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T.IL INFLUENCE OF CIERTAIL WALTLR S0UJNCLS
AND 207 TrEATVENTS Ol Tak GAOWILa Or

E2RBESENTATIVE GRENINWISE LLASTS

Introduction

In recent years tae prod.en of proyer water suappyly for
greenhouise crops has pbecome increasingly important, Tne use
of chlorinating and water softenin,; processes by many ilunice
ipal water supply plants has tended to produce adverse soil
conditons in greennouses wiich depend on such souarces for
tneir water suapply.

Since tiie relationsnip of clay pot contuiners to plunt
growth has received considerable attention recently, it seemed
desirable to obtain more definite information concerning tiis
relationsnip under greenhouse conditions., Tne clay pot has
certain properties waicin apparenily affect plant growtn and
these have not as yet been thoroughly investigated, A study
of the relation of certain water sources and pot treatments
to the growth of representative plants appeured, tuerefore,

desirable.
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neview of Literature

Recommendations as to t.le proper sources of water for
potted plants hive been given from time to time in English
and American periodicals and books on gardening. The use
of rain water is generally recommended a8 best for potted
nlants. No controlled experiments on water sources for
greenhouse crops have heen rejorted until recently, however,

The jorous clay pot adopted by tue American Florist's
Association, in 1885, as a "standard®" pot has been virtua-
ally unchanged since that time and is still used, almost to
tne exclusion of other pot containers. Pre-soaking of new
clay pots and washing of ased pots has been recormended by
commercial growers and horticultural writers and tiae belief
that plant roots are aerated through tine wall of & porous
clay pot has been generally accepted until tie work of
Jones (18, 21) cast some doubt on this matter,

Water source nas long been regarded as an important
factor in the growth of garden and house plants. As early
as 1739, Bradley (4) recormended the use of & "natural®
water and suggested tiat it be neld in a cistern or eartaen
pit for several days before applying it to tlne pleants,
Loudon (23) advocated the use of rain water und cited cer-
tain experimental resalts to show that the temperature of
the water used should be, as nearly as possible, that of

the soil in which the plants are grown. Burbridse (7)
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stated tuat the best water for plants is "soft" water, Jnde:
wihich heading he put rain and river water, I'ish (1ll). editor
of Cassel's Popular Gardening, advised tihe use of pond water,
where rain water was not available., In this connection gar-
deners were warned against thie uase of watler with a hign lime
content., Regel (24) recommended the use of "soft" river
water for watering cuttings, or rain water if a lime-free
source was not available. In Le Bon Jurdinier (34) certain
water sources are compared. Rain water wus conside:ed best
because it was free of salts and saturated witi air. Well_
water was considered poorest for watering flowering plants,
River water, it was stated, has considerable salts in solu=-
tion and their natire and amount varies witn t.ie cuaracter
of the soil turough winicn tne stream pausses., The testing
of all water except rain water was advised.

Volz and Burk (30) carried on a series of exjeriments
to determine the relation of water sources to tne ultimate
pH of greeniiouse s8oils and tane effect of those sources on
t.ue growth of representative plants, Tunis study was carried
out in a typical greenhouse environment, Tiiey reported tnat
plants do not have a constant pHd requirement but ratier an
optimum for each set of environmental conditions, that the
final »H of a greenhouse soil is a direct factor of the water
source utilized, and that rain water is apparently tne best
source of water supply while well water softened by the zeo-

lite nrocess appears to inhibit plant growth to some extent,
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The nature of plant growtn in relation to soil reaction
is of primary importance in a study of tne effect of weter
source on the growtin of greenhouse crops, since tae water
affects plants indirectly tnrougn its influence on soil re-
action. Arrnenius (1, 2, 3) discussed the relation of plant
growth to so0il reaction and stated that tinere is a direct
correlation between soil reaction and plant growtn. He sug-
gested that, in view of wide variations in pid requirements
among plants, furtiier study sliould be made to determine tne
pH ranges of important plants., Wiggin ana Gourley (31) tound
tnat no specific soil reaction was requaired by greeniiouse
plants used in their study bat that a sliight apparent aepres-
sion in growtia occurred at neutrality with best results in
slightly acid or sligutly wlkaiine soil. Crnadwick ana Gour=-
ley (9) founu thut certain ornumental plants (Iris germanica,
Lapinas polyphyllus, L. hartwegi, Dapline Cneoram, and Del-
phinium ajacis) responded best to neutral or alkaline soil
reactions,

