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INTRODUCT ION 

It is conimon knowledge that the cereal plants 

exhibit marked differences in their habits of growth. 

Height of plant, size of plant, yield, and all degrees 

of hardiness are often demonstrated as varietal differ- 

ences in wheat, oats, and barley; but little considera- 

tion has been given to the fact that varietal difference 

may be found in the root systems of these plants. Most 

of the descriptions of the roots of plants have been de- 

termined by studies of a species or group of plants and 

not from individual differences of the varieties within 

a species or group. 

The root system of the cereal plant is made up of 

numerous fibrous roots whose development depends on sev- 

eral factors. The number of roots on the mature plant 

may vary from 15 or 30 to several hundred and they ram- 

fy the soil in a more or less characteristic fashion. 

The root habits and their physical make-up are 

subject to great variation. The influencing factors 

which have often been noted to affect the above ground 

parts and which occasionally have been observed in the 

development of the roots include the age of the plant, 

variety, abundance of moisture and food materials, type 

of substratum, insect, fungal, bacterial and soil animal 
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attacks, amount and method of cultivation, aeration of 

soil, temperature of the soil, and other conditions. 

Roots have not received much attention until 

recently when a comprehensive study of the subject was 

presented by Weaver (32). 11e and his associates have 

made extensive studies of the roots of prairie plants as 

well as those of important Great Plains field crops. 

Most workers have confined their investigations 

of the root system of the cereal plants to the adventi- 

tious or secondary system and little consideration has 

been given to the seminal roots, particularly in regard 

to their number and differences in species and variety. 

The seminal root system of the grass plant constitutes 

the medium by which the seedling absorbs mOistuTe and 

plant nutrients from the soil until the adventitious 

roots are formed. After the adventitious roots become 

well established, they form the chief absorbing organs 

for the plant. 

During some investigations on germination of 

wheat, a marked difference was noted in the number of 

seminal roots produced per seedling by different vari- 

eties. This suggested the possible differences that 

might be found in the seminal root number. 
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The present study deals with root development 

under two phases: (i) The adventitious or secondary 

root development of two wheat varieties under different 

conditions, and (2) the primary or seminal root number 

of different varieties of wheat and barley. 

REVIEW OF LITERATURE 

Varietal differences in root development of 

sugar cane were noted in regards to soil type, moisture 

relationships and soil fertility by Jensen (18). Also, 

he found that when 50% or more of the roots were in the 

upper 8 or 12 inches of soil a greater and deeper root 

development could be influenced by stirring the soil at 

different depths. The lighter, better drained clay 

soils favored deeper penetration of ti-ic roots than did 

the more heavy clay soils. 

Cultural practices, such as pruning the tops, 

may affect the normal correlation between the develop- 

ment of root and stem. Austin (1), from reports of 

experiments with three year old almond trees, showed 

that the development of both the tops and. root systems 

was inversely proportional to the severity of the 

pruning of the tops. The spread of the roots was over 

one-third greater where the pruning was light than where 

it was severe. 



Eaton (13) showed that root development with 

cotton plants was largely influenced by the character 

of the growth and fruitfulness of plants. When plants 

were grown without boils, the weight of roots increased 

proport±onately more than the weight of tops, but the 

increase in weight of roots was approximately propor- 

tional to the increase in weight of stalks and branches. 

The weights of roots of plants grown without boils were 

approximately triple those of control plants. 

The effect of cutting tillers upon tbe develop- 

ment of the roots has been shown to vary with the stage 

of the tillers cut. Tinker and Jones (27) showed that 

cutting small developing tillers in two varieties of 

oats resulted in an increased rate of root development; 

while removal of tillers in a later vegetative condi- 

tion resulted in a retardation of the root growth. Re- 

novai of the main axis of the plants at 8 and 11 weeks 

resulted in a decreased development of entire plant but 

more noticeably affected the roots as shown by a de- 

creased top root ratio. The spacing of plants and re- 

moving tillers showed to affect root development. 

Plants spaced 8 inches apart showed more rapid recovery 

of tops after cutting and less injury to the roots than 

was found with plants spaced 2 inches and 1 inch apart. 



Harris (io) showed that when wheat was grown in 

soil of varying moisture content the root in the wettest 

soil weighed only slightly more than the tops, while in 

the driest they were nearly tlit'ee times as heavy. The 

length of tops in proportion to roots also gradually 

decreased as the water decreased. The most roots were 

produced with a medium amount of water, while the great- 

est weight of tops was produced with a high percentage 

of moisture. He also found that soil moisture greatly 

affected different roots on the same plant. When a 

plant was so arranged that part of its roots could grow 

in sand that was only slightly moist and the other part 

could grow in sand nearly saturated with water, the roots 

in the wet sand grew to only 6 inches in length while the 

roots in the drier soil grew 36 inches in length. 

Noyes, Trost and Yoder (21) found that where soil 

had never been subjected to CO2 roots were well spread 

and extended considerably into the soil; but where CO2 

had been supplied, roots were shorter and spread out 

horizontally just beneath the surface as Weaver et al 

(31) showed to be the case with a high water table. 

Brenchley and Jackson (3) showed that with the 

use of artificial fertilizers, whether containing nitro- 

gen, phosphorus or potassium, induced a great increase 



in root development in barley. This development was 

most marked in the presence of NaNO either alone or 

with superphosphate. With wheat on the same soil, 

nitrogen failed to bring about such a response, while 

the improvement with superphosphate and superphosphate 

plus potash was very marked. 

Gericke (14) showed that large root development 

in proportion to that of tops obtained in cultures 

grown in tap water was primarily due to nitrogen de- 

ficiency. This was further substantiated by the fact 

that a peculiar large root development was obtained 

with wheat seedlings grown in several different kinds 

of nitrogen-free "nutrient solutions." More tillers 

were produced in those seedlings with a large root 

system when taken from tap water and placed in nutri- 

ent solution than were produced in seedlings under 

similar conditions with a small root system. 

Crist and Weaver (il) showed that in the treat- 

ment of barley with nitrates and phosphates at different 

levels throughout the soil, nutrients were absorbed in 

large quantities at every level to 30 inches. Although 

the roots in the controls reached a depth corresponding 

to those when nitrate fertilizer was used, the branching 

in the fertilized series was greatly increased, as was 
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the tillering of the plants. Phosphorus applied a few 

inches below the surface soil did not noticeably in- 

crease root development but increased the quality of 

the straw. 

Livingston (19) found that root development of 

wheat plants varied proportionately to the fertility of 

the soil, when fertility was measured by P.P.M. of fer- 

tilizer used. On examining sections of different roots, 

he concluded that a poor soil, by inhibiting branch 

growth and causing the enlargement of cortical cells, 

may render the root system unable to carry on an ade- 

quate amount of absorption for normal growth, and that 

this fact may be the clue to stunted tops in such cases. 

Chandler (6) stated that twhile the nitrate has 

increased both top and root growth, it has not increased 

root growth to as large extent as it has increased top 

growth. Thus, while the top growth of fertilized trees 

is twice as great as that of unfertilized trees, the 

root growth is only 50% greater.' As pointed out by 

Turner (29), the decreased root growth in the presence 

of an abundance of nitrogen may result from low supply 

of carbohydrates. As regards the roots of seedlings, it 

has been shown that their development is greatly in- 

fluenced by the nature of the reserve food supply in the 
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seed. The more nitrogen a seed contains, the greater 

is its shoot growth as compared to roots. Reid (23) 

has shown that an abundance of carbohydrate foods and 

a somewhat limited nitrogen supply promote rapid root 

development. 

Harris (15) found that when wheat plants were 

grown in soll extracts of varying concentrations that 

the ratio of tops to roots was alvzays eater with 

plants grown in concentrated than in dilute soil ex- 

tracts. The concentrated extracts always produced more 

tops than the dilute, but root growth was sometimes 

the dilute. 

Burd (2) grew barley in containers with a depth 

of 18 inches. He concludes that potassium and nitrogen 

with which plant growth in general is most closely as- 

sociated may approach or exceed their maximum when 

applied at comparatively early stage of plant develop- 

ment, sometime before head f ormation. The mutual re- 

lationship of soïls and plants are such that it is 

generally desirable to have a large amount of solutes 

available early in the plant's growth, but it is un- 

necessary and may be undesirable to maintain this 

condition during the later stages of growth. 



As regards nitrates, Weaver et al (31) do not 

confirm Burd's conclusion. They have shown that the 

roots of barley when grown in a column of soil of ade- 

quate depth do not reach the lowest levels of their 

penetration to any considerable extent, and consequently 

do little absorbing there until the plants are near the 

blossoming stage. 

Davidson and Le Clerc (12), working with wheat 

grown in outdoor plats, applied NaNO3 at the surface 

at different periods of growth. Applications made early, 

when the plants were 2 inches high, stimulated vegeta- 

tve growth and increased yield. Applications made at 

milk stage of the grain had no effect on yield or 

quality, while applications at heading increased the 

quality of the grain as to color and protein content 

but the vegetative content was not affected. 

