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Abstract:

Early maturing isotypes of 'Betzes' and 'Hannchen' barley (Hordeum vulgare L.) grown in slant-boxes
produced smaller root volumes, root weights, and root:shoot ratios than 'normals' due to a reduction in
the elongation rate and number of adventitious root axes. A similar decrease in root volumes, weights,
and root:shoot ratios characterized early isotypes grown in pots.

Twenty-five two-row and 25 six-row barley varieties were grown in germination boxes to determine
differences in mean seminal root numbers. Significant varietal differences in mean seminal root
numbers were observed. Two-row barley varieties generally developed a greater number of seminal
roots than six-row varieties.

Four barley varieties representing a wide range in mean seminal root numbers were evaluated in
slant-boxes and pots to determine if increased branching compensates for low root number. Mean
varietal root numbers were correlated with mean root volumes (r = .96; 2 degrees of freedom) in
slant-boxes. The fresh root volume of 'DeKap' was significantly greater than 'Unitan' (p =.007),
'Briggs' and 'Zephyr' (p = .05) at 25 days from transplanting. Varieties differed in mean elongation rate
of seminal axes in six of eight measurement periods.

Seminal root numbers were more important than elongation rates in determining the total length of
seminal axes at day 12 when grown in pots.
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ABSTRACT

Early maturing 1sotypes of 'Betzes' and 'Hannchen' barley

(Hordeum vulgare L.) grown in slant- boxes produced smaller root volumes, “

root weights, and root:shoot ratios than 'normals' due to a reduction
in the elongation rate and number of adventitious root axes. A similar
decrease in root volumes, weights, and root:shoot ratios characterized
early isotypes grown in pots.

Twenty-five two-row and 25 six-row barley varieties were grown in
~germination boxes to determine differences in mean seminal root numbers.
Significant varietal differences in mean seminal root numbers were ob-
served. Two-row barley varieties -generally developed a greater number’

of seminal roots than six-row varieties.

Four barley varieties representing a wide range in mean seminal
root numbers were evaluated in slant-boxes and pots to determine if
increased branching compensates for low root number. Mean varietal
root numbers were correlated with mean root volumes (r = .96; 2 degrees
of freedom) in slant-boxes. The fresh root volume of DeKap was sig-
nificantly greater than 'Unitan' (p = .007), 'Briggs' and 'Zephyr'

(p = .05) at 25 days from transp]ant1ng Varieties differed in mean
elongation rate of seminal axes in six of eight measurement periods.

Seminal root numbers were more important than elongation rates in
determining the total length of seminal axes at day 12 when grown in
pots.




~ INTRODUCTION
The association betwéeh root characteristics and cereal grain
yield in arid and semi-arid climates has been studied extensively .

(Troughton, 1962;'Hufd, 1976; Jbrdan, 1980). These "authors generally

"~ agree that the yé]ue of any épecffic root Characteristi; .depends on

~ the environment in which the crop is produced.

Significant amounts of plant available water may. remain in the

Tower,soil zbnes (below 60 ém) at harvest time in many prairie soils. o

Plant breeders have sought to increase the extensivity of the root
systems in spring wheat lines to use this moisture (Hurd, 1976).
In many drier afeas it may. be desirable for wheat groWn‘so]e1y'on

stored soil moisture to conserve water during early growth stages.

- Australian researchers; were able to 1imit soil water use by wheat

durjng eaf]y growth sfageé by decreasing seminal root numbers
(Passioura, 1972). =

Measurements by Brown (1989)'in Mbntana'indicate'that current
barley varieties leave aAcohsideréble quantity of plant available water
in the Tower rooﬁ zone. A threé year study in the Gallatin Valley
determined that 'Betzes' bér]ey rooted to 150 cm each - year on a
fallowed 16ess soil. Soil w&ter usé'(initia] p]ant'available'HZO;
harvest,p]ént.ayailab1e HZO)'fanged froﬁ 13.2 ; 14.2 cm. 'SeaSOna]
rainfall'rahgéd from 5.6 - 16.5 cm. Plant. available water to 182 cri

(6 feet) rangéd from 14:2 - 20.1'cm.‘ A1l évéi]ab]e water from the
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upper 60 cm was used by the crop each yeart ~In a later sthdy on
'.glac1a1 ti11 1in Chouteau County, Montana, Brown found that *Shabet’
barley rooted to 150 - 180 cm Most of the ava11ab1e water was used
in the upper 122.0 cm, but 5 8 ‘cm of p1ant ava11ab1e water rema1ned in ~
the 150 - 180 -cm depth . Brown et al. (1981) 'also reported that
barley y1e1ds increased approx1mate1y 148 kg/ha-cm of H 0 (7 bushe]s/
acre-inch). Barley y1e1ds cou]d be 1ncreased by approx1mate1y 1600 kg/
ha (30.bu/acre) if the root systems of barley - var1et1es were mod1f1ed
to use this water. | |

. The obJect1ve of th1s research was to exam1ne the root morpho- .
logical character1st1cs of barley wh1ch control soil water extract1on
patterns. We postu]ate that the root system of barley varieties grown
in Montana may be modified to utilize the residual soil moisture

described by Brown (1980).




.a11y 1nconc1uéiye, Hackett

REVIEW OF LITERATURE

Barley, 1ike.other:temperate'6erea1s; develops two root systems:

the seminal, which develops from primordia Within the.seed, and the

- adventitious, which initiateés in the basal nodes of the stem (Troughton, -

~1962). The seminal roots are important for seedling establishment

since they develop first (Fritsch, 1977). 'Adventitious roots develop
anytime after the 3-4‘1eaf.stage (Briégs, 1978).

Researchers have amputated the adventitious roots of wheat and _

~ barley to'assess_thé relative importance of the seminal roots beyond

the seed]fng stage (Simmonds and -Sallans, 1933; Sa]]ans,:1942;

Gliemeroth, 1957). The results of these amputation studiés Were‘generF

(1971) demonstrated that the removal of
one part of the barley root §yst¢m is.genefa1]y cdmpensafed fdr by
increased growth of the reﬁainder. _ |
The'adventitious-roots may dominate the seminal roots due to
greater nUmbérs._ Pav]ychenko and Harrington (1935) demonstrated that
widely spaced barley is capable of broducing 83 adventitious roots/
plant. Eidhf bartey cultivars grown.in Montana averaged 14.5 adventi-
tious roots/plant (Hbckett, 1980). Briggs (1978) reported that barley
sémiﬁa] roots geﬁeré]]& ranged frgm 5-7, over alrange of seeding ratés.

