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The term, drought resistance, has been applied to that particular
combination of factors which emables certain plants to survive periods
of drought with 1itte or po infury, Decanes of the complexity of this
property, vericsrs heve found it 41fficull to stody and difficult to ine
corporate inte crop plamts,

A tool which has shown pramies in studying the effects of eomtwclled
drought conditions is the artificial drought chamber,

This investigation wes carried on for the purpose of determining the
walue of such a chauber in the study of Grovght resatisns in cown, This
paper is ecmcerned with the develepment of a technique for studying reas-
tions of inbred lines to artificial drought; with the use of this tech-
ndque in egtablishing a corrvelation between artificial drought resctioms
and field obpervations; and with the study of the imheritamce of both
drought resistance and drought susceptibllity in Fy hybride.



KNI OF LITERATURE

The wealth of seientific date that are availalle on the subject of
drought gives an indiecation of the imterest that this protilam Ras prempted
in investigators. It is not the purpose of this paper te review all avail-
shle material, but several pertinent sspects will be comsiderved,

The drcught chanber was an important innovation in the study of
plant resctions to conditions of high temperature, low relative humidity,
and Jow sodl meolsture, Becsuse 1t i difficult, if not impossilble, ia
most areas to study drought under uncontrolled, matural conditions, tils
type of epecial equipmeidt is & necesaity for determining the inherent
sbility of a plant to develop under adverse modsture enmd heat conditions.

Probably oue of the firet machinss of this type was built by Maximov
and described by Aemodt (1), who later comstructed a larger and lmproved
chanber, which in twrn was modified by Kemwsy snd Poto (14). Spring
whegt varieties tested in the latter two machines reasted simllarly to
their known bebevior under nstural drought comditioms.

Other workers whe have successfully used a drought chamber of ome
form or ancther on a variety of plent speciss are Shirley (22), Mueller
and Weaver (19), Coffman (5), MeAdlister (17), Bayles ot al. (2),
MeCrory (18), Hsber (8), Chisholm (4), and Dirks (7). Humter ot sl (11)
firet dosoribed the effecte of artificial Grought om corn in a study of
inlved seedlings. fHe found that the relative resistance of corn seed-
lings was essentially the same as was noted for plents in the fisld.

A significant point to be comsidered in reviewing the work of these
individuals is their conclusion, vhere correlation studies were underteken,
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that artificia) drought teste at the seedling stege reveal regulis similar
to the effects of naturel drought, Sewllings vhish were recistant to vilting
were gwerally resistant to vilting at lster stages of grovth, The impow=
tanoe of resistanse to vilting and leaf firing is hircught cut by Lonnquist
end Jugenheimar (16) who reported that inkwred lines of corn, as well as the
eingle crosses mmemg them, which were resistant, est more seed throughowt
the 1ife of the silks and remained receptive lumger than did suseceptible
lines and crosses.

Only a small portion of the data on drought resistenece is concermed
vith the complex mamnar in vhich it is inhsrited.

Jenkins end Richey (13) crossed Dark Oreen Lancaster, an inbred line
of corn which had shown definite resistent characteristics during the
drought of 1930, with ten othar inbred linos. Rene of the single arceses
shoved burning of tap leaves and only 12,68 shoved burmed tassels. On the
gther hend Krug variety, which wvas the bast of 12 ccameroial varistiss,
zevealed 378 of the plants with rned top leaves and 13.4% vith burned
tassels. Sinoe some of ths ldnes vhich were croesed with Derk Grean
Lencaster were drought susceptible, it indlcates that resistance wes
transmitted as a daminant characteristic,

In a similar study by Jemkdue (12), tem arvsses of a resistant intred
1line, L1782, were completely free from leaf burmming whils another line
which gppeared to be susceptible showsd a variability of damage ascording
%o the resistanee of the other paremt. This ixdieates that in his study
resistance acted as a dominant sharscter,

Oboervations of a group of pure lines of corn and their hybsids by
Sayr= (21) indicsted that lines vhich were imjured by drought transuitted
their susceptibility to the hybrids in vhich they occurred.
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A gemetic study Yy Heyne end Brunson (9) showed tolerance of corn
0 heat axxl drought to be Intermsdiate t0 dominant in its inheritance.
Alse thedr work indiosted thet lylwid viger in itself does not make a
eross resistant Yo droughte



MATERIALS AWD METHODS

A1) ertificial &rought gtudies in this stuly weres cesrried out in the
@rought ahanber degeribed by Chishelm (4). Preliminary tests comdnoted
by the author indloated a high degree of tempsrature variation vithin the
shamber, and 1% was wWAifi0d %0 eliminate the possitility ef eyvar due to
this warigtion. Thres turntahles were installed, and by placing one rep-
lication on esch twsmtahle it was possible to eliainate all variation due
to temperature within a replicatien.

