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of the states of Borth Dekota, South Dakota, Himnesots and Montens,
puriods of drouth freguently cocur during soms part of the growing
sengon. The tims of oceurrence wariss from early spring to fall.
Such periods heve & profownd effect ca the normal growth of the plant.
This offeet sy be sanifonted i sy one of soversl sayss
total failure, decreased yield of seed, failure 8f plents to resch
norsel delght snd o cosbimation of deeresse im yilsld end plant
\ 4% the same tims such perlods of drouth mey have an sbmormsl
sffect oc the suality of flazseod sroduced. Since the amoust of oil
- expressod or extrected is of major importanee %o flaxsced users,
this smality mey be measured in terme of the perceat of oil produced.
With the sbove in mind en investigetion wes planted to determine
quantitatively the effects of drouth cn flax plents. Because of the
difficulty of sontrolling moistare under field conditions, it was
necesasry to groe them in the gresnhouso. While such conditions are
very srtifielsl and the remlts are dissimilar to fleld results wnder
- natursl conditisms, yet relstively they may be compsred and oonclusions
drum,



NI OF LILCRATUIR

One of the sarlier workers in the field of water relationships
was Hellrioegsl who in 1889 reported on the detrimental offect of drouth.
Shortly after, Gain (4) reposted Hsllreigells experiment snd secured
opposite resulis, nsmesly that sn internittent drouth pericd incrossed
the returas. ,

Tinslsy and Vernon (19) comcluded that cven vhen the soll wes dry
up %o the hesding stage, sn ample amount of molsture at the filling
stage gave as good retums as continmuous optimem moisture. Pulmsn (15)
found thet a high degroe of soil humidity st the sead forming time
88 espential for e good yleld of buckwhaat. '

Pleiffer, Blanck, snd Prisks (1:) fomnd thet the »etio of grain
to total yield decresses aa the water supply inorssscs.

m&n.ad(mmu&-mawum
snd their results were similer to those of Bellriegel. They found o
@ifferencs in favor of continuous opiimum molsture of from 3% to 258
over a similer planting which exporisnced a drouth pericd. |

¥ith regard to the morphology, Eberhurd (5) concluded that drouth
periods are associsted with dwarfing of stems, but with inercesed

rogidity and incrsased nsaber of imterncdes.
‘ Preul (14) working with sheet, found thst under optimes molstare
conditions all perts of the plaats except the roots axceeded similer
plants having & limited supsly of molsture during some stsge of growthe
HElesselbech (7) obtained substantislly the same results.

¥idstoe (2)) working wmder irrigsted conditions found thet the
m-ungmumwurmmummm‘
g% ones, Be also eomcloded tha® later irrigstions are espeetslly

benefegisl in the case of wheat.
e



Mayer (10) Wilus snd von Seslharst (21) end LeClere (9) all
consloded thet an erid eondition is most favorsble to high protein
contant,

Fidstoe (20) foumd thet with s high sofl weter content, the emounts
of nitrogea~fres axtract and of fate wers higher. |

King (8) found that repldly growing vigorous plents produce more
dry metter per wnit of water then do wesker plants. Voa Seelbarst (18)
working »ith outs observed that the most luzurisnt growths produced the
largost dry veights. " . |

Beinrich (6) Shrosder (17) and Busyoncos (1) eoncinded thet the
greater the conceatrstion of mutrient solutions, the grester the
*ater secnomy in producing dry metter. However Kissselbech (7) moted
the opposita and his conclusion 15 thet nelther soil Wumidity mor
concentration of nutrient solution hove much offect oo wnter eccnomy.
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The invesitagation wos mede in the gresnhouse of the Depsriment of
Agronomy, South Dekota State College, Curing the vinters of 192930 and
13%0-1951,

Pots Flax plents were grown in one-gallon glesed carthenwave
potse & modification of Yiesaslbach®s (7) pot potomster

nas used for watoring as shoen in Figure 1. 4 2-inch porous elsy flower
pot wae pleced in en imverted position in the bottom. A length of j-dnch
glass tubing was draen 0 & point whors it would fit smugly in the drain-
age hole of the flower pot. It was msde sbout 8 inches long 80 o8 %0
extend spproximstely 2 inches sbowe the surfuos of ths soile