Troughton (1962) ﬁoted that wheat crops may reach maturity with

bn]y seminal roots when drought prevents the formation of adventitious




4 .
roots. - Fergnson énd.Boatwrtght'(]968) demonstrated that the,adventt;
tious roots of spring wheat will not elongate more than'e few milli- |
meters when'the ;oi] adjacent to:the crownmis below a minimum Wéter'.

content. Failure of adventitious root deve]opment‘does not dccur '

frequent1y in Montana. Most bar1ey production areas have at 1east a

_ 70% chance of rece1v1ng 13 cm or more of prec1p1tat1on dur1ng the

grow1ng season (Capr1o et al., 1980).
" . Weaver (1926) and G1liemeroth (1957) observed that barley seminal
roots penetrate deeper .than advent1t10us roots. When p1ants were

widely spaced, however, both the edventitions and the seminal roots

of 'Hannchen"bar1ey penetrated to 160 cm_(Pav1ychenko and Harrington,

1935). Barley may ‘be almost entirely dependent on the seminal roots
tq use.moisture stbred deep.in the soil profiTe when surface moisture
is depleted (Troughton, 1962). . Although the soil water extraetion'
patterns of barTey‘haye,been studied extensive]y in Montana, the rela- - .

tive”depth of penetration of the seminal and adventitious roots has

not been determined.

MacKey (1980).descrined'bar]ey seminal roots as thinner and more
branched than adventitious roots. Goedewaagen (1942) and Krassquky
(1926) reported that seminal roots were able to ébsorb more H20/unit
dry weight than. adventitious roots. | _'

"The number of adventitious roots/ha.is h1gh1y variable within and ..

between varieties, and between years. In field studies, 'Betzes'
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barley produced half as many adventitious roots/ha in 1971 as in 1972
(Hockett, 1980). Seeding'rate was 80.7 kg/ha (72 1bs/acre) both years.
July precipitation was 2.43 cm greater in 1972 than in 1971. This.may
account for the large differences in'adventﬁtious‘roots/ha befween-
years. | |

A positive relationship often exists between the humber of adventi;'
tious roqts and tillers per plant (Broﬁwer,_1965).  Adventit16us roots
are capable of developing at each 1owe§ node of the main culm. In
addition, each axillary bud or tiller is cépab]e of developing an inde-
pendent system of adventitious roots (Troughton, 1962).

.The ratio of adventitious roots to tillers is not cdnsistent
(Brouer, 1965). Hockett (1980) réported an average of 4.3 adventitious
roots/tiller in 1972, but only 1.7 adQentitious roots/tiller in 1971
for 'Betzes'. The average numbersof tillers/plant were similar for the
two years. | _ . |

MacKey (1980) described fhe adventitioﬁs root system of cereals
as "highly flexible" -and responsive to daily environmental Qariation.
Conversely, He described the seminal root system as “pre-adapted" br
"fixed" because.the eventual sizevis 1arge1y determined by number.
Seminal root number ié expressed dqrihg germination. As a resu]t,'
breedérs'have an opportunity to confro1 the.sizé and diétributfon'of

the seminal root system.




6 .

The value of seminal root number as a selection criterion‘has
been considered by several reéearchers., Fritsch (1977) stressed the
importance of a high number of‘semjnal'roots for seedling establish-
" ment. Pavlychenko and Harrington (1935) and Pav1ychenko (1937) sug- -
gested that cereals with a large number -of seminal roots were more
capable of development under adverse conditions. Sallans (1942) found
that wheat plants which producéd the greatest number of seminal roots
also produced the greatest yield due to an increase in the number of
kernels/spike. Hdrd (1975) reported that total seminal root -length
at 5-6 days ranked cujtivars in a previously determinéd order of total
root 1ength af maturity and yield under moisture'stress.'.Total root
1en§th at b-6 days is 1argefy a- function of seminal root number.

Histological exahinations'of'wheat embryos indicate a theoretical

-maximum of 10 semina]iroots: the primary axis and 3 whorls with 3 pri-
ﬁokdia each (MacKey; 1980). Merry (1941 and 1942) found 9 primordia in
'Alpha' barley, each capable of producjng a seminal root. ‘

| Significant varietal differences in barley seminal root numbers
were repofted by Pope (1§45). It was not determined whether these dif-
ferences ‘were due to thé number of primordia differentiated in the
embryo or to the number Qf primordia actually expressed (i.e., visibly
elongated). |

The variation in seminal root numbers commoh]y observed within

barley Tines tends to obscure inherent varietal differences. Larger,
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‘broader kerné1s of céreaTs have been observed td produce a gréater
ﬁumber of seminal roots within a variety (Tayior‘and McCall, 1936
‘MacKey, 1980). | |

Pope (1945) was unable to re1ate:vafieta1 differences in seed
weight to.sémiﬁal root-numbers of baf]ey. MacKey (1980),'hOWéver,
.described a good correlation (r = .71) bétween seed size and seﬁina]
root number when comparing wild and qutivatéa wheat. The'primitive _

Aegilops mutica has one seminal root per seed while numbers up-tb

five or six were recorded for some modern varieties.

The.primitfve bar]e&, Hordeum.spontaneum L., had the smallest |
seminal root number (4.7 roots/seed) of the Hokdeuﬁ species tested
by Pope (1945). The épparent ev61utionary-trend toward 1ncreasing
séminai root number may,'in-paft, result from selection for kernel
plumpness (MackKey, 1980). - |

Environmental variables during germination, such as soil tempera-
ture, depth of p]anting‘and soil moistyre,. fnfluence the e*bression;
of seminal root number. The relative maturiéy of tﬂe embryb is aTéo
an important variable (Troughfon, 1962). Varfeta] comparisons are
valid only under controlled conditioﬁs. |

The degree. of branching of thelﬁeminal axes will determiﬁe thé
ability of the root system to either ekp]ore a limited soil volume |
exhaﬁstive]y,pr a larger volume more extensively, The degreé of' '

dominance of the seminal axes over the branch reots would become an
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important ge]eﬁtion criterion if the objective is to increase the
depth of penetration -of the seminé] axes (MacKey, 1980).