Collings and Warner (7) noted, while studying 

root systems of cotton, that when fertilizers were added 

and not thoroughly incorporated in the soil, the roots 

of the plants examined were not as extensively developed 

as under conditions where fertilizers were more thor- 

oughly mixed with soil. 

Crist and Stout (10) found in case of radish and 

lettuce that shortened periods of illumination (6 hours 
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daily) gave a greater ratio of tops to roots, based on 

dry weight, than either the normal length of day in 

cloudy weather of winter or one prolonged 6 hours by 

means of artificial ïllmnination. Moreover, the plants 

grown under the longest period of illumination had the 

lowest top-root ratios, while the short day plants had 

the lowest actual weight of both tops and roots. 

Pfeiffer (22) showed that under periods of il- 

lumination varying from 5 to 24 hours duration that the 

amount of development in the fibrous root systems of 

tomato and buckwheat appeared roughly comparable with 

that of the aerial parts of the same plants. 

Weaver and Himmel (SO) found that red clover, 

radish, and iris, all long day plants as regards flower- 

ing, developed large tops and proportionately extensive 

root systems when subjected to a 15-hour day. Under 

short day illumination the growth of both top and roots 

was greatly retarded and approximately to the same 

degree. Their development at the end of seven weeks' 

time was similar to that of long day plants when the 

latter were only .5 weeks old. 

Trelease and Trelease (28) from results obtained 

when wheat seedlings were grown in water cultures, showed 

that top length in very young seedlings was directly 



11 

related to inïtial seed weight, and concluded that size 

of seed may often be related to differences found in 

the young seedlings. 

As far as known, there are few references deal- 

ing with the number of seminal roots in the cereals 

other than a few general statements by authors who state 

that the usual number is three or four. Ïn most of the 

literature describing the process of germination no 

statement is made of the varietal difference occurring 

in the number of primary roots produced per kernel. 

Carleton (4) states that there are three serninals with 

occasionally a fourth being for wheat and five 

to eight for barley. Robbins (24) gives five or six 

with occasionally eight being produced for wheat. In 

corn most authors give a like number of seminal roots as 

is given for wheat, and give no modifying statements 

that in certain varieties only one may be produced as 

Siemens (25) found to be the case in certain flint vari- 

eties. In dent varieties three or four seminal roots 

per kernel are found to be the usual number (25), and 

as varieties from this type are more commonly grown than 

are varieties of other types may account for the state- 

merits made as to number of seminal roots found. 



12 

Robbins (24) recognized a difference in seminal 

root numbers for different types of corn. He states 

the dent corns, four temporary roots often occur, 

and often in the flint and sweet corns there is but one 

temporary root." 

Collins (8) was probably one of the first in- 

vestigators to recognize that certain corn varieties 

exhibit only one seminal root. He concluded that a 

seedling with on.e seminal root might be of agronomie 

importance when viewed from a soil moisture relation- 

ship with the establishment of the young seedlings. 

"Like the long mesocotyl, the simple radicle of the 

Pueblo varieties of maize may be looked upon as an ad- 

aptation to the extreme conditions that exist where 

these types are grown. By concentrating the energy of 

the seedling into a single root the latter is forced to 

greater depths and consequently kept in moister soil 

than would be the case where a number of seminal roots 

developed." He has shown varieties to exhibit a lack 

of a high number of seminal roots and in some to have 

but one. He says, "In the varieties commonly grown in 

the United States there are, in addition to the primary 

root, or radicle, from two to six additional roots that 

arise from the base of the cotyledons. These secondary 
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seminal roots, though appearing somewhat later, usually 

equal or exceed the radicle in size. In Pueblo vari- 

eties of maize these secondary seminal roots have been 

absent in all seedlings thus far examined»' 

Wiggans (33), after examination of a number of 

groups of corn, came to the conclusion 

groups do not have a regular number of 

The dent and pop corns which he tested 

roots in a greater percentage of cases 

number. The flint and sweet corns had 

in more cases than any other number. 

Siemens (25) has reported a var 

that the various 

seminal roots. 

had four seminal 

than any other 

one seminal root 

Letal difference 

in corn, in percentages of kernels producing secondary 

seminal roots -- roots arising from base of cotyledon 

after radicle has appeared. In the dent varieties he 

showed that about 92% of the kernels produced one or 

more secondary seminal roots with the greatest percent- 

age of this number found in the class with three sec- 

ondary seminal roots per seedling, with a gradual falling 

off on either side of this number. Of the flint va- 

rieties 95% of the kernels produced only one seminal 

root, or no secondary seminal roots. In the sweet 

varietïes 55% produced secondary seminal roots, of which 

25% produced but one. After testing a number of selfed- 
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lines of flint and dent varieties for seminal roots, 

he found they agreed closely with the averages of all 

flint and dent varieties. 

Smith and Walworth (26), and Liangeisdorf and 

Goodsell (20) showed that individual ears of corn 

possess characteristic tendencies in the number of 

seminal roots produced per seedling. The former found 

a positive correlatïon between high seminal root nun- 

ber and yield of crop. They also indicated a correla- 

tion between high seminal root production and vigor of 

early growth, but Collins (9) and Mangelsdorf (20) 

question the reliability of their results. Nevertheless, 

Mangeisdorf and Goodsell (20) reported a positive cor- 

relation between high seminal root number and vigor of 

young corn seedlings when germinated seedlings were 

planted in flats, but a negative corre1aton when seed- 

lings were grown directly. 

Hutcteson and Wolfe (17) stated that with the 

unfolding of the plumule permanent roots develop and 

then temporary roots disappear. Weaver (2), however, 

illustrated that with the root habit of a dent varïety 

of corn 36 days old there was found three seminal roots 

arisïng directly from the seed and extending two feet 

in the same direction as that of the permanent roots. 
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MATERIALS AND METHODS 

Two varieties of wheat --- White Winter, a true 

winter wheat, and Jenkins Club, a spring wheat which 

is often fall planted -- were used for study of the 

adventitious roots. The plants were grown in sïx and 

eight inch pots in the greenhouse in the fall and 

winter, l93l-32. Ten pots of each variety were used 

for each experiment. The soil used was a medium-fine 

sandy loam, and each pot was filled with an equal 

weight of soil. Two seeds were planted in each pot; 

and after the seedlings had become well established, 

one plant was removed by cutting it off close to the 

soil, not pulled so as not to disturb the roots of the 

remaining plant. Just before the plants were removed 

from the pots they were given excessive amounts of 

water to saturate the soil to prevent soil and roots 

adhering to sides of pot. The roots were then removed 

by turning the pots upside down in a large container 

and the soil washed away with a jet of water. The 

water was drained off over a large mesh screen so as 

to recover any roots that had broken away from the 

plant. Dry weight of the plants was obtained by dry- 

ing in an oven at 700 0. for 15 hours. 
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The seminal root studies were made with 19 wheat 

varieties within the eight species, and with 14 barley 

varieties. The wheat samples were all grown in the 

cereal nursery plats at the Oregon Agricultural Experi- 

ment Station. Six of the barley varieties -- Syrian, 

Russian, Czechosolvakia, Danish, Danubian, and Chilean -- 

were European grown and were obtained from the Federal 

Grain Supervisor's Office in Portland. Chevalier #1 

and #5, Flynn, Trebi, Lariout and Hannchen were obtained 

from the Oregon Experiment Station nursery plats. The 

Tennessee Winter and Atlas varieties were obtained from 

California. 

Each sample of approximately 100 seeds was run 

in triplicate and germinated between blotters in a 

standard germinating chamber at a temperature from 

20-24° C. Counts were made of seminal roots after 

being in germinator from 6 to 9 days, or until the 

plumule had reached about 3 or 4 inches in length, 

after which no more seminal roots developed. 

EFFECT OF TEMPEATURE ON ROOT DEVELOPMENT 

The temperature at which a plant is growing has 

often been noted to affect the above ground parts in a 

more or less characteristic fashion. It has been shown 



17 

that there is a difference in the degree of' hardiness 

for varieties of winter and spring wheat as to their 

abilities to withstand low temperatui'es. The above 

ground habits of growth of White Winter and Jenkin 

during winter are markedly different. White Winter 

grows in a prostrate manner, while Jenkins Club grows 

erect, Clark, Martin and Ball (5). To determine the 

difference, if any, of root growth of these two vari- 

eties under low temperatures, ten plants of each after 

growing in the greenhouse for 12 days were moved to a 

cool room in the Veterinary Science Building. They 

were grown under artificial light from six o'clock in 

the morning to six at night for 75 days. The minimum 

and maximum temperatures were recorded every day from a 

thermometer hanging directly over the plants. The pots 

were shifted every two or three days to correct for any 

differences in temperature in the room. Each pot was 

kept as near as possible to an equal moisture content 

by adding 100 cc. of water every two or three days. 