The relation of tine clay pot container to plant growta
was mentioned by Loudon (23) wio stated that tine corionly
ased porous clay pot evaporates considerable moisture from
its walls w..en »nlaced in & dry room. Tiiis evaporation,
under usaal methods of periodic watering, woald tend to pro-
duce alternate warming and cooling of tiie soll mass witain
tiie pot, wiilch migiht prove harmful to the plunt grown in it,.
He suggested glazing the outer walls oI pots to control tnis

condition but stated that sich mewsures were unnecesswry in



t.ie case of potted plants grown in Lliie moist atmospuere of
plant houses. Jones (16) regorted similar findings and stated
that the soil mass withiin a poroas clay pot may be cooled as
much as 20 ¥. by evaporation from its moist outer wall., Jones
(16, 17, 18, 21) demonstrated that a clay pot, under condi-
tions of low humidity such as are found in dwellling houses,
may not be a satisfactory plant container., He recommended
(17, 19, 20) tae use of glazed or puinted pots, or containers
made of cement, glass, or metal for growing plants uander sucn
conditions.

The relation of porous clay pots to aeration wws mentioned
by Sutton (28) wilo recommenaed tihat used pois be tnorougnly
wesaed S0 tnat air muwy more easiiy enter tiarougn taelr walls,
Tne pre-soaking of bothh ased and new pols was likewise wdvo-
cated. Goff (12) mentioned tine value of water roverient with-
in a clay pot. Wiere drainage is good and water movement
free, iie considered tuat wateringy potted ylantsg &t tue top
forced exiausted alr out o1 uie soil mass wnd facilitated
entry of fresa air from tie soil surface,

Tae work of Jones (18) siaowed that appyreciable aeration
of plant roots throuzh the walls of & porous clay pot is not
probuble or even possible, .ie presented experinental evi-
dence siiowing taat, altnougil water passes out of tne moist
wall of a porous clay »pot, no ajppreciable passage of alr in-
ward can take place under ordinary conditions,

daber (13) found the porons cler pot snperior to peat

and composition pots for tue growtinn of certain greenhouse
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crops. The reason given for inferior growth in peat and
composition pots was nitrate deficlency cauased by utiliza-
tion of soil nitrdates in tiie buciterial decomposition ol tae
cellulose material of which suci pots are constructed,

Tae compurison of new and ased clay pots end ti.eir ef-
fect on jplant growtn wus made by several investigators,
Tnorsriud (29) found that new clay yots seemed to inkibit
tie growta oi plunts wit.ililn tiem, Wiaen compired wita plants
grown 1ln asea pois, Uiere was a noticeable ditftference in
total srowtan, Tals ne atiribated to tiie presence of toxic
substances (orobably bases) in tue new Dots &nd siggested
vasiiing these out witn watler or neutralizing taem witi di-
late scid before putting new pots into use,

knott and Jeffries (22) found & similar retardution of
2lant growtli in new clay pots., lurtier investijation snowed
tnat this weas apperently die to nitrate deficiency, since
nitrate feeding of plents grown in new pots corrected the
condition, Tie factor involved vii.s apparently tiie absorp-
tion of nitrztes into tne walls oI new poits, Tuis avsorp-
tion was mucih less in used pots, whnicn already nad consid-
erable nitrate in their pot walls.

" Tne present study was undertaken witn tue object of
obtaining information concerning certain water sources and
pot treatments wuich migat be of value to cormercial growers,
In order that t.e results mignt be more readily &)olicable
to tiie provlems of tne averase greenlouse grower, this study

/a8 based on simple treatments siicii &8 migint easily be applied
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by any srover. All trials were condacted in & typical green-
house environment and watler was applied by generelly accepted

metnods,

l"ethods and laterials

This study was initiated on January 2, 1954 and termi-
nated on July 4, 1934. All treatments applied, witii the ex-
ception of distilled water as & water souarce, were sSucii as
mignt be used by tine avery e cormercial grower,

