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FOREWORD

A programme directed towards the genetic improvement of seed protein
both in quality and quantity was initiated by the Joint FAO/IAEA Division
of Atomic Energy in Food and Agriculture in 1969. The problems related to
protein improvement in food were reviewed by an FAO/IAEA Symposium on Plant
Protein Resources : Their Improvement through the Application of Nuclear
Techniques held in Vienna, 8-12 June 1970 (STI/PUB/258). From 1971, this
programme received financial support from the Federal Republic of Germany
through the Gesellschaft fur Strahlen- und Umweltforschung (GSF) . The programme
was terminated in 1978 and its achievements were summarized and
reported by B. Sigurbjornsson, R.D. Brock and T. Hermelin at the FAO/IAEA
International Symposium on Seed Protein Improvement in Cereals and Grain
Legumes, 4-8 September 1978 (STI/PUB/496).

A follow-up programme, the'Coordinated Research Programme on the Use of
Nuclear Techniques for the Improvement of Cereal Grain Protein was initiated
in 1980 with Financial support from the GSF and Swedish International
Development Authority (SIDA). The programme has the aim of advancing
towards practical utilization of the obtained mutants which can be achieved
through :

I. Testing mutant lines for grain yield, protein yield, protein
quality and general agronomic performance, with the objective
of releasing the best ones as varieties ;

II. Using protein mutants in cross breeding to obtain advanced
breeding materials having the potential of being released as
varieties;

II. Nutritional evaluation of advanced breeding materials.

The first research coordination meeting of this programme was held at
the Agricultural Research Institute, Nicosia, Cyprus, 21-25 April 1980.
Participants presented their results obtained after the termination of the
previous programme and research plans in the future. On this occasion, a
closer cooperation was established with another international programme
having similar objectives, the FAO/SIDA/SAREC Project on Improvement in
Nutritional Quality of Barley and Spring Wheat.

The results and discussions at the meeting indicated that genetic
improvement of grain protein in quality and quantity, in combination with
high grain productivity, is more difficult than was originally assumed.



Some advanced protein mutation breeding projects are disturbed by
problems with new pathogens or biotypes of pest insects. To weaken the
negative association between protein content and grain yield will be a
common target of research for the next years. The papers included in this
publication present results of breeding efforts and also various approaches
to overcome the difficulties in genetic improvement of protein quality and
quantity.
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EVALUATION OF BARLEY MUTANT LINES IN
DRY AREAS OF CYPRUS

A. HADJICHRISTODOULOU, ATHENA DELLA
Agricultural Research Institute,
Nicosia, Cyprus

ABSTRACT

The high yielding barley lines, Athenais, Attiki and
Beecher, were treated with/^-rays, fast neutrons and S1!S at
different doses. Screening was carried out for both agronomic
performance and quality. Lines having yield lower than the
control were not selected as, at present, there is no premium
price for grain with improved quality. Some lines were
selected from trials conducted at four locations with up to
ll?o higher grain yield, 1% higher DBG and Kjeldahl protein
content and 20fo higher protein yield. These lines will be
tested at more locations and for 2-3 more years in order to
evaluate their adaptation to dry areas and their suitability
for commercial cultivation»

INTRODUCTION

In Cyprus barley was considered the most productive
crop under rainfed conditions (Hadjichri stodoulou 1S7U) and
only tecently the new durum wheat variety Arenas and a few
triticale lines gave equal or higher yields than the best
barley variety Athenais (Agricultural Research Institute, 1980).
Several methods including introduction, hybridization and
mutation, were used in order to improve barley varieties.
By all these methods promising varieties were selected, some
of which were recommended for release to growers (Hadjichristo-
doulou, Josephides and Delia 1980).



Mutant lines of barley have been used in many countries

as varieties or as parents in crossing programmes (Sigurbjorn-

sson and Micke, 197U; Sigurbjjornsson, 1975Î Micke,' 1979a

and 1979b). Most of the mutant varieties were released

late, since 1970.and their most common attributes are short

and strong stem, high yield, lodging resistance, early

maturity, disease and malting and milling quality.

Mutation breeding for improved protein has been given

very little attention in the past. However, since 1970 the

attention of breeders has increased and PAO, IAEA and other

International Agencies have intensified their efforts to

improve protein content and quality by induced mutations

and hybridization. Until to-day there is very little information

on commercial varieties (having high agrondmic performance)

released from direct multiplication of mutants. There is

one report from India (Sharma and Sutar, 1977) in which it is

mentioned that the R-16 barley mutant outyielded the mother

variety in grain yield and protein yield. Several protein

mutants have been induced in barley but their yield was lower

than the mother variety, and for this reason they are being

used in crossing programmes. The most widely used induced

mutant is^ perhaps, the high lysine mutant 1508, developed

at Riso, Denmark,

The aim of the mutation breeding in Cyprus is to

develop new varieties having higher protein content and

producing at least similar yield as their mother variety under

dryland conditions. Varieties with lower yields cannot be relea-

sed because there is no premium price for protein content or

quality. To achieve this the following procedures were

followed:

(a) Selection was exercised in treated populations

for the direct release of mutants and



(b) Crosses were made between introduced high prqtein

and lysine spontaneous and induced mutants with high yielding

varieties. There are plans to cross also induced protein

mutants selected from our mutation breeding programme.

The available results of induced mutants for direct

release will be discussed in this report»

MATERIALS AND MCTHOES

As the aim was to induce mutants for commercial cultivation,

the highest yielding varieties in Cyprus were treated with ionizing

radiation or EMS. Selection in treateâ populations continuously

aimed at both high agronomic performance and protein improvement

(high DBG and N content).

In 1969 the barley varieties Athenaia (main variety in

Cyprus) and Beecher (new promising variety) were treated at the

IAEA Laboratory in Seibersdorf, Austria, with )^-rays (10, 20,

30 rad) and fast neutrons (200, UOO, 600 rad).

In 1971 Athenais was treated with 'K-rays (15 and 25 krad)

and fast neutrons (500, 700 and 1000 rad). It was also treated

in our laboratory with E.lvI.S. (0.5/4 and 0.9$).

In 1973 the new commercial variety Attiki was treated

with 25 krad V<-rays and 1000 rads fast neutrons.

In 1975 new material of Athenais barley was treated at the

IAEA Laboratory at Seibersdorf using higher doses of /^-rays (25»

35 and U5 krad) and fast neutrons (700, 1000 and 1300 rad).

In general, the screening and evaluation procedure was

the following: In the first generations, Mg-M-,, visual single

plant selection was carried out for good agronomic performance.

Some uniform M, lines and all M. lines were screened in

nurseries for improved protein and also for agronomic performance.

Screening of protein was done at early stages by the DBG

method, as mg of dye Acid Orange 12, bound by the protein

present in 800 mg of flour. The most advanced material was

also screened for N content by the Kjeldahl method.

9



Selected varieties were evaluated in Randomized Complete

Blocks. The preliminary screening was done in 2-3 replications,
o

small plots (l.2m ) and at one location. The most advanced

material was screened in trials of six replications, large
n

plot size, lUm , and at 2-3 locations. Seed rate was 100 kg/ha.

At sowing 2k kg Vha and 30kg FgO^/ha were applied. At
tillering stage an additional 21 kg N/ha were applied,

The selection process in treated material was similar in

all populations. Details for the selection process in

populations of Attiki, treated with 25 krad V^-rays and 1000

rads fast neutrons at the IAEA Laboratory at Seibersdorf,

Austria, are given below:

In 197*4- 600 single M^ plants were harvested. Prom each

M, plant, one 5«5n> long row was spaced - sown in Mg, securing

one plant every 10 cm. Single plants were selected on the ,

basis of agronomic characters (disease reaction and plant type).

Four hundred and ninety seven plants were selected, 192 from

the 1000 rad population and 305 from the 25 krad population«,

These plants were sown in a nursery, each Mg plant in one M,

row, 2»J long, with one check every 10 lines. They were
harvested in bulk and screened by the DEC method. The most

promising 75 M, lines, on the basis of agronomic performance

and DBG, were tested in Randomised Complete Blocks with

four replications as M. (seven trials with 10 lines each and one
n

with five, in addition to the c hecks) . Plot size was l4.«8m .

The best eight lines, selected from these trials for high DBC

and grain yield were included in trials with six replications

and plot size Il4fli2. (The results for 1977-79 are given in

Tables 1,2, 3, k and 5).

RESULTS

A general observation from all the material screened was

that there was significant variation among lines selected from

treated populations for DBC and N content. However, very few

lines combined high agronomic performance and improved protein,,

10



The lines with the highest protein improvement had lower
agronomic performance than their mother variety.

One of the first promising mutant lines was M71-Ath.-l4.95-3»
selected from Athenais treated with 1000 red in 1971. This
line, tested in replicated yield trials at eight environments
over the years 1975-79, produced grains having 10# higher protein

content than Athenais (ranging with environment fron 5% to 13^).

However, its grain yield was on average 5?S lower, so the line
was not promoted.

The most promising lines were selected from the variety
Attüci treated with 25 krad v^-rays and 1000 rads fast neutrons
(Tables 1, 2, 3» k and 5). These mutants were tested in

Randomized Complete Blocks with 6 replications and ll^m large

plots. The best line, M-Att-73-335-3 gave significantly higher
grain yield (ll#), DBG (7$) and Kjeldahl protein content (7#).
Line M-Att-73-122-2 had the highest DBG and K&eldahl protein

content but the lowest grain yield, lower than the mother

variety. There were also significant differences between

mutant lines and Attiki for plant height and 1000-grain weight

but differences in earliness and volume weight were small.

Kjeldahl protein yield was available fron two locations
(Table 5). With the exception of M-Att-73-122-2 and M-Att-73-

360-1 all other l^es gave higher protein yield than the mother

variety. Four of the eight mutant lines produced 10-20/ß

more protein per ha than the mother variety.

Three Athenais mutants were selected from populations
treated in 1975. They were tested in replicated yield trials

at one location in 1978/79 and outyielded their mother variety

by 6-16$ in grain yield and 1U-21?S in protein yield.

11



DISCUSSION

The encouraging finding of this work is that a few

mutant lines could be selected from thousands of lines screened,

which combine high agronomic performance and also improved

protein. The superiority of these lines in grain yield, DBG

and Kjeldahl protein content were moderate, up to 7-11$, but

protein yield was up to 2C$>. Other studies reported higher

protein and lysine improvements but with reduced grain yieid.

Doll (1972) found a large number of induced variation in dry

matter yield of mutants of Garlsberg II barley, but none of these

lines had higher grain or protein yield than the control. In

another study Koie and Doll (1979) reported that the protein

yield of the high lysine mutants was 73-79^ of that of

the parents and starch yield of the mutants was 38-88$ of the

yield of the parents0 Persson (1975) also reported that high

lysine barleys yielded 95-100/S of the standard variety under

favourable conditions but they suffered more under unfavourable

conditions.

Barley is grown in Cyprus under rainfed conditions and the

amount of annual rainfall and its distribution during the growing

season vary significantly from year to year. Two seasons very

seldom are similar. Therefore, lines must be tested over a period

of at least four years and at 2-3 locations in order to assess
the adaptation and quality of mutant lines. Testing in many

environments is necessary also to identify mutants with small

differences in protein content. As shown in an earlier study

(Hadjichristodoulou and Delia, 1978) the Least Significant values

were smaller when several trials were combined together, than when

each trial was analysed separately„
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Table 1. Grain yield of Attiki mutants during 1977-9 tested at several locations.

Grain Yield kg/ha
1977/8

M-Att-73-122-2

M-Att-73-335-2

M-Att-73-335-3-

M-Att-73-337-1
M-Att-73-360-1-
M-Att-73-396-2
M-Att-73-Ull-2

M-Att-73-l4l5-l
Attiki

Athenais

Mean

SX

C.V. %

Precipitation

Dromol .

2580 e

3375 be
3832 a

3135 cd
3270 bo
3518 äbc

3375 be
3585 ab

2880 de

-

3233

123.7
9.2

(mm) U02

Laxia

3038 a

311+2 a

3113 a

3128 a

3173 a
3000 a

32UO a

31i43 a

2910 a

-

3098

92. h

7.3
258

Ayii

2783 a

3128 a

3270 a

3030 a

3000 a

3225 a

3128 a

3308 a

2895 a

-

3085

151.5
12.0

230

Mean

2800 d

3215 abc

3UD9 a

3098 c

31U8 be

32U8 abc

32U8 abc

33*45 ab

2895 a

-

3155
71.7

9.7

Dromol .

2220 b

2798 a

27U5 a
2760 a

2692 a
2752 a

2632 a

2655 a

2738 a
2U60 ab

26U5
219.7
15.0

307

Laxia

3270 a

3712 a

3787 a

U095 a

33U5 a
3832a

3623 a

3592 a

3173 a
314.72 a

3590
113.0

10.3

1978/9

Akhera

2U145 c
2678 be

2768 be

3060 ab

2835 abc

32i|7 a

2558 c

2550 c

2888 abc

2715 be

277U
11U.14-

12.7

Mean

26U5 c

3063 ab

3100 ab

3305 a

2957 b

3277 a

2938 "b

2932 b

2933 b
2882 be

3003
9U.1
13. k

Mean

1977-9

2723
3139

3253
3202-

3052

3262

3093

3139

291U.

2882

3075
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Table 3» Crude Protein Content of Attiki mutants in
1977/8 at several locations (Kjeldahl Method).

Line

M-Att-73-122-2

M-Att-73-335-2

M-Att-73-335-3
M-Att-73-337-1
M-Att-73-360-1

M-Att-73-396-2

M-Att-73-411-2

M-Att-73-415-1
Attiki

Mean

SX

C.V.

Table 4

Location

Dromolaxia Lax la

16.2

14.9

15.0

14.0

13.3
15.2

14.1

15.6
114.. 1

14.7
0.409
4.8

a 11.5 a

ab 11,6 a

ab 11.14- ab

be 11 „2 ab

c 10. U be

ab 11.3 ab

be 10.2 c

a 11.3 ab
be 11.0 abc

11.1

0.294

4.6

Ayii Mean

13.9

13.1

14.1

12.9

12.9

13.5
13.6

13.2
12.8

13.3
0.513

6.7

a 13,9 a

a 13.2 abc

a 13.1 ab

a 12.7 bed

a 12.2 d

a 13.3 abc

a 12.6 cd

a 13. U abc

a 12.6 cd

13.0

0.241
5.5

. Performance of Attiki mutants (means of several

locati ons ) .

Line

M-Att-73-122-2

M-Att-73-335-2

K-Att-73-335-3

M-Att-73-337-1
M-Att -73-360-1

M-Att -73-3 96-2

M-Att-73-l4ll-2

M-Att-73-415-1

Attiki (mother
var.)

Athenais (check)*

Grain
Yield
? kg/ha)
6 locc
1977-9

2723
3139
3253

3202

3052

3262

3093

3139

2914

(2882)3

DBC
6 loc.

1977-9

21.5
19.6
20.6

19.2

19.2

19.8

19.8

20.3

19.3

(18.6)3

Kjjeldahl Head.
Protein(?0 date
3 loc. l=lst

March
1977-8 3 loc.

1977-9

13. 9a 20
13.2abc 20

13.5 ab 19

12 .7 bed 21

12.2 d 19

13.3 abc 19

12.6 cd 19

13. k abc 19

12.6 cd 20

(19)1

Plant
Height

(cm)
U loc.
1977-9

87
85
90

90

85
91

93
90

92

(89)*

1000 Volume
grain wt.(kg/
wt(gms)hlj
5 loc. U loc.

1977-9 1977-9

142.9 56.3
144.7 58.2

W-.U 57.6

45.2 57.3
42.6 58.1

44.5 58.7
43.0 58. B

40.8 57.6

45.5 57.9

(42. 2)3 (57. 8)2

* Superscripts indicate number of locations in which Athenais was
included in the trials.



Table 5. Kjeldahl Protein Yield (kg/ha) in 1977/8

at several locations.

Line

M-Att-73-122-2

M-Att-73-335-2

M-Att-73-335-3

M-Att-73-337-1
M-Att-73-360-1
M-Att-73-396-2

M-Att-73-Ull-2

M-Att-73-U15-l
Attiki

Bromolaxia

U18

503

575

«9
U35
535
U76

559

i^9

Laxia

3U9

36U

355
350

330

339

330

355

329

Ayii

387
mo
1461

391

387
U35

U25
^37
382

Mean

385
U26

U614-

393

38U
U36

mo
U50

387

Mean [4.88
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HIGH PROTEIN MUTANTS IN RICE*

M. ISMACHIN KARTOPRAWIRO, K. MUGIONO
National Atomic Energy Agency,
Jakarta,
Indonesia

Abstract
HIGH P3CTEIN IUÏ7ANTS IN RIGS.

This protein programre has been carried out ^ince 1973. ^ lot
of high protein mutants were obtiired. Their superior in protein
level is maintained through;:out tested generations.

Their yield potentials have been tested since M,. generation.
Seventeen linec which have shown a nore stable in their protein
contents were continually tested. Results of these teste were re-
ported.
One mutant line which see™s to be resistant to brown planthopper
is also mentioned.

INTBODUCTION

Under the IAEA research contract "o„ 1303/GG >Thich uas carried

out since 1973 a- lot of high protein mutants vere obtained. The
preliminary tests on their agronomic traits and yield potential

have been reported at Neuherberg meeting in 1978 (1).

Further test have yielded unsatisfied data due to brown plan-t-
hopper attack. Since 1977 aliost all of the rice producing area

were infected by brown planthopper. Our protein mutants are suscep-

tible to brown planthopper,therefore it is very difficult to carry

out the yield test. However, it was found that mutant line no.

2238/2/1/1 seens to be resistant to this insect.
The presence of brown plant hopper caused the criterion for

releasing a new variety enlarge. This neans that if one of the high
protein mutant will be released it nust first have a high potential

grain yield and second resistant to brown planthopper. It will be
more aceptable by the farners if the taste is good.

* A co-operative research project supported by IAEA Research Contract No. 2561/JP.
Paper to be presented at Cyprus meeting 21-25 April 1980.
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Among 85 selected lines, seventeen have shown more stable in
their protein level compared with the others. This paper reports
the results of yield potential tests, agronomic traits and the sta-
bility in protein content of those mutants.

MATERIALS AND METHODS

The materials, mutagenic treatments and other experimental
details have been described previously at the Baden meeting (2).

Selected mutant lines were tested their yield potentials
together with the original variety, Pelita 1/1,. at Bogor during
two successive generations, viz. M,- and M,_. Seventeen lines which

showed more stable in their protein level were continued their

yield potential tests in further generations, viz. Kg and M_. Plot
size was 5 ni with spacing of 25cm x 25cm. Fertilizers were applied
at the rate of 50̂ g ^p^c Per ha and 120kg IT per ha. The phosphorous
was given at transplanting time and the application of nitrogen was

split into three equal doses : one at transplanting tine, a second
at 21 days' after transplanting and the final one at 50 days after
transplanting. The plots were continually flooded during the
growing period except when nitrogen

was being applied. The Kg, !', Kg and I-!- -.VTP j,l;\i.ted during the

dry season 1977, vet ceason 1977/197?, dry f-aron 19?8, and wet

season 19n8/1979, respectively. All of these experiments were
carried out at Bogor because the experiments at the other locations
were attacked by brown planthopper. The folloving experiments at

Bogor, during dry season 1979 and wet season 1979/1980 w-re also

damage by this insect.

Therefore, this report is only involving data observed up to

Mq generation.

The protein content was detsrnined by DBC method, and the

stability of protein content was analysed by using the stability

par=ir;eters proposed by Eberhart ar, ü Russell (3). The regression of
each variety in an experiment on an environmental index and a

function of the squared deviations from this regression would
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provide.estimates of the desired stability parameters. It is ac-
cepted that lines with regression coefficient less than 1.0 (b<1.0)
usually adapt to low fertile environment. .On the contrary, lines
with regression coefficient more than 1.0 ( b^1.0 ) will ^usually
adapt to high fertile environments. The closer b to 1 and the closer
squared deviation (s, } to 0 is the more stable the line.

RESULTS AÏID DISCUSSION

The possible change in protein and starch yield observed in M,
and M is shown in TABLE I and II. From the grain yield data it
seems that the environmental condition during the M/. test was notas
good as during the M test. The grain yield of the initial variety
in the Mg test was about a half of its yield in the H„ test.

Three possible changes in protein and starch yield found in
the mutant lines were decrease in protein and starch at different
ratio, subtitution of starch by protein and increase in protein
and starch at different ratio.

Among 61 mutant lines which in Mg were grouped as having
decrease in protein and st&rch, only 32 lines were included into
the yield test in M,_ together with mutants from the other two
groups. Result of this test is presented in TABLE II. The changes
in the number of line members of each group are considered due to
the differences in genetic environmental interaction of each line.
Walther and Seibold observed similar c^se in the yield of barley
mutant lines (#).

Seventeen mutant lines selected from group - increase in
protein and starch - which maintained their protein level above the
initial variety, Pelita 1/1, throughout generations v:ere tested
their yield potentials during two following generations. The results

were sunmerize'î in TABLE III. The grain- and protein yield of the

mutants mostly are not significantly difference compared to the grain
and protein yield of Pelita 1/1. There are many factors influence
the yield which sometimes difficult to be measured. It seems that
the protein mutants are more attractive to birds than the initial
variety. In fact, the mutants were more damage than Pelita 1/1, but
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the degree of danage was not measurable. In TABLE III, therefore,

the potential protein yield was calculated by manipulating its yield

component and its protein content. The mutant lines no. 713/V3/1|
8oV5/3/̂ i 190V/2/3 and 2581/V2/3 have certain numerically a higher
protein yield both in the mean protein yield and potential protein

yield than Pelita 1/1, but are not statistically significant.

According to Gomes (5) this may give indication of a real geno-

type effect and the experiment might therefore be worth repeating

with more effort to reduce the error.
The yield component of these 17 mutant lines are presented

in TABLE IV together with data of plant height, amylose and protein

content. Some mutants are significantly lower in plant height and

number of fertile seeds per panicle compared to Pelita 1/1. Only 5
mutant lines have significantly higher in panicle sterility than
Pelita 1/1 and almost no significant change in number of productive
tillers, thousand seeds weight and amylose content fron the initial
variety. However, all of the mutants protein contents are highly

significantly higher'than their original variety, Pelita 1/1.
The protein content has negative correlation with plant

height, number of fertile seeds per panicle, thousand seeds weight

and amylose content ; and possitive correlation with nunber of

productive tillers and panicle sterility ( TABLE IV ). However,

it seems that not enough information to prove a significant corre-
lation between protein content and the those traits, except for
its correlation to number of productive tillers and to plant

height.
The protein content is largely enfluenced by the environmen-

tal conditions. When varieties are compared over a series of
environments, the rel&tive rankings usually differ. This causes
difficulty in demonstrating the significant superiority of any
variety. By using stability parameters proposed by Eberhart and
Russell it was estimated the stability of protein content over 7
successive générations. T.'i3LI3 V shows the recuits of this estima-

tion. The linear regression coefficient (b) and squared deviation
(G,'") in e&ch mutant reveal the wide of variation in protein
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perforrance across generations. The average of protein content

in each n u t-in t is highly significantly higher than the initial

variety ( see TA.1LE .IV as average of protein content over two

generations and TABLE V as average over sev»n generations ). Mutant

lines no. 1164/3/3/2, 2039/3/4/5 and 2644/2/3/2 are characterised

by having b •=* 1.0 and especially nutant line no 1164/3/3/2 which
also has s t=z 0. This indicates that these linec are widely

stable ir their protein content over generations. The other lines

although their protein level are maintained higher than Pelita 1/1
in every generation, their protein, per cent differ depend upon
the environmental condition of each generation. The protein content

of the original variety is considered to be unstable with b<^1.0

and s,2 = 0.156.d
The yield potential test carried out at Bogor in wet season

1979/1980 were attacked by brown planthopper. All mutant lines
were seriously damage except line no. 2238/2/1/1. Thie line seems

to be résistant to brown planthopper. Its protein content, grain

and protein yield are shown in TABLE VI. This mutant is now being

largely gro\m to produce enough seeds for including into the
amltilocation test, because it also seems to be resistant to

grassy/rugged stunt disease besides its taste is acceptible for
the people in this country C atnylose c.ontent is about 22 /o ) .