After revisving the verk of Hunter, et al. (11), it wms decidsd to
tost the seedlings st 14 Gays of age, tut the 140%F, Sempersture wnich
they used vas dayand the ranmge of the drought chamber vhieh wvas used ia
these investigations. Further prelimtnary studies indicated thet o
texperature of appreximtely 120°, over a longer period of time wvould
still give a satiafestary degree of wilting.

In order to carry @m a tealmique study for the purpese of obtaining
informatisn lesding towards the correct treatment of corn seedlings im
the drought chember vhich wuld hring ebout & reactian similar to field
conditions of subw-normal mefisture and high temperature, it was thought
dszirable to use three intred lines — reaistant, intermsdiste, and
sasoeptihle to dremght, JSixty-three inbwed lines were grown faor the
purposs of selecting tizee linss vhick would correspand to thops desired
for study. Since the capacity of the drought chamber was 3 pots, 12
14nee vith three replications per 1line were all that cculd be tested st
one time, Plamting dates were staggered in order that the seedlings in
esch test would be the seme sge upem entaring the drought chamber. One
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1line, BD26, was uged during each test as® e theakj so that results of
esparate runs conld be somparad. Plants were groun in one-pint parafin
frogen food containers which are referred to as pots in this paper,

To insure simllar geuliz conditions in all pots, 400 grams of sedl
were sided before planting, After the soil was firmly temped, five kere
nals vere spased evenly om the surface, and 200 more grams of soil wsre
used to eover the seeds. One hndred milliliters of water were thea added
%o sach pot bLringing the total weight to 700 grama. As moisture bscame
1imiting during the groving period, each pot vas plased on a scals, and
water added until the total weight weas again 700 grams. In this wy soil
noisture was maintained appraximately the eeme in all pota. It was found
undesirable to measure in equal amounts of water due to the variability
of trenspiration among lines. The seedlings were germinated and growm
under greenhouse conditions. After seedling emergence plants of each
pot were thinned to three to further insure similar conditions ameng pots.

\Den the sesdlings were fourteen daye old they were placed in the
drought chamber and subjected to a temperature of 120°F, and a relative
bunidity of 18§ for a perdod of 12 hours, The plants were then given a
relative rating acdording to the degres of heet damage whiah they ahowed,

The indax to the reting i1s listed as falloves

Degree of Wilting Injury Rating

aldﬂ- tip bYwrm
ne-fourth wvilted
One-half wilted

Three=farrths wilted
Over—thres=fourths vilted
Campletely wilted

Hﬂhﬂﬂhul‘o
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Where the degree of injury fell between two ratings as they are listed,
the plant was given a rating vhich vas appropriate to its particular degree
of injury.

In order that a correlation might be establiched between artifieial
and netural drought, obszerwvatiem plantings were made during the epwing Of
1953 at tha Central Subetetion at Highmore and the Range Fisld Station at
Cottenwood, South Dalwta where drought denditions might be expoctod during
most growing seasons. Because the gseed of mome of the inbieds was limited,
not all of the 1lines were planted at both places, Observations vare mads
and each linc was rated on September 9 after a prolenged dry spell had been
in effect at the Coticnwood statien. A correlation seeffisient was calous
lsted between the field mnd Arought chamber rmsults.

