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'ODUCTION 

Seed production represents the ultimate in the life of 

the wheat plant. Any factor that acts unfavorably upon the 

wheat plant during any stage of its life history may be re- 

flected in the amount or quality of the seed, or grain, that 

is produced. 

The amount of seed produced by a given area of wheat is 

spoken of as "yield" and is expressed in bushels per acre. 

Yield is the result of the number of kernels produced and 

the size of each kernel. In general, the size of kernel 

will be most influenced by conditions which occur between 

fertilization and maturity, while the number of kernels will 

be influenced prior to and during fertilization. This is a 

generalization that may not always hold true. 

It is generally assumed that a plant does the best it 

can under the environmental conditions in which it finds it- 

self. In the suboptimal conditions under which most of the 

world's wheat is grown, the plant seldom has the opportunity 

to develop to its fullest extent, or in other words, it is 

limited in its production of grain by the various environ- 

mental factors. 

There are a groat many iactors which can licit the 

growth and yield of a plant or group of plants. Temperature, 
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soil moisture, rainfall, sunlight, hail, leaf rust, stem 

rust, bunt, and Hessian fly injury are only a few of them. 

The same limittne factor occurrinr at different stages of 

the plant may influence yield in different ways. Thus, an 

early attack of leaf rust will influence the number of ker- 

nels formed, while a late attack occurring after. fertiliza- 

tion can affect only the size of each kernel, 

An unfavorable environment at an early stage may be 

partially overcome by more favorable conditions at a later 

stage. Ln example of this would be a situation in which low 

soil moisture lieited. the number of tillers and heads 

forr -d, while later abundant moisture resulted in more and 

perhaps larger kernels per head being formed than if the 

normal number of heads had been present. A masking effect, 

as in the case of bunt, also must not be overlooked. 

Since any ecological factor in a suboptimal environment 

will eventually express itself in terms of yield, it seems 

logical to assume that the ecological factor may be measured 

and its effect upon yield calculated. If it were known just 

how much a leaf rust infection of 50 percent on Tay 1 would 

decrease the eventual yield of a field or group of fields, 

the farmer, warehouseman, merchant, jobber, broker, and the 

public in eeneral would benefit. 



Aside from the practical aspect, it would be of scien- 

tific interest to know why the same variety planted and 

cared for in the same way on the same or similar fields will 

vary so greatly from year to year. A study of several 

years' yield, weather, and disease data mould probably ex- 

plain a great deal. 

Since growth conditions vary greatly throughout a year 

or even between adjacent weeks or days, it follows that 

several years' results may be simulated by exposing plants 

in varying stages of development to the sane condition. For 

instance, a light frost may completely kill the pollen of a 

blooming plant and prevent seed formation, while a plant 

which bloomed a few days earlier may have only the tips of 

its leaves injured. 

A series of wheat plots has been seeded at intervals in 

the fall at the Agronomy Farm at Manhattan for several years 

to determine the optim date of seeding. It would appear, 

from a purely abstract point of view, that the earlier a 

plant was started, the longer the period it would have to 

grow before harvest, and the higher it would yield. 'Actual- 

ly, that is not the case for plots seeded as early as 

September 15 have rather consistently been outyielded by 

plots seeded fret: September 28 to October 6 during the 

period 1932 to 1939, inclusive. 
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Perhaps the reasons for this phenomenon are the same 

as in the case of varieties yielding differently in appar- 

ently similar years. The use of this approach may greatly 

reduce the time required to get significant results from the 

crop-weather project which has been started at Manhattan 

with the Kansas Agricultural Experiment Station and the 

United States Department of Agriculture cooperating. 

This thesis prcblem wes planned with the purpose of 

studying the influence of given ecological conditions upon 

comparable plants in different stages of development. The 

general lag in the physiologic stages of growth that had 

been observed in the date of seeding plots a Manhattan was 

considered sufficient to allow some of the plots to escape 

a given condition which acted upon other plots at some 

definite stage of development, as at heading. It will be 

shown that this lag actually occurred and that the plants 

reacted differently to environmental conditions. 

This experiment included plans for a. careful study of 

kernels per head and size of kennel, tut because of the 

violent hailstorm of June 7, lON, those phases were large- 

ly abandoned. The data presented are those which could be 

salvaged from the original plan. The complete experiment is 

being repeated and the data will probably be made available 

in some publication. 
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RLVLL of LITLRATURE 

Literature directly applicable to this problem is 

rather scanty, so more or less related material has been 

studied. This will be reviewed under several headinrs, 

namely: 

Plant characters determining yield 
Lumbar of plants per area 
Tillering and head formation 
-Negative factors 
Growth of winter wheat 
Influence of variation in seeding date 

ant Characters Determining Yield 

Yield of wheat is measured in bushels per acre and is 

the result of kernels per acre and the weight (or size) of 

each kernel. The number of kernels will vary with the heads 

per acre and the kernels per head. The former is the func.. 

tion of the number of plants and the rate of tillering, 

while the latter is determined by the nuanber of lertile 

spikelets and the kernels per apikelet. This can be shown 

in outline as follows: 
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Kernel size, kernels per head and number of heads are 

the most easily determined values and include the more im- 

portant subdivisions. Quisenberry (1920) found the number 

of heads per sample most closely correlated with yield in 

1926. Grantham (1917) thought that the size of the kernel 

was most Important, while Laude (1938) showed that the rela- 

tive importance of the three may vary with the season. 

l3ridgeford and Hayes (1931) correlated yield positively 

with plenpness, 1000 kernel weight, date of heading, and 

height, and negatively with leaf rust. Dunham (1938) found 

an association of yield with weight of straw and with 1000 

kernel weight in spring wheat. Goulden and Elders (1925) 

gave correlation values between yield, stem rust index, leaf 

rust, earliness, and strength of straw. Hayes, Aanodt, and 

Stevenson (1927) obtained a multiple correlation of .6592 
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between yield and leaf rust, stem rust, date of heading, 

height of plant, and percent lumrpness of the grain in sprkg 

wheat. The same factors and winter injury gave a correla- 

tion of .8961 for winter wheat. Sprague (1929) found a high 

correlation of grain yield per acre with number of spikes 

per area, and with the straw yield per area. 7oodworth 

(1931) considered seed yield in wheat to be the function of 

the number of plants per unit area, number of heads per 

,slant, yield per head, and weight of kernel. 

Number of Plants Per Area 

The number of plants per area is deter~-ined by the rate 

of seeding, percent germination, and seedling survival. 

Percival (1921) computed the number of kernels that would 

be spread over an acre at different rates of seeding. He 

stated that 90 -95 percent of the kernels would germinate and 

150.30 percent of the seedlings would die. 

Size of seed will influence the number of kernels sown 

for a given rate of seeding. irown (1936) stated that 

larger seeded varieties should be sown at a higher rate of 

seeding than small seeded varieties. Laude (1939), 

Kiesselbach (1925) and Percival (1921) showed that high 

test weight seed produced a higher yield than comparable low 

test weight seed, largely because of the additional heads 

per acre. 
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Tillering and Head Formation 

The process of tiller formation has been reviewed by 

Hayward (1938), Percival (1921), and Weaver (1926). Germin- 

ation of the seed produces an elongating plumule and from 

three to eight pril:ary roots. The plumule elongates until 

light perception allows the cotyledon to grow through its 

tlp 

Percival stated that the subcrown internode is formed 

by elongation of the second internode of the embryo. The 

first, or lower, internode remains very short. If the 

growth of the second internode does not reach the surface 

soil, the third and fourth internodos may elongate until the 

upper inch of soil is reached. This occurs frequently when 

the seed is placed four inches or more deep. ':A.th favorable 

later conditions tillers may form at these nodes, or even at 

the lowest node. (Percival, 1921, and %ebb and Stephens, 

1936). The depth at which the crown is formed varies with 

the variety and external factors, such as depth of seeding 

and environment, especially temperature (Webb and Stephens, 

1936). Soon after the cotyledon emerges two foliage leaves 

develop. 'Suds are observable in the axlls of these leaves 

as early as in the embryo of the ungerminated seed. 
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These buds develop rapidly, the pint then showing 

throe shoots above the ground, one on each side of the main 

stem, arranged in alternate order. Two more shoots soon 

spring from the primary stem above the first pair and about 

the same time each of the first two shoots produce two 

shoots. This rakes a total of nine tillers. Additional 

ones can be formed. from any existing tiller. The syeeetri- 

cal pattern is soon lost, because of crowding, latent buds, 

and dying of weak tillers (Fercival 1921). 

The roots develop about the same time. The primary 

root system, consistine of from three to seven eeminal roots, 

arises from the embryo of the seed. These roots have been 

observed, under abnormal conditions, to carry a plant to 

maturity. (Locke and Clark, 1924). Hayward (1936) stated 

that in such cases the plant does not tiller to any extent 

and only the main cult develops, which, theugh reduced in 

size, is normal but tends to lodee, because of the absence 

of the support usually afforded by the crown roots. 

