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Abstract:
Two spring wheat crops were grown on drip cultures involving two varieties and two levels of osmotic
stress. Growth characteristics and moisture use were determined for four growth periods for each crop.
The first crop was grown in the spring and summer so that day lengths were normal for the crop at the
location.

An osmotic stress of approximately seven atmospheres reduced both growth and water use for Both
varieties Below that obtained when the stress approximated three quarters of an atmosphere. This was
true whether the stress was imposed throughout the entire growth period or when stress was not
imposed until tillering stage. The two varieties Behaved differently at different stages of growth. The
Behavior of the two varieties was not always comparable Between the two crops which were grown
under widely different day lengths and temperatures.
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ABSTRACT

Two spring wheat crops Ygre_g?own on @rip cultures involving two
varieties and two levéls of osm9tic stress. Growth characteristics and
moisture use were determined fpr_fou? growth pefiods for each crop. The
first crop was grown in fhe gpring:gnd summer so that day lengths were
normal for the crop at the 190a§ion.n

An osmotic stress of approximately seven atmospheres reduced both
growth and water use for both varieties below that obtained when the
stréss approximated three qﬁértefé of an atmosphere. Tﬁié was true ﬁhethef
thé stress was imposed throughoﬁt the_éntire growth period or when stress
was not imposed until,tillering stage. -The two varieties.behaved
" differently at different stages of growth; Thg behavior of the two
varieties was not always comgarable betwgen the two_créps which were grown

. ]
under widely different day lengths and temperatures.
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INTRODUCTION

Production of sﬁall grgin ?s a ma jor source of incomé‘from dryland
areas in the western states. _quught,frequently limits the yield of thesé
crops. To gbtain a maximum qrgpfy%eid ?rém a limited moisture supply-
all stages of crop growﬁ@_shgyld be gﬁgusted to mgke'their maximﬁm con—
tributions to a final yie%d on a minimum_oﬁ wa£er,"T6 obtain this
objective, it is necessary t§ know_héﬁ widely different varieties of a
crop differ in thelr responses to water tens1ons at each stage of growth,
From such 1nformatlon, it should be possible to adJust fertility level
to thg_water level prevailing at seeding time and expected du:ing the
growi;é.season. Information on.hOW'widely different genotypes of a crop
respond to variable conditiang_qt their different Séages of growth should
assist the piant breeder to develop crop varigties that will make more
efficient growth on a 1imit9d moisturg supply. Since moisture tension is
a variéblé factor influenging plant growth, emphasis was placed on this

variable during the study. .
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REVIEW OF LITERATURE

Water is a major material in whigh_abgorption by plant must exceed
'the amount retained as a plant constituent. Several hundred pounds of
water are used for each pound_of dry_plant material produced. While the
dry matter uéﬁélly makes up %e§§mt%§n_§9%&bf the weight of green plants,
the water containéd in_the'p¥ants ig only a small proportion of that
used for tré%spiration;  Water deficiency is the most common factor that
limits plant growth. The"i@ppytanqe q? Wgter deficiency in plant growth
has stimulated numerou§_re§§a?9h Wo;gers to study the felationship between
water tensions and p}ant_grqw@ﬁ._‘¥§?,_§ati§facﬁory methods have not been
devised whereby a specific spi% moisture tension can be maintained,

Osmotic solutions have'frequéntly been used to study plasmolysis
of cells or to induce tensions whigh_rest:ict water entry into plants.
Numerous studies with saline,soilé demonstrate that an important influ-
ence of salt is to restrictlwater movement into‘ﬁhe plant, The crops
grown on soils with excessive salt concentrations demonstr@te many sym-—
ptoms of drought.

In‘an attempt to evaluate ?hé:role of water trénsmissions as a
factor affectihg root growth, Gihgfibh and Russell (1957) compared soil
moisture tensions to osmotié'stre;ses. They found To0%t gerth to be
significantly greater for those roots grown with osmotic stresses,

Water diffuses to the root syrface from the soil’solution.due to‘
moisture gradients within the small volume of soil between roots. Thus,

the mean tension exerted by a mass of soll is lower than the stress to
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which the roots are subjectgd.._ﬁhg use of osmotic stresses and plant
culture equipment should keep thg plant root ét a fairly constant osmotic
stress in'orQer to study plant responses to stresses associated with
drought.

The use of wvarious media:in'§q1qtion for the desired osmotic stress
hag been shown to gxhibit sidg effects to plant growth whi;h are not
clearly understood. Harri§ (19?4)_hqs shown the toxicity to be of a
chemical nature. Taking-%n?qngqqugt_thg éide effects of salts or other
media, this is the most_feas%p}e method of inducing the desired drought
effects., Pearson and Bernstein (1959) have particularly noted rice to
show characteristics associated with drought when induced stresses were
caused by salts in solution. Hayward and Spurr (1941) found that sulfate:
salts were more inhibitory to fla; growth than chloride salts, and were
equal in the ability to produce drought effects. Alfalfa was noted by
Brown and Haytard (1956) to'exhibit_droughty appearances when submitted
to salinized conditions. Ayers, et al, (1952) showed the yield of wheat
was not reduced nearly as much when the drought conditions occurred at a
late growth stage as when they occurred at an early growth stage.‘

Data for comparing wheat yields under dry land conditions where
drought is a major factor in production reflect the yields of wvarieties
but does not reflect desiréple or undesirable growth characteristics for
the interim growth péribds. This study was designed to determine if

differences occur between varieties at the various stages of growth.




12

METHODS

The study invol&ed growing two widely different genotypes of spring
wheat in nutrient medié at two 6smqtic gtresses. -Plant growth was eval-
uvated by periodic sampling and w;ter use was determinéd by the difference
between inflow and outflow on sand cultures.

The plants were grown on”a'coé;se_sgnd base iﬁ quart oil cans
which Had been coated with aspﬁalﬁlpginttl The nutrients were provideéed by
using a continuous drip cultqré_tecpnique. A stock bottle was uséétés
the source of the appropria@e_solg#%on for each pot. The solution was
continuously syphoned from_éggh §€oqk pottle to the appropriate pot at a
rate that exceeded evaporatiog g@&:transPiration. A drainage hole was
provided in each pot_arqgn@ Wh%?@”é s@all_piece of copper tubing had been
soldered and drainage was qé;}gctgq ﬁyom‘each pot.. The diffefence between _
inflow and outflow.from_the Eot_pgtwgep_sampling periods provided data on
evapotranspiration, The_pqt§_w§?e_wettéd with nutrient solution before
the start of the experiment so that soil moisture storage was not a
variable. )

In addition to the planted pats, there were two pots left in each
replication without plants growing in them.' One pot had plant nutrient
solution at high stress dripped on it at a rate in excess of evaporation
. and the other pot was similarly treaﬁéd with low stress solution. The
amount added to thé stock bottle ﬁinus the amount of'drainége was used to
_evgluate evaporation during growth periods. The loss attributed to

1

evaporation was subtraCté&ffrom the total use to give transpiration.
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Hoagland's nutrient solutioni as desc:ibed‘by Baton (1936), was
used as a base solution. The bagg'se%gtion used for low osmotic stress
developed an osmotic ppessurgfgggiYg;ent to seventy—five hundredths
atmospheres, High stress Was'obtaingd by adding calcium dhloride and
sodium chloride to the base solgtiqq. Bach salt added three and one~
gquarter atmospheres of osmotic ét?egs;' thus, the solutién'used had a
totai stress of seven and ongqugpte;'atmospheres of which seventy-five
one hundredths atmosphere was:deglop?d from the nutrient solution.

The proper amount of each salt used for this osmotic stress was deter-

mined from Agricultural Handbook 60, Diagnosis and Improvement of Saline

and Alkalie Soils (1954).

The varietiéS‘uéed for thig study were Thatcher and a short-strawed
selection from a cross of (No?in:jQ,X_Breyor 14) X Centaha. Throughout:
the study this variety Will‘be referred to as Japanese Dwarf. Both
varieties are spring wheatst B

A ;andémized block type_pf“dgs%gp Wa.s usgd for the study. This
design allowed the plantipg'qf'§ixﬁeen pqts per replication plus fwo blank
randomized block was repl%qa@gq_thre?'times. ‘The individual pot location
in each replication was_ge}eqﬁgd by.u§§hpf~r§ndomized tables. The péts
were numbered one through ?W???¥“f9?_?§?h replication. Numbers one through
eigh£ were allocgted.ﬁhe.Thé%q@?r'vq?ieﬁqg_»pqtﬁ nine through sixteen
grew the Japanese Dwarf variety. Pots seventeen and eighteen held Jap—
anese Dwaff and Thatcher wheats respectively for side expeéiments. The

last four pots of each of the.two main series were used for high osmotic
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stresses fqr the two varieﬁiesfu Pqts ninetegn énd twentylwere not
planted and were ﬁsed to measux:,(a‘ev.apao_ration°

Fach pot was planted With ten seeds. of the desired variety to a
depth of one-half inch..'After germination and emergence the seedlings
were thinhed back ﬁo five plénﬁg per. pot. This procedure allowed for
the uniform spacing aﬁd stand per pot.

Sampling dates were gelected upon the basis of readily distinguished
ma jor plant growth stages. These stéges were at tillering, between
heading and blossoming, soft dough stage, and matﬁrity. The pots_saﬁﬁled

‘:at each sampling date were picked according to a table of randomized
numbers for each variety, treatment, and replication. The entire plant
population on the appropriate pot.was harvested on each sampling date,

Plant measurements on the sampling dates were taken from the har-—
vested pots. These measurements were;dry plant material weight, number
of heads, number of tillers, and plant height. Also at each sampling date
transpiration was determined as explaine@ a:,,bove°

The method of analysis for the colleptéd data is the one employed
by Snedecor (1946) ‘on complex experiments; The shortest significant
range mean separation, as used by.Duncan (1955), was used to test differ—
ences between three or ﬁore means.

The study was conducted in two phases. The first phase.was per— .
formed in a temperaturé—controlled greenhduseo The major portion of this
phase qompaxed growth characteristics between the varieties upon salinized
and unsalinized cultures from germinatién to maturity. This phase was

conducted from May 9, 1960, through August 12, 1960. A side experiment
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was also conducted during this»phaee,'between varieties, when salin- .
ization occurred at the tillerin% stage. This was done in order to’
determine if thelseven atmosphe{e.stress was sufficient to cause drought
effects when the varieties were saiinized_at a later date.

Since there were only enough. pots for one sampling date on this
side study (Treatment III), sampllng occurred at maturity. However,
water use measurements could be determlned w1thout plant sampling for .
the .growth periods which occurred after.tillering and prior to maturity.
The data for. plant helght flnal number of tillers, total heads, grain
harvested, kernels per splkelet and average kernal welght were compared
with other treatments at maturity. ?lant meight for jhis treatment is
not. compared with other treatmente as.there were no data for the interim
periods, )

The second phase of the study compared the growth characteristics

when salinization occurred at tlllerlng. The randomized blook design

.....