The root and top growth of the two varieties is 

given in Table I. The average temperature during the 

period was a minimum 3.7° and maximum 46.5° F. White 



Table I 

Top and root growth of White Winter and Jenkin wheat when grown 
in the greenhouse for 12 days and placed in a cool room with 
minimum temperature of 3370 and maximum 46.50 F. for 75 days. 

j Av. Length Cm. j Ratio j Number 
Variety f Tops j Roots I Tops-Roots j Roots Per Plant 

White Winter 13.7 18.6 1:1.35 6 

Jenkin 14.2 17.5 1:1.23 4 

Table II 

Top and root growth of Jenkin and White Winter wheat when grown 
in the greenhouse for 37 days and moved to cool room for 55 days. 

I j In Greenhouse 37 Days with 55 
f 37 Days in Greenhouse I Additional Days in Cool Room 

Variety I Dry Wt. Grs. j Ratio Dry Wt. 
__ 
Grs. j Ratio 

I Tops j Roots j Tops-Roots j Tops j Roots j Tops-Roots 

White Winter .120 .135 1:1.12 .188 .265 1:1.40 

Jenkin .110 .125 1:1.13 .176 .230 1:1.30 
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Winter shows an average top growth of 13.7 cm.1 and a 

root growth of 18.6 cm. with a top root ratio of 1:1.35. 

Jenkin shows an average growth of 14.2 cm. for tops and 

1'7.5 cm. for the roots, or a top root ratio al' 1:1.23. 

The difference in root growth of the two varieties, 

though rather small, is in favor of Vihite Winter. A 

significant difference noted about the two root systems 

at this stage of development was the number of rootlets 

found on each plant. White Winter consistently showed 

an average of six rootlets per plant, while Jenkin had 

but four. A difference in top growth was noted during 

the growing period of these plants. At the time the 

young seedlings were transferred from greenhouse to cool 

room, a sharp change of temperatuxe was encountered. 

For the first few days the Jenkin plants showed a slight 

wilting of the leaves and a tendency to droop. The 

plants of White Winter did not experience this condition 

or at least nct to as noticeable a degree. Undoubtedly, 

during this change of environment, the young seedlings 

were somewhat arrested in their development and the 

1. The length of the roots and tops were measured 
rather than weights taken for this trial due to the 
small amount of growth per plant. In all other 
trials, dry weights were taken because of the diffi- 
culty of obtaining accurate measurements from the 
tangled mass of roots. 
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Jenkin appeared to be more affected by this change and 

failed to make the same rate of growth. A difference 

in the leaf growth was also noted. At the time the 

plants were taken from the pots, the White Winter 

plants had three leaves with occasionally a fourth 

beginning to appear, while the third leaf of the Jen- 

kin plant had just formed. 

Table II shows the results of growth of the two 

varieties when grown in the greenhouse for 37 days and 

transferred to the cool room for 55 additional days. 

The ratio of tops to roots for the 37 days the plants 

were grown in the greenhouse was the same for both 

varieties, although White Winter showed a little more 

growth of both tops and roots. After having been grown 

in the greenhouse for 7 days and transferred to the 

cool room for 55 days, both varieties showed a slight 

increase in growth of roots as compared to tops. White 

Winter, however, showed more increase in roots over 

tops than did Jenkin, as shown by top root ratios of 

1:1.40 and 1:1.30 respectively. 
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EFFECT OF CUTTING LATERAL LEAVES 

ON ROOT DEVELOPMENT 

There has been a large number of investigations 

reported as to the behavior of plants when a portion 

of their tops has been removed. A difference was found 

in the root development of two oat varietIes when the 

lateral leaves were pruned at early stages of growth, 

Tinker and Jones (27). The different habits of growth 

of two wheat varieties, such as White Winter and Jenkin, 

are such that pruning of the tops was found to affect 

both tops and roots. 

Ten plants of each variety were grown in the 

greenhouse for six weeks when the lateral leaves were 

cut off. Another ten plants were run as checks. The 

pots were kept at the same moIsture content by weighing 

the pots every few days. After six weeks of growth 

from the time the lateral leaves were cut off, the 

plants were washed from the soil and the dry weight 

taken. Table III shows the effect of cutting the 

lateral leaves on each variety. W1-uïte Winter showed 

rapid recovery of top growth and in a short time had 

increased growth over that of the controls. Tillering 

of the plants greatly increased, an average of 9 tillers 



Table III 

The effect of removing lateral leaves on root and top 
growth of White Winter and Jenkin wheat, when grown in 
the greenhouse. Leaves removed after plants were six 
weeks old and examined six weeks later. 

I 

_ 
Dry Vit. Grs. J Ratio J Av.No.Tillers 

Variety j Tops j Roots j Tops-Roots J Per Plant 

White Winter 2.450 4.866 1:1.98 9 

Check 1.375 1.661 1:1.20 6 

Jenkin 1.883 1.517 1:0.80 3 

Check 1.800 2.100 1:1.16 4 
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being produced per plant while 6 were produced on the 

uncut controls. The average dry weight of tops was 

2.450 grs. and the weight of roots was 4.866 grs. or a 

top root ratio of 1:1.98. The average weight of tops 

for the controls was 1.375 grs. and 1.661 grs. for 

roots, a top root ratio of 1:1.20. As shown, cutting 

the lateral leaves increased both tops and roots of 

White Winter but increased the roots more than it did. 

the tops. A striking difference is brought out in re- 

gard to Jenkin. Thè degree of pruning to which it was 

subjected inhibited its growth and it never fully re- 

covered, as compared to the uncut controls. Tillering 

of the plant decreased, having an average number of 

3 tillers as compared to 4 for the controù. It was 

observed, however, that removal of lateral leaves caused 

an increased rate of growth of the main axis as compared 

to height of' plant but that the actual dry weight of the 

plant was less. The average weight of tops for Jenin 

was 1.883 grs., with an average root weight of 1.517 

grs., having a top root ratio of 1:0.80. The we±ght of 

tops for the control plants was 1.800 grs., and the 

weight of roots was 2.100 grs., making a top root ratio 

of 1:1.16. In contrast to the effect removing of leaves 

had on White Winter, as shown by increased growth in 
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tops and roots, a damaging effect was noted for Jenkin 

to such an extent that it did. not recover as seen by 

decrease in top and root growth. 

In comparing the two varieties, it was observed 

that the rate of recovery, after the leaves had been 

cut from the six-weeks old plants, was more rapid in 

White Winter than in Jenkin. Evidently the cutting of 

the leaves on this variety stimulated tillering and root 

growth of the plant and was able to make more new growth 

than Jenkin, which normally forms a smaller number of 

tillers. 

EFFECT OF SOIL MOISTTJRE 

ON ROOT DEVELOPMENT 

Tests were made to determine the effect of soil 

moisture on the root growth of the varieties White 

Winter and Jenkin. Forty pots of each variety were 

planted in the greenhouse. One-half of the pots were 

kept at a moisture content of 15% and the other half at 

34%, based on the dry weight of the soil. The pots 

were weighed every few days and enough water added to 

brIng them to their respective weights. One-half of 

the plants of each were examined after 65 days' growth 

and the remainder after 103 days' growth. 
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In the wettest soil, Table IV, for the first 

period of growth, the roots for both varieties weighed 

slightly less than the tops, as seen from the top root 

ratio of 1:0.98 and 1:0.95 for White Winter and Jenkin, 

respectively. There was no difference in the root 

growth of the two for this period of their development 

and at the moisture content at which they were kept. 

In the drier soil, however, for the same age of plants, 

an increase in root growth was found. White Winter had 

a top growth of .880 grs. and a root growth of 1.300 

grs., which is a top root ratio of 1:1.46. Jenkin had 

a top growth of .835 grs. and roots 1.310 grs., or a 

top root ratio of 1:1.56. In the 34% soil moisture 

when the plants were 103 days old, the roots of Jenkin 

were slightly heavier than the tops, weighing 2.750 grs. 

and 2.650 grs., respectively, or a top root ratio of 

1:1.04. Thite Winter showed greater development of 

roots in comparison to tops at this age of the plants 

than it did at the earlier stage. The tops weighed 

2.013 grs. and the roots 3.125 grs., which is a top 

root ratio of 1:1.54. White Winter also showed a 

larger root growth compared to tops than did Jenkin. 

The ratio of top to roots was 1:1.54 and 1:1.04, re- 

spectively. The plants grovm at a soil moisture of 



Table IV 

Root and top growth of White Winter and Jenkin wheat with dif- 
ferent soil moisture at two different dates. Greenhouse trials. 

j Age of f 

j Plants f 15% Moisture 4% Moisture 
Variety f f Dry Wt. Grs. f lDry Wt. Gre. j Ratio 

f Days f Tops j Roots f Tops-Roots f Tops f Roots f Tops-Roots 

White Winter 65 .880 1.300 1:1.46 1.005 .988 1:0.98 

Jenkin 65 .835 1.310 1:1.56 1.020 .970 1:0.95 

White Winter 103 1.183 3.032 1:2.56 2.013 3.125 1:1.54 

Jenkin 103 1.250 3.312 1:2.65 2.650 2.750 1:1.04 

L] 



27 

l5 for 1O3 days showed the root growth to be nearly 

three times that of tops. White Winter had an average 

top weight of 1.183 grs. and a root weight of 3.032 

grs., or a top root ratio of 1:2.56. Jenkin had a 

top growth of 1.250 grs. and roots 3.312 grs., or a 

top root ratio of 1:2.65. 