3ix hindred potted plants were ased in €0 sets involving
4 plant genera, 5 pot treztments, and 4 waler soirces, These
were vlaced on a single, raised, greenhouse bench unuer con=
ditions of temperature and namidity wiaich mey be considered
typical for glassnoise croys. The external environmeut of
&ll plants involved in tuis stidy was, therefore, tiue same,
Since all plants were selected for uniformity at the time
tiiey were entered into the experiment, it appeured tnat sacn
variations in growtan as mignt ode noted «t tie end of tlie ex-
perimental period siould oe due to e variable factors of
water soirce, »ot treatment, soil type, or genetic and physi-
ological variations witiiin tile plant species,

Water was applied by hose in the manner of tne commer-
cial grower and watering was done waen necessary ratner tuan
at definite intervals, The plants in tiie four waler soarce
treatments were separatled by low bhoard partitions winicn coald

not interfere with plant growth., T'navoidable drips introduced.



-8-

wate=~ from tne greenhouse roof into several experimentul sels
but errors duae to tilis source were of minor importance,

Chemically softened water was obtainea by passing well
water tarougn a "Daro" domestic water softener wiich atilizes
tne Zeolite process., OSince tnig source was not available
before January 20, 1934, all plants to be incluced in tais
series were watered with river water until taat date,

Distilled water was applied taro.igh rabger tubing in
tne same manner in wiiicit otiier waters were applied tarough
lawn hose., Well water was taken from the pipes of tne Liich-
igan State Collese Campus water system which pamps its sup-
ply from five deep wells (250 to 350 feet in depta). River
water was obtalned from tile greenhiouase water supply waicn is
pamped from t.ie Red Cedar river, a tributary of Grénd river,
All water supplies except the distilled water were tuken from
pipes within the greenhouse, Outlets for eacii source were
placed witiiin a few feet ol tue bench on wiiich the study wus
condiacted. A comparison of tae solubie contents oi iue Vae
rious waters is given in Table IA,

Five pot treatments were used as shown in Table I.
Thnese treatments were duplicated for each water source wnd
plant material used. New and used porous cluy pots, in
standard sizes, were treated as follovis. Xor tne new ot
treatments, 360 pots were divided into taree _;roaps of 120
each, One grouap was tnoroughly impregnated with hot paraffin
at a temperatire of 85°to 95°C., Since paraffin is practical-

ly inert, »ots treated in this way are non-poronus and equivee-
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lent to glazed or painted cluy pots, One grouap was soaxed
in water for 24 nours and used immediately, One grouay was
left untreated,

For tie used pot series, 240 pots were selected al rane-
dom from a group of standard clay Dots wuich had been in use
from one to several times previouasly., One-ialf of this group
was thoroug.ily cleaned with a pot brusil and sterilized in a
1-50 solution of pyroligneous acid (10) and one-nelf was left
untreated.

Tae potting soils used were of two types and may be dese
isnated as soils A and B, Soil A consisted of 6 parts comn-
posted s0il, 1 part granulatea peat, and 1 part sand., Soll B
consisted of 2 parts composted soll, 2 parts granulated peat,
and 4 parts sand., Since tilese parts were mewsared by volwﬁe,
&8 is common greenhoise practice, tine proportions by weignt
would be consiserably different. Soil A and soil B were near-
ly neutral in reaction witih soil A sligatly alkaline., Soil
A was high in nitrate nitrogen and soil 3 ratiaer low in ni-
trate nitrogen, All Antirrhinum, Coleus, and Hedera hnelix
plants were potted in Soil A and tae Begonias were pottied in
soil 3., All plants were potted in 3-incn pots, excepting
the Begonias wiicn were potted in 23-inch pots because of
tne small size of tie plants at tine beginning of tue stady
veriod,

As soon as potted, eacn treatment was marked with a

6-inch wooden stake on whicn the treatment, the series, and



-10-
t.ie n.moer of pols involved was printed. The groups of potted
plants were arranged according to tiheir treatments ana eacn
groua) watered witi the appropriate water source, Cuare wus
taken that all pottéd plants should receive sufficient water
throgho..t the experimental period witinout tne soil &zt any
time becoming "water-logged" from over watering., Tiiis condi-
tion could not be avoided, however, in several pots wuici were
exposed to overhead drips.