This crop was grown between Auguet 20{ 19§Q, and January 8, 1961.

From August 20 till late Seﬁfemher the greenhouse evaporative cooler
was in operation. From late September through January thelmreenhouse was
heated, Durlng the last month of the experiment. the day length was leng-
thened to sixteen hours by the use of, 250 watt 1ncandescent lanmpse .

The sampling techniques and sampllng'stages,were the‘same as those

used in the earlier'phase; .Data analyaes'were also the same,




Table I — Treatments

Treétment I

Treatment II

Treatment III

16

Low osmotic stress from germinatibn through |
harvest.

High osmotic stress from germination through
harvest, 200 millequivalents-NaCl and CaCl,
on a combined electrical conductivity of

18 millimhos /em.

Low osmotic stress prior to tillering time
and high stress from tillering to maturity.
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ﬁESU;Ts Al\TD :DISéUSSIOi\T

This experiment consisted ;f.growing two sﬁcoeSSive cfops in the
greenhouse on nutrient solutions. as listed uqder methods and outlined
in Table I, Since thg"firSf.c?op_wés grown under sﬁmmer conditions
with prevailing day lengths, an@itﬁe'secohd crop under fall and early
winter conditions, the two phasgs'qf the study are disquésed separatelye.
The data for each crop are'discpssed by growth periods. -

Comparative measurements of cpnductivities of +the stock nutrieht
solutions and the arainage'?rom the pots indicated a slight increase in
condqgjivity as the solution passgd through the pot. However, this in-

-orease did not reach statistically significant levels, Pearson and
Bernstein (1959) found that the conductivity of nutrient solutions
increased as water-was used by cé}oro rice for evapotranspiration.

| Data were anaiyzed'by peribdg_gs the study progressed to guide the
course of the experiment., Since the data were already available and give
the.statistical interprefafion by periods it was believed to have suffi-

‘cient value to remain a part.of the thesis. In summarizing the dafa,
statistical treatments were gsed which aided the interpretation of the
data for the several periods.

First Crop

First -Growth Period (CGermination to'tillering)
Data'obtained_during the first growth period for dry weight of plant
material and water use are presented in Tables II and TII. Preliminary

experiments indicated that wheat emergence was delayed about one day




Table II ~Gain in.plant weight in-gram during the first.growth period (germination to tillering),

Preatment 1

Treatment IX

*%%Significant at 0.5%

Replications Replications- . ' e
Varieties I 11 III Total I IT ITT Totaln G. Total
Thatcher 1.137  1.502  1.450 4,089 181,220 127 .528 - 4.617
iapanese Dwarf 1.552 .800 1.198 3.550 ..;42 2240 . 150 2532 4,082
Total 2.689 2.302 2.648 T7.639 2323 460 277 1,060 8.699
Aﬁalysis of variance
Variation due %o d.f, : . Mean Square | Cal, F >
' Replications 2 -0040 .066
Varieties - 1 .0238 393
Treatments 1 3.6069 59, Go%*x*
Treatments % varieties 1 0246 . 466
Brror 6 .0606
- Total 11 4.0266




Table III - Amounts of water used in milliliters through the first growth period.

Tréatment I Treatment I1

6l

: Replications =~ , Replications _
Varieties I II IIT Total I I IIT  Total G. Total
Thatoher 440 787" 654 1881 . 43 227 110 380 2261
Japanese Dwarf 453 799 321 1573 . 224 o 326 158 708 | 2281

Total 893 1586 915 . 3454 267 553 268 1088 4542
Analysis of variance
Variation due to T ‘d.f. ' Mean Square - Cal, F
Replications - ' 2 82,633 " 10.00%%
Varieties | 1 | 33 _ .0039
Treatments | I 1 . 466,496 54.46%% %
Treatments x varieties ' 1 : 33,709 4.079%
Brror . 6 | 8,263 i

Total 11

*x*Significaiit at 0.5%
**Significant at 2.5%
*Significant at 10 % level
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under high stress. Consequently, Treétmenf IT was planted a day earlier
than Treatment I.

It was obvious throughout the'gyowth ﬁeriod that the.high osmotic '
stress seriouély reduced growth. (See Figure 13) At the tillering stage
the plants on Treatment I had‘produced eight to twenty times more growth
than Treatment II. This differencé was significanf at the 0,3% level,
Theré,was no significant difference between replications or.vérietiesv-
andlnolinteraétions were found.

Thé-fotal water use Was.considefably greater for Treatment I than for
Treatment: IT aﬂd_this difference was significant at the 0,5% level. The
wéter use per grag of dry matter produced was much higher under Trgatment
II than for Treatment I (Table XX)f The same table shows the Watef~ree¢
quirement to be similar for the two varieties ﬁndér Treatmeht I, but
Japanese Dwarf‘used much more waﬁerlto préduce a unit of dry matter than

did Thatcher for Treatment II.

"‘Séeond‘..‘G_mwth Period (Tillering to soft dough)

Thejdata,for this/period of growth are presented in Tables IV.and V.
The analysis of variance (Table IV) shows the replicatiods to bé.differént
at the 2.5% level of significance, whilé the interaqtion, variet;es, and
treatments diffe;ed at the 0.5% levél.

Averaging ﬁhg two vérieties, plants_oﬁ Tréatment I prodﬁced about fén
times more planf material tﬁan plénts on.Treatmeﬁt IIr Thatcher produced
abouﬁ.five éndlbﬁééhalf times a% mdcﬂ plant haterial on Treatm;nt Iason
Tféatmeh£'II, A similar éomparisbp'for Japanese Dwarf produced é r§tio

of about sixteen %0 one, with Tréatment,Ilprbducing the.most plant




Table IV - Gain in plant weight in grams during second growth period.(tillering>to head_ing)°

Treatment T

Treatment I1

Total

**Significant at 2.5%

Replications : Replications

_Varieties I IT I1T - Total ‘ I I  ITT Total G._Tptal
Thatcher 862 297 1.469  2.628 .41 169 .15 464 3,092
Japanese Dwarf 1 15735 2.657' 2,601 6,393 .066" - ,050. 261 37T 6,970

: Total | 2;597 2,354 4.070 9.021 ) ;207 219 415 .831 9.862
Analysis of variance :
Variation dﬁe to . f. B ‘Mean Séuare : » l Cal. F.
Replications 2 .40 8.0%x
Varieties, | 1 1.13 |02, 60%x*
Treatments 1 5.58 .116.00*** '
Treatments x varieties 1 1.23 24 , 60%¥%
Error 6 o - .05 - |

11 ‘ |

***Significant at 0.5% level

e




Table V — Amounts of water used in milliliters during second growth period.

Treatment I _Treatment IT Treatment ITI

Replications Replications Replications
Varieties ' I - II III Total I II° IIT Total I IT IIT Total G. Total _
Thatcher C 411 43T 352 1200 45 54 63 162 215 277 .373 865 2227
Japanese Dwarf 642 563 677 1882 13 77' 64 154 285 218 337 840 2876

| Total 1053 7000 1029 3082 58 131 127 316 500 495 710 1705 - 5103
Analysis of variance
Variation due to d.f.‘ Mean Square - - Cal, F
Réplications -2 . 3,142 1.10
Varieties 1 ' - 24,305 | 8.54¥*
Treatments 2 318,783 111, 9%%*
Treatments x varieties 2 26,705 - . 9.38x%x
Error 10 . 2,847 | |
Total 17

**%xSignificant at 0.5%
**Significant at 2.5% level

MSR Mean separation showed a significant difference between

all treatment means.

éc
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material, Japanese Dwarf produced about three times more plant material

e

than Thatcher on,Treétment I. On- Treatment II;'Thatqher#prdduced about
gné—fourth more plant matérial than Jgpanése Dwarf. lTherplant yield for -,
Treatment III is not available because this treatment was a miror study,

as discussed under methods, aﬁd yields were obtained only at mafurity.'

Eor T;eaﬁment I, watéf use by Thatcher (Table V) was about eight times
more than that for Tredtment II, and about a fourth more water was used by: .
Thatcher for Treatment I than Treatment III. - Japanese Dwarf for Tréétment
II used about one~twelfth of the‘waﬁer;used by Treatment I, When coﬁpar-

ing varieties, Japanese Dwarf used about a third more water on Treatment I

than II. The two varieties used about the same amount of water on each

" of Treatments IT and III.

The analysis of variance illustrates the ‘treatment differences as
discussed above are significant at the‘O.B% level, varieties at the 2.5%
level, and the interaction at the 2.5% level of significances

Third Growth Period (Heading to soft dough)

The gain in weight for this period is presented in Table VI, On
Treatment I, Thatcher produced about three times more dry matter than
Japanese Dwarf. Thatcher produced about one-fifth more plant material

than Japanese Dwarf for Treatment-II. Thatcher produced eleven times

Jnore dry plant matter on Treatment T thén on Treatment II. Japanese

Dwarf produced five times more plant material for Treatment I than for
Treayment 171,
The analysis of variance indicates these differences to be éigni- .

ficant for treatments at the 0.5% level, fé; varieties at the 2.5% level,




Table VI ~ Gain in plant Weiéht in grams during third growth period_(heading,to soft dop.gh)°

[l

Treatment I

Treatment I1

*+Significant at the 25% level
*%Significant at the 2,5% level
¥*%¥Gignificant at the 0.5% level

_ Replications Replications
. Yarieties T 1T IIT Total I II = TIT Total G. Total
Thatcher 4.181 8,408 3,611 16,200 u227 538 .81 1576 17,776
Japanese Dwarf 2,189 681 2,654 | 5.524 .553  .289  ,339 1.181 6.705
- Total 6.370  9.089 6.265 21.724 780 .B27 1.150  2.747 24.481
Analysis of variance
Variation due %o d;f.: Mean Square Cal. F
Replicatiéﬁs 2 | 3.09 1.87%
Varieties 1 15.22 90 22%*
Treatments 1 28.71 17 . 40%*x
Treatments x varieties 1 5.07 3.07%
. Brror 6 1.65 |
Total 11

e




Table VII - Amounts of water used in milliliters during third growth period.

