REGRESSION FUNCTIONS FOR EVALUATION OF WHEAT LODGING
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ABSTRACT

Lodging of wheat varieties and hybrids was investigated
in dependence on morphological-anatomical traits &-
pression. Regression analysis was applied and marginal
values of traits by which the largest lodging occures,
were established. It was established that each increase
of stalk height and development of (mass) root influence
on lodging, too. It was determined that marginal values
for clustering are 11 shoots, for diameter of basal inter-
nodes 5 mm, and for shoot mass 19.3 g. On the basis of
the results, for selection of wheat lines resistant to lodg-
ing one should choose lower plants, of smaller above-
ground mass, with thicker internodes and root of wide
radius.
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characteristics, marginal analysis.

INTRODUCTION

odging of wheat sak is a very complex

quantitetive trait. Lodging is under the influ-

ence of numerous morphologica- anatomica
traits, directly or indirectly.

As basic sdlection criterion of resstance to
wheat lodging (Dzhdepov, 1991), more fre
quently stak height is taken. In recent investigar
tions, strong correlation dependence has been
established between lodging and root devdop-
ment, as well as between stk diameter (Hamil-
ton, 1951) and histologic structure of whest stalk
(Cincovic and SinZar, 1967). Clear influence on
lodging has lesf mass development and flag ledf
position (Jankovic, 1996). These traits are deter-
mined by a greet number of minor genes that con
dition a continuous variahility.

In this work on moddling of whest varieties
of high genetic resistance to lodging, the purpose
is to determine the direction and intendty of lodg
ing dependence of numerous plant quantitetive
traits (Dencic, 1994). In this respect, previous
investigations used correlation and to determina
tion coefficients that rumerically express the aver-
age degree of interdependence of lodging and
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other phenotypica traits, for the whole variationd
width of these traits (Ivanovic and Rosic, 1983;
Snhaet d., 1984).

Margind andyss as biometric method can
have a specia importance in improvement of cer-
tain plant traits, so that the most favou-rable effect
be obtained.

MATERIALS AND METHODS

Asasubject of investigation in thiswork, re-
tive wheet varieties characterized by different de-
gress of resstance to stak lodging: Beogradjanka,
Skopljnka, Agrounija (high resistance to lodging,
lodging resistant = 0.03, by Djokic and Mladero-
vic, 1989), Atarka and Zemunka as well as their
reciprocal didld lybrids, were used. By thisway,
it has been possble to investigate lodging with
generations of different expressveness of traits,
but with high genetic uniformity.

Lodging is expresed in degrees of lodged
plants on 25 plots, of a size of 2 ni. Trid was
caried out on the fields of Selection Station of
»Agrounijd’ in India, during 1990-1991. Space
between rows was 20 cm. Standard technology
for whesat production was applied.

The following traits were investigated:

— shoot height to spike top (cm);
number of shootsin plant-dugering;
diameter (thickness) of the firgt interode
above ground (mm);
mass of one randomly selected stalk with
leaves and spike in early milk naturity
when lodging occured (g);
root development expressed by plant root
mass to 25 cm depth (g).

Lodging dependence on the observed traits
was invedigated by the method of regresson
equation (Heady, 1961). As the basis for sdlec-
tion of gppropriate type of function, atistica in-
dexes. residud error, F-vaues and multiple corre-
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lation coefficient were used, & which it has been
edtablished that the square function is the form that
shows the best the relation between the morpho-
logical traits and lodging. Totd lodging wasevalu
ated on the base of sdlected function:

Y =a+bx +ox?

Margina lodging was obtained on the kass
of the firgt derivation of sdected function: G =
f(x). The coefficient of eagticity was dotained as
the ratio of margind and average lodging: E =
Glp, where ,,p” isthe ratio of evauated vaues of
total lodging and the corresponding expression of
traits (p = y/X).

RESULTS AND DISCUSSION

According to the results obtained in this i+
vedtigation, gak height has a very sgnificant influ-
ence on lodging (1. 2345 = 0.94**) r = 0.94.

Lodging dependence on stak height can be
expressed by the function:

y = 191.37 — 5.46x, + 0.04 x> (Graph 1).
The function has an input course, because every
increase of stalk height leads to the ncrease of
whest lodging (G with theincreasing rate).