The secondary or permanent root system consists of 

whorls of adventitious roots which arise from the lower 

nodal regions of the main stem, and its branches near the 

soil level. The first adventitious roots appear at the til- 

lering node about an inch below the soil level, often not 

until sometime after leaves from the second and third nodes 
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have appeared. These first roots consist of a pair of roots 

arising at right angles to the stem and parallel to the 

seminal roots. These are the permanent roots. of the main 

tiller. Each secondary tiller produces its own adventitious 

system in a manner similar to that of the main cuim, except 

that a single root instead of a pair is usually produced at 

the base of each secondary or succeeding lateral axis 

(Hayward, 1938, and Percival, 1921). Janssen (1029) be- 

lieved that secondary roots produced in the fall did not 

resume growth in the spring but were reijaced by new secon- 

dary roots. 

when elongation begins in the spring, each tiller 

probably draws only on its own secondary roots, rather than 

on the plant roots as a whole. 1.n experiment was described 

by Percival (1921) in which a wheat plant was divided into 

its tillers and replanted three times to secure 500 plants, 

which produced 21,109 heads and 47 pounds, 7 ounces of 

grain. heaver (1926) found the number of secondary roots 

produced and the number of tillers present closely associ- 

ated. His data seemed to show that c2nditions favorable to 

tiller formation in November and necember night not be 

favorable to secondary root formation, with the result that 

the number of tillers exceeded the number of secondary roots 

during that period. During the earlier growth, however, one 
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tiller and one root appeared. about every fourth or fifth 

day. 

Percival (1921) stated that many of the tillers would 

be weak, slender, and develop small heads. any woeld die, 

even after they have reached a height of three to six 

inches. This was most frequently observed in dry seasons 

when the adventitious root system associated with each shoot 

and essential to its nutrition had developed too late, or 

i.:ad dried up before obtaininr an adequate hold on the soil. 

The time of the cessation of tillerinv, and the elonga- 

tion of the growing point arc varietal characteristics in- 

fluenced by length of day and teeperature. McKinney and 

Sande (1935) concluded that a critical hotoperiod or crit- 

ical temperature was not involved, for heading occurred over 

a wide range of those conditions. rsnser (1022) indicated 

that two different photoporiods may be concerned. 

Ada= (1924) advanced the theory that a winter wheat 

plant requires "L" amount of light and "H" heat units before 

heading can occur. He believed that a plant would head. with 

less "En and more "L" than the ,timum, and vice versa, as 

long as the maximums and minimums of each were not exceeded. 

Bonnett (1936) studied the development of the wheat 

spike. He stated that the reproductive stage begins when 

the smooth growing point of the tiller, at that time very 
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near the plant crown, starts formine double rides upon its 

surface. The number of spikelets present on the mature 

spike is determined in this early stage, but adjustment to 

growth. condltions may be made by varying the number of fer- 

tile flowers per spikelet. Kiesselbach and Sprague (1926) 

stated that growing point differentiation takes place about 

April 1 and that the number of spikelets in the nature spike 

is determined by ray 1 at Lincoln, Nebraska. 

Florell and Faulkner (1934) recorded. the rate of growth 

of the wheat culm between stooling and ripening. Under ir- 

rigated conditions in Idaho the growth of the stem. between 

first heading and full heading was much more rapid than ob- 

served. elsewhere. They record a maximum daily height in- 

crease of 19.5 cm. for spring sown Baart wheat in 1931. The 

daily maximum growth for all varieties was 6.0 cm. in 1931, 

740 cm. in 1932, and 5.5 =. in 1933. 

Thatcher (1915) determined the dry weight, per kernel 

for two varieties of wheat by sampling twice weekly. lie 

could not correlate gains in dry weight with any meteorolog- 

ical measurement available. 

Negative Factors 

Johnston (1931), Johnston and Miller (1934) and many 

other workers have shown the effect of diseases upon the 
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yield of wheat. Laude (1935) summarized the negative fac- 

tors such as diseases as follows: 

1. Drought early in the spring may reduce tillering 

and heads per area, while drought shortly before harvest 

will affect only the kernel sIze. 

2. Bunt and similar diseases in coneral will act to 

reduce the number of cads. 

3. Stem rust will affect the size of kernel in most 

cases. 

Thus, the time of infection nay deterdne which yield 

factor will be acted upon and the degree of infection may 

ox:'ress the relative extent to which that factor will be in- 

fluenced. 

The Growth of winter Wheat 

The growth curve of wheat is the symmetrical sigmoid 

curve typical of many plant species and of the grains and 

grasses in particular. Bartel and nartin (1938), I'ope 

(1932), Robertson (19 3) and Lbiko (1938) gave. examples. 

Fianna (1925) believed that the manner of measurement 

was of creat Importance. lie stated that plant height was 

only an aproxinate measure of growth while dry weight 

measured actual 6rowth. Plants wore observed to increase in 

height in the dark, probably because of translocation and 
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assimilation of food materials already stored in the plant. 

he rate of growth may be shown by any one of several 

formulas. Briggs, Kidd, and West (1921) used the formula 

R = W2 W1 x 100 where V is the measurement taken at the 

W1 
beginning of a period, and W2 is the measurement taken at 

the end of the period. This expresses the increase as a 

percent of the first measurement. Fischer's formula 

R 43 W2 - W1 x 100 is considered to be the best by Van De 

ii(W1 + W2) 
Sande and Alsberg (1927). This expresses the increase as a 

percent of the average of t-e- two measurements. 

Robertson (1923) believed growth in plants to be an 

autocatalyzed reaction. He used the formula log X = 
A - X 

K(T - Ti) where X = weight attained in time (T), T = time, 

Ti = the time at which growth is one-half completed, or 

where X = IA, A = total growth during the cycle, and K = a 

constant, the magnitude of which determines the slope of 

the curve. This was calculated from the observed values of 

A, then substituted into the formula and theoretical values 

of X calculated. rarked correlation between observed and 

calculated values was obtained, Van De Sande and Alsberg 

(1927) suggest that this formula may be iL error in asst- 

trig a single factorial basis of growth. Ebiko (1938) found 

complete dominance of K value in an early x late spring 

wheat cross. 
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The growth of wheat as related to the environmental 

factors has been studied largely for lethal effects and for 

influence on yield. Salmon (1927) associated the northern 

limit of winter wheat production with the 10° F. January 

minimum isotherm. Suneson and Peltier (1934a, 1934b), 

Peltier and Kiesselbach (1934), 7:orzella (1935), Laude 

(1937), Suneson (1030), and other workers have studied the 

low lethal temperatures of wheat at various stages of de- 

velopment. 

Hurd-Karrer (1933) stated that some growth takes place 

as low as 8 to 10° C. Lundegardh (1931) reported that tem- 

peratures above 30° C. decreased carbon dioxide assimilation 

in a sun plant during the day, while temperatures of 15 to 

30° C. increased carbon dioxide assimilation. Huntington 

and others (1923) used a macro-climatic method of deterrin- 

ing the optimum environment for wheat. McKinney and Sando 

(1935) stated that barley has a lower optimum temperature 

for tillering than for stern elongation. 

Call and Hallsted (1915), Cole (1938), Matthews (1923), 

Hallsted and Coles (1930), Chilcott (1927), and others have 

studied rainfall and soil moisture in relation to yield of 

wheat. 
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Influence of Variation in Seeding Date 

The influence of the date of seeding on growth and 

yield of wheat has been recognized for many years. There 

are few experiment stations which have not determined the 

optimum date of seeding for a period of years. ractically 

all of these experiments have been concerned with determin- 

ing the optimum date of seeding for maximum yield. Jardine 

(1916) summarized the early rate and date of seeding experi- 

ments at Manhattan, Kansas. 

Bayles and Martin (1931) planted wheat over an eight 

month period. They found that in plots planted later than 

a certain date, depending upon the season, yielded consider- 

ably leas grain than earlier plots, while very late spring 

planted plots did not even form heads. Percival (1921) 

reported similar results. These very late seeded plants 

will form heads at the normal time the next year unless they 

are severely injured by drought or winterkilling. 

Eartin (1926) stated that the optimum date of seeding 

for winter wheat was independent of soil type, annual pre.. 

cipitation, variety, or rate of seeding, but related some- 

what to temperature. He reported that uwanson (unpublished) 

found a correlation of yield and mean temperature at date 

of seeding, with the hi7hcst yield. at 650 F. 
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Janssen (1929) found that excessive fall growth 

with early planting resulted in greater winter injury 

and later resumption of growth in the spring while late 

plantings were fragile and very susceptible to heaving. 

Harrington and Horner (1935) attempted to find varietal dif- 

ferences in optimum date of seeding for spring wheat. 

