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TEE BFFECT CF THRIE METHCLS OF VATTRILG IN THE

PROUCTION OF CARLATION:S In SEVERAL SCILS AIND SCIL MIXT''RES

For tlie past few years, greenhouce operators have been
faced witi, a steadily increasing cost of labor. Accordingly,
tuey have been searching for methods of decreasing their
labor requirements, in order that tney might continue to
operate at a prefit.

One labor consuming phase of flower pruductiun has
been the prevailing method of hand watering. Several
new ways of watering have been developed to eliminate some
of th:s hand labor. Of these, sub-irrigation and constant
water level sub-irrigation sccmed to bhe the most promising.

It was the purpose of this experiment to compare the
production achiev:d on various soils and soil mixtures,
using the three atove muntioned methods of watzring:
surface watering by hand, sgub-irrigation, and constsnt
water level sube-irrigation.

Carnations were chosel us the inuicator crop, us they
are widely grown commercially, and are in constamt uemand.
Taey are falrly casy to grow and require acout 10-11l montis
in the greenhouse bench, which was considered sufficicnt to
shhow any differences in the soils ana soil mixtures as «f-
fected by these methous of watering.

Various tests were made on the soils to determine what
effect these three methods of water had on the soils aud

801l mixtures.



REVIIW OF LITTEATURE

Carnations (Vjanthus carycphyllus, family Curyopnyl-

laceae; are specific i:. their culture requirements. Accor-
ding to Wildon (¢), they grow best in a ccol house, at a
night temperature of 40°-50° F., with plenty of fresh air
and sunshine. pH is best at 6.3, and nutrient levcls de-
termined as follows: Nitrogen, 10-50 ppm; Phosphorus,

5 ppm; and Potassium, 15-25 ppm. The most serious pest

is red spider, which can be eliminated by spraying. +is-
eases of carnations are eliuinated by careitl selection of
the cuttings, and then re-selection of the p.ants from
cuttings, when.the plants are benched from the field.

Cafnations are generally benched in July, with the
first blooms maturing in late December.

Ward, 1903 (8), considered sub-irrigution extremely
valuable in the culture cf carnations. He con:ztructed
water-tight tanks ana insiue these, fitted T-shaped purous
clay pieces on top of which the seil rested. The bottom of
thie tank was constantly su,plied with water, and wate: moved
upvard by capillarity through the porous clay to the soil.

Post and Seeley (2), reported thnat cut rlower crops
grown in benches cr bede of soil are frequently sub-irri=-
gated. Considerable amounts of water are injected at each
watering, anu the surplus is drained avay. Thi: methoa has
been founu to work scztisfictorily in some soils, but poorly

in others.



In water-tisht benches, it was found poesivle to regu-
late sub-irrigation b, injection and thus make it an outo-
mztic method. This methou uses less water, so thal watering
can ke done less frequently. Lenches thuat are sut-irrigated
ao not dry out as fist us surface wutered penches.

An experiment was ccnducted with curnation, using a
surface watered bench anu an automatic watered, sub-irri
gated bench. Ikutrient levels were muintained ana btoth
benches were watered at a capillary tension of 8 cm of Hg.
contrdlleu through the use of tensiomet:rs.

Barly production was higher on the surface watered
bench, but the total production was slightly higher on the
automaticly watered tenche.

Steyhens and Volz (6) grew stocks and China astcrs on
four Iowa s0ils in a constant-water level bench. -he three
soils having over 5 per cent orgabic matter produced signifi-
cantly better crops than aid the soil with only 2 pcr cent of

organic matter.



L3CAIPTICL (F SCILS Al SOIL MIXTURIS

Tne 8ix co0ils and soil mixtures usred, uzs aescribed by
Veatch (7) are as follows:

l. COCehtemo; 1light trown loemy cands and light sandy
loume unuerlain by pervious <uld with a small edmixtuwre of
clay ana gravel. wry, low in iert:lity, avu low inL or_enic
watter.

Level or pitted ury senay pleins anu terraces.

2. Oshteuno, twe thirus by volume, ana wuck, cne tuiru
ty veclume. Yhe wmuck wes varlisle iuck ana was well-uecom-
posed.

3¢ lhdawi; lignt brownish losm und silt losw over
brownisn, compuact, asnd retentive tut _ranular Zritty clay.
The Clzy extenas to ¢ dertih of ceverzl feet.

