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TRODUCTIGN

Severe droughts in the midwest have stimulated Interest In

the probi era of drought resistance.

During the period of 1933 to 1936 the region from the Dakotas

to Texas and from Nevada to the Atlantic Ocean was scourged with

drought. Westbrook (51) estimated the total loss from the 193*1

drought In the United States was |;5, 000, 000, 000. Crop yields are

a direct reflection of the weather conditions and as such may be

roughly predicted from the weather prevailing over a period of

time. Since climatic conditions vary from year to year, one can

expect both favorable and unfavorable cli istic conditions. It

sometimes appears that seasons run in cycles but it is virtually im-

possible to predict from year to year what conditions will prevail.

The midwest, which has often been termed the "bread basket of

the world", is frequently subject to weat er conditions unfavorable

to plant growth. These unfavorable periods are usually due to a

number of complex factors involving temperature and water. D:-

is usually considered a condition of the soil or atmosphere, or of

both, that prevents or curtails the plant in obtaining sufficient

water for its metabolic functions. Drought resistance usually in-

cludes tolerance to both high temperatures and low available water.

Many measures of tolerance to drouiht conditions caused either

by moisture deficit or high temperature have been studied to find

some simple means of determining a plant's drought resistance,

single morpholo ical or physiolo ical characteristic in a variety

or within a species has been found to be an accurate means of



detecting drought resistance. it evidence indicates the ability

of a plant to tolerate adverse conditions lies within the protoplasm

itself and the physico-chemical makeup that enables it to wit -

stand wide variations in climate. However, the phenomena of drought

resistance are still not well understood.

The present invest! rations included a study of:

(a) Heat tolerance of corn at different stages of growth.

(b) Transpiration rates of corn differing in heat tolerance.

(c) Water requirement of corn differing in heat tolerance

when grown under increasing moisture deficit.

(d) Plant weights or corn differing in heat tolerance when

grown with adequate water and with increasing water

deficit.

(e) ibot development of corn differing in heat tolerance

when grown under increasing water deficit.

REVIEW OF LITERATI

Shirley O4I) was one of the first to describe a ; c ine for

testlnr- drouhht resistance in plants under artificial conditions.

The length of time each coniferious seedling survived was used as

a criterion of drought resistance together with the moisture con-

tent of the soil at the depth of the plant.

Shutz and Hayes (l;2) conducted artificial drought tests using

a hay and pasture grasses and legumes in sod and seedling stares

of growth. They concluded that artificial tests of drought could

be used to indicate t ose species or varieties which can be expected

to succeed best under natural drought conditions. Relgerson and



Blenchard (l6) in their laboratory studies of wheat concluded that

their results correlated very close with field conditions. They

also stated that they hope certain standard conditions may be set

up which will enable the plant breeder to test bis varieties for

drought and heat resistance early in the oroces3 of their breeding

in order to discard the less promising varieties without having to

carry then in field trials for a number of years.

After exposure for 1-15 hours at 110°F with 1I4. percent relative

humidity, and an air velocity of six miles per hour, wheat varie-

ties known to be drought resistant in the field showed less injury

from drought then varieties known to be drought susceptible was

shown by Aamodt (l) in his machine for testing atmospheric drought,

Aamodt and Johnston (2) concluded in their studies on drou.

resistance in wheat that by use of an artificially produced drought

the most reliable index of susceptibility to atmospheric drought is

obtained where percent of leaf loss is esti-neted in conjunction

with percent of dead culms and percent of dead plants.

In laboratory experiments with corn seedlings Heyne and Laude

(18) found that 20 day old corn plants subjected to the heat

chamber for five hours at 130° P. with a relative humidity ranging

from 20-30 percent gave the most satisfactory results for classi-

fying high temperature tolerance of different strains of corn.

They concluded that for most inbreds there was a fairly good agree-

ment between field observations from previous years and those of

the heat chamber.

Hunter et al. (21) tested lij. day old seedlings in a heat

chamber at li;0° F, with a relative humidity of 30 percent and found



that it was possible to distinguish anong strains with respect to

drought resistance. Essentially the same order of relative re-

sistance was obtained with the seedlings as was noted for plants

in the field.

Laude (29) concluded that olants have a diurnal cycle of heat

resistance. He studied temperature relations in both seedling and

mature plants and found that a daily maximum resistance to heat

was attained by plants about mid-day and continued during the after-

noon. Minimum resistance prevailed early in the morning. He also

BUH~ested that the photosynthetic production of organic matter

suggested itself as an explanation for the increased resistance of

plants to heat.

Wilting coefficient has been thought by investigators as

being influential in drought resistance. Bri -~s and Shantz (9)

were among the first to study phases of water relations of plants

and concluded that species differ only slightly as regards to t e

soil-moisture content at which permanent wilting first takes place.

They tested a number of soecies and concluded that the differences

exhibited by crop plants in their ability to reduce the moisture

content of the soil before wilting occurs are so light as to be

without practical significance in the selection of crops for semi-

arid regions. Differences observed were attributed to a more

perfect root distribution in one variety as compared with another.

Caldwell (11) found that the moisture content of the normal

functioning leaves, taken collectively, at the time of permanent

wilting, was found to be approximately constant for all individuals

of the same snecles, at the same stage of development. He co. -



eluded that permanent wilting is a definite protoplasmic con-

dition and that loss of turgor in permanent wilting was established

throughout the entire plant. Permanent wilting may result from

•either one or both of two factors; a decrease in the soil moisture

content and a loss of water from the plant by transpiration.

Sorghum and corn have been used for many years in comparison of

morphological and anato ical differences in association with drought

resistance. Miller (35) compared dwarf milo and Dlackhull kafir

with corn as to several characteristics. The two sorghums have

twice as many fibrous roots as tre corn at any stage of develop-

ment. The leaf arcs of the corn at all stages of growth m

approximately twice as great as that of the dwarf milo and never

less t' an 1.5 times that of Blackhull kafir. It was also concluded

that the sorghums would have tv
-e advantage over the corn plant

under any climatic condition which would bring about a loss of

water from these plants. This advantage is due, in the first place,

to the fact that the two sorghums have only half as much leaf area

>osed for evaporation of water as corn, and In the second place,

to the fact that they have a root system twice as efficient in the

absorption of water from the soil because of ' reater number

of fibrous roots.

Bound water ^s been suggested as an index in classifying

cultivated crops owton and rrtin (37) in their experiments

with wheat and several other -rasses. The percent of bound water

increased r rly with colloidal concentration. Both the quali-

ty and quantity of the colloids came into the picture of bound

water capacity. They concluded that drought resistance Is depend-



i upon three factors, namely I adsorption, transpiration, and wilt

endurance.

(5), Jost (23), Jarming (1^8] b the

'ncipal peculiarity of xerophytes is their ability to spend water

scantily. Maximov (33) on the contrary, noticed that wild plants

which are capable of enduring prolonged drought maintain

transpiration rate as long as the soil moisture is readily avail-

able. The high intensity of transpiration exhibited by relatively

drought resistant plants, according to Llaximov, is not accidental

but due to the fact that .o3t of the factors that make for a dry

habitat provoke such changes in the body of the plant as eiiable

them to maintain a high transpiration rate*

Experiments of Frey (13), Kokin (27), and Alexandrov (3)

showed that foliage developed under conditions of scanty water

supply possessed higher intensity of transpiration than developed

under condition of liberal water supply. Briggs and Ghantz (8)

were unable to confirm their original premise of a close associa-

tion between the water require -.ion t of plants and dr< resistance.

They found that millet, sorghums, and corn had a lower water re-

quire lent than wheat, oats, or barley. The drought resistant

grass, agropyron . was found to have a very high water requirement,

while rice and buckwheat, relatively drought susceptible species,

owed a moderately low water requirement. I'aximov (33) also was

unable to show water requirement and suitability for arid areas*

did find a tendency for plants that transpired intensively to

use the water less efficiently.

Kiesselbach (25) could not establish a definite correlation



between drought resistance and water cement. Baylst et al

(6) observed that the ability to limit transpiration and to

carry on the process of photosynthesis and assimilation under

conditions conducive to I ovaporet ion was one of the factors to

determine the ability of wheat plant! to produce grain under

drov. gh t co :idi ti ons ,

Her and Cofihian (36) concluded that corn and sorghums seam

to differ in their transpiration power. They concluded that t

corn plant is not capable of supply .3 large leaf surface

with sufficient amount of water to satisfy the evaporating power

of air, as a result its rate of transpiration per unit of leaf

surface falls below that which is needed to retain turgor. The

sorghums with their small leaf surface are able to supply water in

mount! sufficient to satisfy t' e evaporating power of the air and,

lip rate of transpiration per unit of leaf surface is higher than

that of corn.