Suneson and Kiesselbadh (1934) found increased Winter.. 

hardiness and Hessian fly infestation in early dates of 

seeding. 

LATERIALS AND METHODS 

In this study samples from measured areas in 14 plots 

of winter wheat, representing two varieties seeded at week- 

ly intervals from September 15 to October 29, inclusive, 

were obtained previous to and during the spring growing 

season. The number of plarts, tillers on each plant, and 

the oven dry weight of each sample were recorded. In later 

samples, the number of heads and total dry weight of heads 

were taken and where possible the head samples were threshed. 

The plots were located on slightly rolling luckolls 

silt loam in the southeast corner of Field A at the Lgronamy 

Farm of Kansas State College. The seed used was grown In 

the wheat variety test at Manhattan in 1938. Kanred, a 

widely grown rid-season hard red winter wheat, and Early 
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Blackhull, an early maturing hard red winter wheat, were the 

two varieties used. The Kanred seed had a test weight of 

50 pounds per bushel, while the 1:Arly blackhull weighed 55 

pounds per bushel from plots that yielded 17 and 12 bushels 

per acre, respectively. The low yields and test weights 

were due to early and severe attacks of leaf and stem rust. 

The samples were dried in a 23 cubic foot electric 

oven. Thermostatic control at 950 C. was used for all 

samples. The oven is illustrated in Fig. 1. 

A Class A weather staAon, shown in }1g. 2, as located 

about 200 yards north of the plots. Readings taken at the 

station were available for micro-climatic studies. 'Periodic 

observations were taken with the following equipment: 

1. Minimum and maximum thermometers 
2. Sling psychrometer 
3. Weather vane 
4. Three cup anemometer 
5. Large open-pan evaporimeter 
6. Standard rain gauge 
7. Weighing and recording rain gauge 
8. Weekly recording hygrothermograph 
U. Weekly recording thermograph 

10. Three point soil thermograph with points 
set one-half, three, and six inches deep under 
bare soil 

11. black and white spherical atmometers 

All equipment was maintained at the station, shown in 

Fig. 2. On Lay 1 the thermograph was moved from the sta- 

tion to a guard plot near the center of the plots and set 

up on the ground in such a way as to be protected from the 
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Pig. 1. Twenty-eic7ht cubic foot oven used in 
dry weight observations. 
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Fig. 2. Class A weather station located at 
the Agronomy £arr, anhattan, Is'Ansas. 



H 



23 

weather and allow free circulation of air. Atmometers were 

set up nearby with bulbs three, eighteen, and thirty-six 

inches Rbove the ground. 

Recommended practices were follored to prepare the land 

for winter wheat. The plots were laid out systematically 

with the bloOke of Early Biackhull, Quivira, Kanred, and Oro 

in succession from south to north. Each block consisted of 

eight plots; a guard, planted September 15, and seven plots 

seeded in order from south to north on September 15, 

September 22, September 29, October 6, October 13, 

October 20, and October 27. They were 1/40 acre plots, 

feet wide and 156 feet, 3 inches long. Guards and alleys 

separated the four blocks from the rest of the field. Be 

cause of the labor involved only the Early blackhull and 

Kanred plots were sampled for this study. 

A common type, seven foot drill with twelve spouts 

seven inches apart was used. All plots were seeded at the 

rate of 5.5 pecks per acre. The two earliest plots were 

seeded four inches deep because of dry soil, while the other 

plots were planted three inches deep. 

It was assumed that 100 plants would cive a representa- 

tive saL7ple of each plot. From the field counts made in 

determining the number of plants per acre, it was estimated 

that 9 feet of drill row would probably contain about 100 
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plants in a majority of the samples. This size of sample 

actually gave an average of 89.46 plants for 280 samples 

taken at 10 stages of plant development. 

Hudson (1939) stated that the optimum sample size and 

shape in wheat is six feet of drill row taken as three feet 

of two adjacent drill rows, but that little accuracy was 

lost In using one and one-half feet of drill row of five 

adjacent rows. The seu-qlle used follows his results in that 

it consisted of 27 inches of drill row of 4 adjacent rows, 

or an area 27 by 28 inches. 

Since it was necessary to conserve plots space and de- 

sirable to secure duplicate samples, the samples within the 

plots were located as follows: The 12 drill rows of each 

plot were numbered 1 to 12 from the south side of the plot. 

The "west" sample consisted of an area including parts of 

the second, third, fourth, and fifth rows, while the "east" 

sample consisted of an area including parts of the eighth, 

ninth, tenth, and eleventh rows. On the next sampling date 

the "east" and "west" samples were reversed. That is, the 

"west" sample would contain parts of the eighth, ninths 

tenth, and eleventh rows and the "east" sa=le would be 

taken from the second, third, fourth, and fifth drill rows. 

This left the two outer and two inner drill rows, or the 

first, sixth, seventh, and twelfth rows as guards between 
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samples. A strip was also loft between adjacent samples of 

the same drill rows. "Lamples were secured by digging out 

the plant or by cutting off the roots just under the crown 

with a sharp hoe. The plants were secured undamaged in a 

great majority of the cases, only an occasional plant being 

injred when the ground was dry and hard. Lech sample was 

placed in a labeled paper bag and the top folded in. laien 

the plants approached maturity the roots and crowns were 

placed in the paper bag and the tops of the sample tied to- 

gether with a string. The string was also labeled so that 

any sample could be positively identified.. Height notes 

were taken by measuring to the tip of the tallest leaf or 

cult at each end of each drill row sampled. This rave eight 

values for each sample, or sixteen for each plot. 

The groups of samples were carried into the laboratory 

where they were analyzed as soon as possible. Then it was 

necessary to hold them overnight or longsr, they were hung 

in a cool place outside. 

As each sample was rer.oved from its paper bag, a card- 

board tag with a sample number identical with the label on 

the bag was plated with it. This tag remained with the 

sample and served as identification until the sample was 

discarded after dry weight determination. 
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The corms and rc,ots of each plant and the leaves and 

stems, when necessary, were carefully washed in tap water to 

remove all the soil present in the sample. Aulning water 

was used and a quarter-inch mesh sceen served to catch 

leaves or young plants which might have been broken off or 

lost. 

After washing, the number of tillers on each plant was 

determined and recorded. Every leaf roll that had developed 

chlorophyll was included in the total. -iar each plant with 

a fiven number of tillers, one :ark was made in the appro- 

priate column and row on the frequency sheet. Thus, if 

sann;le K3E contained one plant with three tillers, one mark 

lecljd be :2ut in the "3 tillers per plant" row of the "K31' 

sample. If this same saple contained two plants with 

three tillers each, two marks would be put in the same 

place. Plants with 20 tillers or less were recorded in this 

way, while plants with more than 20 tillers were recorded 

by number. 

The prominent subcrown internode allowed each plant to 

be separated from adjacent plants. This was of greatest 

value where two or more plants had intergrown. Free tillers 

from plants which had been broken up in digging were sorted 

out and were assumed to be the products of one or more 

plants, depending upon the number of tillers and the 
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apparent average tillers per plant. 

The heads were clipped from the culms on which the base 

of the head was visible above the collar of the upper leaf 

sheath. Not more than one-fourth Inch of straw was left 

attached to each head. ilfter counting, the heads wore 

placed in a labeled paper bg and dry weight obtained. 
The roots were trireeed as closel:i as possible to the 

crown with a pair of scissors. when each sample was put 

into a clean paper bag and dried for 48 hours at 950 C. in 

the oven already desceibed. 

The sahples were removed free: the oven six or seven at 

a tiee and allowed to cool for a few minutes before weigh- 

ing. Sean samples were welched on a torsion balance with 

a sensitivity of 0.01 gran, while larger samples were 

weighed on a balance accurate to one-tenth of a gram. 

The dry head samples were stored for several months, 

then threshed on a small head thresher. The wieht 1f 'rain 

and the average weight of three 500 kernel saeelos were 

taken. From these values the number of kernels per sample 

and kernels per head were calculated. eamplos damaged in 

storage were discarded. 

The following values were obtained for each sample: 

1. 'eotal dry weight. This was obtained as a direct 

eeasurement, or by adding the dry weight of the heads to 
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the dry weight of the straw in later samples. 

2. Total number of plants. Totaling the number of 

entries in the frequency table cave this value. 

3. Total number of tillers. An example must be used 

to explain this. In a sample of ten plants, two plants may 

have one tiller, two may have two tillers, and six may have 

three tillers. In such a case there are two tillers in the 

one tiller group, four in the two tiller group, and eighteen 

in the three tiller group, or a total of 24 tillers for the 

ten plants. 

4. Average number of tillers per plant. This was ob- 

tained by dividing the total tillers by the total plants in 

each sample. 

5. Average dry weight per plant. The total dry weight 

divided by the number of plants gave this value. 