The seminal root axes show the strongest positive geotropié
response, exten&ing'vertica]ly downward. The primary laterals extend
horizontally and then progreséivé]y develop positive geotropic curva-
ture (Ruése]],'1976). The strong geotropic tendancy of the seminﬁ]
axes allow them to extend deeper in the soil than the branch roots
(MacKey, 1980). |

‘The degree of vertical orientation of the seminal axes could
also be considered as a se1éction criterion, if genotypic differences
are found to exist; |

The seminal root axes will penétrate deéper than the branch rodté
because of their higher growth rate. The growth rate of the axes;
primary, and secondary laterals qfe typically in the ratio of
4:1:% (Mi]thorpé‘and Moorby, 19}4). The rate of extension is often
related to root diameter‘with tﬁe.larger meristems elongating more
rapidly (MacKey, 1980; Russell, 1976; Barley, 1970).

Detailed meésurements of the seminal root system of barley indi-
cate that the branching pattern .is under strict genetic contro]l
throughout the development of the plant. For each genotype, a;lbranch
roots progress from lower to higher'qrders‘of magnitude, the character-

istic distance between points of branching decreases and the character-

_istic orientation becomes more horizontal (Hackett, 1971).
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" The number of semina1 axes, orientation, degree Qf branching,

growth rate, and durationsof the growth period appear to control the
root distribution pattern and thus the ability of the seminal root
system to extract available mo1sture throughout the soil prof11e
These morphological characteristics are identifiable at very early -
grthh stages, thus enhancing their potential vaiqe as selection
criteria (Hurd, 1975; MacKey, 1980). " |

Montana State University reseerchers studied the relationship
between'headihg date and the toot-grodth pattern of barley yarieties
(Smail, 1980; Brown, 1980) |

Smail (1980) reported a s1gn1f1cant corre]at1on (p = .05) between
g head1ng date and so11 water use. when compar1ng 25 matur1ty 1sotypes of
barley. The early matur1ng 1sotypes_genera11y used 1ess:so11 mo1sture
than the 'normals'. |

Brown (1980) reported that differences in total soil water use
between 'Betzee' and 'Efbet' 1sdgehic Tines (differing tn heading'date
" by 8 days)ldecrease with increasing rates of nitrogen ferti]iéer. In
1971, 'Betzes' used 2.3 cm more soil water than "Erbet' at 0 kg N/ha,
1.5 cm more at 67.4 kg N/ha; bqt only 0.2 cm more at 134.7 kg N/ha; A
similar trend was exhibited in 1972. 'Betzes;rtooted deeper than
- 'Epbet’ and'genera11y used~more Hzo-et.each soil depth at both 0 and
67.4 kg N/ha There was 11tt1e effect of heading. date on root1ng depth

and total soil water use at the 134.7 kg N/ha rate.
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~In 1971, a very dry growiﬁg season, 'Erbet’ pkoduced a greater
number of adventitious roofs/ha than 'Betzes' at all nitrogen Tevels.
'Betzes' used more.sz at 0 ahd 67.4 kg N/ha despite having fewer ad;
ventitious roots. In 1972, a relatively wet year, 'Betzes' produced a

greater number of adventitious roots/ha than Erbet at all nitrogen

levels.




MATERIALS AND METHODS

Experiment I: The Relationship Between Heading Date
and Barley Seminal and Adventitious Root Growth
(STant-Boxes)

Four slant-boxes constructed of .25 ihdh plexiglass were uséd to
measure root growthf Each box (64.5 om x 4.5 cm x 122 cm) was parti-
tioned into 6 cubicles (10 cm x 4.5 cm x 122 cm) giving a total of
24 experimental units. The boxes were situéted at a 43° angle in a
" cabinet in the greenhouse (Fig. 1). Opening sliding doors in the cabi-
net back allowed observation of the roots growing along the Tower plexi-
glass face. The boxes were easily remoVed from the cabinet for washing
roots.

The soil used in the slant-boxes was from the Ap horizon of a
typic calciboroll, coarse loamy mixed (Manhattan series). The soil was
oven dried (105°C), ground, and sieved to a maximum particle size of
850 microns. Dry soil was packed into the boxes (bulk density =
1.3 g/cm3) and wetted to fie]dﬁcapacity'(18% H,0 by weight). The boxes
were covered with polyethylene sheeting to prevent vapor Toss and
allowed to equilibrate for one week. '

Isogenic pairs.of 'Betzes' and 'Hannchen', each pair differing in
heading date by eight days, were evaluated in the slant-boxes (Fig. 2).
) In tﬁe Hannchen study, three seeds of uniform size and weight were

planted in each cubicle. The early and the norma] isotype were repli-

cated 6 times. Germindtion was 100% and emergence relatively uniform.
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Figure 1. The s;ant-box used for measuring root elongation rates (dimensions are
in cm).




H Hannchen
HE ‘Hannchen-early
B Betzes

BE 'Betzes-early

BE, | B, JHE | HE BE BE HE BE BE. |B. |[BE

Fighre 2. Arrangement of barley maturity isotypes in slant-boxes for
Experiment I (subscripts represent replications).

€l
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The 'Betzes' isotypes were'replanted due to poor germination. ﬁ
Therefore, the 'Betzes' and 'Hannchen' experiments were not run con-
currently. To circumvent the pobr gerhination, seéds of l-Betz_es'
. (uniform size and weight)_were pre-germinatéd’fof 48'hr. One viable
seedling wa§ transp1anted 1ﬁt6 each cubicle. This was a convenient
and reliable method of startingyp]ants in the slant-boxes.