To emualise the weight of the pots end thur fecilitate weighing ,
gravel was placed sround the smsll flower pot to u dapth of § inch,
It also insured more rupid snd better Glstridution of water. Ny
plseing o fumnel fn the open end of the glese tubing, weter could be
Antroduced into the soil from bslow. When the plents resched sueh a
hiight as to necessitate the use of wire supports, the sud-irrigation
ves discontinued snd the plants wore surface watered,

Bach pot had & 4.0 kg of well pulverised wod mixed seil placed
in it and rein weter cdded to the extent of 80% of water-holding cape-
eity, The waristy used for sced wus Bison shich was obtsined from the
. breeding mursery. 11 pots wers kept st 80f saturation for 7 days %o
insure 211 plante hewing sn ecusl start. Fhen the plants were 23
inches in heighth they were thianed down %o 20 per pot for the first
erop and 15 per pot for the aext erop. The planting of sn escess and
them thimning made for better epacing and allowsd the ressining pleants
%0 bave sn egusl chance &% tho availubbe molsture.

.






S | The soil used is deseribed ss Burues sendy losm. It has
s mstor-holding capacity of 483, Pols haviag 80% walerw
holding ocspacity had 1504 ces rein wster sod those having 205 hed 280
ces water, Sander (18) working with Bsrnes sendy losm found thet
optimm grovth was secured st 80% of the weler-holding especity end
that the minisum asount negessery to produce seed was 205, For conven-
ience the higher content is designated as optimum snd the lover one
ss minimum,
Stages In  The 1ife of the plant was divided into 4 stoges as
Plant Growth followss from smergencs to the point vhen mauy bods
wers visible and faw flowers opened, designated ez bud
stage; from bud stage %o full flowering with eerlier flowers dropped
and some few buds remsining, desigasted ss the flower stage; from
flower stage to the stage vhere nearly sll of the flowers had sed
Bolls some of which werc matere in aiszs but not ia devslopment,
dusigneted s the dough stage; from dough stage to msturity.
 Arrsngemsat  The 32 pots were @ivided into 8 serles of ¢ pots sach
bu:td as fdllowss
Plents

Series Treotmant

& Optimus to Heturity

] Optimum to bud 2tage then ainimus to maturity
¢ » ® flower ® L . ® L
D . ® dough * " - " "
E Hinisum * bod . * optimm * »
k4 i ® flower ¥ - » 3
a L QW » © - - -
"

E
|



Those series baving the weter content chsaged from optizum to
mintmos hed woter withheld uatil the iossr esstent wss resched, Ia
Some cases to prevent pormsment wilting, sasll smounis of weter were
sdded during the tromsition period. Those chenging from minisus o
optisum hzd the full smowmt necessary o moke the chunge added at one
time,
© Oace sach wesk from emergence to msturlty the sots wers weighed
ond sufficient rein weter added to bring thes 1o %he required water
eontent. During the cold westhor water sas added in midweeir to bring
them spproxiastsly 0 the required degres of s-turetica. During werm
weather wator wes sdded sach day sad the remired saturetion obtelsed
each week,

&s noar es posslble the tempersture of the grogubouss vas ket st
85,7, by mosns of « thermostate sad senmelly sperated wertilators.

During the winter snd during prolomged cloudy veather, artificisl
fllumination was used to supplesent senlight. This wes provided by =
- 500 watt lamp suspended sbout I foot sbove the plants.

Fhen the plants were ripe, they wore cut sad slloved to dry
thoroughly. The plunt woight, seed weight, muaber of bolls, musber
of seeondary brenches, sumber of seeds per boll sud weight of 100 seeds
wors deterninad for saech pot. The oil comtent wes determined for cueh
series 25 a vholo.
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Grosth Curvss

The resulis of the tso erops are shomn in Tobles 1 snd 2, From s
exanination of Figures £ snd 3 1% zppoars thot there is s considershle
difference bstween the curves of the minimu: end optimum scrics. Seve
ies 4y B, C snd D vhich wore optimum during the serly periods, in all
 ceses have curves more sbrust then those of the minisus seriss. The
addition of the optimun smount of waler %o Sories B, F, and G and R
faidd to couse any greet ineresse in rats of growid,

Serics 4, B, C end D have loss of & lag poriod them do the minimm
saries. It i: interesting to note the differensce in lmgth of the teon
groving scesons. In 1323 it took 17 weeks %o mature the crop end bub
12 weeks to mature the 1330 evop.

mwwm.mmua&-namu
premounced lag rapidly disappears. This lag say be scecunted for by
=a wnusually loag period of cloudy weuther which was sxperienced from
the 5th to the 11th week.