The significant difference of root development 

noted under the conditIons in which these tests were 

made was the greater growth of roots of both varieties 

under the limited moisture contents. The greatest 

amount of top growth, based on actual weight, was ob- 

tained in all cases from the high water content; but 

the greatest root growth, both in comparison to tops 

and weight of roots, was found in the low water content. 

Jenkin showed slightly more root development than did 

White Winter in the 15% soil moisture in both stages of 

plants examined, but White Winter showed more root de- 

velopment in the 34% soil moisture in the later period 

of growth. 

EFFECT OF FERTILIZERS 

ON ROOT DEVELOPMENT 

Livingston (19), Brenchley and Jackson (3), Crist 

and Weaver (11), Burd. (2), and many others agree that 

the presence of fertilizers increases root development. 



Tests were made to determine the effect of 

fertilizers on root development when plants were grown 

in eight inch pots and fertilizers applied by two 

methods: first, on the surface of soil and, second, 

one-half of fertilizer on surface of soil and other 

half three inches below surface. The fertilizers used 

were KC1 at the rate of approximately 500 pounds per 

acre, treble phosphate at the rate of 375 pounds per 

acre, and NaNO3at the rate of 290 parts per million of 

NO3 on basis of dry weight of soil. The fertilizers 

were applied at the time the seeds were planted. The 

surface applications were made with the dry material, 

while those made at the three-inch depth were mixed with 

loo cc. of water before being put in the soil. Ten pots 

were used for each treatment of Jenkin and White Winter 

and grown for 49 days, November 30 to January 17. 

The results of the various treatments are given 

in Table V. The effect of all fertilizers when applied 

at three-inch depth is significantly greater than the 

effect of applications made on the surface of the soil. 

For both applications the use of NaNO3 was superior to 

the phosphate and potassium fertilizers from the stsnd- 

point of increased growth of both tops and roots. More 

growth was obtained from this treatment for both 



Table V 

The effect of fertilizers on top and root growth of two 
wheat varieties. Applications made to surface of soil 
and 3 inches below surface of soil. Greenhouse trials. 

Applied on Surface Soil 3 Inches Below Surface 
Variety Dry Weight No. Dry Weight I No. 

I Grams Ratio Til- Grains Ratio ITil- 
Treatment Tops Ì 

_ 
RootsTops-Rootslers Tops RootsfTops-Rootslers 

White Winter Treble Phos. .885 1.110 1:1.25 4 1.406 1.937 1:1.37 5 

lt Kcl .800 .920 1:1.15 4 1.700 2.087 1:1.22 5 

NaNO3 1.340 1.770 1:1.32 5 2.756 3.325 1:1.21 7 

t) Check .750 .915 1:1.22 4 .820 1.000 1:1.22 5 

Jenkin Treble Phos. .895 1.100 1:1.23 3 2.087 2.744 1:1.32 4 

'I Kcl .890 .985 1:1.12 3 1.550 1.912 1:1.23 4 

NaNO3 1.330 1.800 1:1.36 4 2.750 3.200 1:1.20 6 

Check .810 .915 1:1.13 4 1.050 1.220 1:1.11 4 
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varieties tested; no apparent varietal difference was 

shown in the development of either roots or shoot. 

NaNO3 applied to the surface showed a greater root 

growth, compared to the control plants, than did either 

of the other fertIlizers. frele phosphate showed a 

slight increase of root growth when applied at surface, 

but the total growth of the plants was not greatly in- 

creased. Treble phosphate, however, when applied at a 

three-inch depth not only gave increased weight of both 

tops and roots but also increased root growth as seen 

from top root ratios of 1:1.25 for surface application 

and 1:1.37 for the three-inch applications. Increased 

growth of the three-inch depth over the surface applica- 

tions of fertilizer was greater for treble phosphate 

than for either I'TaNO3 or KC1. The KC1 treatment showed 

an increased growth of approximately equal proportions 

to that given for the phosphate fertilizers, although 

root development was not as much as seen from an in- 

creased top root ratio for the two varieties for both 

treatments. 

It is common knowledge that tillering increases 

with the use of nitrogen fertilizers. In both methods 

of applications with Na03, more tillers were produced 

by the plants. These experiments show that the addition 
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of nitrogen below the surface increases the tillering 

habit. 

These tests with the various treatments, though 

the plants were grown in containers which might limit 

the normal development of their roots, show that a 

greater increase of root and top was obtained when 

nutrients are placed below the surface. Although the 

greatest amount of root and top growth was obtained 

when NaNO3 was used, a greater increase of roots was 

obtained with phosphorus when applied thiee inches be- 

low t:rie surface. 

The greater increases from NaNO3 in both series 

of treatment may be explained, though determinations 

were not made, by varying amounts of the nutrients the 

soil contained before fertilizers were added. The soil 

was a sandy type and undoubtedly was deficient in nitro- 

gen and an increase in growth resulted from the addition 

of the nitrate fertilizer. 

The results of these tests, though not exactly 

comparable to field conditions, may be valuable because 

they show that deeper applications increased the total 

weight of the plants. That the roots of plants absorb 

large quantities of nutrients and give increased devel- 

opment of roots and tops when fertilizers are applied a 
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few inches beneath the surface of the soil has been 

shown by Grist and Weaver (11), and Collings and Warner 

(7). The surface layer of soil has been considered the 

source of supply of plant nutrients, but undoubtedly 

the subsoil should be given consideration in applying 

fertilizers. Since not only the quantity of nutrients 

but also the tine at which they are absorbed affect 

quantity and quality of yield of a given plant, the 

amount of available nutrients in the subsoil, or at 

least the first few inches of subsoIl, will become a 

matter of increasing importance. The problem of 

getting the phosphorus and potassiDm fertilizers, 

which become fixed in the surface soil, into the soll 

where they may be more efficient is of great importance. 

The nitrates, though they leach freely, may be con- 

sidered important from the standpoint of time and 

quantity of applications to the growing crop. 

THE RELATION OF LIGHT TO TOP 

AND ROOT DEVELOPMENT 

Tests were made to determine the effect of in- 

creasing and decreasing the period of light on root 

development of the two wheat varieties. The plants were 

grown with an increase of six hours daily illumination 
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by the use of artificial light, making a total of 16 

hours; with decreased light, making a total of 7 hours 

daily illumination; and with normal light with an 

average of about 10 hours daily illumination. The 

plants grown with decreased light were kept under 

cover, and artificial light supplied from 2:00 p.m. 

until 9:00 p.m. each. The seeds were planted January 

16, and the plants examined on March 2. 

The behavior of tops and roots was much the 

same for both varieties for the three different periods 

(Table VI) . The roots of the short-day plants corre- 

sponded to a much earlier stage of development than 

that shown by the long-day plants. The size of roots 

for these plants in relation to diameter and branching 

was very much less, and the total weight of roots in 

relation to top root ratios was much less than for any 

other period. The long-day plants showed a much greater 

vegetative growth than that shown for normal-light 

plants, but the roots were not developed as extensively 

when compared to tops as shown by the top root ratios 

of the two tests. 

For the long-periods of illumination a greater 

total weight of plants was found for the White Winter 

variety than was found for Jenkin. 



Table VI 

The effect of increasing and decreasing the light 
on the top and root growth of White Winter and 
Jenkins Club when grown in greenhouse for 45 days. 

increasect ignt uecreasect tignt 
Normal Light Total - 16 Hours Total - 7 Hours - 

Variety Dry Wt. Grs. Ratio Dry Wt.Grs.J Ratio Dry Wt.Grs.T Ratio 
I TopsRootsTops-Roots TopsRootsTops-Roots TopsiRootsiTops-Roots 

Wiiite Winter .240 .390 1:1.62 .390 .445 1:1.15 .034 .017 1:0.50 

Jenkins Club .233 .380 1:1.63 .375 .390 1:1.05 .050 .029 1:0.58 

cJ 
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The length of tops for the short-day plants was 

nearly as long as those for the long-day plants, but 

they were much paler in color and the total weights 

were small. 

In these experiments, where all conditions ex- 

cept light were favorable for growth, it seems that 

development of both tops and roots should be directly 

correlated with rate of food manufacture. The decreased 

period of illumination undoubtedly affected the rate of 

photosynthesis and the leaves of the short-day plants 

elongated in an effort to develop a greater area for 

the manufacture of plant food. 

The rate of growth of both tops and roots of 

plants such as wheat, a normal long-day plant, under 

decreased or increased periods of illumination seems 

to depend on the activity of photosynthesis or the rate 

of removing or using the product. 

sEL:INAL ROOT S OF EIGHT WHEAT SPECIES 

]'iost investigators state that the number of 

seminal roots produced per wheat seedling is three and 

they do not consider possible differences in species or 

varieties. The results reported herein strikingly show 

that Spelt is the only species of wheat that ordinarily 
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produces three seminal roots. 