The search for a technique which would btring out the inherent differ
encen among 12n55 and hybrids wme begum in the fall of 1983 with
the use of thres lines vhich hed resscted reslstant, intermediate, and
susceptible to droughi, mnd correlated well in both drought chamber end
£1214 remlts, The gtudy was designed to include three sofl moisture trest-
mente, three relative humidity levels, and four temperatures. However, it
wvas found that maintaining s high relative humidity at high temperatures was
not poseidle wvith the equipment used, therefors that portion of the xperi-
ment could not be eonducted, Different poil moisture trestments were obtained
by wtering to field capacity every day, évery other dmy, end every third day.
Teaperature treatmnts used were 115%, 120°, 126°%, and 130%. Readings on
boat Gamage in the drought chamber were msde every four hours except at the
130%. temperature in which case they were read every two hours due to the
repidity with shiich the plants succumbed,



An enalysis of variance vas applied to the results for eaeh tempera~
tare and molsture treatment %o determine uhich truatment resulted in the
meximum differences among the three lines,

A test was oenduoted under the conditions which the previocus experie
mant showed % be the most dsgirshle on all of the lines wvhich had beed
isoluded in the study at the Cottommeod stution. A correlation eefTiaiaxt
was them obtainsd between fleld end dxought chamber remlia.

It was noted in prelizimmey studies that lines seemed to wary o grest
decl fn the amoumt of weter whdch they transpived, amd it was thooght
possitie thet a plent might be susceptihle bessuse of a high transpiration
rate, Habir (8) found that drought sugpoenptible lines of corn trenspired
pare than resigtant lines when measured by the method of hygramtris paper,
Fovever, when the messurememt was figured on the bmeis of gresis of water
ebeorded ly a sysiom involving Cally, there was not as great & varietion
between susceptible and resliotent lince as groups as there was among
Iinbreds within a group, Thirtyesix hours before they were placed in the
drought chewber sll pots of o¥m were watered to field capaecity by weight
slong with three pots which bad no corm planted in them, By subtrscting
the weight of a pot which containmed growing plants from the average weight
of the pota vhich eonteined no growing plante et the end of the J6ehour
psrind the amount of water transpired by the plants in s pot was obtained,
A sinilar method was used for computdng the trenspivation rate for the
12-hour period in the drought chember. The correlation coefficients were
obtained between drought chamber results and 36ehour transpiration, be—
tween drought chamber results amd 12-har trenspiration, between £1ald
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results and 5=bour trenspiretion, between field results and 12-hour
trenspiration, and betveen 36 and 12-hour transpiration.

Another phase of study wms the determination of the role of light
on the reaction of seeflings to ertificial drought. Three resistant lines
and three susceptitle lines ware plembtad in pots in the usual menner except
that one group was shaded from the dtreet rays of the sun, and differemces
in reaction of the plarts to drought dua to light were recorded.

It wvas alsc thought desirable to determine uhether or not inherent
differences in drought resistance could be mmsasured by reduaing the eodd
mofsture on the greenhouse bench) e0 a similar set was left on the bemeh
and progreeeive injury due to soil drought wms noted for the differenmt
1ines.

To determine the mode of inheritance of factors imvolwed in drought
resiptance and susceptibility, a number of inbrid limes, previously rated
a8 highly resistent or susceptible, wer: included in a orossing programn.
Resistant x resimtant, resistamt x susceptible, susceptible x resistant,
end susesptible x susceptible lines were invelved in the production of ¥y
hybrids with diversified genetic make=wp, Bome of these were growm and
tested for their reactions to drought. Mot all of these crossee imre
dsveloped to the point where they could be tested at the time of this
writing, end for that rcasocii ean not be included in this paper,



The results of a drought chamber study on 63 inbred lines of corn
are listed in Table I in deoreasing order of their resistance.

Takle T, Veans
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vwhen tested wnder conditions of
hmidity for 12 hours.
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The amalysis of variance shows that differences tetween lines ame
highly significant.
IT. [ield Besults

4. Contrel Substation at Highmore

Due to the mmsually high radnfell at the Highmore station during
the summer of 1953 none of the inhwreds planted showed any indieatiza of
drought damage; oonsequently, no data as to the relative resistance of
the inbreds was available from this test,

B, Rangs Fleld Station &t Cottonwood

DiTing the spring and early sumwer moisture conditions were excellent
at thie station also, but an extended dry spell subjected the plet to
rather sevare drought later in the growing sesstm. Observation of the
Plet apd rating of the lines was mede on Septamber 9, and the resulis are
listed in Tatle III.