Noist, aciu surface, high fertility

cently rolling uplenu clzy plains,

Thie soil ureca wes & eligntly sanuier asisociate cf the
Tigmi.

4. wuwMseon; dark grey to iLlackish sunds znd sandy loans
over grayish weaterlogged swnd which rects upon cley &t one
or twc feet.

Lolst, neutrel, meaiws iertility.

Tnis €01l wes frow & sccetion napped &8 1rooksten, es
it is scnetimes founu in wssociation witn Lr oketone.

5. brookston; loame and cley loums. werk colored
plow £0il unucrlain ty wet, mottea, . ritty cley to ueptus of

ceverel fecte



Jolst, sligntly wcia 1o neutrel, nigh fertility and
orgzenic mattere.

Level plaine end vulieys, &esccleted with rolling lana
such as liami.

6. Lrookston, two-thirds bty volume; Curlic:le I'uck, one-
tuird by veoluwme.

A1)l of these scils or siwmiler scils end so0il mixtures

¢1e generally availille tc ine grecniivuee ¢ Lruatlor in Kichigane



I7.THCLG UF FL.CCliwTids

Six soils and soil mixtures were placed in 28 by 3u
inch plots in each of three V-bottom concrete tenches. The
plots were in duplicate in randcmized Llocks.

A single row of tench tile vwias placed in the ®V®
of euch tench. Over this, one inch cf gravel, ena tnen one
inch of ccarse sznd were pluaced. iext, wooden purtitions
were fittca into tre tench at intervals of 28 inches. The
80ils &nd so0il mixtures were pluced in the proper com-
partuerts and fillea to the suvrfece of the bench. A
small, gelvanized metul taenk with a poultry-watering flout
was rlaced in one enc of cne tencr to mzke peseitle the iLain-
tenance cof a cunstunt water level in the send just belcecw
the soil.

Lime was addea to the Cshtemo sand, snd to the Cshtemo
cund and Muck to bring the pH to tiie level of 6.3. The pH
of all of the other soils was ueemed chose enough to the
decired level.

Ammonium sulphate, superpnocphate, sxd potassium
chlorice fertiiizers were added to bring the nutrient
levels to those deciued gt btest for carnation; nitrogcn-

50 ppm, phosphorus-5 ppm, and potash-25 ppm. These levels
were meintained as nearly as possible thrcughout the course
of tre experiment.

Fifteen carnation plal.s, variety Furi.en, were

planted in each section znu spot-watered for approxinwtely



two weeks until estailished. Frowm this time, uniil the
conclusicn of the experiment, they were wuatered by the
foliowing methods:

l. Surface watering. water vies upyplied on the surfeace
of each plot whenever it was nceded.

2. OSub-irrigetion. The plots were watered when any
one on thnem showed n.ed, tnen were drained. The entire
tench vias watered at once.

o mechaniczl means were use. to determine the time
of watering in eitier c¢f the avove two tenches.

d. Constant watir level sub-irrigatiom. “he water
level was muintained in the sund layer just telow the soil

The plunts were supiorted by wire and string and were
pincned ernd dicstudded as is cowwioli in carnetion culturee.

Adequate ventilution was maintained at all timee,
end temperature was controlled as closely as poscible with
thermostutic control of the steum lines.

Red Spiuer wae controlled by the use of Yaratiron,
epilied s & spray wren needed.

Nutrient levels wer mcirntained &s nesrly &s possitle
&t the desired levels tarcughout the ccuree of this exper-
iment. Tests were made freqguently according to tie methods
cevised Lty .purwey (5).

Fore space and volume weights cf tne soil were ceter=-
mincd as follows:; Co.e semples were t:ken from thne verious
plote. Tue volume of esch weas aeterwinea b; water wisplucee

mert. The cores were then saturated, alloweu to drain cne



minute, wecighed, oven uriea, anu re-weighed. The resulting
figures geve the volume of ecil, weight of £0il, and volume
of wuater in the saturated soil. ¥rom these fi;ures, the pore
space by volume anu tne volume weight of ithne scil were aeter=-
mined.

The percent woisture of tue soils, measuvred while the
rlants were growing, was aueterminca ty ueterminir, loss of
weignt in an oven at &pproximately 110° Centigruae. Velguts
of s0ils were ccnverted tova volume teasis gnu the percent
moisture b, volume det.runinece.

Aggrercte snalyses vere maae by the methoa suggested
by Yecder(10).