Brooks (10) worked on the movement of eosin dye through

leaves of resistant and susceptible inbreds and found oat

susceptible leaf of a susceptible plant showed a much slower rise

of dye than did a comparable leaf from a resistant plant when the

leaves were cut below t c collar, fhsn t. ese leaves were cut

above the collar, the dye rose mora rapidly in the leaf of sus-

ceptible plants* Bs concluded that the nature of the vascular

tissue in the collar region of susceptible leaves did not permit

the rapid conduction of water.

Various phases of drought resistance have been investigated

with hope of deriving at soae simple and practical method of
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determining drought resistance. The relation of root development

to drought resistance has been the subject of considerable interest.

Ivanov (22) stressed the Importance of the root system in

relation to drought resistance. He points out that plants with

roots which have high suction power were in the most favorable

position to resist drought. He concluded that the denseness of

the root hairs was an important characteristic of resistant plants.

This character enabled the plant to tap a much greater volume of

soil than it would otherwise.

Miller (35) observed that sorghum had twice as many secondary

roots as corn and this could partially explain its resistance. The

sorghum roots were also found to be more fibrous than corn roots.

The greater number of finer roots of sorghum, to r with the

smaller leaf area, are instrumental in keeping the water supply

of the leaves sufficient to retard incipient wilting. Talanov (lj.6)

and Aamodt and Johnston (2) believed that one of the important

contributpry factors to the drought resistance possessed by

Milturum and Casesium lies in the character of their root system,

hales et al. (6) suspected that the ability of wheat plants to

produce grain under drought conditions might be due to two distinct

phenomena. One of them is the ability of the root systems to take

in moisture as fast as or faster than it is transpired, hubbard

(19) found that, under dry conditions, Ceres spring wheat generally

had a larger number of roots, more root hairs, and a greater weight

of roots than Marquis or Hope. Although many workers have found

differences of root systems in relation to drought resistance,

Harber (3.2+.) found no significant differences between the root



•yatem of drought resistant and susceptible lines of sweet corn.

Theil (1|7) stated that plants grown in a moist or wet soil

show a strikingly small root system in comparison to those grown

in a relatively dry soil. He observed feat roots growing from a

layer of fertile soil into a layer of sand and then again into

fertile soil showed a profuse branching in the fertile soil layers,

while that part of the root system in the layer of sand was very

sparsely branched. Kiesselbach (25) in his transpiration work with

the corn plant concluded that in general root development varies

inversely as the soil water content. He concluded that plants which

have their early growth in dry soil may be expected better to with-

stand a later period of drought because they would have a rreat

absorbing surface exposed to the soil particles. Harris (15)

also found that in general all of the plants produced a propor-

tionately greater root growth in comparison to the aerial parts

when grown in low percent of available moisture compared to ade-

quate moisture.

Shantz ( lj.0 ) believes that the roots of some drought-resistant

plants are able to penetrate dry soil, but that ordinary crop

plants lack this ability. ;stad and Brezeale (30) made extensive

studies of the moisture equilibrium between soil and plant and

concluded that not only will roots elongate into dry soil, but

some plants can absorb water through roots in moist soil, trans-

port the water, and build up the moisture content of a dry soil

to the wilting percentage, i unter and Xslley (20) found that ti

roots of corn were able to elongate into dry soil and build up the

moisture content of the soil but no evidence was obtained for the
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absorption of nutrients from dry soil by plants.

Kramer (28) has shown a close relation between absorption

and transpiration and concludes that changes in rate of trans-

piration precede changes in rate of absorption which Indicates

that under ordinary growing conditions if the plant is under a

stress, the rate of water intake probably i3 determined largely

by the rate of water loss. This absorption is primarily controlled

by the roots and it is assumed the characteristic of the root

system is responsible in the different absorption rates.

Shank (39) and Spencer (l\k) found there was a marked difference

between inbreds and single crosses of corn to number, dry weight,

and total length of the main root and length of adventitious

roots. Shank (39) concluded that several genetic factors control

top-root ratios because the range of inbred ratio means in each

test was large with individual lines means being distributed uni-

formly throughout these ranges.

Cook (12) found two types of roots in his studies of Bromus

inermls ; one large in diameter and lighter colored, and the other

smaller, darker, and nore extensively branched. The latter com-

posed the major portion of the drought resistant root systems.

Measure nents of "large" roots were found to be less reliable

index to drought resistance than those of "small" roots. No sig-

nificant differences were found in lateral spread of roots between

the resistant and non-resistant groups. The resistant strains

were consistently high in number of botl "larger" and "small''

roots, and in most cases, possessed significantly greater root

depths. Total axial root length was one of the best single
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measurements for evaluating root b; s but it was incomplete

unless suiplemented by other measurements. In general, the re-

sistant selections made a more vigorous herbage growth I rat

the season than the susceptible strains. The root-top ratios were

found to favor the more drought-resistant selections but differences

were not of sufficient magnitude to be used as dependable indices.

MATERIAL.. A" D 1 H ODS

Ten single cross strains of yellow dent corn were obtained

from Kansas State College and Pioneer Seed Corn Company. These

strains were selected for resistance or susceptibility to drought

and high temperatures previously observed under laboratory and

field conditions.

These ten strains were planted in six inch clay pots with

three plants per pot and allowed to grow for twenty-eight days.

They were then tested in the heat chamber, each variety being

replicated fifteen times. The heat chamber had a temperature of

130° F. and a relative humidity of 30-1^0 percent.

The preliminary investigations indicated wide differences

among the strains in ability to recover from high temperatures.

Three varieties, including one that was consistently most resistant,

one that was intermediate, and one that was susceptible, were

c osen for subsequent research. In the remainder of the manu-

script the resistant strain will be referred to as number 1, Inter-

mediate number 2, and susceptible number 3.

Several methods were used to estimate the amount of damage

inflicted to the strains by the high temperature test. The first
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measurement was to score the plants on a scale from 0-100, rating

each plant for apparent damage

.

Secondly, the linear length of the longest leaf of each plant

was measured and the of desiccated tissue calculated

from a direct measurement.

Thirdly, the tissue above t ird node was cut witfa scissors

and separated as to whether dead or live. The tissue was then

dried in an oven, weighed, and the percentage that survived t

test v«s calculated on a dry weight basis.

It was apparent that all three measurements gave similar

results.

The strain consistently most resistant was K77 x G5>, the in-

termediate was Kys x K201, and the susceptible strain was G33I«1 x

I.TY1.

The experiments reported in this thesis were conducted in

the greenhouse and laboratory during the winter of 195ij--19^5»

According to lioyne and Laude's (18) studies with corn seedlinga

there is a close association between laboratory and field results.

It was also found by Hunter et al. (?1) that essentially the same

order of resistance ras found in laboratory and field observations

In studying resistance to drought injury In lines of maize. The

results of the ten strains tested In the laboratory agreed in

neral with previous field observations.

The various techniques and equipment used in the investiga-

tion are described in the following sections.
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Heat Tolerance of Thr /-a ins of
Corn at Different Stages of Growth

• strains chosen for these st- dies were tested for

at tolerance at three, six, and nine weeks of eye.

The three strains were planted in one gallon cans and grown

for three and six weeks and in four gallon cans for nine weeks.

The plants were thinned to three in each can. Each strain was

replicated six tines. Soil moisture was brought to field capacity

and the pots were rotated at random once each week.

The soil vras covered with one inch of sand to check surface

evaporation. Six replications of each strain were placed in the

] eat chamber at each grov/th Interval with temperatures of 130° F.

and 30-Ij.O percent relative humidity. The plants were not left

in the heat chamber for a predetermined length of time but were

removed when observable differences were apparent.

The plants were then removed frcm t ftt chamber and allowed

to recover for two weeks. The previously described method of

clipping the live and desiccated tissue was found to be most re-

liable. The tissue from each plant Ml clipped, dried, and per-

cent recovery was expressed on a dry weight basis.

Transpiration Rate of Three Strains of Corn
Differing in Heat Tolerance

The same varieties were used in transpiration investigations

as in the other studies and were tested at three, six, and nine

weeks of age.