6. Average dry weight per tiller. Dividing total dry 

weight by total number of tillers gave this index of tiller 

size. 

7. Average height of sample. The height of the eight 

plants left exposed at the end of the drill row ::3 by the re- 

moval of the sample was recorded in centimeters. height was 

taken as the distance froy the ground to the tip of the up.. 

per leaf, or to the tip of the head excluding awns, after 

the latter value became greater. 
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0. Total number of heads per sample. The heads were 

counted as they were clipped fron the sample. 

J. Total weight of heads. This was measured directly. 

10. Average dry weight per head. The total dry weight 

wzs divided by the total number of heads. 

The plot values were determined by averaging the "east" 

and "west" samples. Samples were teen on December 22* 

March 20, April 4, April 20, April 27, May 4, May 11, May 18, 

Pay 26, June 1, June V, and June 15. Only one sample from 

each plot could be secured on Mcy 13 because of inclement 

weather. A hailstorm on Jane 7 resulted in such severe 

damage that dry weight and threshed grain observations for 

Jane 9 and June 15 were of little value. An estimate of the 

damage was made and is included in the field notes. 

The following field notes were taken for each plot: 

1. Dr:te of emergence. This was taken as the day on 

which a full stand was first observed and after which there 

was no narked increase in plant density. 

2. Date of first heading. The day on which the first 

heads were eushed completely above the boot, 

3. Tate of full heading. The first day on which all 

heads were completely free of their boots. 

4. Date first ripe. Day on which the earliest heads 

reached the "binder" stage of ripeness. 



30 

Date full ripe. Day on which all heads had reached 

the "binder" stage, and the plot was ready for cutting. 

6, Date harvested. The tiro of binding. 

7. Disease readings were made by qualified persons at 

opportune ties. 

8. Number of plants per acre. Ihis was determined by 

averaging the number of plants in five, five -foot drill row 

sections selected at random and transeosing this figure into 

an acre value. The counts were made after full emergence 

and before tillering. 

9. number of heads per acre. after the plots wore 

bound, the number of culms in twelve five-foot drill row 

sections was determined by means of a stubble count. These 

counts were averaged and an acre equivalent calculated. 

10. Height. This was the average of ten measurements 

taken at random throughout the plot just prior to binding. 

The height in inches to the tip of the head, excluding 

beards, was used. 

11. ::eight of 100 ten centimeter sect: one of straw. 

ampler were taken at random in the plot to obtain at least 

100 cuIms. These were stored, and later ten centietor 

sections were cut from the center of each of the 100 culms 

and the group weighed. 
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12. Yield. Plots were threshed on an eighteen inch 

threshing machine which was cleaned between plots. The yield 

per acre was calculated from the weight of grain obtained. 

13. Bushel weight. The standard dockage kicker and 

boomer test weight apparatus were used. 

14. 1000 kernel weight. This is an average obtained 

from the weight of three samples of 500 kernels each. 

15 hail damage. This was estimated as the percent 

of the total culms which were broken over and the percent 

of the total grain shattered. 

These notes are recorded in 'Pablo 3. 

EXYERTITNIAL DATA 

All of the experL..ental data collected are presented 

in Tables 1 to 5, inclusive. Table 1 giv's the observed and 

calculated values per sample and per plot upon thich the 

analysis of the experiment was rade.. In subjecting the bulk 

of the data to analysis of variance, the samples taken on 

May 18 and June 15 were omitted, the Lay 13 values because 

only one sample per plot could be taken, and the June 15 

samples because the earliest plots had been harvested. This 

left 230 observations upon which to base conclusions., 

Table 2 presents the plot values obtained by recording 

the number of tillers on each plant. These data are 
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presented graphically on Plates III and IV. In these plates 

the date of planting is shown on the left and the date of 

sampling is shown above. -.Lach group of bars designates the 

averages of a plot and the height of each bar shows the per.- 

cent of the total plants. Thus, for Larly Blackhull wheat 

seeded October 20 and sampled May 18, 37 percent of the 

plants had one tiller, 21 percent had two tillers, 21 per- 

cent had three tillers, 9 percent had four tillers, 4 per- 

cent had five tillers, and 8 percent had six tillers. 

The field notes taken on each plot are presented in 

Table 3. of the plots same order 

as the long-time averages for similar dates of seeding, but 

the hail injury tended to bring the plot yields closer to- 

gether than has usually been the case. This was especially 

true for the first four dates of seeding. An estimate of 

hail injury is given in the table. 

The temperature records for the sampling periods of 

rch, April, and May are given in Table 4. The minimum and 

maximum readings were taken from equipment at the weather 

station, while the hourly readings were secured from the 

thermograph located at the station until May 1, and in the 

wheat plots thereafter. 

After the head samples were dried and weighed, they were 

stored and later were threshed on a small head thresher. 
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Table 2 mattsild. 
ATer,elo 

4aaal et plants baying:a aiven. nuabor of tillera from 1 to more tban 20 Dry Ta- 
it. ler 
Per per 
ati90. 444 

Dry 
wt. 
per 

Wier 
1 2 3 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

More tbaa 
20 

Warlr 7141ackball seeds& Sept. a 
Dec. 22 .370 5.165 .0701 13.85 7.94 10.75 10.45 8.33 4.17 6.94 6.25 9.03 4.86 3.47 3.47 2.08 1.39 
Mar. 240 .433 8.145 .0533 14.00 4.00 8.00 10.00 3.33 4.00 6.00 4.67 7.33 7.33 8.00 6.00 2.00 4.00 2.00 2.00 .67 .67 1.33 .67 4.00 
Apr. 4 .865 9.275 .0918 8.84 4.08 8.16 6.12 2.12 4.76 10.8s 6.12 5.44 8.84 4.08 3.40 3.40 3.40 2.04 4.08 1.36 2.04 2.04 .68 1.48 
Apr. 2D 1.640 9.950 .1590 18.52 4.63 8.33 2.78 3.10 3.70 2.78 4.63 3.70 516 3.70 4.63 3.70 3.10 t;.56 4.63 1.85 1.85 1.85 10.19 
Apr. 27 1.799 5.774 .3054 16.66 4.60 16.09 9.24 8.62 6.90 5.75 6.32 8.05 3. 5 b.02 3.45 2.30 2.30 .58 1.15 -50 
May 4 3.243 6.290 .5131 14.29 7.14 15. 58 6.49 1.14 4-55 1.79 9./4 7.79 2.60 3.90 4.55 3.25 1.95 .65 .65 1.95 
May 11 3.965 4.506 .8797 21.30 
May 18 4.868 3.591 1.3560 34.09 

11.32 
12.50 

16.96 
12.54 

10.06 
7. 

8.81 

9.09 

7.55 

9.09 
6.29 
6.82 

6.29 
2.27 

3.7/ 
2.27 

1.26 
1.14 

1.26 .63 2.52 
1.14 a .63 .63 

May 26 6.423 4.403 1.4825 18.98 16.06 17.52 9. 9 8.76 7.30 5.11 3.65 5.84 3.65 1.46 1.46 .73 

Jame 1 4.011 2.710 1.5080 26.26 19.19 29.80 14.65 5.56 2.02 2.02 51 

Jam 9 4.206 3.0195 1.3925 29.41 20.00 16.47 17.65 3.53 8.24 2.94 1.18 .59 

Loral; teaArl Spilt. Za 

Dec. 22 .41006 5.660 .0610 
Mar. 20 .403 9.245 .0435 

28.57 
20.00 

3.11 11.80 
9.33 

4.35 
4.67 

5.59 
6.00 

4.91 
3.33 4. 