The plant materials used were selected as representative:
Antirrhinum majus as a cut flower annual; Coleus Blumei as &
colored foliage plunt; Hedera helix as a semi-woody trailing_
vine; and Begonia semrerflo~ens var, Wurtemgergia as a flower=-
ing pot plant. Tue roots of all plants were snaken free of
80il before potting so that no soil would be introduced on
the plant roots. Tiie Antirrhin.um and Begon;a were grown from
seed and potted out of flats of transpylanis, Tihne Coleus and
-Hedera helix planis were grown from cattings, tne former laken
directly from the cutting bencn ana tine latter taken from z -
incii pots. All plants in eaclhh group were selected for uuni-
formity of growth,

As growth warranted it, tiie plants were snifted to tiie
next larger size pot. Tiiese pols were given treatmenis iden-
ticali with tiie original treutments, ALl plants were grown for
& six montas period, witihh t..e exception of tue Antirrhinum
groip wiilca matured at tiie end of four mont.is, Since tieir

retention througi tiue remainder of the period would have made
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all records of their growtis practically valueless, the Antir-
r.iinuns were removed at this time., At tne time of their re-
moval they were in 4-incn pots and, in orcer thatl tue results
on otiier plant materials sioulu be comparable, wll remaining
vlants were carried in 4-)ots until tiie end of tine experi-
mental period. Some individuaal plants were pot bound-at taat
time, bit not seriously so,

All suaifts were made, «s new«rly as )possible, simaltune-
ously witain eacil series, Tiie benc.u positions were inter-
cuanged ewac.a montia in order tnet jossible differences in
lizat intensity due to bencu position miguit not cudse any
growta variations. Generzl notes on foliage color, srowta,
end habit of plants in each series were taken s observed,

Individual plants of Antirrhinum, Coleus, and 3egonia
varied to suca an extent in taeir growtn hubits tilatl 1l wes
evident tihat comparison of lielr dry velgiits was tue only
feasible metnod of mewsuring veriations in their total gsrowtii.
In Hedera helix, waici developed single shools, tiie dry weignt
comparison could be supplemented b individuaul snoot srowtu
measiarements, Tiiese mewsarements seemed closely related to
tae total plant growtlii,

At tlae termination oi tune stady period, each setl was
treated as & unit sample, although eitner 5 or 10 plants were
acti1ally involved. The plznts in eacia set were removed from

ti.e pots, roots siaken free of t.ue soil, &and placed in & lurge
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paper sack, Tnis was nerked wiih t..e treatment, series, &nad
numoer ol plants in tane set and saved for dry weigiit determi-
nations., All samples were air dried and tuen brought to &
constant weigat in an electric oven at 95.C. Twenty-four
ho.urs of drying in the electric oven wuas found to obe suffi-
cient,

Iignty composite soil samples, representing eacin pot in
every set, were taken at tae end of tiie experimental period.
These samples were eanalyzed by t..e "3implex" metinod of soil
analysis as described in Iiicu. Agr. Exp. Sta. Tecn. Bal., 132,
On the advice of the originator of iuiis system resilts are
glven on a compirative bausls ratier tuaan in actual parts per
million. Tae pul. values viere determined electrometically by

t..e use of a calomel cell and quin-aydrone electrode,

ILxolanation of Tabualar Data

Tubles I - V give in a condensed form tane treatments
ased and tiie resalts obtusined in wils stuaay. Table I gives
tne plant materials, pot treutments, and water sources, wnd
their inter-relation, Table II gives individaal snoot lengin
measurements of tihe Hedera helix plants, Tuese measurements
and tileir averages supplement tae dry weigaut figures given
in Table III, Table II siiows also tilatl tie Variations iu

tiite growtn of individaal plants in tue same experimental set

were consideranle, These variations in individaal growtn
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rates were oobserved in «ll plant meterials used, Table III
Zives t.ie results of dry weigut determinations in terms ol
zrams per plant., These figires rejpresent an average ol 5
plants in tiae softened water and distilled wuater series «nd
10 plants in tue well waler aiud river water series. Tne dry
weignts of iledera nelix are an exception. Tnese were tukel
from averages of 5 plants in &il tue waler source grouys.