Samples of seed of eight wheat species were 

germinated to determine the number of seminal roots 

produced. In some of the species several varieties 

were tested. Of the total number germinated of all 

varieties for each species, Spelt alone produced a 

median of three roots per seedling. The least number 

of seminals was found in the Spelt seedlings. In this 

species the greatest percentage of seedlings, 91.2%, 

fell in the class produc±ng three seminals; 7.4% had 

four, and 1.4% had five. The median number was 3.054. 

In Table VII the percentage of seminal roots 

and the median number is given for each species. 

Figure 1 shows the distribution of seminal roots of 

each species and the percentage produced in each. The 

Common wheats had a higher percentage of kernels pro- 

ducing three seminal roots than any other number; 48.1% 

was produced in this class, with various amounts in 

the higher numbers. The median number was 4.032. The 

Club varieties had the highest percentage, producing 

four with a distribution falling on either side of that 

number and a median of 4.425. The number of seminals 

produced in the Durum and Emmer wheats was in close 

agreement. The Durum varieties had 56.4% with five, 



Table VII 

The number of seminal roots produced in eight 
species of wheat. Expressed in per cent. 

Total 
I 

Variety I Number f 

Number of Seminal Roots 

f Germinatedf 2 3 4 f 5 f 6 f 7 fMedian 

All Common Varieties 2306 1.1 48.1 24..5 23.0 3.3 --- 4.032 

" Durum " 520 1.7 6.5 23.9 56.4 11.5 --- 5.317 

Einkorn u 309 --- --- 4.5 85.0 5.0 5.5 5.535 

" Polish ' 200 --- 2.7 4.3 50.7 42.3 5.848 

Emmer " 365 --- 15.1 12.3 63.7 8.9 5.54 

" Poulard " 209 -- --- 22.9 24.8 40.9 11.4 6.056 

Spelt 
t) 203 --- 91.2 7.4 1.4 3.054 

Club 556 1.3 23.4 59.7 15.6 --- 4.425 
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11.5% with six, and the remainder gradually falling 

off toward the lower numbers. Enimer had 63.7 with 

five, 8.9 with six, 12.3% with four, and 15.1% with 

three seminal roots. The median nirnber was 5.313 and 

5.352 for the Durum and Enimer varieties, respectively. 

Einkorn had a larger percentage of kernels producing 

five seminal roots than any other number. This was also 

true in the case of Polish. Einkorn, however, had a. 

frequency of distribution from four to seven per kernel, 

with 85.0% producing five and the remainder equally 

distributed. Polish had 50.7% with five, 42.3% with 

six, 4.3% with four, and 2.7% with three seminals. The 

median number for Einkorn and Polish was 5.535 and 

5.848, respectively. The Poulard species produced 

more seminal roots per seedling than any other species: 

40.9% of the seedlings had six; 11.4% had seven; 24.8% 

had five; and 22.9% had four seminal roots. 

The eight species of wheat, from the standpoint 

of all varieties tested for each species, approaches 

closely five separate classes for seminal root numbers. 

The Spelt and Poulard species represent the low and high 

classes with a median number of seminal roots of 3.054 

and 6.056, respectively. The Common and Club species 

may be grouped together on the basis of their median 



number of seminal roots of 4.032 and 4.425, respective- 

1?J The Durum and Emnier species are in close agree- 

ment. Their respective medians are 5.317 and 5.54. 

Einkorn and Polish approach close agreement when com- 

paring the median number of roots, which are 5.535 and. 

5.848 respectively. Einkorn had a large percentage of 

kernels oroducing five seminals with few for higher 

numbers. Polish also had a large number of seedlings 

with five, and a larger number having six than was 

found in Einkorn. Species characterized by the 21 

chromosomes generally show fewer seminal roots than 

those having 7 or 14 chromosomes. It appears that 

species generally produced under somewhat difficult 

conditions have a greater number of seminal roots. 

SEMINAL ROOTS OF WHEAT VARIETIES 

The number of seminal roots of nineteen vari- 

eties of wheat is given in Table VIII. The germina- 

tions were made with eight varieties of Common, two 

varieties of Durum, two of Emmer, three of Club, and. 

one each of Einkorn, Polish, Spelt, and Poulard. 

The iumber of. seminals produced for varieties 

of Common wheat ranged from three to five expressed as 

the median. Two varieties, Fortyfold and Huston, had. 

the highest number of seminal roots of all Common 



Table VIII 

The number of seminal roots produced in nine- 
teen wheat varieties. Expressed in per cent. 

Number Number of Seminal Roots 
Variety jGerminated 2 3 j 4 j 5 1 6 j 7 j Median 

Baart 249 --- 23.3 59.9 9.8 7.0 --- 4.445 

Turkey 302 --- 68.6 24.6 6.8 3.730 

Federation 293 --- 70.8 18.9 10.3 --- --- 3.706 

Fortyfold 268 --- 13.2 23.4 60.2 3.2 --- 5.222 

Huston 291 --- 10.4 24.5 59.7 5.4 --- 5.253 

White Winter 299 2.1 31.3 51.4 15.2 --- --- 4.322 

Hard Federation 296 --- 87.7 3.1 9.2 --- --- 3.576 

Marquis 308 5.8 87.4 6.8 3.505 

Kubanka 280 3.4 7.1 26.3 48.0 15.2 --- 5.275 

Pentad 240 --- 5.6 20.2 66.4 7.8 5.364 

Einkorn 309 1.0 4.5 4.5 85.0 5.0 -- 5.535 

(Continued) 



Table VIII - Page 2 

j Number j 

_ 
Number o Seminal Roots 

Variety jGerminatedj 2 j 3 j 4 5 I 6 I 7 j Median 

Polish 200 --- 2.7 --- 50.7 42.3 --- 5.848 

Black Winter 178 --- 8.9 15.4 65.4 10.3 5.393 

vernal 187 20.7 9.4 62.6 7.3 5.319 

Poulard (Alaska) 209 --- --- 22.9 24.8 40.9 11.4 6.056 

Spelt 203 --- 91.2 7.4 1.4 --- --- 3.054 

Jenkin 209 3.2 21.7 71.9 3.2 --- --- 4.349 

hybrid #128 177 --- 6.4 71.4 22.2 --- --- 4.610 

Little Club 170 46.8 29.4 23.8 --- --- 4.108 

t\D 
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varieties tested; their respective medians were 5.222 

and 5.253. Two varieties, Baart and White Winter were 

in close agreement with a median of 4.445 and 4.322, 

respectively. The varieties Turkey, Federation, Hard 

Federation, and Marquis had the smallest number of 

seminal roots; their respective medians were 3.730, 

3.706, 3.576 and 3.505. 

The two varieties of Durum tested, ubanka and 

Pentad, were similar in median number of seminals, al- 

though the variety Kubanka showed a wider range of 

distribution. The greatest percentage of seedlings had 

five seminal roots in both varieties. Kubanka had 48.0% 

seminals with a gradual distribution on either side, and 

Pentad had 66.4% with somewhat less distribution for the 

other numbers. The varieties of Emmer, Black Winter and 

Vernal gave near the same number and were similar to the 

percentage of distribution given for Pentad. 

The varieties of Einkorn, Polish, Poulard and 

Spelt are the same as given in Table VII. 

0f the Club varieties, Jenkin and Hybrid #128 

were comparable. Jenkin, however, had a little wider 

range of distribution. In both varieties over 71% of 

seedlings had. four seminal roots with a gradual falling 

off toward the smaller numbers for Jenkin and a 
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reduction of about the saine degree toward the higher 

numbers for Hybrid il28. The median number for Jenkin 

was 4.349 and 4.610 for Hybrid #128. The variety 
Little Club had the greatest percentage of seedlings 

with three seminal roots and the remaining distribution 
was toward the numbers above three. The median number 

was 4.108. 

These tests on seminal roots of seedlings for 

the different species and varieties, though by no means 

complete, as testing of a larger number of varieties 
may bring out more interesting facts concerning each in 

relation to other varieties, brings out the fact that a 

varietal difference exists as to number of seminal 

roots. The ability of a seedling to produce a given 

number of seminal roots may depend on many factors, but 

there undoubtedly ïs an inherent capacity for a seed- 

ling to produce a definite number. The work done with 

corn, Siemens (25), Wiggans (3), and Collins (8), 

indicates that certain factors are associated which 

enables it to produce quite definite numbers of roots 

for each individual type of corn. The cereal plants 

have definite genetic varietal characteristics and it 
appears logical that they siou1d have definite seminal 

root characteristics. The inherent factors for a 



seedling to produce a certain number of seminals is 

very probable, but a variation from that number may be 

influenced by the environment during the germination 

of the seed and the growth of the seedling. The above 

may also be true of composition of the seed, size and 

texture. 

TEXTURE OF' KERNELS IN RELATION 

TO SEMINAL ROOT DEVELOPMENT 

The frequency of distribution of seminal roots 

of the different varieties tested varied from a small 

range to a wide range for some varieties. It was con- 

sidered possible to associate some physical quality of 

the seed with the difference in number of seminal roots 

within the variety. 