CONCLUSION

This research programme started in 1973 has yielded a lot of
protein mutants which some of them are able to maintain the high

yield potential of the original variety.

The protein content of some of these high yielding mutants
are concidered to be stable in generation to generation while
the othersfiiffer according to the environmental condition during

the generation they grew. The proteir levels of these mutants are
always significantly higher than the original variety in every

generation.
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The present statue of brown planthopper is the first pest
of rice in Indonesia. However, among the protein mutants only

mutent 1'ine no. 2238/2/1/1 has shown a possible resistance to
this pest. It, therefore, becomes a great probler to utilize those

mutant lines into practical efforts.
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TABLE I. VARIATION OF CHANGES IN PROÏBMN, STARCH AND GRAIN YIELD
OF Mg HIGH PROTEIN MUTANT LIMES, AT BOGOR.

No Change in
of protein
lines yield

(g/m2)

Initial variety 1
Dicrease in protein 61
and starch at-
different ratios
Subtitution of 12
starch by protein

Increase in protein 12
and starch at -
different ratios

- 13.to
- 1.
+ 0.

to
+ 5.
+ 3-to+ 11.

-
5
7
1
6

3
6

Châflge in
starch
yield
(g/m2)

- 169
to

- ^

- 37
to

- 3
+ 0

to
+ 96

-
.7
.1
.7
.2
.2
.6

Ratio

-

1 ;to
1 :
1 :
to
1 :
1 :
to
1 :

12
29
1

337
0
9

grain
( g/m2)

193.3
10.1

to
135.9
153-9
to
193-3
199.0
to
300.3

Yield of
Protein
(S/m2)

14.7
1.2

to
12.9
14.8
to
I8.it
17.9to
26.2

Starch
(g/tn2)

17.8.
8.

to
129.
138.
to
175.
178.
to
?75.

7
9
5

9
5
8
2

f£ protein
it d.n.

7.58
8.22

to
11.90
8.69to
10.26
8.25

to
10.15



TABLE II. VARIATION OF CHANGES IN PR07DIN STARCH AND G3AIN YIELD
OF M HIGH P3OTEIN MUTANT LINES AT BOGOR.

No Change in
of protein
lines yield

(g/m2)

Initiel variety 1
Dicreace in protein 13
and starch at -
different ratios
Substitution of 16
starch by protein

Increase in protein 27
and starch at -
different ratios

- 16.7
to

- 0.9
+ 0.2

to
+ 11.2
+ 7.6

to
+ 28.0

Change "in
starch
yield
(g/m2)

- 257.3
to

- 665
- 77.3to
- 4.2
+ 15.2

to
+ 232.0

Ratio

1 15
to
1
1
to
1

1
to1

113
1

376
2

11

grain

359
85

to
291
283
to
413
383
to
619

Yield of
protein
(g/m2)

24.4

7.7
to
23.5
24.6
to
35.6
32.0
to
52.4

starch
(g/m2)

334.6

77.3to
268.1
257.3
to
378.4
349.8
to
566.6

% protsin
i. d.m.

6.81
7.87
to
9.45
7.51
to9.09
7.26
to
9.20



TABLE III. TIÏS GRAIN YIELD ATID PliOTEIN YIELD OF TIIE
PROTEIN MUTANTS TESTED OVEH J> SUCCESSIVE

GE;fE2A?IONS ( M - M ).

Genotype

1. 38/1/3

2. 713/4/3/1
3. 804/5/3/4
k. 1164/3/2/4
5. 1164/3/3/2
6. 161 4/1/2
7. 190VV2/3
8. 2039/3/4/5
9. 2299/2/2/3

10. 2394/3/3/2
11. 2394/3/3/5
12. 2575/2/1/1
13. 2581/4/2/3
14. 258 V 1/V3
15. 2590/3/1/2
16. 2644/2/3/2
17. 2692/5/2/4
1&\ Pelits 1/1

L.S.D. (0.05)
'L.S.D. (0.01)

C.V. ( # )

Kean grain
yield
( g/ha )

41.66

ItO. 't2
U0.28
30.82

29.^7
38.79
37.66
to.23
28.57
3^.8^
27.53
33.28
39.86
32.09
2^.2**
31.32
33-30
»fO.96

11.22
15.03
19. W

Mean protein Potential
yield protein yield
( kg/ha ) ( kg/ha)

3^8.86
3V5.90
3^2.90
270.91
260.15
337.72
351.82
337.83
250.99
301.07
233.29
300. k9
337.99
291.73
208.22
270.140
286.9^
311.56

9^.79
127.01
19.11

^69. 23
513.64
517.49
566.71
490.68
460.25
542.17
441.59
463.22
520.96
497.89
438.69
484.73
588.06
415.19
450.34
477.07
461.55

PoteniiaL protein yield was calculated as

A x 3 x C x D

1000 x P

A = Ko. pToductive tillers
3.= No. fertile seeds/panicle
C = Thousand Grain Weight
D = Tic. plants per ha
P = Protein content ( % )
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TABLE V. STABILITY PARAMETERS OF P1ÎOTEIK 1ÎUTANTS
TESTED OVER 7 GENERATIONS ( M - M )
AT MUASA - BOGOR.

Genotype

1. 38/1/3
2. 713/4/3/1
3. 8o4/5/3/^
4. 1164/3/2/4
5. 1164/3/3/2
6. l6lVl/2
7. 1904/1/2/3
8. 2039/3/4/5
9. 2299/2/2/3

10. 2394/3/3/2
11. 2394/3/3/5
12. 2575/2/1/1

13. 2581/4/2/3
14. 2584/1/1/3

15'. 2590/3/1/2
16. 2644/2/3/2
17. 2692/^/2/4
18. Pelita 1/1

L.S.D. ( 0.05 )
L.S.D. ( 0.01 )

c.v. (#)

Mean protein
content over
all generations

( % )

8.07
8.73
8.99
9.12
9.01
8.28
8.95
8.72
9.12
9.36
9.16
8.84
8.87
8.90
8.81
8.88
8.80
7.38

0.57
0.76
6.19

b

0.415
0.640
1.670
1.444
1.150
0.219
0.449
1.103
0.786
1.671
1.496
0.65
0.138
0.004

0.398
1.064
0.710
0.171

Ed

0.013
0.214
0.113
0.055
0.008
0.320
0.076
0.117
0.068
0.768
0.122
0.003

0.443
0.172
0.015
0.147
0.125
0.156
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TABLE VI. THE PROTEIN CONTENT, GRAIN YIELD AMD PROTEIN YIELD
OF A PROTEIN MUTANT UNE (2238/2/1/1) WHICH ALSO
RESISTANT TO BROV/N PLANT HOPPER.

1.

2.

Generation

Protein content (%) :
2238/2/1/1 8.73
Pelita 3/1 7.2k

Grain yield (g/ha) :
2238/2/1/1
Pelita 3/1

M
5
 M6 M

7

8.57 - 8.69
7.25 - 6.81

20.30
35.85

M8 »9

S.kk 8.65
7.3^ 7-92

30.67 3^-67
52.65 3^.38

3. Protein yield (kg/h^t
2238/2/1/1 - 176.^1 258.85 299.90
Pelita 1/1 - 2'^.1't 386.^5 272.29
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TESTING, CROSS-BREEDING, INDUCTION AND
NUTRITIONAL EVALUATION OF WHEAT AND
TRITICALE MUTANTS

PATRICIO C. PARODI, ISABEL M. NEBREDA
Department of Plant Science,
School of Agriculture,
Catholic University of Chile,
Santiago, Chile

ABSTRACT

Through eight years of research our Project was able to
identify several outstanding mutants, derived from the
gamma irradiation of six wheat genotypes tested for prc_
tein content, yield, adaptability and disease resistan-
ce over a wide range of environmental conditions. Short^
ly before releasing some of these mutants for commercial
cultivation, race 15 B of stem rust (Puccinia graminis
f.sp. tritici), absent from Chile for over 20 years, was
identified, causing devastating effects on the mutants
and other material. Only low levels of resistance were
found among Chilean spring wheat cultivars and advanced
breeding lines available in .1979.

This paper presents the results of our research from 1971
until 1979, and a series of procedures which have been
programmed to solve the problem, and rapidly induce resis_
tance to the material, without losing its characters, spe-
cially high yield and improved protein content.

INTRODUCTION

Quisenberry and Reitz (2) have stated that wheat is many
things. To a botanist wheat is grass. To a chemist, it
is organic compounds, and to a geneticist a challenging
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organism. To a farmer, it means a cash crop, and to a hau
1er, freight. To a laborer, it means employement; to a
merchant, it is produce. To a miller, it is grist, and to
a baker, flour. The banker sees it as chattel and the po
litician as a problem. Animals brouse and feed on it and
it sustains parasites. The conservationist uses it as
ground cover. In religion it is used as a symbol. The ar
tist and photographer see it as a model. To millions it
provides a livelihood, and to millions more a lifegiving
food.

For the Chilean population, and specially the less privileg_
ed segment, wheat is the main source of calories and protein,
obtaining approximately 44 and 50%, respectively, from wheat-
derived products. For the country's economy, wheat is the
main component of the agricultural sector, with a trade volu
me of US$ 450.000.000, of which near one half is spent import;
ing wheat to satisfy demand.

To Chilean plant breeders, wheat is indeed a challenge and a
responsibility. There is need to improve national production,
providing the farmers with better cultivars, which must meet
a large number of requirements, among which disease resistan_
ce is at present of paramount importance. These cultivars
must be adapted to a wide range of environmental conditions,
dictated by Chile's narrow and long North to South geography.
These cultivars must be plastic and easy to manage, so that
the small farmer, who uses limited inputs, can obtain a pro-
fit from his modest investment, and also capable of reacting
positively to the modern procedures of the better technically
equipped farmer. They must produce yields that allow for a
sale price competitive with the world market, to which the
country is wide open. They must provide the miller, baker
and pasta-producer with an acceptable product to turn into
flour, bread and pasta. Finally, they must reach the consu-
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mer in the form of a realtively inexpensive, nutritious pro_
duct.

The advent of triticale (X Triticosecale Wittmack) as a com
mercial crop, with its high yield potential, wide adaptabi-
lity, better disease resistance, higher protein content and
improved amino acid balance, may relieve some of the pressu
re from wheat, partially replacing it, increasing national
grain production, and providing more nutritious food products.
Triticale, however, has problems of its own, which require
intensive efforts to solve.

Both species, therefore, considered together, compound the
problems, but simultaneously, both working in association,
may offer very important answers to the national agricultural,
economic and nutritional situation.

In order to accelerate the production of superior material,
we initiated a Program of Mutation Induction, jointly finan£
ed by the International Atomic Energy Agency and the Catholic
University of Chile.

This program is based on the fact mutations are the most im
portant source of variability in all organisms. They may
occur as an spontaneous process during evolution, or may
be induced through chemical or physical agents. Basically,
induced variability does not differ from variability natur_
rally occurring.

Mutation induction is a fairly recent supplementary metho
dology, very valuable in plant breeding, particularly when
the objective is to improve one or two easily identifiable
characters in a cultivar which is otherwise acceptable. The
main advantages of this method are, a) that the basic geno_
type of the cultivar to be improved is only slightly alter
ed, as compared with hibridization of two different genoty_
pes, as the desired character or characters are added, and
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2) that the length of time required to develop the improved
cultivar is considerably shorter than that needed when hy-
bridization is used for the some purpose.

In spite of this, it is necessary to consider possible pleio
tropic effects of the mutated gene or genes, as well as
other undesirable mutations that may take place. When some
of these effects are observed, it is advisable to cross the
mutant with the parent line, and select from the progeny in
dividuals carrying the desired mutations, but free of other
undesirable changes.

A favorable mutation may be recovered in an homozygous con
dition in the M-j or M4 generation, as compared to the Fg
or F 7 generation when hybridization is used. The.satisfac
tory performance of a mutant line, however, not only depends
on the new favorable mutation that has been induced. The
genotype to which it belongs determines the rest of its agro
nomic characteristics, such as adaptability, disease resis-
tance, quality and yield. It is thus necessary to extensive_
ly evaluate the mutant's behavior under field conditions C3).

Our Project was initiated in 1971, having the basic objecti
ve of increasing the protein content of spring wheat genoty_
pes, adapted and high yielding in Chiles North Central Region.

MATERIAL AND METHODS

Seed of the spring wheat genotypes Huelquen, Collafen, Yafen,
PLA 771 and Bluebird N° 3 (.Triticum aestivum L. ) and Quilafen
(T. durum Desf.) was irradiated with gamma rays in doses of
10 and 25 krad. The M]_ generation was planted in the field
30 days after irradiation, and harvested in bulk, preserving
treatment identity. The M2 generation was spaced-planted in
5 m long 50-row plots, with an average population of approxi^
mately 15,000 individuals per treatment; every treatment was
followed by five rows of the parental genotype as control.
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The material was fertilized with optimum levels of nitrogen
and phosphorus. Starting with M2 the populations were inocu
lated with a race composite of Puccittia graminis f.sp. triti-
cvi; only natural infestation of P. recondita; P_. striiformis
and other pathogens was provided. (1)

Plant selection was initiated in the M2 generation, based on
four selection criteria: (a) plants that showed phenotypic
differences from the parent genotype; (2) plants that showed
an improved level of disease resistance; (3) plants that had
superior agronomic characters; and (4) plants identical to
the parent genotype. Theee selection criteria were applied
separately or jointly on the population, depending on its cha
racteristics. A total of approximately 25,000 plants were
selected, with an average of about 2,000 plants per treatment.
The rest of the material was harvested in bulk, preserving
treatment identity. Two hundred plants of each parental geno
type were selected at random and harvested as controls.

The protein content of each selection was estimated by the
dye-binding capacity CDBC) method, using a sample of the
seed of all the spikes of each plant selected. All those
plants that had a protein content of one or more percenta-
ge points above the respective control were spaced-planted
in 2 m long 5-10 row plots, depending on seed availability.
The rest of the selections, except the very poor ones, we-
re planted in 2 m long 2-row plots.

Selection was continued in the MU generation, using the sa_
me criteria described. There were three different popula-
tions in JMßr Cl) high—protein selections; T2) average or
low-protein selections; and C3) non-selected, bulk—harvest,
ed populations. DEC protein determinations were continued
on all selected individuals. In the M4 generation each se_
lected mutant was planted in 2 m long 5-row plots, with a
uniform planting density, in order to obtain a preliminary
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yield estimate. Control plots were so spaced as to provi-
de a reliable comparison of mutants and controls. Selection
was conducted on plots, when the mutant had reached adequate
homozygosis, or on individual plants when they were still se
gregating. Analyses and selection for protein content were
continued as described, adding Kjeldahl analyses to check
unusually high or low values.

The procedure was continued in the M5 generation. However,
the best homozygous mutants were studied in replicated yield
experiments at the Experiment Station and in three locations
within the potencial area of adaptation. The rest of the ma
terial was grown in a screening nursery, consisting of 2 m
long 5-row plots, with an adequate number of controls. More
mutants and locations were added in the Mg, M^ and Mg generea
tions yield experiments. The number of selections made in
Mj to Mg generations is shown on Table 1.

In 1976 (Mg generation) a mutant designated as UC-3 was includ
ed in the National Cooperative Yield Experiment (NCYE) run by
the Ministry of Agriculture. In 1977 mutant UC-4 was added
to the NCYE; two more mutants, UC-5 and UC—6 were added in
1978. In 1979 we included in the NCYE six mutants, UC-3, UC-4,
UC-5, UC-6, UC-7 and UC-8.

In the years 1976 to 1979 several mutants were selected for
inclusion in various multiline composites, with the objective
of studying their behavior by comparing the performance of

Table 1. Number of selections made in the M^
to M5 generations

Generation
M3 M4

Number of
selections 8420 4520 2687
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each composite with its constituent lines and with high-
yielding controls.

The number and type of yield experiments conducted during
these years, and the number of mutants studied are shown
on Table 2.

Table 2. Number and type of yield experiments and number of mutants
studied in generations Mr to Mg

Type of
Experiment
station Regional

Generation

M5
M6
M7
M8
Mg

experiment
Cooperative

Multiline
composites

Number of experiments

7
18
21
14
14

3
8
6
9
8

0
16
8
9
6

0
3
1
1
8

Number of
mutants
studied

156
400
463
318
430

For the yield experiments we basically used a randomized
complete block design with four replications. The signjL
ficance of the differences among treatments was estimated
through Duncan's new multiple range test at the 0.05 level.
Industrial quality analyses were contracted with an inde-
pendent laboratory.

RESULTS AND DISCUSSION

The first treatment effect was expressed in seed viability
and survival. The 10 krad treatment showed an average su£
vival of 76.8%; the 25 krad treatment produced a signifi-
cantly higher lethality, average survival being estimated
as 58.3%. No significant differences were observed within
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each genotype in their ability to survive the irradiation
treatments. Part of the lethality was expressed as albino
plants, which died 18-35 days after emergence (il.

Table 3. Yield of selected mutants and controls during four years

Yield, k/ha
Year and
generation

Mutants '
mean

Mutants ' range
Low High

Mean of
the best

Mutants equal or
better than the
best control

control Number Percentage

Experiment station
1975
1976
1977
1978

1975
1976
1977
1978

(M5)
CM6)

(M7)
<M8)

(M5)

(M6)
(M?)
(Mg)

3604
5107
5766
8341

5193
4146
4870
4847

2142
4211
4409
7019

3909
2764
3630
4071

4805
6138
6919
9563

Regional
6563
5403
6723
5471

3630
5969
6578
8298

experiments
5101
5175
6308
5310

76
207
92
122

26
86
34
13

54
57
21
43

54
56
28
8

.3

.5

.9

.6

.2

.6

.3

.1

Table 3 shows a summary of the yields of a group of select^
ed mutants, studied in yield experiments at the Experiment
Station and in regional locations during four years. The
mutants' yields are compared with the yield of the year's
best control. An important number of mutants, fluctuating
per year between 8.1 and 57.5%, has shown a grain production
capacity statistically equal or better than the respective
best control, which suggests that the yield potential of the
original germ plasm was often improved by the irradiation
treatments. Additionally, the data show that, from a grain
yield stand point, several of the mutants have the potential
to be grown commercially, favorably competing with the best
genotypes available in the area in which they were analyzed.
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Table 4. Protein content of selected mutants and controls during
four years

Year and
generation

Mutants
mean

Protein content %
' Mutants ' range

Low High

Mutants equal or
Mean of
the best
control

better than the
best control

Number Percentage

Experiment station
1975 (M5)
1976 (M6)
1977 (M7)
1978 (Mg)

1975 (M5)
1976 (M6)
1977 (M7)
1978 (Mg)

11.7
12.1
12.5
11.5

13.8
13.4
12.2
11.5

9.8
11.0
11.1
9.9

10.8
12.0
11.1
10.1

13.8
13.3
14.3
13.3

Regional
15.4
15.3
13.5
13.2

11.4
11.8
13.0
12.4

71
201
143
61

50.7
56.0
34.0
21.8

experiments
12.3
12.7
13.0
11.5

35
112
24
79

72.9
73.7
20.0
49.4

The protein content of this same set of mutants, also compar_
ed with the year's best control, is shown on Table 4. The
protein mean of all the material analyzed at the Experiment
Station was in general similar to that of the best control.
An important number of mutants was statistically equal or bet
ter than the best control, with protein values as high as
14.3% (.1977), that is, 1.3 percentage points, or 10%, high
er than the best control. The most outstanding group of
mutants, included in regional experiments, had on the ave_
rage, except in 1977, protein contents above the best res_
pective control. The protein content of the best mutants
in each year, were above the best control by 0.5 to 3.1
percentage points, equivalent to 3.8 to 25.1% higher pro-
tein content. The percentage of mutants that had protein
contents statistically equal or better than the best control,
ranged between 20.0 and 73.7%. The data show that the irra_
diation treatments used, followed by strict selection proce
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dures, were effective in improving the original material's
protein content, and allowed the identification of superior
genotypes.

This information allows to conclude first that the Project's
basic objective, improving the material's protein content
was fullfilled, and second, that improved protein content
was reached without deteriorating the yield potential of the
parental genotypes, and often improving it.

From a practical point of view, that is, considering the pos_
sibility of releasing th.e best mutants for commercial, grow
ing, it is advisable to examine their individual performance.

This information is shown on Tables 5 to 10 for mutants UC-3
to UC-8.

Mutant UC-3, Table 5, was studied during two years at the
Experiment Station, and since 1976 included in regional and
cooperative experiments. Its yield was highly satisfactory,
until 1977 consistently above the controls' mean and the best
control. During that period its test-weight ranged between
79.92 and 82.01 k/hl, and its protein content between 11.9
and 12.4%. Until 1977 was a candidate for registration in
the National Cultivars Registry. However, starting in 1978,
UC-3 started to be severely attacked by Puccinia graminis f.
sp. tritic^, disease that deteriorated its yield and test-
weight. At present, we are trying to add stem rust resistan
ce to UC-3 through a backcross program using the single seed
descent method, and it has been withdrawn from the NCYE.

Mutant UC-4, Table 6, after one year of replicated testing
at the Experiment Station entered regional experiments in
1975. Its yield was satisfactory throughout the period in
which it was analyzed, in spite of its susceptibility to Puc-
cinia graminis,that was evident for the first time in 1978,
under conditions of artificial inoculation, and become more
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Table 5. Yield, test-weight and protein content of mutant UC-3 in several
years and locations

Yield, k/ha
Year

1974
1975
1976
1977
1978
1979

Number
Experiments

1
1
18
18
21
15

of
Locations

1
1
17
14
17
11

Mutant

5968
4132
5514
4939
5131
7141

Test
Controls' Best weight
mean control k/hl

4935
3748
4328
4517
4126
7297

5113
3965
4671
4649
4563
8106

82.01
81.50
79.93
80.27
77.76
77.75

Protein
content

%

12.3
12.4
11.9
12.4
11.8
12.0

Table 6. Yield, test-weight and protein content of mutant UC-4 in several
years and locations

Yield, k/ha
Year

1974
1975
1976
1977
1978
1979

Number
Experiments

1
3
8

18
19
3

of
Locations

1
3
8
14
18
5

Mutant

5632
5070
5176
4999
4499
7068

Controls '
mean

4935
3961
4471
4517
3549
7133

1 Best
control

5113
4075
4705
4649
3928
7742

Test
weight
k/hl

79.21
77.86
78.86
81.85
78.50
78.15

Protein
content

%

12
12
12
12
12
12

.7

.8

.8

.6

.1

.0

severe in 1979. Mutant UC-4 had a test-weight between 77.86
and 81.85 k/hl, and a protein content between 12.0 and 12.8%.
Presently it is undergoing the some process described for UC-3.