Table TII. Meane of drought injury ratings of 44 inbred lines of corn
vhen tested under natural drought conditions at the Range
Field Station at Cottonwoed, 1953.

Line Mean Injury Rating
1 W 1.5
2 5224D=2 265
3 12 340
4 Ohy3 3.0
S AT3 3.0
6 52255-1 3.0
7 A2S 3.5
8 Oh4S 35
9 R53 3.5
10 2(5) = 520491 3.5
11 117 3.5
12 mé 40



Line Mean Injury Rating
13 ARz 440
4 ¥R 440
15 ohsd 40
“ m ‘.o
17 sha 4eS
18 saus 4Le$
”ﬁ - 522001 s
2 i 43
23 7(W22) - 52079=2 5.0
2 B0 5.0
% ) - 52183.3 6,0
27 nn-n.m 6o0
29 8D26 6,5
{ A188 . 6.5
Rainbov Flint « 523991 6e5
B e - s 7
3 - 52186m1 76
) a5
% 8.0
3w s 8,0
38 warsa 8,0
40 W27% 9,5
Al 8Dé 10,0
A2 NWD230 10,0
43 A% 110
Moan n

B e

mm«mumargm.ﬂm;mw
@ifference among lines.

108846 $OUTH DAKOTA STATE COLLEGE LIBRARY



Tatle IV, Analysls of varisbos of natural drought Injury of 44 lnbred

lines of emm.

e — —— — 4
r

Lines 43 10637 D eb0%%

Replications 1 21,50

Lines x Replications 43 1.07

Total 87

¥iSignificant at the one per cenmt level. '

The correlation coefficient between artificial and natursl drought
injury ratings for 44 inbred lines previously listed was..364. This is
dAgntflagnt at the five per sent level,

IIT. Technigue Study

The results of the techmique study sre listed in figuwes 1, 2, 3,
and 4, PFigure 1 shows graphically the progressive injury to three inbred
lines in the drought chamber maintained at 115%F., 18% relative humidity,
and under three moisture treatments, Figures 2, 3, amd 4 present ths
results obtained on the same lines under similer conditions except that
temperatures were meintained at 120°, 125°, and 130°F,, respectively.
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The analysis of variance, which follows in Talle V, was applied to
mntuanmummmmum
study == namely the vatings at four, elght, and twelve hours of exposure,

Taile V. Analyais of variance
lines of com at 115°, 120°, s and 130%.,, and at low,
medim and Mgh moisture treatments,
Source of Variatiom d. £, Hean aquexe | 4
Lines 2 88445 11/ 87
Temperatures 3 87.18 1030 o4 0m
Moistures - 5,05 W
Replications ; 2 2,24 251
Lines x Temperatuves & 11.96 A5.53%
Lines x Moistures 4 hadb 54785
T - Moletures : 28,09 ﬁ:%"
emperatures x
Temporatures x Hours 6 5be96 Tho3845
Molstures x Hours , 4 3.48 Lo520%
T - Replications : l:g fg
emperatures x : °
Modetures x Replieations & «80 1.12
Aours x Repliestions - A 4 53
Error i, o7

Total Rl
"iEigiilomy, &b The one per oent Tovel,
mmmmm-uumu.m.m
and hours were highly signifieant. It also shows n high ¥ value for a
mmber of interactions, The high value for lines » temperatures and
limes x moistures indicetes that similar differences between lines do not
exist et all temperatures and moisture levels, whereas the lov value for
1ines x hours indicates thet eimilar differences did exist between lines
ot all stages of trestment subjected to analysis. That the relative
Maummmmwmm
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moisture lovels and at all bours is signified Yy the highly signdficunt
P velues for tempersture x poistures end temperstore x hours. This 1s
also true for the differenses due to moisture st all hours. The absenoe
of significant intersetions betumeon the main sevrees of waristion and
replications indlcete that similar differences due to lines, temperstures,
moistures, and hours existed for all replications.