The Kubanka variety was selected for these 

tests because of its rather wide range of distribution 

of number of seminals and the varying qualities found 

in the seeds. Texture of the seed appeared to be an 

important factor which might influence the amount of 

root development. Under conditions favorable for 

optimum growth, Kubanka produces seeds of hard texture 

and high protein content. When grown in areas of rather 

high rainfall, as found in western Oregon, the seeds 

often become starchy and soft. The seeds used for 



these tests were grown in the nursery plats on the 

College Experiment Station and individual kernels 

showed extreme variations as to hardness. In select- 

ing the seeds, those showing the greatest amount of 

soft endosperm were obtained for one sample and termed 

Usoftfl and another lot with a hard vitrous appearance 

was termed "hard." Four lots of lOO seeds each were 

germinated and the seminal roots determined. The re- 

suits are given in Table IX. 

Striking differences in number of seminals in 

the two lots were obtained. In every case the hard 

seeds were found to have the greater number of seminal 

roots. From 73.9% to 89.3% of the "hard" seedlings had 

five seminal roots, from 10.7% to 24.2% had four, and a 

small per cent had three, for the four lots tested. The 

"soft" seeds had 45 to 50% with four. A rather high 

percentage, 20 to 30, was found with three, and the 

smallest number of seeds produced five. 

The results of these tests may appear con- 

trary to the expected. Considering the amount of 

starch in the seed, the softer seeds would have more 

materials to develop vigorous seedlings. The protein 

content of the seed, however, undoubtedly is important 

for shoot growth of the young seedlings, and abundant 
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Table IX 

The effect of seed texture of Kubanka wheat 
on seminal root number. Expressed in per cent. 

Texture I Number I 

Test of Seeds _ No. of Seminal Roots 

Number Seed Germinated 3 I 4 I 5 

i Hard 93 --- 10.7 89.3 

Soft 90 34.1 46.4 19.5 

2 Hard 96 2.4 16.5 81.1 

Soft 94 33.2 50.0 16.8 

3 Hard 96 1.9 24.2 73.9 

Soft 93 36.0 49.8 14.2 

4 Hard 94 --- 18.2 81.8 

Soft 89 20.1 54.3 25.6 

Median number all "harda seeds 5.33 

Median nuniber all ilsoftU seeds 4.38 



carbohydrate foods favor increased root growth, 

Reid (23). 

The texture of the kernel may have some in- 

fluence on the growth of seminal roots of the seedling, 

as may other factors of the seed. From the standpoint 

of these tests the kernel texture gave significant dif- 

ferences for seminal root number, but as will be shown 

later 'other qualities of the seed are more closely 

associated with the number produced than is texture and 

the results obtained here are shown to be of less ini- 

portance, although significant differences are indicated. 

Nevertheless, more work needs to be done on this point 

and with more accurate measurements used for the de- 

termination of texture this factor may prove to be of 

importance. 

SIZE OF SEED IN RELATION 

TO SEIViINAL ROOTS 

From the tests made with kernel texture it was 

observed that a large percentage of the seeds used for 

those which were '50ft" were smaller in size than those 

used for the Ihardtt seeds. This suggested that size of 

the seed may be of' importance in establishing the dif- 

ferences for seminal roots. 



Three samples of seeds were used from the same 

lot as before, and the selection of seeds was for size 

regardless of texture. One hundred seeds were used 

for each of the three tests for two sizes of seed. 

The selections were made from the smallest seeds and 

the largest seeds found in the variety. The kernels 

were examined for the characteristics shown for the 

Kubanka variety, and though the small type of seeds 

were small for this variety they showed the character- 

istics of Durum wheat. The seed was grown, as was 

pointed out before, from rod rows in the nursery and 

mixing of varieties was not likely. The 100 seeds of 

each lot were weighed. The large seeds had an average 

weight of 5.025 grs. and the small seeds had an average 

weight of 2.155 grs. The results are given in Table X. 

For the large seeds, 79% or more of the seed- 

lings had five seminal roots for all of the lots 

tested, with a gradual falling off toward the lower 

numbers. In two lots a small percentage of the seed- 

lings, 3.7 and 4.4, had six serninals. The small seeds 

had a smaller number of roots per seedling for all 

three lots. More seedlings were found with three 

seminals than was found with any other numbers 46% to 

50% of the seedlings had three, 28% to 3% had four, 
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Table X 

The effect of the size of kernel on seminal root 
number of Kubanka wheat. Expressed in per cent. 

Size of j Number j 

Test j Seed j Seeds j 
No. of Seminal Roots 

Number j Wt.in Grs.fGerminatedj 3 j 4 j 5 j 6 

1 4.925 93 4.9 8.7 82.7 3.7 

2.175 88 48.7 30.5 20.8 

2 5.100 98 3.1 10.2 86.8 

2.190 91 55.6 28.3 16.1 

3 5.050 96 --- 16.3 79.3 4.4 

2.100 95 46.6 33.1 20.3 

Median number all large seeds 5.45 

Median number all small seeds 3.99 
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and 16% to 20% had five seminal roots. The size of 

roots on the plants with five seminals, in nearly 

every case, was considerably larger than those with 

three. By comparing Table IX with Table X, it will 

be seen that the results are in close agreement as to 

number and distribution of sexninals produced per seed- 

ling. The tests with kernel texture was made regard- 

less of size of kernel, but most of the "soft" seeds 

were by far the smaller kernels. The size of seeds, as 

far as these tests are concerned, shows more influence 

on root development than does texture of seeds. The 

smaller size of seeds, regardless of whether they were 

"hard" or Isoft,t gave similar results and checked 

closely with results obtained from germinations of 

"soft" kernels. The results with large seeds compared 

similarly to those when "hard" seeds were tested, but 

texture of the large seeds was not considered. The 

large kernels had varying degrees of hardness, and many 

of them were as soft as any of those for the 
t80fIt 

seed samples; regardless of this, the number of seminal 

roots produced was as great for size of seed as was 

found for all "hard" seeds. 
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RELATION OF SEMINAL ROOTS TO 

SEEDLING AND PLANT VIGOR 

Smith and Walworth (26) and Mangeisdorf and 

Goodsell (20) reported positive correlations in corn 

between number of seminal roots and seedling vigor as 

measured by unfolding of the leaves. It seems that 

variation of seminal roots for seedlings of any of the 

cereal plants should be associated with seedling vigor 

as the young seedling is dependent on the primary root 

system for a large supply of its water. 

To determine whether any association exists be- 

tween number of seminal roots and vigor of seedling of 

Kubanka, seeds were germinated between blotters for 

eight days and transplanted into flats and grown in the 

greenhouse. Twenty seedlings with three seminal roots 

and 20 iNith five were planted in the same flat. Measure- 

ment of seedling vigor as determined by plant height was 

made at 7, 14, and 21 days of growth. When germinated 

seedlings were transplanted to flats, the entire seed- 

ling except for the tip of the plumule, which was left 

just showing on the surface, was covered with moist 

soil. The plants were kept supplied with plenty of 

moisture, no attempt being made to limit conftitions 
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for amount of growth. The results are shown in 

Table XI. 

Striking differences in seedling vigor are shown 

for number of seminal roots. The average height of 

seedlings for the tbree stages of growth was over twice 

as great for those having five seminal roots as for 

those with three. Figure 2 shows the difference in 

growth when the plants were 21 days old and 2 months 

old. The plants having five seminal roots were on the 

latter date fully headed, while only two or three plants 

from those having three seminal roots showed the heads 

beginning to emerge from the upper leaves. Under the 

conditions which these plants were grown, it does not 

seem possible that such wide differences should exist 

when the plants were so near maturity. Whether there 

is a difference in yield of grain for individual plants 

remains to be seen. Undoubtedly different moisture re- 

lationships would have a pronounced effect on seedling 

vigor in relation to number of seminal roots. 

SEMINAL ROOTS OF BARLEY VARIETIES 

The number of seminal roots produced per seed- 

ling for barley has been given by Carleton (4) to be 



Table XI 

Difference between number of seminal roots and heigi-its of 
transplanted seedlings at successive stages of development. 

1 9 iNumDer 2 

Date of plants Average Height of Plants in Cm. 

Variety Measured Measured 3 Seminal Roots 5 Seminal Roots 

Kubanka March 9 20 3.2 8.3 

March 16 20 6.8 17.3 

March 23 20 11.2 24.2 

o, 



Figure 2. The difference between seminal 

roots and seedling vigor -- (A) Twenty-one 

days old, and (B) two months old. The five 

seminal root plants in B were fully headed. 
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from 5 to 8. As far as the writer was able to learn, 

no other literature has been.reported gi.ving the number 

of seminals for barley. 

Germination tests were made to determine seminal 

root numbers for barley. Fourteen varieties were tested. 

In Table XII is given the results expressed in per cent 

for different numbers and the median number given of 

each as to class, two-row and six-row, and the varieties 

within each class. 

The two-row varieties in every case had a higher 

number of seminal roots than the six-row varieties, ex- 

pressed as the average of all varieties. The median 

number for the two-row varieties was 7.l28, and a 

median of 5.551 was obtained for all six-row varieties. 

