1arger amounts, when these funct1ons have a]ready bees : fu1f11led cou]d
have the opbosite‘result. | |

\ Finally recent experiments'in corn and'rumex p1ants'hy Poovaiahh
and Leopold (56) have shown that added ca]c1um de]ays leaf senescence due
to the fact that senescence 1s probab]y a consequence of the deter1orat1on
of membrane compartments in the 1eaf cells.
By retardwng senescence, calcium app11cat1ons could also 1nf1uence
'maturity. _Especially in leafy crops matur1ty cou1d be con51dered to be
retarded by this: effect since they are harvested at a senescent staqe
However senescent leaves have very 1ow metabolic activities and extreme]y
Tow or negat1ve net ass1m1]at10n rates. By k86p1n§ them active for a

longer per1od of t1me an actua] enhancement of matur1ty m1ght be- ach1eved

 due to the faster growth induced.

‘
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C.- Factor S Affect1gg Shoot: Root Rat1o and Its Possible Relat1onsh1g

" To Early Matur1t1 | *

The shoot root rat1o is 1nf]uenced by reciprocal corre]at1ve 1nf1u- |
ences between the roots and - the aer1a1 parts of the p]ant (44, 24).
Environmental conditions are respons1b1e to a large extent for the'kind
and magnitude of these corre1ative inf]uencesv The nutr1t1ona1 factors,
n1trates in part1cu1ar, seem to be one of the most 1mportant var1ab1es
vdeterm1n1ng these relationships. |

H1gh nitrate ava1]ab111ty in the nutrient media has been s@own by
Turner (76) to 1ncrease the shoot:root rat1o This is mainly due to the
~influence n1trates have on' the 1nterna1 food re]at1ons of plants
At 1ow nitrate concentrat1ons most n1trates ‘absorbed are ut111zed in
 the. synthes1s of am1no acids n the roots and the carbohydrates neces-
sary for this process are trans]ocated down from- the Ieaves, these am1no
acids in turn, are used in. prote1n snthesis dur1ng root growth The
_‘tops, to wh1ch a very sma]] proport10n of the n1trates is avaw]ab]e‘
~are therefore somewhat def1c1ent in prote1ns

When more.n1trates are present in the nutrient»soTution a ]argerﬂ
proportion of them 1s awa1]ab1e to the shoots . The shoots may’ thus N
synthesize more protoplasm1c prote1ns wh1ch 1n turn may enhance vege—
tat1ve growth ‘

. Another 1mportant factor that 1nf1uences the shoot root ratlo ts o
the supp]y of carbohydrates w1th1n the p]ant (44) A decrease in photo—
‘synthet1c rates or any other factor decreas1ng the amount of carbohydrates
will in genera1 increase the shoot: root ratio while qts 1ncrease w111, in

o
contrast deérease this 1ndex

P]ants grown 1n the shade for examp]e have hxgher shoot root ratios
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»than th?;?ﬂ?i_SXEHﬂ;Eﬂgﬁf adequate Tight intensities.

Cont]icting reports are given for the effect of removing f1owers/r
and deyeloping fruits. Meyer and Anderson (44) 1nd1cate that removal of
foliage. decreases the shoot root rat1os mainly by 1nduc1ng an 1ncrease
‘_1n root growth.  Van. der Post and Van der Meys (79) in exper1ments con-

ducted on tomatoes, cucumbers and capsicum peppers reported that the
“removal of flowers and fFUItS in these crops kept the shoot:root rat1o
constant.

The re]at1onsh1p of photoper1od1sm to shoot root rat1o has been
_j’stud1ed by Roberts and Struckmeyer (61) and reported on by Meyer and
Anderson in the1r P]aht Physiology textbook. These authors found that.
1ong day p]ants haveﬁhlgher shoot root rat1os under lono ohotoper1od
conditions. Short day p]ants have h1gher shoot root ratios under short
'_.photoperiod cond1t1ons. | | | |
Available mo1sture has also been proven,‘as ear]y as - 1914 to
_ 1nf1uence tnts rat1o in exper1ments conducted oy F.S. Harr1s (28).

It is evident that shoot: root ratios are 1nf1uenced by many factors
and may 1nf]uence earliness in severa] d1fferent ways depend1ng on the
part1cu]ar cond1t1ons of the p]ant and of the environment under study

H1gh shoot root rat1os appear to be d1rect]y corre]ated to an
1ncrease in growth - This would probab]y enhance matur1ty accord1ng to
' A L. Sonmmrs hypothes1s (66) referred to in the phosphorus review. On

tthe other hand Tow carbohydrate ava1]ab1]1ty in: the plant can produce .
?tvery h1gh shoot root rat1os whereas hiah carbohydrate ]eve1s are associated

w1th Tow shoot.root rat1os S1nce carbohydrate concentrat1ons increase

w1th maturity, shoot root ratios - cou]d he expected to ‘decrease with
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advantage for a faster uptakeYOf the e]ements reigﬁr

,'n

nutrition. These e]eméhﬁﬁ%can "ventua11y becomefﬂa 153”9 factors and

10'4,

‘é’

thus” enhance matur1ty

e

to investigate this poss1b1111:y’“3g 7 ."' o .
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D. Factors Affecting Net Assimilation and Its Possible Relationship To

Early Maturity

& . . S
I) ~"Net Assimilation In-Relation To Earliness

The net assfmi]ation of carbon dfOxide by the pTant can be defined
as the difference between the amount of carbon dioxide taken up by photo—>
synthesis and the amount released by respiration per unit t1me j o effn

The changes that occur hour by_ h0ur:and day by day in this net
ass1m11at1on process are 1arge1y respons1b1e for the product1v1ty of
vegetat1on, e1ther w11d or cu1t1vated (41) since this is the main process
that plamts have to increase 1in dry weight and thus proouce heaTthy growth.
. Therefore it is very probab]e ‘that net asswm11at1on rates have a
basic 1nf1uence on: the early matur1ty of spec1f1c cu]t1vars of crops
| The fact that spec1es from areas where the grow1ng season is short
appear to have a re]at1ve1y high. photosynthet1c capab111ty, com%enlatwnq in
part for their shorter growth.per1od (44) seems to OOrroborate this fact.
ThiS'capabitity seens to .be related mainly to their CapaCity to take better
' advantage of. severa] factors such as 1onger daylight hours They appear

Lo Y

to 1ack the photosynthetlc eff1c1ency which some trop1ca1 plants such as

‘ Severa] factors or comb1nat1ons of factors can affect net assimila-
tion- rates due to their effect either on photosynthe51s, dark resp1rat1on

photorespwratwon,.or on a]] three.

I1) Factors Affecting;Net Assimilation

Before go1ng 1nto the d1fferent fa affect1ng net ass1m11at1on

Tt s necessary to rea11ze that even 1f for ;1mp11c1ty purposes we norma]]y
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talk of ”méximum”, "optimum" and "minimum" va]uessfor'each of . them, really

et

-

these values do not exiét as such. In net aSéimi]ation,»as in most other
metabolic processes, we are not looking at fndividual tota11y isolated
factors but rather at a number of them 1nteract1ng with one another ﬁnd ‘
" the rate of the process is limited by the rate of the "si-west" one.
-Thisvprin;ip]e was enunciated by Blackman ('9) in his ”Princip]e of
Limiting FacforS". With this in mind let us proceedbto briefly review
_ soﬁe of these factors. , |
| Carbon dioxide concentration in the atmosphére plays a maiak role
in. photosynthes1s and thus in net ass1m1]at1on “In genéral terms, an
~1ncrease in the concentrwxﬂon of. carbon d1ox1de in the surround1ng atmos- -
“phere inereases ‘the photosynthetic rate, until some ather factor, as light,
becdmes 1imiting, The jnjectibn of carbon.dioxide in the greenhouse '
atmosphére is a well knowh,practicé used particularly by f]oﬁer growér;
to improve growth. S : - e
~ Light is another of the main factors 1n%1uencing net assimilation
since the»eneﬁgy~stored_by green plants ddrihg~pho;osynthesis'can be'sup/”/ﬁv\
Vp]ied bniy byy?ight In genefa1 terﬁs éh 1ncreéée in-light intensity (
produces an 1ncifase in the photosynthet1c rate unt11 some other factor,
usually carbon dioxide, becomes 11m1t1ng The saturat1on po1nt” that Cisie
is the po1nt at- wh1ch no more 1ncreases in the photosynthes1s rate can be
ach1eved by 1ncrea§ﬂng the 11ght 1ntens1ty, even in the absence of any
*Timiting chtors, changes from species to,spec1es and frpm cultivar to
cultivar ahd even within(;ﬁ%‘same plant debehdiné on the pheno1ogicél,'
stage at'which it is“ﬁeaédred This was-demonstratéd"by T.F. ‘Ta]Tihd (70)
in exper1ments on photosynthesis under natura] cond1t1ons

The ]ower 11m1t at which plants can start to photosynthes1ze, even
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" if the other factors are kept at a, so—ca]]ed “optimum“, also varies

depending on the species, cu]tivaruand origin.
The time during which the plant is exposed to light can also have
a bearing on net assimilation rates. ‘Although generally the longer the

exposure the larger the total amount of carbon dioxide fixed, the rates

~ can decrease after a relatively 1onQ‘period of light exposure.

Experwments conducted by Upmeyer and Koller (78) on soya bean '

A

Teaves in net photosynthet1c rates d1urna1 trends have shown that after

10 hrs of light exposure the rate ofrphotosynthes1s starts to decline

to as’ 11tt1e,as 15% of the initial rate by the t1me the p]ants have

: reaChed a 16’hr,photoper1od. A hﬂgh starch 1eve1, 1mpa1r1ng further

synthesis of starch and 1€ading to an increase in-solub1avcarbohydrate_W

level was advanced as a possible explanation of this decline. MNeales

_andenco]I in a review of this hypothesis (48) present extensive

evidence that seems to corroborate‘it They recognize however, that
there is not yet any def1n1te proof that net ass1m11at1on rates and
1eaf carbohydrate content are causa]]y assoc1ated |

| Temperature is:another factor closely re]ated to net ass1m11atwon
Photosynthe51n can occur over a wide range of temperatures | Free]and

(25) has reported that pos1t1ve net ass1m11at1on can.gccur 1n some

species of conifers in temperatures’as low as -6 C. Mayo et. al.

(42) in "in situ" measurements of carbon dioxide assimilation by Drpas

'intcgrif:iig in the Northwest Territories demonstrated that positive .

net assimilation occurred in this species at leaf temperatures as low

., as 1 ¢ and'in_the.laboratory at -4.5 C ( personal connmnication).'

(AN



The other éxtreme is reprg:ented by Tidestronia oblongifblia.
Bjorkman-and Pearry (8 ) o field Studies-conducted in Death Valley,
California found that the "optimum" temperature for photosynthesis in.
thisvplant-was 47 C leaf temperature‘and positive net_assimiﬁaiion'values ’
could be observed at temperatures over 50 C, H1gher temperatures a]so -

“'1ncrease the resp1rat1on rates,ﬁnd thus could have a negative effect

on net ass1m11at10n since resp1rat1onv1ncreases exponent1a11y

T

The re]at1onsh1p between temperature ‘and "1ight has been stud1ed by

,several authors (13 31, 72). P o
: ' " :
.; Taylor and Rowley ( 72 hgve demonstrated that ch11]1ng temperatures
" combined w1th h1gh 1Jght intensities cause a progressive reduction in
the photosynthet1c capac1ty of several tropical and subtrop1ca1 species.
Brook1ng and Taylor (13) have:advanced the hypothes1szthat-thls is
-due to some time and temperature_dependent b]ockages that dewelop in the
1nterconvers1on of C4 pathway 1ntermed1ates and poss1b1y in the flow,
to and from the sites of C4 photosynthes1s, of other 1ntermed1ates
5 Nutrlent ava11ab1l1ty also has a marked effect on net ass1m11at1on
&XJ ‘ The. 1nfluence of phosphorus, a nutrient related to ear]wness as’
ﬁ%rev1ous1y reviewed has-been studled by Terry and U1r1ch (73) In -
' exper1ments u1th sugar beet (Bata vulgarLQ L var. F5855441) cu]t-. .
"1vated hydropon1ca11y under standardized env1ronmenta1 cond1t1ons,.phos~
‘_phorus\was removed from the nutr1ent so]ut1o§32& days\after germ1nat;on
Leaves - grown w1th adequate phosphorus supp]y showed rates of CO2 r1xat1on
.three times as. hlgh as those of plants where the phosphorus supply had
_been d1scont1nued This decrease 1n rates was associated w1th 1ncreased
Vmesophyl] resistance during the first 15 days and with 1ncreased eaf

N
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(mainly stomatal) diffusion resistance in ™e next 15 days. Phosphorus
deficiency has also beentassociated withlﬁncreases'in chlorophyli con-

tent in-leaf tissues (55). R

-

Most other nutrients suchmas N,.Mg; K, etc. a1so havevah1arger or
1esser”effeCt.on netdassimilatton since!any deficiencﬁes'can;a]ter-the -;_
metabo1ic'ba1ance ot the'p1ant. *
water"stress and osmotiz,potentials~(i.e. salinity) arevother‘we11
: known environmental factors t#at influence net ass1m11at1on |
F1na1]y some internal factors such as ch]orophy]] content hydration::
' of_the protop]asm, accumulation of endaproducts of photosynthesms and

Teaf anatomy have beeniadvanced as being“parttadTy resoonsibleAfor the

N

changes that can occur in net ass1m11%t1on rates.,
A]though ch]orophy]] is the main Q.gment involved in photos nthes1s

its total content does not seem to ‘be” proportionally corre]atefo

‘a551m11at1on rates. _‘ | o ¢ |
Expér]ments by w111statter and Stall (83) demonstrated as‘earTy :
"'as 1918 that there is no proport1ona1 re]at1onsh1p between chqoroph/11
content and photosynthes1s rates in the leaves of ascu]ar p]ants
It is 1mportant to point out however com1ng on Sﬁaga1n to the main
line of 1nterest that 1n exper1ments conducted in th1s Un1vers1ty by ‘r
fM -Pand1ta ESZ) a d1rect negat1ve corre]at1on was found between a+b fﬁ
'ch1orophy11 content in leaf t1ssues and days to matur:%; of d1fferent |
4'cu1t1vars in three vegetabTe crops./:The shorte(’the_grow1ng period of "
‘the cu1t1var, the 1ower the at+b ch]orophy]] content 1n leaf t1ssues
“ This in turn could be re1ated to the phosphorus supp]y effects we have

prev1ous]y'ment1oned.show1ng once more the-comp]ex1ty of the factors ‘that

regulate net assimi1ation,“»growth“and ear]iness‘infﬁreen p]ants.



