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CHAPTER I
INTRODUCTION

' Water plays a very important role in crop production. The ‘avail-
ability of water is a critical factor in arid and semi-arid regions.
'leamer (15) reported that there are four general functions of water in
plants:. a) as the major constituent of physiological'tisshe, b) as a
reagent in photosynthetic and hydrolytic processes, c) as the solvent
in which solutes move from cell to cell and organ. to orgén,'and d) as
an important factor for the maintenance_of turgidity necessary for cell
enlargement and gro&th. |

There are several environmental factors that can influence-the
growth and yield of crops. Water stress is pne‘of the most widespread
and serious_environmental variables affecting plant growth (12). Growth
refardatidn as a result of water deficiency 1s well known. HStocker (31)
indicated that enzymatic activities are retarded by plant water deficits,
aﬁd partigula;ly the shortage of building material caused by the reduc-'
tion of photosynthesis. Sullivan and Eastin (33) repdrted that specifﬁgr
enzymatic reactions or metabolic processes may have critical water ?o- |
tentials at which they are severely altered or cease to function.

Cereal ﬁfgduction in the world is limited by a shortage of mois-.
ture nearly eQefy year (10). Wheat is grown in the areas‘of the world

~ where the average annual rainfall ranges from 25-177 cm (17). Decfeased



plant. water pbtential'causes reduction in photosynthesis;_1ncreased,
stomatal diffusion resistance and subsequently decreased yields (4).
Bayleé‘et al. (2) reported that the ability of wheat plants to
produce gfaih under drought conditions might be related to: é) the
ébility of‘the root syétems to absorb water as fast as or faster than
the’aﬁount‘of water lost by transpiration, and b) the abiiity of ﬁlaﬁts
-to.1imit transpiration and to continue the process of photosynthesié
and assimilation undgr high evaporative demands. Sullivan and Eastin
(33) state‘that it is necessary to have a complete undérstanding of the:
physipiogical responses to moisture stress including those factors re-
) lated to drought’;esistancé in order to accomplish plant modification
for more efficient water use.
Limited success has been obtained in screening plants for drought
tolerance by selection on the basis of morﬁhological characters such
as fewer stomata or ﬁore exténsive root systems because of the géﬁotype-
A'eﬁvironment interactions (39). Heyne and Laude (8) reporﬁed that the“
résistance to high femperature and moistufe stress is an impoftant fac-
tor to consider in the development of new cultivars of cofn for semi-
arid regiqhs. Hurd'(ll)'éoints out that in breeding for drought resis—
- tance in wheat, the breeder should select parents tha; a) have extensivé
'fdét systems, b) mainfain their photosynthetic procésé under stress,
c) are productive under moisture stress, and d) grow fast at early
growth stages.
| The objec;ives of this study were to examine techniques for evalu—
ating’selected winter wheat cultivars for their drought.resistanée, |
The specific objective was to differentiate between the response of

these cultivars at an early growth stage under moisture stress.



CHAPTER II
REVIEW OF LITERATURE

vThé effect of drought on cereal crops varies with the stage of + -
growth at‘which the stress occurs. Henkel (7) reported thatidrbught
in cefeals during spikelet formation, slighfly decreased the yleld of .
grain by decreasing the number of kernels in ﬁhe Head. Drought during
the grain formation led to smaller kerﬁels and incoﬁplete filling of
the head. Misra (21) conducted a greenhouse stqu in which wheat cﬁl—
tivars were subjected to varying periods of moisture stress at differ-
ent growth stages to study their ability to withétand drought. This
étudy :evealed that expdsure to drought at thé boot stage was more in-~

jurious than at earlier stages of growth.

Classification and Definitions

of Drought Resistance

i :Many definitibns have been suggested‘for drought aﬁd.drought ;e-
sisténcé. Drﬁught is usedvto describe the lack of soill moisture, and
" occurs when the available soil moisture is lowered to a point where thev
piant canﬁot absorb water rapldly enough to replace that lost to thé
air by transpiration (26). Singh et al. (28) suggest that drought re~
sistance is‘the ability of the plant to obtain and retain ﬁater as well
as carry out its metabolism during a period of low water potential in

the tissue. Henkel (7) gives the following definition of drought re-



Drought-resistant plants are those which in the
process of ontogenesis are able to withstand the
effect of drought and which can normally grow,
develop and reproduce under drought conditions
because of a number of properties acquired in
the process of evolution under the influence of
environmental conditions and natural selection. (p. 363).
Shantz (27) classified plants which grow in regions subject to
drought into four groups: 1) those which escape drought by a short,
rapid growth period; 2) those which evade drought by conserving the
limited moisture supply, by small size, restricted growth, wide spacing
or low water requirement; 3) those which endure drought by passing into
a drought dormant condition until water is again available to the roots;
4) those which resist drought by storing up a supply of water to be used
when none can be obtained from the soil. Levitt (18) divided drought
resistance into either drought avoidance or drought tolerance. He
stated that the drought-avoiding plant maintains a high internal water
potential in spite of the low envirommental water potential to which it
is exposed. Drought tolerance means a plant can survive a low tissue
water content and/or water potential. Shantz (27) reported that drought

evading is the most important group. Most of the cereals grown in semi-

arid regions belong to this group.

Stomatal Movement and

Stomatal Resistance

Stomata have a significant control over transpiration under normal
.conditions; therefore, the mechanism of stomatal movement appear to be
very important (29). More than 807 of the water is lost through

stomata (20).