Loistire equivalent wus wetermined ty the centrifuge
methoa, sna wilting coeficient bty use of the following

eguation:

wilting coefficiente IiBIioscopde coefficient

Records of the number of flowers cut and the number
which viere sp.it were kept during thnc growing seascn.
Tae vegeiative weights of tre tops were taken at tone tine

of harvest.



SOIL MCISTURY LIT mNIKATICKS AND THID LRFWICT OF THE

VARIOUS NWITHCLS OF WATEKRIKG OX TOROSITY AND AGGHRGATICN

OCne of the most importznt consideraticne in the pro-
duction of any crop in a soil or €o0il mixture, ie the mcis-
ture relations of the =o0il. Table 1. shows the percent of
moisture availatle tc¢ the plant in the varicue soils and
~s0il mixtures, aetermined on the tausis on the difference
between the moisture equivalent and the wilting ccefficient.
It can be seen tiat the hecavier soils nave ccnsiderakle
more &availuble moisture than the lighter soile, but that
the lighter coils cun be grestly improved, ang. the heavier .
soils somewhat improved by the adduition of orgunic matter
(one third mucdk by volume in this cuse.)

The commercisl grower who has only the lighter soils
avalilsbtle can thus improve his crops by improving the water
reletionships of the so0il through the addition of suitable
orpanic watter, such as ucke.

The outstancing uifference in the so0ils and so0il
mixtures due to the different methods of watering, wus the
percent mocisture in the soil during the growing period.
Table 2 shows that the pe:cent mecisture wus greater in
the sub-irrigated plots than in the surfuce watered plots,
anu still greatest in the constant water level plots. The
samples for the moisture uete.minations were taken from the
sub-irrigated plote 45-50 houre aftcr watering, ana from

the surfoce watered plots, 35-60 hours ufter watering.
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The plots, at the time of tampling, contained as close to
the average amount of moicsture as it was possible to esti-
mate.

This increase in percent moisture is aavantageous to
the point at which aeration becomes a limiting factor in
plant grewth. This minimum need for air is believed to be
somewhere betw:oen 30 and 10¢ cc¢ pu.r liter of soil. As pore
space is practically constant (see table 3) for each soil
or soil mixture under all three methods of watering, the
degyree of aeration in the soil depends upon the percent
moisture in tre soil. The results of the two pore space
determinaticns tnat show tihe greatest variaticn, the sur-
f_ce watered Cshtemo :and, and one sub-irrigated plots of
Miami, are beliered tOo be errongous.

From the table of volume weignts, table 4, it is
evident that tue wdaition of muck materially decreazes
thie volume weights of the soils, thus increasing porosity.

In soils, where nutrient levels are maintainea at a
suiriexently l:ich level, successful crop preduction depends
largely upon the amount of moisture present, anu the physical
condition of the soil. Takle 5 shows the moisture aeration
relationships of the six so0ils anc soil mixtures as aftected
by the taree methods of watering.

Aeration wus suf.icient on all soils and s90il mixtures
that were surfeaced watered. There is ¢ poc ibility, with

this method of watering, that scil moisture might tecome
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a limiting factor in plunt :rowth. .in tie Cshtewmc cend for
instunce, the smount ¢f moisture avaiisgrle tc plants can

be only 4.27 perceut {Tatle 1). ~as the co0il becomes ary,
the actuaivcluue available to tne plants may lLecone velry
low. ‘UYhe data show however, tnat the guanity may be greatly
increaced by the ad.i1tion of muck to iie sand. All .f the
other scils ena scil mixt.res .rovacly coutaineu suf icient
moisture as a resilt of this methoa of vaterin:, even
though there wuc less meoistire than wuoere the other two
methods of watering vere employeu. “he wadition of the
muck to the Lrookzten clay loam only sli _htly incrcacec

trne amount of availaovle mol. ture, vhile tuoe wilting coef-
ficient of the soil was materially increased.

Tne amount of moisture varieu considersbly in the
csub-irri_atea plots. T:is was due to uiffereznces in soil
as they were all watered at the seme tine. licisture in
any one of the soils cr toil mixtures could have been
better controlied in separate benches.