This point out thet, a selection, the choice of
lines with lower gdk (dwarf and semi-dwarf) re-
liably represents basc means for lodging de-
crease. In this sense, the investigation of determi-
nation, location and gene trander for wheet shoot
height, is of current interest (Korzun, et al., 1995;
Petrovic and Worland, 1995).
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Graph 1. Changes of lodging depending on stalk height

The number of shoots per plant-dugering in
fluences the lodging Sgnificantly and negptivey
(21345 = -085**). But lodging function
(Graph 2) shows that there is a change of the
course of dependence:

y =195.02 + 38.84% —1.75 x5
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Graph 2. Changes of lodging depending on number of
shoots

From data of grgph 2 it is evident thet in var
rieties of very poor and strongly expressed clus
tering, lodging is poorer. This shows that in the
process of whest sdlection one should investigate
the lines in sparse seeding of breeding materid
and, with sdlection by duster type, redize lodging
control.

Diameter (thickness) of the firgt internode in-
fluences dgnificantly the lodging (r,3 1245 =
0.60*). The concluson that the thicker basd
internodes induce lodging is corrected cons-
derably by the andysis of lodging function:

=-3161.75 + 1269.72% — 126.8 x5 (Graph
3).
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Graph 3. Changes of lodging depending on node diame-
ter

From this andyss it is obvious that such de-
pendence agppears to one (margind) diameter
vaue of 5 mm. The next increases of internodes
thickness condition the greatest resdance to
wheset lodging.

This shows that in sdection of wheet lines re-
gdant to lodging, if parentd varieties of thin and
eagic gaks of specific structure of nechanica
tissues are not used, one should pay attention that
internodes are of larger diameter.

Shoot mass decreased lodging very signifi-
cantly (ry4.1234 = —0.78**). It should be emphe-
gzed that thelodging function:

= —B5.17 + 7.74x, — 20 x; has an asym-
metrical convex shape, and this point out thet
there is a change of dependence course (Graph
4).
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Graph 4. Changes of lodging depending on phytomass

A clear tendency has the increase of lodging
with the increase of plant mass, and some c&

creases of lodging can be seen dter margind
vaue of 19.3 g. This explains the frequent fied
observations that under the influence of rain and
wind more robust plants lodge easier.

In breeding of wheet lines with the am of
achieving high ressance to lodging, plants of
smdler vegetative mass but with greater photbo-
syrthesis capecity should be sdected (Hal and
Allen, 1993). The advantage of such a choice is
the increase of harvest index in good lines.

Root development (mass) according to the
above data influences relatively poor te lodging
(r5.1234 = 0.34). Such form of dependence
gppears during the whole course of function: y =
76.06 —31.17% + 3.17x2 (Graph 5).
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Graph 5. Changes of |odging depending on root mass

A podtive relation of root mass and lodging
appears, because of that, the more de-veloped
plants (that lodge more) have more dveloped
roots. It should be emphasized that, in wheat %
lection with any trait, root mass is not used as an
objective criterion. If the sdlection of plants could
be made only on the bass of poor developed
roots, lodging would decrease insgnificantly, and
this would have a negative influence on a larger
number of the other traits. Because of that, selec-
tion of fertile lines, resstant to lodging, should be
performed, firgt of dl, through the improvement of
root arrangement in the soil, and nat only through
their total mass (Muchow and Carberry, 1993).

CONCLUSIONS

Regresson functions, i.e. margind andyss,
were used for the explanation of the influence of
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gadk and root traits expression root on wheat
lodging.

It has been established that each increase in
stak height leads to root massincreases and lodg
ing. Lodging dependence of shoot nurber, di
ameter (thickness) of basd internode and plant
mass development is nore complex. These traits,
by certain vaue influence the increase, and than,
the decrease of lodging. Margind vaue of shoot
number is 11, diameter (thickness) of internode 5
mm, and shoot mass 19.3 g. On the basis of this
investigation, for sdection of whest lines resstant
to lodgng, it is recommended the choice of plants
with short sak, larger internodes, smdler vegeta:
tive mass and favourable root arrangement in soil.
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Table 1. Reproduction ability of the E. integriceps recent generations,
as compared with multiannua average (1970-2000) and with the

specific years: favourable (1986) and unfavourable (1989).
Natural Prolificacy (egg/female)
gene
rationof E  under under  controlled
field conditions

condi
tions
integriceps average  max-
mum/fe
mde
1970-2000 402 579 31
1986 56.3 71.3 298
1989 18.8 271 87
19% 471 69.9 302
1997 46.6 68.6 197
1998 375 538 209
1999 388 54.5 219
2000 39.3 55.7 208

Table 2. Prolificacy leve of some E. integriceps populations (fertile
femdes), from generations with different fat body levels, collected from
thefidd, at the beginning of migration and studied under controlled

conditions.