27

 PART ONE -

THE. RELATIONSHIP BETWEEN PHOSPHORUS CONTENT OF LEAF TISSUES AND DAYS TO

“ MATURITY OF THREE VEGETABLE CROPS

A. Materials and Methods (Common to Part One and Two).
' ‘ ' ’ e
e
" One fruiting vegetable crop, Tomato (Lyccpersicon eseulentwn L.) and
= . . o ‘
two leafy vegetable crOps cabbage (3
nand-Lettuce (La Ct”c@v ivg var. earizata L. ) were selected for these
.experiments. A fourth vegetab]e crop, Cauliflower (3rassica oleraccx var.

!

bctrutié L.) was e11m1nated from the 1nvest1gat1ons because of the diffi-

& /

-

cu1ty in ma1nta1n1ng the p]ants under grow1ng cond1t1ons ava11ab1e
Cu]t1vars vary1ng in the1r matur1ty periods from very ear]y to very
late and w1th at least 10 days d1fference in matur1ty among them were

ﬁ
'se1ected

Nhenever poss1b]e preference was given to cu1t1vars a]ready we]]
known and performance tasted 1n westprn Canada.
| The days to matur1t'”%ons1dered for the different cu]tlvars refers‘
Eto the commerc1a1 and not to the phys1o1og1ca1 matur1ty.‘ In the case
-of tomatoes 1t referi”toﬁthe time elapsed between germwnat1on and the

date the f1rst 6 fru?“s vgre harVested, us1ng, as the cr1ter1a for har-_

vesting ‘the stage at wh1ch the fru1ts started to show a p1nk co]orat1on

‘ atvthe1r distal ( 1?5 For cabbage and 1ettuce the dates at wh1ch 60" of

the heads viere y/ketab1e was- used as the matur1ty index. Marketab]e
’ "W({:"\

dered to- be .those wh1ch had reached a peak in size and

.\_
N
N

?
\\ l
P
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/

A]though these criteria are, by necessity, qu1te arb1trary, they
are the ones common]y used in the vegetab]e industry and to provide a

certa1n degree of standard1zat1on'the_average days to matur1ty of these

¢

—

cultivars during the years.they.had been tested'at'the University ot»
Alberta,:wefe'used, | .
.Thjs‘was avminimum'of 2'yeans of tests for Burpees Big Boy tomato
e cultivar and;'in‘the maximum case, 9 yeake fOrAthe Ear]& Fireball tomato
cultivar. The average number of years tested for all cultivars in the |
3 species used was 4 years.
| jThe coTtivars tested in these particular experinents wehe\grown:to“
maturity under fie]d conoitions in the summer of 1972 and-againvin‘the
Sunhe} of 19735 and in the oreenhouse of thenPlent Scienoe depertment‘in
' the wwnter 1972-73 and the summer of 1973.
AlthOugh some variation between * hese resutt; and the averages wereVA
9ﬁfound it d]d not eonEd + 4'days in any case except for the’ greenhouse:
winter expefiment‘where a-genera] deiey of about 10 days 1n.maturity.was
ekpekiencedtin all soecies However, the d1fferences between cu1t1vars
in matur1ty per1ods rewa1ned pract1ca1]y constant w1th on]y a d1fference~
of + 2 days -in the worst s1tuat1on~(w1nter greenhouse experjments for
cabbage)’ SO ‘that their relative maturity 1n'ré§P€¢t to éachmotheriwas
not affecteG." | - |
The ‘greenhouse experiments for all species were condocted at thei
P]ant Sc1ence qreenhouses the field exper1ments viere conducted at
“the Parkland Farm of the Un1vews1ty of Alberta. ‘
Simp]e'correlation coefficients.were ca]cu}ateo to’detetmtne whether_
there was a re]ation§h?p beﬁweenfearljness:andbthleactors stud§ ‘ durinﬁi

these investigations.
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1) Lycopersicon esculentum L.

Three experiments were conducted with this crop. - Twe greenhouse

experiments, one in the fall of 1972 and one in the summer of 1973, and -

one field experiment also in the summer-of 1973. Four tomato cu1tiVars

“

were se]ected as follows:

: Days to . E - :
Cultivar Maturity* - Source of Seed

" Rocket 101 - Stokes Seed Co., St. Catharines, Ont.
Early Fireball 1z Stokes Seed Co., St, Catharines, Ont.
Manitoba 124 - Stokes ‘Seed Co., St. Catharines, Ont.
Burpees Big Boy 134 P Robertson Seed Co., Edmonton, Alta.

*  Average days from germ1nat1on to 6. ripe fru1t in Edmonton area.

. \ -

\

-1.. Greenhouse experiments.

The seeds were sown in small flats\using 50-50 UC mixture (Apdx 1)

as the seedling media.

Row spac1ng was 6 cm and the qreenhouge day/11qﬁt temperatures were

) 24C/21C S . A
Two weeks after germination'the plants wé?é pricked out and trans-

planted into 15'cm‘ plastic pots conteining 50-50 UC mixture.

Thirty—six p]énts per cu]tivar were transplanted two p]ants per pot.

The 18 pots per cu1t1var were d1v1ded in three rep11cates of 6 pots '

' ®
and the cu1t1vars were located at random w1th1n each rep]icat1on The

j.purpose of th1s procedure was to prov1de for the poss1b]e environmental

var1at1ons in the greenhouse compartment

Each pot was: watered w1th 50 m1 of a starter solution cons1st1ng of -
t‘ 7¢/1 of 10-52-17.

A second app11cat1on of 10- 52 17 at the same concentrat1on per

: 11tre Mas g1ven two weeks ]ater

[

N

o



2. Field experiment.
- The plants,were started in the same way as forythe.greenhouse exper- "
iments .. . *.
-~ .Two weeks after germination Qhey were pricked out and transplanted
_into wooden flats 30 x 45 X 7751cm with 12 plants per flat. The same
. starter soTut1on as in the qreenhouse experwment was applied. . i -
Two weeks after pr1Ck1ng out the fTats were taken to the Un1vers1ty S
.ParkTand Farm where for a week they were kept in ~open frames for hard-
entng and were. then transpTanted 1nto the f1e1d at a distance of 75 cm
,between pTants and 150 cm between rows. -Single plots consisted of 8
'pTants of a s1ngTe cultivar. There were;four cuTtivars, for a total'of
32 p]ants in each repT1cat1on and two rep11cat1ons were used for. these
aexper1ments |
f The cuTt]vars were random1zed w1th1n each repT1cat1on and two guard
rows of Rocket were used at the ends of each rep11cat n. |

F1ve hundred m111111tres of starte so]ut1on consisting ot 7g/1 of

o 20-20-20 soTubTe fert1T1zer was appT1ed just after transplanting and

thl? app11cat1on was repeated two weeks Tater w

The off1c1a] class1f1cat1on of the SO1T at Parkland farm is.Malmo

‘Silt,Loam‘(TT) wh1ch is an eTuv1ateu black soil developed on lacustrine

‘mater1aT B > . el L

The ava11ab1e nutrTents in soil sampTes taken from the area in

wh1ch the pTants were grown was 62- 67 kg/ha Of ava11ab1e n1trogen,
. 56-62 kg/ha of ava11ab1e phosphorus and 336 kq/ha of avawTabTe
. o

potass1um The so11 contawned a medium amount of organ1c watter and

had a pH of approx1mate1y 5. 7
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Co]]ectioniofFSamplesv o - v
‘Y In_hoth the greenhouse'and.field experinents'the firStbtissue sam{
ples were collected three weeks after germination.
:Dut to the sma]] size ot the seedlings at»this'stage'a11 of the top
.growth from the point of development of the Towest leaf upwards was col-
1ecfed from\one of the two plants 1n each pot. The remainder of: the
,;p1ant ‘Was ‘up- rooted and d1scarded 1eav1ng only one plant per pot In_
the case of the f1e1d exper1ment samp]es were taken from one fu11 flat.
- Five weeks after germ1nat1on a second samp]e was taken fo]]ow1ng .
bthe-Ward method (81). The'fgtth leaf from the growing tip was taken.
éoth'the blade ‘and the petid]é were included. Th1s wa's done for a]] .
p]ants An 417 rep11cat1ons and the samp]es of the same cu1t1vars of
all rep]lcat1ons were - then poo]ed. fAdd1tona1 samples using the sdme
oprocedure were taken 7 and*'9 weeks after germination o .

These pooled samp]es of each cu1t1var were - dr1ed at 60 + 2C41n a

& . " r.,,.
,_,forced draft oven for 72 hours, ground to 3 f]ne powder with the aid. of
a gr1nd1ng machine and thgn kept in hermet1ca11y sea]ed conta1ners to

~ avoid moisture 1nblP1£10n prior to ana]ys1s.

Analysis

k",The-fine:powdered‘samples were aha]yzed’Oh‘aQ"Technicon“ Auto-
| analyzer (59) at the So11 and Feed Test1ng Laboratory of the A]berta
Department of Agr1cu]ture .

| The f1rst step in the analys1< was to we1gh the. samp]es to a tenth
of a m11]1gram approx1mat1on |

‘Samples - were then wet ashed by the nitric- perch]or]c ac1d d1gest1on
. . . 1 .



procedure.' A 2:1 V/V n1}r1c perch]or1c ac1d m1xture was prepared TweTve .

7 ml of this mixture was ad\\d\per each gram of sample, SampTes and diges-

: tion mixture were placed in a Micro- KJerahT flask and a few gTass beads

Tadded The flasks were placed on a hot plate at about 250- 3OOC unt11

“'the d1gest1on was compTeted as indicated by the cTear color of the sampTe

-Upon clearing, the sample was left to cool for 5 m1nutes

| After cﬁx:fng, TOO mT of b1d1st1TTed water was added to each sampTe

and meed.ﬁhﬁ;>buots of 1 8 m1l of these d1Tuted sampTes were then placed

in smaTT vials. The v1aTs were placed on a perforated d1sc aTternated

with v1aTs eonta1n1ng onTy b1d1st1TTed water to avoid any “memory” effects.
‘; The d1sc rotated at one m1nute 1nterva]s exp051ng subsequent vials

to a samp11ng dev1ce that took an allquot of the sampTe and, through a

T connect1on d1v1ded the aT1quot into two port1ons, one for the phosphorus

: ana]y51s and the other for the caTc1um anaTysls _

These port1ons continued to progress through two d1fferent cap1TTary
tubes toward a proport1on1ng pump where each was mixed w1th the requ1red
amounts of the appropr1ate anaTyt1caT reagents The reagents also came
;‘through cap1TTary tubes. | e
| The phosphorus samp]e was m1xed with a compos1te so]ut1on cons1st1ng
of 1g of ammon1um metavanadate d1ssoTved in 300 ml of d1st1TTed water,

d brought to the hoil: and mlxed with 20 g of ammon1um moTybdate d1ssoTved
in 400 ml of water The solut1ons were then mixed w1th 140 mT of nitric
acid and diluted: to T T1tre v

“The caTc1um sample was m1xed f1rst with cresoTphthaTe1n compTexone ‘
p]us hydroxy qu1noT1ne and then w1th a base soTut1on of 0.5 grams of KCN -
'd1ssoTved in 500 ml of d1st1TTed water plus 150 ml of d1ethyTam1ne, then
‘d1luted to 1 T]tre
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The;purpOSe of the hydroxy quinoTine Was to avoid maghesium'ihter—
, ‘
ference. '

Air was also added tovbOth.samples and each was mixedlwith its own
reagents in a double mixing coil. - | . - @? |

The ca1c1um sample was immersed in a water bath at 39C s1nee the
reaction to fo]]ow is very sens1t1ve to temperature and appears to preg-
~ress -better at th]s~temperature. | | |

Fina]]ytthe phosphorus Samp1e{was subjected te a colorimeter deter-

mipatiop with Settings of 420 mu and 15 mm flow ce11; ‘The settings for
the calcium determination were 580 mu'andb8 m flow cel].‘ |

| The resultsvof these two determinations were recorded éihu]taneously_'-
on a chart»withta different colored tine for,each.determinatiOn.

’A_set of standard solutions for bpth phosphorus ahd ca]éium'were |
,run through the autoanalyzer and the resu1ting graphs were used to p1t>tg
the.re3u1ts obtained %rbﬁ the‘experimenta1 samples. The”resd]ts were
expreséed in parts per mi1iion on the ion.in question Parts'per million
data was converted to percentages of phosphorus and‘percentages of ca1c1um

: '1n re]at1on to tota] sample dry we1ght

A detailed f]ow d1agram of the technicon‘autoanalyzer is shown in

Figure 1.

I1) Brassica oleracea var. capitata L. -

Four experiments were conducted with this‘crop: three greenHouée
experiments, in the fall of 1972, the winter 1972-73 and_thé'summer of
7

1973, ‘and one field experiment in the summér of }473. Four cabbage

o
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cultivars were'seJected'as £0llows :

. , Days to .
Cultivar Maturity* * - Source of Seed
Emerald Acre 80 Stokes Seed Co., St. Catharines, Ont.
Copenhagen Early , ,
Market 95 Stokes Seed Co., St. Catharines, Ont.
‘Sanibel 113 ~ Stokes Seed Co., St. Catharines, Ont.
Triple Green . 146 . Stokes Seed Co., St. Cathar1nes, Ont.

* Average days fnomigermination to 60% marketab]e heads in the Edmonton
area.
The same procedures as for tomatoes were followed for this species.
The on]y differences being: : “ |
a) The greenhouse day/n1ght temperatures were of - ]8C/]SC
b) - The distance between plants in the field exper1ment was 45 cm
’and the d1stance between rows was 75 cm. _San1be1.was used for guard
rows. | : |
o) Fhe leaf sambTesthr this crop were taken according to the
Ulrich and Smith (65, 77) method. The y0unge3t fully matured leaf,
1ncldding leaf b]ade‘andvpetio]e; was takenf din'the first sample due?
to the nery ean1y stage of development of the-seed1{ngs_no mature leaves
Were found so the fuT] tops From the o]dest 1eaf upWardS were taken

" For th1s reason ¢1ants were transp]anted at the rate of two per. p]ast1c

pot and afzer the :amp]e was taken from -one - 1n~each pot the rest of that'..

seedling was .discarded, as in the~case of the tomatoes.

Lo T A P _ s

III). Lactuca sativa var. capitaia L.