Mutant UC-5, Table 7, behaved quite similarly to UC-3 and
UC-4, decreasing its yield since 1978 due to a stem rust at
tack. Stem rust also affected its test-weight, which decreas_
ed from 80.20 to 78.31 k/hl. Its protein content, however,
remained stable, ranging from 12.6 to 13.0%. UC-5 is also
being backcrossed in an effort to add to it stem rust resis_
tance.
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Table 7. Yield, test-weight and protein content of routant UC-5 in several
years and locations

Number of
Year

1975
1976
1977
1978
1979

Experiments

1
1
5

20
1

Locations

1
1
5

17
1

Yield, k/ha
Mutant

4667
6396
6427
4539
6537

Controls '
mean

4012
4500
4813
4098
7525

' Best
control

4207
4780
5115
4529
7796

Test
weight
k/hl

80.20
80.12
80.13
79.44
78.31

Protein
content

13
12
12
12
12

.0

.7

.9

.7

.6

Table 8. Yield, test-weight and protein content of mutant UC-6 in several
years and locations

Yield, k/ha
Number of

Year

1974
1975
1976
1977
1978
1979

Experiments

1
1
1
5
18
14

Locations

1
1
1
5

17
11

Mutant

5812
5229
7090
6294
4625
7998

Controls ' Best
mean control

4235
4473
4905
4888
3303
7207

4416
4680
5187
5010
3695
7822

Test
weight
k/hl

81.35
81.28
81.47
82.42
80.46
80.25

Protein
content

%

12.9
13.2
12.8
13.0
12.5
12.6

Performance of mutant UC-6 is shown on Table 8. This mutant
has consistently kept its high yield potential through the
six years of testing, yielding better than the mean of the
controls and the best control of each test-year. It has shown
to possess a high test-weight, which has ranged from 80.25 to
82.42 k/hl, and also a comparatively high protein content that
has fluctuated between 12.6 and 13.2%. As the previously dis_
cussed mutants, UC-6 has shown a degree of susceptibility to
Puccinia graminis, however, at a comparatively lower level. Be_
cause of this information, we have reached the decision to
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Table 9. Yield, test-weight and protein content of mutant UC-7 in several
years and locations

Yield, k/ha
Year

1975
1976
1977
1978
1979

Number
Experiments

1
1
5
5
9

of
Locations

1
1
3
3
7

Mutant

5877
6341
6615
9492

5945

Controls ' Best
mean control

4511
5016
6235
8158
7145

4631
5245
7142
8906

7300

Test
weight
k/hl

78.95
78.48
78.70
77.55
60.38

Protein
content

11.
12.
12.
11.
11.

9
4
6
3
8

initiate seed multiplication of UC-6, and to register it
in the National Variety Registry. In addition, UC-6 is
also being backcrossed to sources of stem rust resistance.

Table 9 summarizes the performance of mutant UC-7. This
genotype has been most severely affected in its yield by
stem rust, as shown by its drastic yield reduction in
1979. Damage has also occurred in its test-weight, that
decreased in 1979 to 60.38 k/hl. Mutant UC-7 is also being
backcrossed to stem rust resistance sources.

Performance of mutant UC-8 is shown on Table 10. This ge_
notype has maintained a high yield level, surpassing the
mean of the controls throughout the entire period of tes^t
ing, including 1979, when it was severely attacked by Puc-
cinia graminis, specially at the north of the area. UC-8's
test-weight has been adequate although it has shown a ten-
dency towards decreasing, from 82.60 k/hl in 1976, to 79.37
k/hl in 1979. Its protein content has ranged in these four
years between 12.2 and 13.0%. UC-8 is also being backcross
ed to sources of stem rust resistance.

The yield performance of these six mutants, in percentage
of the mean of the best control of each year of study, is
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Table 10. Yield, test-weight and protein content of mutant UC-8 in several
years and locations

Yield, k/ha
Year

1976
1977
1978
1979

Number
Experiments

1
1
1

10

of
Locations

1
1
1
7

Mutant

6532
6354
8547
8730

Controls '
mean

4417
5823
8158
7315

Best
control

4786
6708
8906
8135

Test
weight

k/hl

82.60
81.60
80.00
79.37

Protein
content

%

12.2
12.3
13.0
12.5

shown on Figure 1. It may be observed that, with the exce£
tion of UC-8, the tendency is towards a decrease in yield,
probably caused by stem rust attack, which justifies the
measures taken to add resistance through backcrossing.

The specific reaction to Puccinia graminis of the six mutants
is presented on Table 11, showing their reaction at the north
of the region where the attack has been most intense, at the
Pirque Experiment Station under conditions of artificial ino-
culation, and in locations south of Talca. The first signs
of an important attack of this pathogen were noticed in 1978,
as shown by a susceptible reaction of UC—3 at Ovalle in the
north end of the region, under conditions of natural infesta-
tion, and also at Pirque, and moderately resistant to modera_
tely, susceptible reactions of mutants UC-4, UC-5 and UC-6 at
Pirque.

Stem rust attack became more severe at Ovalle in 1979, and the_
re was also a significant increase in intensity at the Experi^
ment Station. Presently, no stem rust attack has been record-
ed south of Pirque, except UC-7 in 1979, which had a 10% of
its foliar area affected by the rust, with a moderately resist^
ant reaction.
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Table 11. Reaction of six mutants to Puccinia graminis f.sp. tritici

Year

1974;
1975
1976
1977
1978
1979

UC-3
I1 2 3

0
0

0 0 0
0 0 0
30S2 30S 0
80S 80S 0

UC-4
1 2

0
0

0 0
0 0
0 5MS
30S 50S

Reaction
UC-5

3 1 2

0
0

0 0 0
0 0 0
0 tS 5MS
0 40S 50S

to

3

0
0
0
0

Puccinia gxaminis
Mutant

UC-6
1 2 3

0
0
0

0 0 0
0 5MR 0

2 QMS 5MR 0

UC-7
1

0
0
0
50MR

2 3

0
0
0 0
ts o
0 0
80S 10MR

UC-8
1 2

0
0
0
0
0

80S 30S

3

0

1 = North; 2 = Pirque with artificial inoculation; 3 = South2 R = Resistant; MR = moderately resistant; MS = moderately susceptible; S = susceptible



The incidence of other pathogens, such as Puccinia striifor-
mis, Puccinia recondita Septoria sp. and BYDV has been re-
corded , but will not be reported here because of its compara^
tively minor importance.

Table 12 shows the results of industrial quality analyses
on the mutants UC-3, UC-4, ÜC-5 and UC-6, using Marianela, a
wheat cultivar of high industrial quality, as a control. In
general, the mutants showed to possess adequate quality le-
vels; UC-6 appeared to be superior to the rest.

These results suggest that mutation induction through gamma
rays irradiation, and the selection process that followed it,
were successful in producing and identifying mutant genotypes
of superior performance. Selected material had the potential
to produce high yields, associated with protein levels higher
than those of the parent genotypes, and higher than the mean
of the best cultivars of the area in which the experiments we_
re conducted.

Unfortunately, the Puccinia graminis attack that started in
1978 at the northern end of the area, and that could even_
tually progress towards the south, deteriorated the yields
of the best mutants, which had been selected in the absen
ce of the race, races or biotypes that caused the problem.
To recover their yield potential it will be necessary to
add to them genetic resistance to stem rust, process alrea_
dy initiated through a backcross program based on the sin-
gle seed descent method.

The problem has not only affected the populations derived
through mutation induction, but also those originated through
other methods. Therefore, it is correct to conclude that
mutation induction through radiation is a viable plant breed_
ing method that allows, when the correct doses are applied,
to induce genetic variability. To identify the best genoty_
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Table 12. Industrial quality characteristics of mutants UC-3, UC-4, UC-5 and
UC-6 and control Marianela1

Mutant
Variable

Chemical analyses
Ashes
Sedimentation
Maltose
Farinogram
Absorption (%)
Dough development (time)
Stability (time)
Resistance (time)
W value
Bread characters
Loaf volume (cm )
Loaf weight (g)
Crumb color (1-100)
Crumb texture (1-100)

UC-3

0,637
23
1,607

64,5
4'15"
25"

4'25"
44

675
152
81
78

UC-4

0,697
49
3,904

69,4
5'25"
20"

5'45"
55

685
155
84
84

UC-5

0,735
40
2,710

69,5
4 '10"
30"

4 '10"
42

700
157
82
82

UC-"5~

0,798
40
4,100

74,2
4'10"
30"

4-40"
50

730
159
84
84

Control
Marianela

0,549
48
1,454

61,9
7'45"
35"

5 '55"
50

655
157
84
87

Industrial Quality Laboratory EGA

pes it is required to work with large enough populations,
using the appropriate analytical methods to detect those in
dividuals that possess the desired genotypic characters.

FUTURE OUTLOOK

1. Mutants UC-3, UC-4, UC-5 and UC-7 are presently lost for
all practical purposes, as commercial cultivars.

2. It is still feasible to use mutant UC-6 as a commercial
cultivar because:
a) Its susceptibility is equal or less than that of the

other commercial cultivars that are available.
b) Its yield potential has not been drastically impaired,

even under the worst conditions of artificial stem
rust inoculation.
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At present we have approximately 160 kg of UC-6 seed
which will be multiplied during 1980.

3. Mutant UC-8 will be yield tested one more year before de-
ciding its eventual multiplication.

4. Mutants UC-3, UC-4, UC-5, UC-6, UC-7 and UC-8 will be in
eluded in a backcross program with four sources of resis_
tance to Puccinia graminis which were identified in 1979.
This program, already initiated, will be conducted in an
accelerated manner, using the single seed descent method,
under greenhouse conditions, aiming at producing two and
a half generations per year, so as to recover the ge
notypes with added resistance to stem rust in two to
three years.

This program will be supplemented with artificial stem
rust inoculation, to ensure appropriate identification
of the resistant individuals.

As soon as the adequate level of homozygosis is reached,
the resistant lines will be transfered to the field to
increase seed, still under conditions of artificial stem
rust inoculation. When seed becomes available in adequa_
te amounts, the mutants will be tested for yield and pro_
tein content in replicated experiments at the Experiment
Station and at regional locations. Artificial stem rust
inoculation will be maintained throughout the testing
process at the Experiment Station.

5. These mutants, in addition to the wheat cultivars Maria-
nela, Aurifen and Sonka, all high yielding and well adapjt
ed, but susceptible to stem rust, will be gamma irradiât;
ed in dosis of 10 and 25 krad in May of 1980; the Mj_ gen£
ration will be planted in the field in June of the same
year, in populations of approximately 100000 indivi-
duals per treatment.
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The main objective of this program is to obtain stem
rust resistance. Therefore, the first selection cri.
terium will be resistance to the disease, starting in
the M2 generation, working under conditions of artifi-
cial stem rust inoculation. Resistant individuals will
be analyzed for protein content. On a first attempt,
those that show levels of protein equal or better to
their parental types will be advanced to the next gene_
ration. If those individuals do not exist or are scar_
ce, selection will be expanded to those that show accep_
table protein levels.

When appropriate levels of homozygous are reached, po£
sibly at the M^ generation, these genotypes will be
analyzed for yield and protein content in replicated
experiments at the Experiment Station and regional lo_
cations.

6. During 1980, selection will be initiated on the M, ge-
neration of two wheat and two triticale genotypes gam
ma irradiated in 1978. The same criteria of selection
and procedures described in point 5 will be used.

7. If it becomes necessary, more wheat and triticale ma_
terial will be irradiated in 1981 and 1982.

8. Three years ago we initiated a program of wheat and tr;L
ticale multiline composites, which at present, due to
the crisis derived from the stem rust situation, has re_
ceived further financial support from the University's
Direction for Research, as Project N° 95/79.

Under the terms of that Contract we have grouped wheat
and/or triticale genotypes produced by gamma irradiation
and conventional breeding methods, of similar phenotype,
but carrying different genes for resistance to Puccinia
graminis, and if possible different levels of resistance
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and/or tolerance to barley yellow dwarf virus, and form
ed multiline composites of up to nine constituent lines.

During 1979 we worked with, a total of eight wheat and
four triticale composites. That year we selected 125
new wheat lines and 49 new triticale lines that can be
grouped into composites in 1980. This process will be
continued and intensified, testing the multilines at
the Experiment Station under artificial stem rust in£
culation, and as seed availability permits at regional
locations.

9. In an effort to search for additional sources of resis_
tance to stem rust race 15 B, we will grow in the field,
in 1980, with artificial stem rust inoculation, the rem
mant seed from our reserve stock of mutants produced
during the duration of Research Contract N° 1033/RG/GS
which had been discarded for various reasons.

This material will be grown in non-replicated plots, in
the form of a screening nursery, with the primary objec_
tive of identifying its stem rust reaction.

Any promising material will be further tested with, the
same procedures described in point 5.

10. The material derived from the various approaches describ_
ed and which, shows to be statistically better than the
controls with which it is compared, will be analyzed for
milling and baking quality by contract with an independ_
ent laboratory.

11. Depending on funds availability, a number of selected
mutants will be analyzed to determine their amino acid
composition.

12. Outstanding material will be subjected to agronomic
studies mainly planting date, planting rate, and res-
ponse to fertilizers.
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13. All protein determinations will be made through, the dye-
binding capacity method; some selected lines will be fur
ther analyzed by micro-kjeldahl.
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ACHIEVEMENTS IN SEED PROTEIN
IMPROVEMENT PROGRAMME

M. TAHIR NADEEM
NIAB, P.O. Box 1208, Faisalabad, Pakistan

ABSTRACT

In wheat, a mutant M-536 with higher protein content and
the same yield as its parental variety and a rust resistant
mutant M-546 were selected. A triticale selection, NIAB T.157-4,
with good performance in both yield and protein content was found.
Unfortunately it was inferior to the local standard wheat variety
with regards to the Chapati making quality, so it will hve to be
used mixed with wheat.

Results Obtained

During this study, some promising mutants of wheat and tsiticale
were selected.
Wheat;

Mutant line M-536, a derivative of local wheat variety C-273
having good Chapati-making quality (a form of unleavened bread eaten
in Pakistan) was isolated as a high protein line. It gave the same
grain yield as the parent, but comparatively low as compared to
prevalent high yielding wheat varieties. Attempts are being made
to improve its grain yield potential without affecting its protein
content.

Mutant line M-546 which does not have a high protein content,
but is quite resistant to various rusts, could be used as a source of
disease resistant germplasm. The mutant was also evaluated for its
bread, milling and Chapati-making qualities. The results showed that
the mutant was comparable for its bread, milling and Chapati-making
qualities with leading wheat varieties of this region i.e. ZA-75 and.
LU-26» Attempts are beang made to improve its protein content. The
mutant could prove very useful in adverse weather conditions.

Triticale:

A strain of triticale NIAB T.157-4 which performed well both in
irrigated and rainfed conditions regarding its yield and protein content
was evaluated for Chapati-making quality. The results indicated that
the strain could not compete with prevailing standard variety of rainfed
area in Pakistan (variety-Pathwar) for all the attributes, such as
colour, texture, chewability and taste which ultimately adversely
affected the overall acceptability. This might be due to its dark
flour colour which biased the opinion of the judges. However, experiments
are in progress to improve its Chapati-making quality by mixing it with
bread wheat in appropriate proportions.
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Programme Status

i. Mutant line M-536 is being used as a germplasm of good
quality wheat variety. Attempts are also being made to improve its
grain yield.

ii. Mutant line M-546 may be used as a source of rust resistant
germplasm. We are trying to incorporate this character into one high
yielding wheat variety so that the grain yield may not be affected in
adverse climatic (weather) conditions.

iii. Experiments are being conducted to establish appropriate
proportions of bread wheat to promising triticale mutants (good grain
character and yielding ability) to improve their Chapati-making
quality.

The other programme for both wheat and triticale will remain
similar to that of previous years:

January - June: Technological and nutritional qualities' tests
and harvesting of crop.

July — December: Protein analysis, crop growing season and
compilation of results.

a) The promising (high protein) homozygons wheat strains will
be grown to test their stability for protein content.

b) Generations obtained after mutagenic treatment will be raised
and screened for various characters.

c) The resultant advanced lines will be evaluated for protein,
amino acids, and other technological parameters.
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IMPROVED QUANTITATIVE PROTEIN MUTANTS,
SELECTED FROM A BARLEY MUTATION
BREEDING PROGRAM USING ADVANCED
SELECTION PROCEDURES

H. WALTHER
Abteilung für Pflanzengenetik,
Gesellschaft für Strahlen- und Umweltforschung,
Grünbach,
Federal Republic of Germany

Abstract

Within a mutation breeding program a selection experiment is
described for the spring barley varieties Asse (6-rowed) and
Edelmut (2-rowed advanced mutant line) after application of
EMS-treatments (1-, 2-, 3 x replicated) and X-ray irradiations
(3 x replicated). Selection occurred for protein yield, as
major selection criteria, using a partial bulk breeding method
during segregating generations.

As an example for this research, experiment CM3 - M6) , results
are demonstrated for the successful selection of improved
protein lines from variety Edelmut, including description of
the breeding program, an improved selection criteria for
quantitative protein selection, and a successful selection pro-
cedure.

1. INTRODUCTION

Selection for quantitatively inherited characters like yield,
protein content, lysine yield and lysine content, needs a
defined selection procedure during the generation where
segregation occurs. This includes the estimation of gain
through selection (GS) in early generations, which depends
from population size (n), heritability of the selection
criteria (h ), the induced genotypic variance (a ) and most
off all from an appropriate selection intensity (i), which
varies under practical breeding conditions in each consecutive
generation, due to different selection rates (<x) .

From protein-mutation breeding programs, no selection procedure
has been described so far, including the sequence of selection
intensities in a quantitative genetic approach. This experiment
was started to determine a practicable selection procedure with
optimized selection intensities.
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2. MATERIAL AND METHODS

2.1 Breeding method

The mutation program was started with 10.00O M2 single plants
for the whole experiment, or with 125O single plants per
treatment and variety. All M2 plants were transferred to M3
and planted in single rows as base population (B). All M3 lines
were tested for protein characters, and 50 % were selected and
tested in M4 and M5 in an orthogonal replicated 2-years
(generations) experiment (see Fig. 1).

5 % of the best lines were transferred into a two-years
replicated yield performance trial in M6 + M7. At the same time
the separation of the within line variation (partial bulk lines)
started in M6.

Except for M3 the primary and empirical selection procedure was
based on a general selection rate of 5 % for each selection step.

Starting with M4 + M5, always two successive generations were
grown orthogonal with same numbers of replications and lines,
allowing for more detailed testing of the genotypic base of
variation.

During the verification of the breeding program, a slight
reduction in the number of lines occurred from M2 to M3, using
only 8.OOO lines instead of 1O.OOO for selection in further
generations. This was caused through the fact that only lines
without drastic morphological segregation could be used for
quantitative selection purposes. The base population for each
variety and treatment consisted therefore of 1.OOO M3-lines or
M2-plants (see Tab.1). From the total base population of 8.000_2M3-lines we expected a usable mutation rate of 10 depending
on at least 1OO genes, quantitatively contributing to protein
production and leading to an expectation of at least 20
definable and significantly improved mutants after segregation.

All parameters were estimated from randomized complete block
designs including a correction for within-block-error components.

2.2 Selection criteria

We used as selection criteria the protein yield measure in2g protein/m , which we had suggested in previous experiments
and for which we use a bivariate model for estimation of the
values [1].
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According to the negative relation between % protein i.d.m
and grain yield the criteria protein yield is the only one
measure to detect quantitative-genetic improvements. It is
estimated as product of the two components, % protein i.d.m
and grain yield in g grain/m (see Fig. 2.).

In analogy to a one dimensional variation, we estimated also
for this bivariate selection criteria at every selection step
an expected relative gain through selection as

RGS = x., + GSH - 3L,e M. i P.

and in the following generation a realized relative gain through
selection as

RGSr = *M ~ *Pr i+l i+i

This enabled us to decide already during early generations
over suffucient genetic variation, which is a necessary
requirement for a successful selection. All values were
estimated in every generation relative to the original
parent from which the population was derived.

For estimation of the RGS we used in general as selection
rate that part of the population which deviated significantly
(LSD5&) from the parent mean. This selection rate and the
corresponding selection intensity decides at a given
heritability of the selection criteria and at a given or
induced genetic variation in the base population over the
maximum gain and progress which can be achieved through
selection.

The estimation of the selection parameters occurred through
an analysis of variance given in Tab. 2 in response to
generations M3, M4, M4 + M5, allowing in this order an
increasing precision in the prediction of an expected gain
through selection. If results from 2 generations are
available (M3 + M4, or also for more than 1 location and
year within one generation) we are able to estimate and
interpret also the genetic basis of the induced variation2through cr .

The correlation between the expected and the realized RGS-
parameters was found to be very high with r = O.84*t~.O.89**~ ,
indicating a good reliability between both parameters.
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2.3 Selection procedure

This empirical selection procedure, using at each selection
step only those lines as selection intensity which deviate
significantly from their parents, is however just one of a
number of possible selection procedures. The search for an
optimal selection procedure, applicable for a mutation
breeding program, and thus the maximization of the selection
progress, is still an open problem.

To optimize selection progress and procedure, we have tested
a series of different selection procedures, varying only in
different selection intensities at the first, second and third
selection steps and having the same given variance and
heritability in the base population. The selection intensity
only decides therefore in this experiment over the number of
selectable improved lines within .this program.

In a number of different earlier and related experiments we
found for protein yield heritability coefficients ranging

2 2 2between h = O.25 and h = O.75, in average h = O.S. In a
proposed linear relation between heritability and selection
intensity values (or selection rates <x) , 25 - 75 % of the
base population should be tested for high protein yielding
lines at the first selection step. An optimum might be
expected from a selection rate o< between 25 - 5O %, which
would respond to a selection intensity(i)of O.8 - 1.27
(see Fig. 3).

Within this selection program 18 different selection procedures
were tested varying in their sequence of selection intensities
at the subsequent selection steps (linear or progressive
selection) and using 1- oder 2-years results for each selection
step (see Tab. 3 ). For some procedures, progressive selection
rates were determined through tests for significance.

The maximum number of significantly improved lines was achieved
with selection procedure No. 15 = 1OO/50-5O/*-. However procedures
12, 17 and 18 proved also quite valuable.

If the value of a selection procedure is judged by its achievable
RGS we found the selection intensity applied at the first
selection step to be most deciding for further achievable progress.
With strong selection intensities applied at the first selection
step the chance of detecting best lines drops rapidly.
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From Fig. 4 it is obvious that strong selection in M3 (1O...O.1 %)
leads inevitably to low RGSr~values in M6. This is caused by the
fact that lines selected for characters with low heritability, as
is known for protein yield, have lower chances to be found in
early generations when high selection intensities are applied.
With the lowest selection intensity (i = O.798,ore* = 50 %) the
highest RGS was found in M6.

The fundamental question for an optimal selection procedure might
be answered by relating for each procedure the RGS -values to the
total input needed up to the stage of comparison.