The three varieties were planted in one gallon cans for the
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three and six week Intervals and four gallon cans for the nine

week interval. The plants were thinned to three plants in each

can. Each strain was replicated six times. They were watered

once each day and rotated at random once each week.

The cans were c vered with a paraffin wax layer to creek

evaporation from the soil, before they were put in heat chamber

at a moderate stress of 115° P. During the test the cans were

weighed each hour for twelve hours. The cans were then left in

the heat chamber for another twelve hours and weighed to determine

the total loss due to plant transpiration over a 2\± hour period.

The tops were t'1 en cut and roots washed and oven dried for

dry weight determination.

Root Investiations of Three Strains of
Corn Differing in Heat Tolerance

The roots of the three varieties were studied after three,

six and nine weeks of growth.

The corn was planted in soil from the Ashland Agronomy farm

which was air dried, sieved through a mesh screen to separate the

trash and wet to field capacity. The field capacity and wilting

point of the soil were determined by laboratory met' od. Equal

weights of soil were put in each can, filling them to about four

Inches from the top. The seeds were planted in one gallon cans for

the three and six week Intervals and four gallon cans for the nine

week interval. Each variety was reolicated six times. Three

plants were grown in each can. The soil was covered with an inch

of sand to check surface evaporation. The cans were weighed at
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planting and at the end of three weeks to determine water require-

ments. Those retained longer in t c experiment were weighed after

six and nine weeks. No water was added to any of the pots durin

this experiment. The soil was removed from the roots by washing

at the end of the respective intervals.

The fibrous root aysten has been explained by Miller (35)

as being a factor contributing to drought resistance of sorghums.

A scheme was devised to determine- the extent of the secondary

root system which includes the fibrous roots. The method found

most satisfactory was to stretch out the primary root and count

the number of branching roots at different predetermined distances

from the main root. By adding the number of branching roots at

each length interval it was possible to determine febt c aracter-

istic of t' e fibrous root system.

Other investigations included linear measurements and weights

as indicated in the discussion of the results.

EXPERIMENTAL RESULTS

Comparative Ability of Corn to Withstand High
Temperatures at Different Stages of Growth

It was determined from preliminary investigations explained

earlier that differences were apparent in the ability of the

strains of corn to withstand hi<-h temperatures at a young age. It

is also desirable to know if the resistance persists with the

strain as it matures.

The three strains chosen for experimental study, because of

their range in heat tolerance under both field and laboratory
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conditions, were tested in the heat chamber, three, six and nine

weeks after planting. It is apparent from Table 1 the three week

interval showed the greatest differences between the three strains.

Two weeks after exposure the percentage recovery was 6l, 28, and

20 for strain numbers 1, 2, and 3> respectively. There was a

statistically significant difference at a 5 percent level between

numbers 1 and 2, and numbers 1 and 3 but there was not a signifi-

cant difference between number 2 and number 3*

Table 1. Comparative ability of three strains of corn to withstand
high temperatures at different stages of growth,

Age of Strains •
•

:

:

plants
1 1 :

•

2 : 3 Ave.

3 weeks 61.05 28.26 20.26 36.52

6 weeks 37.26 17.1[5 7.32 20.68

9 weeks 35.20 1I4..IO 9.89 n.73

Average kkM 19.9l». 12.^9

L.S.D. = 18.2
L.S.D, between means = 10.5

The six week interval slowed similar results with numbers 1,

2 and 3 recovering 37, 17 and 7 percent respectively. Number 1

was significantly superior to number 2, and number 3» but there

was no significant difference between numbers 2 and 3* although

number 3 tended to recover much less than number 1 or number 2.

The same order of resistance was found nine weeks after plant-

ing with number 1, number 2 and number 3 retaining the same order
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of recovery, viz., 35, lli-, and 10 percent respectively. There

was again a statistically significant difference between number 1

and numbers 2 end 3» out no difference between numbers 2 and 3«

The strain means Indicate the relative position between the

strains at all intervals with number 1 significantly greater than

numbers 2 and 3 but no significant difference between number 2

end number 3»

Plate I shows the range in heat tolerance of the three strains.

During the rest of the manuscript the heat tolerant strain will

be referred to as number 1, the intermediate as number 2 and t: e

susceptible strain as number 3.

Transpiration Hate of Corn
Differing in Heat Tolerance

An experiment was conducted to determine the transpiration

rates of the three strains of corn differing in heat tolerance.

The plants (prepared es explained In Materials and Methods) were

weighed hourly for the first 12 hours and at the end of 2l|. hours

to determine the totsl loss of water. The shoots and roots were

then harvested, oven dried, end weighed. Table 2 sows that

after three weeks of grtvtfc strain number 1 transpired significant-

ly more than numbers 2 or 3 during the first twelve hours of the

test, transpiring 30, 21 and 17 grans respectively. Additional

twelve hours of transpiration did not seem to change the relative

position of the three strains. The total weight transpired

during the 2l| hours was l\3 $ 33 and 29 gra-as respectively for

numbers 1, 2 and 3.



EXPLANATION OF PLATE I

Daiaa^e inflicted a M strains of corn when r^rown

for three we ks end placed la tht bftftt chancer with tempera-
tures of 130° F. aud relative humidity of 3O-I4.O percent.
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PLATE I
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Table 2. Grains of water for each tram of shoots transpired by
three strains of corn differing in heat tolerance.

Strains
Age of : Hours of J T~ ~T~ :

plants {transpiration: 1 t 2 i 3 ; L.3.D.

3 weeks

6 weeks

9 weeks

12 29.50 20.93 17.31* 6.3I+

2k 1*2.72 33.1+2 28.53 11.92

12 11.76 9.75 10.66

2k 16.76 1I4..18 13.1*1* 3.51

12 ll*.17 8 » 8 1* S*95 5.23

2k .79 12.75 7.16 5.86

Six weeks after planting indicated no statistically signifi-

cant differences between the three strains during the first twelve

hours of the test. The plants transpired less per gram of s
1 oots

than at the three week interval with 12, 10, 11 grans respectively

for numbers 1, 2 and 3. During the next twelve hours number 1

had the ability to keep on transpiring at a high. rate and was

significantly greater than number 2 or number 3 with a total

transpiration of 1?» ll+ and 13 ..rais of water per gram of shoot

for numbers 1, 2 and 3 respectively.

After nine weeks of rrowth tl:e transpiration rate was similar

to that at the six week stage with number 1, number 2 and number 3

transpiring ll;, 8 and 6 grans respectively per gram of dry s oots.

Number 1 was significantly greater than numbers 2 and 3 but number

2 was not significantly greater than number 3. After 12 more hours
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of transpiration the order of transpiration and significance

was maintained with numbers 1, 2 and 3 transpiring 19i 13 a™I 7

grams respectively.

It is apparent tnm the data that number 1, which has been

designated as resistant, has the ability under a moderate stress

to transpire more water for each gra.u of dry shoots than the

intermediate and susceptible strains. The three strains trans-

pired most per unit of dry matter after three weeks of growth

and decreased et the six and nine week stages. Numbers 1 and 2

transpired about the same rate per unit of dry matter at the six

and nine week stages but number 3 steadily decreased as it matured.

Another method of expressing transpiration rate is the aaount

of water transpired for each gram of dry roots. Table 3 shows

that after three weeks of rrowth number 1 transpired signifi-

cantly more water than numbers 2 and 3 but no significant differ-

ence was obtained between numbers 2 and 3 for the first twelve

hours. The strains transpired 68, $3 and l\2 gratis for each gram

of roots for strains number 1, 2 and 3 respectively. After 12

more hours number 1 had transpired significantly more water than

numbers 2 and 3» and number 2 significantly more than number 3

with a total loss of 98, 85 and 69 grams for the three strains.

The six weeks stage showed no statistical significance be-

tween the strains in rate of transpiration for the first 12 hours

with a total transpiration of 29, 2$ and 30 grains respectively for

numbers 1, 2 and 3« After twelve more hours of transpiration num-

ber 1 had transpired significantly more water than number 2 but not

significantly more than number 3. At the end of 2l+ hours the
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strains transpired ';1, 37 and 38 gratis for numbers 1, 2 and 3 re-

spectively.

Table 3. Oraas of water for each
.

if roots transpired by
three strains of corn differing in heat tolerance.

: Strains *

Age of ; Hours of : 1 1 :

olants : transpiration: 1 : 2 : 3 '
' • ; .0.