Three experiments were conducted with th1s crop Two greenhouse
:experlments, one 1n the W1nter of 1972-73 and one “in the summer - of 1973

and one field experiment in the summer of 1973. Three cu]tlvars were ‘
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selected as follows:

‘ “Days to . ‘
Cultivar - Maturity* : Source of Seed
New York 515 _ 103 A.E. McKenzie Seed Co., Edmonton, Alta.
_Premier Great ‘
~ Lakes - 118 .. Stokes Seed Co., St. Catharines, Ont.
Tthaca 128 - Stokes Seed Co., St. Catharines, Ont.

' ‘ " ' = ,'
* ‘Average days from germination to 60% marketable heads in Edmonton area.

The same procedures as for tomatoes., with the same modifications
stipu]ated for the cabbage experiments, were applied for this crdp.

New York 515 was used -for guard rows in the fie]d.éxperiment.
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B, Results

1) Tomato
1. Greenhouse Experiments.

No significant corre1ations between % phosphorus ‘and days to mat-
ur1ty of- the cu1t1vars‘stud1ed vere obta1ned for e1ther the fa11 or
°Winter experiments at any of the four harvest dates., Cultivars did

differ in % phosphorus present in 1éaf tissues.

These results are presented in Tabjes 1 and 2.

2. Field Experimeht

No s1gn1f1cant correlation bebween phosphorus and maturity were
ﬂhobta1ned .on any of the four harvest dates, | |

The total amount of- phosphorus present in the p1ants was s]1ght1y
higher than for the greenhouse grownyp]ants, |

These-results are presented in'Table 3.

In both the greenhouse and field exper1ments the highest- total

S o
phosphorus in leaf tissues was found 5 weeks after germ1nat1on.-

II) [Cabbage

1. Greenhouse Experiments.

a) Fa]] 1972 e;perihente

‘A corre]at1on coeff1c1ent of O 97, s1gn1f1cant at the 5 Tevel was

obta1ned on the samp]es taken 9 weeks after germ1nat1on e s

No . s1gn1f1cant corre]at1ons were obta1ned at any. other7sff-*i”

crop.

The results are presented in Table 4.;



Table 1. The ré}ationship'between'days to maturity and % Phosphorus:'

ccontent of leaf tissue in four cultivars of Lycopersicon
esculentwn L., three to njne weeks after dgermination .

(Greenhouse, Fall 1972).

% Phosphorus'
5%

K4

‘h
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/

{

tissue and days to
maturity '

Cu]tivars Weeks After Germination
3 5 7 9

Rocket i " .54 .74 .56 .62
Early Fireball .64 .74 .60 .57
Manitoba - .73 .73 .63 .64

" Burpees Big Boy .57 A .55 .53

. ’CdkreTathnjbetween;“ ' _
~phosphorus “in leaf 0.34 -0.85 0.08 = -0.56 -




B TR
Table 2. .The relationship between days to maturity and % Phosphorus
content of leaf tissue in four cultivars of Lucopersicon
esculentwt L., three to nine weeks after germination
= (Greenhouse, Summer 1973). ‘ : :

% Phosphorus

39

Cultivars ‘ S g> Weeks After Germination
3 5 7 9
Rocket = s 55 .76 .59 .60
Early Fireball 82 79 .62 .57
‘Manitoba - 78 .64 .66
Burpees BigBoy . .62 .72 . .57 52
B : I

Corre]atioh’befwéen % o , :
phosphorus in leaf 0.71 -0.43 . 0.08 l0.34.

tissué and days to
maturity
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Table 3. The-relationshib between'days to maturity and % PHosphorus

content of. leaf tissue in four cultivars of Zycopersicon
esculentwn L., three to nine w

(Field, Summer 1973).

1 PﬁBsphorué

eeks_after germination

‘Cultiv Weeks After Germination /
5 7 g
" Rocket | .58 .79 .62 .68
Early Fireball - 51 .85 .64 64
‘Manitoba .63 82 .70 7
Bufpees Big Boy ' 68~ .76 62 .59
E P 38 N
2@2?'@‘%%%%?&0@@;(%? g ‘ o L
MBS Morus in lea i L0 or | es i

T maturiity
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Tabje 4. Thefre]at1onsh1p between days to- matur1ty and % Phoéphorus :
-, content of leaf tissue in four cultivars of Brasspca‘olarac,wo
“var. capitata L., three to nine weeks- after germwnatwon (Green-

house, Fall 1972).

Lk Sjgnlf‘pdnt at 57 level.

\/ s i\.
A . % Phosphorus
- o~
‘Cultivars - Weeks After Germination -
. : _ » L
_ S 5 o
“Emerald Acre . .42 70 1270
‘Copenhagen’Market Early, ' ;'1_:ﬂﬁ .59 .65 | ‘,68
Csamibel o T .50 .61 63 - .65
C TriplesGreen . - .44 67 69 .63
_ Correlation between % i - = ;
“phosphorus in leaf- . = -~ ~ LA 0 o7k M
‘tissue an! days to 0.28 | ,0'01' '0.]7 | 0.97 |
S matur1ty o . :
| - £
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b)‘ Winter 1972-73 and summer 1973 e%periments
No significqnt COrrelatioﬁs were osfained at'any étage in these th
frops as\presehted in Tab1es 5 and 6 respgctive]y; ./
" In the winter expe?imént no samples were taken 9 wéeksfaftervgerminA )
ation aé had been done with thé other crobs._ |
2. Field Experiment. | |
| On the crop grown at Parkland Farm in -the summer of 1973 nd signifi-
cant corfe]atiopé were obtained on any of the 4 Sample;’taken as can be

seen in the results presented in Table 7.

e~

IT11) Lettuce !

1. Greenhouse'Experimentsﬁ

~a) Winter 1972-73 experiment
A correlaiion¢cge?£ic1ent'of +0.99 significant at thé_5ﬂ11éve1 was
- obtained 3 weeks after germination, At 5 and 7 weeks after germination,

[
3

negative, correlation coefficients of- -0.53 and -0.83 respectively were

. obtained. They were not significan{.
g S o

These reSuIts'are presented in Table 8.-

b) Summer ]972 Q_Qerlment
el

. " Negative corre1at1on coeff1c1ents of O 6] —b.60 and -1.00 were

obtained at 3, 5 and 7 weeks-aftex germ1nat1on The latter was s1gn1-;~

. : . . S 3%?“
ficant at.the 1% Tevel. x - R

Zy -

" These results are presented in -Table 9. g - e

2. Field Exper1ment _
A corre1at1on coeff1c1ent of -0. 99, s1gn1f1cant at the o 1eve] was fsfb

obta1ned with the samples taken 5 weeks after geranatwon and w1th the _
. . " . '30 f'l,,* . i i

Ta
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“Table 5. The relationship between days to méturity and % Phosphorus
' . content of leaf tissue in four cultivars of Brassica oleraceae

var. capitata L., three to seven weeks after germ1nat1on
(Greenhouse, Winter 1972- 73).

======::==============t=‘=====:========i;:==:=:=::::::::::"—':::‘:::::::::::

_- % Phosphorus
Cultivars _‘ N © Meeks After Germination
3 5 7
~ Emerald Acre > o | <. .45 .74 .74
Copenhagen Market Ear*y - 1 .64 .65
Sanibel . D .52 75 .63
Tmple‘? G%'ée'a%' IR o .44 ek
,jl" e
;Correlat1on between ™% ‘ L
.- fphosphorus in leaf ) : L
~u*t1ssue and days to ” — v 0.02 Q‘QG o 0.70
b’ P matur1ty
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g
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‘The. relationship between days to maturity and % Phosphorus .
content of leaf tissue in four cultivars of Brassica oleracege .

var. capitata |, three to nine vieeks after germination. (Green-
house, Summer 1973). : S -

==:3:=========='=~==é’==:==:==::?;‘::::::=:========::==:==:====::::'::\"f::::::::j’:’
o /)Qg S Ly Phorthfus |
Cﬁ]tjvars' . o - week$~After Germination -
: 3 5 a 9

Emerald Acre. . ; 39 71 .70 68
Copenhagen Market Early Y s 68, 65
Sanibel | 52 e 60
Triple Green .~ . = ,:J3§ .69 - .89 . .66 | L
Corre]atioh'bétween %.5 S . : R . o
phosphorus in leaf 0.66 0”07 - 20 20 - 2{, o
tissue and days to . L T R

maturity
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Table 7. The: relationship between days to maturity and % Phosphorus
© content of leaf tissue in four cultivars of Erassica oleraceze
- var. capitatd L., three to nine weeks after germination (Field,
Summer 1973). ° : ' e o £is;

. ‘ : % Phosphorus
Cultivars ’ Lo Weeks After Germination
3 5 7 9
Emera]dQAcré L .'A RS | 67 .76 | 71
Copenhagen Market Early .40 .62 .68 .69
Sanibel o s - .75 .65 .52
Triple Green * .50 .70 65 - .66

~Corre1ationvbetween’%' ‘ C S - .
phosphorus in Jeaf - 0.73 ©0.47 0.60 . . 0.34
maturity : ’ :




46

g%uqﬂv ) ',ﬂ | S o - S : ﬁgy '
Tab]e 8 QgﬁThe re]at10nsh1p between days to maturity and % Phosphorus
content of leaf tissue in three cultivars of Zactuca sativg

var. cgritata L., three to seven weeks after germ1nat1on
(Greenhouse, W1nter 1972-73).

- "% Phosphorus

Cultivars B | - - Weeks After Germ{hation
\\\ N 3 5 7
. -
New Yorker . 35 64 53
__Prem1er Gt. Lakes = ‘; o 42 .57 . .48
I%baw I - 68 el g
Correlation between & . . -

' - phosphorus in leaf
tissue ‘and days to
matur1ty . ,

0.99%  -0.53 -0.83

% Significant at 5 level.



Cultivars

content 'of leaf .tissue in three cultivars of Lactuca sativa
var. capitata L., three to seven weeks after germination
(Greenhouse, Summer 1973). ‘

% PhoSphorus

‘f’- -’ ' -.\'-”'7%“" Y . - ' ‘ y
e R B ¢ ’ - : : 47
‘:'u' L (‘\:"& L";; i . ! ‘ “
3¢ e\), ':g,i
DR
fy S .L : '
o PTRECER. 2 . R
Table?9.# The relationship between days to maturity and % Phosphorus

weeks'After,Germinatioh

’:.z: rg 3 5 7
New Yorker 33 .66 52
. Premfer Gt. Lakes R 35 o .56 .50
Ithaca | .28 .61 .49

. Correlation between %

phosphorus
tissue and
maturity

s

~in leaf : IR
days to . . R ’O'ﬁT _

** Significant at 1% Tevel.
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samples -taken 7 weeks after gérmination. No significant correlations were

obtained at either 3.6r at 9‘%@gks after germination.
These resu]ts are presenfed in Table 10.

In both the greenhouse and field exper1ments the h1ghest total phos-

phorus in leaf tissues was found 5 weeks aj}a? germination.

i
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Tab]e 1§§ The‘ﬁ@]at1onsh1p béﬁ%%en days to maturity and % Phospho}us

% coaﬁe”{i} %-f“t1ssu .in-three cu]t3vars of Lactuca sativa
" var. cabi feadotreg .to nine wee Bfter germination
(F1e1d Sumﬂe ';v3) ¥ R .
oy . . u
cwe ' . - % Phosphorus
Cultivars v o - Weeks After Germination
) 3 5 7 9 &
New Yorker =~ .. .29 .74 0 o .64 Y
Premier Gt. Lakes R 28 T.69 .59 .44
Ithaca .. 38 .67 33 46
| Correlation between ° . _ K : :
phosphorus-,in leaf . . -0 qa* . o
tissue and days to _0g75 ' 0.99% . 0.99%" 0.77

maturity

* Signficant'af 5% -Tevel.
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C. Discussion and Conclusions

ki 2
> . i B

0f the three vegetabie species.. assessed during these experiments

&

the most conSistentiy Significant correiations were obtained with lettuce.
B No'significant correiation coefficientsvwere obtained at any'point
. during the tomato experiments | | o '&h‘
( It s interestnn}to note that, u51n9 other cuitivars, Pandita and
ﬁ@Andrewvfound high]y significant negative corre]ations between "’ phosphorus
and days to maturity in tomatoes (53). | ' |
There were marked‘changesvon total © phosphorus present in leaf tis-
‘sues w1thin cultivars, from season to season. Since all factors-eicept
iight intenSity and photoperiod ’ were kept . constant throughout the year
in the greenhouse experiment, it appears that photoperiodisw and Tiant
intensity may be xesponSibie for these variations Future experiients
‘could be conducted ing “owth chambers uhere the iight factors could te con-
trolled. Unfortunateiy these faciiities were not avai]abie_during these
- investigations. , o
Phosphorus contefit in tomatoes increased from the 3rd week to the
‘5th ueek of plant deve]opment and decreased frop theFSth‘to the 7th veek
_.remaining relatively constant from the Ith to the‘9th'week.. )
The increased{ uppiy of phosphorus due;to ferti]ization, could be
‘ responSibie for the increase observed 5 weeks after germination *A'
‘siight depletion of this supply, combined with some transiocation eff
could be responsibie for the decrease ooserued from the 5th to the 7
iweek after gérmination |
| The stabiiization of the phosphorus 1eveis in leaf tissues 9 weeks’

: after germination was particuiar]y surpiising since. the. two ear]ier



.

cu1t1vars and Rocket in particular had already started f]ower1ng and
%&

a sharp decrease, due to the translocation effects was expected at t*

stage. | | A

-

However, when, after the exper1ments, the p]ants were grown to.mat-
urity no defficiency symptoms were observed 1n the foliage and ‘the fru1t- W&n
ing afd y1e1ds were norma] apparently indicating. that enough phosphorus
reserves were still available w1 the growing media., This availability
could have reduced br'nu]]ified to a certain extent,‘thertransloeation i)
effects that could have been e5pecteditn a phosphorus;defﬁcient condi-a
tion. | '_ )

~.S.Ji1ar resu]ts were observed tn thetcabbage experiments. Only in
:_‘onetsituation, 9 weeks after germination 15 the.2 qréénhouge expefimentg;
_conducted in the faleof 1972 was a significant negative correlation bet- .
“ameen % phosphorus in leaf tﬁssues and days to maturity observedr A1l the
other samp]es taken during these investigations were not statistically .
s1gn1f1cant - | ‘

]t 1s 1nterest1ng to note that M i3 Pand1ta using other cu]t1vars
found a s1gn1f1cant pos1t1ve corre1at1on between phosphorus and days
to matur1ty in th1s spec1es (52). |