Table IV ;ives the resilis of analysis o1 composile soil
samples by the "Simplex" metnod (27)., Tiis is given in tne
form ot a general comparison of soil constituents ratner ilhan
in parts per million, Observed variations inu pd valuaes aia
80il analyses witnin thne same waler source grouay make it evi-
dent tinat tae resualts may be compared oniy on tine basis of
general trends,

Teble V is in tne form of a cacrt representing tue value
of eacil waler source used, 7Tiiese compwrutive values are bused
on plant growth averages conputed from itue dry weiguts given
in Table III. lelautive desirabilitly is lnaicaied Dy numerals.
Since tuls ranking varied wiilin eacn plant material used, it

was found necessary to make comparisons for ecch plaint series,
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TadlE II
021007 LBiglad O Lduwbla Lo A
Treat- Aver=-
nent onoot wLengiag in Inciies alfes
T,

IA 25-5 Zl.o 25.5 29.0 24.0

I3 20,0121,0118,0]124.0117,5

IC 16,0118,0117,0}114,0126,0

TD 18,0]126.,5123,5118,0119,0

3 23,5121,0116,0127,5122,0

ITA 32,0132,0153,0133,5136,5

TI3 29,0137.0139,0132,0131,0

TIC 32,0135,0136,0(35.0]33,0

IID 34,51351,0130,0131.0143,0

198 37,0129,0137.0156,0]39,5

N
[IIA 56,5]141,5154,5 145,0123,015£,95152,04134,0]136,0139,0 | 55,4
1113 39,0132,0131,0 134,0130,0137,0141,0]138,0135,5134,0 35{2
IIIC 35,0137,0121.5135.0131.0]25.,0133,0]132.0137,0 26,0 31,1
IIID |36,0130.5137.0136.0131,0]32.0130,0133,0130,0 42.0 135,8
ILIE 43,5136.0132,0 133.0127,0]129.0 152,0137,5|29,0133.0 133.2
RN 23,0134,0134.5 |34.5135,0]31,0 22,0 137,0 |27.0 122,00 ]29.8
LV3 26,0129.0129,0 131,0132.0]132,0 |32,0 44,5 DDl
L[VC 28,0131,0130,0 |46,5139,5137,0 |41,5 36.04%245 50,0 135,9
VD 31,5130,0 34.0€8.0 26,0 59,OT2§4§_§§4Q_ 5.0 137,0 132.6
LV 23,0140,0133,0 35,0 128.0130.0 B7.0 35,0 56,0 Yl1l.0 133,8
Legend

A New pots waxed I Zeolite softened

3 New pots soaked 24 hours well water

C Xew pots untreated TT Distilled wviater

D T"sed pots wasiied & sterilized ITT Vell water

E 7'sed pots untreated IV River water
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Chaldain IIT L3 WET o I20 Giduws 20l iweii
Coleus Blumeil ANtirrainum ileaera nelix Degonia

naj is semoerilorens

treat-| Jotl dry |treat-| potl|ary |(ireat- pot|dry |treat-|pot|ury
ment_ no.l wts, ment ro.|wWis,. jinent Tno. wis, ment 1i0e |WLiS,
IA 5 1145 TA 9 13,1 IA o ALl 1A 2 10.4

3 D [ 2.2 I3 2 15.7 13 S 155 I3 ) 0?9
FQ___~ 2 | 2.1 12 9 14.9 132 2 4.4 IC B} O,GF
] H 1 2.7 1D 5 17.2 1D 5 147 1 I0 S 11l.5
H 1 2.2 1= 2 1 7.0 | I3 2 14,0 | 10 4 1.3,

11h 9 1 2.7 ey D 15,0 114 5 16,2 IIA 5 (1,5
113 5 14,9 113 5 18.0 I3 S 7.8 TI3 D 12,3
I1C H 4.0 I1Tc H 17.2 11C 5 12.2 1IC o 12,4
HES) S 1A nﬂ 1T A le Al [ TTT Hh |7.€ I O |Lab
HBAN 14,2 11z A 7.8 HE B o 7,_4_ 110 D 12.4
&IIA 10 (1,6 ITI4 110 15.8 ITIA D 16,9 III4 (10 [0,.9
[II3 10 12,6 ITI3 116 17,9 TIB S 17,1 TIIB 110 [<.2

IIC 10 {3,1 TIIC [1C [9.2 1 5 7.6 TITC_ 110 2.7

[IID 10 13,5 |ITID |10 |6.5 | TIIDL 5 17,3 ITID 110 13.0
£
[[IZ 10 12,9 TIIE J]10 8.2 TIIE 5 7.3 ITTS 110 2,7

[V 10 11,95 IVA 10 6.7 IVA o _[4,9 IVA 10 (1,0

[V3 10 |2,5 [Iv3 |10 [9,2 |1Iv3 5 |£,0 IV 110 |2.5
¢
[VC 10 |2,8 |1ve |10 (7,3 |IVvD 5 16,0 Vo 110 15,0