Beight of Plants

The total helght of plemts is shown in Pigure 4. It is seen that
all serice vhieh have optimum up to the bud stage, atia 2 grester
hoight than do the other soriss which have 2 sinimm mcisture combnt
during the initisl stsge. Series B shich is chance/!from optimm to
. minimm st the bud stage shows s deareasod hefght when compared with
Series 3, € snd D, This docrssse is not so pramouneced in 1328,



Figure 4 EfTect of Various Holaturs Trectasats

on the Helght of Flax Plaste for 1929 end 1950
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Serics D shich is optimum to the dough stage experiences no dwerfing
&8 & resul of the chenge.%o siniwag. Serics E, ¥ snd € do not respond
groetly with an increese ia helpght as s result of the chunge from
minimum to optisum. Howewer, Series D »hich is contiuwslly minisus
is the shortest in helght.

Total Teight of Plants

It moy De somn from Figure § that splimus soiszturs pwoduces the
greatest welght. Mo the shunge in wolsture soutent fros epile
sun %o ainimus occurs st the bud stege as in Serise 3, & prasousced
detrinental offsct is prodused, If the changs is delayed to either
the fower or dugh stage it iz such less sovers. In fact Serles D
of 1030 had & totsl welight alighily gresier than Sorise 4 shich was
optinum to maturily.

The series wvhich ore sinimam in soisture content at the beginning
aover pro@uce a¢ lavge & dry welght a3 thoss hewing optimum molsture
in the deginning. Howover, the ecriisr such change oceurs, the grester
- %he weight. BSerles E which kas the moisture content inersased at the
bud stage is wory closs to Serles B vhich is reduced from optimm %o
minisus et this stage.

Seod Walight per Pot

The seed welght per pot mekes & rapld decline from Series & to
Beriss € as shom in Pigure € with little difforunce extibited between
B and €. If the chanpe from optimm tc mininam occurs at the dough
#tage a8 in Series D lesa harm is done a5 far as seed production s
conesrned.

Soeries E, F cnd G shov & domwerd trend in seed weight as the
ineresaed wuter contaut is delayed from the bud stage uwp to the dough
stage. & compurison of Series § sad € show #hat little differsnce is




Pigure 5 Effect of Various Soisture Treataents :
on the Total Telght of Flax Plauts in 1929

and 1930 :
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%o be sxpected in y1o1d of sesd Detween plante heving optimum molstare
to the bud stego and them minimum to msturity, end pl:nts whiech sre
minimon in meistare to meturity.

Bumbor of Bolls per Plant
mmmammmumumvm
te follow much ths same curve as that for seed weight. The nusber do-
ereasos msarkedly from Series & o Sories €. Seriss D vhich is ninizoe
to saturity hes practicslly the same number of bolls pew plent as do
Seriod B ond € which ure optimum o the bud end flower stages respectively
snd then minimem %o seturity, Series D shich has the molzturs changed
from optisms to minimum st the dough stage shows more bolls them those

heving earlier chsnges.

If the moisture is changed from minimum to optimum at the bud
stage a8 in Seriecs T the ll production is not greatly lees €hen
Series & which 1s optisum throughout the groming period. When the
chenge 1s delsyed to eithar the flowsr or ésugh stotes marked decresses
" in boll nusbers sre seem. Coutinuclly minimus molsture resulted is the
fewest musbor of bolls. fowsver the differsmce ia Doll nusbers between
that molsture content snd the ome which 1s optimum to flower stape and
then minimum is not grest.