The variety Danish, a two-row barley grown In 

Denmark, had a higher number of seminal roots than any 

other variety. Figure 3 shows the median number of 

seminal roots produced for each variety. A high per- 

centage of the seedlings had eight and nine seminals. 

The median number was 8.08. A more vigorous germination 

was noted for this variety and the even development of 

the plumule and the size of the roots was strikingly 

superior to those obtained from the other varieties. 

In Europe this variety is considered to be one of the 



Table XII 

Number of seminal roots of barley 
varieties expressed in per cent. 

Number of Number of Seminal Roots 
Variety Kernels J 

JGerminatedf 3 4 5 6 7 8 9 J Median 

Danish 302 --- 2.2 8.7 18.0 18.1 38.1 14.9 8.080 

Russian 287 .2 2.4 12.6 39.6 27.8 15.6 1.8 6.880 

Czechoslovakia 296 --- .1 20.3 49.2 30.1 .3 --- 6.600 

liannchen 340 --- --- --- 14.2 51.6 27.5 6.7 7.693 

Chevalier #1 297 --- --- .1 22.0 47.6 24.5 5.8 7.586 

Chevalier #5 300 --- --- 6.5 29.7 41.1 20.6 2.1 7.336 

Av. All 2-Row Varieties 1,822 .1 2.0 12.5 31.5 30.4 18.1 5.4 7.128 

Syrian 294 

Danubian 308 

Chilean 302 

1.8 16.8 38.5 29.6 12.6 .7 --- 5.816 

.1 7.8 26.7 33.6 21.9 9.9 --- 6.458 

3.3 28.2 40.5 22.3 5.8 --- --- 5.456 

(Continued) 
01 



Table XII - Page 2 

¡Number of I 

Variety f Kernels f 
Number of Seminal Roots 

fGerminatedf 3 f 4 5 f 6 f 7 8 f 9 f Median 

Flynn 311 5.6 34.9 46.2 13.3 --- --- --- 5.205 

Trebi 300 2.7 42.3 45.1 7.2 2.7 --- --- 5.110 

Mariout 301 1.1 28.8 48.6 19.6 1.9 --- --- 5.413 

Tennessee Winter 280 .3 2.8 12.2 66.1 18.6 --- --- 6.524 

Atlas 286 .9 4.1 32.3 61.1 1.6 --- --- 6.207 

Av. All 6-Row Varieties 2,382 2.4 26.2 38.8 22.5 8.0 2.1 --- 5.551 
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best barleys for brewing purposes because of its 

tigerminating energy»' Undoubtedly these factors are 

more or less correlated with the high number of seminal 

roots produced by this variety. 

Two other varieties of the two-row class and 

European grown, Russian and Czechoslovakia, gave similar 

results for seminal root number. Both had more seed- 

lings with six seminals than any other number. The 

Russian variety, however, had a greater distribution for 

the higher number than was found for Czechoslovakia. 

The median numbers were 6.88 and 6.60, respectively. 

Three varieties of the two-row class grown in 

the cereal nursery at the College Station did not have 

as high a seminal root number as the Danish variety but 

had more than the other European varieties. The fre- 

quency of distribution was less for the Oregon varieties 

than for the European. The greatest percentage of seed- 

lings of the Oregon grown varieties, Hannchen, Chevalier 

-1 and Chevalier #5, had seven seminal roots. All 

three varieties were much alike as to total numbers and 

distribution. Hannchen had a median number of 7.693, 

Chevalier #1 had 7.693, and Chevalier #5 had 7.336. 

Of the eight varieties in the six-row class, five 

had more seedlings producing five seminals than any 
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other number, and three had more seedlings producing 

six than for any other number. Two of the European 

six-row varieties, Syrian and Chilean, compared simi- 

larly with the Oregon varieties which produced five 

seminals; while Danubian, another European variety, 

compared with the varieties obtained from California, 

Atlas and Tennessee Winter, producing a higher number 

with six seminals. The varieties Flynn and Trebi had 

a higher percentage of the seedlings producing a Jow 

number of seminal roots than found ifl any other 

variety. 

THE EFFECT OF KERNEL SIZE ON 

SEMINAL ROOTS IN BARLEY 

As previously shown, size of individual seeds 

had considerable effect on the number of seminal roots 

produced In wheat. Top length in young seedlings has 

been shown to be directly correlated with initial seed 

weight, Trelease and Trelease (28). Tests were made 

with li varieties of barley to determine the number of 

seminals in four different sizes of seeds. The seeds 

were sized by passing over different barley screens 

with a definite width of openings. The four screens 

had sizes of 5/64, 6/64, 7/64 and 8/64 of an inch. 



62 

Small amounts of seed of each variety were used at 

each screening and the smaller seeds were removed 

first. After all seeds were removed by this size of 

screen, they were passed over the next size, etc., 

until the seeds were all divided into their respective 

sizes. Germinations were made in triplicate lots, 

when seed was available, of 100 seeds each of the foui' 

sizes. In some varieties small amounts of seed were 

obtained for the small and large sizes, and triplicate 

lots were not always made; in the medium size seed 

four lots were sometimes tested. For convenience the 

size of the seed is referred to as 5, 6, 7 and 8. The 

results of these tests are given in Table XIII. 

Figure 4 shows the median number of seminal 

roots progressively increased from the small seeds to 

the larger ones in every variety tested. The small 

seeds gave a high percentage of seedlings with a small 

number of roots, and the large seeds invariably pro- 

duced a high number. The range of root numbers was 

within rather wide limits from the small size of seeds 

to the large size of seeds. As shown for the Danish 

variety, the No. 5 seeds had more seedlings producing 

five seminal roots than any other number; 49.6% were 

produced in this class with the falling off on either 



Table XIII 

The effect of size of seed on the number of 
seminal roots in barley. ixpressed in per cent. 

Size Number of 
of Kernels Number of Seminal Roots 

Kernel Germinated 3 4 5 6 7 4 8 1 9 1 Median 

5 225 -- - 

'J 'J 

7 395 - - - 

8 383 - - - 

5 186 3.2 
6 361 
7 364 
8 352 

51 
6 326 - -- 

7 312 - - - 

8 301 

Danish 2-Row 

26.4 49.6 24.0 
17.6 51.9 

9.2 
4.7 

Russian 2-Row 

16.2 49.5 29.5 
21.8 47.2 
7.3 48.0 

11.1 

Ozechoslavakia 2-Row 

2.4 48.4 43.9 
9.7 77.9 

20.1 

5.475 
27.7 2.6 --- 6.431 
22.5 52.5 15.8 8.348 
10.3 36.2 48.8 8.966 

1.6 --- --- 5.618 
27.3 3.7 --- 6.597 
36.0 9.7 ---- 6.889 
40.7 42.3 5.9 7.955 

5.3 --- --- 5.983 
12.4 --- ---. 6.504 
74.1 5.8 --- 7.403 

1. No seeds were obtained having #5 size for tnis variety. 

(Continued) 



Table XIII - Page 2 

Size 
of 

Kernel 

Number of 
I Kernels 
Germinatedi 3 4 

Number of Seminal Roots 

5 6 7 8 9 Median 

Syrian 6-Row 

5 195 --- 39.1 51.5 9.4 --- --- --- 5.211 
6 275 6.4 27.2 56.0 10.4 --- --- --- 5.292 
7 185 --- 5.8 38.9 29.5 25.8 --- --- 6.161 
8 304 --- --- 4.1 69.3 24.0 2.6 --- 6.662 

Danubian 6-Row 

5 317 3.2 25.7 59.2 11.9 --- --- --- 5.356 
6 396 --- 8.2 39.9 34.0 17.9 --- --- 6.055 
7 393 --- 1.4 13.6 41.9 27.9 15.2 --- 6.835 
8 386 --- --- --- 35.8 40.3 23.9 --- 7.352 

Chilean 6-Row 

5 335 12.5 60.8 26.7 --- --- --- ---- 4.616 
6 390 2.5 47.8 38.5 11.2 --- --- --- 4.994 
7 394 -- 17.5 50.4 29.6 2.5 --- --- 5.644 
8 400 --- 3.5 24.5 52.0 20.0 -- --- 6.423 

Chevalier ï5 2-Row 

5 78 --- 6.1 53.3 31.6 9.0 --- --- 5.823 
6 388 ---- --- 3.1 50.0 39.2 7.7 --- 6.938 
7 262 --- --- --- 5.4 56.4 38.2 --- 7.790 
8 103 --- --- --- 10.9 31.5 39.8 17.8 8.l90 

(Continued) 
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Thize Number of j Number of Seminal Roots i 

of I Kernels j 

Kernel I Gernatedi 3 1 4 I 5 1 6 I 7 1 8 1 9 1 Medizin 

Chevalier l 2-Row 

51 ___ --- --- --- --- --- --- --- 

6 87 --- --- 5.3 61.4 33.3 --- --- 6.728 
7 308 --- --- --- 15.6 50.6 30.5 3.3 7.679 
8 214 --- --- --- 4.2 26.3 61.4 9.1 8.317 