9.94 
67 

6.83 
4.00 

5.59 
8.00 

3.11 
5.33 

3.11 
6.00 

4.97 
4.00 

2.48 
.67 

.62 
3.33 

1.24 
2.67 

1.86 
2.67 

.62 
2.00 

.62 
2.00 1.33 

.62 

8.67 
Apr. 4 .725 9.100 .0765 15.71 3.81 8.10 5.71 5.71 5.24 4.76 4.29 5.71 6.19 4.76 3.81 4.76 3.33 2.38 3.33 1.90 1.43 1.90 1.90 5.71 
Apr. 20 1.210 9.275 .1264 9.14 
Apr. 27 1.740 1.218 .2386 20.54 
May It 2.760 7.593 .3653 12.29 
may 11 3.80s 4.992 .6722 27.37 

1.52 
4.32 
4.47 

6.32 

11.68 
7.03 
8.38 
8.42 

7.11 
348 
6.15 
1.89 

2.54 7.61 
5.95 4.32 
6.7010.0 
5.26 6.84 

4.57 
6.4, 

Z:04 

6.09 
8.11 

6.15 

7.37 

5.0s 
6.65 

11.73 

0.95 

5.41 
2.79 
4.74 

4.57 
4.32 
7.82 
4.21 

6.60 

4.66 
3.91 
2.63 

5.08 
2.70 
2.79 
1.05 

4.06 
2.16 
3.91 
.53 

3.05 
2.70 
1.12 
.53 

2.54 
2.70 

2.54 
2.16 
3.35 

-53 

1.52 
.54 

1.12 

-53 

1.52 
1.08 
.56 

.51 

1.62 
1.12 

1.11 

.54 

.56 
1.05 

May 1$ 4.860 5.374 .9045 13.19 9.89 10.99 9.89 10.99 13.19 4.40 7.69 9.89 3.30 2.20 2.20 1.10 1.10 

May 26 5.084 5.017 1.0235 26.95 7.80 16.31 9.22 6.38 2.13 5.67 5.67 3.55 3.55 2.13 3.55 .71 2.13 .71 .71 .71 1.42 .71 

Jim 1 4.762 4.058 1.1785 14.02 14.49 21.50 11.68 10.28 11.23. 7.94 5.14 1.87 1.40 .47 

Juni 9 4.523 4.176 1.0830 13.13 15.66 17.17 17.17 11.62 5.0 8.59 5.56 3.03 1.52 1.01 .51 

Jima 15 4.296 4.357 .9848 14.20 11.83 21.89 15.38 8.88 6.51 7.10 7.10 2.37 1.18 2.37 .59 .59 













EXPLANATION OF PLATE III 

The frequency distribution of tillers per 
plant for seven plots of LAae/:hull seeded at 
weekly intervals from September 15 to October 27 and 
sampled periodically during the ;rowing season. 
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LXP A1ATION OF PLATE IV 

frequency distribution of tIllers por plant 
for seven plots of Kanred seeded at weekly intervals 
fro :;opteer 15 to 'October 27 an sampled periodical- 
ly during the growing season* 



KANRED DATE OF SAMPLING 
DEC MAR APR APR APR MAY MAY MAY MAY JUNE JUNE JUNE 
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ate 
of 

seed- 
in 

Late of 
first 
bead- 
in 

=Jate of 
full 
head- 
in 

Date 
ripe 

Length 
fruit- 
ing 
period 

Just action ,..1(1 1/1000 
Plants 
in fall 

lirxe 

Culms at 
harvest 

Height 
in 

inches 

IlLilIjamt 
'1.: of 

clams 

broken 

.-. of 
10) 10-cm. 
stn-:w sec- 

Lions. gPas.4 

Test 
wt. 

Yield 
bus. 
per 
cve 

t. per 
1000 
kernels 
Ans. 

Ker- 
nels 
per 
bead 

ems. o: 

grain 
per 
bead 

", stem 
rust 

fi leaf 
rust 

grain 
shat- 

tered 

.arly 
BlackImi 1 9/15 5/9 5/12 6/7 29 5 

9/22 5/9 5/13 6/8 30 5 

9/29 5/10 5/15 6/9 30 5 

10/6 5/11 5/15 6/lo 3o lo 

10/13 5/15 5/24 6/15 31 25 
10/2o 5/18 5/26 6/18 31 25 

10/27 5/19 5/21 6/21 33 4o 

145 781 

45 2a 
50 

50 573 
50 644 

70 66o 

70 558 

,anred 9/15 5/17 5/22 6/17 31 10 65 615 

9/22 5/18 5, / 23 6/18 31 10 55 r 9/29 5/20 5/24 6/21 32 10 55 
10/6 5/21 5/24 6/22 32 15 55 5)47 

10/13 5/23 5/29 6/23 31 15 70 623 
10/20 5/24 5/31 6/24 31 20 70 537 
10/27 5/28 6/7 6/26 29 20 15 555 

1922 40.2 10 65 9.35 58.3 17.6 27.14 9.18 .n49 
1666 37.0 lo 70 8.35 58.5 14.2 27.60 8.41 .232 
1872 31.4 lo 6o 9.18 58.6 15.8 28.06 8.20 .230 
1637 38.2 10 6o 8.81 58.4 13.6 28.40 7.96 .226 
1453 36.4 10 15 /.75 57.6 7.2 27.94 4.82 .135 
1392 36.6 lo gn 8.1Jo 56.7 6.1 25.4 b.68 .119 

1357 33.2 10 85 1n.55 55.3 5.7 23.26 4.94 .115 

2602 39.8 lo 65 8.88 55.7 16.0 25.00 6.71 .168 
2484 39.8 lo 75 /.!45 55.7 11.4 .80 8.01 .191 
2214 38.2 10 75 6.87 55.2 16.4 24.34 8.28 .202 
2064 37.8 lo 75 /.92 54.4 18.5 24.26 10.05 .244 
1648 34.4 5 75 1.17 53.5 10.9 23.20 7.75 .180 

1661 33.2 ) 70 8.60 52.7 8.5 22.94 6.06 .139 
1526 32.o 5 r,o 7.73 51.8 7.4 23.14 5.73 133 
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Table 4. Air temperature during the spring growing period of 1939 
March April 

Date:Max.:Min.:Tbtal :hours :Max.:Min.:Total :Hours :Ma 
:hours :between: :hours :between: 
:between:46° and: 
:50° and:86° F. : 

:86° F. :8 A.M.-: 
:5 P.M. 

:between:46° and: 
:50° and :86° F. : 

:66° F. :8 A.M.-: 
:5 P.M. : 

May 
.:Min.:Total :Fours 

:hours :between 
:between:46° and 
:50 and:86° F. 
:06 

o 
. :8 A.M.- 

1 62 41 14 9 63 50 24 9 
2 67 39 16 9 81 52 24 9 
3 52 39 4 8 01 43 22 9 
4 58 45 14 9 81 57 24 9 
5 51 35 5 4 81 58 24 9 
6 49 28 83 63 22 7 
7 60 26 8 9 74 56 24 9 
8 66 31 12 9 71 51 24 9 
9 78 43 19 9 81 40 17 9 
10 57 43 10 0 74 52 24 9 
11 42 25 68 48 23 9 
12 43 20 63 45 22 9 
13 69 31 13 9 74 33 15 9 
14 77 42 24 9 83 44 20 8 
15 70 52 24 9 79 50 24 7 
16 55 42 12 9 90 45 12 3 
17 43 35 85 57 24 7 
18 44 39 00 77 58 24 9 
19 
20 65 35 11 9 

62 30 12 9 83 55 
59 

24 
24 

9 
9 57 45 '13 80 

21 78 38 15 9 62 36 11 9 06 61 24 3 
22 80 40 19 9 79 42 17 9 82 61 24 9 
23 81 46 20 9 86 58 24 9 94 63 16 3 
24 72 49 23 9 84 62 24 9 94 68 15 1 
25 62 48 23 9 84 59 24 9 85 66 24 9 
26 68 46 17 9 79 53 24 9 01 "61 24 
27 53 37 5 7 78 41 17 9 76 57 24 9 
28 37 31 -- 0 72 42 19 9 80 56 24 9 
29 40 30 -- 0 72 44 19 9 90 54 17 3 
30 58 28 9 8 77 44 20 9 94 64 16 2 

31 66 38 12 9 90 61 17 3 
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The observed and calculated values are recorded. in Table 5. 

The June 1 observations for Kanred are probably inaccurate 

in respect to the grain and kernel measurements because the 

small immature seeds were easily broken in threshing, blown 

away in cleaning, and improperly sa:nled in determining 1000 

kernel weights. 

The fall condition of the plots is shown in Plate V. 

Early development of the plants was hindered and the stand 

visibly affected by the dry surface soil during October. 

Plate VI shows the condition of the Kanred plots in January. 

Figure 37 graphically presents the dry weight per plant, 

tillers per plant, and dry weight per tiller for samples 

taken two weeks earlier. 