Seﬁinal roots weré visible through the p]eki-g]ass within 5 days
of imbibition; and reached the bottoh‘of the box in approximafe]y .
21-23 days. o | |

Because of visible wilting, the plants of.the Hannchen and Betzes
isolines wefe irrigated beginning on the 15th and 17th-day, respectivéﬁn
Adventitidu§ roots appeared shortly aftgr irrigation. Approximately
100 mi H20/cub1c1§ was appi%ed gvery'S-é days td facilitate norma1
plant development. | . |

Average elongation rates of the seminal and adventitious axes were
"calculated by the following method: the Tocation of each axial root
tip was marked on tHe plexiglass at the'énd of each measurement
period (typically 48 hr)." The distance between successfve marks was
measured. Average'ax1a1 eiongatidn rates were expfessed as pm/root hr.

Plants were harvested after 50 days and the numbers of ti]]ers.and
heads recorded. The stems and leaves were dried for approximately

48 hr at 60°C and weighed.
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The cubicles were séturated for séveré] hours to facilitate rél
moval of most of the-soi1 from the roots. After.soaking, thé soil was
washed away using a high pressuré hozz]e, leaving the root sysiem
virtuaf1y intact. :The root‘mass from each cubicle was ihmersed in
a Calgon so1ution.ana gently agitated by,hénd to dispekse the'remain;
ing ¢1ays. Root samples were then placed in distilled water to equiii-
brate for-severa1'h6ufs. . |

The 5amp1es were'blottéd dry with p&per tbwel‘and submerged fn a
graduated cylinder for'épproximate]y 2 minﬁtes. The-amount of water
. d{splaced‘by the sampte was regarded as the fresh root volume. |
_Tota1.nUmber of rodt_axés per plant was counted. The seminal roots
A. were not distingﬁishéb1e froh the adventitious roots after washing.
| The root samples ﬁere dried at 66°C for 24 hr and ashed (593°C_for
two hours) to eétimate the amount of inorganic soil material 1eft on
the roots after washing. The corrected root weights_(g dry weight -
g ash) were used to calculate the root:shoot weight ratios;

Experiment II: The Relationship of‘Heading Date to

Barley Fresh Root Volume, Root Dry Weight, and
Root:Shoot Weight Ratios (Pots)

The two ﬁsbgenic.bar1ey pairs, 'Betzes' and 'Hannchen', ﬁere
evaluated in 21 cm diahefér pots in the greenhouse. Seeds of. uniform
size and wefght wéfe‘prégérminated. Threé seed]jngs of the same
genotype were transp]anﬁed into each pot after 48 hr. The fouf treat-

ments were replicated seven times (1 rep]iqation/pot). The plants were
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gern-in a gravel énd sand medium and watered on alfernate daYs with
1/2 strength HoagTénd's solution. Pots were arranged on the green-
house bench in é randbmized block design. At 48 hr intervals, the
pots were rotatéd bdtﬁ within and between blocks.

Plants were harvested after 60 days and the'number of tillers and
heads, and plant dry weighfs determined. Root volumes and root dry
weight were.determined using the method'de#cribed in Experiment I.

Experiment.III: The Re]atiohship of Seed Size to

. Seminal Root Number of Barley
(Germination Boxes)

Two seed lots each of 'Betzes' and 'Compana' were separated into
six size ranges using pairs of gieves.with openings 3/4 in Tong and
‘widths in 64ths of an inch of: 4.5 and 5.0, 5.0 and 5.5, 5.5 and 6.0,
| 6.0 and 6.5, 6.5 and 7.0, 7.0‘and 8.0.- For each size range, seed
passed through the second {larger) openings and was retaingd by the
- first (smaller) sized openings. Fifty seed; from each size range were
germinated on moist blotter paper fn the dqu at.15°C. The number of
seminal roots per seedling was éounted after. eight days. |

Exper1ment IV: The Effect of Genotype on Seminal Root
Number of. Bar]ey (Germ1nat1on Boxes)

A dfverse collection of 50 barley var1et1es consisting of 25 two-
row and 25 six-row'types was eva]uated for differences in seminal root
number. Seed 1ots produced 1n one 1ocat1on at Bozeman Montana in 1979

were separated 1nto five size ranges using pairs of sieves whose
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.openings had fhe following widths. in 64ths of an inch: 5.0 and 5.5,
5.5 and 6.0, 6.0 and 6ﬂ5’ 6.5 and 7.0, 7.0 and 8.0 (see Experiment
II1 above). o
| - Only the sged size range most cﬁaracteristic of the variety was
. evaluated. .One hundred seeds/Qarieﬁy were germinated on moist blotter
paper at 15°C and the number of seminal roots per seed1ihg cdunted_
after eight days. .
Experiment V: The Relationship of Sem1na1 Roof'Number

to Fresh Root Volume, Root Dry Weight, and Average
' Axial Elongation Rate (Slant-Boxes)

" The barley varieties 'DeKap', 'Briggs’, '‘Unitan' and 'Zephyr' were
.'selected from the,SO varieties tested iﬁ the‘previou§ experiment,. for
| their unifofm seed size1and weighf, and range in mean seminal root
“number (Table 1). |

Seeds were treated with Orthocide-Trivax (Vitavax and Captam at
'.O07.q/50'seédS) fungicide’and'pre—germinated on moist B]otter paper
-fqr.48 hr. One viable seed1ing was tkansp]ahted into each cubicle.
The plot diagram is given in Fig. 3. The soil in the cubic]es'was wet
- to field capacity prior to p]anting. No additidna]lmoiéture was added
during the course of the experiment. |

Plants emergeq uniformly within 48 hr of transp]antingl Seminal
roots wefé visib]e:on the b]exig]ass face at‘the‘time of emergence.

Plants were harvested on the 25th déy (six leaf stage); A11 other




18

Table 1. Chéracteristic seed size range, associated seed weight, and
mean seminal root number of Dekap, Briggs, Unitan, and
Zephyr bariey. :

Characteristic
Seed Size Seed Weight Mean Seminal
Lo (sieve open- : Root No.
Cultivar ings 64th in) (9) (germ. boxes)
Dekap 6.5-7.0 .049 . 6.9
(2-row) . : . '
Briggs 6.5-7.0 .047 5.9
(6-row)
Unitan 6.5-7.0 .048 5.0
(6-row)- ' - ,
Zephyr © 6.5-7.0 .047. 5.9

(2-row)
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Dekap
Briggs . C : . -

“Unitan

Zephyr

Figure 3.