Stoﬁatal opening and closing are imporfant mechanisms tﬁat should
be understood because they-are directly related to water loss. Waggoner
and Zelitch (38) reporte& that stomatal opening is caused by tﬁrgori
. changes and. the difference in turgor between guard cells and their ad-
jacént cells. Salim (25) reported that stomata of hardened wheat plants
when subjected to moisture stress remained open, while the stomata in
non-hardened wheat plants closed. During moisture stress, stomata in
sorghum close later than stomata in corn and wilt at a lower water po-
tential than stomata in corn (32). v

‘Thé amount of carbon dioxide which is fixed by leaves is direc;ly
related to the mechanism-of stomatal opening and closing. Under mqig-
‘ture stress the stomata tend to cloée and the fiow of carbon dioxide
into the leaf through'stomata is decreased. Bro&n and Rosenberg (3)
indicated thatvmost of the carbon dioxide fixed By leaves enters through
the stomata of the leaf epidermis. Sullivan (34) reported that when the‘
stomata close under moisture severe dessication may be avoided, but dif~

fusive resistance to CO, exchange increases, photosynthesis decreases

2
and yileld is decreésed.

| bLight-intensity has a direct affect on the stomatal resistance.
The size of stomatal aperture is regulated by photoactive and hy&rdac-
3 fivé prdcessés (3). Quarrie and Jones (23) conducted experiments féj
compare the effec;s of abscisic acid (ABA) and moisture étress on 1eaf
‘;mo;ﬁhology and floral development in a spring wheat. Their reéulﬁs in-
aicated that both ABA and moisturé”stress decreased the mean cell sizé,

reduced the number of stomata per leaf, and increased the production of

-trichomesﬁin all the leaves sampled. It was concluded that abscisic



acid (ABA) could mediate many of the responses of wheat plants to pro-

- longed moisture stress.

Transpiration and Transpiration

Rate under Moisture Stress

The loss of water vapor from 1ivihg planté is known as transpira-
tion. 'Mosi»of this water losé occurs through stomata. The amount of." - -
water loss by transpiration is affected by different factors such as
plant species, intensity of solar radiatioﬁ, soil condition, ﬁumidity'
of ﬁhe atmosphere, leaf area, and some other factors.

The transpiration rate 1s more importaﬁt than the transpiration
per se because of difference in legf area. The transpiration rate of
plants as reported by Kramer (15) is determined by a) leaf structure and
‘leaf area, b) the period in which stomata femain‘open, ¢) environmental
factérs such as tgmperature and atmoesphere vapor pressure.

Under_moisture stress the plant stomata tend to close and the
amount of transpiration decreases as a result. Veihmeyer and Hendrick-
son (37) reported that the wilting of a plant does not. indicate that
water has ceased fo move from the soil into the plant, but simply that
trénsﬁiration has exceeded absorptioﬁ and conduction;

.The transpiration rate differs among speciles, and may be used an

an indicator of drought resistance. Stefanouskii (30), using the

drought chamber, found that Triticum durum transpired more rapidly than
T. vulgare when subjected to dfought; and Mediterranean wheats tran-

spired more than similar cultivars from the Russian steppe region.



wrowth and Growth Rate under

Moilsture Stress

Growth and growth rate are influenced by moisture stress. ThiS‘
influence is not the same for roots and shoots. Evans ef al. (5) re-
po;ted that with moderate moisture stress shoot growth may be reduced
more than photosynthesis, but some root gfowth may reamin active, lead-
ing to a &ecrease in the shoot/root ratio. Sandhu and Laude (26)_re;
ported that the study of root/top ratios indicated that dry .weight of‘
roots was. greater in proportion to top growth in droughf hardy winter
wheat cultivars than nonhardy cultivars from early tiller stage to the
late stage of growth and development.

During a period of soil moisture stress, the growth of organs is
influenced in this order of decreasing severity: leaves > stems‘>‘.
roots (225. Hagan et al; (6) found in Ladino clover thét whereas green
weighthnd shoot elongation were reduced significantly wﬁen soil mois- ;
ture decreased into the lower half of the gvailable range, photosynthe-
sié, dry weight, and respiration rates were not appreciably affected
until the moisture content in the entire root zone approached the

permanent wilting percentage.
Germination Study

_.Moisture stress has an inflﬁence on germination. As moisture
stress increases, ggrmination is delayed, and the rate of germination
is reduced. Helmercik and Pfeifer (9) used manﬁitol gsolutions to ob-
taiﬁ méisture stress with winter wheat and reported that, as moisture
stresslincreaﬁed, germination was delayed and the rate of seedling

growth was reduced. Knipe and Herbel (14) reported that a moisture



tension of three atmosﬁhéres did not greatly delay gerﬁinationAof
several grass specles tested. All the species which germinated at 11

. atmospheres and higher had delayed germination at. these higher levels

of moisture stress. However, the total germination percentage and
rates of inifial seedling growth were reduced for several range grasses.
thvits (36) tested the germination of alfalfa seeds,lusing sodium
»éhloride and mannitol, at different concentrations rangiﬁg from 1 to-

15 atmosphéfes; She found that sodium chloride was more inhibitory

than m#nnitbl. Therefore, she concluded that differences in response

suggested a toxic effect of the sodium chloride.

Survival Study

|

Laude (16) defiﬁed survival as the ability éf plants to avoid or
postpone feaching levéls of dryness wﬁich ;re injurious, and the‘ability
to endufe_dehydration with a minimum of injury. Todd and Webster (35)
conducted survival studies in which nine wheat cultivars were subjec;gd
fb ﬁeek1y cycles of drought followed by rewatering. Thgir results in- -
dicated that the:e was a continuing 1oss.of plants with each successive
| cycle. Ridley and Todd (24) reported that when drought becomesvséVere,

v fhé ol&ef leaves are usually the first to die, followed by fhe younger
leaves. 'They.also point out that survival is dependenﬁ on maintenance

. of é'viable shoot meristem. cherwise, the plants do not recover from .

 drought. Laude (16) indicated that young tissues, such as buds and

ﬁeristéms, often seem to have a higher degree of tolgraﬁcé to lack of .

water fhan do older tissues. o

Plant species differ in their ability to recover in terms of photo-

synthetié activity following a drought period (35). Stocker (31) dis-



cussed evidence suggesting that plants may go through a hardeﬂing
process when they are exposed to drought‘which enables them to photo-
synthesize better while under moisture stress. The'ability'to'éhoto- v
synthesize while under moisture stress, or to recover more quickly

after reﬁatéring, might contribute to drought resistance.