A comparison of the plots on !Tarch 23 is :11/en on 

Plate VII. The plots had just resumed rowth. Plate VIII 

cerapares the growth of one Kanred plet and the seven arty 

Llackhull plots just after the full heading stage. Pro- 

nounced. differences in height, maturity, and tillering can 

be observed. The extent of the hail damage occurring on 

June 7 is indicated by Fir-. 24. 
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Table 5. Data reqard heads and p.rain of sales taken June 1 and June 9 
Plot: June 1 June 
and :No. of:"2t. of:2t. of:1000 :No, of rnels:e, ofC't.of: t.of:1000 : e. of :14creels 

9 

sar-:heads 
,le 

:heads :grain :22rnel:kernels:per 
:wt :head 

:heads :heads:grain:kernel:kernels:per 
:wt. :head 

Early Elackhull 

1E 288 183.5 194 109.5 74.7 26.0 2709 14.4 
1W 262 170.0 93,53 20,87 4481 17.1 235 145.4 01.9 27.2 3385 14.4 
2E 260 163.4 98,00 22,66 4325 16.6 253 152.8 92.4 27.2 3656 14.2 
2W 215 131.0 76.92 20,95 3672 17,1 192 127.3 S3.9 27.4 3057 15.9 
3E 208 132.0 193 104.1 62.9 26.7 2505 13.4 
3W 239 149.9 92.27 20.14 4531 19.2 192 98.4 62.4 27.2 2290 11.9 
4L 240 146.1 04.04 20.25 4150 17.3 175 99.5 66.9 25.6 2613 14.9 
4W 233 144.5 23.47 31.24 3929 16.9 201 129.6 02.2 27.1 3033 15,1 
5E 210 110.3 61.67 16.61 3713 17.7 149 81,5 50.2 24,2 2074 13.9 
5W 155 84.1 43.76 17.40 2515 22.7 185 113.6 73.7 20.3 '2303 15.2 
61 150 65.1 32.00 13.10 2443 16.3 124 60.6 36.4 23.6 1700 13.7 
6W 165 62,6 136 64.2 53.9 26.1 2065 15.2 
7k 135 39.1 191 95.6 53.7 21.4 2653 13.9 
7W 145 47.9 19.30 10.23 1886 13.0 101 44.2 22.5 19.5 1155 11.4 

Kanred 

IL 355 114.0 58.40 14.61 3996 11.3 312 130.2 90.2 23.2 3394 12.5 
IW 314 111.2 56.70 15.33 3698 11.8 345 139.0 92.7 22.0 4205 12.2 
2k 330 117.0 61.80 13.04 4739 14.4 287 125.0 71.9 21.9 3279 11.4 
2W 330 119.2 43.50 13.15 3309 10.0 392 173.4 105.9 21.3 4974 12.7 
3E 290 94,2 37.00 9.13 4054 14.0 316 151.7 03,5 21.4 4377 13.9 
3W 250 36.6 41.30 13.34 3347 13.4 285 126.2 73.9 20.0 3954 18.9 
4E 199 64.0 22.70 7.94 2859 14.4 262 126.7 66.5 16.6 3999 14.2 
4W 233 71.7 23.70 3.59 2758 11.0 274 130.4 72,4 19.1 3799 13.9 
5E 265 65.5 18.50 5.74 3223 12.2 239 94.4 54.9 19.3 2849 11.9 
51"s' 249 67.8 22.20 6,20 3561 14.4 224 94.1 55.9 18.8 2970 13.3 
6E 200 46.0 6.80 5.84 1507 7.5 243 35.1 4547 17.1 2677 11.0 
6W 206 49.0 12.10 5.22 2318 11.3 199 73.3 39.0 16.3 2321 11.7 
7E 113 24.2 4.13 2.85 1149 12.8 144 46.1 19.2 11.5 1663 11.6 
7W 170 37.8 7.70 4.49 1716 10.1 197 66.9 24.5 10.8 2259 11.5 



EXPLAHAIJON OF KITE V 

Fig. 3. Varietal plots of wheat on October 15. 
surlace s11 had hindered growth and prevented 

secondary root formation. 

Fig. 4. Varietal plots on November 10. A two 
inch rain on November 2 had resulted in rapid tiller 
and root development, 
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EXPLANATION OF PLA'a VI 

growth of Kanred wheat seeded at weekly in- 
Drill row photogra!7,hed January 14. 

5. Seeded Septerber 15. 

G. Seeded Septonber 22* 

7. Seeded Septenber 29, 

G. 2eedod October G. 

9. Seeded October 13. 

Fig. 10. 

Fig, 11. 

Seeded (..-ctoor 20. 

Seeded October 27, 



PLATE VI 

r 
l'Ajro 0 

o'ig. 6 

g . 7 

Fig. 8 

Fir. 10 

Fig. 11 
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EXKAHATIOX OF KATE VII 

Eanred plots Obotogrebed Werth 23. 

il_g 12. ;.eeded September 15 (loft) 
Septeriber 22 (right). 

Fig. 15. Seeded LoiAcztor 29 (center) and 
October 6 (right). 

Fig. 14. Seeded Otober 13 (center) and 
October 20 (tight). 

PIg. 15. Z-teded October 20 (center) and 
October (rlght). 
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LXPLAbATION ar PLATE VIII 

Plot plaotograpbs taken at the full beading stage 
I,:ay 21. 

kgig. 16. Kanred seeded September lb. 

Fig. 17. Early Blaekbuil seeded September 16. 

10. Early aackbull seeded September 22. 

Fig. 19. Early. Blackbull seeded SepteMber 29. 

Fig. 20. Early Blackhull seeded October 6. 

Pig. 21. Early Blackbull seeded October 13. 

Fig. 22. 1 r1' Blackbull seeded October 26. 
Fig, 23. Early Blackbull seeded October 27. 



Fig. 16 

PLATE VIII 

\ 

Fig. 17 
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EXPLANATION OF HATE IX 

Fig. 24. Damage to the field plots resulting 
from the hailstorm of June 7. Ibis plot of i:anr ed 
was planted 2eptember 29 and photographed June 10. 
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Analysis of Data 

Because of the complexity of the problem, the discussion 

of results will be presented under several subheadings. 

Number of plants per sample. The number of plants per 

sample was determined by counting the number of entries in 

the frequency table of tillers per plant. An analysis of 

variance was made of the samples which were complete and 

comparable. This involved a total of 280 readings from ten 

dates of sampling, two varieties, seven dates of seeding, 

and duplicate samples. Table 6 shows the results obtained. 

Table 6. Analysis of variance of number of plants per sem- 
ple, date of seeding plots at Manhattan, Kansas, 

39. 

ource t3 var anee um o ax' CO 

Varieties 1 243.289 243.289 .76 3.89 6.76 
Date of seeding 6 27110.143 4518.357 14.09 2.14 2.90 
Date of sampling 9 3902.246 443.583 1.38 1.92 2.50 
Variety x date of 
sampling 9 1626.104 180.678 .56 1.92 2.50 
Variety x date of 
seeding 6 15561.686 2595.614 8.09 2.14 2.90 
Date of seeding x 
date of sampling 54 20016.929 370.684 1.16 1.42 1.62 
Error 194 62212.071 320. 681 

Total 279 130762.568 
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The only significant F values obtained are between 

dates of seeding and date of seeding x variety interaction. 

The latter is probably due to the influence of the date of 

seeding variation. The highly significant values obtained 

between dates of seeding indicates that different conditions 

resulting in different germination percentages and vigor of 

seedlings existed at the of planting the several plots 

and that this difference affected the number of plants per 

sample regardless of time of sampling, variety, or sampling 

error from duplication of samples. The average numbers of 

plants and standard deviations for the varieties and dates 

of seeding are given in Table 7. The grand mean of all 

samples was 09.46 + 21.64. 

Table 7. Average number and standard deviation of plants in 
dry weight samples from date of seeding plots, 
Manhattan, Kansas 1938-39. Average of 20 sum...pies. 

Larly Blaakhull Kanrod Seeded 

Sept. 15 110.60 + 23.37 111.55 + 15.79 
Sept. 22 77.05 + 16.20 91.25 + 18.82 
Sept. 29 104.20 22.05 86.00 15.09 
Oct. 6 90.45 26.22 71.65 T 15.27 
Oct. 13 83.35 7i: 16.59 39.10 15.17 
Oct. 20 88.00 T. 17.01 82.70 T. 18.85 
Oct. 27 71.10 74-- 14.59 87.45 11.41 
Ave. 907393 08.529 

Since these plants were taken from a known area, an 

estimate of the number of plants per acre is possible. The 
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estimated value thus obtained is comparable in Table 8 to 

the estimate from five five-foot counts taken immediately 

after emergence. 

Table 8. Plants per 1/1000 acre in the date of seeding plots 
as "etermined b two different lethod 

Date of: Er y B chh e 

seeding:1/830 acre:5 5-foot drill:176309 acre:5 5-foot 
v-ample :row counts :du ,g sample :row counts 

Sept. 15 919 731 927 615 
Sept. 22 640 331 758 715 
Sept. 29 366 644 715 534 
Oct. 6 818 573 595 547 
Oct. 13 693 644 740 623 
Oct. 20 731 660 687 537 
Oct. 27 591 553 727 555 

The results from the ten 118309 acre samples are prob- 

ably most reliable. They represent a total of 90 feet of 

drill row, compared to 25 feet for the row counts. Other 

reasons for differences are that seed may have established 

plants after the 25 foot counts were made, some of the weaker 

plants may have died, and an occasional tillered plant may 

have been counted as more than one plant. l bias may exist 

in that the 20 dug samples each had 160 drill ends, while 

the 5 5-foot counts had only 10 end points. 

Hate of tillering. The number of tillers per plant was 

determined by dividing the number of tillers by the number 

of plants for each saple. The plot values were secured by 
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averaging the two samples. An analysis of variance was run 

on 280 samples. The summary is given in Table 9. 