Treatmeﬁf‘ T

Treatment IT

Treatment ITT

a2

*»**Significant at 0.50%
*Significant at 10% level

) 35R  Mean Separation1
Treatment I  Treatment IIT  Treatment II

Replications Replications Replications

Varieties I IT IIT Total I - II ITIT  Total I IT IIT Total G, Total
Thatcher 1032 1992 1783 4807 70 71 209 350 521 978 744 1691 6848
Japanese Dwarf .808 2145 1759 4712 18 98 205 321 631 383 677 2243 7276

Total 1840 4137 3542 9519 88 169 414 671 1152 1361 1421 3934 14124
Analysig of varianpe
Variation due to d.f. Mean S@uare Cal, F
Replications 2 334,802 3.44%
Treatments 2 | ‘ 3,336,847 34, 33%%%
Varieties -1 10,176 .10
Treatments x varieties 2 ‘ 21,126 W22
Error 10 97,200

Tétal 17

1Uhdériine shows nonsignificant difference betweén treatments
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and for both interaction and replications to be significant at the 25%
level, |

The amounts of water used during this period are given'in Table'VII.
,Wafgr use for Treatment IIT is also shown. Thatcher, on the low stress
treatmenﬁ, used almost fourteen times more water than on Treatment II,
and about three times more water than on Treatment ITT. Japanese Dwarf
used about fourteen times more water for Treafmen¥ I than for Treatment
IT and about two times more than on'Treatment III._ There was no differ-
ence between the varieties in water uptake during this periéd. The anal-
ysis of variance shows these differencés between treatments and repli-
cations to be significant at the 0.5% and 2.5% levels respeétivelyo The
SSR mean separation shows the differénce for water uptake between Treat-
ﬁents IT and IIT was not significant at the 1% level. Table XX indioates
Th@tqher was the most fﬂficient_user of water for this' period, reqﬁifing
about one-third as much watef‘on Treatment I}as Japanede Dwarf to pfoduce
a gram of ‘dry matter. Fgr Treatment II about the same amounts of water
were required. to produce.a gram of dry matter for both.va:ietfesol ?lapﬁ
h?ight for thg'periqé is shown in ?ablg VIII. PFor Treatmenﬁ‘l Thatcher
and Japanesé Dwarf produced twice the height as fgr Trgétmenflllu At this
time Thatqhervwas a fifth taller th@ﬁ Japanese Dwarf on both’treatmén}s;
'The analysis qf variance showed varieties to be significantly different
at the 10% level Qﬁ sigﬁificaﬁqé and the differenéq in plant hgight for
£reétments to be significantly different at the 0.5% level.

Also at this time Thatcher produced about a fifth more tilléfs than

Japenese Dwarf (Table IX) for Treatment I. For Treatment IT there was




Table VITI _ Plant height at end of third growth period.

Treatment I

Tredtment IT

. Replications Replications

Varieties I 1T 11T Total I IT ITT Total G, Total
Thatcher 27 30 27 84 16 14 12 42 126
Japanese Dwarf 23 21 24 68 13 iO 11 34 102

Total - 50 51 517 152 29 24 2% 76 228
Analysis of variance
1variation due to d.f. Mean Square Cal, F N
Replications 2 2.0 016
Varieties 1 48.0 3;84*
T?eatments 1 1 481.0 38.,48%%%
Treatments x varieties -1 8.0 .64
Error 6 12,5

Total e

*3ignificant at 10%
**¥Significant at Q.5% level




Table IX - Number of tillers at end of third growth period.

gc

Treatment T . Treatment II

Replications ] Replications
Varieties I 11 111 Total I 11 IIT  Total G. Total
Thatoher 20 28 17‘ © 65 6 5 3 14 79
Japanese Dwarf 17 17 18 52 - 4 4 5 13 65

Total 37 45 35 117 10 9 8 59 144
Analysis of variance
‘Variation due to o “d.f, Mean Sguare _Cal, F
Replicationé o2 | 8 N :92
Varieties | ' 1" . 16 o 1.84%
Treatments 1 ‘ 675 T - 5g%*x
Tregtments x Varieties 1. 15 ' 1.72
Error ‘ ' 6 8.7
Total N

*Significant at 10%
***¥Significant at 0.5%. level
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no difference between varieties. On Treatment IT both varieties pro-
duced only about a fourth as many $illers as on Treatment I. The

analysis of variance shows ‘varietigs and tréatments.tq differ at the

¢ .
f

10% and 0.5% levels of sign%figancé respectively.

Table X shows %ﬂere is very little differeﬁqelbetween the number of
heads produced at this time between varieties at either salt level,
Treatment II at this stage of growth reduced the number of heads pro-
daced to about a third as compared to T%eatment I, and the difference is
significant at the 0.5% level.

Fourth Growth Period (Soft dough to maturity)

Differences between the $wo varieties in dry matter production did
not reach significant levels on any of the treatments in this.growth

periodw(Table XI). The difference between treatments shows Thatcher

produced about twenty-five times more plant material for Treatment I

than for Treatment II, Treatment III pfoduced intermediate yields
although the data are not presented. Japanese Dwarf produced forty-six
times more plant material on Treatment I than on Treatment II, and again
Treatment III yields were intermediate.

The analysis of variance indicates ﬁhe treatments were significantly
different at the 0.5% level. An SSR mean separation indicates these
differences to be significant betﬁéen each treatment at the 1% level. T

Water uptake could not be measured during this period for Treatment
IT. A salty crust appe@red on the cropped ppts, preventing normal

evaporation., Table XIT includes only data gathered for Treatments I and




Table X - Number of heads at end of third growth period.

Treatment I

Treatment IT

0t

Replications Replications

Varieties I IT 11T Total I VII III Total G, Total
Thatcher 9 17 11 - 37 4 3 3 10 47 ‘

. Jdpanese Dwarf 7 10 13 30 4 4 4 12 42

| Total 16 27 24 67 8 T 7 22 89
Analysis of wvariance
Variation due %o a.f. Mean Sguare Cal. W -
Replications 2 6.5 - 97 B
Varieties 1 2.0 <30
Treatments 1 169.0 25.22***
Treatments X varieties F 7.0 1.44
Efror 6 6.7
11

. Total

**¥*Significant at Q§5%_leVg1




Table XIT - Gain in ﬁlant weight in grams during fourth growth period (sof't

doﬁgh

to maturity),

- Treatment I

Treatment II

1€

X**Significant at 0.5% level -

Replications - B Replications

Variety . I - IT TTT To?al" ..I' » _II: .;II Tgtg} G. Tgtg}
Thatcher 10,120 7.893  9.678 27.691  -.080 .604 .626 1.150 28,841
Japaneée Dwarf 5.324 11,562  11.547 28.433 071 097 _:442. 610 2?&643

Total 15.444  19.445 21.225 56.124 - =.009 ' .701 1,068 1.766 57.884
Analysis of variance
Variation due to d.f,. _ Mean Square Cgi. F
Replications 2 33079 i.62
TVarieties 1 »003 ;661
Treatments 1 2463281 8??33***
Treatments x varieties 1 33567 1,28
Error 6 3.028

Total 11




Table XII - Amounts of water used in,milliliters’ during the fourth growth.period.

2€-

Treatment I Treatment ITI
: Replications : Replications
Varieties I II _ITIT Total I 1T IIT Total G. Total
Thatchér ' 2623 2291 2860 Tt 202 228 228 658 - 8435
Japanese Dwarf 1223 863 1608 3694 ' 7?0 366 170 1306 | 5000
Total 3849 3154 4468 11471 972 594 398 1964 '13435
Analysis of variance
Véfiation due to - d.f. ~ Mean Square Cal, F
Replications | 2 100,137 1,40
" Varieties 1 i983,2597 13.73%*
Treatments 1 : 7,531,921 ' 113, 19%*%
- Treatments x varieties 1 . 1,865,169 . 26005***
Brror ' 6 71,602 | | |
Total ' 11

**3ignificant at 2.5%
*%%Sjgnificant at 0.5% level -
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ITI. During this period Thatcher under Treatmgnt I required almost
twice as much water as Japanese Dwarf, but on Treétment IIT it used only
half as much as the dwarf variety. Thatcher under Treatment I needed
twelve times the amount of water it used for Treatment III, while Jap-
anese Dwarf needed about three times more water for Treatment I than
for Treatment IIT. Table XX indicafes Thatcher"on Treatment I needed
less water than Japanese Dwarf for a unit of dry matter producfion°

Treatments II and IIT reduced plant height of Thatcher for this
period by two fifths and a sixth respecfively over Treatment I, The
Japanese Dwarf height was reduced by one half on Treatment IT below
those of Treatments I and III. The statistical differences hetween
treatments were significant at the 10% level, There was no sﬁétisticai
différenoe between varieties. The SSR mean separation'shows this differ-
ence to occur between all treatments. This data is shown in Table XIIT,

Table XIV preseﬂfs the total number of tillers and analysis of
variance for tillers at harvest. Thatcher produced the most tillers on
all treatments. For Treatment I, Thatcher produced about six times more
tillers than Treatment II and about three times more than Treatment IIT,
Japanese Dwarf produced about four-fiffhs as many tillers as Thatcher
for Treatment I, a slight reduction on Treatment IT, and about half as
many tillers on Treatment III. The dwarf variety produced a sixth as
many tillers .on Treatment II and a third as many on Treatment III as on

Treatment I, The analysis of variance indicates that treatment and

variety differences on total tillers were significant at the '0,5% level,,




Table XIII - Plant height at harvest.

Treatment 1 Treatment IT Treatment IIT

Replications Replications - Replications
Varieties I IT IITI Total I 11 IIT Total I IT » IIT Total G, Total
Thatcher 27 26,5 24 77.5 15 15 15,5 45.5 23 22 23 68  191.0

Japanese Dwarf 20,5 23.0 21  64.5 12 10 11.0 33,0 21 21 20  62: 159,5

Total 47.5 49.5 45 42,0 2] 25 26.5 78.5 44 43 43 130 350.5

Analysis of variance

Variation due to d.f, Mean Square Cal, F Y
Replications 2 : ' 65 . . ,0085
7 Varieties . 1 54.5 .93
Treatments . | 2 . 189.5 3e24%%
Treatments x varieties ‘ 2 . - .9 ' .0154
Error | 10 - 58.5
Total 17 -

*%Significant at 10% level

SSR  Mean Separation1

Treatment I Treatment ITI ‘Treatment II =
lunderline shows nonsignificance between treatments at 1% level




Table XIV ~ Total number of tillers at harvest.

Treatment I

Treatment 1T

Treatment IIT

Replications - Replications . ) Replications

Varieties I IT. TIT Total T II TIT Total I IT ITT Total G. Total
Thatcher 29 29 3 95 5 5 5 15 11 15 13 39 149
Japanese Dwarf . 20 27 29 16 4 3 6 13 1 1 7 21 .110

Total 49 56 66 171 9 8 11 28 18 22 20 40 259
Analysis of variance
Variation due to d.f, Mean Sguare ACal. F
Replications 2 16.5 2.62%
Varieties 1 84.0 130 33%%%
Treatments 2 938,5 148,97 %%%
Treatments x varieties 2 | 15,5 o 2,46%
Error 10 6.3

Total 17

*Significant at 25%
**%Significant at 0.5% level

3SR Mean Separation shows significant differences
between all treatments

6¢
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Replications and the interactions were significant at the 25% level, The

SSR mean separation shows that the effect of treatments on tiller produc—
tion was significant at the 1% level,

Table XV illustrates that Thatcher produced a fifth more heads with
grain on Treatment I and a third more heads on Treatment IIT than Japanese

Dwarf., On Treatment IT the number of heads produced was about the same

for both varieties.