LY

Techniques of Testing for

Drought Resistance

Many investigétors reported that field dréught tests are desifabie,-
but the problem of testing for drought resistance in the field is
hampered by the great fluctuations in moisture which can occur from
yegrvto year and from location to location. Therefore, it would seem

t§ bé very;difficult to obtain the right conditions when needed. For
these important reasons, several techniﬁues have‘been used to facili-
tate ﬁhe,neasurement of plant moisture stress. Salim (25) statéd>that
'many investigators reported the use of greenﬁouse and laboratofy methods,
employea artificial conditions, and used various.physiological manife#-
tations to test for drought resistance.

Stomatal resistance has been used as a technique forimeésuring
drought resistance. Sullivan (34) pb;nted out that diffusive resis-
tance or ltoﬁntal.observations in&icate tﬁat the internal water poten-.
tial is kept high by retarded transpiration.

Germination of seeds under different levels of moisture has been |
u;ed by several investigators. Uhvits (36) found that the higher the
concent:lcion of mannitol and sodidm chloride, the lower the rate and
perCentage_of gérmination of alfﬁlfg seeds, She_observe& no germihation

of alfalfa seeds at 12 to 15 atmospheres.
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A survival approach has been used‘in studies of drought injury and
resistance. Levitt (19) reported that most investigators now deférmine
drought resistance &irectly on the basis of drought survival. Misra
(21) planted four cultivars of wheat and four strains of hybrid corn
under dry periods of 11, 15 and 19 days at four stages. The percentage
of plant recovery in these three different drought periods was 61, 34,
and 26% respectively. This study with différent cultivars of wheat‘féQ‘“
: véaled thit exposure to drought at the boot stage was more iﬁjurious
 than exposure at earlier stages of,growth; The percentage recovery .

decreased with increased age of the plants.



CHAPTER III
. MATERIALS AND METHODS

Six ‘cultivars of wheat were tested and evaluated for droughtyre-- wv
sistance. These cultivars were:

1. Rall - released in 1976 by Oklahoma Agriculture Experiment
Station.

2. KanKing - developed by Earl G. Clark, Sedgwich, Kansas.
3. Triumph 64 - developed by Jpseph E. Danne, El Reho,_Oklahoma.

4. Payne (OK711092A) - released by Oklahoma Agriculture Experi-
ment Station, 1977.

5. Sturdy - developed in 1966 by Texas Agricultural Experimeﬁt
Station. : '

6. David - an introduction from Austria.

Three different studies were used: 1) a 1aboratqry gérminatibn
:,test using_d—manﬁitol SOiufions ranging from 0 to 15 atﬁospheres;VZ) a
-moisture stress stud§.using two moisture levels; and 3) a survival |

study uéing two levels of moisture stress and diffefent cycles. The

last two Studies were conducted in a controlled growth chamber.

Laboratory Germination and

Drought Resistance

Germination tests were conducted‘in 1977, on the six wheat cul-

tivars listed above.

11
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First Experiment

Solutions of 0, 3, 6, 9, 12 and 15 atm of moisture tensions were
prepared using d-mannitol and deionized distilled water.

The amount of mannitol and distilled water were calculated ac-
cording to Van't Hoff formula: -¥ =m i R T.
osmotic potential (atm)
molality of the solution
a constant for ionization (i=1.0)

gas constant (0.083 1iter—a;mospheres/mole—degree)
absolute temperature (CO + 273)

Where:

¥
m
i
R
T

The check treatment consisted of deibnized distilled water, repre-
.sénting 0 atmospheres. Plastic germination containers with cévers were
used. The substratum for all containers was four thickness of absorbent
germination tissue.

Fifty‘uniform seeds were placed in each container to which 8 ml of
mannitol solution were added. A randomized complete block design was
used with four replications. One replicate consisted of 36 containers
of treatments randomly assigned to one tray as suggested by Ahring
et al. (1). All ¢containers were covered to prevent evaporation and

~ placed in a germinator at 20°C with a high humidity.

Second Experiment

The experimental design, wheat cultivars, and environmental condi~-
tions that were used in the second experiment were similar to the first
experiment except that mannitol concentratidns and the germinatqr were
different. Solutions of 0, 9, 11, 13 and 14 atm of moisture tension
were prepared as described in the firsf experiment,

Percentage germination counts were made after 7 days as the first

count and after 14 days as the final count for both experiments. A
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seed was considered as germinated when the seedling met the following
three criteria: a) the presence of a normal primary root, b) the pres-

ence of a normal primary shoot, and c) the absence of abnormal growth.
Moisture Stress Study

This study was conducted in the growth chamber to.measure the dif-
ferences among four different wheat cultivars. Four measurements:
transpiration, diffusion resistance, total leaf area, and shoots;fresh
and dry weight were taken under moisture stress conditions.

Cultivars of wheat, Rall, Payne, KanKing, and David, were selected
from the germination study to be tested and evaluated for drought re-
sisﬁance under two levels of moisture stress. A randbﬁized complete t
Block.design with six replications was used. Eaéh replication consisted
of ten pots representing treatments assigned at fandom. There were two
check pots in each replication.

The check pots did not contain plants and were used to dete%mine
the loss of watef from the soil by evaporation. Pots, 11.5 cm diameter
and 9.5 cm deep, were filled withV625 grams of a mixture of two parts
per volume of soil and one part of vermiculate. Nine seeds weré planted
in each pot; the seedlings were thinned to five per pot five days after
emergence,

| The plants were subjected to stress treatments at three weeks of
age. Stress treatments 1 and 2 received a 150 and 100 cc of tap water,
respectively. Then, water‘was withheld for the rest of_the period
during which the measurements were taken periodically through a five—

day period.
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A controlled growth chamber was used with 16-7°C day-night.tem-
peratures, and 12-hour light period.