As measure for the total labour input we used the number of field
plots up to M6, since the amount of labour needed in planting,
harvesting and analytical screening is thought to be the same for
each field plot, independent of varying plot sizes ranging
between O.8 and 5.0 m2.

The relation of RGS and labour input revealed two important
results which are demonstrated in Fig. 5 at a constant selection
intensity of iM6 = 2.892 (5 best lines in M6).

1. All selection procedures, based on 2-years selection steps
are superior to those based on 1-year selection steps.

2. The optimum in selection progress measured at a heritability2level of h = O.5 might be achieved not only by procedure No. 15,
using a maximum of input, but also by procedures defined under
No. 12, 17, 18, using only 2/3 of the same input. This indicates
that 25 % of the M3 population can be expected to be the least
sufficient selection rate to optimize the RGS . The selection
optimum in this experiment was found highest between 200O...300O
input units (field plots).

In summarizing the results from the 6 best selection procedures
we could demonstrate that the best selection results were
obtained with an initial selection rate of 25...50 % at the first
selection step and a selection rate of 0.3...3.0 % at the second
selection step. At the second selection step the application of
significance tests is of advantage (see Tab. 4).

The maximum output of improved lines was found with procedure
No. 15, the optimum RGS with procedures 1'
50, 18 and 16 improved lines respectively.
No. 15, the optimum RGS with procedures 17 and 18, yielding
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3. RESULTS

In Fig. 6 the results are presented from selection procedure
No. 15, showing the maximum average output of 3O significantly-
improved protein-yield lines per treatment in M6, with an
average progress of 12 % and, for the 4 different mutagenic
treatments, a range from 8.9... 17.1 % RGSr, respectively.

From replicated treatments (X3, EMS3) more improved protein
lines could be selected as from single treatments (EMS1). At
the same time the mutagenic treatments also differed in the
way in which improvement was achieved. X3-treatments, for
example, resulted lines with high grain yield contributions
to protein yield. From EMS3-treatments more protein-improved
lines were found with raised levels of protein content at
constant levels of grain yield.

In average however the protein yield improvement of 12 % was
achieved approximately to 50 % by grain yield increase and to
5O % by increased protein content.

The bivariate distribution indicates also for a number of
mutants improved levels with + 20 % protein content at constant
grain yield levels or with simultaneous increase in grain
yield and protein content of + 10 to 15 % above the parental
control lines.

Since these values were derived from partial bulk, plots in
generations M4 + M5, some additional segregation can be
expected by further selection within families starting from
generation M6 with single plant selections.

4. DISCUSSION

In addition to previous results [1] the problem of an optimized
selection procedure, applicable to quantitative mutant selection,
was investigated during the generations M3-M6.

A significant increase in selection progress could be demonstrated
by using 2-years (generations) selection steps instead of an
annual selection scheme. It would be recommendable, to include
rduring the phase of early selection (M4, M5, M6) also more than
1 location in order to increase the precision of all selection
parameters. This might raise the level of selection progress
(RGS ) by an additional increment and might lead to a second
dimension of optimization with appropriate allocation of adapted
environmental combination during early generations.
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The application of different schedules for selection intensities
led to the conclusion to intensify the selection pressure only
in the second and in later selection steps in order not to
sacrifice a considerable advance through selection by loss of
improved mutants under strong selection in M.3. The selection
intensity during the first selection step should range between
i = 0.798...1.271 (25-5O % ) according to heritability values
expected between h = O.5O...0.75. For a second selection step
an increased selection intensity in the range of i = 2.231...
3.050 (3.0...0.3 % ) is recommended when 2 generations (years)
are included in the second selection step.

To optimize a selection procedure, the induced genetic variation
ought to be known. A rather valuable information about
significant genetic components of variation can be used from a
two-generation analysis of variance/ giving at the same time
information about the operative her:
the population under consideration.

oinformation about the operative heritability (h ) found within

All results described are relevant so far for the first phase
of the breeding program, using the between family variation.
An additional increase in protein yield is expected from the
second phase of the program where the within family variation
is utilized.
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TABLE I. EXPERIMENT FOR SELECTION OF IMPROVED PROTEIN
STRAINS IN SPRING BARLEY
SELECTION CRITERIA: PROTEIN YIELD IN g PROTEIN/

Parent Edelmut
Asse

Edelmut
Asse

M2
M2

M3
M3

EMS1

1250
1250

1OOO+

1OOO

EMS 2

1250
1250

1000
1OOO

EMS3

1250
1250

1000
1OOO

X3

1250
1250

1000
10OO

+ = Base population

62



TABLE II ANALYSIS OF VARIANCE FOR ESTIMATION OF SELECTION PARAMETERS IN A SINGLE ENVIRONMENT
(M3, M4 = MICROENVIRONMENTS) AND IN DIFFERENT COMBINATIONS OF ENVIRONMENTS
(M4 + M5 = GENERATIONS, LOCATIONS, YEARS = MACROENVIRONMENTS).

Generation

M3

M4

M4+M5

Source of variation

Strains

Replications

Strains

Error

Replications

Environments

Strains

Strains x Environm.
Error

„>
G-l

R-l

G-l

(G-l) (R-l)

U(R- l )

U-l

G-l

(U-l) (G-l)

MS

M3

Ml

M3

MS

Ml

M2

M3

M4

M5

Expectations of MS

2 20" +GCTe r
a2 +Ra2

e g

^
CTe r

a2 +RO-2 +URa2
e gu g

°e + °gu

Components of
variance0

o-2 = (M3-M5)/Rg

o-2 = (M2-M4-Ml+M5)/GR

er2 = (M3-M4)/URg
OgU= (M4-M5)/R

Selection
parameter

s = VM3 = Vs

h2 = ( S2_S2 ) / S2

<X,i>xM+1.96sph

h! - ^pV bOP
ex; , i ^ x +LSD5%

Sph = y/M3/UR

hO = ag/CT|h' bOP

CX, i>x p + LSD 5 %

a = For determination of i, 1O % parental lines were included into analysis of variance.
For determination of o~2(only mutants were included into analysis of variance.

b = R = replications, U = environments, G = genotypes, P = parents, O = offspring, ph = phenotypic
c = F-Test according to [2]
Gain through selection : GS = Sph • i • h2
Relative gain through selection, expected: RGSe = XM. + GS^ - x"p.
Relative gain through selection, realized: RGSr = XM. . -xp. .



TABLE III SELECTION PROCEDURES TESTED WITHIN A PARTIAL BULK BREEDING PROGRAM WITH SPRING BARLEY IN
GENERATIONS M3-M6. VALUES GIVEN AS AVERAGE OVER MUTAGENIC TREATMENTS EMS1, EMS2, EMS3, X3

Selection procedure
Selection steps

1-year

2-year

linear

progressive

progressive

progressive,
+ test of
significance

Selection rates
per step = %o<l)

O

M3 M4 M5 M6

100/50 /50 /50
100/25 /25 /25
100/10 /10 /10
100/ 5 / 5 / 5
100/ 1 / 1 / 1
100/ !+/ !+/ 1+ '
100/50 /25 /10
100/25 /10 / 5
100/10 / 5 / 1
100/50 -50 / 5
100/50 -5O / 1
100/25 -25 / 1
100/10 -10 / 1
100/ 5 - 5 / 1
100/50 -50 /*!
100/*1 -*1 1*2
IOO/>XE->XE/*I
100/25 -25 /*!

Selection rates
from B = %o< 2)B
M3 M4 M5 M6

100/50 /25 /12.5
100/25 / 6.25/ 1 .56
100/10 /I /O.I
100/ 5 / 0.25/ 0.1
10O/ 1 / 0.1 / 0.1
100/ O.I/ 0.1 / 0.1
100/50 /I 2. 5 / 1.25
100/25 / 2.5 / 0.1
100/10 / 0.5 / 0.1
100/50 -50 / 2.5
100/50 -50 / 0.5
100/25 -25 / 0.25
1OO/1O -1O / O.I
100/ 5-5 /O.I
100/50 -50 / 3.0
100/ 3.2- 3.2 / 0.4
100/24. 6-24. 6/ 1.8
100/25 -25 / 1.6

Selection intensities
from B = i
M3 M4 M5 M6

0 /O. 798/1. 271/1 .647
0 /1. 271/1. 968/2. 511
0 /I. 755/2. 665/3. 367
0 /2. 063/3. 110/3. 367
0 /2. 665/3. 367/3. 367
0 /3. 367/3. 367/3. 367
0 /O. 798/1. 271/2. 589
0 /I. 271/2. 338/3. 367
0 /1. 755/2. 892/3. 367
0 /O. 798-0. 798/2. 338
0 /O. 798-0. 798/2. 892
0 /I. 271-1. 271/3. 110
0 /I. 755-1. 755/3. 367
O /2. 063-2. 063/3. 367
0 /O. 798-0. 798/2. 268
0 /2. 249-2. 249/2. 962
0 /I. 281-1. 281/2. 459
O /I .271-1 .271/2.562

No.

1
2
3
4
5
6
7
8
9

13
14

16

Selected strains from
base population

"B
M3 M4 MS M6

1OOO 500 250 125
10OO 250 63 16
1OOO 100 10 1
1000 50 3 1
lOOO 1O 1 1
1OOO 1 1 1
lOOO 50O 125 13
1000 250 25 1
lOOO 1OO 5 1
1000 500 500 25
lOOO 500 5OO 5
1000 250 250 3
lOOO 1OO 1OO 1
lOOO 50 50 1
lOOO 500 5OO 30*
1000 32 32 4*
1000 246 246 18*
1000 250 250 16*-

1) = S = selection step
2) = B = base population with n = lOOO strains per variety and treatment
3} = favorable selection procedures
4) = significant at p = 0.05
5} = best strain



TABLE IV. SUMMARY OF RESULTS FROM BEST SELECTION PROCEDURES.
MEAN VALUES FROM EMS1, EMS2, EMS3, X3 FOR VARIETY
EDELMUT

Generation M3
M4
M5
M6

RGSr 5+

1 +

Selection procedure No
10 11 15 12 17 18

1000+ 1000 1OOO
50O 5OO 500
500 500 500
25 5 30*

23.2 18.6 23.7
38.5 34.5 39.1

1000 1000 1000
250 246 25O
250 246 250

3 18* 16*
26.4 21.5 19.8
31.9 38.1 35.1

%0<B iB

100

J50-25

3.0-0.3

0.0

0. 798-1 .271

2.231-3.050

+ = Number of strains from base population B in M3 per treatment
Strains selected through test of significance

P, MO

M1

M2

M3

M5

M6

M7

Ma

MS

M 10

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 0
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O Q O O O . O

O O O O O O O O O O O - O O O O O O O O O Q O O O O O O O O O O O O O O O O O O O

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O OOOOOOOOOOO O

200000 SEEDS TREATED

200 000 SEEDS M1-BULK

200000 SEEDS M2-BULK
10000 M2-SINCLE PLANT.

10000 M3-ROWS

PT'
R ;
L -
Y '

'PERFORMANCE TEST
• REPLICA TIONS
•• LOCATIONS
< YEARS

5000 PT ,2R
SELECTION
BETWEEN
FAMILIES

5000 M5 PT, 2R

250 M6 PT, 2R ,2 L
250* 100 = 25000 SINÖLE PLANTS

250 M7 PT,2R , 2L
250x100 = 25000 ROWS

1000 M8 PT , 2R

1000 M9 PT, 2R

50 M10 PT, R,L,Y

Fig. 1 Partial bulk breeding method used for selection
of mutants with improved protein yield.
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Fig. 2 The use of relative gain through selection (RGS)
as quantitative parameter for uni- and bivariate
selection characters, including selection limits,
determined by tests of significance.
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Fig. 3 Expected relation between heritability (hQ) and
selection rate (<x) or selection intensity Ci) .
For protein yield an optimum of selection
intensity is expected between O.798 and 1.27O.
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Fig. 4 Realized relative gain through selection (RGS )
in M6 after application of different selection
intensities (i) in M3 Ci = O.798. . .3.367).
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Fig. 5 Realized relative gain through selection (RGS )
in relation to total input from M3 to M6 (number of
plots per treatment), according to different
selection procedures (1 . . .15) .
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Abstract

Decisive success in breeding for high, protein yield in cereals
has not yet been achieved anywhere. Notable increases in protein
content were always compensated by at least nearly corresponding
grain yield reduction. This proved also true with many induced
high-protein barley mutants obtained in long-term experiments
which we had begun more than two decades ago. Also use of the
mutants in cross-breeding gave likewise inadequate results.

Interrelating problems as to the potentials of genetic impro-
vement of protein yield in cereals are being discussed. Consider-
ing nitrogen balance and requirements of the crop, one should be
aware that more grain protein per unit area can only be produced
if more nitrogen for grain protein is available. Hence, protein
yield can only be increased by improving the ability for H uptake
from the soil and/or N mobilization and translocation from the
vegetative organs to the grain. This, however, appears to be
possible on a comparatively limited scale only, unless additional
nitrogen fertilizing is provided.

Introduction

In considering grain protein improvement, we mean two differ-
ent aims: (1) increase of protein content, more exactly protein
yield per ur.it area, and (2) improving protein quality, i.e.
amino acid composition. Here I would like to concentrate upon
the first problem.

The last eight or ten decades have seen a most considerable
increase of yields in cereals, especially in the industrially
developed countries. The increase has related and is relating
not only to grain yields but also to protein yields. This became
possible mainly by means of increasing fertilization, especially
by nitrogen. Also plant breeding, of course, has substantial
share in this development , in a more indirect way, however.
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Plant breeders have provided varieties which were able to utilize
the higher amounts of fertilizers, and that by higher yield po-
tentials, higher harvest indices, improved lodging and disease
resistance, etc.

7/e, however, want to have more: The plant is being expected
to produce even more protein, in place of the same amount of carbo-
hydrates, and that, if ever possible, without additional nitrogen
fertilizing. This did not look to be too difficult, since cereal
forms with high protein contents could comparatively easily be
found in collections and later on also by mutation induction.
Therefore, attempts to breed high-protein (and high-yielding)
varieties were repeatedly made: already before the first world
war (e.g. USA — maize), then in the twenties and thirties (e.g.
Germany and Canada — barley and wheat), and finally now, for the
last ten or fifteen years, very intensely in many countries.

Decisive success in breeding for high protein yield has not
yet been achieved, however. This is true at least for humid and
semiarid regions where nitrogen mobilization and translocation
in the plant is apparently better than under arid conditions.
Notable increases in protein content were alv/ays compensated, as
shown in reliable field trials, by at least nearly corresponding
grain yield reduction. In some cases, maximum gains in protein
yield in the order of about 5 percent or so are possible. Such
gains, however, even are possible in new varieties with increased
grain yields and unchanged protein contents.

The initial optimism as regards the possibilities of genetic
improvement of protein yields had to give way to more realism.
The rather easy increases of protein contents can not easily be
converted into increases of protein yields per unit area. Improv-
ing protein yields appears to be just as difficult as improving
grain yields.

Studies on induced high-protein mutants in barley

This situation proved also true with our induced high-protein
barley mutants obtained in long-term, special experiments which
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we had begun more than two decades ago. We soon succeeded in find-
ing 'mutants containing up to a fourth more protein in the grain
than the original variety, e.g. 15 % as compared to 12 % /ï,2,2/.
In the course of time we were able to isolate and to test in field
trials 111 different mutant lines of spring and winter barley,
58 of them over three or more years. In no case a high-protein
mutant line reached the grain yields of its original variety;
there were deficits of about 10 to 20 percent. The protein yields
per unit area of some of the best mutant lines were in the order
of about 5 percent above those of their original varieties, but
at the cost of reduced grain yields /4, 5/« - This tendency proved
unchanged in field trials with different, moderate or high, nitro-
gen levels.

Analyses of yield components in many of the mutant lines in-
dicated that in most cases a reduction in numbers of grains per

2spike and/or of tillering (spikes per m ) is decisive for reduction
of grain yield. Decreased grain size (thousand grain weight) was
found in some cases only.

We, however, did not give up at that time and expected to be
able to "break" the negative correlation between protein content
and grain yield. We attempted this by crossing the mutants with
several high-yielding varieties or strains, in order to get by
recombination more "harmonic" genotypes. Starting in 1967, we used
the eight best mutants of spring barley for several cross combina-
tions fij• After re-slection for high protein content we made
field trials with 62 different strains in about 130 individual
tests. The yields were again inadequate, just as with the primary
mutants: Grain yields of 85-90 percent and maximum protein yields
of about 105 percent as compared to the high-yielding crossing
parents /5> 6/.

We have used a large number of induced mutants being highly
isogenic to their original varieties and which ares therefore,
very suitable for drawing critical conclusions. Our results give
evidence that the expected decline of the negative correlation
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between protein content and grain yield did not take place. Thus,
this correlation cannot be due to linkage of certain genes or to
other genetic causes which could be "removed" by breeding. The in-
crease of protein yields, wi.tnout additional N-fertilizing, appears
to be possible on a limited scale only.

Interrelating pJEqblems_as__tp_ increasing protein yields

If so, i.e. if gains in protein content can not easily be con-
verted into gains in protein yield, we should look for other
reasons.

One could suggest that bioenergetic implications would cause
an unfavourable balance if protein content is being increased.
Bhatia and Rabson $J gave clear bioenergetic considerations in
cereal breeding for protein improvement. They have verified that
each 1 percent increase in protein content, in place of the same
amount of carbohydrates, must cause an energetic loss of about
1 percent and therefore a corresponding loss in grain yield of
likewise nearly 1 percent, because energy requirements for protein
biosynthesis is about twice as high as for carbohydrates.

These inevitable costs for protein increases, however, are of
an order which is not too high and may be accepted. In any case,
they can not be the decisive reason for the situation.

In my opinion, we come closer to real implications if we con-
sider the nitrogen balance and requirements of the crop. All the
protein produced derives from inorganic nitrogen taken up from
the soil (protein has about 16 % N). More grain protein per unit
area can only be produced if more nitrogen for grain protein is
available. Providing unchanged manuring conditions, the protein
yield can be increased on two ways: (1) by improved nitrogen up-
take from the soil and/or (2) by improved nitrogen translocation
from vegetative organs to the grain.

If nitrogen uptake from the soil is being improved, this must
be compensated by higher N-fertilizing, at least for the subsequent
crop. Furthermore, variation of N uptake appears to be very small
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in both, old and recent barley varieties. The reason may be that
genotypes with high N uptake give a higher yield and had always
an advantage in natural evolution as well as in selection by
man /§, ^/. Thus, improving nitrogen uptake appears to offer
limited reserves only.

Better nitrogen mobilization in the vegetative organs and
translocation to the grain may offer more possibilities, because
of the apparently considerable variation of this trait as e.g.
in wheat /ÏQ/. Some gain by breeding may indeed be realized in
increasing the proportion of plant nitrogen in grain at harvest
(or harvest nitrogen index). This index to a large extent is in-
fluenced by the harvest index or grain/straw ratio. The high yield
potential of the current semidv/arf varieties is due to their
higher harvest index, and such varieties already have a very high
proportion of plant protein in grain at harvest ffj: About 70 %
or even more of the W uptake is being used for grain protein for-
mation. Further improvements, therefore, wiD1 be difficult.

These implications considered also in the above-mentioned
paper by Bhatia and Rabson /7_7 and in a further one /̂ l/ have
stimulated a calculation, naturally a simplificated one, on the
nitrogen balance in cereals (see table).

There I proceed from an initial, "normal" situation (first
column): 5000 kg/ha grain yield and 12 % protein in the grain,
under given manuring and other environmental conditions and on
the assumption that 70 % of the 1\T uptake can be used for grain
protein. Under these conditions, the grain yield necessarily must
decrease from 5000 to 4000 kg/ha, if protein content increases
from 12 to 15 % (second column). Higher protein yields are only
possible if a higher percentage of N uptake (e.g. 80 %") can be
used for grain protein (third column) or if N uptake itself is
improved (fourth column). If both sources of additional N for
grain protein are effective in appropriate amount, then even
5000 kg/ha grain yield with 15 % protein may be achieved, at least
theoretically (fifth column).



Calculation on nitrogen balance and yields in cereals
Initial situation; 5000 kg/ha grain yield and 12 % protein

(further explanation in

Grain yield
Protein yield
N requirement
of grain protein
Necessary N uptake
(70 % or 80 % of it
into tEe" grain)

(1)
12 %

5000
600
96

137
(70)

All

(2)

15 %
4000
600
96
137
(70)

figures in

(3)

4567
685
110
137
(80)

text)
(4)

15 %

4375
656
105
150
(70)

kg/ha (except

(5)

5000
750
120

150
(80)

last line

(6)

12 %

6250
750
120

150
(80)

in #)

The last column of the table shows a calculation with, a grain
yield of 6250 kg/ha instead of 5000 kg/ha. This would theoretically
be possible if the higher N uptake and the higher percentage (80 %y
of it for grain protein is utilized by a variety with 12 % instead
of 15 % protein content. Then we would have gains in protein yield
as well as in carbohaydrates, i.e. total grain yield. Hence, sev-
eral specialists have considered it to be probably of more advan-
tage to breed primarily for grain yield, trying to keep the pro-
tein content unchanged, so that the protein yield would be im-
proved together with grain yield.

Perhaps we should briefly return to the harvest index for both
grain and protein yield. Recently, Kramer /Î2/ gave a survey of
this problem in wheat. The considerable grain yield increases in
the past seem primarily to be due to improved harvest indices
(grain/straw ratio). As the biomass production seems to be rather
constant there will be a strong positive correlation between har-
vest index and grain yield. This leads to a likewise strong negat-
ive correlation between grain yield and protein content, since
the available N has to be redistributed to a larger biomass of
grain. This implies also, in my opinion, that by means of a higher
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harvest index the protein yield will increase though the protein
content is decreasing. In agreement with this is the fact that
high protein yields per unit area are usually obtained with vari-
eties having high grain yield potentials (and high harvest in-
dices) but rather low grain protein contents.

According to Kramer, the genetic variation for grain protein
content is largely an "improper" one, because the observed genetic
variation is not the result of "protein genes", but is a derived
effect of all the genes involved in the distribution of dry matter
(and thus protein). "Protein genes" really are "plant-type genes"
which influence the harvest index as well as the harvest nitrogen
index.

Some aspects of possibilities for breeding

The increase of protein yields in cereals, without additional
nitrogen fertilizing, appears to be possible on a limited scale
only. The possibilities are, at least, much more limited than
formerly supposed. However, we should be aware that we still do
have some real possibilities.

Much more emphasis in future work should be placed on genotype
differences for the two ways allowing at least small protein yield
improvements without additional nitrogen fertilizing:
(1) Genetic variation in the amount and the duration of N uptake
from the soil may be very important, though variability for this
trait seems to be limited. Long leaf area duration and increased
N levels in the green vegetative tissues may be useful indications.
(2) Improved W mobilization and translocation from the vegetative
organs to the grain may offer better possibilities, especially as
nitrogen content in ripe straw is comparatively high, about 0.5 %
and even higher with high levels of IT fertilizing. In a broader
sense, also high harvest indices produce an effect comparable to
improved K translocation.

However, we should be fully aware of the limited effects of
these possibilities. If vie want to increase the protein yields
essentially, then we should not expect the plant to be able to do
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so without additional nitrogen. We must not demand a much higher
output without increasing input. If, e.g., protein content is to
be increased from 12 to 15 % and correspondingly protein yield
from 600 to 750 kg/ha, then we have to pay regard to the fact that
nitrogen requirement for the grain protein increases from 96 to
120 kg/ha.