On Treatment I, Thatcher produced about six times
more heads than on Treatment II, and about three times more heads than

The analysis of variance indicates there was a differ-

on Treatment IIT.
o Trestment ~L7. The e :
tile heads between both varieties and treatments

' - | .
ificance. Replications differed at the 2,5%
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this data demonstFates—the difference for varieties to be significant at
the 25% level, while the interaction was significant at the 10% level.

The influence of treatments on sterile heads was significantly different

at the 0,5% level., The SSR mean separation indicates Treatments II and
ITI were not significantly different; however, Treatment I differed from

Treatments II and III at the 1% level of significance,

Both varieties produced about the same weight of grain for all




Table XV — Number of heads producing grain.

7 Treétment I

Treatment I1

Preatment IIT

**3jgnificant at 2.5%

***Significant at 0.5% level

SSR Mean Separation shows significance af the 1% level

between all treatments,

: Replications Replications Replications ‘
Varieties 1 1T IIT Total I 1T IITI Total I 1T I1T Total G, Total
Thatcher 26 26 31 83 4 5 5 14 9 12 13 34 131
Japanese Dwarf 15 21 23 59 4 3 6 13 T 1 T 21 93

Total 41 47 54 142 8 - 8 11 27 16 9 20 55 224

_Anaiysis of wvariance
Variation due to d.f," Mean Sguare Cal., F Y

,Replicatigns 2 17.5 - 5. 46%% |
Varieties 1 . 82,0 25, 63%%x
Treatments 2 600,0 187, 50%%x*

Tréatments X varieties' 2 o T1e5 22.34***

‘Error 10 3.2 .

Total 17 .




Table XVI — Number of heads without grain.

8¢

underline shows nonsignificance between treatments

Treatment T Treatment I1 " Treatment IIT
Replisations Replications Replications

Varieties I IT IIT Total = I° IT III Total I II ITIT Total G. Total
Thatcher 8 4 6 18 o 0 0 0 - 1 1 1 21
Japanese Dwarf 1 5 2 8 1 0 1 2 1 0 1 12

Total 9 9 8 26 1 0 1 2 2 1 2 33
Analysis of variance
Variaﬁion due to dofo . Mean Square - Cal, F
Replications 2 - o 17 .08
Varieties 1 - 4.50 ' 2,23%
Treatments 2 23,50 10, 16% %%
‘Treatments x varieties 2 ‘ 10.75 5e32%%
Error 10 ‘ 2,02

Total 17 ’
*Significant at 25%
**Significant at 10%
***Significant at 0.5% level
. SSR Mean separation, 1% 1eVe11
Preatment I  Treatment IT = Treatment ITT
1
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treatments (Table XVII), but Treatments II and III sericdusly reduced
yields. The analysis of variance illustrates the difference between
treatments for grain yield to be significant at the 0.5% level and the
interaction to be significant at the 25% level. The SSR mean separation
indicates there was a significant difference between all treatments at
the 1% level.

The average number of .kernels per spikelet is presented in Table
XVIII, Thatcher produced fewer kernels per spikelet on Treatments.II and
III than on Treatment I, while only Treatment II‘influenced the kérnels
per spikelet on Japanese Dwarf. The dwarf variety produced slightly more
kernles per spikelet than Thatcher for Treatment I and a fifth ﬁore
kernels than Thatcher for Treatments II and ITI. The analysis of variance
illus%rates the varieties were significantly different in kernels pro-
duced per spikelet at.the_Z.B%Alevel and treatments were significantly
different at the 0.5% level, The SSR mean separation indicates there
was no significant difference betﬁeen Treatments I and IIT; howsver,
Treatments I and III were signifioantly‘different from Treatment IT at
the 1% level.

Table XIX presents the data for the average kernel weight. There
were no differences between varieties for kernel weight., Treatment II
reduced kernel weight by about a third over Treéatment I, whereas the
reduction éssqciated with Treatment III was considerably less. The
analysis of variance indicates that the influence of treatments on ker-
nel weight were significantly different at the 2.5% level but other com—

parisons were not significantly different. The SSR mean separation




Table XVIL — Weight in grams of grain at harvest,

Treatment T

Treatment IT

Treatment ITTL

. Total’

Replications Replications Replications

Varieties - I I1 11T Total T II TIT Total I IIT Total .G. Total
Thatcher 4.75 5.61 3.64  14.00 14 .27 .15 .56  2.15 2.25 1.46 5.86  20.42
Japanese Dwarf  3.16 4.64° 5.65 13.45 .18 .19 .34 .71 1.88 1042 4.06 18,22

Total T.91 10,25 -9029: 27.45 .32 .46 .49 1,27 4,03 3,01 2,88 9.92  31.64
Analysis of variance
Variation dué to d.f. | Mean Square Calo )
Replications 2 - .09 .15
Varieties 1 .26 o4
Treétments 2 . 28.65 48, 56% %%
Treatments x’varieties‘ 2 - 117 1,98"
BError 10 ' «D9 ¢

17

TSignificant at 25%
**%xSignificant at 0.5% level

SRS Mean Separation shows significént difference at '

1% level between all treatments,

o




Table XVIIT — Number of kernels per spikelet.

Treatment T Treatment Ii Treatment IIT

Replications -Replications Replications
Varieties 7 I TT IIT Total I 1T  IIT Total ,I 1T IIT Total G. Total
Thatcher 1.8 1.9 1.5 5.2 1.1 1.4 1.2 3.7 1.5 1.7 1.6 4.8 13.7
Japanese Dwarf 1.9 1.9 1.8 5.6 1.7 1.6 1.4 4.7 2.1 1.7 1.9 5.7 16,0

Total 3.7 3.8 3.3 10.8 2.8 3.0 2.6 8.4 3.6 3.4 3.5 10.5 59,7

Analysis of variance

Variation dﬁe to . . dofo - Mean Sguare Calor.ﬁ
Replications : 2 ' . : 0035 ' 1.59
Varieties 1 - 150 : 6, 82%*
Treatments 2 2290 .13018***
Treatments x varieties 2 .010 . | _ ' 045
Error _ ._ 10 , T 022

Total 17

**Significant at 2.5%
*%%3ignificant at 0.5% level

SSR Mean Separa‘tion1
Treatment I  Treatment III Treatment IL
1

underline shows‘nonsigpificance between treatments at 1% level

o




Table XIX - Average kernel weight.

,Tréatment I

>Treatment IT

Treatment ILIL

: " Replications Replications Replications
Varietias I II JIT Total I I1 IIT  Total I II ITIT Total G. Total
Thatcher 014 .016 ,013 .043 ‘,012 ,010. ;.006 .025 011 .013 .014 .038 .109
Japanese Dwarf 016 .015 ,015 ,046 007 .010 .012 029 .013 008 ,013 .034 . 109

Total 030 L0371 .028 089  .019 020 .018 L0571 .04 .01 .007 .02 278
Analysis of variance
Variation due to d.f. Mean Square Cal. P . 1
Replications - 2 ' ~.000000025 .0044
Varieties 1 0.0 O°O.
Treatments ' 2 ' '.000042725 T o 48%
Treatments x varieties 2 .000002665 4,00-%
Error 0 000005709

Total T

_ *%Significant..at 263% level

*Significant at 1

1% level for all treatments

b level

S8R Mean Separation signficantly different at the
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Table XX — Summary of water use per gram of dry matter produced

during the different growth .periods.

- “Treatments
Growth period Varieties I IT III
I
Thatcher. 460 720
Japanese Dwarf 443 1313
II .
Thatcher 457 349
Japanese Dwarf 294 408
111 o o
Thatcher 295 222
?- Japanese Dwarf 833 274
\
| IV
| Thatcher 281 380
Japanese Dwarf 656 110

Mean water use for growth period
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illustrates there was a difference between itreatment means of kernel
weight at the 1% level.

Summary Figures and Tables

Figure 1 demonstrates the plant growth pattern for the two varieties.
During.the plant 1life cycle both.varieties produced similar growth.
Thatcher produced less growth from tillering to heading than iapanese
’Dwarf for Treatment I, but more growth from heading to soft dough. This
was associated with tiller development and contributed to the greater
plant weight produced by Thatcher during the later stages of growth.
Thatcher produced more plaﬁt material after illering than Japanese
Dwarf, Under Treatment II Japanese Dwarf'produced more plant material
after heading th;n Thatcher.

Figure 2 graphically presents water use by the two varieties
throughout the growth of the crop. Thatcher under Treatment I used more
“wafer than JapaneseﬂDwarf through the 1ife cycle, eicept prior to and
shortly aftér the soft dough stage. Thatcher took up more.water than
Japanese Dwarf for Treatment III but on Treatment.II Japanese Dwarf”
required the larger amount of water.

Figure 3 graphically presents water use and flant growth for Jap—
anese Dwarf throughout the growth cycle. . The water use pattern is
closely related to plant growth for the first two growth periods. Ffom
tillering to heading, water use is comparatively high in rglation to
growth, while from heading to maturity it is relatively low. The rel-
ationship between water use and plant gfowth for Thatcher (Figure 4)

was fairly consistent in the growth periods.
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Pigures 5 and 6 show a close~relétionship on Treatment 2 between
plant growth and water use up to soft dough stage. From soft dough stage
to heading the data secured for evapotranspiration did not exceed -evapor—
ation. |

Table ZXI summarizes the growth da@a for the various growth periods
and provides statistical interpretation. It illustrates that during the
crép cycle both varieties produced.eqﬁal amounts of plant materials for
each treatment. In general growth during the later periods exceeded
that during the early pefiods, and this accounts for the significant
difference between periods. The high stress treatment reduced yield to
approximately one-tenth of that obtained on the low stress treatment,
and this difference is sighificant at the 0.5% level, There was no
interaction between treatments and varieties, but the varieties grew
differently in the different periods with significance at the 2.5%
level, The treatments i;duced different growth in the different periods
with significance at thé 0.5% level., The Treatment x Variety x period
interaction was significant at the 2.5% level.

'Watef uséd for the different periods is similariy summarized in
Table XXII. Water use for the fourth growth period is not given because,
as previously discussed, the meésured values did not exceed evaporation.
The low level of significance obtéined between replications for water
. use was probably associated with proximity to the evaporative cooler
used in the greenhouse., Periods and freafments influenced water use at

the 0.5% level of significance and the Period x Treatment interaction

was also significant at the same level,
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Table XXI ~ Plant growth interactions for treatments, varieties,

and periods.