3 weeks

6 weeks

9 weeks

12 67.63 53.33 1*2.11 11,1*1

21* 97.95 85.17 69.26 12.65

12 29.1)0 25.21 30.30

21* 1*0.89 36.69 38.20 3.79

12 35.61 25.50 27. ll* 7.93

21* 1*7.22 3o,77 3l*.92 9.36

The strains transpired 36, 26 and 27 grams of water for the

first 12 hours at the nine week stage. The amount transpired by

number 1 was significantly greater than numbers 2 and 3 but num-

ber 2 was not significantly greater than number 3* The strains

maintained their order of transpiration and significance during

the next 12 hours with a total transpiration of 1*7» 37* 35 grams

for numbers 1, 2 and 3 respectively. Plate II shows the three

strains after 21; hours of transpiration when nine weeks old.

The transpiration rate Is also rreater at the three week

stage than the six and nine week stages when expressing transpir-

ation per gram of dry roots as well as dry shoots.



EXPLANATION OP PLATE II

Damape Inflicted on three strains of corn when nine
weeks old after 2l{. hours of transpiration in the heat
chamber with a temperature of 110° P.



PLATE II

2k
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It can alao "jo seen froa u lj 2, and 3 that number 1 was

superior at all the growth star
;
e3 In its ability to transpire more

water per unit of dry matter than the other strains but this i3

m t striking at the tlireo and nine week intervals. The suscepti-

ble strain often transpired as much a 3 the strains for I

first 12 hours but in most cases fell behind during the next 12

hours

•

Water Loss from Soil as Related
to Drought Resistance

In addition to determining differences in transpiration rates

an attempt was made to determine the water requirement of the

three strsins. The pots were brought to field capacity and

weighed when planted and no lore water was added. They were

weighed again at the respective three week intervals before the

root investigations were made. The loss of weight minus the loss

of weight of the checks (pots without plants) indicates the water

used by the plants in their growth.

It was found from preliminary investigation the raw data did

not have homogenous variances at the three stages of growth so

the data were transposed to logarithms as shown in parentheses.

It is evident from Table ^ that three weeks after planting

number 1 had used significantly less water than numbers 2 or 3 and

number 2 was significantly less than number 3, the amounts being

93# 111 and 130 grains respectively.

Six weeks after planting similar results were obtained with

number 1 using less water than numbers 2 and 3, the amounts being
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Table 4* Grains of water loss from pots planted to corn differing
in heat tolerance during periods of increasing moisture
deficit.

•
• Strains

Age of
plants

: i

J 1 :

:

2 : 3 1 Ave.

3 weeks

6 weeks

97.5

(1.987)

268.9

(2.1)2$)

110.7

(2.0i|2)

285.0

(2.452)

130.0

(2.113)

327.0

(2.513)

112.73

(2.047)

293.63

(2.463)

9 weeks
1233.8 1354.2

(3.09D (3.129)

535.07

(2.501)

583.30

(2.54D

1453.3 134^.77

(3.162) (3.127)

636.77

(2.596)

L.S.D. = (.053)
L.S.D. between strain means » (.003)

269 f 285 and 327 grams respectively. The amount used by number 1

was not significantly less than number 2 but number 1 and number 2

were both significantly less than number 3.

The nine week interval showed a similar trend with numbers 1,

2 and 3 using 1239, 13f>4 and 1453 grais of water respectively.

Number 1 was not significantly less than number 2 and number 2 was

not si gnificantly less than number 3 but number 1 was significantly

less than number 3.

The strain means show that numbers 1, 2 and 3 used 535, 583

and 637 grams of water respectively. Number 1 was not significantly



30

less than number 2 but both numbers 1 and 2 were significantly

lower than number 3. This illustrates that irrespective of plant

vepetation the strains lost water in a consistent manner with the

resistant strain losing the least amount of water.

Water Required for Each Unit of Plant Material
as Related to Drought Resistance

The fact that one group of pots lost more weight than another

is not the most important fact but the amount of water used for

each gran of dry material produced is most desirable.

Table 5 represents gratis of water required to produce one

gram of dry plant material in an increasing moisture deficit. It

is evident th8t the three week interval showed no statistically

significant difference between the strains although numbers 1, 2

and 3 used 79 » 83 and 85 grams of water respectively.

Table 5. Grams of water required for each gran of plant material
produced by three strains of corn undergoing an in-
creasing moisture deficit at different stages of growth.

3 weeks 78.50 83.I4.7 85.1*3 82.1*7

6 weeks 80.72 88.62 109.85 93. 06

9 weeks 122. 60 150.31* 160.26 ll*l*.l*0

Average 93.91* 107.1*8 118,51

L.S.D. s 11.0

L.S.D. between strain means 6.3
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Data at the six week Interval indicate the plants were under-

going a more severe stress and wider differences wore evident.

Number 1 required "1 grams of water wl.lch was not significantly

less than number 2 which required 89 great, but both numbers 1

and 2 used significantly less than number 3 which required 110

grams of water per gram of dry plant material.

As the plants went into a more severe stress, nine weeks after

plant inr, greater differences were evident between the resistant

and susceptible strains. Number 1 required significantly less

than number 2 or 3 but number 2 was not significantly less water

than number 3; using 123, 150 and l6o grams of water per gram of

dry plant :naterial respectively.

The strain means of number 1 was significantly less than

numbers 2 and 3, and number 2 was significantly leas than number 3»

the amount used being 9I4., 107 and 119 grams of water per gram of

dry material respectively. It is evident that number 1 used less

water to produce one gram of dry plant material than either

numbers 2 or 3 when placed in an increasingly severe moisture defi-

cit.

Comparison of Plant Weights of Corn Grown in Favorable
Conditions with Increasing Moisture Deficit

It is also interesting to note in Table 6 the shoot and root

weights of plants which had ample water during growth compared with

plants which were undergoing a moisture stress. There was no ap-

parent differences In the way the three strains responded to the

moisture treatments at the three week stage. The important fact
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is the strains with no water added after planting produced sig-

nificantly less plant material t . an the ones which had been watered

daily, although the difference was not detectable visually end

insipient wilting was not observed. The average dry matter of

three plants each of strains 1, 2 and 3 weighed 2,5, 2,1 and 2.1}.

rrems respectively when sufficient water was supplied and 1.3,

1,I| and 1,5 without adequate water, Plate III shows the three

strains after three weeks of growth with no water added after

plantinr

.

The six week stage shewed little differences when comparing

root and shoot weights within the treatments. The weight of dry

plant material with sufficient water was 10.2, 8,7 and 11,3 grans

for strains 1, 2 and 3 respectively. The weight of dry plants

undergoing a moisture stress was 3*kt 3«2 and 3»0 grams for strain

numbers 1, 2 and 3 respectively. Plate IV* shows number 1 after

six weeks of growth with adequate water and an increasing moisture

deficit.

After nine weeks of growth the strains still differed slightly

between treatments as to both shoot and root weights. 'Vith suf-

ficient water number 1 made less growth than numbers 2 and 3,

weighing h$ t !|6, and 71 respectively. It is apparent that

with plenty of water number 3 produced nore plant material than

the other strains but when placed under a stress it produced less

than number 1 and virtually the 3a-ie as number 2. The plants

averaged 10.5, 9»1, and 9.2 gra is of dry material for numbers 1,

2 and 3 respectively.

When sufficient water was available the susceptible strain



EXPLANATION OF PLATi, III

Growth of three streins of corn differing in heat
tolerance vrhen exposed to three weeks of moisture limita-
tion.