Only part of these additional requirements can probably be
provided by the plant itself, i.e. by a variety with improved
N uptake and/or translocation. The rest must come from additional
N fertilizing. Breeding can support this in an indirect way, by
developing varieties which are better able to utilize high levels
of manuring, especially nitrogen. For these aims, induced mutants
may be valuable tools and can perhaps serve as pace-makers.
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UTILIZATION OF HIGH GRAIN PROTEIN WHEAT MUTANTS

C.R. BHATIA, R. MITRA
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Bombay 400 085, India

ABSTRACT;

The progress of work since the Neuherberg meeting in

1978 is reported. The aspects covered are: 1. Agronomic

evaluation of a new selection (TW-3)« 2. Yield evaluation

of fw-i (induced high protein mutant) derivatives in ÏV

and Fy. 3. Transfer of high lysine gene (s ) to spring

wheats from Mahratta, NaP Hal and its derivatives.

4- Performance of other sources of high grain protein

spring wheats and 5* Plag leaf senescence and grain protein.

INTRODUCTION:

This paper reports the progress in our research since

1978 in the field of protein improvement in wheat. The

objectives of our programme are genetic, biochemical and

agronomic evaluation of high protein and lysine mutants or

stocks of wheat, and to understand the physiological basis

for the high grain protein character. The different aspects

investigated and the results obtained are reported.

1. Agronomic evaluation of Tff-g;

A selection from Rageni-15 (PI-383308) which is a high

protein mutant reported by Khan and Kasan' was found to yield equal

or better than the popular cultivar Kalyan Sona, at Trombay. It

was 5-6 days earlier in maturity, over 10 g higher in TKW and

having 1 per cent point more grain protein than Kalyan Sona.

During 1978-79 this culture was given, as TW-3, for testing in
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Vidarbha Region of the Maharashtra State and at the Indian

Agricultural Research Institute (IARI), New Delhi. In

Maharashtra, grain yield of TW-3 was -the same as that of

Kalyan Sona at 4 out of 5 locations (Table 1), at one location

it was inferior. Mean yield of 5 locations were 2760, 3014 and

3219 kg/ha respectively, for TW-3, Kalyan Sona and HD 2251 which

was the top yielding entry in these trials-. Grain protein could

only be estimated at one location where the values were 11.6 and

13.3 Per cent respectively for Kalyan Sona and TW-3. At all

locations, TW-3 was early in flowering as well as maturity and

had higher TKW in comparison to Kalyan Sona (Table 2).

Grain yield of TW-3, at New Delhi was not satisfactory,

though the grain produced had higher protein concentration

(Table 3). Another culture, TV/-2, included in this trial is

a. population selected for more protein per grain (larger seed
2size) from Kalyan Sona which was described previously . It has

no advantage in grain protein though its grain yield, is at
par with Kalyan Sona. In this experiment Kalyan Sona was not
included. TW-3 is included In late sown Initial evaluation
trials at! other locations,

2« Yield evaluation of TW-1 derivatives ;
3 4Ab- reported previously , TW-1 is a high protein

mutant isolated from Kalyan Sona. In grain yield, it was

found to "be 10-15$ lower than TCalyan Sona and hence, it was

crossed to the parent and other "high yielding cultivars.

^Results of a replicated, yield trial conducted at Trombay

Which included 1Ü, TW-1 derivatives are given in Table 4.

All "the cultures have given better yield and had higher TGW

and grain pxotein than Kalyan. Sona. In the

previous generation, all of these had higher grain protein

than Xalyan Sona. This year, the crop was heavily infected

with leaf lust and only entry nunrber 12 showed resistance.
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Some of thé«** cultures will be given for testing at other

location im the next cropping season.

3. Transfer of higfr lysine gene ('s) to spring wheats:

In order to utilize genes for high lysine concentration

in grain protein, Nap Hal (PI 176217) its derivatives

(75Y 41226, 75Y 51254) and Mahratta (CI 8500) were used. Bue

two Nap Kal derivatives were received from Dr. V. Johnson,

University of Nebraska and their pedigree is given in Table 5-

AH the four high lysine parents are extremely late and do not

produce any seed when grown in field under our environment.

Among the P2 plants that flowered and produced about five

gram seed, 50 plants from each cross were analyzed for their

grain protein and lysine (g/l6gîT). In the ?2 generation, there

were several plants having lysine in the range of 2.95 - 3-35

(Table 5). The progeny of these plants were grown in field

and selections were made for desirable, plant type and yield.

•These F, selections were analyzed for lysine. In general,

the lysine values were considerably lower, even in the control

Kalyan Sona and TW-1 . This could be either due to the analy-

tical error in lysine estimations or the sudden increase in

temperature during grain filling. Most of these lines are

rather late in flowering and maturity as they are derived from

crosses having the high lysine parent of winter growth habit, or

extremely late maturity. These were grown in P, and promising

selections will be analyzed for lysine.

4• Other sources for high grain protein In spring wheats:

With the long range objective to investigate the genetic

and physiological basis of high grain protein in different

stocks, we are collecting and evaluating diverse high protein

spring wheat stocks that can grow well under our environment.

Eleven high grain protein spring wheat selections obtained from

Dr. V . A . Johnson have been1 evaluated for grain protein and

yield. These stocks are reported to have 'minor1 genes for
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5high proteij and are different from the well-known high

protein gene (s ) in Atlas 66 (Pro 1 and Pro 2 ) which are

reported to be linked with Vrn gene for vernalization

requirement located on the short arm of chromosome 5D •

In observation nurseries during 1978-79 and î979-80, most of

these Hues had higher grain protein (Table 6). Some of

these cultures can be useful donors for high protein genes

in spring wheats, and have been crossed to TVM, TW-3 and

other lines.

5. Flag leaf senescence and grain protein:

Increase in grain protein enhances the nitrogen require-

ments (milligrams of IS per gram of photosynthate) for cereal
•7

grains . It was estimated that 1$ point increase in grain
7

protein in wheat increases the nitrogen requirement by 6% .

High protein wheat and rice genotypes are also reported to

show high leaf proteinase activity and increased mobilization

of N from foliage ' ' . Possibly, greater demand of N for

seed growth hastens the breakdown of leaf proteins, thereby

initiating early senescence as it was observed in soybean

Early senescence of the leaves would reduce the supply of

photosynthates for grain development and hence, reduce grain

yield11.

Under our growing conditions, we have repeatedly

observed early flag leaf senescence starting from leaf tip in

high protein stocks, though we have not been able to collect

quantitative data because of the enormous amount of -work

involved in obtaining such information. Genetic approach to

avoid photosynthate losses due to early senescence would be to

select genotypes which either already have excessive 'source'

compared TO the^'r 'sink1 size or have a greater capacity to

compensate for the loss of green area. If part of the leaves

are shaded or removed, others increase their photosynthetic
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rates and when the grains are removed the leaves reduce

their photosynthesis-12' 13>14.

This phenomenon of compensation was studied in six

different wheat genotypes, Shera, Moti, ÏÏ.P. 310, Sonalika,

Mexi-Pak and N.P. 876, grown in pots with 5 replications. At

the time of anthesis, either all or the upper three leaf

blades were cut in one or two tillers. The other tillers,

with full complement of leaf blades served as controls-. Grain

weight, grain number per spike, IKW, grain nitrogen per cent and

straw nitrogen % were estimated. The amount of N per grain.

was calculated.

Defoliation decreased grain weight per spike, the

reduction varying from 5 (Moti, Mexi-Pak and Sonalika) to 25

(Shera, Ü.P. 310 and N.P. 876) per cent (Tables 7 and 8).

This decrease was due to reduced TKW, grain number per spike

remaining the same, as expected. Grain JUfa increased in all

the cultivars, increase being more in those cultivars where

grain weight per spike and TKW were reduced to a greater

extent. Nitrogen per grain basis also decreased. Tne data

shows that removal of leaf blades, led to reduced supply of

C as well as N to the grains. Marginal reduction in grain
was

weight per spike and ÎVT per grain^observed in three cultivars

(Moti, Mexi-Pak and Sonalika). This is of considerable

interest and suggests that these cultivars either have a

better capacity to compensate by increased assimilation

in other plant parts for the loss of green, photosynthetic

area of the leaf blades or they already have excessive

'source1 compared to the 'sink'. We feel that such

experiments can help in the identification of yield limiting

parameters in specific high protein genotypes/mutants.

Further, cultivars showing marginal reduction in grain yield

following defoliation could provide better parent for cross-

ing high protein mutants.
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6. Programme of work till 1982;

a) Test of advanced breeding materials derived from

cross-treading, using high protein mutants and

spontaneous stock as parents for their grain yield,

protein quantity, and quality and other agronomic

characters (including disease resistance.'-.

b) Investigation of nitrogen incorporation into seed by
15using N fertilizer of high protein genotypes.

c) Investigation of protein composition and structure

of high protein lines.
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TABLE 1. GRAIN YIELD OP TW-3 AT- FIVE LOCATIONS (kg/ha) 1978-79

Cultivars/Lecation Akela Washim Amravati Yectmal Tharsa General Mean

HD-2251 3134 2521 375& 4050 2638 3219

Kalyan Scna-C 3186 2854 2963 37C6 2359 3014

TW-3 2802 2448 2963 3239 2344 27fO

AKWI-13 1723 1741 1609 1«32 1797 1701

LSD/Via kg« 473.9 691.3 347.8 443-5 346.7

* Calculated from 16 varieties.

TABLE S. ANCILLARY DATA OP THE CUIfflVARS.

•—— — — — — — — — — — — — — _ — _ — — — — — — — — _ _ _ _ ^ — _ — —

Cultivar «M Threshability Grain colour

HD-2251

Kalyan Sona

TW-3

AKWI-13

57-64

52-60

47-59

64-82

99-109

92-107

07-101

110-115

35-42

32-37

46-49

40-49

Ey

M

Amber

Araber

Amber

Amber
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TABLE 3. CHAIN YIELD AND GRAIN PROTEIN AT IARI, NEW DEMI (1978-79)*

Strain

W 2
TW 3

HD 2009

ffL 711

HD 2204

Sonalika

ISD at 5$ level

CV 5.7B?&

Yield in
qAa

34.65

24.75
43.20

32.40

36.45

31.50

8.22

Grain
protein %

13-1
14.4

14.1

13.1
14. C

13-3

Rust reaction**
Brown Yellew

VHS

VMS

TR

MS

TR

IS

F

F

F

F

F

F

* Medium fertility and irrigated. Plot size 3.68 m . Random block design.

** Rust react ions are from the artificially innoculated plots with
mixture of all races.

lABIE 4. YIELD AND 1000 KERNEL WEIGHT OP PROMISING SELECTIONS.

Entry Pedigree

1
2

3

4

5
6

7
8

9
10

11

12

TW-1 x KS Ï7

KS (Check)
1*17™'" T TT^ Vi M 1 A rvO S rj

Xu * l Z KS en

TW-1 x KS ?7

TW-1 x KS F?

Tif-1 x Motl J

TW-1 x KS F7

TW-1 x KS F7

TW-1 x Motl 1

TW-3 (Oieck)

CT-1 x HP 876

1SD 55«

C7

Grain yield
6/m2 __

327

263
350

370

321

362

325

341
330
346

263

453

29.5

2.7

1000 kernel wt. Kernel protein %

26.6

21.9

28.6

26.0

27.2

29.7

26.4

27.4

26.4

25.9
29.2

33.2

1.7

1.9

15.0

14.6

15.4

15.9

16.3

15-2

15.6

15.8

16.0

15.5

14.1

15.2
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TABLE 5. GRAIN NITROGEN AND LYSINE IN SELECTED Fg PLANTS.

Frequency
Cross/Parent Percent nitrogen g lysine/16 g N

1.75-1.90 2.2-2.5

TV/ 1 x Mahratta 3 37
Mahratta x KS 10 39
NapHal x KS 5 36
51234 x KS 5 39
41226 X KS 14 20

Percent N
TW 1 2.9
Kalyan Sona (KS) 2.3
75Y 51234 2.2(NapHal/CI 13449)
75Y 41226 2.2(IlapHal/CI 13449)
Mahratta (CI 8500) 2.9
NapHal (PI 176217) 3-2

2.75-3.1 1.8-2.0 2.15-2.35 2.55-2.85 2.95-3-35

9 0 (13)« 1 (13) 34 (0) 14 (0)
1 0 (10) 0(22) 24 (0) 21 (0)
9 0 10 29 11
6 0 (10) 2 (14) 39 9
3 C (10) 7 (2) 38 5

g lysine/16 g K
2.6 (1.8)
2.3 (1.8)
3-7

3.7
2.7
2.8

* Lysine values in parenthesis refer to F

TABLE 6. HIGH PROTEIH SPRING WHEAT FEOM HEBHASKA.

1978 Yuma
Source No.

40406

10421

40430

10439

10443

10457
10484

40504

40515

40532

40542
KS

TW-3

Grain protsin
Ppdii?rp« Grain protein % in Trombayea^ree % in original grown crop

No. 66/Gallo .,

Tob-CNO"S"/Tob-8156/1BB(l8M)
CM 5403 - 8RT - 1 PB r

m n

N II

(CalAc-8156/CUO"S") Cal-Sar
CM-5756-7H-1PB

H H

B_JJ-CHO//CNO/IK642-SB64 )EN-
C«' 5437-19H-8PB

{CaVCC-8156 x CNO»S" )CHO"S"-8156
CM 5534 - 3K - 1B3

n n

" " CM 5534-3H-11PB
M H ff

17.1

16.8

17.7

17.7

18.3

17.2

17.7

19.1

17.0
18.0

17.7

1978-79

15.3
14.3

15.9

15.5

16.8

16.3

16.6

17.2

4 16.2
16.9

17.3
14.2

15.3

1979-80

15.9

13.7

15.8

15-4

14.1

19.0

15.1

18.9

15.6

16.6

17.3
14.6

14.1
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TABLE 7. CUWIVARAL RESPONSE TO DEFOLIATION AT ANTHESIS.

Varieties/ Grain

Percent „
defoliation

Shera 1.49

Moti 1.43

I'exi Pak 1.49

Sonalika 1.27

UP 310 1.34

NP 876 1.54

LSD at ^% level
Varietal mean (V)
Treatment mean (T)
VXT interaction

wt/spi

50

1.14
(77)

(io3o)
1.42
(95)

1.20
(94)

1,02
(76)

1.13
(73)

0.123
0.31C
0.071

ke (g)

100

1.11
(74)
1.36
(95)

1-47
(99)

1.21
(95)
1.03
(77)

1.17
(76 ||

Grain number/ _„.,
spike TB"

0 50 100 0 50

34.7 33.7 33.8 36.3 31.7
(87)

40.2 41.7 41.5 37.7 36.1
(96)

44.2 44.2 4 5 ^ 5 34.5 32.8
(95)

31.3 31.7 32-0 39.9 35.6
(89)

38.5 41.5 39.2 35-3 24.4
(69)

36.3 35. r 36.7 43.2 34.6

2.68 3.3Y
NS 4.7£
NS 1,94

100

30.6
(84)
34.1
(90)

31.2
(90)

36.7
( 9 2 )

24.4
(69)

35.1
(81)

Values in pay nthesis are relative to defoliation" control

TABLE 8. CUI/TIVARAL RESPONSE TO DEFOLIATION AT ANTHESIS.

Varieties/ Grain N$ Straw N?5 mg N/grain

defoliation

Shera

Moti

Hexi Pak

Sonalika

UP-310

NP 876

«

3.11

2.46

2.77

2.87

2.92

2.82

50

(106)

2.57
(104)

2.81
(101)

3.03
(106)

3.05
(104)

2.99
(106)

100

3-36
(108)

2.44
(99)

2.86
(1C3)

3.01
(105)

3-21
(110)

2.96
(105)

C

0.

0.

0.

1.

0.

0.

I

77

88

72

03

77

85

5C

0.89
(116)

0.83
(94)

0.94
(131)

1.06
(103)

1.03
(134)

0.89
(105)

10«

0.81
(105)
0.83
(94)

0.98
(136)

1.12
(109)

1.05
( 1 3 6 )

0.82
(96)

0

1

0

0

1

1

1

• 13

• 93

.96

.15

.03

.22

56

1.04
(92)

0.93
(100)

0.92
(96)

1.08
(94)

0.74
(72)

1.03
(84)

10C

1.C3
(91)

0.83
(89)

0.89
(93)

1.10
(96)

0.78
(76)

1.04
(85)

LSD at 5% level
Varietal mean (V)
Treatment mean (T)
VXT interaction

0.17
0.24

NS

0.14
0.19
0.08

Values in parenthesis are relative to defoliation" control.
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THE INCORPORATION OF MUTANT GENES BY
WIDE CROSSES AND THEIR CONSEQUENCES FOR THE
QUALITY COMPLEX IN HEXAPLOID WHEATS

K. NAGL
Bundesanstalt für Pflanzenbau und Samenprüfung,
Vienna, Austria

Abstract

The incorporation of mutant genes by wide crosses and their
consequences for the quality complex in hexaploid wheats.

A hexaploid spring wheat with high baking quality and two high yielding
winter wheat (6n) varieties with rather low quality levels were used in
crosses with an induced high protein sphaerococcoid mutant (̂ n). 11 lines
deriving from the spring wheat cross have been tested over two years.
Apart from a general transgressive enlargement of grain weight protein
content was enhanced by 12,5% in average. Protein yields were improved in
the range of 0 - 33̂ . The majority of lines exceed the limits for high
baking quality. Different ratios between gluten and non gluten proteins
indicate additional nutritive improvement.

F,-progenies of winter wheat crosses exhibit different segregation
patterns with 50^ durum and 25% aestivum types in one cross but only 1%
durum and 70% aestivum types in the other. The distribution of positive
protein recombinants vary with the differences of segregants. Genetic
variability and even population means were increased for different protein
traits. These wide crosses offer the possibility to increase the diversity
of segregants in combination with protein improvement and thus it is a
promissirig tool in plantbreeding and for more efficient selection.

Objectives for quantitative protein improvement

The breeding for nutritional quality in wheat in contrast to barley
is complicated by the fact that wheat is primarly used for a wide variety
of human food products in form of whole wheat products (for example break-
fast cereals, chappaties and whole wheat bread) or milled to more refined
products in which the bran and germ are seperated from the endosperm.
Therefore differences in nutritional quality might be of significance
already by including or excluding by-products of the milling process so
that wheat quality is largely a relative concept and is considered in
relation to the particular use of the product. In addition, nutritional
improvement had to be integrated into the requirements of cereal chemists
for technological quality with the necessary processing characteristics
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of raw materials and on their suitability and functionality in producing
an acceptable food and with the requirements of farmers and millers for
economical yields. Best usage would be made of high protein grain that
possesses traditional food processing properties. Wheat as an animal
feed of increasing importance especially for countries with wheat over-
production should be defined to make clear if the term fodder wheat as a
grain product means high yielding wheats, useful as energy source and/or
wheat unsuitable for food processing and mainly low in protein and
nutritional quality or wheat with high nutritional quality standard but
lacking some quality criteria for technological use. Economically
successful breeding for this purpose will largely be dependent on the
stimulation given by a premium for high nutritional quality equal to
premium paying for high baking quality in different countries.

Nutritional improvement of wheat for breadmaking in the sense of
yeast leavened products had to be concentrated on endosperm proteins
and should balance both nutritional and technological requirements to-
gether with yield and quality interactions. Negative examples exist for
several very high yielding winter wheat varieties being extensively used
in all European wheat breeding programmes but not acceptable for bread-
making since their dough sticks to the machines when mixed at high speed (l).
Gluten proteins including the gliadin and glutenin fractions impart dough
forming properties that differ from those of doughs made from any other
cereal grain. It is gluten formation rather than any distinctive nutri-
tive property that gives bread wheat its prominence in the diet. In
almost all of the high lysine sources the prolamines present in highest
proportion but of lowest nutritional value are proportionally reduced
rather sharply, but these protein components are evidently important to
the use properties of wheat. Moreover, lysine content of wheat prolamines
is remarkable higher than in maize so reduction of this protein fraction
would not have the same consequences for lysine enhancement in wheat. The
non endosperm proteins are rich in lysine (about 't/E) while endosperm pro-
teins are rather poor in lysine with about 2%. This enlarges difficulties
to improve the nutritive value of wheat flour. Therefore location in the
kernel of improved protein-lysine levels is an important consideration
since it will determine the degree to which the effects are transmissable
to milled flour. As the endosperm normally constitutes more than 8C$ of
the wheat kernel by weight, it is unlikely that high protein from any
source as measured by whole kernel analysis would be confined only to the
bran milling fraction. It is known that the protein loss on milling
low-protein wheats is generally greater than for high protein wheats (2)
and that the absence of negative correlation between protein content and
lysine content in the protein was found at higher levels of protein in
wheat (3)« Therefore the total enhancement of protein in the wheat endo-
sperm or the whole grain if used in whole wheat products or for animal
feeding is still an acceptable genetic route in nutritional improvement.
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In addition to positive changes in the pathways of protein synthesis and
protein composition, grain size and grain shape as well es kernel confi-
guration are further attributes of a progressive selection programme
which may affect protein and lysine content to a certain extent.

Improvement of N-efficiency

Increasing the protein concentration in the grain is not only of
interest in the context of breeding for nutritional improvement alone
but also from the point of view of a higher efficiency in nitrogen
utilization with rising costs of nitrogen fertilizers. The breeding goal
of high protein varieties is realized when the nitrogen concentration in
the grains is improved in the absence of a reduction in grain yield.
This is similar to a maximum yield of grain protein per unit aerea, but
this is usually obtained with varieties too having a high yield poten-
tial and a low grain protein content (GPC %). But a low grain protein
content is undersirable for nutritional purposes and the baking quality.
Therefore breeders try to improve GPC % while maintaining the yield
level and overcoming the negative genetic correlation between grain
yield and GPC %. This negative correlation can partly be explained by
bioenergetic reasons (compared to carbohydrates from a certain amount
of glucose only about half the quantity of protein could be produced
by photosynthesis). On the other hand yield increases of modern wheat
varieties are mainly a result of breeding for increased harvest index
and thereby the protein reservoir present in the vegetative tissue is
reduced. A reduced amount of straw means at the same time that a smaller
amount of N has to be redistributed to a larger biomass of grain thus it
is not surprising that grain yield and GPC % are negativaly correlated.
When differences in GPC % are merely based on harvest index differences,
variation in protein content of grain is not due to a more efficient
utilization of nitrogen. Any breeding program in which the yield improve-
ment is realized by a change in dry matter distribution will thus be
confronted by a drop in GPC % unless additional fertilizer is applied.
Only when the efficiency of the underlying physiological phenomena is
improved, one can expect to increase GPC % without having to pay for it
in grain yield (higher absorption capacity of N from the soil, differences
in activity of the root system and translocation efficiency for nitro-
genous substances).