Within each moisture and temperature level an snalysis of varissss
wag applied to the drought injury ratings of the three inhred linss, The
P walues vere compubed, and the highert ¥ wnlve wna mgmumed to signify
that trestmont whiish hrought about mmclmm differences between the three
lines tested in their reection to artificlel dreught, The results are
glven in Table VI.

oW 78%  Gl.20% 55
:w 2344 P
HIGR 5.95 5-“ 20,99 6450

g "

'mfcnht?wp;mm.

The table brings out agein the importanse of temperature and molsture
trestments as they effect corn plants subjected to excessive heat and soil
drought. A high degree of significance was shown for only one temperature,
120°, end that at two moisture treatments, whereas in mo case did the 1309,
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tempernture ehow significance. It is apparent that the differences due to
umm.mtd.mmmulwmm:-m
treatments as compered to the high mofsture treatment, Low and medium
WMMWhum,wmnmmm
mwhwm.nlnmhmm. Comparing this
bwmmﬂmnhﬂmmmwﬁiﬁnhu
mm.umwhmmmmmmu
this experiment the effects of low and mediwm nmodsture were similer, and
Mmumwmmﬂumxm«mmm
fnoas betvean moistures as shown in Table V. The highest F value was shown
for the treatment vhich involved low moisture and a temperature of 120°F,
mamw-mmluw.ummmw
this peper were based wpon this technique,
nmmhwummmmummmm
63 inbred lines, which was carried on the previous winter, incorporated
the use of the 120°%, temperature., No attempt was made to comtrol the
moigture except in the respect that the soil in all pots was maintained
Squally, They probebly received somewhat move water than the medimm
treatment of the previous experiment.
w,

Lrsisplinliop.

Seed from 42 of the 44 inbwed lines, whieh were grown under field
bonditions at the Range Substationm at Cottonwood in 1953 for observation
of thedr resstions to matural drought, was available for artificiel
drought testing, The conditions of expomwe were 120°F, tempersiure, low
eof) meisture trestment, amd 188 relative hmidity for A2 hours. The



transpiration rate was measured for the 36 hour period previous to expos-
ure and also for the 12 hours time &n the drought chamber, The resulte are

listed in Teble VII,

TR VI "Begree of InJary and grams of vater \zapspired Yy 42 Intred

lines of eorn during 12 heur
Iov mwist\oe treatment, and ive humidity and grams
of vater tunspired during the 36 hour pericd previcus to
exposure ,
T B e e = mEa = T e s — e
Iine Mead Injfury Treanepiration Transpiration
Rating 12 houre 36 houre
1 onsé AoV 15,0 11.3
2 7(vRa)5279-1 5.0 12.3 Be3
9 )M’ 540 1.7 91
4 8 640 91 7.6
8§ AS 6.0 1044 503
6 117 6.0 Hoed ol
7 8B 6s3 7.0 71
8 AM 6.3 13.7 67
9 s 6,3 2047 Vo3
20 8sm2é 6e3 13,9 114
11 8p5 65 13,7 124
12 ASO 67 13.2 8.8
13 AT 6.7 14.0 22067
U S2U0-2 6.7 1461 9.6
15 o3 7.0 1242 8.3
17 W 7.3 12,3 Bef
18 xR 73 16,0 1.2
19 7(u8)snfé=a 73 1.9 .7
- B 5
a 2 ° ] o
1 i3 2
23 evm o0 . .
A 8n48 8,0 13.7 10.8
T (R 138 100
2 a(s5 0 .
P24 mz 8.0 1544 12,4
28 Ratnbow Flint
o i 2 i3
20 2(%5)s2200-2 o
X 8.0 13.2 10,6



Line Mean T iration Trangplration
lnhm ?ﬁt-' 36 hours
= H6 Ee3 13,0 6e6
3 . 843 1460 1l.4
3 AR 8.7 13,9 740
35 847 12,8 1044
36 7(0s420) 8.7 1544 132
» 52183w1 847 12,6 10,7
; 8.7 11.9 1248
RS3 940 1544 a7
40 Rainbow Flint
52183=1 9e3 1566 843
41 ChSla a3 el 849
A2 W9 97 1448 12.8
Hann 75 13.0 946

Correlation coefficients between natural drought imjury, artificisl
drought injury and tramspiration rates are shown in Talle VIIX.

Uy o014 o043
12 hour - 004 -y 087 o254,
36 hour 058 -l 191 555

g iy
*8 : . at the five per cent level.