PLATE III

35



i

t

<h ftCJ • ©
O 3 'b t«

oi <D • <D

05 P 'O & E
id © O T) -P
<1) U O. © -P
» § tt 2>S Cod^

•H © «H
KCI S- Ph rH
•H H 1*4
ra rd »h £< t3 oCO© 09

fc © n p +>
© co «h VsP r-l © £ O O
«M X! «H
US W E-t © <M +3
p fc © ti

t. a, • g o
O p © f3> O d O :-. ©M • 2 25 3

M O © .H CO P
EH -P fc *.H

3
© © Uj 4»

d s a. c g ©
a,

© >cf © P b.0 ft
h fc d d C «
o P © © © «H ©

H -V (X& 1

o P «H ..•-,

M d o p p m p
EH © co d a! o «h
< •p o c *
& ra <m & >>•-»

•H O to+> tJ •
1-^ « 3-h o O Ih
fU ra b o -p ti ©

H
;« o <^ © © p

•H XI ftT3 *h ©
© .p +> © © <i-i £
x; -h © -p «^
P P ^ O T) ©

d © -a © p
<* © p ih '-i^ ©
o P" © © xs ^
a4 & -h 3 tj cf

x: ^ w c ©
p P -p © "O
Se d d O © w
OOO-P IhH
u u «h © xiW © O P * M -P

S-t «H XI P *H
© ^ <H cJ © O £
>-H(-i 3 P <^»

p © k © ©
© .r X> H • «H
m -^ & a-p i-i

© -h -p a c a
tD £ «-i © © a> O-,

¥ _ m m a I §> X P «H »
•P -O-d" fn

£ © © © Xi
o «h »d a a-P
JnrH CX! X O
to ft © E-t © XJ



37

>H

Eh



P
a
©
.3

C3
•H

&0
f
«H
h
©
«H
«H
«H •

T3 U
©

C P
fn (8

o |

o *"^

© ©^.
> <H p P ©

o cs ^ as ih
w ^s P «H .O
tr* o a4 Ct^-H

5
s © • P
—) X) P g <x

• HiDa <s as

fc •H © O

b PJtS © p eo

ra P © fl 3
. v.

U «H «
525 —»^«>^
O ©

r-i(\J r^
E-« +>

I -

-j :.-

o
£ S3 fj
•H T-) «H

s <M fc as at «
o . tn U U

Ph +5 p p
S 3 o

•p

CO CO CO

§5
• •

HNC\k©3© • •

1 tc to top •H-rl *H
o X fefefc
O.H
fc W

© k
> ©^P
+3 ^H
as a$

t£ ©
ft O
:

J

5 tf

o u
©
iH
O
P

-



39

bO

Ph

CM

bO
«H

bO
tH



-

p
OS SU

.3 -3
01

-- p
«4

•H 03

fc cd

o o
<m u
<H O

c r.
fn 01

H
> °& ,-^

<y «H ffl-—
a o o P ©
§3 to <— <S H

m Jh +3 -H 43
C ©

B © P«h -r)

M -, P
j

E-: P 03 ?4 ©
o -P •H © O

01 .o I
(0 © C 2

o © A U -r* 03

• :•
»v_^^^.

£.c HC\J ^
M p +>

5 1 S-J C £ -

«-l o
U as aa. O U

B
1

:

fc fc fcp .p p
^J«M co co t/3

P O

O 03 • • •

H(\J r<\

© • • •

P * UM &0
O -H «H -H
O X KSh
fc «H

0)

©
> U
—> o
p p
0J <M

OS

D. ©
x O •
6 C-PO Ct tH

fc o
© .rl

r-4 <5—t

O 03

P TJ

•



hi

>

a

CO

bO
•H

CO



1*2

(number 3) produced more plant material than the other two

strains which are thought to be more resistant. When the strains

were subjected to moisture deficit which required that the plants

rely upon their ability to seek moisture for metabolic activity

numbers 1, 2 (the more resistant strains) had the ability to pro-

duce more plant material. Plate V compared with Plate VI shows

the difference in root growth of the three strains when grown

under conditions of favorable moisture and Increasing moisture

deficit.

Percentage Normal Growth .hen Comparing Weights of
Plants Grown Under Faborable Conditions with

An Increasing Moisture Deficit

It is evident from Table 7 that plants from strain numbers 2

and 3 were capable of producing 6? and 63 percent of normal growth

when pieced under a moisture stress compared to 51 percent for

number 1 for the first three weeks. Numbers 2 and 3 differed

significantly from number 1 but number 2 did not differ signifi-

cantly from number 3.

The six weeks stage showed number 2 still producing greater

percentage of normal growth than number 1 or number 3. Strain 2

produced 37.0 percent; 1, 33.1 percent; and 3, 26.0 percent of

normal growth. Numbers 1 and 2 were significantly greater than

number 3 but number 2 was not significantly greater than number 1.

After the plants had been in an increasing water deficit for

nine weeks the strains produced 23.2, 19.9 and l?.l; percent of

nomal growth for numbers 1, 2 and 3. Number 1 and number 2 had

significantly greater percentages than number 3 but number 1 was
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not significantly greater than number 2.

It is evident from the data the intermediate and susceptible

plants were capable of producing higher percentages of normal

growth than the resistant strain when undergoing a slight moisture

stress. As the stress continued the resistant and intermediate

strains were capable of producing higher percentages of normal

rrowth than the susceptible strain.

Table 7, Per cent age plant weight of three strains of corn dif-
fering in heat tolerance, at different stages of growt ,

under conditions of moisture deficit compared with ample
moisture.

1

|
Strains •

•

Age of
plants : 1

: :

: 2 3

:

•
• L.S.D.

3 weeks 50.80 66.98 63.ll 8.7

6 weeks 33. lit 36.97 26.37 M
9 weeks 23.21 19.91 12.k2 6.8

Average 35.72 IP..27 314-.13

Root-top Ratios of Corn as Related
to Drought Resistance

There was no statistically significant difference between the

root-top ratio (dry basis) after three weeks of growth with ample

water. Table 8 shows number 1 had a ratio of *\\$ which was not

significantly greater t- an numbers 2 and 3» both of which had a

ratio of ,k2*

After six weeks of rrowth there was no significant difference

between the ratios of numbers 1 and 2 or numbers 2 and 3, but
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Table 3. Dry root-top ratios of corn differing in heat tolerance
when grown at different stages with adequate water.

•
• Strains

•
•

Ago of •-

oiants : 1 : 2 : 3 : Aver a, o

3 weeks JM .20 .1*21 .1,30

6 weeks .14-57 .387 .31*5 .396

9 weeks .If11 .31*9 .252 .337

Average • U39 .385 .339

L.3.D. = .081+
L.S.D. between strain means .0li-8

but number 1 was significantly greater than number 3. The three

strains had a root-top ratio of .1|6, .39 and .35 respectively for

numbers 1, 2, and 3.

Nine weeks after planting wider differences were revealed

between the strains with numbers 1, 2 and 3 having root -top

ratios of J4.I, ,2% and .25 respectively. The ratios of numbers 1

and 2 were significantly greater than number 3 but number 1 was

not significantly greater than number 2.

The mean ratios for the strains showed number 1 significantly

greater than numbers 2 and 3 but number 2 was not significantly

greater than number 3.

The data indicate that with normal metabolic activity number 1

has the genetic ability to keep producing a high root-top ratio,

that is, a large proportion of root in relation to top as it

matures, w*He numbers 2 and 3 do not have this characteristic. Num-

ber 1 and number 2 maintained about the same root- top ratio but
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number 3 decreased as it grew.

Root Development of Corn When Placed
in an Increasing Moisture Deficit

Root-top Length Ratio . There was no statistically signifi-

cant difference at the 5 percent level between the strains when

comparing the length of primary root to the length of the longest

leaf apparently because of many individual fluctuations. Table 9

shows the strains bad a root -top length ratio of .69, .78 and .56

for numbors 1, 2 and 3 respectively after three weeks of growth

and ratios of .1(7, .38 and ,57# at the six week stage.

After nine weeks of growth the strains had ratios of .68,

.50 and .61 for numbers 1, 2, and 3 respectively.

Table 9. Root-top length ratios, when comparing length of primary
root to longest leaf of corn differing in heat tolerance,
when grown at different stages with an increasing water
deficit.

Acta of* J—
Strains

plants : 1 : 2 : 3 : Average

3 weeks .686 .777 .556 .673

6 weeks .1+66 .381 .571 .473

9 weeks .676 •14-99 .611+ .596

Average .609 .552 .580

Ho significant difference between strains.

Root-top iatiq (Fresh Basis ) . The plants were weighed after

harvest at the three stages of growth to determine the root-top

fresh ratio. Table 10 illustrates that numbers 1, 2 and 3 had
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ratios of 1.0, »86 f .91, respectively, after three weeks of growth.

Number 1 was significantly j reater than number 2 but not significant-

ly greater than number 3 end number 3 «»s not significantly rreater

than number 2.

Table 10. Root-top ratios (fresh basis) of corn differing in heat
tolerance when gro\<m at different stages with an in-
creasing moisture deficit.

: Strains
:

Age of
plants

t

: 1 : 2 3
•

: Average

3 weeks .999 .861 .906 .922

6 weeks 1.085 1.018 .071 .991

9 weeks .653 .529 488 .557

Average .912 .803 .755

L.S,,D. « •10k
L.S.D. between strain means s ,o6l

After six weeks of growth the strains had a root-top ratio of

1.09, 1.02 and ."7 respectively for numbers 1, 2 and 3. Number 1

and number 2 were significantly greater than number 3 but number 1

was not significantly grsrter than number 2.