A very strong correlation (r = - 0,85) has been reported between GPC %
and harvest index (HI) which supports the idea together with the physio-
logical considerations mentioned before that these two variables are not
merely statistically but functionally related. This means that a large
part of the variation in grain protein is due to variation of the harvest
index. The same may be true for grain yield which shows similar high
negative correlations with grain protein content. If these parts appear
to be large in comparison to the total genetic variation for the protein
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trait, little real variation as a result of protein genes may be left
which can be used to increase grain protein content without yield reduction.
To improve precision in comparing different genotypes on basis of GPC %,
it was suggested by Kramer CO to use a correction value by the regression
coefficient b to a common harvest index of ^J>% to remove the improper
genetic variation as a derived effect of all genes involved in the
distribution of dry matter (and thus protein) between grain and straw.
On this basis, after correction the high protein variety Atlas 66 does
not seem to be justified for its frequent use in breeding programs for
high protein compared with other parental lines.

In this context the suggestion is made to use an adjusted value based
on the regression coefficient to a mean grain yield of the comparable
varieties or strains in question. Grain yield results are easier available
and oftern more exact than harvest index values and might give similar
information. This may be justified on the strong functional relationships
between GPC % and grain yield on the one hand and grain yield and harvest
index on the other. Such adjusted values have been used for the comparison
of lysine values on basis of a common protein content in the Nebraska
wheat breeding programme to remove lysine variability resulting from
protein differences.

This complexity indicates that clear cut definitions are necessary in
single cases even for the term wheat protein mutant before discussing the
breeding goal to avoid misunderstanding.

Breeding strategies and quality complex

The genetic potential for quantitative protein improvement in wheat
might be exploited in different ways by mutation breeding methods. The
duplicity resulting from the polyploid nature of wheat may in fact endow
wheats with greater rather than less genetic potential for desired changes
also in quality factors. The range of possibilities which is provided by
applying induced mutations in breeding is reflected by different kinds of
breeding progress. These are reaching from minor adjustments in the com-
position of quality factors by immediate utilization of micro mutants to
drastical changes of a wheat genotype possibly useful as a cross parent
in hybridization programmes for protein improvement. Confirmation of
positive breeding value of mutant characteristics in such macro mutants
is required by incorporation of mutant genes into different genetic
backgrounds. Great attention should also be paid to the possibility of
obtaining transgressive effects in quantitatively inherited characters.

Such a radical mutation of socalled major genes was induced by a
chemical mutagen (DES) in the commercial spring durum variety Adur and
restored the primitive phenotype of a sphaerococcum wheat. Even if such
changes cannot be regarded as progressive as a whole mutant, they repre-
sent a multiple gene source for different positive breeding or mutation
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characters probably useful in cross breeding which were already summa-
rized at the Baden-Meeting (5)- The most important ones are short stiff
straw, high protein content and spherical grain. On search of new protein
genes a hybridization program has been initiated several years ago
involving cross parents of two wheat species (tetra- and hexaploid) to
hybridize genetically diverse germ plasm and produce a wide range of
physical and chemical properties of the kernel constituents to improve
nutritional quality and to study the interactions of different yield
and quality components. Gene transfer between durum and aestivum wheats
have taken place mainly by incorporation of durum or emmer genes into
aestivum wheats to improve disease and insect resistance and vice versa
to incorporate dwarfing genes and genes to improve fertility and yield
in durum wheats. Little is known about gene transfer for direct changes
of quality components between both species perhaps mainly because they
are traditionally used for different food purposes. Durum wheats are
generally distinguished by certain quality characteristics from aestivum
wheats which have superiority in paste production but nevertheless cheaper
indigenous wheats especially strong types are often blended with durum.
It has also reported that a durum type wheat with high breadmaking quality
was produced by crossing a durum wheat variety with a common bread wheat
variety, backcrossing to the bread wheat variety for three generations (6).
In the Mediterranean area Near East and U.S.S.R., durum wheats have been
grown for many years for breadmaking purposes. In common wheat flour is
superior to that of all other species for the production of leavened
bread.

A short characterization of the requirements for technological quality
in Austria is given to elucidate experimental data on table 2. Wheat
baking quality is officially evaluated by the "Wertzahl" WZ (worth figure)
introduced by H. Fuchs 1953« This figure is based on the experience that
gluten amount and gluten quality can compensate for each other (within
limits) in contributing to baking quality. The formula for the WZ is
(2 x wet gluten content -f 3 x Qo). Qo being the "structural swelling
volume" of a certain amount of gluten (1 g) according to Berliner and
Koopman. To estimate the proteolytic destruction of gluten Qo/Q-,.., the>>u
proteolytic swelling volume (Q-zO) is added. Wheat reaching or exceeding
a WZ of 118 is accepted as high quality wheat in the case that its gluten
content is at least 28$ and its Qo at least 12* ml (e.g. 32# gluten content
and 18 ml Qo give the WZ norm 118). Proteolytic destruction of gluten
should not exceed 35̂ - The sedimentation test developed t.y Zeleny (?) is
another useful method for estimating the strength of wheat. The sedimen-
tation value is also influenced both by the quantity and the quality of
the gluten and hence can be used as an index of bread baking strength.
This test has shown its usefulness in early generation wheat breeding
work and a microtechnic have been developed saving enough wheat for
planting. Dividing the sedimentation value by the percentage of protein
gives a "specific sedimentation value" that is an estimation of gluten
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quality alone. The ratio gluten content/protein content gives a rough
indication about gluten or dough forming and non gluten protein components
interesting from technological as well as nutritional standpoint. It was
pointed out by Hansel (8) that the intervariety correlation between grain
yield and protein content (r = - 0,78**) was higher than between grain
yield and gluten content (r = •* 0,59*) which suggests that it should be
soraewheateasier to breed for higher gluten content than protein content
without decreasing yield. A further negative correlation between gluten/
protein ratio (G/P) and Qo (r = - 0,̂ 2*) indicates that with increasing
G/P the gluten quality tends to decrease.

Volume weight and kernel weight can be used as a guide to flour yield.
Kernel shape and uniformity of kernel size are the most important factors
influencing test weight. The other important factor is the density of the
grain. Above a certain level (73 kg/hi) the test weight has relatively
little influence on flour milling yield. In several cases kernel weight
was superior to test weight in predicting milling yield. Kernel weight
is a function of kernel size and kernel density. Large dense wheat
kernels normally have a higher ratio of endosperm to non-endosperm than
do smaller less dense kernels and thus could be more reliable for the
test weight.

The general characteristics of durum wheats should be summerized
because one of the cross parents in this experiment derived from this
species and despite its different sphaerococcoid mutant habit carries
typical durum genes which are manifested by pure durum segregants in the
offspring. Proteins and starch of the durums are somewhat different from
those of common wheat. The physical dough characteristics of durum wheats
range from medium strong to very weak; even at very high protein levels
they never approach the characteristics of strong aestivurr. wheats. Durum
doughs do not exhibit the degree of elasticity found in the stronger
bread wheats which refer to the low swelling volume and sedimentation
value and the high degree of proteolytic gluten destruction. The majority
of durums are amber in grain colour and contain a high concentration of
yellow carotenoid pigments which are about twice as much in the endosperm
of durums than in bread wheat. This feature has long been an attribute of
paste products made from durums as opposed those from other wheats. Durum
wheats generally have large kernels which are longer than common wheat;
thousand-kernel weight is higher on average and so is hectoliter weight.
The sphaerococcoid mutant used in this experiment is a drastic exception
with regard to kernel shape (spherical) kernel weight and volume weight
due to the small somerwheat shrivelled grains.

Discussion of experimental data

Spring wheat
The tetraploid sphaerococcoid mutant was primarily used as a progenitor

for high protein content in crosses with aestivum wheats. In the first
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breeding cycle, a spring wheat was used as the recipient variety distin-
guished from all other Austrian aestivum spring wheats released by light
grain colour and awned spikes to have certain markers for this breeding
material. The tetraploid cross parent high in protein content but poor in
grain yield, grain weight and with negative baking characteristics was
combined with the high baking quality and medium protein and grain yield
level of the hexaploid spring wheat. Selection pressure was directed only
to aestivum types with improved protein content without deleterious
effects on baking quality maintaining or improving grain yield at the
same time. Earlier results of this hybridization programme are published
in the proceedings of the research co-ordination meeting at Baden (5)-
Selected experimental lines were tested over two years on a dry climate
location favourable to express the quality criteria. These 11 lines have
been compared with the cross parents and the two most distributed spring
wheats in Austria. The Swedish variety Weibulls Svenno with high baking
quality and the German variety Mephisto, a high yielding one, but less
suitable for baking. The data are given on the tabel 1 and 2 in comparison
with the aestivum parent (100/e). Grain weights of all lines except one
show transgressive improvement of 8% in average in the range of 4 - 173>.
Grain yields of the first five lines are improved or maintained, yields
of the other lines are slightly reduced. Protein content is generally
improved in all lines with an anverage of 12,5% in the range of 8 - 18%
and protein per grain show transgressive improvement in all cases due to
grain weight and protein enhancement. In technological quality, only
3 lines (2351, 2006, 2279) do not reach the limits for high baking
quality of the quality evaluation system mentioned before. Transgressive
positive changes in worth figure (WZ) and sedimentation values have
taken place with few exceptions despite the low quality values of the
sphaerococcoid cross parent. Volume weights are also in the positive
range of the aestivum varieties. But there are greater differences bet-
ween lines with lowest and highest wet gluten content (34,1% - 45,1% =
J>2% rel.) than between lines with lowest and highest protein content
(14,15e - 15,5515 = 1056 rel.). This range is also expressed in the differen-
ces of gluten/protein (G/P) ratio which amounts about 26%. Due to the
selection pressure on both yield and protein, no negative correlation
was calculated between these traits for the experimental lines. A high
significant negative correlation (r = - 0,97*) however was found between
these traits for cross parents and varieties. But there is a tendency to
a negative correlation between wet gluten content and grain yield. A
negative correlation was confirmed between G/P-ratio and Qo (r = - 0,31)
which indicates that a low G/P-ratio resulting from protein enhancement
without proportional increase of wet gluten would affect both gluten
quality and nutritional quality positively. It might be of interest to
select such low G/P-genotypes in which changes have been obtained in
limits of the requirements for high baking quality such as line N^ 2353
and 2321 for more detailed investigation of the nutritive quality complex.
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Even if final conclusions could not be drawn at the moment because of the
restricted material (about 50 other lines from this cross are still
investigates)and the short testing time, there are indications that the
drastic sphaerococcoid mutant could successfully be used in protein
improvement of hexaploid spring wheats.

Winter wheats

In a second breeding cycle two Austrian winter aestivurr, wheats with
high yield potential but rather low levels in technological quality
have been used in wide crosses with the sphaerococcoid mutant to improve
grain protein. Winter wheats are by far of higher economical importance
than spring wheats in our country like in other countries in and outside
of Europe.

Neuhof 1 an awned variety especially adapted to dry climate conditions
is early ripening with good winterhardiness but insufficient lodging
resistance. Probstdorfer Gigant awnlesB and suitable for growing over
wider climatic diffentiated region,medium late ripening has good lodging
resistance and winterhardiness. Both variétés are low in gluten content
and hence do not reach the limits for high baking quality.

The selection of segregants was not only restricted to aestivum types
like in the spring wheat cross because beside intermediate types pure
durum segregants are of interest to develop winter durum wheats with
sufficient winterhardiness. Winter durum wheats may be highly evaluated
in countries with durum growing but with incinsistent yields of the
spring crop. Temperature stress could be the main limiting environmental
factor for growing a winter crop in these countries. Winter durum wheats
will also be of certain significance in triticale breeding to improve
winterhardiness of hexaploid winter triticale. This breeding material
grown under rather low temperatures during the winter 1978/79 which
caused frost damage of different degree in the winter crops have been
the preconditions to select for better winterhardiness.

The frequency of useful segregants belonging to different classes of
wheat types (durum, intermediate aestivum) is quite different in the
progenies of aestivum wheat crosses. About half of the total F,-plants
deriving from the cross with cv. Probstd. Gigant and grown as lines in
F are durum types preliminary classified by grain and plant characteri-
stics. About 25& belong to each class of intermediate and aestivum types.
A family of 1^ F -plants (N- 653) the most promissing for selection shows
a segregation ratio of k2% durum J>7% intermediate and 2~\% aestivum types.
The remaining F,-plants are distributed in the ratio of 60% durum 10S&
intermediate and ~5Q% aestivum. In all cases the durums belong to the
prevailing class. This will affect the total selection progress in some
way with regard to specific characteristics of the different wheat types
such as large kernel size of durum and even intermediate types or
differences in yield structure.

100



In protein content k$% of the total F.-plants exceed the protein range
of the aestivum cross parent Probstd. Gigant. The highest percentages of
positively changed segregants in protein content exceeding the range of
cv. Probstd. Gigant belong to intermediate types with 6?/° followd by k^%
of aestivum and J>k% of durum types. If the progenies of F family 653
and the remaining plants of other progenies are classified in the some
manner it turns out that durum and intermediate types of family 653 with
&k resp. 75^ segregants and aestivum types of the remaining progenies
with 65% are the most promissing classes for protein selection in this
generation and cross.

If the trait protein/grain is put in this classification system only
&% of Gigant plants are found in the range of 7,1 - 9,0 g protein/1000
grain compared with 36/6 of total F,-plants. Best improvement is reached
for durum and intermediate types in the progenies of family 653 with
&2% arri 52# in the range of 7,1 - 10,0 g protein/1000 grain. Other classes
do not look very promissing for selection progress on this trait. Improve-
ment in these both classes results from considerable enlargement of grain
weight together with the best response to protein enhancement. Protein
amount per spike taken as indicator for protein yield might not be very
reliable in early generations of wide crosses. Therefore results are not
included in the tables. Preliminary data indicate only little improvement
in this trait at that stage (Table 3).

Selection progress could be predicted or achieved not only by increa-
sing the genetic variability alone but also by maintaining or elevating
the population mean at the same time. This is the case for different
traits and in different classes of segregants or wheat types respectively.
The general population mean of protein content and protein/1000 grain in
the cross with cv. Probstd. Gigant is increased by 15% and 10Ï« respecti-
vely. Highest values for these traits are reached with durum and inter-
mediate types. There are indications for improvement in protein per spike
especially in aestivum plants of the socalled remaining progenies together
with a rather low mean for the plant height (Table 5)-

The profile of segregants in the F,-generation of the second cross
with cv. Neuhof 1 is quite different from that with cv. Probstd. Gigant.
Aestivum types are the largest fraction with 702>, durum types the smallest
one with 1% the intermediate types take the position between both
classes with 2J>%. The differences in the composition of both cross
progenies probabely result from the different genetic constitutions
of the recipient varieties. Cv. Probstd. Gigant has a rather complicated
pedigree including four varieties compared with cv. Neuhof 1 deriving
from a single cross.

The distribution of high protein recombinants in positive direction
is not as pronounced as in the cross with cv. Probstd. Gigant because the
cross parent Neuhof 1 originally has a higher protein level. This will be
evident comparing the population means of protein content and protein per
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grain of the aestivum cross parent and the progenies that shows exact the
Same protein level for the progenies of both crosses but only slight
increase compared to Neuhof 1. Highest values are reached in the interme-
diate types that have a larger portion of segregants in higher protein
classes (Table 4 and 5)- In general the values for protein per spike are
higher in these cross progenies.

The utilization of this drastic protein mutant in wide crosses with
high yielding winter aestivum wheats offers the possibility to increase
the diversity of segregants in combination with the improvement of the
protein complex. This might be the basis for a more efficient selection in
different directions for nutritional improvement and product use properties
of wheat. There is a sound hope to confirm the positiv aspect of S. G.
Stephens statement that interspecific crosses are one of the most pro-
missing (but also most frustrating) tool of plant breeding.

Research plan for wheat protein improvement

Spring wheats
Developed experimental lines of aestivum spring wheats improved in

protein by incorporation of mutant genes from a sphaerococcoid (A-n)
cross parent should be tested in plot trials at several locations to
confirm selection progress in yield and protein under different environ-
mental conditions. Material could also be distributed for the adaptibility
test in other regions. Younger breeding material will be included in this
test series.

Interactions between different genotypes and environments should
clarify the expression and stability of protein genes in new lines.

Analytical analyses will be carried out for grain protein and lysine
together with some investigations of technological quality for specific
use purposes. This seems important to select genotypes which are well
balanced in nutritional and technological quality. Analyses of protein
and eventually of lysine in whole grain and flour would be necessary to
estimate if the protein/lysine complex is totally or partly transmitted
to the endosperm. The best selected lines could be used in crosses with
other high protein or high yielding gene sources to accumulate useful
genes.

Winter wheats
The selection of improved single plants or homogenous lines of pro-

genies deriving from crosses with two high yielding winter wheats (6n)
and the high protein sphaerococcoid mutant Ctn) of spring habit will be
continued. This involves durum, intermediate and aestivum types which
should be analyzed with respect to positive changes in nutritional and
technological quality. In single cases breeding material changed or
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unchanged in harvest index could be analyzed for N-content in the straw
to study the N-distribution pattern in different genotypes. Yield tests
of breeding material will be started as soon as possible and the compa-
rison with foreign high protein varieties will give the possibility to
estimate protein producitivity. The optimal utilization of different wheat
types (durum, intermediate aestivum) segregating in the progenies of
such wide crosses is intended to develop new and improved recombinants.
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Table 1 Protein and yield data of selected spring wheat lines
tested in plot trials (one location, 2 years average 1978/79)

Grain yield
Nr. dt/ha rel.#

Sphaerococcoid
mutant (4n)

Aestivum strain
(spring wheat - 6n.)

Weibulls Svenno
Mephisto

2351
2353
2280
2261
2007

2210
2006
2278
2279
2277
2321

16,7

41,7

48,7
51,4

47,3
46,0
41,6
42,5
43,0

39,0
40,4
39,3
37,9
38,8
38,5

60

100

117
123

113
110
100
102
103

94
97
96
91
93
92

Protein
content

•18,1

13,1

13,1
12,7

15,3
14,9
15,0
14,1
14,1

15,5
14,5
15,1
14,7
14,1
14,7

Protein
rel.Se 1000 grain rel.Sé

6

•138

100

100
97

-117
114
115
108
108

118
111
115
112
108
112

4,78

4,43

5,16
4,98

'6,08
5,30
5,̂ 3
5,30
5,00

5,62
5,53
5,48
5,38
5,10
4,94

108

100

116
112

137
120
123
120
113

127
125
124
121
115
112

Protein
yield
kg/ha

302,3

544,9

661,0
652,6

722,4
684,3
619,6
598,5
603,7

604,5
585,0
592,3
555,8
543,8
563,7

1000 grain
rel.2> weight rel.%

(g)

55
100

121
120

133
126
114
110
111

111
107
109
102
100
103

26,4

34,2

39,2
40,0

40,0
35,6
36,1
37,5
35,5

36,7
38,0
36,2
36,4
36,2
33,7

77

100

115
117

117
104
106
110
104

107
111
106
106
106
99



Table 2 Technological quality v-alues of selected spring wheat lines (1979)

Nr.

Sphaerococcoid
mutant (4n)

Aestivum strain
(spring wheat -

Weibulls Svenno
Mephisto

2351
2353
2280
2261
2007

2210
2006
2278
2279
2277
2321

Protein
content

i.dry subst.
%

21,0

6n) 15,8

17,0
15,7

18,1
17,4
16,2
16,7
16,0

18,6
16, 't
17,3
16,5
16,2
16,9

Wet
gluten

%

52,8

36,0

39,8
36,0

41,2
35,7
37,5
40,1
38,1

45,1
41,6
42,1
40,4
38,8
34,1

Wet gluten
Protein %

2,51

2,25

2,34
2,29

2,28
2,05
2,31
2,40
2,38

2,42
2,54
2,43
2,45
2,40
2,02

Swelling
volume ml
Qo/Q30

3/1
16/12

20/15
13/7

11/6
20/15
20/14
18/13
18/1 4

15/11
13/10
21/15
16/10
20/14
19/13

Proteolytic
destruction

of wet gluten
%

67

25

25
46

45
25
30
28
22

27
23
29
38
30
32

Worth
figure

(2 x wet gluten
+ 3 x Qo)

115

120

140
111

115
131
135
134
130

135
122
147
129
138
125

Sediment .
Test
ml

33

40

40
65

54
48
49
55
52

60
4o
59
36
53
52

Yellow
pigment
p • p • m« i*

dry subst,

5,38

3,29

3,11
3,71

3,44
3,40
3,62
3,26
4,28

3,78
4,23
3,78
3,45
3,80
3,66

hi
weight
kg

»

69,9

77,6

78,1
77,2

76,8
78,1
77,2
78,4
75,7

77,7
74,9
77,8
78,4
77,6
78,4



Table 3 Distribution and classification of segregants in Fi-generation of a cross
cv. Probstd. Gigant (winter wheat, 6n) x Spaerococcoid mutant (spring wheat 4n)

oo\

Trait
cv. Probstd. Total Progenies of the best family N°- 653

Gigant Fi-plants Durum Intermediate Aestivum
_/ M- -/ -/ _/ _/

Remaining progenies
Durum Intermediate Aest ivum

Protein content %
12,1 - 13,0
13,1 - 14,0
14,1 - 15,0
15,1 - 16,0
10,1 - 17,0
17,1 - 18,0
18,1 - 19,0
19,1 - 20,0

Protein/1000
grains g

3,1 - 4,0
4,1 - 5,0
5,1 - 6,0
6,1 - 7,0
7.1 - 8,0
8,1 - 9,0
9,1 -10,0

11
67
18
4
-
-
-
-

-
7
56
29
4
k
_

-
16
25
14
25
14
5
1

-
12
34
18
21
9
6

-
6
12
18
23
23
15
3

-
3
9
6
29
29
24

-
7
9
9
33
30
9
3

-
-
30
18
43
9
-

-
29
29
14
23
5
-
-

-
29
56
10
5
-
-

-
40
46
11
3
-
-
-

3
23
40
23
11
-
-

-
--
33
50
17
-
-
-

-
17
33
33
17
-
-

-
-
29
6
59
6
-
-

6
50
38
6
-
-
-



Table Distribution and classification of segregants
in F,-generation of a cross

cv. Neuhof 1 (winter wheat 6n) x
Sphaerococcoid mutant (spring wheat

Trait
cv. Total

Neuhof 1 F,-plants Durum Intermed. Aestivum Aest.sphaeroc.

Protein
content %

12,1 - 13,0
13,1 - 14,0 10
14,1 - 15,0 43
15,1 - 16,0 23
16,1 - 17,0 21
17,1 - 18,0 3
18,1 - 19,0
19,1 - 20,0

Protein/1000
grains g

3,1 - 4,0
4,1 - 5,0
5,1 - 6,0 31
6,1 - 7,0 46
7,1 - 8,0 23
8,1 - 9,0
9,1 -10,0

5
8
24
11
30
17
5
-

-
3

31
33
28
5
-

-
-
25
25
38
12
-
-

-
-
25
13
62
-
-

-
-
4

11
48
22
15
-

-
-
4
30
51
15
-

10
16
37
6
20
10
-
-

-
8
4o
25
23
4
-

-
5

21
21
32
18
3
-

-
-
39
50
11
-
-
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fable 5 Population means of different traits in F, generations
derived from crosses

winter aestivum wheat x tetraploid sphaerococcoid mutant

cv. Probstd. Gigant

Family 653
Durum
Intermediate
Aestivum

Remaining progenies
Durum
Intermediate
Aestivum

Total

cv. Neuhof 1

Durum
Intermediate
Aestivum
Aestivum (sphaeroc.)
Total

Protein
content %

13,6

16,5
16, ̂
14,9

14,3
15,6
15,8
15,6

15,0

16,4
16,7
14,8
15,8
15,6

Protein
1000 grain g

5,88

7,89
6,76
5,45

5,60
6,16
5,82
6,48

6,39
6,78
7,29
6,42
6,12

6,47

Protein
spike g

0,18

0,17
0,17
0,14

0,15
0,16
0,20
0,17

0,23

0,17
0,20
0,20
0,19
0,20

Plant
height cm

77,6

84,5
85,0
75, H

82,3
77,9
77,0

81,7

83,2
76,0
78,1*
69,2
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BREEDING VARIETIES WITH INCREASED PROTEIN
CONTENT IN RICE1

C. GANGADHARAN, S.N. RATHO, K. PANDE2

ABSTRACT

Efforts made to identify high protein cultivars
from germplasm collections in India and abroad and their
utilization to evolve productive varieties with higher
protein content for the major rice ecosystems of India are

and
summarised and discussed. Genetical/anatomical studies
related to protein content are considered. The relevance
of the project to breed varieties with increased protein
content is stressed.