As eviaenced ry plant growth, acration seemcd to Uc
sufficient in all oif tne sub-irricuted scils, altuough
the volume of air per unit volume of soil vas much lees
than in the suriace watercd soils. It is Telieved theat
ary soil or soil wmixture can be used gctisfactorily with
this method of wate. ing under properly control.ed conuitions
ulthough the heavier soils with orc.nic mat er shoulu be

the best
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In t..e constant water ievel Tenca, all of tie soils

o
\

received sufficient moicture at all times. VWater rose co
freely in the lignhter (saundier) soils thut air wwes almost
entirely excluded. Th.s waut particularly true ctf tue
Oshtemo, and tc a lesser extent wita the waMsecn scil.

The auaition o. muck to tue Oshtemo swuna increascd
acration by tune increase in the amount of pore s_.ace, and
probavly by tune efiect of trne orjanic metter in sleowing
up capillary risc ¢f water.

The reason for the low amount of aeration in tre
candaier soils is telieved to be due to the rapid caepilliary
action in the sund wnich filled most of the pore s.aces
more rapidly than the moisture coula evaporate or ke used
by the planis. Wwhere capillarity wa.: slowed down by the
finer pores in the heavi .r soil, ¢vaporation and plant
usze were fast encuch to use up thne water &id allow suf-
ficient air for the plant roots. '

For best pessible mei:ture-aeration relaticnsuipe,
heavier soilz, contzining, consiaeruble orgunic mutter
should be uaed with tue constant vater level methnod of
watering.

The Osntemo sand produced heavier growth than the
brookston clay loam and muck under surface watering, =zs
shiown in figures 1 and 2, and in the vegutktive woight
at tre teruwination of t:.e experiment. Under sub-irrigation,

tie growth was superior in the Irooxston cla; 1loam and muck,
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sl.owed very good growtl unuer ccrnstunt water level, while
those in the Csutemwo sand were ;everely retard”d or wnilleu
as snown in figures 5 and 6.

Surface watering nas a tendency 10 Lreas acwn &g-
gregation faster tnan ac the metnouas c¢f sub-irrigation or
constuant water lcvel, as shown in t.ble 6.

Tlils 1s thewn wlso in fi:rures 7-10. in tie waBseol,
creokston, anu Lrookston ana muck, the curves show that
the agi.recates a e definitely smaller in those plots
that were suriace watered. In the 7iami soil, the c.rves
for s.rfa ¢ waterin, and sube-irrigation cross, indicatin;
very little difference in the effect cf trestuent.

The gr.. nhoucge operator that leaves his co0ils in the
benclhies fcr several years chould et tetter results with
subsequent crops by using either tie sub-irrigation cor
constant vater level methcds of watering.

Tre volume welgiite ¢f the seils ana soil nmixtores
were onl; elizntly wifect.d by tue wmwethcd of wutering,

as ev.iaencea 1in tuble 4.
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Cil FLOVLER TxlL CTICL o Iy

i.1gh preducticon or qualit, carnaticn flowers is
suk ject tc rpany veriekles, among walich zre; variety,
towmersiure, nutrient level, ciilmete, wcistore, wnwe occil-
Leisture seluticus.

1t vee acter_tou 1 Tode exgeriment 1e ceontrel we
eny ci ihe veriellec ce .ossitle in orcer to¢ have con-

Laratle recorcs oi prou.ction on tne verious gille wiu wL0il

cl

wixtores, under tue verio s wetucos of wetering.

Tavle 7 _ives toe prouuctlon 0ir Ilowels dliu Tk pele
centa e ¢f split calyxes in euch of tre plcte, who tre
averc v fer ewucn soll uncwer ceacn of toe L.oree types of
vetering.

Hign flower producticn wies msintsineda .n toe surface
vaterea plois of lentemo sald, ane toncere vwug fedr proauvction
on the sub-irrigected plots. ZTroduction on the c.oistunt
weater level plots ioviever was Vvery roor, end tie flowers
were oi tie lowest quality o. auy ¢ tre [lots, nany of
them being, unsoleukle. Lhie plunte in these rleis vere
elther killed or meteriall, injured vy the nigh moisture
content wnu lack 0i acTrution. rigure 5 chow:e tuls poor
grovti, and tikle ¢, ve_etctive weignt at wne cloce ol the
eXperiuwent, shows tre limited Vegetiaticon cn tiese plois.

Tne Cehtenc sana with wuck show.d a £licntiy lower

producticn on tne surface wutered .lots, po-eibly dic to
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tne fact that, althcugh the woicture content was Ligher

at the tiwe the .aw._.les were tauen, tie wilting ccef.icient
was guite a cvit higner tonen on tne Cchtewo cahu alole,

and thus more water was n.edea. Thnere may thus have Leen
scmetimes a shortage oi availille moicture.