61

Arrangemént of barley varieties in s]ant-bbxes for Experiment V.
(subscripts represent replications).
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~materials and methods were similar .to those described for. Experiment I.

Experiment VI: Seminal Root Number and Mean Seminal
"Root ‘Axial ETongation Rate (Pots)

The varieties evé1uated'1n Experiment V were grown in 21 cm dia-
meter pots ‘as described for Experiment II. Plants were harvested
12 days after»transplanting,-seminé]lroot'axes_were counted, and the

length of each seminal root axis measured. -




RESULTS AND DISCUSSION

Experiments I and II

?resh'root volume .

Fresh:root volumes of the early maturing barley i;otypes were
significantly lower than for the normal “isotypes grown in the slant-
boxes and pots (Table 2). The mean. root volumes of the ;Béfzes-early'
isotype were 59% and 56% of tﬁe 'normal’ in the slant-boxes and.pdt
experiment, respective]y. 'Hanﬁchen-ear]y'-exhibited a similar ten-
dency, having a root volume 57% of the normal in the slant-box and 46%

~ of the normal in the pot experiment.

Root dry weight

Mean rdot dry weééhts (Table 2), which were'highly:gorre1ated-
(r = .94 over both experiments) to root.volumes, were greater in
'nﬁrma]' isolines. Root weights of 'Betzes-early' were 65% and 61% of
the normal maturing 'Betzes' in the slant-boxes and pots, respectively.
l"Hannc‘hen-ear]y' responded similarly, ining root.dry‘weights‘of 59%‘E
and 48% of the 'norma]"in the slant-boxes and pots,. respectively.

Approximate]y'SO% of the dry sample weight was removed during the
ashing prdcedure which reduced the within-1ine variability of the
*Hannchen' isotypes. It appears that in the '"Hannchen' isotypes the
ash correction procedﬁre removed some of ihe random error éssociated

wifh the inorganic soil material still Teft on the roots after washing. -




Table 2. Mean fresh root volume (m1), root dry weight (g), shoot dry weight (g). root:
: ' shoot ratios, and total number of root axes of barley maturity 1sotypes (slant-
boxes and pots)

STant-boxes (€ test) Exp. I Pots (ANOV) Exp. II

" Betzes Betzes- Hannchen Hannchen- Betzes Betzes- Hannchen Hannchen-
o early early - _early : early
. Root o : . ' '
volumes 23.4 13.8 25.5 14.5 11.5. 6.5  14.3 5.7
(m1) {p = .002) (p = .004) ' (p = .001) - (p = .001)
Root dry- , , o
weights 1.37 .89 2.18 1.29 2.62 1.60 - 2.85 1.37
(a) .. (p = .039) .(p = .001) (p = .004) - (p = .001)
Shoot dry - » : ' _
weights - 5.26 5.46 4.76 5.99 8.80 9.34 . 9 14 ~  8.09
(9) . NS (p.= .010) . (p = .402) (p-= .010)
- Root:shoot | ' S : : _
ratios .26 - .16 46 .22 .30° 17 .31 a7
T - (p = .001) - (p = .003) (p = .001) . (p = .001)
Number of : _ ' '
root axes 52 36 53 39 - - - _ -

-(p = .018) -~ (p = .050)

a¢




23
Probability values were decreased for the 'Hannchen' isotypes from
.0339 to .0001. Howeveﬁ, probability est{mates of 'Betzes{ and
'‘Betzes-early’ weré 1ncreaseﬂ from .0147 to .0394.

The pot experiment a]]owed compariﬁons between the 'Betzes' and
'"Hannchen' Tines. Differences in mean root weights and volumes be-
tween 'Betzes-early' and 'Hannchen' Qere significant (.01) as were |
differences between ‘Hannchen-ear]yf and 'Betzes’ (.01). 'Betzes' and
'Hannchen' were not different from each other nor was 'Hannchen-ear]&'

different from 'Betzes-early'.

Root:shoot ratios
Since mean shoot dry weights were similar, differences among
root:shoot ratios generally reflected the resbective differences in

root weights (Table 2).

Total number of root axes

Differences among the average number of root axes rough]y para]-
leled d1fferences in root we1ght and vo]ume in the s]ant box The
early isotypes of 'Betzes' and "Hannchen' had 69% (p = .018) and
74% (p = .049).as many root axes as the 'normal’, respectively. The
root wéights of 'Béfzeﬁ' ana 'Betzes-early' weré high]y correlated

(r = .94) to the total number of root axes (sémina] + adventitious).

2
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Seminal axes elongation rates

The axial e]ongatioh rates of 'Hénnchen' andA'Hannchen-eér1y'
"barley generally increased during the first 15-17 days (Fig. 4).
Shérp declines of axial e16ngation rates frdm the 17-19th days were
" observed. The.cause of thése declines is unclear. Low soil moisture
and/or high temperature may have limited root growth during that
measurement period. Additioﬁa1]y, a portion of the photosynfhate
previously available for seminal root growth may have been partitioned
to the adventitious roots which appeared on the 17fh day. Apparent
differences between the 'early' and the 'normal’ maturing ‘Hannchen'
on the 21st and 23rd days may have been an artifact of the system..
Méasurements during these periods are inconclusive because a signifi-
'.caht number of seminal axes héd reached the bottom of the box.
‘ The elongation rates of the seminal axes of 'Betzes' and 'Betzes-
early' generally increased until the ]1th day (Fig. 5). The rates
‘Istabilized during the next four measurement periods and markedly
increased in'the'fina1 measurement period (18-22). Seminal roots may
have responded to surface irrigation on the 18th day. No significant
differences between the 'early' and the 'normal’' maturing Betzeé were
observed du?ihﬁ the First 22 days.