The pots were weighted each 24 hours for five consecutive days.
The change in weight of pots with no plants represented the amount of
evaboration. Rates of transpiration, for the given period, were
measured by determining the rate of change in weight of pots, contain-
ing the experimental plants. Corrections for surface evaporation were
made by subtracting the rate of change in.weight of identically treated
 p6ts without plants. The rate of transpiration was expressed in terms
of érams water per 24 hours per cm2 of leaf area.

Stomatal resistance was measured with a Lambda LI-64S diffusive
resistance meter made by Lambda Equipment Corporation, Lincoln, Nebraska,
énd a LI—ZOS sensor calibrated according to the methods of Kanemaéu
et a;.4(13). Resistance was measured on the upper surface of the third
leaf ;pprégimately two cm away from the stem, each 24 hours for five :
consecutive days on a random basis of one plant a day.

At the end of the experiment, the plants were harvested to deter-
mine total leaf area and the fresh weight and dry weight of the shoots.
. The totai leaf area was then measured by the use of a LI-COR Leaf Area

Meter (Model LI-3000A, Lambda Instrument Corp., Lincoln, Nebraska).
Survival Study

This experiment was designed to test for séedling survival under
various drought cycles. Four wheat cultivars of Rall, Payne, KanKing,
and David were selected to be tested and evaluated under this study.
-Pots measuring 9 by 9 by 8 cm were filled with 420 grams of a mixture

of two parts of soil and one part vermiculate. Thirty uniform seeds
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were planted per pot, and the seedlings were thiﬁned éo 20 per pot five
days after emergence. The pots were placed in a controlled env£ronmeﬁt
chémber with 20-12° day-night temperatures, and 12 houf light period.
After the plants reached two weeks of age,vstress‘treatment 1 and
stress treatment 2 pots were watered with 80 and 50 cc tap water, res—
pectively. Then, the seedlings were held without watering seven days
until they showed severe wilting, at which time the seedlings were |
rewafered. Three days later, the percentage recovery for the first

cycle was recorded. The same procedure was repeated for three more

cycles. Water was added at the beginning of each cycle.



CHAPTER IV
RESULTS AND DISCUSSION -

Laboratory Germination and

Drought Resistance

First Experimeht

In this experiment, data on the seed germination of six wheat cul-
fivars at different concentrations of d-mannitollare given in Tables I,
II, and III. Gerﬁination decreésed in response to increased mannitol
concentration. | |

Duncan's multiple range test at the 0.05 level in Tables I, II,
and III showed that thefe was no difference among cultivars under 0
atmbspheres. At the lower mannitol concentrations (3 and 6 atm), the
variation among cultivars was relatively small. Howéve:, under the
higher concentrations (9 and 12 atm), the differences among cultivars
were at a makimum.  Therefbre,‘greater opportunity exists té differen-
tiéte'among cultivars under the higher 1evelé of moistﬁre stress (9 and
12.atm) :han_under lower levels of stress. The cultivars did not res-
pond the same relative_to one another under different moisture tensions
as indicated by interéction between cultivars and mannitol levels.

Germination,'afterr7 days, was highly variable under 9 atmospheres.
The cultivars David and Rall showed the lowest gefmination under this

moisture level, while Sturdy showed the highest (Table I). After 14

16



TABLE I

THE PERCENTAGE GERMINATION FOR SIX WHEAT
- CULTIVARS AT SIX LEVELS OF MOISTURE
- TENSION AFTER 7 DAYS (FIRST COUNT)

Cultivar . . Moisturg Tension éAtm) - —— : Average
Rall 88 a* 84 b 54 ¢ 0d 0 a 0a - 37 ¢
Triumph 64 95 a 92 a 54 ¢ 5:cd 0 a 0 a 7 41 a
Payne ‘ 93 a 95 a 74 a 17 b 0 a 4 a 47 ab
Sturdy 95 a 85 b fl ab 42 a 0 a 0 a 48 a
KanKing 90 a 84 b 67 b 8c 3a 0a K2 b
David 90 a 89 ab 9c 04 La 0a 38 b

. *@uitivars followed by the same letter were not significantly different at the 5%
“level using Duncan's Multiple Range Test. :

L1



TABLE II

THE PERCENTAGE GERMINATION FOR SIX WHEAT CULTIVARS AT
SIX LEVELS OF MOISTURE TENSION FROM DAY 7 TO
DAY 14 (SECOND COUNT)

Cultivar . ; Mblsturz Tension ;Atm) = : = Average
Rall , 1 2 a* 3a 35 a 72 a 50 a 2.0 ab 27 a
Triumph 64 0 a l1a 39 a 80 a 21 ¢ 0.5 ab 23 ab
Payne 0a 2 a 20b  63b 16 cd 9.5 a 18 ¢
Sturdy 1a 8 a 20 b 44 ¢ 32 b 0.0 b 17 cd
KanKing 2a 9 a 20 b 74 a 34D 0.0 b 23 b
David 2 a 5a  4la 284 94 0.0 b 14 d

*Cuitivars followed by the same letter were not significantly different at the 5%
level using Duncan's Multiple Range Test.
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TABLE IIT

THE PERCENTAGE GERMINATION FOR SIX WHEAT CULTIVARS AT
SIX LEVELS OF MCISTURE TENSION AFTER 14 DAYS
(TOTAL COUNT)

Cultivar 5 . Molsturz Tension gAtm) - — Average
Rall 90 a* 87 b 90 a 72 b 50 a 2b 65 a
Triumph 64 95 a 93 ab 9% a  85a 21 ¢ 0 65 a

- Payne 93 a 97 a 794 a 80 a 16 cd 14 a ' 66 a
Sturdy 96 a 93 ab 91 a 86 a 32 b 0b 66 a
KanKing 92 a 93 ab 87 a 83 a 38 b 0b 65 a

" David 95 a 93 ab 90 a - 28 ¢ 13 d 0b 53 b

*Cultivars followed by the same letter were not significantly different at the 5%
level using Duncan's Multiple Range Test.