Stress and variety

4 Avg,

Periods 1 2 3
Grams  Grams G;ams Grams Granis
low

Thatcher 4 2.6 16,2 27.T 1206
Japanese Dwarf 3.6 6.4 55 28.4 11,0
Average 3.8 4.5 ¢ 10,8 28,1 11.8

high :
Thatcher .5 .8 1.6 1.1 1.0
Japanese Dwarf .5 5 12 o6 o7
Averagé ) o7 - 1.3 .9 L 09

Analysis of variance

Variation due to @.f, Mean Sguare Cal, F
Replications 2 1.427 1.23
Varieties 1 _ 1.310 1.13
Periods 3 43,425 3T 56N
- Treatments 1 160,136 138,53%%%
Treatments x varieties 1 "e635 .60
Varieties x periods 3 4,431 3,83%x
Treatments x periods 3 41.255 35, 69%x*
Treatments x varieties x periods 3 5145 4 AH¥*
Error 30 1.156 °
Total 47

*¥**Significant at 0.5%
*%Significant at 2,5% level
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Table XXII - Water use iﬁtefactions for three growth periods.

Stress and Variety

Periods: 1 2 3 Avg,
Liters Liters Liters Liters
low
Thatcher 1.8 1.2 4.8 2.6
Japanese Dwaxrf 1.6 1.9 4.7 2.7
Average 1.7 1.6 4.8 2.7
high
Thatcher e3 Y o4 <5
Japanese Dwarf o7 .2 o3 o6
Average .5 o2 o4 .6
Analysis of variance
Variation due to d.f. Mean Sguare Cal._F'.
Replications 2 243,657 4.37%
Varieties 1 9,025 .16
Periods 2 1,101,944 19, 74%%*.
Treatments 1 5,428,900 9T , 28%*x
Treatments x varieties 1 3,891 .07
Treatments x periods 2 1,099,547 19, TO***
Varieties x periods 2 15,128 .27
Treatments x varieties x periods 2 34,868 .62
Error 22 55,087
Total 35

**%Significant at 0.5%
*Significant at 10% level
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Second 6;op

The second phase of the experiment was conducted in the fall and
early winter of 1961-62 and under diffefent'temperature, humidity, and
light regimes than the previous portion of the study. The coﬁbined
effects of these unmeasured variables tehd to cause some growth stages
to be prolonged for both varieties. This phase of the study involved
Treatments I and III. The @até is again discussed according to growth
periods,

First Growth Period (Germination to tillering)

During this period there was no treatment variable since osmotic
stress was not applied until the tillering stage; Table XXIII shows
there was no significant difference between plant weighfs for.varieties
or replieations during this period.

There wés?ﬁo difference'between varieties for water use at this
time. The anaiysig of variance in Taﬁie’XXIV shows there is no signi-
ficant aifference between varieties, but replications were significantly
different at the 25% level. Accordinglto Table XLVI, Japanese Dwarf
made more efficient use of water than Thatcher for thg period.,

Second Growth Period (Tillering to heading)

Salinization for the desired osmotic stress was induced at the
beginning of this growth period. Table XXVI exhibits the data coll-~
ected for plant weight éain for the period. Thatcher produced about six
times more plant material for Treatment I than for Treatment III, where-
as the correspondiﬁg difference for Japanese Dwarf wa.s only slighte

Thatcher produced three times more plant material than Japanese Dwarf




Table XXITT - Gain in plant weight in grams -during the first growth period (germinmation to
: 7 tillering) . -

Replieations _ ,
Vardeties T _Ir TIT . Total

Japapese Dwarf 4200 309 .432- 1,152

Total 72 69T 882 2,35

Anzlysis of vyariance

Gg

Variation due to . R : v+ U ____ Mean Square: - GCal.F
- Replicdtions. 2 . 0045 70,

‘Exrror 2. C 0058

No:significaiit .;:gliffangncgé -dt.dny. i@v&l .-




Tablé XXIV-~ Water used in milliliters.for the first growth periods

*¥Significant difference at 25%‘1eve1

Replications
Varieties ! I 1T II1 thal
Thatcher 205 219 295 _ 719
'-Japaﬁese Dwarf 210 185 238 : 633
Total L4150 404 533 1352
Analysis of variance
_JYariation due to d.f. Mean Square Cal, F
Replications 2 2257 -5;45*
Yarieties 1 1232 2.48
Error 2 | 497
. Total 5 .

96




Table XXV .- Plant height :in. inches .at_end .of _fir:fst:g-,r'qwth period,

Treatment T .
. ' ‘Replications
Varieties ’ g IT - ‘ IIT “Total

_Thatcher 13 14 413 40

Japanese Dwarf = 13 13 ‘13 " .39

" Total 26 27 26 79

LS

Analysis .of variance

Vardafionduwe to . d.f. _ Mean Sgmaxe  Cal. ¥
Replications . .2 .25 224,50

Narieties T - 30 3,00t

. Total 5

+Significant :at 257 level




Table XXVI ~ CGain in plant weight "in grams .during the -second growth periéd.(tillé:iﬁg

N

t6 heading)

Treatment I

Treatment III

Bo

**#Significant at 0.5% level

Replications Replications
Varieties : I . IT ~IIT Total I IT . III Total G. Total
Thatcher 8.54 9.57 11.01 29.12 2,03 2,04 1,23 5,30 34.42
Japanese Dwarf 2.90 3.58 3029 9.7T7 - 2,79 2.90 1.54 T.23 ';{7100
Total  11.44 13.15  14.30  38.89 T4.82 4.9 2.71 12.53  51.42
Analysis of variance
Vériation due fo d.f. A Mean Square Cal, F
Replications 2 . .42 +56
" Narieties 1 . 24.29. 32, 39% %%
Treatments 1 57.91 TE 293
ﬁi?reatments x varieties 1 38.71 | 51,67%%%
~§rror 6 )
M

84
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for Treatment I. Under Treatment III'JapaneseADwarprroducedvslightly
more plant material than That(';her°

Mgure 7 indicates Japanese Dwarf reached this stage of growth
twenty-four days earlier than Thatcher, and the difference_in yield may
be at least partially associated Qith the length of the growth period.
-'The analysis of v;riance,demonstrates these differences for treatments,
varieties, and the interaction tonbe significant at the O.5%klevelo

Water use for this period is presented by'Table XXVII, Thatcher
wheat required about four times more water for Treatment I than Treéﬁ—
mént ITT and Japanese Dwarf negded about a tenth less water for
Treatment ITI éhan for Treatme@t i, uThatéher used four timgs ﬁore water
than Japanése Dwarf under Treatment I, but this difference is associated
with a large difference in.growth. Table XLVI indicates Japanese Dwarf
to be the most efficient user of water for both treatments. Thatcher
requi?ed‘almost twice as much water to produced a.gram of dry matter
as Japanese Dwarf- on Tréatment ITI. The analysis of variance indicates
water use for this period to be wsignificantly different between varieties
and treatments at the-O.é% level and the interaction was significant at
the same level, | |

| Table XXVIII.presents data for plant height at the end of this

periodf Thatcher is significantly taller at the 10% level than Japanese
Dwarf .

Thatcher produced about three times more tillers at the end of
‘this periéd on Treatment I than Japanese Dwarf (Table XXIX) and there

was no difference between varieties for tiller production for Treatment




_Table XXVIT, - Water use in milliliters for the second growth peried,

“Replications . Replications -

Varieties L. IT IIT  Total T  TT ~ ITT Total
__'T,I‘_lj;a-t_;ghgr. . 5177 .6722. 6252 -18;15L. ~:1649. ..1650 .1612 .4911

Japanese. Dwarf .-—-1,6237‘ .'-L;_zgg-_' 1604 4,590. 21502 942 .-1255 3699

23,062

8,289

ZTotal. 6874  GOLL  .7836 T22,06L 3151 2592 2867 8610

Aﬁa_lysi.s - »cif_' waﬁa_n_c_e@. -

| Variationdue to' " duf. __ Mean Sguare C Cal, F. _

_Replications. a2 . ‘ .. 34,821 <14

Varieties | o :18,186,794 - 8L 19

Treatments . . S 6,640,430, 27 9%

-

“‘Trestments % varjeties . 1 | 22,703,130, \ 94 8

" Exror o S S ' 5239798

sriiSignificant at:0.5% level .

09°




Table XXVITL = £1ant'height_in-inchés:at end of -second grbwthipefid&i.iffiaf'"- R

e ST

Treatment I Treatment IIT

Replications . Replications _
Varieties I II =~ IIT Total I _IT ITT Total G. Total
Thatcher 26 26 27 19 . 18 18 20 56 135
Japanese Dwarf 24 19 24 61 20 24 16 60 127

Potal 50 EERT 146 38 42 36 116 262
Analysis of variance
Variatiqn due to d,f, ] Mean Sguare 7 Cal.
Replications 2 ) 0
Varieties 1 6 .69
Treatmenfs 1 - B ‘ 8, 62%%
Treatments x vérieties 1 . 21 . o 2.41+
Error 6 8.7
Totai, 11

**Significant at 10%
+Significant at 23% level

L9




Table XXIX = -Number of tillers:at:énd of second.growth period. g

Treatment 1

Treatment IIT

Replications ) Replications

Varieties. I .II 111 Total I 1T ITT Total G. Total
Thatcher 36 32 26 94 T T ( 21 115
Japanese Dwarf 10 7 12 29 5 10 5 20 49

Total . 46 3§ 38 123 12 17 12 41 164
Analysis of variance
Variation due to d.f, | Mean Square Cal, F
Replications 2 ' 4.5 | .30
Varieties 1 _ 36.3 30, 76%%%
Treatments 1 _ 361.0 30, 59%%*
Treatments x varieties 1 541,0 45,85**¥ v
Error 6 11.8

Total 11 . .

**%5j gnificant at the 0.5% level

29
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ITI., Thatcher produced about four.times more tillers on Treatment I than
on Treatment III, but for Treatment IIT Japanese Dwarf reduced tiller
productioﬁ to only one—third below Treatment I. The analysis of variance
shows the varieties, treatments, and the interaction to be significantly
different at the 0.5% 1e€el of significance.

The number of heads broduced for this period is presented by
Table XXX. The analysis-of variance indicates there is no difference
between varieties, replications;'treatments, and the interaction at
any level of significance. Comparisons of number of heads at this
sfage may not be logical since heading was not complete.,

Third Growth Period (Heading to soft dough)

The gain of plant material for this period is exhibited by Table
XXXI, .Thatcher produced twenty-three times more plant matérial for
Treatment I than Treatment III, while Japanese Dwarf produced only about
. four times more_plant material on Treatment I, Figure 7 illustrates
Thatcher needed forty;three days to complete this stage as compared to
twenty-four days for Japanese Dwarf on Treatment I. Day lehgth probably
influenced the length of the plant growth period at this time for
Thatcher more than for Japanese Dwarf. Figure 7 shgws this growth period
started at a later daﬁe than the similar'periéd for Japanese Dwarf.
However, for Treatment I, Thatcher produced approximately six times the
amount of planf material Japanésé Dwarf produced,

Figure 7 also illu;trates that Japanese DWarf on. Treatment IIT re-
guired tWénty~fbur day; for this growth .period, while Thatcher fequired
only fifteen days. Both varieties produced about the same amount of ﬁlant

5




Table-KiX - Number -of heads-at end.of second growth:period. .