The same var1at1ons w1th1n cu1t1varsdfr0m season to season that’ were
'observed in tomatoes were repeated in this spec1es Photoper1od1sm and .
11ght intensity are probab]y the factors respons1b1e for th1s phenomeron'
‘as has been suggested for tomatoes |

The change in, phosphorus 1eve1s in: 1eaf tissues w1th p]ant deve]op-
‘ment..are not as marked as the ones observed for tomatoes Phosphorus

appears to 1ncrease from the. 3rd to the 7£h week after aermination wheneas’

from the 7th to” the 9th week the 1eve1s remain: stab1e, decrease or -
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increase depending on the tu]tivar and the time oiﬁyear at which the-
experiment was conducted a]though the general tendency'seens to.be a -
_s]ight decrease due probably to trans]ocationlof phOSphorus‘from the
o]der.to the younger leaves. | .l | z
Lettuge. was the‘spgties with the most consistently significant
_correiationdwas obtained. ” | ,
A]thoughvin‘the'winter 1972 greenhouse experiment a positiye;signi-
ficant‘correiation coefficient was obtained 3 weeks'after germination,
this was the on]y ‘case in which a pOSitive correiation vas obtained
Data from the summer, greenhouse and fieid experiments 1nd1cate
negative corre]ations between total phosphorus 1eveis in 1eaf t]SSUES
and days to maturity 7 weeks after germination in the fieid experiment
| In seven of_thelten sampiingslof this speCies, the correiation coef-
ficients obtained, even when not statisticaiiy significant, were negative.

suggesting that in géneral‘the earlier cultivars had‘higher phosphorus

o ]eveis

v The 1nit1a1 increase from ‘the 3rd to the 5th week after germination
in the ¢ % phosphorus present in leaf tissue§ of this species couid be

exp]ainedrﬁy an increase in phosphorus suppiy in the nutrient solution,

f[The second“apphication of 10 5° 17 at 7aq/1 of fertiiizer so]ution was
;‘made 4 weeks after germination This hypotheSis is conSistent With
prev1ous find1ﬂg$hthat phosphorus content of plant tissue is directiy
"proportionai to 1ts suppiy in the nutrient solution (17, 27 23) and 1s
also con51stent with the reSuits obtained in the tomato crop

After this peak was attained 5 weeks after germinution the decreases
to lowei ]eveis at 7 weeks and in the summer crop at 9 weeis couid be

explained by a.depietion of the phosphorus suop]y‘in the growing media and
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also by the fact that the'accummuTation of7carbohydrates as the'p1ant
‘gets older tends to dilute the phosphonos cd@hentfatfon (16).

The negative correlation coefficients betneen days to maturity ano
_phosphorus levels for this species ahe'in agreement with‘preniops ”

reports (52). . , ' B , o . ' &

- The effect of phosphorus in enhanc1ng most metab011c act1v1t1es

D

m1ght exptain these resu]ts e1ther directly or, as Sommers _suggested

(66) indirectly. The enhancement of these metabolic activities will'
. have an effect on growth and- through.it on the uptake of other nutrients.

When uptake cannot keep pace with growth this can contribute to earlier
. . ' . W ) ; g -~
maturity -

No exp]anat1on can be given w1th the data ava11ab1e for the pos1t1ve
4 ,
corre1at1on between phosphorus levels in leaf t1ssges and days to mat-

ur1ty that was obta1ned in the 1973 winter experiment.
Th1s corre]at1on 1s not on]y oppos1te to the other corre]at1on5’

o .

onundvfor this species but.a1so.tovthe general trend of the whole s

<. series of lettuce experiments. ~



PART THO

THE RELATIONSHIP BETWEEN CALCIUM CONTENT IN LEAF TISSUES AND DAYS TO
MATURITY OF THREE VEGETABLE CROPS

A. Materia]s'ahd'Methodé _(Common to Part One and Two),

%

See Part One, paée 2T

B. Results
1) Tomato
1. Gf@enhouée-Experiments_,,

4

In the faII 1972 exper1ment no significant correIatwon Was o§tafned

at any of the four dates for wh1ch the Crop was tested however the'cer-
g

reIat1on coeff1c1ents vere negat1ve in all stages of deveIopment studied.

7

In the summer 1973 exper1ment a correlation coeff1c1ent of -0.96,

5ign1f1cant_at the 5! IeveI was’ obta1ned on thexsampTe taken 7 w@éks

after germination. _‘T SR - \ N
~ p ! - | AV N
~The correlation coefficients obtained at .the other: 3 dates at

which the'crop was tested were“hot'statistjcally sighificant and with.

" the exception of the sample taken 5 weeks after germination all were

negative. - o : o .
: S o ' " : . o e g
The results for the fall 1972 experiment are presented in Table 11.

o

« The results for the summer 1973 greenhouse experiment are presented -

in Table 12.



2. "Field Experiments - o _

- ~

" The corre]atioh cocfficients~obtained during this experirient wire

. not s1gr1f1cant at an/ of the four dates on which samples worce taken.,
The trend to neg leencorre1et1o g-for this species was also manif.‘
fegtedu1n th]s experiment,at a]]-four‘datee_on which teéts‘WQre>w§de.'
The re;ults of the exﬁor1went)are pftsehted 15 ch?e 13,
In both tbe greenhouse and ‘1eld experiments th° h1qhest tota® cal-

ciunt in 1eaf t1ss“e< was found 5 wecL; arter gere1n>t1on

»

‘€1

Burpees: B1ﬂ Boy in a]‘ tn ca1e1u1 exp“rllcnus \1Lh towato D]J”IS,
) \ - - .
was eons1stent]y odt of 11ue wiith the olher *hrcL cule.vkrs frend to
.t S . ) . -" . a2
show a h)gner czlcium ¥ in 1e'f tissues ulth a shortcr growin ] peﬁﬁod.

v

S1@n1fx ant co;re]atwun coel f1c1nn 5 bc weer” . ‘calciumfand days to nat-
<
_ ur]ty c0u1d huve been obtained at most sar p11rqs if or]y the other tLree‘
cu1L1varS'had beon ccns1dercd. ;C}e o , o 1
. e . S . : ) -
IT1) Cebbine - N e
A - A
}. £ Greenhouse Expirirents
“a) Fall 1972 ewperiment . : %

A,correlatipn’coefficient»of‘40.98, sionificant at ‘the 57 level was

ohfained on the sem ik taken 3 ueeLs affer gerimination. No significant

S

' Y
EAS

' .

corr elat1ons were UDCa1Hed at 1ater dates

'The'results'of'this\expe;iment arg preseed in Table 14,

i .'b): Winter 1972-73 edooripent -

No significant corre]aticn Loe'ficients yere obtained either 3.or
K ‘ 'S ‘(' - :

5 weels after ge lm1“ot10” A corre]at1on coeff1c1ent of +0 97 at. the 5%

1eve] was ohfa1ned w1th the samn]efjﬁjyén 7 weePS after gerMination.

" The resu]ts of th1s exoer1m°nt are presented in Tahle 1

. g_ﬁ/ . . a-‘:"
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-Table 11. The re]atfonshiplbetﬁgen days to maturity.and % calcium
' content of leaf tissue in four cultivars of Zucopersieon
esculentwn L., three to nine weeks after germination
(Greenhouse, Fall 1973). '

% Calcium
”CuTtiyars B i SR ” Weeks After Germinatior,
O : AU R ? j ’

- 3 5 7 9
_Rocket. . " 1.9, 252 - 236 0 2.36
. Q . . o o S

Early Fireball L - 1.79 2.38 Loz o 1.8l
“Mani toba | o N.52 - 2.30 - 2.00 1.74
‘Burpees Big Boy. w23 208 -8l
' Corre'létlon between © , 7 S . _
calcium in Teaf .- ‘ K _ L - '
tissue and.days to o -0:82 0.80 .Q'63J ' Oﬁ§5
‘maturity o ’ o
. N
: 3
N CoH
O N
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. |
Table 12. " The re]ationship'bétWeen days‘to maturity and % Calcium
‘ content of -leaf tissue in four cultivars of Lycopersicon

esculentun L., three to nine weeks after germination
(Greenhouse, Summer 1973).

% Calcium
- Cultivars ; o - Weeks After'Germination‘.
| (f) R ’ 3. 5 7 9
- ‘ ‘ ' - ; . - :
Rocket . .. 1.8 2.8 - 2.23 2.62 .
Early Fireball - . 1.81 1.95 1.86 2.81
Manitoba = | 1.63 1.87  1.83 2.51
Burpees Big Boy IR W) 2.08 1.73 2.38
~ Correlation between % R .
~calcium in leaf N o : a _
tissue.and days to . '0'63'- - 0.20 - 0.96*% . 0.60
-maturity ’ '

*  Significant at 5% Tlevel.



~calcium in leaf = S

t ) o
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a

"The re]étionship between days to maturity,and % Calcium
content of leaf tissue in-four cultivars of Lycopersicon

esculentun L., three to nine weeks after germination

(Field, Summer 1973).

% Calcium

58

Cultivars

Weeks After Germination

CRocket v T "1.93. 2,05 2.66
_— R I 9 e - ;'",' . ’ ‘
Early Fireball . coew L7760 362 1.58 2.31

Manitoba .. ot ei35

Bunpees'éig‘Boy‘

S

s

.87

1.60

S 2.01
. 2,06

 Correlation betwees

- ‘tissue and day

| s'to
maturity ' ‘

-0.71

+-0.93




“Table.14..

The relationship between days to maturity and % Calcium
content of leaf tissue in four cultivars of Brassica oleracea

_ var. capitata L., three to nine weeks after germination
(Greenhouse, Fall 1972). ,

=
A
% Calcium
‘Cultivars T : Weeks“After:GerminatiOn‘
3 5 7 9
.‘ ‘ ‘.;';. .
- _Emerald Acre 161 351 3.25 2.47
.‘Copenhagen- Early Market n.93. 374 ' 3.57. 2.77
o Sanipel 2.53 3.72 3.35 2.72
- Triple Green '5\2.9,8 3,78 3.87 319
Correlation between - -
“calcium in leaf A a7 S ‘
tissue and days to , 0.98* 0.73 -0.83 0.83
maturity ' '
* 'Significantvat 5% Jevel. - 4
#?



Table 15.

60

1

The re]atiOné?ﬁ}% between days to maturity and % Calcium
content of leaf tissue in four cultivars of Erassica oleracea
var. capitata L., three to seven weeks after germination

(Greenhouse, Winter 1972-73).

2
-f% Calcium
L Cu]tivaﬁi_,_#;wl“f' | . : Weeks After Germination
3 5 7
- _Emerald Acre . . 2,80 3.5 3.7
rALCOpenhagen Ear1y'Market o }._l '_'2.65 } | A3,74 ' 3.35
Sanibel | 2.8 378  3.40 .
: Trip]e Green N : " '_ W 3.0ﬁg 379 o377
o -
Correlation between . o . A
calcium in leaf o oo 0.80 | 0.80 - 0.97%

tissue fnd days to

maturity .

A?}{v‘

~_* Significant at 5% level.
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c) Summer 1973 experiment

A correlation coefficient ofh+d.96 significant at the 5% level was
obtained on the sample taken 3 weeks after germination. Although
the correlation coeffiéients'obtained'inITater'dates'were relatively

h1gh they d1dn t atta1n stat1st1ca]1y s1gn1f1cant 1eve1s

The resu]ts of th1s exper1ment are presented 1n Tab]e 16

R

2. F1e]d Exper1ment

Pos1t1ve corre1at1on coeff1c1ehts, s1gnaf1¢ant at the 5% 1eve1 were;‘a

4‘\4 i

obtained on the samp]es taken” 3 7 and 9 weeks aftervgerm1nat10n -Nofi_"

s1gn1f1cant corre]at1nn was ohta1ned for thexsamdie taken f1ve weeks

‘after germ1nat1on

The resu]ts of this exper1ment are gresented in Tab]e 17

Lol
1. . Greenhouse Exper1ments e“"\ £

L _
. a) Winter ]972 73 exper1ment

Although the corre]at1on coeff1c1ents were relat1ve1y high no sta—
| t1st1ca11y 51gn1f1cant 1evels were attained at any point dur1ng thIS
exper1ment | |

The resu]ts of th1s exper1ment are presented in Tab]e 18. o

b) _§ummer 1972 Exper1ment '

A corre]at1on coefflcient of +1 00, 51gn1f1cant at the 1% level
" was obta1ned 5 weeks after germ1nat1on A corre]at1on coeff1c1ent of
. +0.99, s1qn1f1cant at the 57 1eve1 was obta1ned 7 weeks after germlna-

t1on No s1qn1f1cant corre]atlon was obta1ned on the ear11er samp]e

'_taken 3 weeks after qerm1nat10n

The resu]ts of th1s exper1ment are presented in Table 19.

(R
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Table 16. The relationship between days to maturity and “ Calcium
: - content of Jeaf tissue in four cultivars of Erassica oleracea
var. eapitata L., three to nine weeks after germination '

7 4

J

(Greenhouse, Summer 1973).
% Calcium
Cultivars: .Weeks After Germination.
3 5 7 9

 Emerald Acre 1.73 . 3.48 3.37  2.88
- Copenhagen® Early Market .~ 219 3.88 3.69.  2.79

Csanibel v 2.49 3.67  3.65 " 2.96
© Triple Green 2,79 3.95 3.8  3.39
 Correlation between , . S

- calcium in-leaf” . - forgn :
‘L ‘tissue and days to 0‘96 0.72 “_0;90 ' Q'g]
Comaturity e - N
% Significant at s Fevel, .



b ;o . o
| Table 17. The. re]atwonsh1p between days to matur1ty and % Calcium
content of leaf tlssue in four cultivars of BraSSLca oleracea

var, capitgta L. three<to nine weeks after germ1nat1on ,
(Field, Summer 1973)

S % Caleium

Cultivars g :’ 1 o ‘Weeks After Germination

3 5 7 9

Emera]d Acre -'}#f .59 3.49 2.90 2.30
Copenhagen Ear]y Market ‘ 2,00  4.30 T VN 2.52
Sanibel 1. - "' 2.5 3.76 3.12.  2.59- .