At the nine week stage a marked decrease in the root -top

ratio was found with numbers 1, 2 and 3 having ratios of .65, .53

and .L-9 respectively. Number 1 was significantly greater than

numbers 2 and 3 but number 2 was not significantly greater than

number 3*

The strain means showed number 1 having significantly higher

ratio than numbers 2 and 3 bub number 2 was not significantly

greater than number 3* The mean ratios for the three strains were
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. Lj . ) and .76 respectively for numbers 1, 2 and 3»

It Is evident from the data shown in Table 10 number- 1 had the

ability to maintain a relatively high fresh root-top ratio for

throe and six weeks of growth and decreased slightly at the nine

week stage when in a moisture stress whereas the ratio of number 3

continually decreased,

Root-top Ratio ( Dry Basis )» The plants were oven dried and

weighed after the various root investigations, previously mentioned,

had been made. Table 11 shows that the dry root-top ratios of

numbers 1, 2 and 3 were .lj.8, ,\\$ and ,\\1 respectively, at the 3

week interval. There was no statistically significant difference

between numbers 1 and 2 or numbers 2 and 3» hut number 1 was sig-

nificantly greater than number 3»

After the plants had been in an increasing moisture deficit

for six weeks the strains had root-top ratios of ,1+1, ,l|8 and

.33 respectively for numbers 1, 2 and 3, The ratio of number 2

was significantly greater than numbers 1 and 3 and number 1 was

sipilficantly greater than number 3»

At nine weeks of age, after exposure to the moisture stress

for much of that time, no statistically significant differences

were found between the strains. Numbers 1, 2 and 3 had root-top

ratios of .26, .28 and ,2lf respectively.

The strain means indicate number 2 had the best root-top

ratio and numbers 1 and 3 next with ratios of .lj.0, .38 and .35

respectively, numbers 2 and 1 were signlficantly greater than

number 3 but number 2 was not significantly greater than number 1.
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Table 11. noot-top ratios (dry basis) of corn differing in heat
tolerance, when crorai at different stages with an
increasing moisture deficit.

of :

plants :

Strains
•
•

1 : 2 : 3 :

3 weeku .1+78 451 .1}20 450

6 weeks .ij.ll .480 .3,h .422

9 weeks .258 .277 .239 .258

Average .382 .403 .345

L.S.D. = .051
L.S.D. between strain means * .028

Secondary Root Development . Many investigators have pointed

out the main difference between plant roots in relation to drought

resistance is their fibrous characteristic. Table 12 shows data

collected from the three strains at the three stages of growth.

It was found in statistical analysis the three stages did not have

homogenous variances when using raw data so the figures were trans-

posed to logarithms as indicated in parenthesis. After t ree

weeks of exposure to a water limitation nvc 1, 2 and 3 pro-

duced 613, 469 and 526 cm, of secondary roots respectively. Number

1 produced significantly noru than numbers 2 and 3 but number' 3

did not produce 00 h «n number 2,

The six week stage showed number 1 increasing in length of

secondary rooi.s, rrumVer 2 maintaining about the same and number 3

decreasing slightly. Numbers 1, 2 and 3 produced 712, 468 and 510

cm. of secondary roots respectively. Again number 1 was signifi-

cantly greater than numbers 2 and 3 but number 3 wa3 not signifi-



k9

Table 12, Length of secondary root development (era,) of corn
differing in heat tolerance when grown at different
3tages with an increas". ater deficit.

Age of
Plants

Strains

r«j 'o

3 wc

6 weeks

9 weeks

Average

612,7
(2.732)

712.2
(2.3L.6)

95^.1
(2.961)

759.7
(2.363)

lj-69.3,

(2.6!f6)

lp8,o
(2.609)

527.8
(2.709)

(2.655)

525.9
(2.710)

510.8
(2.69I1)

-.1

(2.600)

1|BU
(2.668)

.0

(2.713)

563.7
t

(2.716)

632.7
(2.757)

L.S.D. » (.098). L.3.D. between strain means • (.056)

cantly greater than number 2. Plate VI shows the fibrous charac-

teristic after six weeks of growth in an increasing moisture defi-

cit.

After nine weeks, during much of which the plants were exposed

to a water deficit, numbers 1, 2 and 3 produced 95^> 528 and I4.I6

cm, of secondary roots respectively. Numbers 1 and 2 produced

significantly more than number 3 and number 1 significantly more

than number 2,

It is evident that when placed under a water deficit the

drought resistant strains were capable of producing more secondary

roots than the susceptible strain, but as the stress continued the

susceptible strain did not produce any more fibrous roots. The

strain means indicate that number 1 produced 760 cm, of secondary

roots compared to k88 and lj.8ij. for numbers 2 and 3 respectively.

Seminal Root Development . Some investigators have shown the
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seminal roots to be Influential In plant response to environmental

conditions and physiol" ; leal activity. Table 13 shows that number

2 produced 63 cms, of seminal roots compared to 2& and 36 cm. re-

spectively for numbers 1 and 3* The length of seminal roots of

number 2 was significantly greater than number 1 but not signifi-

cantly greater than number 3» and number 3 was not significantly

greater than number 1.

Table 13. Length of seminal root development (cm.) of corn dif-
fering in heat tolerance wlien grown at different stages
with an increasing water deficit.

. Strains .Age of :

plants ; 1 : 2 : 3 ; Average

3 weeks .';.' .00 .1+7 lfl.97

(l.Sfe) (1.695) (1.533) (1.5210

6 weeks 37.08 52. 8j I1I4..72 klj..88

(1.503) (1.6fo) (1.566) (1.573)

9 weeks 96,97 151.88 95.91+ llli-26

(1.955) (2.11+1:) (1.952) (2.017)

Average 52.83 89. 2l* 59.01l

(1.601) (1.829) (1.63b,)

L.S.D. (.208)
L.3.D. between strain means - (.120)

The six weeks stage s owed similar results with nu 1,

2, and 3 producing 37* 53 and \\$ cm, of seminal roots respectively.

However, there was no statistical significance between any of the

strains.

After nine weehs, much of the time under deficient moisture,

number 2 still produced more seminal roots than numbers 1 and . .

The strains produced 97» 152 and 9& cm, of seminal roots re-



spectlvely for numbers 1, 2 and 3»

The strain means indicate number 2 produced significantly

greater length of saninal roots than numbers 1 and 3 out number 3

was not significantly greater than number 1.

It is apparent that when placed under moisture deficit the

intermediate and susceptible plants were more capable of producing

seminal roots than the resistant strain.

Crown Root Development . The crown roots have also been con-

sidered as influential in drought resistance of corn because

they later comprise most of the root system. Table ll|. indicates

after growing in moist soil without additional water for three weeks

numbers 1, 2 and 3 produced virtually the same amount of crown

roots, S>1* £2, 5>1 c.i, respectively.

After six weeks of exposure, to an Increasing moisture defi-

cit, numbers 1, 2 and 3 produced 75* 77 and Si cm. of crown roots

respectively. Numbers 1 and 2 were significantly greater than

number 3 Dut number 2 was not significantly greater than number 1.

Nine weeks of moisture stress showed number 1 and numbers 2 and

3 producing 220, 230 and 175 cm. of crown roots, respectively*

There was no statistically significant difference between the three

strains.

The strain means of numbers 1 and 2 were s".rn if icantly greater

than number 3. Ho significant difference was obtained between

numbers 1 and 2.
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Table 1J4.. Length of crown root development (cm,) of corn dif-
fering in heat to! e when grown at different stages
with an incrc water deficit.

3 weeks

6 weeks

9 weeks

Average

£1.11
(I.676)

7U.03
(1.550)

220.33
(2.319)

115.1*3
(1.948)

52.08
(1.671)

77.00
(1.885)

229.97
(2.334)

119.68
(1.963)

50.69
(1.632)

56.81
(1.599)

174.69
(2.201)

94.06
(1.311)

51.29
(1,660)

69.55
(1.778)

208.22
(2.2C )

L.S.D. = (.197)
L,3,D. between strain means (,ll4)

DISCUSSION

In these studies the strains of corn showed considerable

difference In ability to recover from the harmful effects of

drought during the subsequent favorable period. In the test it

was revealed that single crosses K77 X G$, Kys. X K201 and G33L1

X MY1 recovered in the respective order from high temperatures at

each of the three, six and nine week intervals of growth.