61



20

days (Table III) David showed the lowest ggrmination under 9 -and 12 atm
" while Triuﬁph 64, Payne, Sturdy, and KanKing had the highest germinatién
under 9 atmospheres, but the cultivar Rall showed the highest germina-
tion ﬁnder 12 atmospheres. | |

The analysis of variaﬁce (Table IV) indicated that‘genotypic ef-
fects, mannitol concentrations (moisture tensions), and genotype by
mannitol‘cdncentration interactions were highly significant at the 0.0%1

probability level for germinated seeds.

Second Experiment

The analyses of variance (Tabie V) indicated that mannitol'congeﬁ-
trations and genotypic effects were highly significant at the 0.0l
probability level for germinated seeds. Percent seed germination of:
the six whéat cultivars is presented in Tables Vi, VII, and VIII. The
differences among cultivars were at a maximum under 9 and 1l atm.

v Again the genotype by mannitol concentration interaction was highly
isiénificant. Under 9 étm, KanKing showed the Highest percént germina-
tion, while David showed the lowest ability to germinate after 7 days.
After 14 days, David had the lowest ability to germinate, while Payne
had the highest germination under 9 and 11 atmospheres.

Total germination percentages, in both experiments, were largely
inhibited by high moisture tension of mannitol solutions. This result

was similar to that found by other investigators (9, 14, and 36). Seeds
of all cultivars germinated quickly at low moistufe tension. Knipe and
Herbel (14) reportedvthat germinafion was not delayed under low mois~-
turé‘stress. If enough time was given to the seeds, relatively high

germiﬁation rates were obtained with higher mannitol concentrations.



TABLE IV -

ANALYSIS OF VARTANCE AMONG SIX WHEAT CULTIVARS
FOR GERMINATION PERCENTAGE IN SIX
CONCENTRATIONS OF D-MANNITOL

Mean Squares

Source df

1st Count 2nd Count Total Count
‘Rep 3 48.17% 40.49 171.36%%
Genotype 5 120, 14%*%% 140.88%%* 157.69%*%*
Error A 15 21.90 24.79 13.33
(Rep * GE)
M; (Linear) 1 43993, 46%%* 0.02 43934 ,53%%%
M2 (Qud;) 1 10709.41%%% 12632 .51%%* 79.36
MFLevel (Rés.) 3 335.11%%* 1097, 60%%* 444 83%%*
GE * Mj 5 11.66 38.68 38.22
GE * M, 5 76.98%* 237.68%%% 267 .17%%%
GE * M-Level - 15 63.64%%* 112.78%%% - ' 96.61%**
Error B 90 18.84 42.35 30.02

* Significant at the 5% level
*% Significant at the 1% level
*%% Significant at the 0.17 level

12



TABLE V

ANALYSIS OF VARTANCE AMONG SIX WHEAT CULTIVARS
FOR GERMINATION PERCENTAGE IN FIVE
CONCENTRATIONS OF D-MANNITOL

Mean Squares

Source df ,

1st Count -2nd Count Total Count
Rep 14.94 31.22 88.05%*%
Genotype 123.39%%% 131, 19%** 372, 14%%%
Error A 15 6.87 34.15 29.86%
‘(Rep * GE) i
M; (Linear) 1 31735, 12%%x 182, 67%*% 36733.23%%%
My (Qud.) 1 5952, 77%%% 12848 . 30%** 1310. 16%#*
M-Level (Res.) 2 59, 49% %% 843, 04%%% 583, 70%%*
GE * M; 5 - 21.62%% 22.37 30.41
GE * M, 5 206.09%*% 117.89%#% 432.43%%%
GE * M-Level 10 138. 14%%% 173,57 %%% 40.19%%
Error B 72 6.92 19.91 15.79

* Significant at the 5% level
¥% Significant at the 1% level
*%% Significant at the 0.17 level
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TABLE VI

THE PERCENTAGE GERMINATION FOR SIX WHEAT CULTIVARS AT

FIVE LEVELS OF MOISTURE TENSION AFTER 7 DAYS

(FIRST COUNT)

Moisture Tension (Atm)

Cultivar ) 9 11 - 13 14_ Average
Rall 91b* 24  Oc 0.0 a 0.0 a 19 ¢
Triumph 64 95 a 5¢c lc 0.0 a 0.0 a 20 ¢
Payne 94 a 46 b 6 a 0.0.a 0.0 a 29 a
Sturdy 94 a 45 b 3b 0.0 a- 0.0 a 28 ab
KanKing 85 ¢ 51 a lc 0.0>a, 0.0 a 27 b
David 95 a 0e 0Oc  0.0a 0.0 a 19 ¢

*Cultivars followed by the same letter were not significantly different at the 5%
level using Duncan's Mnltiple Range Test. :
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TABLE VIL

THE PERCENTAGE GERMINATION FOR SIX WHEAT CULTIVARS AT
FIVE LEVELS OF MOISTURE TENSION FROM DAY 7 TO
DAY 14 (SECOND COUNT)

Cultivar 0 9&0isture'¥insion (Atz) A | Averagg
Rall ‘ 1 a* 74 a 44 ¢ 2 ¢ 1b 24 a
Triumph 64 la 481 41 ¢ 6 b 3 ab 20 b
Payne : 1a 44 cd » 67 a k 6 b 2b 24 a
‘Sturdy la 42 d 58.b 2 c 1vb 21 ab
KanKing 3a 33 £ 67 a 12 a 5a 24 a
David 0a 39 e . i6 d 0c 0b 11 ¢