After the adventitious roots began to develop, the seminal root
axes of both iéogenic pairs c0ntjnued to extent vertically atl16asf

7-10 days (or until they reached the bottom of the box). This suggests -




Axial Elongation Rate (cm/root-hr)
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Elongation rates of barley seminal root axes:Hannchen and Hannchen-early.
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Figure 5. Elongation rates of barley seminal root axes:Betzes and Betzes-early.
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that the seminal axes May not ceése to elongate during the.early
stages of adventitious root development. The seminal axes may bé
able to'penetrate deeper in the soil profile thgn the adventifious
axes becauée the seminal roots-typically haVe a 2 week head start.

The axial elongation péttekn of seminal roots was not observed during

stem extens{on, anthesis, and heading because of the limited depth of

the slant-boxes. Thus, we were not able to study the effect of

heading date on seminal root elongatioﬁ ratés.

Elongation rates of the adventitious
axes

" Quantification of adventitious root development was very dif-
ficult Targely because of the rapid increase in the_number of "axes.
Elongation rate§ were very erratic (Fig. 6). Axes often elongated

10-15 cm, ceased elongation and were replaced by‘new axes initiating

at the crown region.

No significant differences in adQentitious root axial elongation
rate were detected between 'Hannchen' and “Hannchen-early'. Three
plants per cubip]e produced too many roots on the small viewing sur-
face to allow accurate measure%ent of e]ongatian rates. Unjform soil
moisture was also difficult to maintain. The large différences in -
root volume and weight between 'Hannchen' and '"Hannchen-early' may have
been due to the number of adventitious axes'rafher than elongation H

rates.
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Figure 6. Elongation rates of barley adventitious root axes:Betzes and Betzes-
early.
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The aVerage adventitious axial elongation ratés of 'Betzes' and
'Betzes-early' foots are plotted in Fig. 6. 'Betzes' root axes elon-
. gated more rapidly than 'Betzes-early' after the 34th day. The heads
of 'Betzes-éar]y' were beginning to appear on the 35th day, while the
.plants of the normal maturing 'Betzes' were still in the tillering
stage. 'Betzes-early' adventitious root a*es elongation rates de-
creased at the onset of heading.

It is postulated that the adventitious roots of early types might
fail to reach the lower soil zones if the lower elongation rates of
adventitious axes exhibited py 'Betzes-eariy' are characteristic of
early maturing 1so]inés. Consequently, thelearly types might depeﬁd
almost exclusively on their seminal roots to extract H20 from the

Tower soil zones.

Experiment III

Mean seminal root numbers of six different seed sjzé ranges and
two different seed lots of 'Betzes' and 'Compaha' barley are compared
in Table 3. Signﬁficant correlations between seed size and seminal
roof number were observed for all four treatmeﬁts. The high corre-
lation (r = .éO, all four seed sources combined) provides additional
evidence of the within line variébi]ity in .root number due to seed

size.
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" Table 3. The effect of seed size on the seminal root nuniber of
' Betzes and Compana barley.

Seed Size Range

(sieve openings Mean Seminal Root Number

64ths in) - Compana I Compana IT Betzes 1 .Beizes II
4.5 - 5.0 5.8 5.7 5.7 5.4
5.0 - 5.5 5.7 6.0 .- 5.9 5.9
5.5 - 6.0 6.4 6.4 6.0 6.2
6.0 - 6.5 6.5 6.6 6.2 6.3
6.5-7.0 6.5 . 7.0 6.5 6.5
7.0 -

8.0 6.8 - 7.0 - 6.8 6.5
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Based on this informétiqn, we concluded that within Tine varia-
bility in seminal root numbers may be minimized by selecting the‘seed .
size range most characteristic of the seed lot when testing varietéf

differences.

Experiment 1V

The average seminal root numbers of the. 50 barley varieties are
reported in Tables 4‘énd'5. Most (21) of the 25 two-row vériéties had
average seminal root numbers that were gfeater than any of the 25 six-
row varieties. The average seminal root number of the 25 two-row
varietiés (6.3) was significantly greater (p = .01) than that of the
six-row vakietiés (5.2). Mean root numbers ranged from 5.5 - 6.9
(L.S.D. = .4) for two-row variétiés and froﬁ.4,3 - 5.9 (L.SLD. = .2)

for six-row varieties.

Experiments V and VI

Seminal root numbers

Mean seminal root numbers obtained in the various experiments are
compared in Table 6. Ranges in mean seminal root numbers varied be-
~ tween experiments. However, the varietal rankings were the same in all

three experiments.
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Mean seminal root numbers, seed sizes, and seed weights

Table 4.
'of 25 two-row barley varieties
. Seed Size Range
Mean Seminal (sieve openings Mean Seed

Variety Root Number 64ths 1in) Weight (g)
Dekap 6.9 6.5 ~ 7.0 .049
Erbet 6.8 6.5 - 7.0 .048
Herta 7.8 6.5 - 7.0 .042
Compana 6.7 7.0 - 8.0 .063
"Piroline 6.6 6.5 - 7.0 .045
Haisa II 6.6 6.5 -7.0 043
Horn 6.5 6.5 - 7.0 .046
Marie 6.5 6.5 - 7.0 -.048
Vanguard 6.5 6.5 - 7.0 .046
Georgie 6.4 6.5 -17.0 .048
Heines Hanna 6.4 6.5 - 7.0 .046
Freja - 6.4 6.5 - 7.0 .045
Otis 6.3 7.0 - 8.0 .056
New Moravian - 6.3 6.0 - 6.5 .040
Hannchen 6.2 6.0 - 6.5 .040
Munsing 6.1 7.0 - 8.0 .060
Klages 6.1 5.5 - 6.0 .035
Firibeck III 6.1 7.0 - 8.0 .049
Spartan 6.0 7.0 - 8.0 .053
Ingrid 6.0 6.5 - 7.0 .044
Betzes 6.0 6.5 - 7.0 . 046
Maris Mink 5.9 6.0 - 6.5 .038
Zephyr 5.9 6.5 - 7.0 .047
Hector 5.9 6.0 -~ 6.5 .041
Vireo 5.5 6.5 - 7.0 .036
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Table 5. Mean seminal root numbers, seed sizes, and seed weights
. of 25 six-row barley varieties -