The data show significence at the five per cent level between field
Tosponge to drought end the injury received in the 1953 drought cheuber
test, tut no significance was found between the samo fleld resulis end
the 1954 chamber reactions,
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¥o signifiosnt carrelation vas shown betuoen transpivetion for edther
the 12 or J6-hour perfed and drenght resction in the £1e1d or in the
drought chanbor for edther the 1953 or the 1954 vesults.

There was & highly signifiesst corvelation between 12 and J-hour

transplration,

The effects of shading and of soil drought on the greenhouse bench as
compared to the standard trestment as a check on the drought reaction of
three resistant and three susceptible lines are showm in Tahble IX,

840

‘ﬂ 57 940 83 Te7
g:z 77 » Gel

Moan 9.1 o2 Ve

Supoartihle

£06 8.3 10,0 1040 Peds
RD230 1060 940 Gel
w9 3 10,0 9a3 P
Maan 5 2040 Ged el

Figures § and 6 will help to shov the actusl differences rerrcoomted
by the data reported inm Table IX.

The chade vas provided with a heevy grade of brown paper to prevent
the plents from being exposed to the direct rayp of the mm. Soll drought
was brought on merely by failing to water the plants, Readings were taken
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oush day, and the iajuy rating reported vas cbeerved three days aftor
the plants vers last wetered vhen maximun differences between lines

cccurred,

}
F
| .
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A more direet compariscn as to the effest of 1ight on the ability of
& com plant to wlthetand hoat end drought is shown in Figure 7. This
Diustrates the vesctlon of W8, o resistant 1ine, and 8D6, o suseeptilile
1ine, to thres different light trestmemts. From left to right in each
mrtificial ldght, The artificial 1ight treatment is probably of relatively
low intensity,

Te of two
Figure W ! MMﬂ:ﬂg
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The enalyuis of variance of artificial drought injury wenrerted in
Table IX is iisted Sslcw in Table X. i

Wigignificant et the ome per cemt level,
'anmuv”;zmm.

The smalysis of varienoe shows & highly sigsificant differcnce dus to
iines. In breaking this doun te "within resistamte®, "within susceptibles”
and "resistants versus susceptibles”, it can be reedily seem that the vari-
ation "within resigtemts” vas highly significent end was wndoubtedly due to
that wariation shown among the means of the resistemt lines, There was no
significant variation due to lines in the susceptible group, and it becomes
apparent from the high value for "resigtants versus suseeptiblee® that the
greatest variation due to liner wae derived from this source, Treatments
show a definite effect wpon the relative drought resistance, and the high
value for lines x treatments signifies that the differences due to limes do
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not remain the same for all trestments, The lines x trestments interaction
was broken down into its component parts (o give edded imformstion oomoerw=
ing the source of the high mean sevare uhish &t showed. The idshly mignif-
fcant mean syuare for "vithin resistants x treatmmnte® indicates that all
lines within the resigtant greur did net react the geme for all treatmmnts.
*(Besistarits versus susceptibles) x tresiments® is alsc highly significent
meandng that the resigtent lines as a group and the susseptible lines as s
group 444 not show similar injury for all treatments, Both of thege inter-
sotions are undoubtedly due in the main to the high dejres of variatit
among the lines within the resistant greun shown in the ehaded treatment,

A mnber of single crogses vers made in the gresnbouse during the
vinter of 1933+54 Imtween lines of known drought resetion brisging Sogwther
resigtance and susceptibility in various ways. Only those vhich had ehowm
high resistance or susceptibility were used in these crosses. The mean
injury rating of these Fy hylbrids vhem grown in wnshaded pots st low
moisture and placed in the drought chamber at 120°, ere listed in Table XI.
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5)D x W8 440
5)D x BRA158 2.7
Mean 362
Resigtant x Suscoptible
W8 x ND230 Le3
B2A158 x W9 7,0
ﬁsgnxlﬁ b7
5)D x W9 53
Mean 53
Susceptible x Suseeptible
ND230 x W9 7e3
NDRSO x SD4 8.0
ND230 x 8D6 57
S x W2TX &7
lﬂt:“ 3.7
Mean S,

mthMWunmmmﬁuM
ance to injuwry. However, the susceptible lines seemed to have 2 pronouneced
affect upen the resistance of the single cross as con be seen ty the dif-
ference in means. A high degree of varistion was shown within the suscept-
ible x susceptible group,