- *Cultivars followed by the same letter were not significantly different at the
5% level using Duncan's Multiple Range Test.
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TABLE VIII

THE PERCENTAGE GERMINATION FOR SIX WHEAT CULTIVARS AT
FIVE LEVELS OF MOISTURE TENSION AFTER 14 DAYS
' (TOTAL COUNT) ’

Cgltivar s ‘ MgisturetTe?iion (Atm)13 = Average
Rall 92 b 76 ¢ 44 d 2 ¢ 1 be 43 ¢
Triumph 64 96 a 53d 42 d 6b 3 ab 40 d
Payne 95 a 90 a 73 a 6 b 2 b 53 a
Sturdy 95 a 86 b 60 c 2c¢ 1b 49 b
KanKing 87 ¢ 8 b 68 b - 12 a N “.5 a - 51 ab
David 95 a 39 e 16 e 0c 0c 30 e

*Cultivars followed by the same letter were not significantly different at the 5%

level using Duncan's Multiple Range Test.
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~ Moisture Stress Study

Transpiration and Transﬁiration Rates

According to the analysis of variance for transpiration and tran-
sniration.rate (Table IX), the differences among cultivars were not
significant. This is nrobably due to the fact that tqtal ieaf area 1is
related to the amount of water transpired during the five consecutive
cdays. SignifiCant differences were found among days at the 0.01 level
of probability. There was a significant interaction between stress by ‘
day at the 0.0l level of probability, but no interaction between cul-
tivar by day. This indicates that cultivars follow the same pattcrn"

during the five consecutive days.

Diffusion Resistance

The stomatal diffusion resistance values increaced'gradually near
tne end of the five-day period, indicating that moisture stress was in-
cteaced from day tc day as shown in Table X. It was concluded thnt
plants close thelr stomata on the upper leaf surfaces, when exposed:to
moisture stress.

The values of diffusion resistance in the first day were higher
than thosetin the second and the third days. This was due to the light
‘effect bccause in the first day the light was off until 10:00 a.n. and
the’measurements.were tgken at 11:30 a.m. every day. Tﬁerefore; at
least some stomata were closed due to the light stress when the'meQSure—‘
ments were taken.
| Thc differences among cultivars occurred only in the fifth day as g

shown in Figure 1. Table X shows that Payne was significantly different



TABLE IX

. ANALYSIS OF VARIANCE AMONG FOUR WHEAT CULTIVARS FOR
TRANSPTRATION, TRANSPIRATION RATE, AND STOMATAL
DIFFUSION RESISTANCE UNDER TWO
MOISTURE LEVELS

Mean Squares

Source daf _ —

: Transpiration Transpiration Rates Diffusion Resistance
Rep 5 52.56 - - .0.0029 : 21.28
Genotype 3 17.67 0.0003 -  78.10%
Stress 1 1079.08%* © 0.0899%* 408.33%*
GE Stress 3 5.35 0.0021 35.30
Error A (R * V/X) '35 12.43 0.0009 22.60
Day 4 1611.99%* 0.1453%%* 772.38%*
GE * Day 12 : 5.95 - 0.0008 . 27.24
Stress * Day 4 308.65%* ' 0.0281%%* 242.17%%
GE * Stress * Day 12 2.33 0.0003 24.06
Error B (R*DHR*D*G|S) 160  9.85 0.0010 | 23.77

* Significant at the 0.05 probability level.
**% Significant at the 0.0l probability level.
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TABLE X

DAILY STOMATAL DIFFUSION RESISTANCE

OF FOUR WHEAT VARIETIES UNDER
MOISTURE STRESS

Diffusion Resistance_(Sec/cm)

Cultivar Days of Moisture Stress.

1 2 3 & 5 Average
Rall 5.68 a* 2.46 a 2.23 a 4.68 a >13.64 ab 5.74 a
Payne 4.76 a 2.67 a 2,49 a 4.14 a 16.00 a 6.17 a
KanKing 3.51 a 2.07 a >1.94 a 3.38 a 7.340 3.65 a
David 3.53 8 2.07 a 2.50.a 3.89 a 10.96 b 4.59 a

* Cultivars followed by the same letter were not significantly

level using Duncan's Mnltiple Range test.

different at the 5% -
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DIFFUSION RESISTANCE (sec/cm™!)
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Figure 1. Mean Diffusive Resistance of Four Wheat

Cultivars through Five Consecutive Days
Under Moisture Stress.
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from KaﬁKing and David at the 0.0l level of confidence (Duncan's Multi-
ple Range test). The order of cultivars from highest fo lowest stomatal
diffusion resistance at five days was as follows: Payne, Rall, David,
and KanKing. The diffusion resistance values were respective1y116.00,
13.64, 10.96, and 7.34 sec cm .

The analysis of variance fof stomatal diffusion resistance (Table
IX) showed that there were significant differences among moisture stress -
levels at 0.01 level of probability. There were also significant dif-~
ferenCeé‘among days at the 0.01 level of probability. The 1nteractioh
between stress by day was significant éf the 0.01 level of confidénce.
No interaction be;ween»cultivar by day was observed. This indicates

that cultivars follow the same pattern during the five consecutive days.

Fresh and Dry Weights

The data on fresh and dry weights of four wheat-cultivars.at,two“.
moisture levels are given in Tables XI and XII. These data indica;e
'that>green,weight and dry weight are»affeéted’by soil.moistnre stress.
| Duncan's Multiple Range Test at the 0.05 level in Tables XI and
XII showed thét therewere significant differences among cultivars under
Sfresé treatment 1 and Stress treatment 2. Payne had_éhé highest ffesh
weight under the twb moisture levels, while'KénKing had fhe iowest |
frésh weight (Figure 2). In the case of dry weight Payne and Rall ﬁad |
the highest values, while KanKiﬁg had the 1owesf dry weight (Figure 3).
Ffesh‘and dry weights reflected the increased dryness under Stress
treatment 2. The analysis of variance (Table XIII indicates that there

were significant differences among cultivars and moisture levels.