Husbey of Seecondery Branches per Plant

The smsllest number of secondsry brsnches per pleat cceurs in Series
B vhich is dry to maturidy. 4 omsideretion of Figure @ shows the
largest nusber to be found in Seriss A, optdsus to msturity. A sherp
decrosse in mumber is noted betwsen Series 4 snd B which has & minismm
soisture content sfter the bud stage. If tho optimmm period is prolonged
% the flowsr or dough stage befors the chenge cceurs little 4ifference

23 T



Figure 7 Effects of ¥Varicus Holsiuvre Trestasats
on e Average Nasber of Jolls par
Plent in 1923-3930
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Pigure 8 BEiTeet of Vericus Hoisture Trestaents
on the Number of Secondsry Branches
per Plant in 1929 and 1930
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48 noted between such clouts and ose hoving optimum soisture S0
maturity,
say stage, the nmber of secondery brenches is graster than of those
wnder continuous ninimua solsturc. It spparestly mskes little differ-
enee whish stage ie ceonsidered as the resulis are wary similar,
funbar of Seeds per Boll

The wariction seen in the sumber of soeds par boll exhibit ne
trends or tondencises. The highost nuwber in 1322 ocoourred in Scrics
G sad in 1330 Ssries & hed the graatest nusber. Betwoen the high
ond low in 1929 there me s difference of .64 oeods per doll while in
1930 the differsnce wsp 2.0 seeds. The plants shlch were optimm in
soisture for 13%0 had the greatest number while those of ninisum
mofsture hed the hicher welue in 1223,

041 Contemt

The highest oil content noted in 1323 iz 35.8% which is found in
 Series 4, optimum %o meturity,and in Ssries G, sinimus to bud stage
snd them optismum to asturity. The lowost was Series F, sinimum to
flower stage, optimum to ssturity. ¥it: ths exception of this lsst
 serien, liittle waristioa iz oil content wrs found. The trend soems
to be fairly level with the waristions sbout 0.2% shove or below 35,28,

Bacause of the susll smoumt of seed produced by the 1930 erop, mo
o1l determinstions could bo sude. "



The welght of 100 seeds of soech of the warious trestasats waries
for the teo years. Ho definite trends can be seen slthough the verise
$2cus for the 1922 erop fall within very nsrrow limits. 4 point of
interest is the fachk that for both years Series €, opltimm to flower
stage and minimm %o msturity, shoved the lesst weight for 100 sseds.

Seed Welght per Plent S

The seed weights por plant correspond very closely to the seed
weight per pot. nuumuwmmwhwaeml
per plot. The curws of seed welight por pot and per plant clmost
eoinelde indicsting that the correletion is extremely high. iny
statements regarding seed weight per pot would be applicsdle o

The cwrve of the sumber of seeds par pot ir very sisilar to the
curve of the weed weight per not, becsuse of the slight verlstios in
'mwmm My weristions existing sre mot grosl encugh
to be significent,

| Beight of Individusl Flent

The welight of individuel nlonts for the warious trectments hes s
curve which, with ome exesption, wlmost conincides with the curve for
the total weight of plsmts, Ststements or conelusions reganding total
wolight of plsats would equelly spply %o weight of individunl plants.



BLICUSOIO8

From the foregeing results it is evident that mesrly all phsses of
develoment are iuflusnced to a grester or lesser degree by the amomnt
of avsiible vater during the d4ifforent periods of growth. If wo msy
eonsider thet flax under fleld conditions reacts %o moisture ia
similar ways, then some conclusions which we may drew ssy be emsidered

Porhops the most significsnt poist $o be moted is the differsace
which exists botween the heights of plonts receiving optimum moisture
early sad those which receive it later, ma.l.e,nm
received optimum molsture up to the bud stoge, se & whole, excesd in
height those shich were dry to ths Dud stage. Though the heighta
of each group for the two yesrs waried someshat, the difference is
quite mniform belng epproximetely 25 em. Proul (14) in working w»ith
vheat found substantislly the same results. Be hotad thet 2 plentiful
supply Of wster up to the shooting stage profvced mormsl height. This
- would seen to indicate that if rsinfell iz suificlimnt up tc the bud
stage, little difficulty might be expectod in harwesting due to
laek of helghts

Of the seriss which recsived optimum moisture in the eurly stages,
Series Bywhich hod the molsture decrsssed to the mintmum st the bud
stage, sttained the lsast height. This iz in line with the results
mummum(mwmmmmw
to the ssme trectment a5 sbove were Dut 2 inches taller then those heving
minimue moisture sll the time. Such s ¢ifferenee in height mey be due
to the faet thet st the bud stage, the rote of growth was #11l wery
rapid,. When the flower stage wes recched, the rate of grovih was such
sloser and most of the height bad beem attained.