Seed Size Range

. Mean Seminal . (sieve openings . Mean Seed
Variety Root Number 64ths 1in) ' Weight (g)
Briggs 5.9 ‘ 6.5 - 7.0 ' .047
Beecher 5.8 7.0 - 8.0 .056
Atlas 46 5.7 6.5 - 7.0 .051
Glacier 5.6 6.5 - 7.0 .059

- Primus IT 5.6 6.5 -17.0 -.039
Larker 5.6 6.5 -7.0 .038
Galt 5.5 5.5 - 6.0 .032
Dickson 5.4 6.0 - 6.5 .037
Trophy 5.4 6.0 - 6.5 .034
Harlan 5.4 . 6.5-17.0 .049
Gem 5.4 7.0 - 8.0 . 061
Hiland 5.3 6.5 -17.0 .042
Nordic 5.2 5.5 -'6.0 .029
Bonneville 5.2 6.5 -7.0 .047
Steptoe 5.2 6.5 -7.0 .043
Vantage 5.2 5.5 -7.0 .030
Montcalm 5.1 5.5 - 6.0 .029
Steveland 5.1 6.0 - 6.5 .038 -
Ca Mariot 67 5.1 6.5 -7.0 .049
Traill 5.0 5.5 - 6.0 .032
Titan 5.0 6.0 - 6.5 .036
Unitan 5.0 6.5 - 7.0 .048
Liberty 4.8 6.0 - 6.5 .035
Trebi 4.7 5.5 - 6.0 .037
Frontier 4.4 6.5 -7.0 .031
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Table 6. Mean barley seminal root numbers -obtained in gérminatidn
trays, slant-boxes; and pots.

iMean Seminal Root Numbers

Variety Germination Trays- ~ Slant-Boxes Pots

' Dekap 69 | 7.2 7.5
Briggs | 5.9 _ 5.8 . 5.8
Unitan 5.0 5.6 5.2
Zephyr | 5.9 5.8 5.8
No. of

Replications . 100 . 6 18
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Root volumes

The fresh rqot volume of 'Dekap' waé significantiy greater than
*Unitan' (p = .007), {Briggs‘ and"Zephyrﬂ (p = .05) in the slant-box |
experiment (Ta61e 7). The root vo1ﬁmes‘of 'Unitan’, ;Briggsﬂ and
'Zephyr' did not differ significantlyT

The‘cdrre]ation between- root number and volume was not significant
within Tines. This was probably because é discrete variable (root
number) wés compared to a continuous variable (root voTuhe) and because
the range in root number; 3nd root volumes withiﬁ lines was smé]l.

Mean varietal root numbers, hqwevér, are corre]éted with mean root
v61umes (r =,.96;‘2 degrees of freedﬁmj, Using varieties with a wider
range in mean semina]lroot numbers may have yfe]ded more conclusive
information. No inverse relationship between-sémina] robt'number and
volume was apparent when varietal means were compared; Dekap had the

greatest number of seminal roots and the largest root volume after

25 days.

Root dry We%ght

Varieties had similar rankings for root dry weights, seminal root
numbers énd rpot volumes. Differences among mean root dry weights,
hoWever, were not.;ignﬁficaﬁt. Root dry weights were significantly
correlated to root volumes (r = .73) when individual values were used
(Table 7). For'combarison of varietal meaﬁs, r - .86 with two degrees

of freedom.
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stlant- boxes

‘Table 7. Mean root volumes and root dry we1ghts of barley grown in

Root Volumes

Root Dry Weight

Variety ' ' (m1) (g)
" Dekap | 3.48 .2212
Briggs | 2.85 - .2168
| ~ Unitan . 2.50 .2039
| ’ Zephyr 2.82 2164
1 (ANOV) * (p = .007) .848)
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Root growth pattern .

The seminal axes elongation rates (cm/root-hr) of all barTéy‘
varieties decreased between the 5th and the 8th day'(Fig. 7). This
decrease may have been due to the eXHaustion of nutrient reserves in -
‘the seed. Williams (1960) attributed a decrease in root growth rates
of whea£ between the 8th and 11thfday from seeding to the depletion of
seed ﬁutrient }eserves. Leaf area and net photosynthe;is may not have
been sufficieht to sustain root growth rates attained prior to the
8th day. On the 7th day of our study, mean leaf b]adé lengths of
'Dekap', 'Briggs', 'Unitan', and 'Zephyr' were 9.6, 7.8, 8.2, and..
8.1 cm, respectively. The second leaf tip was visible on the Varieties
'Dekap' and 'Zephyr'. . '

Root elongation rates of all varieties increased from day 8
through day 17. Root elonéation rates decreased for the two-row types
('Dekap’ ana 'Zephyr') and increased for the six-row types ('Briggs’
and "Unitan') between days 17 and 20. Decfeased'root growth rates
'édincided with a peridd of higﬁ afternoon témperatUreszénd associated
high evapo-transpiration. ATl plants showed moisture stress (i.e.,
wilting) during the day but regained'tukgidity at night. Temperatures
moderated after the ZOth day qnd the axial e]ohgation rates of all four
~ varieties increased dramatically during the final measurement beriod.
Normé] shoot growth resumed when daytime temperéturés remained b¢1ow

219c, indicating use of moisture in the soil held at higher tensions.
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Figure 7. Elongation rates of barley seminal root axes:Dekap, Zephyr, Briggs and

Unitan.
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Variet{es dfffered in response to moisture'stress. Axial elon-
gat{on.rates were reduced the most for ;Dékap'. Sincé.fDekap' had a
greater root volume, it may have coﬁserved less moisture a; earlier
growth stages. Additiona?]y, the.e1qngqtion of the branch roots was
not reflected in the fate determinaf?dn. 'Dekap; may have partitioned |
a greater pfoportion,of phptosynthate,inté lateral roots. at the |
expense of axial e]ongation; | '

Significant varietal differences among mean axial e]ongatibn fates
were.ca1cu1ated fbf six .of thé eight‘méaéurement‘periods (Fig. 7).