Flynn 6-Row 

5 144 33.3 66..? --- --- --- --- --- 4.100 
6 276 13.5 66.3 20.2 --- --- --- --- 4.550 
7 278 --- 34.8 61.9 3.3 --- --- --- 5.245 
8 276 --- 6.5 67.4 26.1 --- --- --- 5.645 
92 226 --- 6.2 58.4 35.4 --- --- --- 5.750 

1. No seeds were obtained having #5 size for this variety. 

2. Seeds were obtained in this variety larger than number 8. 

(Continued) 
O) 
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Table XIII - Pase 4 

ize Number of 
of Kernels Number o± Seminal Roots 

Kernel Germinated 3 4 5 6 7 8 1 9 Median 

5 214 13.1 
6 274 -- - 

7 269 
8 275 

5 291 4.1 
6 302 
7 288 
8 283 

Trebi 6-Row 

79.4 7.5 
60.6 34.3 5.1 
26.2 63.7 10.1 
11.3 67.5 12.0 

Mariout 6-Row 

66.0 29.9 
40.0 55.2 4.8 
5.2 72.9 19.8 
2.4 36.1 55.5 

4.464 
4.825 
5.265 

10.2 --- --- 5.573 

4.695 
5.181 

2.1 --- --- 5.614 
6.0 --- --- 6.207 
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side of this number equally divided for those producing 

four and six seminals. For the No. 6 size of seed, an 

increase is seen toward the higher numbers, the greatest 

percentage of kernels producing six seminal roots. In 

the No. 7 size a still greater increase was obtained, 

eight roots being produced more often than any other 

number. The No. 8 seeds produced nine seminal roots in 

a greater percentage of cases than any other number. 

The respective median number of roots for the four 

sizes of seed in the Danish variety are 5.475, 6.431, 

8.348, and 8.966. The other varieties gave results 

similar to these. 

A close agreement was found between small seeds 

and low number of seminal roots and as size of seed in- 

creased the number of seminal roots also increased. 

In the variety Flynn, a small per cent of the 

seeds was not screened out with the No. 8 size screèn. 

These seeds were listed as No. 9. These larger seeds 

also gave a slight increase in the number of seminal 

roots, but the increase was not as great as that found 

between the smaller sizes. 

In Table XIV is given the percentage of seedlings 

producing various numbers of seminal roots for the aver- 

age of eleven varieties for the four sizes of seed. 



Table XIV 

The number of seminal roots obtained from four kernel 
sizes of eleven barley varieties. Expressed in per cent. 

Size Number of f f 

of f Kernels Number of Seminal Roots 

Kernel f Germinated f f 4 f 5 f 6 f 7 f 8 f 9 f Median 

5 1,982 7.3 46.6 36.6 9.5 --- --- --- 4.916 

6 3,458 1.8 22.3 31.9 28.8 13.7 1.5 --- 5.811 

7 3,362 8.0 27.9 27.1 21.9 14.7 .4 6.520 

8 3,111 2.2 18.8 30.9 27.2 18.5 2.4 6.935 

Total 11,913 





71 

Figure 5 shows the median number of these sizes. From 

the examination of this table it may be seen that size 

of seed influences the number of seminal roots a seed- 

ling will produce to a marked degree. For the four 

sizes -- No. 5, No. 6, No. 7 and No. 8 -- of all vari- 

eties the median number of roots developed was 4.916, 

5.811, 6.520, and 6.935, respectively. 

The results of these tests for the number of 

seminal roots in wheat and barley indicate that size of 

kernel is perhaps the most important factor for the dif- 

ferences found within each variety. That a varietal 

difference exists for size of kernel is well known and 

this may explain in part the difference wt1iin a variety 

which exists for seminal root number. The size of the 

kernel varies, within certain limits, in almost every 

variety and, consequently, seminal root number seems to 

vary about the same degree. 
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SUARY 

A varietal difference for secondary root de- 

velopinent was found in a winter and spring type of 

wheat under certain environmental conditions. 

The White Winter variety showed more root 

growth when grown under low temperature conditions 

than was found for the Jenkin variety. 

Cutting the lateral leaves stimulated root and 

top development in the White Winter variety but re- 

tarded development in the Jenkin variety. 

Varying the soil moisture showed but little 

differences of growth for the two varieties. In- 

creased root development was found for both varieties 

when grown in low percentages of soil moisture. 

The depth that fertilizers were applied to soil 

affected the root and top growth. Fertilizer applied 

three inches below the surface of the soil increased 

the total growth ol' the plants. 

The root and top growth viere found to be closely 

correlated with length of daylight period. Increased 

illumination increased top growth more than root growth, 

while shortened illumination increased the length of 

tops but the total weight of' both tops and roots was 

small. 
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A varietal difference in seminal root ntunber 

was found for the eight wheat species. The highest 

number was in the Poulard species, and the lowest in 

the Spelt species. 

The texture of kernel apparently influences 

the number of seminal roots produced per seedling 

within a variety. Hard textured seeds gave a higher 

number than soft textured seeds. 

The size of kernel was demonstrated to be more 

closely associated with seminal root number than was 

texture. The large sizes of seed produced more 

seminals than did. the smaller sizes. 

A difference was shown to exist between number 

of seminal roots and seedling and plant vigor. The 

seedlings with five seminal roots were more vigorous 

than the seedlings with but three seminal roots. 

Barley varieties showed differences in number 

of seminal roots produced per seedling. The two-row 

varietïes produced more roots than the six-row 

varieties. 

The size of kernel is shown to be definitely 

associated with the number of seminal roots produced 

per seedling in barley. The large sizes produced the 

most seminal roots. 
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CONCLUSIONS 

The results obtained indicate that further 

work would give information that could be applied to 

field practices. For example, Danish barley has more 

and larger seminal roots than any other variety tested. 

This variety, therefore, is more than likely able to 

withstand adverse conditions at planting time in the 

spring. Also, it may have special adaptations in re- 

gard to soil trpes, depth of planting, rate of planting, 

noisture supply, soil fertility and other factors. If 

such relationships are found, they would have unlimited 

possibilities for they, more than likely, could be trans- 

ferred to other varieties by hybridization. Possibly 

many varieties are not pure lines for this seminal root 

character and in this connection selection of superior 

trpes would be of value. 

It is conimon knowledge that the 21 chromosome 

wheats lack the disease resistance and general Trhardi_ 

of the species with lower numbers. Seminal roots 

may be a contributing factor to the above differences. 

This field of study offers many other possibilities, 

such as obtaining the correlation between seminal root 

number and adaptation to drouth and other adverse condi- 

tions. For example, Durum wheats are known for their 
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ability to grow under adverse conditions. This may be 

due to their large number of seminals. It is unfortu- 

nate that this character of seminal roots has not been 

studied in connection with the many species hybrids 

which have been niade in the last decade. 

The striking differences in number and size of 

seminal roots reported herein were obtained under favor- 

able conditions for germination. Additional work under 

unfavorable conditions may show even greater differences 

in serninals of various species and varieties. A series 

of tests under various conditions of moisture and fer- 

tility with the outstanding varieties would undoubtedly 

give results of value. For example, the "high seminal 

root number" species and varieties may have the ability 

to produce even more seminals under adverse conditions 

than they do under the conditions of these trials. 

Also, it would be of value to obtain the relation be- 

tween seminal root numbers and resistance to certain 

disesses, quality and final yield under various condi- 

tions. At any rate, the rooting habits, both seminal 

and adventitious, should be studied in detail for each 

of the recommended varieties of cereals. This study 

might bring out the reasons why certain varieties are 
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recommended and also give investigators other factors 

to seek in varieties which they are developing. 

The results so far indicate that those varieties 

which are commonly grown under medium to rather poor 

soil conditions generally have the higher number of 

seminal roots. Seed selections from individual plants 

grown from a seedling with a high seminal root number 

may prove worthy of Investigation. Selections along 

that line from varieties such as Hannchen, Ben Beard- 

less, and O.A.C. 7, important barley varieties in 

Oregon, may bring out interesting results from the 

standpoint of correlation of high seminal root number 

and Improved quality of the seed. Varieties such as 

Chevalier #1 and #5, whIch are selections, may be im- 

proved. These varieties gave promising possibilities 

of approaching the even and vigorous "germinating 

energynl of the so-called Danish variety. The fact that 

the Danish variety is one of the best for malting pur- 

poses and that it also has a higher root number than 

any other variety suggests the possibility of selecting 

for this factor in some of the domestic strains or 

varieties. 

All of these trials should be conducted with 

not only the other cereals such as oats and rye, but 
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also other crops of the grass family. This is partic- 

ularly true of plants that are self-fertilized. Much 

of the investigational work on cereal plants is repeti- 

tion of studies that have been carried on at many places 

and at many times. About half of the plant is under the 

surface of the soil, but much less than half of the in- 

vestigational work has been done with that part of the 

plant. It is time for research workers in cereal crops 

to undertake more detailed studies of roots, even though 

the field is not so attractive from the standpoint of 

time and labor required to get comparable results. 
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