Table 9. ilnalysis of variance of tillers per plant. 
Source of variance df oum of :Variance: F : : 15 

squares; 

Varieties 
Dates of seeding 
Dates of sampling 
Seeding x sampling 
Error 

Total 

1 
6 
9 

54 
209 

279 1390.287 

46.455 
506.056 
386.069 
291.237 
169.470 

46.455 57.288 3.89 
84.343 104.011 2.14 
42.897 52.900 1.92 
5.393 6.651 1.42 
.811 

6.76 
2.90 
2.50 
1.62 

The highly significant values obtained may be explained 

by the tendencies of Kanred to tiller more than Early Black- 

hull and for early seeded plots to tiller markedly more than 

later seeded ones, although a larger proportion of the til 

lore formed may die. These tendencies are illustrated in 

Fig. 27 and Fig. 28. That the number of tillers per plant 

varied with the density of stand is shown in Fig. 25. Each 

line on the figure indicates a plot, and the date of seeding 

is shown by the number adjacent to it. The September 15 

planting is indicated by 1, the September 22 by 2, and so au 

Duplicate samples for each plot were connected by straight 

lines, black for arty leckhull and red for Aanred. This 

same procedure is followed in Fig. 26 and 1' g. 31. 
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Figure 25 illustrates that for the two varieties on 

June 1, the number of tillers per plant varied inversely with 

the plants per sample area within a plot. A alight dif- 

ference in plants per area did not influence the rate of 

tillering, but in general the greater the difference in 

plants per area, the greater the difference in tillers per 

plant. An examination of Table 1 shows this is true also 

for samples taken June 9 and June 15* 

An examination of Plates III and IV showed that as the 

average number of tillers per plant increased, the size of 

the largest plants increased proportionally. It was only in 

the later samples, where competition had limited the number 

of tillers that the measurements of the plants approached a 

normal distribution (Snedecor, 1938, p. 47). Figures 27 and 

28 give the average numbers of tillers per plant for Early 

Blackhull and Kanred. 

Unit of growth measurement* Hanna (1925) in comparing 

increase in height with increase in dry weight in wheats 

found that the greatest increase in height took place in the 

darkness and considered this as evidence that height is only 

a relative measure of growth in that it measures utilization 

of food materials after they are formed, while dry weight is 

a positive measure of growth. 
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Height is easily measured and allows the same individ 

uals to be measured several times. The plant reaches its 

greatest height some time before photosynthesis and trans- 

location have stopped. Dry weight measurements, on the 

other hand, are a positive measure of growth, but involve 

total destruction of the individual and introduce sampling 

variation. 

Dry weight measurements may be expressed in several 

ways. Some of these are: 

1 Dry weight per sample. The variation in number of 

plants per sample results in fluctuations due to sampling. 

2. Dry weight per plant. The variation in plant size 

due to thickness of stand, and the fact that the plants do 

not follow a normal distribution with respect to tillers per 

plant make this calculation vary greatly between samples. 

3. Dry weight per tiller. This measures the activity 

e various growing points within a sample. 

4. The theoretical dry weight per tiller could be ob- 

tained by dividing the observed dry weight per plant by the 

average number of tillers per plant for the preceding sample. 

This would correct the dry weight per tiller in such a way 

that new tillers formed are assumed to be part of the til- 

lers which formed them. A decrease in the number of tillers 

per plant, as in the later stages of growth, would upset 
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this hypothesis, and also, more nearly representative 

samples would be assumed than may be true. 

A positive measure of the sample under consideration 

would be more desirable than a theoretical one. The dry 

weight per sample varies so much, especially when uneven 

stands are sampled, that this value is unsuited to growth 

rate studies. A choice may be made between dry weight per 

plant and dry weight per tiller. 

In the review of literature and experimental data the 

following points tend to support the use of the dry weight 

per tiller measurement: 

1. Formation of its own root system by each tiller. 

2. Association of secondary roots and tillers in the 

young plants. 

3. General stunting or lack of tillers when secondary 

roots do not develop. 

4. Dying of tillers which fail to establish sufficient 

root systems. 

5. Ability of tiller to grow and reproduce when sepa- 

rated from the parent plant. 

6. Location of the growing point within the tiller 

during the period of greatest growth. 

7. Smoother growth curves from dry weight per tiller 

than from dry weight per plant as shown in Figs. 29, 50, 32, 

and 33. 
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8. Greater variation in size of plant with variations 

in stand than in size of tillers as shown in Ags. 26 and 

31. 

It is believed that a measurement which takes into corr. 

side ation the number of growing points in a sample is of 

ziore value than one which uses a group of growing r.oints, 

the number in the croup varying between samples. 

Sine of tiller. Dry weight per tiller was determined 

by dividing the total dry weight per sample by the number of 

tillers per sample. The weight was calculated to 1/10,000 

of a cram. An analysis of variance was made on 280 samples 

and the summary civen in T'Aple 10 shows highly significant 

differences between varieties, dates of seeding, and dates 

of sampling. 

Table 10. Analysis of variance of dry weight per tiller. 
Source of variance df Sum of :Variance 5A if 

squares: 

Varieties 1 .6692 .6692 85.703 3.89 6.78 
Dates of seeding 6 1.5293 .2550 32.655 2.14 2.90 
Dates of sampling 9 62.2869 6.9319 887.782 1.92 2.50 
Seeding x sampling 54 1.0099 .0187 2.395 1.42 1.62 
Error 209 1.6319 

Total 279 67.2277 

The size of the tillers may be influenced inversely by 

the thickness of stand, as indicated in Fig. 31. ese are 
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the same June 1 samples as are shown in Fig. 26, and the 

trend toward larger tillers is much less pronounced than the 

trend toward more tillers per plant in thinner stands. 

The dry weight per tiller is shown in Fig. 32 for Larly 

Blackhull and in Fig. 33 for ramrod. The June 2 and June 15 

values were .clotted but these were not reliable because of 

hail damage. With throe exceptions the plots which showed 

the highest dry weight per tiller in Fig. 32 and Pig. 33 

showed the highest yield per acre in Table 3. This may be 

associated with the size of head in a continuation of this 

problem in other years. 

Relative growth rate. The dry weight per tiller was 

used as a basis for computing the relative growth rate, 

using Fischer's formula of R = W W x 100 where R = the 
1101 + 2) 

relative growth rate, Vt1 = the dry weight at the beginning 

of the period and W2 = the dry weight at the end of the 

period. This expresses the increase in weight as a percent 

of the average weight during the period. 

The calculated relative growth rates are given in 

TCble 11. The two varieties were averaged and the results 

presented graphically in Fig. 34. 

An analysis of variance was made of the 112 values cal- 

culated. The results are given in Table 12. 
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Table 11. Relative growth rates of two varieties of winter wheat for eight sampling 
eriods 

Dee amp rut per : saeo 
seeded Mar. 20:Apr. 4 :Apr. 20:Apr. 27:_ay 4 -fa==,- IltMay 18:May 26:Variety :seeding 

to : to : to s to : to s to : to : to :averages:average 
Apr, 4 :Apr. 20;Apr. 27;May 4 ;May 11;Hav 18:May 26:June 1: 

Early Blackhull 

Sept. 15 48.19 51.26 45.76 56.31 50.30 25.44 8.14 17.06 37.81 
Sept. 22 53.02 53.64 63.03 50.76 52.65 42.61 8.91 1.71 40.79 
Sept. 29 61.50 57.76 62.60 52.37 47.64 40.36 7.70 7.34 42.16 
Oct. 6 65.73 63.14 77.97 55.82 52.74 12.97 46.83 13.54 48,57 
Oct. 13 53.59 81.58 95.47 44.13 57.55 33.55 39.82 11.81 52.19 
Oct, 20 66.81 67.44 73.53 62.39 52.44 64.68 15.23 24.70 52.77 
Oct, 27 47.31 62.59 49.56 75.81 66.91 44.08 51.55 12.77 51.33 

Kanred 

Sept. 15 40.95 23.34 81.12 53.36 38.70 22.27 21.08 5.00 35,73 36,77 
Sept. 22 57.38 48.20 60.09 41.95 59.17 29.47 12.34 14.08 40.33 40.56 
Sept. 29 66.59 53.32 80.64 37.36 48.54 42.00 9.56 27.39 45.68 43.92 
Oct. 6 62.84 74.50 67.82 45.42 59.52 30.22 27.66 16.08 48.01 48.30 
Oct. 13 54.98 70.76 51.68 59.89 52.24 30.22 63.51 16.27 49.94 51.07 
Oct. 20 35.05 64.93 53.66 59.31 55.52 53.97 38.28 29.15 48.73 50.75 
Oct. 27 56.06 42.61 53.29 58.87 63.31 40.47 38.75 31.50 48.11 49.71 

Period 
Average 55.00 58.22 65.80 53.84 54.08 35.88 27.81 16.31 45.87 
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Table 12. Analysis_of variance of relative growth rates. 