Of the group shich had the alaimum ssount of moisture during the
mmmmhwmwmmmr,w
2% the bud stage reached the grostest height. The optisus moisture
»as spparently received while the plaat eould still muke some use of
it in inerecsing its height. Hovewer, the édifference betwoen it sad
the sue receiving sinimus to msturity see only 10 ems. Proul {14)
noted also that if the esrly growth of wheat had littls moisture,
no emomnt later eculd compensete for the previous deficliency. Hence
insofar es height is concermed, litile incresse in helight may be
expoeted from rainfell shich ocours as late ss the bud stege.

Ticld is one of the fectors which infllumnecs the cholee of & erop.
From the practicsl standpoint a comsideratisa of the effect of moizture
o such & yleld is wost importsnt. Differing from height of plmts,
msumasmwmmuwmut
solisture changes et wurious physiologicsl stages, The serisp whiech
recetved optimm molsture io meturity hed the highest yled. The
next in point of yicld is Series T vhich had the minimum smount %o
the bud stage end them optimsm to msturity. Miller end Duley (11)
foumd thisz to be true iz the case of cora whils Preul (14) sctaslly
had o bettor yield from the plants subjected to sa esrly dry period
then from thoge which were oplisun te ssturity. Hence insofer as
mmnwcwanw‘uau,ma
loas detrimenial then st sny other tise.



Then the chenge from misisum to optimun is postponed o the flower
stags, the yisld 1s greatly reduced, ssprosching elosely thet of She
serios which is sinisus to msturity. The plonts are wasble %o meke
the fullest use of the seter in increscing the yiold,

If the drouth is delayed mtil the dough stage the yisld is
Teduced But to o lesser degres than in the sbove csse. Plants ader
this trestment wilt repidly sad socn lose sl but the $op leawes, all
the wster seenming %o go for sesd produstion. This is borne cut by
the slight iscresse in helght shich is noted after such change.

The smsldest yield ooeurs {u those plents which have the minfwus
smomt of molsture to msturity. Herris (5) working with shect snd
Seslbaret (18) with cets found substentially the ssme Pesultss

The nusber of secondery brenches per slent is effeeted to some
extent by verying solsturo sonteats but the effecis sre suite
Beries B which was cheaged from opitimus to minimas et the bud stage,
had the fewest number of socondery branches. Series A, ophimem
%o meturity, had the grestest nucber. Seelharst (18) found somevhet the
oppostte condition with rogard o the susber of brenches per penicle
of sts ss shows By the following resultss

; Binisum %o maturity - - 4.8
c m:m = . - 8 8.2
P Optimmm to meturity 8.3



The flax curves for the two yoears sgroe hosever »ith the sbove
results in ome respect thet minimum molsture $o msturity produces
the fowest nusbor of seoondary brenches. Becsuss of the werisbility
in the resull, no definite trends or tendencios c¢sa be noted in any

One aight sssume thet boll forustion would be closcly sssociated
with the number of eocomdary brunches bocnuse the bolls are borne on
such brenchos. Sech however is spperently not the csse. The highest
degres of correletion exists botween the yisld sod the nusber of bolls.
uumammqmmmmw
cleselye.

Series 4 which wes optimum to msturity bed the highest nusber of
bolls closely follwed by Sories B siich wes ainimus to dud stage then
optimmm to asturity. These are the sams rosults as wero obtained ia
ﬁ-mam Those series in which the chotg> xss made frow
aptimum to minisum at the flowsr and dough otoges hed the boll produection
merkedly docressed. The seme holds true of these series in vhich the
chonge from minimum o optimum occured st Sthese stages.