The analysis of variance of the previous experiment is reported in
Teble XII,



_unw to drought,

B o T e e e e T A L L T Lt i e s i =11
Source of Variatiom d. £, Mean scuare ¥.
@ e o : = | e e L s v 2 1w g pia: i s
Crocees 1n ] 5408%4

¥ithin res x ves 2 1446 85

Within ves x m 3 4eR2 2647

Within suse x suse 4 Ny 5.710%

(Roe x res) vs im x m) 1 29,11 22,87

4 (suse x susc) .
(Res x susc) va (suse x suse) 1 1.5 132
2 6486 AR
Replications x Crosees 2; 1.3
cont level.  dai -

by -} A YR
A highly significant F value for crosses indicstes differences in
the hybrids., There were no dlfferences vithin the resistent x resisgtent
umxm“mmmmmmmmm
ble x suscepiible group. Howswer, most of the varlation between crosses
vag derived in a comperisom between resistant x resistent crosses as &
group with the rest of the test as is shown by the wmsually high F value
for that comparison ~- namely (vesistent x resistent) versus (reusistant x
supeeptible) ¢ (susceptible x supeeptikble).
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DISCUSSION

A low correlation was shown between drought chawber results vhich
were obteinod in the winter of 1952-53 on inbred lines cf corn and Tesulte
obtained the following winter, This indicates an effeet of some environe
mental fattor upon the resction of corn seedlings to srtificial drought.

Cicully wather for o period of several days previous to artificial
drought treatment and naturel lov 1ight intensity of that semson of the
yeer prompted the thought that light diffevences might have been an impore
tant factor in bringing ebout the varistion in results of the two tests.
Resulte in Table IX show ineressed susceptibility to drought in all cases
vhen light intensity was reduced, However, this inecrease in suscoptibdl-
ity due to shading wes not wniforn between lines. It was greatest in the
regigtant lines, especially in the case of W8 which showed more damage
than any of the lines in the susceptilile group,.

Effect of 14ght upen corn plants hss been weported by Heyne end
Laude (10) vho found that hoat resistence of plamts kept in the dark for
12 to0 18 hours incrensed YWy exposure to light for as little as one hour.
Shirley (21) in his veview of the effects of light intensity on seed
plante states that plamts developed in the shade are less resistant to
drought then those grown in full eumlight, Dexter (6) indicates that
photogynthesis is involved in the hardening of plante, He found thet
vinter whest plamwts deprived of either light or GO would mot harden
ageinst cold, Many workers have indiceted a cloee relationship between
injury of the plant cell by drought and colds
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Newton and Martin (20) found that bound water content of the pross-
Juice of leaves of whests and gresees was directly related to thedy abddity
%o rosigt drought, end Bavtel (3) reportod that the order of spring vhest
varietios with respect to omsotic pressure and per cent of total solids
was the same as thedr suppoged drought resistance.

A high positive corvelation was found by Chisholm (4) between the
sounrt of ahlorophyl present in leaef tdssue and drought vesistance of
barley varieties which gives ovidence that photosynthesis is lmportent in
the develepment of this charaneter. Lemde (15) suggests the photosymthetic
production of orgamic meterisl as an explanation for inecreased resistance
of plents to heat, Howover, he edds that the smownt of material which
wahﬁ-Mﬂnmatt;huhhtha
nwked increase in resistance would probelly be inwmfficlent to accoumt
for so much change in resistance,

A mmber of factors which are gemerally cemsidered as being closely
aspociated with the abllity of plants to withstand drought were studied
by Haber (8) in Anbwed 1ines of eweet and field com, He found that the
clagsification of pure lines of sweet corn of unimown behavior as resist.
ent or susceptible was not possible on the basis of ghtomate mmsbor or type
of root gystem, He reported significamtly larger mmbers of vesculsr
bundles per unit awea for five resistant linee of feld cown as compered
to five susceptibile lines; but this did not hold trwe in the case of
sweet corm. Transpirstion rate was found to be greater in a group of
suscoptible lines of sweet corn than in e recistant group, but thig dife
ference was not grest enough %o be used as & basis for claseification., No
Gofinite tronds were shown bty the tramspiration stulios reported in tids psper,
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These facts seem to indieste that probably the most lmpertamt single
factor involved in providing e plant with resistence against drought is
that quality of the leaves which provides the power to hold wnter sgainst
the fercea of evaporatiom,