VD 10 12,8 IVD 10 _18.5 IVD 5 17.5 VD 10 2.9

[VE 10 |z, ltve lio [6,9° lxve 15 l6.7 _|zve _ 110 |3.,0
p~ Lry weigiitls per plant based 01l «VETrage Wwelig.ls 0L O or i0
plants as indicated,

Growtn retarded by anavoidable overhead drips,
One plant dead., AVera. e besed on 4 plents,
Legend tie surme as in Table II,

=R
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Taduls IV

COLPARIBON OF ilhw¥oin or 0Ll wmiduis al T.d Thic.LinTIOH O

T.E LAl 1AL PERIOD

Water PH of Titrate
source soil |soill,Cl Ca g Na K N,
I 7.5~
softened|7.8- A 0=Xx X X XXX | XKXKXX X
7¢D=
water 8.0 B i -
II 6.,7=
distil- |7.0 A 0 XX XX 0 XX XX
led 6,7=
pater 7.1 3
III 7.1-
well 7.6 A 0 |xooxxx |xxXXX 0 XX XX
. 1-
water 7.6 B
Iv 7.1=-
river 7.5 A O-x | xxxx | xxxx | 0-x | xxxx XXX
7.1"
wuter 7.5 3
# In soil B, treatment IA was an exception, This guve a xxxx

test for nitrate nitrogen,

Key to Symbols

XeoosoesOW

XXeoooodlediun
XXX.ooodiedium nnigh
XXXXo o oedigh
XXXXX. . Extremely nigh

Oveesosllegative to trace
O=X....Trace to low




Lisdaam V

S ey Tyt TTIN N T ATeery 5 LT s [ - e N ™~ e
NELATIVE 2o/l GiOWTa T4 TIEuATION 10 Walld ou i Cls

Softened |Distilled

Plants water Water Tell Vater |River Water
%égonia g
leemrerflorerns 4 3 2 1
Antirrainuam

a.j.1s 4 3 2 1
Coleus

Blamei 4 1 2 3
Hedera
‘leix 4 1 2 3

# Numer=ls represent ranking ¢ f water source values as indi-
cated by plant growtn (Ranking compated from sverases of dry

weigiats in Tabie ITI),
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Presentution of Data wnd Discagssion oi Results

It is apparent from t.ie results obtained (Tables II, III,
V) that t.ie ise of ta) water softened by t.e Zeolite process
wes harmful to t.ie growtil ol plants used in tnis study. Tae
more s.ucc.ulent plants aopeared Lo sdiler tile greutest degree
of injary since tiie coleus ana bejonlia plents were riost of-
fected by wuter from tiiis souarce. Vitih distilled waler tuken
as tne standard for comparison, tiie averwze srowtn of 3Begoniw
plants watered witil softened vater vwas 41 per cent i normal
and t.iat or Coleus wi.terea wita t.ie same souarce, 53 per cent
of normal. On ti.e same busis of conmparison, averw_e growtuds
of lledera nelix and Antirrhinim in t.ie softened water series
were 68 and 78 per cent of norrnal, respectively, Tiiese per=-
centazes ate based on averages compated from tae dry weignts
given in Tabie III,

Analysis of soll sumples indicatea Tiwal t:ie releation orf
certain soil constitiients Lo eacih otlier and to tiie solil com-
Dlex as a wilole was responsiblie for variations in plant growtn
in tne four watler so.urce groups, It seens necessar/ 10 dis-
cuss tilese relationsiips in oraer tiaat tie results obtainea
in tuls study may be better inderstood.