Source of variance df Sun of Varfance V 1p rj. 

squares 

Varieties 
Dates of seeding 
Dates of saA)ling 
Error 

Total 

1 
6 
7 

97 

47.333 
2981.727 
26891.660 
10104.043 

111 42042.960 

47.333 .454 3.94 6.90 
496.955 4.771 2.19 2.99 

4127.40939.624 2.10 2.62 
104.165 

The non-significant value obtained between varieties 

was unexpected, in view of the highly significant differences 

in dry weight per tiller obtained in Table 10. This shows 

that in spite of the great differences in size of tiller the 

two varieties were reacting in the same way to whatever en- 

vironmental changes were taking place. 

The highly significant F value between dates of seeding 

show the lag that is illustrated in Fig. 32 and acceatuates 

the fact that plants (or tillers) at different stages of 

development will react differently to a given weather con- 

dition. The highly significant F values between dates of 

sampling were expected, in view of the signoid growth curves 

of the small grains. 

It seemed logical to assume that the relative grovith 

rate for the varfous sampling periods could be related to 

the weather during those periods, particularly since the two 

varieties acted alike. Moisture, or rainfall, was not a 
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limiting factor during the year, so some relationship be- 

tween relative growth rate and temperature was to be ee 

pected. 

Lundegardh (1931) has even the maximum temperature for 

growth of Triticlue vuleare an 30° C., while 7urde;:arrer 

(1933) stated that the minimum temeerature for :growth of 

wheat is probably 8 to 104 C. These temperatures are equal 

to 86° 1. and 46 to 50° P. 

The number of hours daily that fell tween the ex- 

tremes of 860 and 50° was obtained from the recording ther- 

mograph for the sampling periods. The instrument was main- 

tained in the instrument shelter until Tn.- 1, and then Was 

transferred to the what plots. 

Since the plant can manufacture eaterials for growth 

only in the presence of sunlight, some interaction of light 

and temperature was eescible. The number of hours of grow- 

ing temperatures between 3:00 A.r. and 5:00 was secured 

for each clay and averaged for the period. T._.ble 13 shows 

the calculations made. Then these values. were elotAd 

against the relative growth rates, a striking correlation was 

found for all except the first two sampling periods. 

The length of the daily growing period eas lieited by 

the low temperature limit in the earlier sampling periods 

and by the eaximum toeperature in the later periods. 
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Table 13. Average number of growing hours available during 
eight sampling periods. 

No. of:Tbta1:Hours :Hours :Aver- 
days :hours:between:46-660 :age 

:8 A.M. :3 A.M. :daily 
5 .I'tto 5 P.M: ' 

March 20 to April 3, inc. 15 360 135 114 7.60 
April 4 to April 19, inc. 16 384 144 94 5.875 
April 20 to April 26, inc. 7 168 63 63 0.001 
April 27 to May 3, inc. 7 168 63 63 9.001 
May 4 to May 10, inc. 7 168 63 61 8.71 
May 11 to May 17, inc. 7 168 63 52 7.43 
May 18 to Tay 25, inc. 3 192 72 52 6.50 
May 26 to May 31, inc. 6 144 54 35 5.83 

Lowering the ninimum temperature f,om 50 to 46° increased 

the daily growing periods of the first two sarples, but did 

not effect the others. The association noted between the 

relative growth rate and the average daily growing period is 

shown in Fig. 35. 

The perf.od from 8:00 to 5:00 was chosen because this 

represents the period of the day in which photosynthetic 

activity is most intense. Cloudiness would be a regligible 

factor, while if the 12 to 14 hour day was ured, cloudiness 

and light intensity would perhaps need to be included. 

the association noted between the daily growing period 

and the relative growth rate nay be entirely coincidental, 

as the growth rate of the plant gradually decreases as ma- 

turity is reached, urtil an actual loEs of ery ratter occurs 
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just prior to ripening. As the daily mean temperatures in- 

crease the temperatures tend to rise above 860 earlier in 

the day and return below that point later in the day, grad- 

ually shortening the number of hours of sunlight with a tem- 

perature between 460 and 860. 

Changing the minimum temperature of growth to 460 from 

500 did not bring the two exceptions entirely into line. 

This may indicate that the tiller has a lower minimum tem- 

perature for growth in a younf;er stage just as it has a 

lower lethal minimum. The two exceptions may also be the 

only true associations, the other six measurements coinciden- 

tally associating themselves with temperature changes. A 

repetition of this experiment is being made to discover 

whether the same relationships will hold in aaother year. 

Number of heads per sample. i correlation between the 

length of the fall growing season and the heads per sample 

in J:nae is shown in Fig. 36. Figure 37 shows that the 

length of the fall growing season 15 associated with the dry 

weight per tiller, tillers per plant, and dry weight per 

plant in December (Plate VI). It is not immediately clear 

which of these four values are most closely associated with 

the heads per acre in June. 

A review of the literature indicates that root develop- 

ment at the beginning of the stage of elongation may 
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determine the number of tillers on each nlant which will 

develop heads. This is being considered in a repetition of 

the experiment. 

The relationship betreen the nuvller of tillers and the 

number of heads present in each sarlele is shown In Fig. 38 

for Ferly Blackhuii and Fig. 39 for Kenred. ehorn in 

Fig. 27 and 28 the number of tillers per plant decreased 

rapidly after ster' elongation began, and yet all of the the 

lers whAch were capable of maintaining themselves di C not 

produce heads. The one-to-one line, on which. the readings 

would fall, if every tiller formed a head, has been placed 

on Figs. 3S and 39. 

Yeeative factors. A review of leaf and stem rust data 

from the trielicated wheat variety plots erown on the 

Agroneny Farm in 1937 and 1935 shoeed that the yield varled 

inversely with the degree of leaf and stem rust infection. 

The data are summarized in lYble 14, 

labia 14. Elect of leaf and stem rust on yield 
weieht of winter wheat. 

and test 

Disease Year Influence on aegression 
equation 

Correiatioti 
coefficient 

Leaf rust 1037 Dus7els pir eve 47.4e.079 -.61 
Leaf rust 1938 27.3-.162X -.92 
Stern rust 1937 Test weight -.73 
Stem rust 1938 " " 54.4-.0568X -.44 
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The varietal means of the triplicated series were used 

in computation. Table 14 shows that varieties very suscepti- 

ble to leaf rust tended to yield less than more resistant 

varieties, while susceptibility to stem rust was associated 

with lower test weight. In the regression equation, X is 

any percent of rust infection. 

Calculations involving yield could not be made in 1939 

because of the hail damage. The damage, estimated as per- 

cent of broken straw and percent of grain shattered, is 

given in Table 3. 

The heads from a few dry weight samples were available 

for threshing. When the threshed grin was calculated as 

grains per head, a comparison of the number of grains per 

head before and after the storm of June 7 was possible. 

Table 15. Kernels per head in dry weischt samples, 

Bate Kernels 'bate Kernels Percent shatterti 
taken per head taken Per headMeasured;Estimatea 

BlaCkhull 6/5 14.29 6/14 12.11 18.0 10 

Tenmarq 6/5 16.27 8/14 13.07 24.5 8 

lanced 6/5 13.44 6/14 12.70 5.8 10 

The small immature seeds of the date of seeding plots 

resulted in loss of seeds or introduced errors in courting 

to such an extent that the samples were not comparnble. 
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SUMMARY 

1. Periodic dry weight measurements were taken in dup- 

licate from 14 plots of winter wheat, representing 2 varie- 

ties seeded at weekly intervals from September 15 to 

October 27, during the winter and the spring growing period 

of 1938-1939. 

2. Because of extreme hail damage, no association of 

vegetative growth and yields could be established. 

3. It was found that the number of plants per sample 

varied with the seeding conditions. 

4. The size of plant, as measured by the number of 

tillers per plant, did not follow the normal distribution 

curve in early stages but tended toward it near maturity. 

Thinner stands resulted in more tillers per plant rather 

than in larger tillers. Only pronounced differences in 

stand showed any effect. 

5. The study indicated that the calculation of the 

relative growth rates should be based on the dry weight of 

the tiller rather than that of the sample or the plant, par- 

ticularly in the later stages of growth. 

6. An association was found between the relative growth 

rate and the number of hours with temperatures of 46 to 860 

F, occurring between 8:00 L.F. and 5:00 P.M. 
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7. Positive correlations of the length of the fall 

growing period, dry weight per tiller, and tillers per plant 

with the number of heads ferried in June were shown to exist. 

8. The negative influence of leaf rust on yield and 

stem rust on test weight is shown by an analysis of previous 

years' data. 
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