The increase in producticn, cuucted by the muck in the

)

0

(&}

Cshtemo sund, in tie constiant water level plots, over &
percecent, wus probavly due lar:icly to better meration.
Even thern, however,the yield wse €till lover than nornel
production sianaarcs.

“he ¥ismi soil, & heavy sanay loem, produced good
yields under &li three methoue oI vsleringe. 4, purently,
ample moisture and suificient soil air were precsent st &alil
times on all plots. “uis =0il, ana sinmdlur so0il types ore
very prevalent in Lich:, 2n and aie easily available to nany
greenhcuce operators. There were dirrerences in tre curality
c1 tne tlowers prouvcea ulitel the aiflerent vateriig wethous.
Those of the surface waterea plots were slightly smaller
end with somewhsat poorer stems. Sowme evidence oi this
i nectea in table 8.

The deatz for the Wanseon senuy loam showse jnucencistency
in oty tue sirface waiered and the sub-irrigeted plots.

In the sirface watered bench, one of the Vahsecn plots
weae ut the end of tke benchh nearest tue door tc the outside
of the greecnho se. Tne treffic turou h tne greenhcuce

seemed to have affected the prodicticn of thiz plot.



In tne plants as received from tie yiela, it vas later

aiscovered tnst some piants of tne viriety lillers' Yellow,

16

were mixed in with the variety Furitan. All of these plants

app 'ared in tie fourth and fiftn plots of the sub-irrigated

tench, teing tne ‘auceon znd rrookston plote, respectively,

Tiie wuuseon plot concisted c¢I all plants of this veriety,
and the Lrookston plot, about hkalf and nalf. The number
of tlocms per prlant of Yillers' Yellow ap:.earea to be less
then the number of tloomes pe:r plant of Furitane
The wvomewnat lower yiela, as compared to otier scils,
of the eonctunt water level “iauseon ploty wus protulbly
aue to the lack of proper aeration as shown in tuble 5.
Lrookston clay loam, a neavier soil, high in org nic
netter, produced goou yields on both tne surface watered
and constant water level rlots. Tne r.asons for tue
lower yields on the sub-irrigated plots asre partielly
explained by the veriety mix up eslreedy mentionea, and
partially due to tre inability to properly control the
moisture content due to the fuct t.at more than one scil

vwes in the bencne.

The addition of muck to the Ercoksteon soil lowerea the

coefricient va: increased to a nuch greater extent than
tihie mecisture in the so0il, thus causing the poscibility of

occasionally too low a mecisture content.
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The incresse in yield on the sub-irriguted plots,
causec by the audition of muck to trne Irookston clay loam,
is believed due the fuct trnat the moisture-ameration relations
for these plots were better then for the bLrookston plctes.

The:e was no muteriel increuse in tuhe yielu obtaineu
on the ccnetunt water level plots uue to the caditicn of
muck to the Brookston =o0il, because the Ir okston soil was
already hcavy enough ana suificiently high in orgeanic matter
for goou groduction.

It can ulso be seen from teatle 7 that there choulad
hkave been some method of time euntrol of waterimg on toth
the surface wetered end sub-irrigeted plots, end that only
one typre of s0il or so0il mixture should heve teen used in
trre rub-i:riguetes lLench.

Best yielu results, uving ti.e constant water level
method of watering, vere outaineu vy the use of heavier
s0ils, high in c¢rgenic natter.

Table "7 dceg not show that the flowers were of super-
ior cguuxlity, beth as tc size cof blocm wne length znd sturdi-
nescs of stems, in zl1 of the sub-irrig.ted and consternt

except those
weter level plotsAof Osttewo sand.

Table 8, showing tne vegetative weights of the pleants
at tre terminaticn of the experiment, serves to indicecte
this stirdiness c¢f tie plants. The plant growth aversged
5.€7 pounds per plot cn all sub-irrigetec plo.s, auna

6.5 pounds en all counstent water level plcts, cmitting



the Cchtewo sand figures frow this last cvers; e. LAs ccrpeared

wibklhh &n averace ¢f 4.15 pounds obtaineu of the surface
these

watered plotsv\figures gnow tre supericrity of tre sub-

irrigeticn methoas of watering, The size ana q.ality of

tne flowers vuariea in much the Ssme crder as did tune .lants

at tne ena of the experiment. Actual size recordas on the

flowers were not recorued.