A project for breeding high yielding rice varieties
with increased protein content, sanctioned and financed by
the Indian Council of Agricultural Research, New Delhi, has
been in operation from mid-July 1973 to end of February
1976, at Central Rice Research Institute, Cuttack. On its
expiry, the project was incorporated as a regular item of
the breeding programme of the Institute.

In the earlier- years, the effort was directed to
identify breeding lines/mutants with increased protein content
in agronomically well managed and under controlled irrigation
in transplanted medium duration rice varieties for the monsoon
season. As rice ecology is very diverse and as rice is

cultivated under uplands, medium lands and low lands, it was
felt necessary to widen the scope to encompass these important
rice growing conditions, if the project is to make any impact

1 Contribution from Quality Breeding Laboratory, Central Rice Research Institute,
Cuttack-753006, Orissa, India.

2 Respectively Scientist S-2, S-l, S-l in the Genetics Division of CRRI, Cuttack-753006,
Orissa, India.
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al all. Hence, screening and study of cultivars/hybrid or
mutant lines suited to these conditions have been initiated.
Salient results achieved in this effort are given below.

The work done at C.R.R.I comes under four categories:
(1) Screening; (2) Breeding; (3) Genetical, and (4) Anatomical.
Results under each head are summarised and discussed, with
the accent,-, on breeding.Micro-Kjeldahl method was used for
nitrogen estimatiorsand protein content was computed with a
factor of 5.95 on wet basis.

1. Screening

The world rice germplasm has been screened for protein
content mainly by the International Rice Research Institute,
Manila, Philippines. Central Ric^ Re-cearch Institute also has done
screening of rice varieties from its national germplasm collection
and has identified accessions/cultivars with a crude protein
content of over 10/i in brown rice. Table 1 lists such high
protein varieties. This work has indicated the gcnetical
variability presently available in rice cultivars and ready
for utilisation. All the same, there is need to intensify
and complete screening of available cultivars in the genetic
stocks.

Perhaps the earliest report on protein content of
brown rice is by Sen (1916) from India and Fraps (1916) in
the U.S. and they reported over 8% protein in brown rice.
A compilation by Juliano (1966) shows that the variability
in protein content as reported by workers around the world
till 1966 was 5.5 to 14.3% for brown rice and 4.5 to 14.3%
for milled rice.
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Table 1: List of high protein cultivars

Variety

1. Pirurutong
2. Gaisen Mochi
3. Ptb.23
4. Ptb.29
5. ARC.6638

6. Chaliata
7. Ghunghun Jhigan
8. Omrit .39
9. Mnp.64
10. Crythroceros
11. Chow Sung
12. Hr.22
13. Mnp.99
14. Hr.19
15. Garem
1 6. AC.806

17. ARß.6600

Protein %

13.90
13.50
12.60
12.50
12.45
12.40
12.10
12.00
12.00
11.95
11.90
11.85
11.80
11.60
11.60
11.50
11.48

Variety

18. Ptb.22
19. Ptb.30
20. Shalla
21. Ptb.25
22. ARC.5995

23. R.575
24. Ch.63
26. Early Kolipi.70
26. Rdr.2
27. R2 Nungi
28. Ptb.10
29. Bcp.6
30. Dular
31. Adt.27
32. R.10 Chatri
33. Zinia 63
34. Mtu.9

Protein%

11.40
11.2 0
11.20
11.10
10.88
10.80
10.75
10.70
10.70
10.60
10.60
10.60
10.50
10.27
10.20
10.10
10.10

Juliano, Ign^cio, Pangeniban and Perez ( 1968) had
reported prote-in content above 14% in five varieties (Table 2)
from an evaluation of the International Rice Research Institute
germplasm.

Table 2: High protein rices after Juliano et.al (1968).

Varieties
Rikuto Norin.20
Omrit.39
Chok-Jye-Bi-Chal
Gros a- 2
Sénto

Protein % of brown rice
14.5
14.7
15.1
15.1
16.7
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Recently Coffman and Juliano (1979) had said that from
the extensive screening of 7760 varieties they had identified
six varieties with over 14% protein in several yield tests
and these have been utilised in the breeding programme for
protein enhancement. They also observed that those varieties
were j aponicas which matured early, with low dry matter
production and .were susceptible to several important diseases
and insects, presumably under Philippines condition. This is
a relevant point in practical breeding» When the temperate
j aponicas have been grown in nhe tropical Philippines, the
varieties have unaergon a drastic change in their entire
physiology and thereby in the different growth processes and
biological reactions and this environmental disturbance or
shock (like reouction in duration, susceptibility to new
species or races or biotypes of diseases and pests) can
contribute -co protein enrichment. Such drastic changes have
been known to exist with reference to productivity also
(Gangadharan, 1978) .

There have been very encouraging reports from an
evaluation of the newly acquired germplasm from the North-
Eastern states of India. From a preliminary screening of
118 varieties/ 71 were found to have a protein content range of
11—16 % which is remarkably high (Anonymous 1973). A subsequent
study of morphological variants from their collections has
also reported 11-13% protein in ti ese culti,/ars (Srivastava
and Nanda, 1977) .

Sampath and Seshu (1957) aft^r comparing protein content
of a few genotypes suggested that the morphological character of
"long glume" might be correlated with high protein content of
grain. But subsequent work has failed to confirm this association.
In fact, Coffman and Juliano (197g) have stressed the absence of
a marker either in the seedling or vegetative stage for high
protein genotypes. This is reasonable as they quoting
Ferez et»al.1973 that the differences in protein content was
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mainly due to difference in the efficiency of translocation
of foliar N to the grain after anthesis rather than to
differences in total plant N. But unlike in maize, with opaque
or floury endosperm, there is no identifying feature in the
rice grain for high levels of protein. Thus laborious
laboratory screening still remains the only method available.

So there seems to be natural variability available for
this important character of profound biological significance in
rice, awaiting exploitation in the rice-staple developing
countries, including India.

2. Breeding

Time and adjoin (Rao/ 1970, Rao et.al/ 1911, Gangadharan
et. al, 1974, 1975, Gangadharan and Misra, 1977, Rao, 1978) it
has been stressed that the uplands prone to drought and low lying
water stagnant lands subject to submersion from flash floods or

constitute the majorheavy precipitations/hurdles for a breakthrough in kharif
(May-December) or monsoon dependent rice culture in India.
Efforts have been made to breed varieties with increased
protein for these twin vulnerable situations as well as medium
lands under controlled irrigation. Both recombination

and mutation breeding1 have been< made use of»

Significant results obtained in this regard are summarised below:

Uplands;

In the project to evolve varieties with drought tolerance,
mutation breeding was made use of to improve productivity in
known drought tolerant varieties/hybrid lines as an alternate
approach. Known drought tolerant varieties like talnakanda 41,'
'ch.45,"Mtu.l7,' fa. 22,' bK. 113-32 'had been treated with either
physical or chemical mutagens and screened for productivity
under moisture stress conditions. Productive drought tolerant
mutants had been identified in the variety Vltu. 17* and the

hybrid line'CR.113-32,' The protein content of the mutants
and the parents is given in the Table-3.
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Table 3: Crude protein content in mutants and parents
of varieties for uplands.

Designation of
mutent/parent

Protein Designation of
mutant/parent»

Protein

CRM. 4-1

CRM. 4-2

CRM. 4-3

CRM. 4 -4

CRM. 4-5

CRM. 4-6

Mtu.17 (Parent)

CRM. 13-3037

CRM. 13-3052

CRM. 13-3055

CRM. 13 -30 58

CRM. 13-3061

CRM. 13 -30 62

CRM. 13-3241

CRM. 113-32 (Parent)

7.4

8.3

8.1

8.8

7.7

9.4

8.1

6.3

7.5

8.3

5.7

6.3

6.1

7.9

9.6

CRM. 4-7

CRM. 4 -8

CRM. 4-9

CRM. 4-10

CRM. 4-11

CRM4-12

CRM. 13-3511

CRMJ3-3512

CRM. 13-3532

CRM. 13-3535

CRM. 13-3 53 7

CRM. 13-3538

CRM. 13-3558

8.4

7.6

7.6

7.1

6.9

8.5

6.6

7.0

8.9

8.5

6.6

9.3

8.6

From the latter/ a very esrly mutant/ induced by gamma
irradiation (30 Kr)/ designated CRM.13-3241 maturing in seventy
days when direct seeded had been identified which was found
suitable as a catch crop after the drought or flash flood
during kharif or as a regular crop in rabi with limited water
resources or in relay cropping. This mutant was tested under
six nitrogen levels in a replicated randomised block design to
evaluate its response in yield and protein content to incremeats

of nitrogen dores and the results are presented in Table 4,
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Table 4: Yield, protein content ana protein yield (kg/ha)
of

N. level

0 N
20 N
40 N
60 N
80 N
100 N
C.D. at 5%
C.D. at 1%

CRM. 13-3241

Mean grain
yield (kg/h

616
920
1325
2078
2308
2226
164
226

under six nitrogen

Mean protein
a) content (%)

5
6
6
7
7
9
0
1

.98

.20

.44

.36

.32

.60

.92

.86

levels.

Protein
(kq/h

41.0
57.0
85.4
152.9
180.5
214.2

yield
a)

It might be seen from the above Table, that both the
grain yield and protein content were significant at 1% under
different nitrogen levels. The mean grain yield and protein
content increased steadily with increasing nitrogen doses.
The yield declined after 80 kg/ha level whereas the protein
content increased. In fact protein content was significantly
superior only at 100 kg N level over its immediate lower dose
of 80 kg N. As Kramer (197.5) explained in wheat, even when
added nitrogen failed to increase yield, it contributed to the
enhancement of protein content in this very early rice mutant.

Medium lands;

The two high protein varieties Pirurutong and Gaisen Mochi
had been hybridized and a line designated CRHP.8 with stable protein
content was selected. Despite its consistent high protein content,
the cultures had low yield and glutinous endosperm. Hence
back cross programme was taken up to improve these characters
using semi dwarf hybrid Padma as the recurrent parent and
CRHP.8 as the other. Seven cultures (bRHP.lr?) were selected
from the segregating generations of this back cross CCRHP.8 'x '
'Padma.' Of these selections, 'CRHP.l'recorded higher yield than
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'Padma.1 The average protein content, yield and protein yield/hectare
is given in Table 5. (Ghosh & Sampath, 1975).

Table 5: Grain yield/ average protein and protein yield/ha

Culture

CRHP.l

2

3

4

5

6

7

8

Padma

IR.8

of CRHP cultures.

P.arentage Average grain
yield (kg/ha)

(CRHP. 8 x Padma) x
Padma«

-00-

-do-

-do-

-do-

-do-

-do-

Gaisen Kochi x Pirurutong

T.141 x T ( N ) 1

Peta x DGWG

3807

3327

3162

3316

3316

2771

3299

3170

2926

4000

Average protein Protein
content (%) yield

(kq/ha)

10.07

8.36

8.97

8.78

8.20

9.90

9.90

11.55

7.27

7.37

383

278

283

292

272

274

326

366

205

294

'CRHP. I1 'consistently out yielded Paöma and had 2/Ù
more protein. Grain yield of 'CRHP.l*when compared with'lR.8
was less but produced more protein (kg/ha) than IR.8. This
was also 7-10 days and 20-25 days earlier in duration than
'Padma'and 'IR.8* respectively and the data are presented in
the Table 6.

raoie o:

Culture

CRHP.l
Padma
IR.8

for Drotein and protein yield.
Flowering
duration (days)

85
92
108

Grain yield
(kq/ha)

4850
4250
5575

Protein
content (%)

10.2
7.8
7.1

Protein yield
(kg/ha.

494
351
396

Besides, a higher protein, medium duration variety
Mtu.9 (Anonymous, 1969) was irradiated with gamma rays from a
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CO ^ source and selections were made to improve yield and plant
habit. Viable semi—dwarf mutafcts with yields comparable to
that of the parent were obtained and their protein content
evaluated. Results are presented in Table 7.

Table 7: Protein content of Mtu.9 and its mutants.

Mutant/Parent Protein %
CRM.18-2 9.6
" -4 8.5
" -5 8.6

-6 8.8

-8 9.0
" -9 8.0

-16:: 9.4
Mtu.9 (Parent) 9.4

It might be noted that s- mi-c'.v.'̂ rf rnutcmts with
comparable and even higher protein content tl>an the parent
could be identified and most of these mutants also possessed
higher yield potential because of the nonlodging habit and
pleiotropic effect conferred by semi-dwarfism on them through
induced mutation (Gangadharan et.al, 1975).

Possibly there is no urgency to bre- d for varieties with
increased protein in medium lands that are amenable to good
agronomy, especially with control of irrigation. It is well
established that increased level of nitrogen enhances protein
content in most varieties and there is an obvious improvement
of protein level in varieties cultivated in well drained and
well fertilized medium lands.

It has been shown above with the early mutant that
protein content could be enhanced as much as by 100% ti.rough
nitrogen application. The study by Gangadharan et.al (1978)
al'so confirms the enhancement of protein content through
fertilizer management. Thus/ when we aim at increasing rice
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production through the application of higher fertilizer inputs
in lands with controlled irrigation of the kharif crop and of
the entire rabi (December-April) generally, there is an
automatic elevation in protein yield of crops harvested from
such lands.
Low lands;

In the project to evolve varieties suited to low lands
with long duration (over 150 days) and grain quality, attempt
was also made to evaluate and identify promising lines in F.
generation of six crosses having higher protein content. This
is important because submerged low lands do not lend themselves
to efficient agronomy and genetic superiority for any desirable
trait under such conditions will be an advantage. Hence, 309
cultures belonging to six crosses have been analysed for
protein content (4.4 to 13.6%) and were seen to have considerable
variation in protein content. As the level of protein content
in these cultures were generally low (4.5 to 7%), 8% is
arbitrarily considered as high in varieties for submerged low
lands and a number of selections with more than 9% protein
are listed in Table 8.

Table 8s Protein content of some of the low land progenies
and parents.

Name of Cross/
Parent.

1. CR.151 x Haldiamagura

2. Haladiamagura x Jagannath

3. Pankaj x JTagannath

4. CR.151 x Mahsuri

5. CR.151 x CR.1014

6. CR.140 x Jagannath

7. Haldiamagura

8. CR.10£U4
9. Pankaj
10«, Jagannath
11. CR.151

No. of the
progenies
analysed.

141

97

13

4

38

16

-

-
-
-
—

No. of high Range of
protein protein
progenies content
screened. (%)

32 5.3-13.6

12 6.0-10.4

1 6.3- 9„0

6.6- 8.7

4.8- 7.9

4.4-8.1

5.8

7.3
6.4
6.9
6.2
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In a breeding trial, eighteen fixed lines from P_
generation of five crosses with their five parents were grown
in a completely randomised block with two replications in low
lands and their yield, protein percent, protein yield, protein
per seed and kernel weight were studied. The analysis of
variance for grain yield/plot, protein yield/unit area,
protein/seed value, protein percent and kernel weight is
given in Table 9. Both parents and selections differed
significantly.

Table 9: Analysis of variance for different characters»

Source

Entries
Cultivars
Fixed cultures
Varieties vs
fixed cultures.
Error
CV
CD
SEM

Heritability
(broad sense)

Mean scruares
Grain yield Protein Protein/ Prot- Kernel

yield/ seed ein weight,
unit value. %
arâa.

22 1.67**
4 0.29*
17 1.78**

1 5.40**
23 0.053

6.96
0.48
0.007

ß. S3 0.93

4342.31**
1810.96**
4669.96**

8889.19**
31.3
3.01
11.57
3.95

0.98

0.0009**
**0.001038
**0.001178

0.000251
0.000052
5.82
0.01207
0.00412

0.89

1.44** 3850.8**
0.99** 3601.45**
0.61** 3447.39**

17.10**11707.32**
0.0621 17.76
4.46 0.3232
0.423 1.206
0.1438 0.4122

0.917 0.99

* and * * significant at 5% and 1% level of probability
respectively.

The values of correlation coefficient for yield,
protein per sê .d, protein percentage and 10 kernel weight

to/are given in Table./ It is seen that the negative correlation
coefficient was not significant for the protein content vith
the grain yield/plot, protein yield/plot, protein/seed value
and 10 kernel weight. This shows the nonsignificant reduction
in grain yield with increase in protein content which is advantageous,
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labié 10: Correlation among different characters.

Yield/plot
Protein yield/plot
Protein/ seed value
Protein percentage

Protein j
yield/plot.

0.1831
-
-
-

Protein/
seed value.

-0.1086
-0.0711

-
-

Protein
%

-0.170
-0.0597
-0.0414

-

10 kernel
weight.

-0.0423
-0.1340
-0.7558
-0.5670

A study of 25 medium duration hybrid lines and 5 popular
high yielding varieties for response in yield and protein content
to increasing do.̂ es of nitrogen (0, 50, 100, 150 and 200 kg N/ha)
under transplanted condition showed negative correlation between
flowering duration and protein content as well es grain yield
and protein content (Gangadharan et.al, 1978). The analysis of
variance is given in Table 11. Govindaswamy et.al (1973) had
also reporteu significant negative correlation between these
characters.

Table 11: Analysis of variance for protein conrenl
and grain yield.

Sources of
variation.

Block
Fertilizer (F)
Error (a)
Varieties (v)
Interaction (VxF)
Error (b)

df

1
4
4
29
116
145

Protein
MS

1.4
97.5
0.3

13.2
1.4

164.6

content Grain yield
F MS

4.77 9139961.7

32.828**16157145.5
1222234.8

0.080 66024750.8
O.OC8 7543116.2

25117083.8

F

7.478
13.022*
-
2.628**
0.300
-

Total : 299

* and ** - Significant at 5% and 1% level of probability
respectively.
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In the above experiment it was seen that protein content
was high for two hybrid lines at 0 kg N/ha for CR.115-44-72
(10,95%) and CR.129-11 (9.92%). CR.115-44-72 was remarkable
in that it registered a protein content of 13.48 and 15.28
at 50 and 100 kg N/ha respectively.

Besides through induced mutation/ effort was made to
improve the introduced Malayasian variety 'Mahsuri' which
was very popular as a kharif variety in most rice growing
states in Inaia and many productive mutants were isolated.
Some of these had been evaluated for protein content as well
and the results are presented below (Table 12).

Table 12: Crude protein content (/.) o£ Mahsuri and its mutants.

Culture

Mahsuri (Parent)

CRM. 10-3619

CRM. 10-3 622

CRM.l 0-3629

CRM. 10-3630

CRM. 10-4611

CRM. 10-4615

Protein
content.

6.9

6.3

6o4

7.6

6.3

7.3

8.3

Culture

CRM. 10-4616-

CRM. 10-4622

CRM. 10-4623

CRM. 10-4626

CRM. 10-4660

CRh. 10-4 671

CRM. 10-4676

Protein
content

7.0

6.3

7.4

6.0

8.3

6.6

7.9

Results given above show that there is variability
for this biologically important character generated in the
hybrids and it is upto breeders to properly exploit it.
Results from mutation breeding indicate that variability
towards negative and positive sides in comparison with the
parent variety is induced for protein content in rice and
through careful screening/ mutants v/ith more protein than
the parents can be selected. One added advantage of
mutation breeding is that the protein enhancement can be
achieved without disturbing the desirable group of traits
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of the parent variety as it is achieved for yield
(Gangadharan et.al, 1974, 1975).

From the foregone, it would be clear that despite
protein content being one of the most variable of characters
governed by many physical, chemical ana biochemical factors,
there is possibility to genetically upgrade the varieties that
are to be grown in different rice ecosystems of monsoon India.
As the ecosystems drastically differ the aim of a uniform
level of protein content may not be feasible for these
situations. So it is suggested that for uplands (with a
fertility status of 30-40 kg N/ha) 9% and sbove may be
considered as high for protein content. The corresponding
figure for medium lands(with a fertility level of over 50 kg N/ha)
may be 10% and above and for low lends (with the fertility
status betweerm 20-30 kg N/ha) be 8% and above.

Secondly it mgist be recognised that protein content
per se will remain a matter of little concern for the
cultivator, till price policies make production of high
protein rices economically attractive. Thus, yield remains
the primary concern and will not be sacrificed much for the sake
of protein. Also it is known that more energy is required for
the production of proteins than for sugars or starch and there will
be proportion-ate reduction in yield with increase in protein
(Bhatia and Rabson, 1976). A workable compromise is to
emphasise protein yield/ha, as one of the basic criteria
for selection in rice breeding programmes so that the
varieties evolved will hove a desirable minimum of protein
with yield. Available information shows that selection for
higher protein is possible in later generations after
stabilizing yield in earlier generations. (Ghosh et.al, 1976 ,
Anonymous 1976)
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It is seen that protein content shows a linear response
to added nitrogen upto 200 kg N/ha, where as the yield declines
after 80-100 kg N/ha level. This association is really
beneficial as we have the option to manipulate fertility
levels for economic yield returns combined with higher
protein. Through fertilizer application alone protein content
was raised by 2-4.5% in rice. (Anonymous,1972).

Another significant finding was that the response to
protein content under low and high fertility conditions was
genetically distinct (Gangadharan et.al, 1978) and selections
to be viable should be made under the appropriate levels of
fertility.

Perhaps this linear response of protein content to
increasing doses of nitrogen is unique for its beneficial
effects. Increased levels of fertility,though helpful to
boost production, are known to aggravate pest and disease

and
incidences/are reported to have broken out in epidemic form in
intensive cultivation areas in India/ Indonesia, Philippines
etc. or say the application of fertilisers has a negative or
balancing effect on yield through these pest and disease
damages. But in the case of protein content no such
deleterious side effect is seen. Besides, reports show that
varieties cultivated under high fertility have not only
higher yield and protein content but also higher hulling
percent (Ghosh et.al, 1971). Increase in protein content
is seen to improve milling and reduce breakage in rice
varieties ( Juliano, 1972).

Interestingly enough, higher levels of nitrogen are
also seen to facilitate a deeper dispersion of protein bodies
in the.endosperm helping to reduce losses of protein from the
kernel during milling and polishing. Thus it could be said
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that the technology of high yielding varieties with the stress
on fertilizers consumption also serves as the technology for
boosting protein yield of rice in India»

Consumers pay a premium for fine quality or scented
rices, because of their limited production and demand. Such
G laissez-faire "policy may not be practical for high protein
rices, as the aim of their production is to reach as wide a
segment of the population to ensure better nutrition, especially
of the weaning children, in rice-staple societies. Hence,
the success of production and popularisation of high protein
rices will depend on the price support extended by the
concerned Governments, State or Central, in India.