L o v o N '
Trlp]e‘Grﬁen-f - ' : . 2.89 3.96/ - 3.42 7 2.61
Correlation between B _ o
calctym in-leaf. 0.97%  0.27 - 0.95%  0.95*
tissue and days to ' ‘ Lo

. maturity . ‘

i Significant-at 57 level
w % Significant™at-5% level.
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The re]at1onsh1p between days to maturity and-% ca]c1um
content of leaf tissue in three cultivars of Zactuea caiiva

-

var. ecapitata L., three to seven weeks after germination
%(Greenhouse, Winter 1972- 73).

it =i~ ol e e el sl el ol s s el el e il il el ot el b e
% Calcium
Cultivars , , ' _ " MWeeks After Germination
3 5 7
New-Yorker - - gk s
Premier Gt. Lakes | . 138 1.1 1.43 .
Ithaca - - s 1,38 1.48 1.54 -

Correlation between °

~calcium in leaf ‘ an - -
tissue and days to . ‘ . . » 0.92 0.92 . 0.88

maturity » , - : : :




Table 19. The relationship between M,ys to maturity and %. Ca1c1um
" - content of leaf tissue in -hree cultivars of Lactuca sggiva
var. eapitata L., three tc seven weeks after germ1nat1on
(Greenhouse Summer 1973)

R R R R R R R R R R O R II——

% Calcium _ib

Cultivars ” R :. " MWeeks After Germination
: ; 3 -5 Y/
C, . i . . Kl\,j.
New Yorker - | 110 1.8 © 1.40
Premier Gt Lakes‘_ o BRI _1}37 .88
Ithaca a2 s 1.es
. .

Correlation betwee;\ﬁ. |
calcium in leaf . - ,
tissue and days to B 0.60 1.00 0.99*

maturity_ ‘ . , )

* Significant at 5%'1eve1ﬂi

** Significant at 17 level. -



2. Field _Experiments

No s1gn1f1cant correlat1ons were obta1ned dur1ng this exper1ment
although the corre]at1on coeff1c1ent of +O 95 0bta1ned 5 weeks after ger;

minatlon was -quite near the s1gn1f1cant 1eve1 of +0.99 for the deqrees )

w

/

of‘freedom of our samnle,
The results of this experiment are presented in Table 20.°

-,
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)

Table .20. The relationship between days to maturity and % chicium
- content of leaf tissue in three cultivars of Lactilea sativa
var. capitata L., three to nine weéks after germination

. (Field," Summer 1973).
% Ca]éium‘
" . Cultivars L Weeks After.Germination
- “ 3 5 7 9

“ New Yorker ' 077 T 123 o 0.87 0.76

Premier Gt. Lakes . ' ._ff. 0.78° - 1.65 ' 0.86" 0.66
Ithaca B 0.94  1.69 1.03 - 0.78
~Correlation between ° o L S P : ‘
“calcium in leaf - - ' -

tissue and days to. , ) Of77 10‘95'_ ' Qf75 O.Q4

. maturity.

/




C. Discussion and Conclusions

S1gn1f1cant correlation coeff1c1ents between ca1c1um content of
_uleaf t1ssues and - ear11ness were found for all crops at some stage during | °
these' 1nvest1gat1ons o B ;

Tomatoes showed a negative correlation coeff1c1ent, s1gn1f1cant at:
the 5 ;1eve] only once during these exper1ments The s1gn1f1cant cor-.
re]at1on was found 7 weeks after germ1nat1on in our 1973 sunmer green--.u“ f”
house exper1ment. E]even -of the twelve samp]es ana]yzed had, even if
not- significant, negat1ve corre]at1on coeff1c1eﬁts This appearsato
‘jnd1cate that, in this spec1esqf10wer»ca1c1um ]eve1s in leaf tissues<}“

are assoeiatedn I 1ater‘cu]tivars' This is part1cu1ar1y true for B .

Rocket, E 3 and Man1toba that showed this trend cons1stent1y

Mthr0ugh'a117b im‘exper1ments. Burpees 819 Boy showed slightly

higher % cale _han would have been expected if it had fo11owed the

‘same trend as the other three cu1t1vars i
Genetical d1fferences between Burpees B1g Boy, an eastern cu1t1var,
~and the other three cultivars used 1n these experxments that are exten—'o
s1ve1y used in the prairie regloh might be respOns1b1e for the d1fferences
among them 1n the1r re]at1onsh1p to earliness.
e _
| \\\\s The h1ghest calcium ]eve]s in tomato 1eaf t1ssues were found 5 weeks
after germ1nat1on with decreas1ng amounts at 7 weeks and at ? weeks after @
germination. - i | - , o o‘
The most cons1stent corre]at1ons were,. obta1ned by the cabbaqe exper-
1ments part1cu1av]y,dur1ng the -field tr1a1 where positive s1gn1f1cant

correlations between days to: matur1ty and ca]c1um conrent of the- 1eaf

. o
't1ssues were. obta1ned 3 7 and 9 weeks after qerm1natnon
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~

-~

o1m11ar significant corre]at1ons were obtained 3 weeks: after

T-

germﬂnat1on during the fa]] and summer greenhouse experiments while in

the W1nter exper1ment th1s corre]at1on 'was found only 7 weeks after ger—

£

m1nat1on

Q%%% o These resu]ts suggest that, for cabbage, a negat1ve corre]at1on bet-
. I .
ween e3r11ness and ca1c1um content in leaf, tf§SUes,fthat is a pos1t1ve
e s

corre]at1on between days to matur1ty and ca1c1um ]evels, ex1sts
The earl1er Cﬁ]t1vars therefore apparent]y tend to have 1ess ca1c1um

in t1ssue samples than the later ones.

»

r ‘The 1nh1b1t1ng action that ca1c1um gxerc1ses on the uptake of other

nutr1ents (29) part1cu1ar]y phosphorus whose re]at1on to ear11oess we -_?,‘

-

“have a]ready ment1oned and\stud1ed “and the effect of ca1c1um in 1nh1b1t— S

‘1ng the movement of: a]] k1nds of products from the cell% (57) m1ght.€

_glf exp1a1n\these f]nd1ngs
\ These two. 1nh1b1t1ng effects of h1gh 1eve]s of ca1c1um in p]ant B

o~;t1ssues may s]ow dé@g)severa] phys1o]og1ca1 act1v1t1es wh1ch Ain turn '
Y .
cou]d retard pTant growth and thus delay matur1ty in s1m11ar ways Lo -

, o
those that}phosphorus enhances 1t Prev1ous reports on the ef‘ects of
'f
hlgh 1eVels of ca1c1um in p]ant{ion shoot and root growth y1e1ds mem-

> T e

;'brane perme&h1]1ty and movement o. products:fnom the ce]] seem to be in

agreement w1th th1s hypothes1s (7,_,1"51, 59), These resu]ts, and-.

hypothes1s, wou]d seem te be*c rad1ctgsy to our . f1nd1ng§ for tomatd

B3 >

" where the earlier. cu1t1vgrs are, the ones. that appear to be assoc1ated
hw1th h1gher ca]c1um 1eve1s in leaf t1ssues. . ‘l S _ _.h
T <: A poss1b1e exp]anat.on cou]d be that in the part1cu1ar case of

tomatoes the ca]c1um amounts present 1n leaf t1ssues vere. not h1gh enouqh :

{‘to cause the 1nh1b1t1ng of growth while rather detox1fy1ng other nutr1ents

'S IS
.



[

under these.condition® hast aTsQ been reported by ‘several authors (14

<that'wou1d otherwise be in tox1cQam00nts someth1ng that 1n 1tse1f w111

70

be benef1c1a1 on’ growth and 1nd1rect]y on matur1ty S
,ﬂ -
Eyldence that calcium can enhance rather than inhibit plant growth

bl

°

267 ). -In cabbage;vthe calcium corre]ation;with earliness appears to bé

£}

higher at the earlier stages of plant deve]opmenta where, at the third

i

week after germ1nat1on, three @gtﬁm four crops showed s1on1f1cant
{ i
corre]at1ons f
. X,
: Photoper1od1sm and ca]cfum supp]y in the grow1ng media might’ mod1fy
th1s s1tuat1on Photoperlod(sm cou1d be respons1bﬂe ﬁor the de]ay'1n ‘the

winter crop to éhow a s1gn1f1cant corre]at1on coeffwcwent until the 7th

"week after germ1nat1on Even w1th the same cu1t1var there was Very much

var1at1on in ca]cwum present at different seasons Temperature, 5011 .

: water supp]y, fext1llzat1on and all other factors, except photoper1od1su

" and 11ghi$)ntens1ty were: kept constant in the greenhouse cabbage T ’f"

N e

exper1ments S0 it w0u1d be ‘logical to assume that photoper1odrsm and.

- 11qht 1ntens1ty are respons1b1e for these changes w1th1n cu1t1vars

. v

/

o

y Ca1c1um supply appears Rp have. affected the f1eld experxments where

4

-

s1gnuf1cant corre]at1on coeff1c1ents aqa1n riere apparent after transp]ant

into the f]e]d that is on, the 7th. and 9th week after germ1nat1on
[N v
' The var1at1on 1n ca1c1Um content of 1eaf t155ues dar1nq plant dev—

velopment seems to. have fo“]owed a s1m11ar pattern(to the one found for o

B

Uf‘tOmatoes where an‘ﬂn1t1a1 1ncrease An ca1c1um content fron the 3rd to the.

Lt

& ]

5thxwe\: was fol]owed by a decrease at the 7th and 9th week Th1s decrease '

7 was parl 1cu1ar}y sharp from the 7th to. the 9th- weeb wh11e very s]1ght

from the 5th to the 7th week
- The*d}]utnon of ca1c1um amounts,présent in leaf tissues by‘the;f;

r b s 9
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o= St au

. chambers wher§)total enVironmentai contro] can be : achieved wou]d probaﬁs

.'} | .' C “ | » e, 7]

)

-increase in carbohydrates in Older piants'might exrle n this phenomenon,

In the lettuce crops significant results were only found'during'our
summer experiment A~high1y significant positive correTationvwas observed
between caiCium level in 1eaf tissue and days to maturity. 5 weeks after

germination A Significant correiation at the 5% level Wﬁqi‘iound 2 weeks

]ater during this Eame experiment

-

A]though the correiation coeffiCients during our winter and our fieid
6. - ¥

experiments did not redath. Significant Teveis it is interesting to note that

“the correiation coefficients found were particuiarly high again at 5 weeks
after'germination app oaching qu1te;ciose if not actually reacning_the
5% level of significance.

[3

IR all sampies taken the ‘correlation coeffiCientS found were, pOSitive b

regard]ess of “whether or not they were Significant thus reinforCino the.

observation that a higher ca1Cium content in 1eaf tissues,was found®in
. J ‘
the 1ater cuitivars.~ The Same hypotheSiS advanced for our cabbage resu]ts

can appiy here : ,p
It could be conciuded that apparentiy there s a corre]ation between

% ca1c1um in ]eaf tissues and earliness This correlation is not ‘the

same for a]i Species On cabbage and 1ettuce it appears to be a negative

correiation between i ca1Cium and earTiness whiie onntomatoes it appears
! . \

to be; 2 p0Sitive one, the ear]ier cu]tivars showing higher caICium 1eveis
) o, ) N ) p 3 . o2
‘ ® N S .. PN

Cin ]eaf ‘tissues. _”‘ SRR L e - Gt

‘Factors such as genetic background -time of year, Stage’of deyeiopi. )

ment of the piant, calcium supply and reiatiue levels achieved Caﬁ“h§Vfﬁ#v;:

a bearing on this re]ationship BT C A A . if

Future experiments USing a 1arger number of cu]tivars and/or growiqg ﬁ

a



‘ -/
_ provide further information on this complex relationship. '

o

72
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PART THREE

"THE RELATIONSHIP BETWEEN SHOOT:ROOT RATIO AND DAYS TO MATURITY OF THREE
| | © VEGETABLE CROPS - s

_ A.(\Materia]s and Methods

. . . : . v ’
© - W 7 S
2 5

The same three spec1es choosen fore the prev1ous exper1hehts tomato
cabbage and Tettuge were used dur1ng these 1nvest1gat1ons ,gif"yxu
I) ‘LgéoperStcan QSC%Zént%W LJ. |

Three experiments were cOnducted wjth'this'crop..'One_in theETaTT
of 1972,>one in'thejwinteraef 1972-73 andvoneoin the'sprind oﬁ11§73.d

The cuTtivars Choosen for these 1nvestigations and the growing ‘tech- )

n1ques were the same as the ones descrlbed fox the previous tomatorexper-

- iments.’ The only d1fference was that. thenty four instead of th1rty Six

]

pTants-were transp]anted per cultivar, one pTant per pot, and no rethca¥

t1ons were made ’

Sa m911ng '
'Threenweeks'after germination'feur plants were‘takeh at, randoﬁ from" .

each cuT-tivar° The pots were- removed and the 5011 carefu]]y washed off
o
the roots by a Tow pressure stream of- water over a flne sieve.

u -

Each pTant was then cut athso11 Tevelfand the roots,.1nc1ud1ng the N;'

[

ones that had faj]en on the se1ve, were coTTected separétely from the

K

aer1a1 port1on : ", o o o

The four root samp]es of ‘each quTt1var were put in a Petry d1sh .and

dr1ed for. 48 hours ina. draft oven at 60 +2C. The same wa5~done ‘for the'e

-

aerial port1on S ‘ N B
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Immediately after their removal from the oven the dried sampTes were
“weighed on a microbaTéQCe and the shoot:root ratiojwas~éa1cd1ated.
The same procedurk was Fepéated two and four weeks later i.e. five

il

and seven weeks subsequent to germination., e

I1) Brassica oleracea vaf‘ car)” tava L.

o
v

Lk ; Three exper1ments were conducted w1th th1s crop. “One in the fall _

.

. eof 1972 one 1n the w1nter of 1972 73 and one 1n the spr1ng of 1973

s.?, .
The cultivars chdosen for. these 1nvest1gat1ons and the grow1ng .

techn1ques ﬂire the 23 the.onessdescrwbed for the‘prev1ous cabbagé

i'experiments The-di' ,7nces were the same as the ones descr1bed in the

shoot root rat1o tomato'exper1ments

III) ‘ UC‘L‘L‘?":': uu./vau. Var ;.'(.(.'_ir/'i‘i".:. L

r { . N ~~“-

Two * exper1ments viere conducted w1th th1s crop One. in the winter

’:of 1972 73 and one 1n the spr1ng of 1973

. ‘ .
‘

The cuTt1vars choosen for these 1nvest1gat1ons and the grow1ng ¥

j'techn1ques were. the same as the ones descr1bed for the prev1ous Tettuce

Y

. experlments. Thg d1ffenences were the. same as the ones descr1bed 1n the

-

R The ana]ys1s method was a]so the same as for the tomato shoot root

N L

_ shoot root rat1o tomato exper1ments R A
. ‘

41
Ly 4 - o .

nat1o exper1ments T L e _ N
o L : S . L :

ok

. L Y]
. . - . . o
” . i
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_B. Results ¥

1) Tomato

'1; Fa]] 1972 Exper1ment
The corre]at1onvof ;hoot root ratio W1th days to matur1ty was s1gn1-h.*
,‘f1cant at the 5% 1eve] on]y at 5 weeks after germ1nat1on when a pos1t1Ve:b-a

cornelat1on coeff1c1ent of O 96 was found. =
.'-_ Ear11er cu]t)vars had a 1ower shoot:root‘ratid than later ohes.