Tab.e © is encther form of expreseing the average
preducticn deta in t.tle 7, anu is included to give the
comueréial grower a compuriscn c¢f yielas on & sqguare foot
basis, as this is the bueis on which tlhe; measure their
production. A quick glance shcws that test producti on was
obtained cn irookston clay loam ana brouoksten clay loum
plus muck, itut that tue iuck did nct iwmprove tie natural
brookston soile This mi:nht not te true with certzin other

crois.
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SULY, LKLY AiID CONCLUSICNS

Carnations were grown in six soile and soil mixtures.
Watering was done at the surface in the conventional muanner,
b, sub-irrigation, and by constint water level subeire
rigetion. The effect of the adifferent methodé of watering
wus shown by porosity relationships, moisture determinetions,
anc sggregate analyees of the soils and 80il mixtures, end
by recording the nuuter of blooms per plot, anu taking the
vegetative weights of carnation plant from each plot at
the termination ¢f the experiment.

Judging from the effc-cte of the soil, numbcr and quality
of bloome, and total vegetati-e growth of plants, sub-
irrigution proved to be superior to surface watering.

It was found necessary to use a heavy €oil, high in
orgenic matter, to achieve the best results with the constant
water level method of watering.

heavier scils with organic mutter were also found
superior to the more sandy soils in tlLe sub-irrigatiﬁn
method of watering. Best results can only be achieved by
this method when opmly one soil is used to & bench, ana the
time of watering is controlleu to fit the soil.

The reascn the sui.dy soile were not sutisfactory in the
constant water level method was that the rapid capillary
action in the sund filled up the pore spuces faster than

evaporation and the plants could use the mcisture, end
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conzecuently limited aeraticn to the extent of affecting
the growth of the plants in the soil

Soils to which a lerge amcunt c¢f organic meatter has
been aaued reguire mcre water than those low in organic
matter. This is especially noticable in the surface
watering methou, end mutt ve carefully watched.

Aggregeute enalyses showed thiat surface watering tended
to treak down aggregaticn facter than the other two methods
of wateringe.

Supcrior size of flcwers gna stems in the sub-irrigation
and the constunt vater level methods vize due to the greater
moistire content of tne =0il at &ll times. TFerhaps
sufficient moisture ¢oulc te kept in the surface watered
bench ty using sonie mechanical means of controlling the

time of watering, or ty increasing the labor involved.
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TABLE 1: ©SOIL MOI3TULE CCHIT NTE CON THE VARICUS
SO0IL AMu SOIL MIXTULES
Loisture wilting Available
Gouivalent Coefficient Moisture
Soil ‘percent ‘percent ~ percent
Cshtemo 5,90 1.63 ! 4.27
. l
Oshtemo and Nuck 18.85 5.12 ' 13.73
i ami 15.45 2.79 . 12.66
‘Wawseon 16.10 3.38 ‘ 12.72
Brookston Clay Loam 26.60 5.74 g 20.86
Brookston Clay Loam !
and Nuck 34.00 11.76 b 22.24
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TABLE 2: VOLUMZ OF MCISTURT IN THT VARICUS

SCILS AND SCIL MIXTURIS

SURFACH WATZICLD TB=IRIGATICH COLSTANT WATR LIEVEL
Average Averag Average

Soil Percent |Percent| Percentj Percentf Percent Percent
Oshtemo 7.8 30.0 . 38.0

9.6 . 8.7 26.1 <8.0 42.8 40.4
OShtemo 1409 37 «0 4208
and }\:UCk 1807 lbo& 4109 39.5 4804 45.6
kiami 15.1 26.8 37.6

17.7 16.4 26.3 26.6 35.8 36.7
'\Jauseon 1901 2808 4204

} o

Brookston 2¢.4 37.7 34.9
Clay Loam 21.8 25.6 37.4 37.5 41.0 38.9
Brookston 24.1 | 41.7 46.9
Clay Loam 34.1 29.1 39.1 40.4 46.5 46.7
and lMuck




TABIE 3¢ ITRCTEIT TOTAL IO.XE 3rnC CTF Till YAnICUS

SCILS Al BCIL NIXTUICLL CIU 4 VOLULZ LASIS

STy Al LAY TR Sy SUB=1:nlialICu Coi . Thl T wATER LIV D
Soil Average nveru e Avera; e
Osntemo Bk 40 l 46