The importence of hardening plants hy growing them under limited
nolsture conditions bofore drought trestmemt was brought out in a eompere
fson of F values of injury readings for vardcus treatments in Talle VI,
Such hardening resulte in inereased photogynthetlc products and thus re-
duced evaporation. High light intemsities versus chading would have the
oune offect.

It is not possible to determdine with any certainty the method of
Inheritence invelved in drought resistence or mucoptibility with the
limited data in this Peper. Pathwr ctuiy is needed for determining the
factors invelved, hov each fector is Smherited, and how these individual
factors affect the inheritence of othwrs inwalved,

The significance of the produsts of the photogynthetie process in
drought resistence has been brought out, In dodng this the author does
not minimige the importemce of other charscteristics involved in this
trait. The va™~— of an adequate root mystem and an effestive wascullay
system should not b wdezestimated, The comlexity of the inheritsmoe
of drought resistance beoomes apparent vhen we comsider that sevoral
lactors are involved vhich are probably inherited quantitetively.

The date in Table XIX show thet the single erosses made wp of two
drought resistant inbreds were significantly more registant than the rest
of the hyteids tested., This imdlostes the poseibility of producing
drought realstant hytwida,
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The variation between the reastiens of the Fy hybrids in the
rosistent x susceptible group can not be adequately explained with the
information availadls, but with the possibility of quamtitatively cone
trolled characteristies imvolved all degrece of resistance would be
poggilln,

A® might be oxpected the damage %o single crogses which wers made
wp of susceptilile inlweds was gomerally crester than in the resigtent
groupes However, the range was quite premounced emeng the eroscos of
msceptible linos, SN x 8D6 showed grester vesistence than W8 = B2A1SE,
e resistant eingle cross, It is not Ancomceiveble, where quantitative
inheritence is involved, that two inbrods demomstrating susceptiddlity
to drought cowld be incorporated into a drougrt reslstamt Fy kybrid
because of complementary gens aetion. This amy =ake it neessamry to test
all single eroopos ar woll ap the imdwode wvhiich msle tham wp to prevent
discarding velugble gorm plase in comi.
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BUMMARY
A study of the effects of artificial drought wap carried out en 14
 day odd corn seedlings, Purposes of the investigation inaluded the dow
volopment of a technique for studying resctions of corn seedlings to
artifisial drougint, egtadlishing a corvelation between ertffisial end
mtum) drought reactisns, and studying ivheritsnse of yesistant and
emtuopiidle facters.

Three intwed lines shich had rescted as resistamt, imtermediate, and
susoeptible to drought were exposed in the drowght chember te 115°, 120°,
125°, and 130°F, temperstures, Effeets of three soil moisture trestments
during the growing period were slso observed, Remilts showed that 120%,
brought about macdmm @1€ferences amone the throe 1ines and also ndi cabed
that hexdening the plants Yy limdting molstwre during the growing peried
ws important,

An artificial drought test of s large mwber of inbred lincs condnobed
during the winter of 195353 correlsted well with field vesults, Wwt this
sorrelation was not repested in a drought charber test the following winter,

Ho corvelation was shown betwesn tramepiration and drought resistence,

It wap found thet shading reduced the resistence to drought in all
lines tosted, However, lines of the resistant growp did mot yeact the
semo vhen shaded as they d4d vhen exposed to smlight,

lines spubjected to sodl drought on the greemhoupe bemch &id not re=
ppond in the pame numer as those exposed to ertifieiasl drought,

Inheritance studies indicated that resmigtant hybrids were produced
ty erossing inlweds of high drought resistance. Single erosses which
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contained suseeptible inhreds ghoved a high degree of variation in their
response to artificial drought. Peotors affecting susceptibility indiocated
a range from little or no dominence in some crosses to high dominance in
otherse
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