The results were in agreement with Hunter et al, (21) and

Heyne and Laude (18) in that young plants give the most satisfac-

tory results for classifying high temperature tolerance of dif-

ferent strains of corn. In the present studies, as the corn

matured differences becane progressively less.

There are several possibilities of changes within the plants
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to make them more resLstant to high temperatures. Ttm r? id and

marked effect of so short no exposure as three to four hours at

130° P. su rests that a shock response not correlated with the

product of time and temperature of exposure Bight have induced the

resistance. Changes within the plants similar to those reported

by Newton and Martin (37) might have increased resistance to high

temperatures. Factors suggested by t ose workers included an

increase in the amount of bound water, a change in the osmotic

pressure of the plant cells, or the reaction of unidentified

physico-chemical properties.

A temperature of 130° P. Li approximately 55 degrees above

the temperature at which plants are normally grown in the green-

house. The thermal death oolnt of most plants cells lies between

113 and 131° F. According to Maximov (33) as a temperature of

110° F. is a proached t ere is a disturbance in the coordination

of the biochemical processes taking place in the cell and poison-

ous substances of the type of toxin accumulate, for death usually

begins at temperatures lightly above 110° F. Coagulation of t

protein substances of the protoplasm might also begin at this

temperature. A by-product of one of these break-down processes

might induce heat resistance at 100° to 110° P. and yet the temper-

ature would not be high enough to kill the cells.

The next problem undertaken in this study was to determine the

transpiration rates. It Is apoarent the strains differ in resist-

ance to high temperatures and It Is desirable to know if this dif-

ference Is due to the ability of the roots to secure water and the

vascular system to supply it to the leaf area at sufficient rate*
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to retain cell turgidity.

The results from this study indicate the strain resistant to

high temperatures also had tl e ability to transpire more water per

gram of plant material, i.e. had higher transpiration rates than

the intermediate or susceptible strain* after three weeks of growth.

The strain, classified resistant, used iore water than the other

two strains per gram of dry shoots and also per gram of dry roots.

After six and nine weeks of growth the strain termed resistant

also had higher transpiration rates than the other two strains.

The six wsek interval showed the .strains had approximately the

same transpiration rates for 12 hours of transpiration, but, as

the test continued the susceptible strain fell below the resistant

strain. After nine weeks of growth the resistant strain had higher

transpiration rates at both 12 and 21}. hours of evaporation than

the other two strains.

Martin (32) reported that sorghum has a lower transpiration

than corn under conditions of high evaporation, and Arland (Ij.)

stated that there is a good inverse correlation between relative

transpiration and hardiness. Kiesselbach (25) found no correlation

between transpiration rate and drought resistance but filler and

Coffman (36) concluded that one of the reasons for drought dif-

ferences between corn and sorghums is the superiority of sorghums

in transpiration power. Their results indicated that in most

cases a small leaf surface is the most important factor in reducing

the loss of water from these plants. The corn plant is not capable

of supplying its large extent of leaf surface with sufficient amount

of water to satisfy the evaporation power of the surrounding air.
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As e result Its rate of transpiration per unit cf leaf surface

falls below what it would be if the needed mount of water were

supplied. The sorghums, on the other hand, with their small leaf

surface are able to supply water in anounts sufficient to satisfy

the evaporating power of the air and, as a result, their rate of

transpiration per unit of leaf surface is high*? than that of corn.

In the present studies there was a significant difference in the

water requirement of the strains when the soil was brought to

field capacity and the plants were allowed to crow on a given

amount of water. The resistant strain required less water than the

susceptible strain at all stages of growth.

3ome investigators have postulated that water requirement of

a plant is related to the available supplies of water In the leaves

as determined by the water-gathering power of the roots. Number 1,

which has been termed drought resistant, had the best root system

and on this basis, "ater requirement does not seem to be correlated

with the root system when growing under an increasing moisture

deficit. Research workers in this field found neither much

variation in water requirement between varieties nor high corre-

lation between water requirement and drought resistance. Kiessel-

bach (25) noted that there was no significant difference in the

water requirement of drought resistant varieties of corn as com-

pared to non-drought resistant varieties. He further concluded

that the sorghum varieties which are recognized for special drought

resistance in the Great Plains had no lower water-requirement ratio

than corn. Their acknowledged superior dro resistance in com-

parison with that of corn was not indicated by the water-requirement
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ratio, and Is doubtlessly due to other physiological differences.

Briggs and ohantz (8) on the other hand, concluded in their

studies of relative water requir s that there is a difference

among varieties of crops now - in the dryland region in effi-

ciency of water utilization* Representing the water requirement

of proso as one, other crops are as follows: millet l.Oo, sorghum

1.10, corn l.?5» teosinte l*3k» wheat 1.76, barley 1.88, but -

wheat 1.93, oats 2.0I4, rye 2.3lj, rice 2.1j2, and flax 3.3?. It was

observed that in general late maturing crops have a comparatively

low water requirement and crops Maturing during mid-summer have a

comparatively hi ler requirement.

The plant weights were appro;:! .at ely the sane for the three

strains after three and six weeks of rrowth with sufficient water

supplied. But, the susceptible strain produced significantly more

plant material after nine weeks of growth than the other two

strains. This would indicate the susceptible strain had the

g«netic ability, when the environment Ha favorable, to produce

more vegetative growth than t .>e resistant strains.

A different relationship was observed when the MUM strains

were grown in conditions where moisture deficit became increasingly

severe. After three weeks of growth the susceptible strain produced

more vegetative rrowth than the other two strains. Ho signs of a

water deficit could be observed In those plants. After six weeks

of growth, in soil which had not been watered after planting, the

resistant strain produced more plant material than the other two

strains. After nine weeks of growth number 1, the resistant strain,

had the ability to keep on drawing moisture from the soil, carry on
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metabolic activity and penalt plant growth, while number 3# the

susceptible train, fell below the other twc strains in this respect.

When comparing the percentage of normal growth between plants

in an increasing water deficit and plants growing with plenty of

water an interesting relationship was evident. After three weeks

of |
ro'-t; , where water deficiency was not evident, the susceptible

•train produced 10 percent more growth than the resistant strains.

At its weeks the susceptible strain fell below the resistant strain

in ability to utilize equal quantities of water* After nine weeks

of rrowt resistant strain had the ability to secure enough

water to promote 23 percent of normal growth while the susceptible

strain only produced 12 percent of normal grovt! .

In view of the findings, it a -pears that the resistant strain

has a root eyetea which is superior to the other two strains be-

cause of its ability to continue drawing water In an increasing

water deficit. It is important at K< is point to determine whether

the strains differed in ability to promote grov/th because of

genetic differences or environmental Influences. The root-top

ratios after three weeks of grov/th wit) . ety of water showed

little differences but after six and nine weeks of growth the

resistant strain had significantly higher root-top ratio. This

would indicate the resistant strain has a superior enetic ability

to produce roots in proportion to ti e tops with plenty of water for

metabolic activity. Weihing (50) found that in general the small

varieties have higher dry weight root-top ratios than medium and

larger sized varieties. Shank (39) also found heritable differ-

ences in root-top ratios, based on dry weights and concluded that



bred lines diffe: ly in a number of root cliaraeters such

as masher o£ .lain roots j Lent, . of bra c js p _ j a

.i of i,iain root and lat _»oot spread. Be ale-: found that

the root development In juent generations exhibits heterosis,

as does top and develop

There was evidence that the different strains of corn wliich

differed in heat tolerance, transpiration rates, and root-top

ratios with su f.'.c lent water for growth also differed in root

systems when ^own in an increasing water deficit. The strain

which had the ability to recover from hi .peratures also had

> superior root system. In tie prasent studies no difference

was found between the strains as to root-top length ratios when

measurir. root and longest leaf len^t'r . In contrast,

Parker (38) found evidence that of root penetration was a

factor affect 1 rvival of certain ;iocky Mountain conifers. The

resistant strains of Broraus iner.,iis consistently had a larger

number of roots, and in idost cases signif icantly greater root

depths t! an the non-resistant strains, as observed by Cook (12).

It was also found the resistant strains had higher root-top

ratios when calculated on a fresh or dry wight basis at the thr

six and nine week intervals. Number 1 had significantly higher

fresh root-top ratios than the other two strains at all of I

intervals while number 2 had a little higher root-top ratio than

number 1 on a dry weight basis but both were significantly higher

:
n the susceptible strain. Cook (12) also found, in his studies

of tragus inerais , that the resistant plants had aore roots in

proportion to tie top than the susceptible plants.