TABL

E XI

~ AVERAGE MEANS OF FRESH WEIGHT OF FOUR

WHEAT CULTIV.

ARS UNDER TWO

MOISTURE LEVELS

Fresh Weight (gms)
Cultivar ;
Stress 1 Stress 2 Average
Rall 2.4 bek 3.3 b 2.3 be
Payne 2.9 a 2.6 a 2.7 a
KanKing 2.1c 1.9 b 2.0 c
David 2.6 b 2.2 b 240

* Cultivars followed by the shme letter were not
significantly different at the 5% level using
Duncan's Multiple Range Test.

TABLE XII

AVERAGE MEANS OF DRY WEIGHT OF FOUR WHEAT

CULTIVARS UNDER TWO MOISTURE LEVELS

Dry Weight (gms)
‘Cultivar
Stress 1 Stress 2 Average
Rall 0.396 bc* 0.408 a 0.402 b
Payne 0.481 a . 0.430 a 0.456 a
~ KanKing 0.375 ¢ 0.356 b 0.366 c
David 0.442 ab 0.390 ab 0.416 b

* Cultivars followed by the same letter were not
significantly different at the 5X level using
Duncan's Multiple Range Test.

31
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ANALYSIS OF VARTANCE AMONG FOUR WHEAT CULTIVARS

TABLE XIII

FOR FRESH WEIGHT, DRY WEIGHT, AND LEAF
AREA UNDER TWO MOISTURE LEVELS

Mean Squares

Soﬁrce df — - _ - :
Fresh Weight Dry Weight Leaf Area
Rep 5 0.5688 0.0177 409.7610
Genotype 3 1.0122%%% 0.0165%%%* 880.7127%
Stress 1 0.6491%% 0.0090% 307.5975
GE * Stress 3 0.0210 0.0028 467.1643
Error (R*V|S) 35 0.0726 ,— '0.0022 237.1761

* Significant at 5% level
*% - Significant at 1% level

*%% Significant at 0.17 level

ve
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Leaf Area

Duncan's Multiple Range Test at the 0.05 probability level in“Tablé .

X1V indigated.that'thére were significént differences among culfivars

| under Stress treatment 1.» The differences amdng cultivars under Stress

treatment 2 were ﬁét significant. This indicates that the differences
which ogéurred under Stress treatment 1 were not due to moisture st?gs§ ””
' éffé&t. it ﬁaj be due to genetic makeup differences or certain enviroﬁfv'
mental facfors such és light and témperature. In Stress treatment 2,
‘the results were éxpécted because moisture stress during the five-day
period, or actually the last three days, should nbt affect the leaf

area.

TABLE XIV

AVERAGE MEANS OF LEAF AREA OF FOUR WHEAT
CULTIVARS UNDER TWO MOISTURE LEVELS

Leaf Area (cm2)
Cultivar .
Stress 1 Stress 2 Average
Rall 97.66b - 104.77a 101.22a
Payne 128.50a 110.47a 119.49a
KanKing 102. 25b 106.25a 104.25a
David = . 108.81b 95.47a 102.14a

*Cultivars followed by the same letter were not
significantly different at the 5% level using
Duncan's Multiple Range Test.
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Survival Study

This study indicated that the older leaves died first,'folloﬁé& by'
_ the younger leaves. This indicates that ﬁhter may move from the older
leaves to the younger ones in the individual plaht when wiltiﬁg océﬁrs.
It was observed that when the shoot meristem died fhe recovery from

- drought was not possible.

Survival Percentage

Data presented in Table XV show a continuous reduction in percent?
age,survival-with each successive drought period. This result agreed
with the results presented by Todd and Webster (35). The reduction in

number of plants was not the same in all the cultivars (Figure 4). The

' . average percentage survival of four drought cycles for Rall, Payne,

TABLE XV

SURVIVAL OF FOUR WHEAT CULTIVARS
FOR FOUR DROUGHT CYCLES '

‘ ' Percent Survival of Four Cycles _
Cultivars : ' B
I II IIT i
‘Rall | 75.00a 55.63a 46.56a | 30.63a
Payne 77.81a 41.25b | 32.50bc 25.31ab
. KanKing 58.75b 47.81ab | 37.50ab | 29.69a
David 64.06b 29.69¢ |- 25.94c 22.50b

*Cultivars followed by the same letter were not significantly
different at the 5% level using Duncan's Multiple Range Test.
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KanKing, and David was 51.95, 44.22, 43.44, and 35.552,7respective1y.
Rall and Payne had the highest percenrage survival, while David and
4KanKing hadAthe lowest percentage under Stress treatmenr 2. In the
case of Stress treatmenr 1, Rall, Payne, and KanKing nad the highest
percentage survival, while David had the lowest percenrage.

The Multiple Range Test (Table XV) on percentage survival, in the
. first drought cycle showed that cultivars could be separated into two - -
groups. In the secondicycle, only David was separated, bnt in the third
and fourth cycle, the cultivars were not distinctly'separated from cne
anotner as indicated by the overlapping of.the ranges.

The analysis of. variance for percentage survival (Table XVI) in-
dicated that significant differences among cultivars were observed in
| drought cycles I, II, III, and IV at different probability levels. The
differences among moisture 1eve¥s were significant at rheYO.OOI prcba;p‘
cility level in the whole drought cycles. The interaction of cultivar
by stress was observed only in the first drought cycle‘at 0.01 proba-
 bility level.