Then the chenges were sede in mwolsture emtent fros optisus to
ninimes susbers of bolls sad flovers aborted. Those flosers and bolls
which survived the change produced metured bolls. The susber muturing
is clesely sssoecistod with the suomt of water, the bud stage deing the
eritical period. uwa«ummcmwm
then thls stage, fewer bolls are producod.



Fron the practical wiswpoint the totel weight of pl-ata 15 not o
extrems importence in $tself. It is intevestisg to note hewawsr 1ts
ralstion 3o the yiald of seed. For 1022 and 1330 the corvelatizs of
These figores cre indicative to & certein eztent but the large probe
error in 198 mukes its importence aegligible.
seed welght Lo found in Sorfes B =sud C wilch are refuced from sptiom
to ninlaom molstore at the bud and flower stegee recpoctively. Fith
series the welght of plenis beld up remsri:bly woll shile the seed
to kosp the vegetutive pordien of the pluat siiwe st the zpease of
first and later chasged %o optimms, the pliuis agperently ckwided
the awaiible woter Dotwoen the wegetulive parts and the reproductive
parts. This is borse cut by Ghe Gegres to wWhich the curves for tota
veight and seed welght coincide a2 shown in Fugures 5 and &,

The number of seads per boll gave resulls coatrary to expestatio
Sander (18) with flax found some variation depesding on the wnter
availebie. Up %o end fncluding 30% molsture he found a stondy inere
is the susber of sceds per Boll, Dillmsn (2] st Benden, forth Dekot
founé that e sovere drouth ceused mamy of the floverz %o Blight w=ith
formiag bails, aad to reducs the nusbsr of seeds per boll.

B s



The writer, hovewer, noticed little veristion in the number of seeds
pir bell of the flax under different molsture contents. The 1929 erop
had the most seefe por Doll in thet serics vhich had the minimm emownt
of water to maturity. The following yesr the waristion is in the other
& wich wep molst to maturity.

Constent moisture of any degree moy bave a different offeet on the
seeds per boll then & werying smomt. &% the ssme Sime it i possible
dirferences noted., Temporeture, humidity and other snvircomsatsl eone
por 100 seeds than did plents hoving an ample supply of molsture.

Be ettriduted his results to the fact thet plants oo low moisture set
ne more kormels then thay were able to msture, hence their good weight.,
Horris (S5) end Gein (4) both secured the seme results, Herris
working with vhest. He found that kermels from the plonts groem
uwnder dry conditicns were hord snd vitreous shile those fyos plants

baviag plenty of molsture were starely in nature.

Of the flex results thet of the 1323 erop wus similer %o those of
Seelhorst. m:m-au;nnmwmmm
per 100 seeds. With the 1930 crop however, the grestest veight was found
for the plsnts under optimus soisture to meturity. There is too such
variation to sllor smy conclusion to be drawm regarding the effoct of
varying scistore eontents on weight of 100 seeds.

it



In this study, the effect of varying the moistare supsly
st different periods in the growth of flax plemts wes determined
2e The soil used was Bernes sandy loam of sverege fertility.
It had & moisture holding capasity of 457 on the sir dry besis.

Se Fiax plagts wers grown in one gellon pots containing

4 Egs of dzy soll. There were 20 and 15 plants ser pot for the

4. The growing period was divided into 4 2tagom from
energence to ud stago; fros bud stage o flower élage; from flower
stage to dough stage, from dough stage to metarity. Chasgee in
water coatent were msds from optime (S0F to mintms (20%) end
wviee vorss st all stages.

Se it saturity the plaute wore hervested and drisd. Totsl
plent woicht, seed weight, smumber of bolls, nuber of sceondary
branches, number of seeds per boll, welght of 100 seeds, sud oil
content wore detormined.

6. Plasts beving optimum moisture for st lsust the first
stage hod the greater helght. Those which vere minimm for the
first period were shorter by about 25 cms., regerdless of the smowmt
of sseondary brenches wers neerly as greet s those beving optismmm
solsture to ssturity.



8 . Veryiag the wster soatent bad 1ittle effect on the
on oil content.
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