Weaver (1,9) stated tl ^ass roots have a primary and second-

ary root with t 3 ',ter eventually comprl rtant

roots. The eeainal rootj are t ose roots aria rrom the seed

id crown roots are formed ,hist below t>e aoil later representing

t of the root

o resistant strain also b ore aeco roots branc

from the nry root than the other strains at ell three inter-

vals. It is also interesting to note lumber 1 in led in

amount of secondary root (to In en ine deficit

iber 3 did not in . ere resales are In oonfomltj

Jook (1?) vho found in ] is work with b* .^ass the drought

resistant strains tended tc nllor, darker and exten-

sively branched roots than 3U3coptible Btn Ins. Uler (3>) also

found, in his studies of to id corn, that the eorghm

sesscd twice as many fibrotis roots as corn at any stage of

growth and were consequently twice a3 efficient in the absorption

of vater from the soil beeonse of the greater number of branc]:

roots.

eorrelatlon was found between Lnal

root development. : :s 1stant st re in had t' ist seminal root

;h for the t six week Intervals while after nine weeks

of growth It was virtually the sane as the susceptible itr . Thi8

is In ^olsc^orf and Goodsoll (31) who found no

correlation ins as to seminal root development and yield,

I-!anzelschorf and Goodsell as well M .". h and Walworth (lr3) con-

cluded that high emlnel root production is highly correlated with

early soodli;^ vigor.



The present studies ilatlon between t of

crown roous a ; jratures. J ,diate

strain t. to have slightly uhan the Latant

•ain but no at. cal slgnificanca ill obt« . ..stant

and L&taraadlata stralna produced tore crown roo-s than the nu -

ceptibla at ! the six an Interval but not after

throe weeks of grow:, . ... would suggest the strains \ have

been taiiaail resistant and intermediate had the ability to keep

producing si nixie ant ly more crown roots after 3ix and nine weeks

of growth than the susceptible strain. Spencer (l\l+) found no

con at correlation, I the inbred lines of maize studied,

between tho development of the seminal roots and the development

of tha crown roots or . it he found marked differences

among tha m in regard to saabarj d?j il b 9 atal length

of main roots of the crown root :. . -cross hybrids

excooded tho inbred lines in dry ..eight of roots, dry weight of

•s, diameter of iain root, and length of erovn and seminal roots,

view of the a I igs, . ns which had the

ability to recover from high temperatures also had in general a

arior root ajl . These findings are in conformity with the

raaulta abtainad by Aamodt and Johnston (2). comparing four varie-

ties of wheat, they reported that drought . ardy varieties had a

capacity to develop better root systems than non-hardy varieties.

ianov (lrj) has reported that the root system of drought hardy

wheat varieties in their ultimate aspect are as characterized by

profused branching and graat thickness. Stoddart (b$) , filler (35),

and Martin (33) avo concluded that is with better root systems
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are comparatively drought resistant. It could be suggested that

the capacity of any variety or strain to develop a root system

rapidly In the early stages of growth is quite important. This

characteristic is of obvious importance when limited moisture is

available at the time of seeding since it allows the plant to

establish itself more quickly in the soil. Furthermore, an early

and well-developed root system will enable a plant to withstand

early periods of drought more successfully. Also, in the latter

periods of growth and development the available supply of water in

the leaves Is determined, in large measure, by the water -gathering

power of the roots. The larger and wider areas would be covered

by the better-developed root system, and, consequently, the plants

can resist drought conditions better. Some workers have concluded

that shallow root systems would be particularly unfortunate under

conditions where soil dries out during the latter part of the

growing season. Also, a plant with a superficial root system is

especially susceptible to drought because It lacks roots that pene-

trate the lower strata of soil and is, therefore, unable to utilize

the soil moisture of the lower strata.

In this study no correlation was found between drought resist-

ance and length of primary root but the fibrous characteristic was

most evident. Thus, it appears safe to conclude that root develop-

ment Is probably closely associated with drought hardiness in many

of our agronomic crops.
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SUMMARY

A study of drought resistance in relation to the morphology

end physiology of three strains of corn differing in heat tolerance

was carried out in the greenhouse frora the fall of 195k- to the

spring of 19S;
; .

The strain which was most resistant to high temperatures at

the seedling stage was also superior to the other strains at the

six and nine week intervals when placed in the heat chamber and

then allowed a favorable period for recovery. The resistant and

intermediate strains were superior in heat tolerance to the sus-

ceptible strain at all of the growth periods but as the plants

matured the differences became increasingly smaller.

The resistant strain was also found to have higher transpir-

ation rates at each of the three growth intervals than the other

two strains. T Is would indicate t-e resistant strain was more

capable of supplying its leaves with water to maintain cell turgor.

•n the three strains were planted In pots of soil brou

to field capaciry and no more water added the resistant strain re-

quired less water per unit of plant material than the other two

strains at each of the intervals. Thus, it appears the resistant

strain was more efficient in its water utilization than the inter-

mediate and susceptible strains.

When comparing the plant weights of the strains , rown in an

increasing water deficit and ones rrown with plenty of water, the

susceptible strain produced nore vegetation after three weeks of

rowth. But, as the stress continued for nine weeks the resistant



strain had the ability to produce 11 percent aore vegetation than

the susceptible strain.

The resistant strain was superior to the other strains in

root-top ratios when grown in favorable or adverse soil moisture

conditions. This would indicate the resistant strain not only had

inetic ability to grow more roots in proportion to tops but

also had the ability to produce tore roots in proportion to tops

under increasing moisture deficit.

The root -top length ratios, when comparing the length of the

primary root to the longest leaf, showed no significant differ-

ences between the strains but the resistant strain tended to be

somewhat superior.

No correlation was found between seminal root growth and

drought resistance while there was an association between crown

root development and heat tolerance,

A high association was obtained between secondary root develop-

ment (fibrous roots) and drought resistance. The resistant strain

had the ability to produce more secondary roots than the other

two strains in an increasing water deficit but as the moisture

stress continued the susceptible strain did not produce more

secondary roots.

In conclusion, it appears from this study that resistance to

high temperatures of young corn plants was highly associated with

transpiration rates and extent of root development. These two

factors combined may partially explain drought resistance in corn.
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Severe droughts have created a great deal of interest in

finding some simple means of determining resistance of a plant to

drought. No characteristic existing in a variety or within a

species has yet been found to be definitely and consistently

associa ed with drought resistance. Therefore, no reliable

morphological or physiological characteristic can be used to dis-

tinguish degrees of hardiness.

In the present study ten single cross strains of yellow dent

corn were obtained from Kansas State Collere and Pioneer Hi -Bred

Seed Corn Company. Previous field observations had indicated dif-

ferences in tolerance to drought. These strains were tested for

heat tolerance in the high temperature room with temperature of

130° P. and relative humidity ranging from 30-i^.O percent. Three

strains that differed appreciably in heat hardiness were chosen

for this study. The strain found most resistant was K77 x G5,

intermediate Kys. x K201, and most susceptible G33L1 x 1X1 « These

strains were then subjected to the following tests after three,

six and nine weeks of growth to find:

1. Heat tolerance of corn at different stages of
-owth.

2. Transpiration rates of corn differing in heat
tolerance at different stages of growth.

3. ^'ater requirement of corn differing in heat
tolerance when undergoing an increasing moisture
deficit.

1|. Plant weights of corn differing in heat tolerance
when grown in conditions of adequate water and in
an increasing water deficit.

5>. Root development of corn differing in heat toler-
ance when grown in an increasing water deficit.

The strain which was most resistant to high temperatures at



the seedling starve was also found to be superior to the other

strains at all of the growth intervals.

The resistant strain had higher transpiration rates, when com-

paring either s oots or roots, at each of the three growth inter-

vals than the other two strains.

The resistant strain had a lower water requirement than the

other two strains at all rrowth intervals.

The susceptible plant was found to be genetically larger

under favorable moisture conditions but under an increasing

moisture deficit the resistant plant was capable of producing more

plant material.

The resistant strain had in general a more fibrous and ex-

tensive root system than either of the other two strains when

frown under ample moisture conditions as well as with increasing

moisture limitation.

It appears from this study that resistance to high temperatures

of young corn plants was highly associated with transpiration rates

and extent of root development. These two factors combined may

partially explain drought resistance of corn.
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