Soairway (279) showed t.ie effect of certain soliuhle salts
on the solubility of phospunate and (27) suve @ practical meth-
od of soil analysis. Scofield (25) stated tnat aigh alkali

content of soils is injurio.is aue to its effect in lowering
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soll permeability as well s to tune toxicity of ni u ion con=-
centration in tne plunt, 3rewzeale (5) foind tawt tue presence
of sodi.n in curbonwte form inuivited t.e nornal absorytion
of Dotassi.cm and pnospuates ny tune plent, In a later paper
(6) he stated tnat tue ovdserved toxicits of bleck alkuli soils
ils not duie to direct toxicity of sodi.m salts but ret.ier to
ti.e indirect effect of sodi.um in dispersing tie soirl to sucu
an extent tunat tue proper intaxe of water is prevented.
ilarris (14) observed tiui t soil permeubility decrewses in
oroportion to its sodiam conteunt, Zobell «nd Stewert (33)
found tiat tiie addition of organic matter to soils contain-
ing larze anoants of sodi.im curbouate tended to increuse
Jlant growta wna partiacrly correct tue toxic eifect oi tue
SOGLan,

Irom soil wnalyses (Tevie IV) it is aopareal Tiuiwt seve
eral factors ray ne concerned in tae sudo-normel growta of
dlants watered wit.l zeolite-softened wuier, The following
conditions were indicuted by analysis of saryles from soils
watered wita Tuls source, turougil e six rmontus period,

Low concentretion of i ions (9. 7.5 to $.0).
itizn concentration of Na in luae soll solution,
dign concentration of K in tiie soil solation.

Low permeability oi tue soi},a phrsical condition
attribated to tne dispersion effect of lNa and I,

Since tuae Dii valiaes oi t.ie soil swunmples are witiin tie
ceneral range of tiue planis involved (32) it is not probable

tnat such concentratinons of 4 ions would prove nmarkedly tox-
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ic to tiie planis. Tie absence ol cnlorides in lune samples
snows tuat tie sodiam present is apparently in tune form ol
carbonates or hicarbonates, wiica are not hisualy toxic (6).
Therefore, we may assume tnat apparent toxicity dae to tais
waler source is tie result of indirect wction of MNa on tae
soludility of K &nd t.e comoineda effect of nign concentra=-
tions o1l Ila and X on ti.e piysical condition ot tiie soil.
Tne factors of high pii and hija concentrations of Na may,
however, have considerable effect in combination with tue
otiier factors involved., It may he noted in support of tue
forezoing stutements that plants in tue softened water series
displayed symptoms of poor weration suicn as vweak root develi-
oprent (8) foliw_e caanges, and lewf droy (15) and tuat soll
solations from samples in tiis series were extremely dark,
From tie pd values of tue water sources aus given in
Tuble I, it is clearly demonstraied tiwtl water from streans
may ve &8 lkaline as well water and tnat softening of well
iater by t..e zeolile process iuncreases its alkalinity, Tiie
final pH velues of tue soils watered with water from different
so'irces were closely related to tue i values of tihie waters
apolied and varied oniy sligatly from taem. Since tuae growta
of plants in soil nus sonrme effect on its ultimate pi value
(30) it is possinle tihiut some Variation is due to lue plant
materials used,

Distilled water produced better growth in Coleas and
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nedera nelix plantls and «ppeared to ive sli utly beiier re-
si1lts in jeneral tiaan tay waler or river water (Tabie V).
Altaougil river water proved best in tuae care of Antirrainum
and 3egonia plents, it Wwas not noticeabiy suaperior to Tty
waler, except iIn tue case ol Tue Jegoula Srody, willcil was
Jrown in soiti 3, OSlice soil B was relallvVely Low Lin orjunic
matter, tais effect mey aave been produced b7 tie ilncrease
in available n.trients tarouaygit aadition of nitrates wnd otier
soluble saltls dissolved Lln wie river waier, T.ie wiount or
nitraie nitrogen droagatl 1n bs Tuls wale€r source wWasS Varicbie
bit wlweys wpyrecizdole (Tabie IA).

Tiie results oniained trom growing planis in wax-imoreg-

nated non-porous pots were enerally unsatisfactory wnen com=-

r4

pared witn otaer oot treatnents (Table ITI). Witil one excep-

tion, growti was INnIerior ald pl«lls Srowll lin pois 0f Twls

FY

type displayed symptons generally wssoclated wililil poOr &era=-

ation (8), (15). wYewk root systems and abnormzl foiiw e colors
were found in tals series, particularlys &mons tae 3esonieas,
Witil new pois, unireic.ited, laken as & standard for comjarison

of t.e pot ireatments, it was Iounc tuct lie growtis oi 3e_0mnies
in wax-inmpre;snated potls wes 41 per cent 0i nNormal wiilie il