The results of the survinal study were in conformity with other
results, which were obtained from germination in mannitol solutions
and ciffusion resistance. |

. There were no significant differences in row and column effects in
the survival study (Table XVI). Also the data indicated that the vari-
- ation within the growth chambers that werevused was low. The Latin
square'design was eelected because previous research had snovn‘much
variation within the growth‘chanber.

In the first run, where the moisture stress was not enough te kill

 the plants, leaves of the cultivar David remained green much longer



TABLE XVI

ANALYSIS OF VARIANCE AMONG FOUR WHEAT CULTIVARS FOR
PERCENTAGE SURVIVAL FOR 4 DROUGHT CYCLES

df

Mean Squares

Source '

Cycle I Cycle 11 Cycle III Cycle IV
Row 7 1283.71 1481.03 755.36 . 198.88
Col 7 457.81 426.56 451.79 305.13
Genotype 3 1296, 354+ 1927, 60%** 1209. 38kxx 231.77#
Stress 1 23639.06%k# 27225.00%%* 31506. 2544 18906. 25%#%
GE * Stress 3 767.19%* 78.13 105.21 101.04

42 191.74 199.48 166.07

Error

89.36

% Significant at 57 level
*% Significant at 17 level
**%% Sionificant at 0.172 level

6€
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than those of the otﬁer cultivars. But in the secoed run, where meistere
was more severe, thisbeiffefence wae not obvioue. Similar responses in
other vegefative characters were noted for Payne, Rall, and Kenxing, _“
The differences in their feot pattern may be very impertent, but it was

not included in this study.



CHAPTER V
SUMMARY AND CONCLUSIONS

The pﬁtbose of this study was tév(a) characterize the ability of
‘wheat seedslto germinate in mannitol solutions of different‘mbisture
tensions; (b) study the ability of wheatbseedlings to survive under
fepeated drought cycles; and (c) investigate transpiration and diffu-
sion resistance of different wheat cultivars.

In the d-mannitol'eiperiments, the seeds ofisix'whgat cultivars:
’kall, Triumph 64, Payne, David, Sturdy and KanKing, were germinated in
different mannitol cdhcgntrﬁtions, from 0 to 15 atmospheres, for 14 ;
days. The'percentgge/seed germinationiwas determined. The results 1#— ¥
v dicatgd thétvpercentage seed germination decreased by increasing mois-
ture tensions.'>Seeds of all cultivars germinated quicklj at low mois-
ture tensions. Significant differences among cultivars wére observed
at higher tension levels.

The moisturévstreés study involved the use of potted seedlings of
four of the cultivars of wheat for studying their diffusion resistancé,
 their growth rate, in terms of leaf area, fresh weight, and dry weigbtland
their Er;nspiration patterns, in a controlled growth chamber. The dif-
ferehCeg among qultivars in stomatal diffusion resistance were Signifi—

" cant. The valuﬁi of diffusion resistance increased from’ong daynto the
néxt near fhd'eg¢ of the 5-day period. Significant'differencea were

found among éﬁltivars'in terms of leaf area, fresh and dry weights. The
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dnta preeented in this study showed that fresh weight and dry weightd
uere~a££ected by‘soil moisture sttess. The results indicated that the
differences in trenspiration and transpiration rates were not signifi-
cant among the cultivere tested.

| . In the eurvival experiment, seedlings were grown 1n plastic pots

and subjected to four weekly repeated drought cycles under two moisture

~1evels‘f0110ved by rewatering at the end of each cycle. The results of -

this study indicated that there vas a continuons loss of plants in suc-
cessive drought periods. The analysis of variance showed significant : .
varietal differences in percentage eurvivalﬂfor each of the four eYcles.v
- From the above results some conclueions may be summarized as foié
lows: (1) germination of wheat cultivarseunder different moisture ten-
sion,'ggnernlly;tesulted in a decrease in the percentage germination in
::11 cuitivara'teated. Moisture tensions of 9 and 11 atm were most
effective for 1dentifying the eultivats,vith highest and lowest germ;n—_,.
ation Unden.linited noisture conditions; (2) transpiration and diffusion
resietance'evaluation are more effective during the period before the
plants reeched the permanent wilting. Fresh weight and df&'we%ght,,"
showed clear differences between cultivars tested; (3) the use of saf-
vdvel technique on wheat seedlings»ellowed.differences among eultivnrs
to be observed. This technique of screening seems to be easy‘end ef—vl‘
fectiﬁe for drought resistance among unknown genqtypes,vespeciallyAfor ‘
'genotypeldthnt hAQ. high percentage survival in the seedling stage. 1d
Tney;vonld also tend_toihave.high‘petcentage of survival in the leter |
:tngeewet nlent development; (4) in this study, the cnltivers Rali and
,Kan!ingvvefe'selected as drought resistant cultivars; Triumbh.64 end :

Peyne vere selected as intermediate for droughtfresistance,while Sturdy
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and David Qete seleéted as drought susceptible cultivars. The overall
conclusion from this study is that Payne had the highest general res-
ponse for drbught toleraﬁce while David had thé lbwest. In fact, Da§idff :
was thc‘bnly cultivar that can be considered as intolerant to moistﬁré
stress. The response of othér_cultivars were not consistent, and it was
' nbt éoasiﬁle to give ;hem # raﬁkiﬁg fdr drought resistance in this
‘studj:)(S) this study suggested that the measufements of diffusiéﬁ“fé-"“
»sistancershpyld be taken from the upper and thg lower leaf surfaces
o and from more than oﬁe leaf per each plant. vTranspiration and diffuéA
sion tesictance neasurementsbshould be taken from plants under moderate
moisture stress; (6) the response of wheat cultivars should be tested
: in diffefén;'stageé of gfowth from germination to maturity; (7) thg
cultivar or cultivars that show high response by using different evaiu-
ation techniques at different growth stages may be able to withstaﬁd L

. drought conditioné.
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