Fat Generation  Prolificacy

body (eggfemde)
aver- maxi-
age mum

234 1989-1990 321 97

225 1972-1973 334 127

26.5 1971-1972 464 148

27.9 1977-1978 675 186

28.0 1984-1985 836 210

29.7 1985-1986 953 234

29.8 1994-1995 104.7 246

Table 3. Level and stages of fat body diminution at E. integriceps

(multigeneration average).
Stages Fat body level Diminution
limits average limits average
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Diapause 33.03-37.58 35.69 0 0
beginning

End of dia 21972764 2543 2457- 27.39
pause 36.33

End of ovi- 812-1039 8.78 66.50- 74.43
position 78.69

Table 4. Mortdity registered a the Eurygaster integriceps
populations, during digpause in different generations, from
Romanian area

E. integriceps Mortaity (%)

naturd  popula-
tion
Limitsin coun  Totd area
ties (mean)
2000-2001 4.6-35.7 8.7
1995-1996 3.7-36.4 10.2
2001-2002 5.1-32.3 12.7
1985-1988 3.841.2 14.8
1999-2000 4.8-97.6 24.5
1973-1974 11.6-85.0 39.5
1988-1989 17.5-68.4 48.2

Table 5. Fat body value at Eurygaster integriceps populations,
established on femae groups, distributed in weight classes, @ the

beginning of digpause (multigeneration average).
Weight (mg) % from the total of Fat body (%)

population
limits average limits average
below 0110  3.7-7.7 56 26.2-266 264

0.111-0.118 76-23.1 133 265288 287
0.119-0.126 159247 197 328-335 336
01270134 325348 337 349-364 354
over 0.145 224308 286 35.7-39.8 387

Table 6. Fat body vaue at Eurygaster integriceps populations,
established on mae groups, distributed in weight classes, at the
beginning of digpause (multigeneration average).
Weight (mg) % from the total of Fat body (%)
population
limits aver- limits aver-
ae ae
bdow 0105 7.0-19.7 123 253267 262
0106-0113 168199 173  27.2285 27.7
0114-0121 203295 237 294338 315
0122-0129 192327 285 312355 326
over 0130 155239 194 314366 338
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Table 7. Mortdity (%) registered at Eurygaster integriceps famde

populations, depending on the fat body (multigeneration average).
Fat Mortality (%)
body
(%)

During August During Novenber-

October March

limits  average limits average
264 17-2 204 59-64 61.3
28.7 1315 129 4354 476
336 917 125 4152 46.2
B4 411 66 29-34 336
3B7 4T 58 26-35 309

Table 8. Mortdity (%) registered at Eurygaster integriceps mde

populations, depending on the fat body (multigeneration average).
Fat Mortality (%)
body
(%)
During August- During Novermber-
October March
limits average limits average
26.2 22-31 226 6271 671
277 11-24 204 5362 574
315 1219 143 3947 440
326 9-18 127 3044 376
338 5-14 91 2445 323

Table 9. Sterility and prolificacy registered at the Eur ygaster
integriceps populations, depending on the fat body (multigeneration

average).

Fat Females sterility Mean prolificacy (egg/female)

body (%)

(%) limits  aver- limits aver- maxi-
ae ae mum

26.4 100 100 0 0

0
28.7 60-72 635 4.1-6.6 54 42
33.6 %4-63 57.3 16.2-228 195 78

354 3H-4 391 26.4-331 303 135
38.7 25-32 298 38.9517 458 194

Table 10. Multiplication index at the Eurygaster integriceps
populations, depending on the fat body (multigeneration average).

Fat Multiplication index
body (eggfemde)
(%0)

limits average
26.4 0 0

28.7 0.37-2.47 1.54
33.6 4.54-9.62 6.95
354 28.57-40.18 3522
38.7 49.38-64.83  56.47
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