01 Coi€is aild Anlirrainda wes 61 anu 7- per cent ol norrad,
respectively., IHedera helix wis lecst wiiected by tuls pot
treatment, its growtsk being 94 per cent of normel, Tiiese per=-
centajes wre computea fron averages onased on tue dry welsuts

Zlven 1n Taple 111,
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Jones (18,2]) stated taat oir can not pass taroiija lie
moist wail ol ~ porous clay pot, Tile res.its obtained in il.als
staudy seem to point to helier weration oi plenis 1in porous
taan in paraeffin-impregnuted pols. Tuhe stiaales of Jones, len-
tionea above, indicwte tiiat plant roois are not aeraled turoujil
tne walls of porous cley pots. Taxing tiiis into consideration,
tae suaperior growtn ol plints in porous pols may be explained
oy t.e followln_ wmypovuilesis: Tuaat tue lateral and downwgrd
moveme:at of waler in « porous pot, produacew b T.ae strong at-
traction for weler exerted by t.ae pot wall and tae pall of
evayporstion from tiie outer sariace ol Utanwl wall, creates a
system ol Iorced aeralion tiroisl l..e soil suriace wilcil cun
not »se set ap ln &« non-)j0rouds Jot,

T.ae combparison of used and new pols Ll ali cuses Vilere
soill A was used &s tue polilng medium siows tiel lilere 18 no
apparent wdvantaze of ans one of t.ue four Dorous potl series
over anot..er, Viiere soil 3 wus used as a potting medium tae
two ased pot treatments, I wnd E, nuve &« definite advania;e
over l.ie new pot lrewimeats, 3 and C. Tils wuvaniuge 1s yrob-
&aboly Gue Lo tue fact tuat soil 3 wuud less wvallable nitrate
nitrogen and a punssiolosical condition sicii &s notea by inott
and Jefiries (22) may have been bro . :ut about, Tuaat is, tuere
nay nave heen partial nitrate starvation in tie plants jsrown
in new pots d.e to «bsorption of nitrates by tue pot wall,

Tiile absorption is apparently less prono.anced in uwsed pois,

In t.ie 3ezonia 3zroipssoil from pot treatment A, waler source
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I, save a iigh test for nitrate nitrogen wiereas all Olu€r oot
trewtments in that group gave extremel;y low nitrate tlests,
Tiils may have been due to tue fact taat sucn pots &re not
sorous and, t.erefore, no nitrates could he absorbed into taeir
oot walls, Tile soaking ol new pots and uie vasning and steri-
liging of used pots iias no apparent value., Planls growling in
tnese pots often made poorer growtla tiuan thnose in untreated
nots of tLiie same group,

Since tiie numher of plants involved in eachh experimental
set wus snall, tiie results obtained in t.uls stady siouald oe
corrorborw«ted ny furtuer studies on & wiaer range ol reern-
Jd0use crops, Tiie srowtn relations.siips obhserved point to cer-
tain conclusions wiillcil &ppear logsical, but suouwld he confirmed

-

by furt.er investigations,

Surmary and Conclusion

Data collected in tiils study points to tine following
conclusions,
l. Tae use of well water softened by tiie zeolite process is
deieterious to plant growtua «nd Uile observed toxicity of tuis
Wuier source 1s probably t.ae resuitant ot several factors
Cca.dsed, directly or indirectly, by tae substitution of godiuam
for calcium and magnesiun.
2. Plants vary in tiieir response to such toxicity &«nd tne

4
rnore s:cculent plants are appaurently most susceptable Lo
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injary fron zeolite softened wuater.
3. Tie sainstitution ol river for well wal€r e, not reuuce
alkalinits or prove 1n any/ e/ @QViaiilageouvs 10 TeE€liluc€
croys, exceopt when dealing witin soil low 1n nitrate nitro_en,
4, Tune use of non-norous cley Jots (s exemplified by perefiin
irpre nated clay pots) ney ve dlisadvoilta eous To wie Srowtsa or
vlenits In a iyplcul (reeluiouse environneiti,
5. Plants _rown in 'sed J0is &«re not suaperior 1o l.aog€ _rown
in new pois unless tice nitrate nitrogen countent of tuie jotelinz
soll used is low.
6, Plant zrowtii in new pols 1s noiv appreciably a«fiected br
Jre-soaxing of t.ie pols enid wias.oing wnd sterilizing ol uscead

P0lSs uas 110 &plareinlt vilue,

48}
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