50 51.0 46 " 43.0 41 43.5

{

Cshtenmc 55 6l ; 54
and luck -- 55.0 48 t 54.0 59 565
Yiami 50 51 54

- - 5(} oU 4‘4 4605 51 5203
\WWauseon 49 51 48

-- 49.0 52 5l.5 49 48.5
Lrookston 56 536} 52
Clay Loam - | 56.0 6l 157.0 58 55.0
Erookston | 58 | 62 61
Clay Loam €8 i 63.0 62 62.0 64 €25
=nd luck i




TALLY

4: VCLUTS

WOIIGHT

CF "EL VARICUS

SCILS

AD SCID TIXTTRLS

T
DUl

- —

L DR

SUT=1rri0a 0N

CONETALT LATIR 1IZVIEL

AveTrage AVereie | 1T Aversacé

Soil N N N 1 _
Cushtemo 1.25 1.27 1.35

1.24 1.24 1l.44 1.36 1.46 1.40
Csrtemo « &9 1.06 1.06
z1:d Muck ———— ye1e « S0 1.01 1.05 1.06
i ami 1.13 1.10 1.17

-———— 1.12 1.16 1.10 1.19 1.18
Y zuseon 1.11 1.05 1l.21

- - 1011 1008 1006 1016 1018
Ercoketon +« 98 1.15 .95
Clay Loam - .98 « S99 1-07 e U7 « 96
krookston «83 .88 .76
Clay Loal’ﬂ 1003 .98 .81 «84 « 82 .7S
and Yuck

PUPNI
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AVLraln

. T T TSR TR
AV_ORAGE ICISTUHRE

AVIRAGYH AIR |

Soil TREATILKT FO. i STACE |I¥ SOIL SPACE IN SOIL
T CC per liter cc¢ per liter cc per liter
Csihtemo Surface watered 510 87 423 i
|
Cshntemo Sub-Irriguted 430 280 150 g
Oshtemo Constant water Level| 435 404 31 i
Oshtemo S. W. 550 168 382 |
and MNuck §
" S. I. 545 395 150 ;
. C. W. L. 565 456 109 i
Vi ami 5. W. 500 164 336 :
" s. I. 465 266 199 g
" C. W. L. 525 367 158 Z
wauseon S. W. 490 | 202 288 }
; |
] .
" Se I. 515 {208 217 i
" C. V. L. 485 1423 62 i
Brookston | S. W. 560 256 304 :
Clay Loam ;
" S. I. 570 375 195 !
" Ca "S‘YQ L‘ 550 385 ‘ 161
Brookston Se We 630 291 339
Clay Loam ) i
and Muck i 5
" §. I. 620 404 216 |
|
v C. W. L. 625 1467 158 ]
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TAELE 6: THZ ZFIECT O WATERI..G ON AGGREGATION Or THE
SOILS AXD SOIL IMIATURES
AGGRIGATS CIZE — T
[ [ Less
i than
D'Ver i -25- 0125- 2 0125
dom | 2-4mm| l-2um | «S5-lmm| .5mm | .25mm | mm
er- | per= per- per- per- iper«- ' per=
So0il Treatment cent |cent | cent |cent cent {cent |cent
.
Miami Surface 5.28! 3.76 386 6.20 16.64:25.64 | 38.62
watered / |
g
Miami Sub- 2.36; 4.18 4,22 6.62 18.10i27.32 §37.10
irrigation i i
Miami Constant  19.52!3.42 | 3.22 {5.30 | 16.70!23.66 | 28.18
water level | |
! h i
Wauseom S. W. 12.3812.98 | 5.60 |9.28 19.24{27.84 :32.68
Wauseon Se I, 9.583.98 4.16 8.06 20.12/28.86 125.24
Wamseon C. W. L. _8.18§5.86 5.70 !9.68 19.24125.52 /25.82
Brookston S. W. 0 11.30 2.44 4.78 14.44115.36 :61.68
Clay Loam ! i
Brookston S. I. 3.322.38 ?2.34 {1 5.80 19.94,33.50 ,32.72
Clay Loam t g
. j
Brookston C. We L. 3.76 (5.08 2.90 :4.72 13.74,24.22 {47.58
Clay Loam i
Brookston | S. W. 1.38 |4.70 | 5.70 |5.22 10.44/20.74 [51.82
Clay Loam i
and Muck 3
" s. I. 19.16 3.82 | 4,00 |4.34 | 10.86[16.92 |40.90 |
" C. Wo. L. Je38 ‘L6058 5.72 6.14 10.32{17.18 50.68 _%}