Axial elongation rates, averaged over ‘the 23 day growth period in
s]ant-boxes, jndigaté'thefpenetrétiﬁg capacity of the seminal root
system (Tab1e18). The final depth of penetration can only be detef—
mined by observing the actual location of the axial root fips_ af |
| plant. maturity. The slant-boxes did not have sufficient depth tb allow
maximum pénetrdtion; the-majorjty of the semina]lroot.axes reached the
bottom of the box within 25 days.. | _ | o

The average axial elongation rates of 'Dekap"' (.166 ‘cm/root-hr)
and 'Zephyr' (;172 cm/root-hr) were not'significant1y different.
;Dekap' (7.2 axes/plant) ﬁay be capable of producing.a greater root
1ength‘at a gi@en dépth (assuming a similar degree of branching) than )
'Zephyr' (5.8 axes/plant) because of the greater number of extended

seminal axes.




Table 8. Mean elongation rates of seminal root axes of Dekap,
Briggs, Unitan, and Zephyr (average rate during the
23.day growth period in slant-boxes)

Variety Mean cm/root.hr
Dekap .166
Briggs .190
Unitan . .192
Zephyr 172
(ANOV) .05)
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'The six-row types, 'Briggs' (.190 cm/root-hr) and 'Uﬁitan'

(.192 cm/roof-hr), exhibited higher averége axfa] elongation rates
than 'Zephyr' and 'Dekap' (p = .05). -Higher elongation rates suggést
a corresponding increase in the depth of penetration of the semina]
root system (at 23.days)..

Daily observations of axial e]ongation rates facilitate the
lidentification of importaﬁt genotype:envirbnmeﬁt inferactibns (e.g., |
the apparent interaction beiweeﬁ evaporative demand and the axial N
elongation rates of the varieties)._‘Interactions occurrfng during
Tater growth stages may preclude early determination of root growth
patferns of barley. .

. Figure 7 shows that the root axes of all fdur varieties were
e1ohgating very rapidly near the end of the slant-box experiment. This
suggests that the major Timitation of the slant-boxes is the inab11i£y
to monitof axial elongation rates beyond the six leaf stage of bar]gy.
Differences in seminal axial root elongation rates. were greatest ‘.
during the final two measurement periods. |

Further investigation of fhe pattern of axial elongation during
the reproductive phase of development is warrénted. It would also be

desirable to observe the rate of'penetration of the seminal axes in a

situation where the adventitious roots were allowed to develop normally.

Because of the limited surface moisture, adventitious roots did.

not elongate more than a few millimeters in the slant-boxes.
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Significaﬁt varjéta] differences.(p = ,01) in the elongation
rates of the Seminaj root axes were also measured inlfhe pbts (Table 9).
'Unitan' had the smallest seminal voot numbek but the highest axial
elqngétion rate. Thus, there méy be some téndancy for root axial
elongation fates to compensate for root numbers at early growthlstages.
Root number 1is more fmportant than elongation rate in determining the
total length of akes at 12 days. This is illustrated by comparing the
cumu]&tive root 1ength indexes (mean seminal root number x cm/root-hr)

of 'Dekap' (.557) and 'Unitan' (.438).
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Table 9. Mean elongation rates of seminal axes and cumulative root
length indexes of Dekap, Briggs, Unitan, and Zephyr
(average rate during the 12 day growth period in pots)

Cuhu]ative Root

Variety Mean cm/rogt-hr Length Index*
Dekap .074 .557
Briggs .076 .440
“Unitan .085 .438
Zephyr .077 .447
(ANOV) (p = .01) (p = .01)

*Cumulative root length index = mean seminal root number

x (cm/root-hr).




SUMMARY AND CONCLUSIONS

Seminal and adventitious root morpho]ogicé] characteristics of
barley maturity isofypes were cbmpared. Early maturing isotypes of
'Betzes' and 'Hannchen’ Qrown in slant-boxes produced smaller root
volumes, root -weights, and root:shobt ratios than 'normals' due to a
reduction in the elongation rate and number of adventitious-root axes.
A similar decrease in root volumes, weigﬁts, and root:shoot ratios
characterized 'early' isotypes grown in pots. |

Twenty-five two-row and 25 six-row barley varieties were grown
in germination boxgs to determine differences in mean seminal roof,

_ numbers. Significant_vdrieta] differences in mean seminal root number
were'observed. Two-row barley varieties generally developed a gréater
number of seminal roots than six—rdw varieties. Within 1ine variabil-
ity in seminal root number was reduced By testing thé seed size range
most characteristic of the variety. Four varieties representing a
wide range in mean seminal root number were evaluated in slant-boxes
to determine if increased branching compensates for low root number.
No inverse re]ationgh%p between mean seminal root riumber and foot
volume 25 days from transp]anting was apparent when varieties were com-
pared. Varieties diffe}ed in mean e1on§ation rate of seminal axes in
six of eight measurement periods. Seminal axial elongation rates of
'Dekap’ and 'Zephyr"decreased~during periods- of high evapo-

transpiration. The elongation rates of 'Unitan' and 'Briggs'
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continued to increaseﬁduring those periods. Because of these
genotype-envirqnment'interactioné néither-tﬁe pattern of seminal
axial g1onggtibn nor the final roating depth is predictable at early
g}owth stages. | . '

Seminal axial e]bngation rates of varieties appeared fo.éom-

pehsafe for smaller rdot numbers when grown in pots. Seminal root.
numbefé, however, were more important than e1ohgétioh rétes in deter-
mining the total length of seminal axes at 12 days.

The slant-boxes were better adapted to the study of seminal than
adventitious roots. Advent%tiguslroot development was easily inhibited
" by ﬁaintaining a Tow soil water content adjacent to the plant crown. -
Seminal root e1ongati6n was obser&ed daf]y until the 6 1éaf stage of
bar]ey, when seminal root growth was restricted by the Bottom of the
slant-box.

Varietal differénceS'in seminé] rodt number should be demonstrated
for other seed sources. The relationship between seed size and seminal
root number for commercial varieties other than 'Betzes' and 'Compana’
should also be determined. |

Breeders may'bé able to {ncrease the depth of penetrétion of the
seminal root system of barley by combining high seminal root numbers
with Tong root grthh rate duration, vertical orientation, and de-

~creased branching. A1l of these seminal root morphological
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characteristics must be incofporated_to significantly increase utili-

zation of residual soil moisture.
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