The eorrelatﬁon coefficient foh,the'experiments as a whoie,'that'is .
the shoot'rodt ratio‘corre1ation for the tdta] of the'three dates at- |
wh1ch the p]ants were teste@ with the days to matur1ty of the spec1f1c
cu1t1vars was 0.89 and thus hot s1gn1f1cant maln]y due to the 1ow corref—
_hat1on coeff1c1ents obta1ned for .the samples taken at 3 weeks and 7 weeks

The resths‘of this exper1ment are:presented in Table 21.

('_\

2. W1nter 1972 ]973 Exper1ment

'_f A hwgh1y s1gn1f1cant corre]at1on at the 1% 1eve] was. obta1ned 3 weeks .
after germwnat1on where the corre]at1on coeff1c1ent wa% +O 99

‘»-W1th the . seven week samp]e a s1on1f1cant corre]at1on at ‘the 5’ 1ev 1

-t_.

1was obtawned The correlat1on coeff1c1ent at th1s date was O 98

: w1th ‘the. samp]es taken'5 weeks after germ1nat1on a cor - Linn coefi

' f1c1ent of +O 82 was obta1ned but the coeff1c1ent “as _not st t1st1ca11y
‘1;,s1gn1f1cant 'f_,fx ';; ;: _ : :'“ww a?.'t.d | _;;; - : i?f
i The corre]at1on for 5&2 e;per1ment as a who]e was r;qn1‘1caht at the |

%5’5 }eveT show1ng a corre]at1on coeff1c1ent of +0. 97.

7'The resu]ts of th1s exper1ment are- presented in TabTe 22

, e

3L ;Cunmer 1973 Exper1ment ‘

Th1s exper1ment showed a. s1gn1f1cant pos1t1ve correlat1on at the 5

¥
i
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Table 21. The relationship between days to;maturity ahd»Shoot:Rbot

ratio of four cultivars of Zucopersicon esculentum L.
- three 'to seven weeks after germination (Fall 1972).

~ Shoot:Root Ratio

'%[ Cultivars Weeks After Géfminétion‘
3 5 7 Tota1
‘*.
L e ) ) - - :
" Rockef e 1.48 2,98 . 2.95 . 7.41
X - - S
Early Fireball -3 . 4.35 4.05 3.42 11.82
Mani toba | 2.38  5.89 7.03 153
- ‘Burpees Big Boy  « - 3.01 6.33 . "°4.5 13.9
Correlation béf@éen' o S - , S
. shoot:root ratio and " 0.43 . . L0.96* . .0.57 . 0.89
days to maturity , o o -

¥ significant at5 - level. -

- L

'
Iz

of

ﬁz\w\{
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"4Tab1e 22. Thebre]ationship betWéen days to maturity and Shoot:Root
T ratio of four cultivars of Lycopersicon esculentwn L.
! three to seven weeks after germination (Winter 1972-73).
============ﬁ:=;’::::::::============::=n=====:::__':‘:::::::::::::::::::::::
o ‘Shoot:Root Ratio
Cultivars ~ ’ - ;, : - , weeks_AfterﬁGermination
3 .5 7- - Total
A “- N . ) .
- Rocket 1.15 3.48 2.53 7.16
Early Fireball C T 1.89 3.3 3.14 8.34
- . o : Co o ’
 Manitoba . 2J3 405  3.90, 10.08 .
. Burpees Big 3oy 2.80 4.65 - 4.35  -11.80
Correlation between . o o - -
- shoot:root ratio and . - 0.99** 0.82 .0.98* . 0,97*
days to maturity : o ‘ ‘

- * “Signjficant at 5% level.

*%.Significant at 17 Jevel.

[ Y



. the samp]e taken 3 weeks after germ1nat1on

-3

. v v 4 -
level on all the three dates that samples were taken. .

The corre]ation eoefficients at 3, 5 and 7 weeks after germination

were +0.96; +O.QS' +0.98 respectively while the correlation coeff1c4§nt

- for the whole exper1m°nt was +O 96. ' . ..j§%»'~
The corre]at1on fbr the who1e exper1menw was.‘also s1qn1f1cant at
o . 45\3 !_’ / .
the 5% level. L . .

- The resylts of-this experiment areépfesented in Table 23. SRS

. "
<

I1) Cabbage - o "
1. " Fall 1972 Experiment. |

2y

A significant cbrre]atipn,ga% the 5%ffe§e1.waé ebtaihed 5 wéeké
after germination when the cof}elation coefficient was +0. 99.. Mith
the 7 week sgmples a pos1t1ve corre]at1on coeff1c1ent of 1.00 was
“obtained. Thc coyre1at1on %as s1gn1f1cant at the 1. }evel.
The correlationvcoefficient of +0.86 for the whole experiment wes’

not significant due ma1n]y to the very low +0 22 corre1at1on found on

- The resu]ts of this exper1ment are presented in Table 24.

2. w1nter 1972-1973 Expexwment é@ii il

A]thouqh no s1gn1f1cent corre]at1ons were found for any of the

dates at which samp]es were teken the exper1ment as a who]e gave a’ .
: - y I R "
corre]atlon ceeff1c1ent oF +1 OO s10n1f1cant at the 1. levebr&§@§§¥;°gh‘

The resu]ts of th]s prer1neni are preserted in Tubl 25,

N

3. Summer 1973 Experlmowt .

A corvo]at1on coeff1cwent of +0; 9Q, s1nn1f1cant a” the 5

obta1ned on the SGlp]e taken 3 weeks after gcrv.nat1on No s1gn1f7cant\f;"

corre]atyons were OhtalPCd at 1atev ”;tea and  the, -

° /\



Table 23." The relationship between days to maturity
) ~  ratio of four cultivars of Lycopersicon esculentwn L.
three to seven weeks after germination (Summer 1973)

T
2
/%
%
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. o
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éﬁd~Shoot:Root

Cultivars

Shoot :Root Ratio;

.days to maturity

‘0.96%

0.98*

Weeks After Germination :
3 5 7 Total
Rocket - ' 17 342 0 37 o 827
Early Fireball 2.05 . /4?§§- 3.70 9.95
Manitoba 2.61 6.0 4.3 12.78
Burpees Big Boy 3.24 7.09 4.88 15.21
Correlation between S : ‘
shoot:root ratio and = 0.95* 0.96*

-

* Signifitant.at<1” 1eve1.l':

’*fgsigniﬁjc§nt at.Sf_]eve1.
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Tabié 24. The relationship between days tb maturity-and“Shoot:Root
» ratio of three cultivars of Prassica oleracea var. caritaza
L. three to seven weeks after germination (Fall 1972).
Sﬁ Shoot:Root Ratio
b
% Cultivar Weeks After Germination ..
" 3 5 7 Total ~
CEmerald Acre, . . 1.21 3.04 2.59 . 6.9
Copenhagen Early Market 2.56  3.60 2,92 . 9.08
Triple Green 1.8 ¢ 425 3.86  10.00
Correlation between . S . . o
shoot:root ratio and * .. - -0.22 °  70.99* 1.00** 0.8621
days to maturity | ! : ‘ o
. : a
* Significanf at 57 level. !
** Significant at 17 level.

-
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Table 25.. The relationship between days to maturity and Shoot:Root
ratio in three cultivars of Brassica oleracca var. capizata
L. three to seven weeks_afteﬁ germination (Winter 1973-1973).

\\' ; Shoot:Root Ratfo

.\‘-\\ ‘ '
Cultivdrs ' ' o Weeks .After Germination

! 3 5 7 Tota]
__# i
L L ‘ S A
Eerald Acre - 0.92. " 3.92 "T85 669
Copenhagen Early Market  1.45 - 3,53
'TfipTe Green : j.89 - 4.62 .
P '

Correlation between ’ . . B
shoot:root ratio and ‘ 0.94 - (.48
days to maturity _

*x Significant at- 17 level. ;o o r

}74
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‘correlation coefficient for the whole experiment, of +0.79 was not signi-
ficant either.

- The resuTts'of'this experiment are presented in Table 26.

111) Lettuce: &
1.  MWinter 1972- 73 Exper1ment } '

No s1gn1f1cant corre]at1ons were found e1ther for the samp]e taken

at 3 weeks after germ1nat1on or at the one taken 5 weeks after germ1na-

t1on and neither was the corre1at1on coefficient for the whole exper1ment

of +0.74 stafﬂét1ca]1y s1gn1f1cant

&
The resu]ts of this exper1ment are presented in Tab]e 27.

N

2.4 Summer 1973 Experiment

A corke]ation coefficientfof +T. OO;'éiqnificant at'tne 1% ]ével was

.

obtained for the samp]e taken 7 weeks after germ1nat1on The corre]at1onv ‘

' cdeff1c1ents of - D 34 three weeks after qermxnat1on, of +0.2] f]vn weeks

-after germ1nat10n and the correlat1on coefficient of +C 87 obta1ned for

|
R

the who]e exper1ment vere not stat1st1ca11y s1gn1f1cant

" The resu]ts of th1s exper1ment are presented in lo b]e 28

-~

~

e,
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Table 26. ‘The. re]qt1onsh1p between days to matur1ty and Shoot Root
" “ ratio in*shree cultivars of Frassiea cleracea.var. capitaca
L. three to. seven, weeks after’ germ1nat1on (Summer 1973)a}¢wf-

::::::::==:=:==:::il;J;===:::::::::::::::::::F:::::::;::::::::::_ == -
o & ) ) o
o ‘ "Shoot:Root Ratio ’
,,.Q'i "y . o ] ~
Cultivars . AR © . Weeks After. GerminatioR
' 3 ' 5 : 7 Total .
Emerald Acre o 109 T 324 212 6.45
- Copenhagen Early Market. o129 - 4.49 S 2.797. 8.57
Triple Green 166 4019 317 . 9.02
A } . R
Correlation btheen ' ’ : ) ) :
~ shoot:root ratio and -0.99* 0.49 .0.89  0.79
" days to maturity . _ o ' ' P ' <

* Significant at 5% Tevel.
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TaP]e-27. The relationship between days to maturity and Shoot:Root

. ratio in three cultivars of Zactuca sativalvar. capitatal.
A ¥27 three to five weeks after germination (Wintér 1972-1973).

Shoot :Root Ratio

;
‘Cultivars -  Weeks Afte}'Germjhation
N ‘. A .. Sy | ! | | . .b i :t 'v ~ : A ‘ vr
3 5 . Total
~ New Yorker - , ' © o 1.62  5.01 - 6.63
Premier Gt. Lakes 2,25 7.28  9.53
Ithaca 2,30 6.28 8.58
% |
Corfe1ation between ‘ - S ' v
shoot:yootiratio and - e A 0.94 0.65 o 0.74
days to maturity ‘ o ' ’ .

<

=y




Tab1e128, The fe]atioéship between “‘days to mafurity and Shootfﬁbot .« .
- ratio in three cultivars of Lactuea satiua'var,fcapiiatalu
three to"seven weeks after germination (Summer 1%73),

Ciltivars - . Weeks After Germination
v 3 5 7 Total
n .
New Yorker - ~ ~ . 1.49 6.28 . 5.00~ 12.77
Premier Gt. Lakes = 3.31. . 833 8.62° 20.26
) . I - . R i . .
Ithaca . . S 2.52 6.50 . 10.41 ' 19.43
. £
Correlation between" - ) - L - . o ,
shoot:root ratio and. . - --0.34 0.21  1.00x* 0.87

days to maturity

.

** Significant at 1 Tevel. ' o '

x’. ~—
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C. Discussion~and Conclusions.

Some pos1t1ve, s1gn1f1cant corre]at1ons between shoot r%?& ratio

23

and days to matur1ty were obtained in aTT three species. R ;ﬁ

TO'ltoes,/part1cuTarTy dur1ng the summer exper1ment showed the, most
consistent résuTts S1gn1f1cant pos1t1ve corre]at1ons, between shoot :

root ratio and days to maturity were observed in s1x out of the n!ne

'dates at which samples of tomatoes were taken,durlng,these_exper1ments.
v ~ . p .

In all cases, incTUding the ones that were’not sﬁgnificant; positive
: 2y, o | ST - ¢

. T ‘ . : : . - .-
correlations were obtained. - _ e RO RE

‘

. L

- o~ .
. L, . ..

The corre]at1on coeff1c1ents for the tota] data of two of the three

‘exper1ments (Tables 22 and 23) was also 51gn1f1cant at’ the 5% TeveT

These results suggest that a re]at1onsh1p~ex1sts between the ShOOtu'

root ratio of a cultivar and the time 1t takes to mature. The 10wer
the shoot: root~rat1o the earlier the cu1t1var can be- expected to

mature. ‘ o - _ o4

In the case of the tomato cultivars th1s reTat1onsh1p can be obser-

_'ved from the ear11est stades of .plant deveTopment (3, 5 and 7 weeks after

)

.4
Pl

- germ1nat1on) but th1s does not prec]ude its cont1nuance at later dates

not included in the scope of these experiments.

lf A poss1bTe expTanat1on for'these observat1ons was referred to, in

the T1terature rev1ew ( P 22 ').

A p]ant that has prOportwonaTTy a larger root system to: prov1de

PASEEEN

5?5?'the nutr1t1ona]-and‘mo1sture requirements of its aeh1a1-part:wou1d

| ,h;yeba definite adyantagevfor_a faster uptake of eTementsithat'eventuaTTy

can become limiting factors and thus-enhance,maturity..