Treatment I : Treatment ITT
Replications _ Replications -
Varieties . I ) IT I1T Total - I IT TIT Total GF Total
Thatcher 4 41 0 45 5 .5 5 15 60
Japanese Dwarf 5 5 5 15 5 5 5. 15 . 30
Total g 6 5 &0 0 10 .10 30 0

Analysis of variance

79

Variation due fo ‘ ) : d.f, 7 | Mean séuafé-,- e Ca}. r
Replications . ' ' 2 13 i ,'- -85
Varieties : a 17 5 | _ ;56
Treatments 1 | 15 T .56
Treatments x varieties 1 ‘ 15 <56

Error : _' 6 133

Total 11




Table XXXI = Gain in plant weight in grams duringtthe"third_growth.period:(headiqgwto,sqﬂtidough)o

Treatment I ' Treétment ITT
Replications Replications :
Varieties I I1 I1T Total I IL III Total ) G.,_ Total
Thatoher 20.84 32.15 18.33  T1.32 12 1,00 2,01 3,13 74.45
Japanese Dwarf 6.58  3.91 2,99 13.48 1,24 1,19 .59 3,02 16,50
Total 57.42 36,06 21,32 84.80 1.36  2.19 2.60 6,15 30,95
Analysis of variance
Vériation due to . dof, . L Mean Square - B Cal. F
Replications | . 2 13,28 . : +09
Varieties 1 o | 279.84 ' " 18,50%%
Treatments - 1 - ' 515.48 - o 34,0T%*%
Treatments x varieties T 277.84 10,84%*%
Brror ‘ ) . 15.13
| Total 11

**Significant at 2.5%
*x%Significant at 0.5% level

¢9 .
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material on Treatment III. The analysis of variance indicates fhe inter-
action and varieties to differ at the 2.5% level of significance. -Treat—-
ments varied at the 0.5% level of significance.

Water use for this-period is presepted in Table XXXII. The varietal
difference in water use was different at the 10% level of signifioance.
Thatcher on Treatment I required thirty-five times more water than on
Treatment IIT.

Figure 8 demonstrates the comparable length of time for water use.
Treatment IIT reduced the growth period by about a third for Thafcher'as
compared to Treatment I. Japanese Dwarf on Treatment I. required éight
times more water than on Treatment III. Figure 8 shows the growth peridd
to be the same for these treatments. Thatcher requirgd ébout five times
more water for Treatment I than Japanese Dwarf far the similar treatment.
* Thatcher and Japanese Dwarf required about the same amounts of water on
Treathent ITI.

The plant height difference is presented in Table XXXIII. The
analysis of wvariance illustrates varieties and treatmen%é to differ signi-
ficantly at the OUB% level ‘and the interéction‘is'signifiéént at the

jO% level., On Treatment I, Thatcher has slightly more height than on
‘ITreatment 11T, Japanese Dwarf on Treatment I has about a third more
height than on Treatment III. Japanese Dwarf and Thatcher on Treatment I
havelabout the same height, but on Treatment ILI, Japanese Dwarf is
slightly shorter than on Treatment I.
Table XXXIV illustrates the number of tillers at the end of.the

third growth ﬁeriod. Thatcher has produced -about seven times more




Table. XXXIT - Water use.in milliliteiSLfor"iheﬁthird”growth.periodo

Treatment T

Treatment ITT

L9

: . Replications Replications

Varieties . I IT IIT Total I IT IIT Total .. G, Total
Thatcher 15,906 14;788 14,138 44,832 316 522 433 1271 46,103
Japanese Dwarf 2,285 2,189 3,748 8,222 337 540 164 1041 9,263

Total 18,191 16,977 17,886 53,054' 653 1062 597 2312 554 366
Analysis of variance
Variation due to a.f. Méan'Sgﬁare Cal. F
Replications 2 40,635 . .003
Varieties -1 113,098,800 6.70%
Treatments ' ' R 214,562,547- 12.72**'
Preatments x varieties ' 1 12,182,033 .72,
BError 6 16,874,504

Tofal. 1"

**Significant at 2.5%
*Significant at 10% level




‘Table XXXIII ~ Plant height in inches at end of third growth period. . .. .

Treatment I

Treatment IIT

Replications Replications

Varieties I IT - IIT Total 1 IT IIT Total G, Total
Thatoher 25 21 21 79 24 23 25 72 151
Japanese Dwarf 24 26 25 - 15 19 19 16 54 129

Total 49 - 53 52 154 -43 42 41 .. 126 280
Analysis of variance
Variation due to d.f. Mean Sguare Cal, F
B;plicétions' 2 o5 .25
Varieties .1 41.0 20, 50%%*
Treatments 1 66.0 33.00%%%
Treatments x varieties 1 15,0 7. 50% )
Error 6 2.0 |

Total N ‘
*¥%Sionificant at Oé?
*Significant at 10% level

89




Table XXXIV - Number of tillers at end of third growth period.

Treatment I o Treatment IIT

Replications Replications

Varieties I 1T IIT Total I =~ IT IIT  Total G. Total
Thatcher " 57 85 54 196 9 10 9 - 28 224
Japanese Dwarf 17 19 10 _ 46 | 5 1 ' 5 17 . 63‘-

Total 74 704 7 242 Y LV 5 287
‘Analysis of wvariance
Variation due to d.f. ' Mean Square fale F
Replications 2 : 127. 2,00"
Varieties 1 o 2160 340 28% %%
Treatments 1 - 3234 51,33%%%
Treatments x varieties 1 _ 1610 25, 56% %%
Error 6 63 |

Total 11

tsignificant at 25%

 *¥xxSignificant at 0.5% level
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tillers for Treatment I than for Treatment III. Japanese Dwarf pro—
duced two times more tillers for Treat;ent I than for Treatment IIT,
Thatcher produced about four times the amount of tlllers that Japanese
Dwarf produced for Treatment I, but only sllghtly more on Treatment IILE
The ana1y31s of variance shows the dlffe:ence between varieties,
treatments, and the interaction to be significant at the O.ﬁ% level of
significance. Replicdations for this data differed at the 25% level of
significance. B

The total number of heads at the eﬁ@ of the third growth period
ié presenfed in Table XXXV, Thatcher produced 110 heads on Treatment I
but only 13 on Treatment III, while Japénese Dwarf produced 29 and 15
respectively. The analysis of variance indicates the variefiﬁs differed
significantly at the 10% level and treatments were significantly different
at the 2.5% level.

Fourth Growth Period (Soft dough to maturity)

Table'XXXVI'presents the data for .plant gain for this period.
Thatcher produced about two and one half times more plant material on
Treatment I than on Treatment III. Japanese Dwarf produced twelve times
more plant material on Treatment I than Treatment IIL. On Treatment I,
Thatcher producéd neérly twice as much plant material as Japanese Dwarf.
On Treatmgnt ITI, Thatcher produced nine times more plant material than
Japanese Dwarf. The analysis of variénce indicated treatments were
significantly different for the period at the 10% level and varieties
dlffered at the 25% level of s1gn1f10ance.

Figure 7 indicates this stage of growth was shorter for Thatcher




Table XXXV.= Number of heads.at end of third: growth period. -

Treatment I . Treatment I ... ...

" Replications Replications .

Varieties 7 I IT ITT Total I II IIT Total G. Total
Thatcher 35 41 34 110 35 5 13 123
Japanese Dwarf 13 9 7 29 5 5 5 - 15 44

Total . 48 50 41 139 8 . 10 10 28 167
Analysis of variancse
Variation due'to, d.f, ) .7 _Mean Squaré.‘.' _Cal., F
Replications 2 ‘ 5 | ;05
Varieties 1 520 Do4T*
iréatments 1 - 1,027 10,81%x
Treatments x varieties 1 54 Y
Brror

Total

6 .o - 95

11

*Significant at 10%
**Fignificant at 2.5% level

——
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Table XXXVI — Gain in plant weight in grams during the:fourth growth. périod. (

sof't. doughtd 1.

gl

7 maturity)

Treatment T Treatment IIT

Replications Replications
Varieties I IT - TIIT Total I IT IITI Total G. Total
Thatcher 26.8 5.8 12,7 45.3 5.5 8.2 3.6  17.3 62,6
Japanese Dwarf | 8.1 1.8 14.0 23.9 1.1 . o2 o6 1.9 25.8

Total 349 7.6 267 69.2 5.6 8.4 4.2 19.2  88.4
Analysis of variance
Variation due té d.f, Mean Square A Cal, F.
Replibations 2 41,02 1,06
Varieties -1 112.84 2.,9ct
Treatments 1 211.33 5.45%
Treatments x varieties 1 3.01 —
Error 6 38.77
11

+Significant at the 25% level
*Significant at the 10% level
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than Japanese Dwarf, On Tréatment I, this stage of growth for Thatcher
occurred almost entirely after the similar stagé for Japanese Dwarf,
Japangse Dwarf on Treatment III matured twenty—sii days earlier than
Thatcher ;n the comparable treatinent°

Thatcher used almost fwice the amount of water on Treatmént I
(Table XXXVII) as for Treafment IIT. Japanese Dwarf used. about eighty-
five times more water for Treatment I tﬁan for Treatment III. On
?reatment i, Japanese Dwarf used slightly more water than Thatcher,
although it produced only oqe—half as much growth. Thatcher used about
thirty—~two times more water than Japanese Dwarf on Treatment III. The
analysis of variance indicates these differendes to occur at the 25% level
of significance for'replioations, 10% leyel for the interaction, and
0.5% level of significance for treatments. |

Table XLVI indicates Thatcher on Treatment I regquired about one-—
third as much water to produée,a unit of plant material as Japanese
Dwarf., On Treatment IIT Thatcher required four times more water than
Jaﬁanese Dwarf to produce a gram of dry matter.

The analysié of variance shows differences in plant height (Table
XXXVIII) for varieties and treatments were significantly different at
the 2,5% and 0.5% levels respectively. Thatcher on Treatment I had
slightly more-height than on Treatment ITI. Japanese Dwarf had about
three-tenths more height on Treatment I -than on Treatment III. Thatcher
had about the same height as Japanese Dwarf for Treatment I and on
Treatment ITIT had a fifth more height than Japanese Dwarf,

The number of tillers occurring at maturity is presented in Table




" Table XXXVLI. — Watér use .in.milliliters:during the fourth growth period.-

- Treatment I Treatment ITI
Replications : ’ Replications .