TABLE 7:

FROM ©BACH O

NUMEER CF ¥LOWIRS AND TERCTENTAGE OF SIULIT CALYXES

QP
FU oS U]

VARIOUS SCOILS A:D SCIL MIXTURES

SURFACE WaTaR:D SUB=IRRIGATICN ONSTANT WATZR LEVEL
No. Blooms| 5plits |wo. Blooms | Splits | ho. Blooms| Splits
av. ave ave ave Xav. av.
Per-l Per- Per-| Per- j Fer-| Per-
Soil | Cent! Cent Cent! Cent: Cent| Cent
Oshtemo 134 15 113 8 33 33
119 {127 (26 |21 }100|107 a7 |12 {30 ;32 |37 |35
i i
Oshtemo 12 21 86 g8 el 17
and luck ¢8 {110 14 18 130 } 108 23 20 84 88 11 15
Ziami 132 17 123 9 113 | 16
120 {126 14 16 113 | 118 19 14 118 {116 14 15
Wauseon 133 SLENE 79 10 6 27
77 1105 |10 14 124 1102 28 19 105 ;101 21 |24
Brookston | 126 14 91 8 134} . 10
Clay Loam | 120 :125 i2% {18 [115}103 19 |14 | 124{129 18 |14
! !
14 i
Brookston S8 19 116 *9 (125 24
Clay Loam 100 g9 il4 17 {138 | 127 15 17 !143 134 17 20
and Huck i .
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TAELE &: VECGBTATIVE WEIGHT AT ThE TZRNINATION OF THE EXPLRIMERT

FRCY TEIX VARICUS SCILZ AND SCIL MIXTURES

SULFACL WhAT REU | SUB=I1RIGATION | CONGTALT WATAR LOVEL
Soil | Average - Avergge | Average
Oshtemo | 4.65 4.65 | 1.80 g :
| 4.45 | 4.55 5.80 ; 5.25 | 1.15 . 1l.48f
E - ! !
Oshtemo | 4475 . 4.65 | 5.45
and ¥uck | 4.35 4.55 | 6.60 | 5.63 4,35 4.90
24 ami 5.05 | 7.55 740
4.45 4.75 | 5.80 | 6.68 7.05 7.23
Wauseon 3.85 | | 5.15 6435
2.60 3.23 | 6.25 | 5.70 5.10 7.02
brookston | 4.45 | 5,905 6.85
Clay Loam 3.65 4.05 ! 6.35 | 6.15 7.20 7.03
Brookston | 3.35 . 5.85 6.90
Clay Loam 4.20 3.78 | 6.95 6.40 .05 7.93
and luck 1
AVERAGE 42.15 5.97 6.56

#- Not included in method of watering average.
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ALPLE 9: AVERAGE FLCWIR FROLUCTICN ITR SCUARL FOOT

C¥ THEX VARIGUS SCILS AMD SCLL FIXTURES

Soil SURFACE WATERED SUB-IRRIGAT:ON CONSTANT
, WATER LEVEL
Oshtemo 21 18 | 5
Cshtemo and Luck 18 18 15
¥i ami 21 20 19
Viauseon i 18 17 17
Erocketon Clay Loam {20 17 2u
Bo#oskston Cley lLoam & lluck 16 ol 2<

va e o ey s, st —pa e s
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B o S SURFACE IRRIGATION

Fig. 1 GROWTH CF CARILATICNS ON OSHTLILO SAND, SURFACE WATERED.

SURFACE IRRIGATION

Fig. 2 GROWTH OF CARNATIPNS ON BRCAWSTOL CLAY LOAL AND MUCK,
SUKFACE WATERWD
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Fig. 3 GRCWTH OF CARNATICNS CN OSHTEMO SAND, LUB=-IRRIGAT'D

{4 SUB-SURFACE 7RIG/ TION

Fig. 4 GROWTH OF CARNATIUNS ON BROOISTON CLAY LOAN AXD MUCK
SUE=-IHRIGATED
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Fig. 5 GROWTH O CARNATION. ON OSHTEMO SAND, UNDER CONSTANT
WATER LLEVEL

Fig. 6 GROWTH OF CARNATIONS ON BRCCKSTON CLAY LCAM AID MUCK
UNDER CCLIOTANT WATER LEVEL
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Accuwmnulation of Aggregates Larger than a Given Size in Brookston Clay Loam as

Fig.
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