This would betsimilah'to Sbmmerfs-(66) explanation for the enhancing

S
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ffeffect that phosphorus Seems to have on maturity although in this case

cin

~  the faster uptake is not through the indirect hastening of metabo11c

7

act1v1t1es but\rather to a proport1ona11y 1arger absorpt1on surface

It would also agree wtth the observat1ons reported by Meyer and

L .
Anderson (44) that an 1ncrease in carbohydrate content in the plant

“would decrease the shoot root rat1o s1nce we know that carbohydrates

. 1ncrease with 1ncreased matur1ty and. thus 1ower shoot: root ratios can be 4
expected in earlier matur1ng cultivars. o '

) .
In the cabbage exper1ments, pos1t1ve s1gn1f1cant results were obser-

at

: ved both in the fa11 and in the summer exper1ments and while no 1nd1v1dua1 i
. swgn1f1cant, corre]at1on coeff1c1ents were obta1ned dur1ng the winter
' exper1ment the correlatwon coeff1c1ent for the tota] data of that crop

was s1gn1f1cant at the 1% 1eve1

-

In 1ettuce where on]y two exper1ments were “conducted, a pos1t1ve,,,‘

51gn1f1cant, corre]at1on coef‘1c1ent was’ found pn]y dur1ng our summer

o

exper1ment, seven weeks after germ1nat1on )

»,

i

The fact that no s1gn1f1cant corre]at1on coeff1c1ents were found,

"dUr1ng our. w1nter exper]ments for e1ther cabbage or 1ettuce, may be

part1a11y due to the adverse 11ght cond1t1,ns preva111ng dur1ng that

season that were responsible for poor head format1on or abnorma1 p]ant -

deve]opmgnt-on both q(ops |

' Furthermore, for both Crops and part1cu1ar]y for - 1ettuce 1t was very: -

d1ff1cu1t to save the who]e root system due to- the extreme br1tt$§ness

and fine texture of ‘the roots of these spec1es If we observe the
ﬁ{'resu]ts we can see that in most cases when no s1gn1f1cant corre1at1ons

4]

were obta1ned th1s was due to one cu1t1var show1ng an"abn\rm\11y h1qh shoot

“root rat1o _ S1nce part1cu1a\3care was taken to have un1form p]ants, at
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'u least in reference to the serial parts, these results could be explained

:bylthe-]oss of part of the rodtsystems during the washing process.

The same hypothesis explaining the pos1t1ve corre]at1on between

: g = '
shoot root rat1os and days to matur1t cou]d be app11ed for these crops

Further work is suggested to determine whether a part1cu1ar k1nd
8
of deve1opment of the root systems i, e hoﬁgzonta] vs.,vert1ca1 growth,
\ :
s s1gn1f1cant1y d1fferent among cu1t1vars and 1f it has a bear1ng on

- .

ear11ness Prev1ous 1nvest1gat1ons (54), a]though not d1rect1y orienta-

ted towards this obJect1ve, seem to 1nd1cate that ‘this m1ght be the case,.
We believe that the strong poss1b1]1ty that daysLto matur1ty are

_positively corre]ated to shoot: root ratio of d1fferent cu1t1vars w1th1n

igeides has been proven by these exper1ments
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THREES

se1ected as follows: '

&f' Dazs to '

"Stokes Seed Co., St. Catharines, Ont. =~
Stokes “Seed Co., St. Catharines, Ont. '
lRobertsons Seed Co. Edmonfon, A]ta

ﬁﬁY1yaereb R
Burpees B1g Boy ,

L Average days from germ1nat1on to 6 r1pe fru1t in Edmonton area.

The seeds were- sown 1n small: f%@ts us1ng 50~ 50 uc m1xture (Apdx I)f\

as the seegﬁ1ng med1u@ . | ‘:' o -
r,{'; . i
w spacing was 6 cm an@ the day/n1qht greenhouse temperature

e

- was 25C/2 . Two weeks after germ1nat1on the plants were pr1cked‘but

and‘transp1anted into 15 cm p]ast1c pots conta1n1ng 50-50 UC mixture. ‘-gﬁa
Twe1ve p]ants were transp]anted for each cu1t1var taking 55¢c1a1
care to choose as un1form Seed11pgs as poss1b1e

-Each p]ant was watered w1th 50 m] of a starter solution cons1st1ng

iSof 7 9/1 6f 10-52-17.

T

A second, 50 ml app]1cat1on of”10 52 ]7 Was giv '“Ewo weeks later.

!

PART FOUR ' L

» Source of Seed B N -/)}A



\;jf and spanned using standard gases as descr1bed by Mayo et al. (42).

- Anaszis : _ <

+

Five yeeks after germinaﬁfon’the plant closest to the median size

“for the cuTt1var was seTected and taken, 2 hours 1n advance of the "exper-

e

1ment to a growth chamber where an MSA ModeT 200 LIRA Infrared ‘Gas AnaTy—
zer was,nnstaTTed. |
. . Ve

© The TRGA was warmed-up‘for 30 minutes'befor'use to allow the cells
, . : AhY

"~ to reach a controlled temperature_of 65-75C. This temperature was well
- . above that to be expected'for the ambient air and would take care of any.

- temperature fTuctuations that'may ocCur‘ih the sampTe and reference gas

streams These fTuctuat1ons m1ght otherw1se cause chanqes in pressure and-

vo]ume and thus affect the concentrat1on read1ngs The anaTyzer was zeroed

S & -

N

A flow rate of 4.7 T/m1nute was used fo¥ th1s experiment.

After all these 1n1t1aT operat1ons were performed the 5th Teaf from
the top of the se]ected pTant was set in an hermet1caTTy seaTed curette
| The temperature of the\growth3éhamber was set at 23 C,

Twenty minute readings at.three differentulight intenstties of

»

'0.139, 0.193 and 0.289 cal. cm’zlmin. —];respectiveﬁy-and one in darkness;mrﬁ

were taken.

. -
\ e . .

Ten minute 1ntervaTs between read1ngs were used to check\the zero
Tine and to allow the plant«to adapt to the new env1ronmentaT cond1t1ons
The same measurements were’ then taken at TT°C . ' L z%\_
When all measurements had been taken the curette was'removed'and the

Teaf: was drled for 48 hours in a draft oven at 60 +2 C. The same procedure‘

was used for aTT cu1t1vars "_ L - K N

. . ) ) . n ‘\‘_1\ ‘
e MYy
\ ‘:\7

The. dried Teaves were we1ghed ina m1croba1ance and ‘the reguTts

E expressed as mg of CO2 fixed per hour per gram. of dry we1ght.' Two weeks ‘

<
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later, 7 weeks after oerm1nat1on, exact]y the same procedure was repeated.

for- the three cu1t1vars

II) Brassica oZeraCcae var. ctpdtata Lw

. Three cabbage cu1t1vars were selected as follows:

‘ - Days to : "

Cultivars: . S'Matur1txf o ' Source of Seed
Emerald Acre ‘ 80 Stokes Seed Co , St. Cathar1nes, Ont.

?anjbe] ' .13 Stokes Seed Co., St. Catharines, Ont.
riple Green . 146 Stokes Seed Co., St. Cathar1nes, Ont.

* Average days from germ1nat1on to 607 harvestable heads in the Edmonton

area

"The day/night greehﬁouse temperature~was 18C/15C.

~ The youngest fu]]y deve]oped 1ea¥vwas se]ected for the read1ngs

The CO2 flow was 5.5 1/m1nute

The rest of the growing and ana]ys1s procedures were the same as

' the ones descr1bed for tomatoes ;

- Due to 1ack of ava1]ab111ty of .the IRGA measurements were taken

o

at one date on]y (6 weeks after germination).

v
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B. Résu]ts : T e
/
Due to the Timited size of the - sampPe no stat1st1ca1 analysis of the
results was poss1b1 . L - o S

" The net ass1m1]at1on resu]ts were expressed as m1111gnams of CO,

*4 f1xe3 per houry, per gram of dry. we1ght of 1eaves

ﬁsf The conversion formu]a was: mg CO2 g ]bhr-] = A CO2 ppm X 1 96 mg

S

.‘C02/1000 1 x f]ow in 1 CO: /m1nute x 60 minutes/hr X 1/d¢§we1ght in grams.
L1ght 1ntens1ty was expressed as Calories cm -2 m1nute . Th1s
. -energy measure is cons1dered to be a. better express1on of radiation in
tensities “than the trad1t1ona1 foot cand]es o
One ea]. em™2 minute s considered to be eqntyalentvto approximately -

4.4 x 10% ft. cnd]s for a 1ight meter the peak efficiency 0tfwhiCh'i§

- /
f*¢ similar to the ‘human eye. ' AT o '
. A.

The results are shown in a qraph1c form to fac111tate the observa- ¥\<\\
tion»of the net ass1mv1at1on'trends and curves of the cultivirs studied
iinder the d1fferent env1ronmenta] cond1t1ons used in these exper1ments

The results of the d1fferent exper1ments are shown as fo]]ows

D Tomte |
| 1) Five Qeegs efter germination, 11 C --=-- Figure 2 .
o 2)‘.FiVe Weeks‘afte rmination,v23‘C‘-;-:- Figurg 3. 3.,n '17
3) Séven-weeks_;tter‘germination, 11 C -~-m- %iénre"4 |
©.0) Seven weeks afteh,gerninetien, 23 C -~--- F1gure 5
| If)'Cabbage‘ _ . :‘ | :
‘"3]):’Six weeks after gekminatibn 15 C‘f--;e.Figure 6

2)  Six weeks after germ1nat1on, 23 C S, Figure 7
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Fig. 2. Net ass1m11at1on cf three tomato cu1t1vars five weeks after‘

.germination-at var1ous light Tevels and at a constant tempera-
ture of 11 C. '
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germination at. var1ous ]fght levels .and at a constant tempera-‘

_ture of 23 C.
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germination at var1ous Tight 1eye1s and at a constant tempera-'
© ture of 23 C ' L : :
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C. Discussion and Conclusions

Although due'to the limited scope of th4E experiment we are not
ab]e to make any def1n1te conc]us1ons, certain 1nterest1ng facts are
suggested from the data ava11ab1e P o | >

The age of ‘the p]ant appears to affect the ab111ty of the. p]ants
»to photosynthes1ze This effect is not the same for all cu1t1vars If
we compare the results obtained for the tomato experiments 5 weeks after
| germination (Figures 2 and 3) ‘with the onés obtained 7 weeks atter
'germination‘(Figures'A and.5) we can‘eee that Bhrpees'Big Boy,‘the
latest maturing ou]tivar, seems tohbe a much more efficient photosynthe--
‘sizer at the ear]ier5stages of its deve]opmeht, Atdecrease of 29% in
'vthetaverage net assimilation ratec at 11 C was observed fromithe 5th to
_the’;;h week of this cu]tivar's‘deveTopmeht.‘ )

Ro%ket, our ear]festlmaturjno.co]tivar, showed on our experfoents
.‘the opposfte‘tendeney. whi]e Burpeeé‘@io Boy apbears.to perform_better
at the earlier stages of its deve]opment Rocket's average'net assimi1a-

tion rates were h1gher 7 weeks after germ1nat1on than 5 weeks after
'germ1nat10n At 11 C an 1ncrease of 23% was observed in the average
net a551m11at1on rates when we compare the va]ues obta1ned at the 5 WGEK
and 7 week stages of deve]opment.~ At 23 C the 1ncrease Was in the order’
of 125. . . \
Ear]y F1reba11, a cu1t1var the matur1ty of which 11es between the other

4

two cu]tlvars ment1oned, showed, as Burpee§\B1g 80y, a’very marked decrease‘

1n'the average net ass1m11atlon rates values w1th an-1ncrease in age

'
’

from 5 to 7 weeks after germ1nat1on This decrease both at 11 C and
at 23 C was in the order of 33 of the average net ass1m11at10n va1Ues

vobtained 5'weeks‘after'germihation. In the case of Early Firebal]_



- 100

however- this decrease was main]yudue to a reduction of theilight satuﬁg:/
" tion point of the'culttvar that at 1ight intensities as 1ow as 0‘19}
cal. ‘cm"_'min—1 was a]ready saturated not respond1ng to any furthem
light increase as we can see in Figures 4.and 5.

-The effect of,an-1hcrease 1n 14 ght 1nteh51t1es on the‘bther two -
tomato cultivars (Rocket and Burpeesﬁ@ig Bayj;was a]ways_ah almost e
vproportional increase in their average net assimtﬂatioh rates-at both
stages ot‘deve1opment studied for both 11 and 23 C measurements.
Showing that neither of these two eu]tiuars had,'under the Tight inten-"
sities used, reached its light saturattoh'point Early Fireball as we

'have ment1oned before showed thls kind of response only dur1ng the

"measurements taken 5 weeks after germination, In.the second [set -

of measurements, taken 7 weeks,aftervgermination,‘Jight intendjty

)

increase% Eeyond C,T}g ca].fcm'2 mih‘ froduced dn]y a sha]] fncreaSe_‘
in the aVerage het assimilation rates fervthis cultivar, Nhendlight"
'1htensities'in’the order of 0.193 cal. cn™® min~! had been- reached no
further .increases in average net assimilation rate were ach1eved _The
cu]t1var apparent]y had - reached 1ts 11ght saturat1on point.

The effect of temperature on the average net ass1m11at1on rates’
of the tomato cu]ttvars under study was not'uniform for a]] three
eu1t1vars On. the bas1s of the data ava11ab1e we can suggest that
Burpees B1g Boy, the 1atest cu1t1var, has a re]at1ve1y 1ow opt1mum
_temperature for average net.ass1m1]at1on, espeC1a1]y/at the ear]1er
~stages of its deue1opment. ’Five weeks‘after.germination the net
“assimilatic,. rates at 1T C were 11% higher on the average 'than the rates
obtained’at 23 C | Seven weeks after germ1nat1on a s11ght réverse was

s

made and -the average net assimilation vaTues at 23 C were 1% hlghera N
‘ ‘ : - . IR ¥
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v

than the ones obtained-at 11 C. This difterence is due only to the
hioher ya]ue (8%) obtained at 23 C for the highest 11ght intensity.

' studied (0.289 cal. cm -2 min']) wh11e at Tower 11ght intensities the

“va1ues obta1ned at 1 C were st11] h1gher than the ones obtained at

] 23 C (7 5% h1gher at 11. C in both cases)

| Rocket the. earllest cu1t1var, showed “the opposite tendency Five

' weeks after germination the average net ass1m1]at1on values ‘observed
at 23 C were 10% ‘higher than the onesﬂthalned.at,11 C wh1le ? weeks

- after germ1nat1on this tendency had.been.reversed and the net assimila-
tion rates obtained at 11 C were an'average.of 107 higher than the ones.
:0bta1ned at 23 c. The only except10n in this tendency was found in the
read1ngs obta1ned at the h1ghest*11ght intensity used for this exper1—
ment (0.289 ca] 2 min—]) where the va]ues obtained at 23 C were
still 3% h1gner than those obtained at 11 C - J

The response of Ear]y Fireball to d1fferent temperatures appears -

. to be more dependent on light 1ntens1t1es ‘than the “other two tomato
cudtivars. wh11e at both dates stud1ed the average net asswm11at1on
rates Were.h1gher at 23 C t?an at 11.C the response var1ed very much
between ]1ght 1ntens1t1es .Etre neeks after gerhination the net
ass1m11at1on values obtaxned at. 23<€:were 1% h1gher than those observed

tﬂhat 11 C but thts.1s only on average terms; “At a light 1ntens1ty of

é. t3§'ca]~ ’2 min-] the va]ues’ootained ag*3§.c Were;actually 187

]ower than the ones obtawned'at 11 C No difference was observed

‘between both temperatures at 0.193- ca] cm -2 min']_wh1le at 0.289_

~cal.cm “2\nin! the va]ues obtained at 23 ¢ were 11% higher'th;n'the ones

‘obta1ned at 11 C th1s 1ast f1gure be1ng the one that determ1nes a. tota]-

d1fference of 1% h1gher va1ues at 23 C. Seven weeks/gfter germ1nat1on
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At 1ight_in?ensﬁty 0.139 cal. cn~2 min'1vthe values obtained-at 23 C

-tomato’ counterparts 5 weeks after germination .