Varieties I IT IIT Total I IT ITI Total G, Total
Thatcher _ 7,205 3;022 3,632 13,679 2,253 2,668 2,280 7,201 20,880
Japanese Dwarf 9,082 7,426 3,027 19,535 75 69 - 80 - 224 19,759

Total 16,107' 10,448 6,659 33,214 2,328: 2,737 2,360 7,425 20,639
Analysis of variance
€ariatioh due to d.f, Meén Square Cal, F N
Replications 2 5,565,677 1.87F
Varieties 1 104,480 .04
Treatments 1 55,4{2,470 18, 61%%%
Treatments x varieties 1 13,734,064 4.61%
BError- 6 2,976,986

Total 11 ’

+Significant at 25%

*Significant at 10%

***¥Significant at 0.5% level




T&%Ié.XXXVIII ~ Plant Height in inches at:.end of the: fourth’ growth péiiod;..'

Treatment I

Treatment III

Total

Replications . Replications

Varieties I IT ITT Total I_ II ITT thal G, Total
Thatcher 26 25 26 77 2 23 24 €8 145
Japanese Dwarf = 24 23 23 70 20 18 16 54 124

Total .0 50 4B 49 147 1 41 40 122 289
_Analysis of Vafiance .
:y@figtion due to d.fe Mean Square Cal, F
LReplications 2 ) .20 -~
Varieties 1 37,0 14,80%*
Treatments .1 52,0 20, 80%*%
Treatments x varieties 1 4,0 1.60
Error 6 ‘ 2.5

11

**Significant at 2.5%
***Significant at 0.5% level

Gl
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ZXXIX. Thatcher produced nearly four times more tillers on Treatment I
than on Treatment III, On both treatments Thatcher produced about two
and one~half times more tillers t#an Japanese Dwarf. The analysis of
variance indicates varieties, treatments, and the intéraction were
significant at the 0.5% level of éigﬁificanceo

' Table XL presents the total number of heads piroduced at the end
of the fourth growth period. Thatcher produced more than three times
more heads on Treatment I than on Treatment III. Japanese Dwarf pro-
duced about five times more heads on Treatment I than on Tfeatmént ITI.
On Treatment I, Thatcher produced two times more heads than Japanese
Dwarf. The analysis of variance indicates varieties and treatments were
Fignificantly different at the 2.5% level and 0.5% level in that order.
‘The interaction was significant also at the 10% level of significance.

Table XLI presents the data for number of heads without grain. On
Treatment I.approximatgly one—quarter.of the total number of heads were .
sterile for both varieties. On Treatment IIi only a small proportion of
heads were sterile, élthough Thatcher had more sterile heads than Jap=-
anese Dwarf, The analysis of variance indicates varieties and treatment
varied significantly at the 10% and O.E%‘le&els'of significance res-
pectively, . _

Table XLIT illustrétes the number of heads that produced grain,
Thatcﬂer and Jabanese Dwarf produced respectively three and four times
more heads with grain on Treatment I than on Treatment III. Howevérz
Thatcher produced twice as many heads as Japanese Dwarf on Treatment I

and three times more heads on Treatment III. The analysis of variance




Table XXXIX -— Number of illérk at ‘end 6f foufth growth périod.

Treatment 1T

Treatment 11T

***Significant at 0.5% level

: Replications : Replications
~ Varieties I 1T ITT Total - I 1T ITT Total G, Toﬁal
Thatcher 57 54 59 170 11 20 15 46 216
Japanésé Dwarf 26 21 .23 70 5 T 4 16 56
Total 83 75 82 240 16 27 . 19 62 . 302
Analysisrof,variance
Variation due to d.f, _ Mean Square Cal° F
Replications 2 "D 007
Varieties ' 1 1,409.0 120,43%%%
Treatments . _ . : 1 2,640,0 225, 64 %% %
Preatments x vafietiesl ’ 1 408,0 34, 87%%%
'Error. ‘ 6 1.7
Total 11

LL




Table XL = Total number of heads at: end of f£&Urth growth ﬁerip&gl "o

Treatment 1

Treatment I1L

*%%Significant at 0.5%
**Significant at 2.5%
*Significant at 10% level

7 : Replications Replications _
Varieties I 1T ITT I 1T 11T Total _G, Total
Thatcher 52 35 57 9 18 13 w0 e
Japanese Dwarf 26 21 21 5 6 2 13 81
| Total 78 56 18 i 24 .15 . 53 265
Anélysis of vayiance

Variation due to d.f, _Mean Square Cél;: F
Replications 2 13 s
Varieties 1 884 17.33%%
Treatments 1 2,107 4,3 %%x
Treatments x varieties 1 200 - 3.12%
Error‘ 6 51

Total . 71

‘gl




Table XLIHA Number of heads ‘without grain’ at :end of fourthﬂgrowth.peridd;='

Treatment I

" Treatment 11T

*Significant at 10%
*¥**¥Significant at 0.5% level

. Replications Replications
Varieties I 11 ITT Total I -IT IIT  Total G. Total
Thatcher 8 9 9 26 0 1 5 6 32
Japanese Dwarf 6 5 4 15 1 0 0 1 16
Total /Y 13 e | K T .. 5 7 78

Analysis of wvariance

. Variation due-fo- : d;f.,,, '.'Méén Sqﬁéfé ..... Céi. F
Replications , - 2 ) .28
Varieties 1 21,00 T.98%
Treatments . A 1 96,00 . 36,50%*%
Treatments x varieties 1 3.70 1.04
Error 6 2,63

Total 11

6L




Table XLII ~ Number of heads without. grain _at. end-of fourth growth.period.

Treafmént I

Treatment TIT

+Significant at 25%

**Significant at 2.5%6
***Significant at 0.5% level

Replications . Replications
Varieties I IT ITT Total I 11T Total G. Total
. Thatcher 42 29 34 105~ 9 8 35 140
iapanese Dwarf 20 16 18 54 5 2 12 66
. Total 62 45 52 159 17 10 & 208

,Anélysis of variance

Variation due to d.f, Meag_Squére Cal, - F
Replications 2 12,5 2.90"
Varieties - 1 457.0 106, 2T *%*
Treatments’ 1 1,046.0 " D43, 25%%%
Treatments x varieties 1 64.0 14.,88%*
Error | 6 4.3

Total 11

08
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indicates varieties and treatments differed at,the‘d.ﬁ% level and the
interaction was significant at fhe ZtE% 1eve1? while replications varied
at the 25% level of significance with regard to fertile heads.

Table XLIITI illustrates the éﬁer@ge kernel per spikelet., Thatcher
produced a fifth more kernels per spikelet on Treatment IIT than on
Treéatment I. Japanesé Dwarf préduced almost two times more kernels pexr
spikelet on Treatment III than on Treatment I. On both treatments the
dwarf varietbty produced,more_kernels per spikelef than Thatcher. The
analysis of variance indicates the replications and the interaction
were different at the 25% level; varieties énd treatments were different
at the 0,5% levels:

The total weight of grain hagvested is shown in Table XLIV,
Thatcher produced four times more grain on Treatment I than on Treatment
ITI. Japanese Dwarf produced six timeé more grain on Treatment I .than
on Treétment III. bn both treatments, Thatcher produced about twice as
much grain as Japanese Dwarf. The analysis 6f'variance indicates
varieties were significantly different at the 25% level and treatments
at the 2.5% léevel. . The interaction was significant at the 25% level,

Table XLV presents the data for the aﬁerage kernel weight. Jap-
anese Dwarf and Thatcher produced kerpels of the same welght for -
Treatmeht I, Treatment IIT reduced kernel weights below that of
Treatment I by about one-third for Thatcher and one-half for Japanese

Dﬁaff.




‘Table XLIIT - Average kernels per spikelet on. heads producing grain.

_ Replications. ' Replications
Varieties _ T IT __ IIT _ Total I II _IIT  Total G. Total

wa_y

Thatcher 1.1 .8 .9, 2.8 1.4 1.2, .9 3.5 6.3

Japanese Dwarf 1.3 6 13 3.2 2.1 1.8 1.7 5.6 8.8

“Total - 2.4 1.4 2.2 6,0 T 3.5 3.0 2.6 9.1 15,1

Apglysis .of yar_:i;a.‘ncaen

.Variation due to ‘ ’ 4.f. __Mean Square . _ Lal, F.

¢8

_ Repl:.ca tions 2 15 _ 7.1 4.,_

_Varieties » 1 T 52 | 24.7 5***
Treatments 1 | . o 3800k
Treatments x .;rarie;ies _ o | ' 40 9, .5‘.3;'.

Exrror ' 6 021

.Total : 11

+Sigpffi,cant at 25%
Fx*Significant at 0.5% level




Table. XLIV — Weights-in grams of\grain‘harveétéd,

Treatment 1

VTreatment ITT

*Significant at 25%
**Significant at 2.5% level

) Replications Replications :

Varieties 7 I II II1  Total I Total G. Total
Thatcher 12,13 5.56 5.32 23,01 1.72 5.30 28.31
Japanese Dwarf 5.68 2.65 | 5,79 14.12 1.00 2.43 16.55

Total 17.81  8.21 .11.11  37.13 .72 T.73 44.86
Analysis of variance
Variation due to | d.f. ‘ _Mean Square Cal, F
Replications 2 - 6.00 1.40
Varieties 1 11.54 2.69+
Treatments 1 ‘“: 62,03 14, 49%*
Treatments x varieties ,1 _ " 13,01 3.03+
-Error | 6 | 4,29,

Total 11

€g




Table XLV - Aversde. weight 'in grams of kernels harvested.

. Treatment I

Treatment TII1T

. Replications Replications
Varieties I IT 11T Total I _II IITI Total G. Total
Thatcher .021 .023 017 061 014  ,013 2017 044 .105
Japanése Dwarf .022 .019 .021 .062 .009 011 .010 .030 .092

Total 2043 .042 .038 2123 ,Oé} .024 027 074 . 197
Analysis of variance
Variation due to d.f, ‘Mean Square Cal, F &
Replications 2 »0000001 032
Varieties 1 .0000014 4,52%
Treatments 1 .OQO1 322,58%%%
Treatments x varieties 1 .000119 38.39%%%
Error 6. .0000031

Total 11

*Significant at 10%
*%*Significant at 0.5% level




Table XLVI- - Summary  of water use per gram of dry matter produced

85

during the different growth periods.

Treatments
Growth period Varieties T ITI

I

Thatcher 603

Japanese Dwarf 549
11 o

Thatcher 623 925

Japanese Dwarf 469 512
IIT . .

Thatcher 629 408

Japanese Dwarf 610 - 345
IV

Thatcher 302 417

Japanese Dwarf 817 119




Summary Figures and Tables

Figure 7 presents the growth curve for the second crop. After
tillering, Thatcher produced more plant material than Japanese Dwarf for
Treatment I. This figure illustrates that Thatcher requi?ed longer
periods to reach heading and soft dough stagés than did the Japanese
Dwarf.

On Treatment III;-Thatchef produced less plant growth than Jabanese
Dwarf up until shortly after soft dough stage. The time required for
Thatcher to reach heading was longer.than for Japanese Dwarf; however,
the soft dough stage occurred af the same time for the two varieties.
Following soft dough, Japanese Dwarf matured in about half the time
required for Thatcher.

Figure 8 indicates that folloﬁing tillering Thatcher used more
water than Japanése Dwarf for both treatments. Figufes 9 and 10 show
that water uptake approximately parallels plant growth.

‘figures 11 and 12 compare the water used and Plant growth for
both varieties on'TrQatment ITI. Eigﬁrg_11 illustrates that the water
use parallels the amount of.growth ve:y-cloSgly"for Japanese Dwarf,

A comparison of Figures 11 and 12“illustrates that‘Thatcher used more
water than Japahese Dwarf for all periods except for the perioa pre-
ceding tillering. ”

Table XLVII illustrates the growth interactions for the sgcond crop
cycle. Data for the last three growth periods for both treatmenﬁs is
presented. since comparisons apply from the time stress was. initiated

to maturity. Replications were not significantly different. Varieties
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were significantly different at the 0.5% level, because Thatcher produced
more growth than Japaneée Dwarf. Treatments differed at the 0.5% level
with the most‘growth.ogcurring on the low-stress treatments. The
Treatment X'Varieties interaction was significant ét the 0.5% level with
Thatcher producing more plant material for both tr;atments thaﬁ
Japanese Dwarf. Periods and other interactions were significant at a
low level,

| The wate; use of fhe second crop is presented by Summary Table
XLVIII. All interactions and maiq effects except replications were
significant at the 0;5% level., Thatcher used more water than Japapese
Dwarf for all periods and treatments. dn the low stress treatment, high
periods of watér use for Thatcher and Japanese Dwarf were the third and
. fourth growth periods respectively; however, on the high stress
.tfeatment; the periods of high water use for Thatcher and Japanese
were the second and fourth periods of ‘growth respectively.

Plant growth relationships for comparing the two crops grown on
Treatment I is preéented by Table XLIX. All interactions and main
effects were significanf at the 0.5% 1éyel\with the exception ;f rep—-
lications, which were nct significantly different. More plant material
was grown during the seooﬁd crop %han tﬁe firgt. There was no differ-
ence between varieties for plant %rowtﬁrfor the first crop; however,
during the second crop Thatcher produped more plant material than
. Japanese Dwaxrf, | -

"For the first crop, the growth during tﬂe first three growth periodsj

was not consistent between the two varieties with Japanese Dwarf making
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Table XLVII —- Plant growth interactions for treatments, varieties,
and periods.

h

Stress and Variety

. Periods 2 3 4 Avg,
Grams Grams Grams Grams
low
Thatcher 29.1 71.3 15,3 48.6
Japanese Dwarf 9.7 13.5 23.9 1567
Average 19.4 42.4 34.6 32,1
high
Thatcher 5.3 31 173 8.6
Japanese Dwarf T.2 3.0 1.9 4,0
§ ' Average 6.3 3.1 - 9.6 6.2
Analysis of variance
Variation due to dofs Mean Square Cal., I
Replications 2 5.92 .31
Varieties 1 349.78 18, 10%%*
Periods 2 40,92 2,117
Treatments 1 667.72" 345, 61%%%
Treatments x varieties 1 200,47 103, 78%%*
Varieties x periods 2 34,10 C 1,767
Treatments x periods 2 57.00 2.97%
Treatments X varietieg x periods 2. 58,99 3,05%
Error 22 19.32
Total 35

*¥%Significant at O, 5%
%Significant at 10%
+8ignificant at 25% level
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Table XLVIII —~ Water use interaction for the second CTop.

Stress and Variety

Periods- 2 3 4 Avg.
' Liters Liters Liters Liters

low
Thatcher 18.1 44.8 13,9 25.6
Japanese Dwarf 4.6 8.2 19.6 10.8
Average 11.4 26.0 16.8 . 1841

high
Thatcher 4.9 1.2 7.2 4.4
Japanese Dwarf 3.7 1.0 2 1.6
Average - 4.3 101 3.6 3.0

Analysis of variance

Variation due to d.f. Mean Square Cal, F
Replications 2 1,815,349 1.29
Varieties 1 757745694 550 20% %%
Periods 2 114,614,569 81, 34%%%
Treatments ' 1 24,388,290 172 31%%%
Treatments x varieties 1 46;152;779 32, T6***
Varieties x periods 2 26,825,862 - 19,04%%x
Treatments x periods 2 29,086,459 21.,20%%x%
Treatments x varieties x periods 2 45,094,582 32,00%%%
Error 22 1,408,973

Total 35 .

**%Significant at 0.5% level
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Table XLIX - Plant growth relationships for Treatment I, first and

second crops.

Crop and'Variety

Period 1 2 3 4 Avg.
Grams Grams Grams  Grams Grams
Crop one ]
Thatcher 4.1 2.6 16,2 27.7 12.6
Japanese Dwarf 3.5 6.4 55 28.4 11,0
Average 3.8 4.5 10.9 28.1 11.8
. Crop two '
Thatcher 1,2 29.1 7.3 45.3 3657
Japanese Dwarf 1.2 9.8 13.5 2339 12.1
Average 1.2 19.5 42.4 34.6 2444
Analysis of variance :
Variation due to d.f. Mean Sguare Cal, F
Replications 2 1.850 %15
Varieties .1. 231.034 19.,06%**
Periods 3 234,953 19, 3T*¥**
Crop 1 211,312 19.00%**
Crop x varieties 1 176,104 14, 53%%%
Varieties x periods 3 72,006 5493 %%%
Crop x periods 3 70,388 5.81%%%
Crop x variéties x periods 3 64,844 5o 35%%%
Error 30 12,124 }
Total 47

*¥%%Significant at 0.5% level
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Table L — Water use relationships, first and second erops.

Crop and Variety

2 3 4 Avg,

Period 1 .
Iiters Iiters Liters Liters Liters
Crop one . :
Japanese Dwarf 1.6 1.9 4.7 3.7 3.0
Average 1.8 1.6 4.8 5.8 3.4
Crop two
Thatcher T 18.1 - 44.8 13,9 21.1
Japanese Dwarf .6 4.6 8.2 19.5 8.2
Average T 114 26,5 16,7 . . 13.8
Analysis of variance
Variation due to " d.f. Mean Square Cal, I
Replications 2 644,166 W54
Varieties 1 48,823,897 40, 0¥ %%
Periods 3 51,451,104 T2, 78%*x
Crop 1 143,562,257 119, 3T ***
Crop x varieties 1 34,165,813 v 284 %n%
Varieties x periods 3 25,831,704 21, 48%%*
Crop x periods 3 29,005,369 i i R
Crop x varieties x periods 3 33,595,726 27« 94 %%*
Error 30 1,202,632
Total 47

**¥%¥Zignificant at 0.5% level
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active growth between tillering and_heading,'while Thatcher made most
active growth between heading and soft dough. The growth between soft
dough and maturity was similar for fhe two varieties, For tﬁe second
crop~growth increased for both varieties from period to period, excepting
that Thatcher made its/maximum érowth in the third growth period, Thus
the character of growth of the two varieties in the different growth
periodg differed beﬁween crops and this is brought out by the Crop x
Variety. x Period infeiactions. B

The water use for Treatment I, when comparing the two crops, is
presented by Table L. All comparisdns made, except replications, were
significant at.the 0.5%h level. Water uée usually paralleled plant growth
for the varieties during the growfh pe¥iods for both crops. The same
relationships were found be%weén plant growth ani water use for the two

crops, i.e., as plant growth increased or decreased water use followed

a similar pattern.
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Conclusions

t

Two varieties of spring wheat grown at an osmotic stress of seven

. atmospheres préauced less than one~tenth the dry matter and grain

" than when grown on a nutrient solution of three~fourths atmosphere

tension,

When the high‘tension was not imposed until tillering, the reduction
in dry matter produgtion and grain yield was reduced to about one--
fifth of the produc%ion at low. tension.

Total water use and water use efficiency differed between varieties
and treatménts with periods of grqw%h and with the élimate~which
prevailed during the growing period. |
Drastically differenf day lengths and climate conditions which
prevailed duri;g the growth cycle of the two c£ops altered the
length of:time the two varieties remained in a growth period and
altered the comparative growth during the periods.

In all treatments Thatcher produced more tillers and heads fﬁ;n
Japanese Dwarf, but g;ain yieids wére‘not correspondingly increaseda
Japaﬁese Dwarf on the low stress tréatment produced more kernels
per spikelet than Thatchef, but Thatcher produced the heaviest
kernels. High stress from tilléring té heading‘induced Thatcher to
produce heavier kernels but fewer kernels per Spikelet'thaﬁ Japanese
Dwarf,

Plant growth usually_varied wifhin tregtments and. between periods

for the two varieties but results were not conclusive due to the

different plant gréwing conditions between cropping cycles.

1505 Ti
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Thatcher Japanese Dwarf
High Low Low High
Stress Stress Stress Stress

Figure 13, Typical growth for first crop at tillering stage of two
varieties at two osmotic stresses.




101

LITERATURE CITED

Ayers, A; D., Brown J. W., and Wadleigﬁ, C. Hoy 1952: Balt tolerance
of barley and wheat in soil plots receiving several salinization
regimes, Agron., Journ. 44:..307-310.

Brown, J. W., and Hayward, H. E., 1956, Salt tolerance of alfalfa
varieties, Agron. Journ., 48: 18-20,

Duncan; D. B., 1955, Multiple range and multiple P tests. Biometrics,.
11:  1-42, ' '

Eaton, Frank M., 1936, Automatically operated sand culture .equipment.
Journ. Agr. Res. 53: 433-444. ;

-

Gingrich, J. R., and Russell, M. B., 1957. A comparison of effects of
s0il moisture tension and osmotic stress on root growth, Soil
Sci. 84: 185-194. '

Hayward, H, E., and Spur, Winifred B., 1944. The tolerance of flax
to saline conditions: Effect of sodium chloride, calcium chloride
‘and- sodium sulfate. Amer, Soc. Agron. Journ. 36: 283-300,

Pearson, G. A.,'and Bernstein, Leon, 1959.. Salinity effects at several
_growth stages of rice. Agron. Journ. 51: 654-658.

Synedecor, George W., 1946, Statistical Methods. pp. 400-430.

Tnited Staﬁes Salinity Laboratory Staff, 1954. Diagnosis and Improve--
" ment of Saline and Alkalie Soils. TUSDA Handbook 60. pp. 1-15.°




N378

| cop.2

Richardson,

on growth

YUNo ’

R394 L ﬂi'il‘150871

The effect of osmotic stress

Glenn

characteristics of

DNTERLIBRARY LOAN

]
CLe i
Lol

s

s PR TR
b i .Ag(:?,x'c 7 l

rEB

(W

0 1en

3%;QZ{ZL,Zi'4;§?VQ§E1_,~

S
SRR X“H.@Q7ﬁggp

1508771