-‘for this cu1t1var ‘at 23 C.

e 7

the average net ass1m11at1on values obtained at 23 C were 8% h1gher than
the ones obta1ned at 11 C but an actual reverse in ‘the response to 11ght

intensities, 1n‘re]at1on to temperature, seems to have taken place.

were 16% higher than those obtained at 11 C. At-a 1ight~intensity of
0v19? éé] ¢mfé‘m1' -1 there was no d1fference between the two tempera-
tures stud1ed while at a 11ght 1ntens1ty of 0.289 cal. cm 2.min']‘the

va]ues obta1ned at 23 C were 4% lower than the ones obtained at 11 C.

" This is the opposite trend" to_the;one‘obsenyed.5,weeks after germina-

tion where the highest:]ight‘ﬁntenstty showed larger net.assimilation
rates at 11 C‘than at 23 C. | o |

On the capbage exper1ments no comparisons were poss1b1e to -deter-
mine the effect of age on the cu1t1vars of th1s spec1es “The light and

temperature effects on net assimilation rates for'the three cultivars

" studied seem to be in agreement with the results observed on their

NN

S1x weeks after germ1nat1on, Tr1p]e green, as Burpees B1g Boy 1ts‘

: tomato counterpart for these exper1ments, appears 12 have a (\;at1ve1y

Tow opt1m1m temperature at th1s stage of its deVe1opment -Th verage

net ass1m11at1on rates at 11 C were 22% h1gher than the va]ues obta1ned
|

Sanibel a cu1t1var ‘the maturity of whiCh_]iesvbetween the.other'_ P

two, showed -an ‘average net*assimtlation,va]ue:IG% higher: at 23 C than at
.11 C. The only exception to this trend were the values found at a 11ght '

E 1ntens1ty of o 289 ca] cm -2 min'] where the net ass1m11at1on rate at

’ _23'C was 13% lower than the: one obs erved at 11 C.

Emera]d Acre the ear11est matur1ng cu1t1var, showed 6% higher net
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assimilation rates at 23.C than the ones, observed at 11 C, The excep-'
tion for th1s trend were the va]ues found at a 11ght 1ntens1ty of 0.139
ca1.cm 2 m{n;] where the net ass1m11at1on rate a§b23 C was 74% lower
than the one observed at 11 C. Due to the sna11 maanitude of these
values (7.8 CO, mg g™' hr”! at 11 ¢ and 1,8 €0, ng g™ bl at 23 C)
th1s h1gh percentaqe d1fference m1ght not’ be as s1qn1f1cant as it .would.
appear ‘and its 1nf1uence in the average trend of the cu]t1var is not as
great as the percentage value would 1nd1cate

| The response of all three. cu]t1vars to an.1ncrease in 11ght inten- .}g
s1t$%s Was a]ways an increase in net assimilation rates denoting that <
we had not reached, dur1ng thxs experjment, the 11ght saturat1on point
for-any of them. - | o g . -

: San1be1 showed the most marked 1ncreases in net ass1m11at1on rates -
"with increases in the Tight 1ntens1t1es s0 that a a light 1ntens1t/ of
0.289 cal, cm” -2 min”! this cultivar had either reactied or SUFDaS§€d the’
net assimilation rates otTTripTe Green which at thevother two light

. 1ntens1t1es used in these exper1ments had the h1ghest net assimilation

'.rates of, the three cabbage cu1t1yars under study. Tr1p1e Green showed
»

the s]owest increases in net ass1m11at1on ratss with increases 1n 11ght .

1ntens1ty and&a% 23 C it seemed to be c]ose its ‘Tight saturationv,

point when the J1ght intensity reached values of Or289 Cgl Cm_z.,iﬂi.n-.lL

, Nhat is the s1gn1f1cance of these’fesu]ts and how cou]d they have
'a bear1ng on their matur1ty per1ods7-

The. data obta1ned in %hese exper1ments suoqest that d1fferent

cu1t1vars even if they be]ong to the game spec1es, have d1fferent

——— \'\\

'responses to .changes Jn-age, 11ght and»temperatures These factors‘

—

function in a complex relationshio.' While age. can modlfy the 11dht//////
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saturation points of different-cu]tivars,’1ight intensity can. in turn

affect their response to different temperatures - This was véry>obvious
T~

1n the Ear]y Fireball tomato cu1t1var where 11ght 1ntehsTt3es were the

“factor determ1n1ng pos1t1ve or”negat1ve changes in net a551m11at1on'rates

when the temperature Was;raised from 11 C to 23 C. Age also influenced

@

these responses and actually reversed the trend of different‘Tight inten-"

sitigs to increase or decrease net assimilation rates with an.increase

N

if;temperaturesas we can see by comparing the values and percentage

changes of Early Fireba11 net asSimiiation rates 5 and 7 weeks after
: _ _ _ » IR

¢

‘germination. , U o _ ’ -~

- This inf]uehce of age and Tight ihtenSity on respbnse to tempera-

ture increases was also observable to a greater or lesser degr%giih'a1l

R>ig

the other tomato and cabbage cultivars studied dUring these expériments.

' These compiex responses to the different environmental factors in which

we can not really talk of isolated dptimum values agrees with Blackman

. . : . !
and Meyer reports on this subject ( 9, 44 ).

 The effect of the relatively Tow temperature, under the conditions

~of this study,kis particu]ar]yiinteresting in respect to the latest

maturing cultiV%rs used for tomatges and for cabbages. Burpees Big

‘Boy, our 1atestematUring;tbmato_cu]tivar'and Triple Green, our latest

'maturing cabbage cultivar seem to perform better,'at 1east during the

earlier stages of their development, at lower than at higher tempera-'

.tures. Seven'weekS»after,germinatibn this trend was no longer apparent

in our tomato experimehts wheré'both'temperatures produced quite simi-
lar resg1ts "No observat10n of the effect of age on this trend was.

poss1b1e in our cabbage exper1ments e y R

5
It 15 a]so 1nterest1ng to point out that during. the ear11er stages

. _— e
LA - . . RS
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studied.

| along the- absc1ssa In the case of Burpees B1gmﬁ;ﬁ"

105

of plant development both Burpees Big Boy.and Triple Green appear to

be as good or better photdsynthesiiers than their earlier counterparts,

specially at,]1'C_and,vfor cabbage, at the lower light 1ntensities\

o ’ 7/ . s
The explanation of this response to temperature .chahges could. be

explained by figure 8. ’This graph re]ating the effeCts of'temperature
on photosynthes1s, resp1rat1on and net ass1m1]at1on is 51m11ar to the
one given by Kramer and Kozlowski for Pinus cembra seed]wngs in the1r
book dea11ng w1th the phys1o1ogy of trees (37)

‘ F1ve weeks after qerm1nat10n the net.ass1m1lat1on curve of Burpees
B1g Boy could be s1m11ar to the net ass1m11at1on curve X. A and.A'ﬁﬁ
would be- the va]ues found at 11 ¢ and at 23 C respect1ve]y As we can
see at 23 C the- peak has been exceeded and‘our net assimilation: rates

&

have started-to decrease Point A, be1ng closer to the ”optﬁmum“

temperature for th1s cu1t1var, under the cond1t1ons of our sﬁ%dy, wou1d

it

show higher net ass1m1lat1on rates than A that is s]1ght1£§%urther

away from this po1nt It 1s 1mportant to rea11ze howeveif;hatwone*(A)

has not yet reached th1s optjmum ya]ue wh11e_the,ot %ﬁ

already surpassed it. ;

- 2]
pald shift the curve .
S

A change in cu]tlvar, light 1ntens1ty or'agiﬁ*"‘é
7:weeks after germ1n-._h

¢

at1on the net: ass1m1]at1on curve could have shifted s]1ght1y to the

right to curve Y. B.and B' wou]d be the net ass1m11at10n rates %é 11 C

and 23.C respectiveiy. In this case both of them wou]d.be pract1caﬂ1y

: equidjstant of “the ”optimumfﬁtemperature'forfthis curvg and practica1]y
no .difference (1?)-cou]d be»fpund betweenlthem. The_fact‘that‘Z.differ-

- ent plants were used, in these experiments could beeresponsible for this
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slight change rather than age. -Higher temperatures however would decrease

the net ‘assimilation rates since the optimum température seems

been surpassed -

In the case of Rocket, our ear11est tomato cu1t1var the'netiassimi-'

1at1on curve could be similag to Z and since the ”opt1mum“ temperature

at,the environmental condition of our experiment’ was not reached,

1
increases in temperature would i crease the net ass1m11at1on rates unt11
this temperature had been reached.

L1ght 1ntens1ty changes can hav the same shifting effect on the

nec ass1m11at1on curve as aoe or d1fferent cu1t1vars had and chanqe the
pos1t1on of our opt1mum temperature Th1s seems to have been- thenzase ‘

in severa] of our resu]ts.and part1cu1ar]y in Ear]y F1reba11 tomatoes.

| If th1s hypothes1s is r1ght it could part1a11y explain why. Burpees
.Big Boy.and Triple Greenvare our ]atest maturing tomato~and_cabbage
-cultivars; Ear]y'in the season they can pertorm as we]] or better than the:
_earlier cu]t1vars, 1ater in the summer when h1gher temneratures can be exoeci'
ted there is a marked dECreasp in the net ass1m11at1on rates of these cult~
1vars, wh11e£the earlier ones wou]d take ad vantage of the h1qher temperatuwes?
since they appear. to have a h1gher ”opt1mum“ temperature under s1m1{ar'cdnd1tﬂor
Rocket, our ear11est ‘tomato cultivar, showed a.very_marked 1ncrease :

' in'net asst1lat1on rateS with age. - In this case the shift in the‘curve

was a]png thé ordinate and simi1ar to thefeffects of higher 1t§ht inten-

sity within the same temperature cbnditions when a shift isAthe'curve
a]spiﬁould be in the ordinate axis. - This marked tncrease in net assimi-
]ation'rates, by far exceedinggthe values fpund"forIBurpees Big'Boy or

Ear]y F1reba11, wou]d be a good exp]anat1on of its ear]1ness since it L ff

would mean that at th1s stage Rocket would be ab]e to-increase 1n dry

B Y
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we1ght much faster than any of the: other two §§Ud18d ? >
The reason why Ear]y F1reba1] is ear]1er than Burpees Big Boy.
remains unclear even if our prev1ous hypothe51s on the effect of hlgher
| temperatures later in the season ho]ds true. Ear]y F1reba11 net assimi-
.1at1on values were very 1ow dur1ng the. who]e exper1ment Possib]e ac]a—
I ?tﬁon effects or .other experimental errors m1ght be.the cause for Early
Fireball show1ng such a 1ow 11ght*saturat1on po1nt 7 weeks after germ1n—
- ation. "It is conce1vab1e that Edr1y F1reba11 cou]d fo]]ow a pattern of
-1ncreas1ng net ass1m11at1on rates-similar to Rocket elther at th1s stage
or late in the season. It cou]d be however that we w111 have to 1ook v
'1nto ot r factors for th1s cu]tlvar Even 1f 1ts net ass1m11at1on rates//
dn the 5th ]eaf from the top,,are lower the tota] net ass1m11at1on rate’
for the who]e p]ant m1ght be h1gher Q'Factors as anatom1ca1 or morpho]o-ﬂ
.‘91Ca] d1fferences, 1ater cenescmg leaves or ear]1er photosynth651z1ng
‘younger Teaves. cou]d influence 1ts tota] net- ass1ma1at1on It is
ilnterestwng to po1nt out that Burpees B1g Boy has a much more bushy -
form than Early F1reba11 and self- shading for most of the photosyn—

thes1z1ng area of th1s cu]t}var cou]d put it at’a d1sadvantage in terms ff.

of whole plant net ass1m1]at1on when compared with Ear1y Fireball.

e !

No exp]anat1on for the d1fference in ear11ne$s between our cabbage

;: cu]t1vars can be o;fered on the basis of the data ava11ab1e except for
3 the apparent s1m11ar1t1es in the1r response to temperatures of Burpees
':B1g Boy and Triple Green that ‘were ment1oned
Later in their. deve]opment marked 1ncreases in the net ass1m11at1on
rates of San1be1,and especially Emerald Acre m1ght be poss1b1e,as we,have
.observed in the case of Rocketld.Higher who1e‘p1ant net,assimiIattons
rates,‘as’hasibeen>suggested for Early Fireba1l, might'aTso be showntoy

T
Y

1]



these qutivars: Further exper1ments on this subJect us1ng>a\garger

scope of temperatures, 11ght 1ntens1t1es deve]opment stages and

" cultivars should provide a better basis to understand this compiex

‘,

R

[T
.

”

phenomenon of vegetat1ve earliness.

We be]1eve however that these experinents have provided_us with
some very interesting working'hypotheses and have opened'severa1'
important quest1ons on this SUbJECt that will help future researcherf

to conduct a more deta11ed ana]ys1s of the factors that affect

ness in th1s species in 1ts re]at1onsh1p w1th net 4m11ati0n.
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APPENDIX ONE

Chem1ca] Ingred1ents for the U.C. Soil M1xture used in these
'exper1ments (50 Per Cent Fine Sand, 50 Per Cent Peat Moss)’
Amount of materials to be added to each cub1c yard
120 g Potass1dm,n1trate
]20"g_Potassiumdsu1pha;e'

1125 g Superphosphate '

@

800 g Calcium tarbohate
600 g Mégnésium carbonate
42 g Hoof and Horn ;w.
' Ana]ysis‘df thg‘mixtdre ingppﬁ?% B
N. P - K | Ca - S;“ ‘So1. $a1ts " pH
9 19 29 ° 1~50 -"150‘ o1 6.4

I