3. Genetical

The interest in genetics of protein content of rice
developed only towards the end of the sixties in India and
there were reports by early seventies. The available information
is summarised below:

A study of the segregating population from several
crosses during the last few years showeu that protein content
did not have significant association either with plant height
or ear- bearing tillers but had negative association with
single plant yield. (Anonymus, 1972, Chutima et.al, 1979).
There was a recent report of positive nonsignificant correlation
between yield and protein content among the induced mutants of
two rice varieties, which had negative correlation between
these characters (Monyo et.al, 1977) which made the authors
claim that these mutants were breakers of negative correlations.
(Monyo, et.al, 1979).

Govindaswamy et.al (1974) from a study of the cultures
of a triple cross 'Padma' x ('Geisenmochi'x 'Pirurutong')
obtained low heritability for protein content but higher genetic
advance than for plant height, possibly because of the

124



inheritance of this character being governed by additive genes
as reported by Ghosh et.al, 1971, Mohanty and Reddy, 1972 and
Swaminathan, et.al, 1971.

Hi1lerisi ambers et.al (1973) found significant
genetic var-iation for protein content in a study of £ S1X

cross-es involving four parents. It was also found that high
protein content was significantly correlated with light kernels;
early heading and short stature . Seo and Chamura (1979)
have a-lso reported association of high protein content with
earliness in rice varieties.

The three essential amino acids viz. Js lysine, threonine
and methionine were estimated in the high protein culture,
'CRHP.81. There was negative correlation between protein
content and lysine content. For one percent increase in the
grain protein, there was a reduction of about 0.3 to 0.4%
of lysine content. But the availability of lysine increased
markedly with the incre-ase of protein. (Anonymous,1973).

Inheritance of protein content was studied in the cross

'CRHP.8' x 'Ratna'o Inoiviaual seeds were used for the estimation
of protein content in hybrids, back-crocs sc-eds and of F„
population. Reciprocal differences were observed for protein
content in the F.. crossed seed, but the mean value in F„
generation was more or less the same. A dose effect was
recognised in prote.in values of hybrids in a study of F'
reciprocal crosses and back crosses. The pattern of F_
segregation suggested that protein content is possibly governed
by a few major genes with minor genes influencing its level.
(-.Anonymous, 1974) .

IRRI used a modified diallele breeding scheme to
concentrate genetic factors for protein content along with resistances
to major diseases and pests. They found that higher protein content
is less associated with lower grain yield in the progeny lines
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than in their parents and 14 such lines with higher yield and
protein had been identified (Anonymous, 1975)«

All evaluation of the varieties for protein contents
showed that environmental factors greatly influenced the protein
content. Genetic studies showed that low values for brown
rice protein (BRP)percentage, protein per seed (P/S) and 100
kernel weight were dominant over the highs values. The
heritability estimates for P/S were relatively higher than
those for BRP percentage. Selection for BRP may be effective
from F,- generation but selection of P/s may be done in earlier
generations. Both ERP and P/S were negatively correlated
with grain yield and resistance to bacterial blight (Anonymous,
1976).

Genetic studies on protein content of J £,ponicas
between a high and low protein variety' showed that the broad
sense heritability of the F~ was 0.46. In F„, F and F , generations
there was negative correlation between the protein content
and other agronomic traits. Early, short statured and poor
yielding segregants tended to be protein rich (Higashi and
Kushibuchi, 1976).

From a study of 23 rice varieties with protein content
varying from 10-14%, it was founa that low protein exhibited
partial dominance over high protein and the inheritance was
controlled by a few major genes besides minor ones. Though
maternal influence was noted in the first generation, the F„
mean values were more or less similar. It is suggested thet
selection for protein content should be carrieo out in the
advanced generation (Ghosh, et al, 1976).

Guo ët.al (1978) from inheritance studies of pootein
content, heading date and other characters found in F~, the
dominance of low protein over high protein and it was negatively
correlated v/ith plant height, panicle weight and number, grain
yield and 1000 grain weight but was positively correlated
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with early maturity. Heritàbility for protein content
ranged from 0.31 to 0.56.

Recently Ratho, et.al 6.979 in press) made a full
7x7 diallel cross set to study the nature of gene action
governing protein content. The varieties were 'Ambemohar' «
('L x Z) - Nira1,'Wase-aikoku9,'Tkm.6', 'Ratna1, 'Padma' and
'Tainan.3 - Mut.587- 4'. Various genetic components and

combining ability effects were estimc.ted. It was seen that
both the additive and dominance components of genetic variance
were significant. There was asymmetry in the distribution
of dominant and recessi /e alleles and the dominant alleles
were in excess showing over dominance. The number of
effective factor pairs was estimated to be six with the
sominance of high protein over low protein content. The
parents ('L x Z1)- Nira1/ 'Tkm.6' and 'Wase-aikoku1 had more
numbers of dominant genes and 'Tainan.3 Mut.587 -4 ' and 'Ratna1

had more of recessive genes for protein content. The GCA,
SCA and Reciprocal mean squares were significant. Parents like
1 Wase-aikoku1 and 'Padma1 were gooc general co/nbiners. The
crosses ('LxZ)- Nira x Tainan.3 Mut.587-4* and 'Ambemohar x
(LxZ)- Nira1 were the good specific combiners. Most of the
crosses involving the best general combiner/ 'Wase-aikoku1

had intermediate positive SCA effects.

In a trec-ent study of eighteen fixed lines from F,-
of the six -1

generations of five/crosses (listed in Table 8 ) along with
their parents grown in a randomized block with two replications
'PanJe and Gangadharan (under publication) observed significant
variation for protein content among the fixed lines and parents.
The pattern of transgressive segregation was towards the
negative siae as there was no line superior in protein
content to the parents, whereas a few of them had lower
protein. This could be because of the existence of negative
correlation between the protein content end yield. Correlation
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(r = 0.90) between protein per seed value and kernel size was
found positive and significant. The magnitude of heritsbility
for both protein percent and protein per seed were al most of
the same order. The broad sense heritability was above 90%
for all the characters studied.

It may thus be seen that knowledge on this important
character of nutrition of rice grain is scrappy and needs to
be intensified to thoroughly understand the mechanism of gene
action and interaction to facilitate faster incorporation of
this character in desired varieties. Such intensive study
requires faster methods of protein estimation than the
traditional micro- kjeldahl techinique. Gangaaharan et.al.
(1979) have found the Near-Infra-red reflectance system
faster for protein estimation of milled wheat fractions
and so could be of use in rice also. Fifteen or more
different nuclear or related methods are available for N
estimation which are faster, nondestractive and requiring
only a minimum of sample (Niemann , 1979-A) .According to
him, kjeldahl method of N estimation gives slightly lower
values as it does not account for nitrate and nitrite N. A
review of these techniques is under publication (Neimann, 1979-B)

4. Anatomical
Anatomical studies to understand the distribution

of protein bodies in the endosperm were undertaken:

Histochemical studies have shown that most of the
waxy endosperm types have thicker aleurone layer/ deeper
distribution of protien bodies inside the endosperm and a
higher percentage of protein. Among the hybrid derivatives,
'CRHP.81 had the thickest aleurone layer (66.8 « on the

side and 35 p. on the ventral side) and deeper distribution
of protein bodies (Anonymous, 197l) .

Disttrbution of protein bodies was found to be
restricted p to peripheral portion of sub-aleurone layer in
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the varieties, 'IR.81, 'Jaya't 'Ratna1 anu'Vijaya1 (Anonymous/
1972}. But the seeds raised under high rates of nitrogen
(above 100 kg N/ha) present uniform distribution of protein
bodies inside the endosperm. The reticulum of protein was observed
to spread deep towards the centre of the endosperm in the samples
obtained from heavily fertilised plots.

A comparative study of raw and polished rice of these
high yielding varieties showed that the loss of protein during
milling was less in samples grown under high fertility. This
was possibly due to the deeper distribution of protein bodies
insic-e the endosperm after heavy nitrogenous fertilizer
application. Hence, higher rates of N application do not only ensure
more protein but also give a better distribution pattern,
making the grain nutritionally superior even after it is milled.

The increase in the protein content of rice results in
an increase in the number of protein bodies in the endosperm.
The distribution of these protein bodies is more uniform and deeper
in high protein than low protein samples. The difference in
protein content of brown and milled rice tends to decrease as
the protein content increases. The high protein samples had a
thicker aleurone layer. The protein content and the thickness of
aleuronc layer are qiven below in 'Table 13 (Govindaswamy ana
Ghoch, 1974).

Sarala and Reddy (1979) found from a study of 90
local and 124 grein shupe mutants that the protein bodies in

many mutants were distributed deep inside the endosperm while
in the local varieties the distribution was rather uniform
throughout the endosperm. Also it was seen tnat at 12% milling,
protein retention varied from 79-96%, irrespective of the protein
percentage.

Thus , it may be seen that the pattern of protein
distribution is a varietal character that can be considerably
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Table 13: Protein content, aleurone layer thickness etc
of some 'CRHP1 lines

Variety

CRHP.l

" .2

" 3

4

5

6

7

8

Chow Sung

Santo

Mnp . 69

Omrit .39

Krishna

GEB. 24

T. 141

Ratna

Padma

Jay?

IR.8

Protein
content (%)

10.05

7.78

7.97

7.97

8.05

9.45

10.94

11.72

9.98

10.78

11.05

10.87

9.95

8.28

9.05

7.78

8.05

7.41

7.45

Aleurone
Dorsal

38.0

32.0

38.5

33.2

38.2

40.5

48.0

66.8

41.8

45.0

45.0

43.7

30.5

25.0

30.5

26.5

27.2

25.0

27.5

and varieties.

layer thick
Ventral

17.2

I5e7

18.5

20.5

22.5

24.6

29.5

34.5

24.7

22.7

25.0

23.8

16,4

15.4

18.5

13.8

14.0

15.1

16.2

ness (u)
Mean

27.60

23.85

28.50

26.85

30.35

32.55

43.75

50.65

33.25

33.85

35.00

33.75

23.45

20.20

24.50

20.15

20.60

20U60

21J85

Distribution
of protein
bodies in
endosperm.

Peripheral/
scattered»

-do—

-do-

-do-

-do-

-do-

Deeper, Uniform

-do-

-do-

-do-

-do-

-do-

-do-

Peripheral,
Scattered.

-do-

-do-

-do-

-do-

-do-

influenced through manipulation of nitrogenous fertilizer
application. In the programme for breeding varieties with
increased protein in rice , deeper distribution of protein
bodies in the endosperm is an important feature to be reckoned
with as it provides a genetic guarantee against heavy loss of
available protein through milling ana polishing.
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Relevance of increasing protein in rice in India;

Though there is a record of rice protein from 1976 in
India, its significance as a character of profound biological
value, both for the present anc future generations (Gangadharan
et.al, 1978) was not realised till the late sixties; in fact
till IRRI starter' a project for breeding rices with increased
protein in the Philippines (Beachell £t.al, 1972). The
screening of germplasm has confirmed the availability of high
protein cultivars, breeding has established the possibility of
evolving protein- rich varieties with the support of genetics»
High protein rices have higher hulling and milling percentages

with less grcin breakage anc. can have excellent cooking quality
Juliano,attributes (Anonymous, 1969,/1972). Rice has a very favourable

and balanced amino acid profile for its protein and this
balance is not altérée, by increasing the protein percentage
by one or two points, because of its low prolainin and high

*•glutelin moitiés, when compared to other cereal proteins
(Nelson, 1979). The main task is to increase the quantity
which is fairly easier than improving cjuality of protein
in rice. As already pointed out, protein content is the one
niLJor character that has shown a linear response to increasing
levels of fertiliser without any deleterious side effect or
efficient in nitrogen utilization. Nutritional studies on
weaning children have shown that the increased protein was
retained anci used by the children (Anonymous, 1973&)» So,
all that is required is a resolve at appropriate centres to
see that our future varieties have a minimum of 8-9r/a
protein in them, when they reach the consumer.

It was felt that any increase in protein content in rice
would be of benefit to millions (Anonymous, 197^a)< According
to Bollich (1976) any improvement in the protein content of rice
through breeding would be valuable in view of the low nutritional
status of peoples rece-iving 10% or more of their calories from
rice. Br€ssani and Elias (1979) have estimated that in 25 major
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rice consuming areas for 1970, particularly in the most populated,
rice provided more than two thirds of the calories and more than
half of protein. Even if we accept that per capita incomes alone
cannot truly reflect the extent of hunger and malnutrition
depending on complex interaction of various factors of production,
distribution, socio-political systems etc. and as the food
procurement styles vory in rural and urban ar>..as, there is
nothing lost and everything gained in the use of high protein
rices. As ,the spiralling global inflation continues to shrink
the purchasing power of common man every year, there is a short
of nutritional insurance that high protein rices provide to
the consumer free:.

On the 'child in India1,Gopalan (1979) observed
"Children ........ constitute nearly 40% of our total population
........ children below 5 years of age number nearly 100
million ......... It is the present state of health and
nutrition of this crucial age group that will largely
determine the quality and calibre of our nation in 2000 A.D.
and beyond". If so, no price is too high for India to produce
and. popularise protein- rich ric..-s as expeditiously as
possible,
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RESEARCH PLAN

1. Evaluate the available breeding lines/mutants
of rice for protein content for upland, medium
land and low lands typical in the monsoon
tracts of India.
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2. Generate genetic variability through recombination
breeding and induced mutation.

3« Evolve rice varieties suited to the monsoon rice
ecologies with high protein yield per hectare,

4. Evaluation of the quality of protein with special
reference to lysine, tryptophan and methionine.

5. Find out the relationship of common breakfast
ric'e preparation (beaten rice, puffed rice,
popped rice etc.) with the bio-chemical
qualities of the rice endosperm.

REFERENCES

1. ANONYMOUS, CRRI ANNUAL REPORT (1969) .
2. ANONYMOUS, CRRI ANNUAL REPORT (1971).
3. ANONYMOUS, CRRI ANNUAL REPORT (1972).
4. ANONYMOUS, CRRI ANNUAL REPORT (1973).
5. ANONYMOUS, CRRI ANNUAL REPORT (1974).
6. ANONYMOUS, IRRI ANNUAL REPORT (1973 A).
7. ANONYMOUS, IRRI ANNUAL REPORT (1974 A).
8. ANONYMOUS* IRRI ANNUAL REPORT (1975).
9. ANONYMOUS, IRRI ANNUAL REPORT (1976).
10. BEACHELL, H.M.j KHUSH, G.S. AND JULIANO, B.O. Breeding for high

protein content in rice. Rice Breeding, IRRI, Los Banos,
Philippines (1972). 419.

11. BHATIA, C.R. AND RABSON, R. Bioenergetic considerations in cereal
breeding for protein improvement, Science (1976), 194, 1418.

12. BOLLICH, C.N. Improving the nutrient quality of cereals II.
Report of Second Workshop on breeding and fortification Agency
for International Development, Washington D.C. (1976).

13. BRESSANI, R, AND ELIAS, L.G. The world protein and nutrition
situation (Proc. Symp. on seed protein imp ovement in cereals
and grain legumes, Neuherberg, S eptember, 1978) IAEA, Vienna
(1979)î 3.
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RESEARCH WORK ON HIGH-LYSINE BARLEY AT SVALÖV

A. TALLBERG, K.-E. KARLSSON, V. STOY
Svalöf AB, Svalôv, Sweden

Abstract

High-lysine barley breeding with Hiproly as gene source has resulted
in a yield level in the most advanced material of 99 % of that obtained
in corresponding normal cultivars. The average lysine content in this
advanced material is 4.05 g/16 gN in the seed which is a significant
improvement but still not as high as desired. By combining different
high-lysine factors a further substantial increase in lysine content
has been obtained. In these high-lysine double-récessives the glutelin
fraction was increased whereas the hordein fraction was decreased. The
grain weight of the double-récessives was, however, reduced compared
with that of the parent lines.
DBC/N analyses of commercial varieties showed big differences, which
were consistent for the varieties at two localities and when compared
for different years. This indicates that in a favourable genetic back-
ground the lysine content in the seed might be improved.
Possible relations between phytohormone activities or contents and grain
growth in both normal and high-lysine barleys were investigated. The
normal types exhibited high levels of auxins and low levels of gibberellin-
like substances whereas the reverse was true for the high-lysine types.
It is suggested that auxins in particular may play an important role in
grain growth. Further research work on phytohormone and other effects
on grain growth and development in normal and high-lysine barley geno-
types is in progress.

Practical breeding with Hiproly as gene-source
Efforts to produce a high-lysine barley variety, e.g. a barley line
with a substantial improved nutritional value have up to now not given
any practical results. This means not that the work has failed, on the
contrary, the progress has been highly remarkable. The difficulties
have been much greater than anticipated and it seems reasonable to assume
that it will take longer than originally planned. Inview of tne results
produced so far there are, however, good reasons to believe that we will
be successful in production of high-lysine barley.
The difficulties to produce a high-lysine barley variety with good
agronomic characters are due to the fact that the high-lysine genes
influence several other properties in the plant sinfultanously, especially
the grain weight. We have, however, now succeeded in elevating the yield
level of the high-lysine material by intense crossing and selection and
by broadening the genetic back-ground. The grain yield of the most advanced
high-lysine material with Hiproly is 99 % compared with the commercial
variety Tellus as standard. The protein yield of this material is increased
with 10 % with a lysine content of approximately 4.05 g/16 gN.

1508/Hiproly double-récessives.
Although the lysine yield is increased with 20 % compared with a standard
variety, the lysine content in the seed is insufficient. To enhance the
lysine content in the barley seed different high-lysine factors have been
combined. The lys 3a-gene in jnutant 1508 was combined with the lys-gene
from a high-lysine back-cross line, Hiproly x Mona^. The lysine content
in the double-récessives was raised to an optimal level, 5.6 g/16 gN,
which is above that recommended by FAO, 5.44 g/16 gN.
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Sequential extraction of proteins (1, 2) shows that the hordein fraction
is drastically reduced in the double-récessives, displaying only 10 %
hordein proteins (Table 1), while the glutelin fraction is increased
with 40 % compared with mutant 1508. The effect of the lys 3a-gene besides
the suppressed hordein synthesis is a highly increased content of salt-
soluble proteins, which is also reflected in the double-récessives. In
Mona, Bomi and Hiproly x Mona^ 7 % of total N is attributed to non-protein
nitrogen (NPN). The greater proportion of free amino acids in mutant
1508 (3) is reflected in a higher amount of NPN in the mutant itself
(13 %) and in the double-récessives (16 %). This increase of non-protein
nitrogen in mutant 1508 and the double-récessives is a consequence of the
suppressed hordein synthesis, which also has been reported by K0ie and
Kreis (4).
The increased content of non-protein nitrogen and thus the free amino acids
in the double-récessives causes the insufficient separation between mutant
1508-segregants and double-récessives in the DBC-analysis employed for
selection (Fig. 1). As amino acids and peptides will not precipitate,
although dye will adhere to the basic amino groups, a lower DBC-value is
recorded (5, 6) .
These high-lysine barley double-récessives (lys 3a/lys) are characterized
by extremely shrunken seeds due to major changes in seed metabolism affecting
both proteins and carbohydrates. It might still be possible, however, that
by transferring these high-lysine barley genes into new genetic back-grounds
the agronomic characters are improved.

Mutant 7/Hiproly double-récessives.
Up till now the only high-lysine barley mutant described without reduced
seed size is mutant 7 induced in Bomi (7, 8). The increase of lysine is
only 10 % compared with Bomi, most probably due to a single recessive
gene inheritance (8). In an attempt to achieve an increased lysine content
in the seed without a drastic reduction in grain weight mutant 7 was
crossed with the high-lysine back-cross line, Hiproly x Mona^.
The double-récessives display two lysine levels and representatives from
each group are referred to as DR-A and DR-B. Lysine content of protein is
increased with 10 % and 17.5 %, respectively, compared with the high-lysine
parents. Sequential extraction of proteins (1, 2) shows that the contentof hordein proteins in mutant 7 is decreased whereas salt-soluble proteins
as well as glutelins are slightly increased (Table 2). DR-A, with the lower
lysine content, has almost the same protein composition as mutant 7, while
in DR-B with the higher lysine content, the glutelin synthesis is
substantially enhanced in addition to an impaired hordein synthesis.
In Fig. 2 the lysine content of the protein fractions in % of total lysine
is presented. The glutelin fraction contributes with most of the lysine
compared with the other fractions. The high lysine content of the glutelins
in Hiproly x Mona^ explains the higher content of lysine in the double-
récessives compared with mutant 7. The effect of the lys-gene on an enhanced
glutelin synthesis in combination with the hordein suppressing mutant 7
has resulted in an improved lysine content without the deficiency of
storage protein, characteristic of hordein-deficient mutants. The grain
weight of the double-récessives are only 15 % lower than a normal lysine
standard and by putting the double-récessives into favourable genetic
backgrounds there are good reasons to believe in increased grain weights.

Differences in lysine content between commercial varieties.
Besides the substantial increase of lysine content in Hiproly and the
other high-lysine mutants, smaller differences in the lysine level have
been found among commercial varieties. Varieties used in the breeding
program for high-lysine barley have been checked with DBC/N analyses.
20 plants from each variety were analysed and the regression lines for
different varieties compared.Differences in the lysine level between
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commercial varieties were as big as half the difference between high-
lysine lines including the jys-gene and normal varieties. It was also
found that the relative differences between varieties were the same for
material grown at two localities. For some varieties the differences
were consistent even when different years were compared.
In light of the positive transgression in lysine content found in the
earlier mentioned double-récessives it will be interesting to see if
the lysine level in high lysine barley still can be increased by choosing
the "right" parents. The effect of such modifiers will be further studied
at the high-lysine level as well as at the normal lysine level.

Phytohormones in high-lysine barleys
Grain growth in cereals is presumably controlled by the activity of
various phytohormones and differences in grain weight may thus possibly
be due to differences in hormone activity. It has therefore been
considered worthwhile to investigate the changes in activity or
content of several phytohormones during grain development in both
normal and high-lysine genotypes in order to find out if these changes
in someway are related to observed differences in grain growth.
Gibberellin-like activities and auxin contents were determined at
various stages of grain development in the normal cultivars Mona and
Bomi and the high-lysine types Sv 73608 (Jys^-gene) and Ris0 1508
(lys 3a-gene). Very great differences were found between the normal
and the high-lysine types with respect to both gibberellin-like
activity and auxin content. Thus the peak in gibberellin-like
activity found about 3 weeks after anthesis was 2-5 times higher in
the high-lysine types than in the normal cultivars (9).
In contrast to these findings auxin content was much higher in the
normal types than in the high-lysine ones. Ris0 1508 exhibited
extremely low levels of auxin throughout the entire grain filling
period whereas Sv 73608 first developed an auxin peak similar to
that found in Mona but later rapidly approached an auxin level which
was only half of that obtained in the normal cultivar. It is therefore
suggested that auxin plays an important role in the development of
barley grain (9) but the precise action and interaction of the various
phytohormones in this process is still unknown as is the possible
effect of the high-lysine genes on the hormone system. Further work
on this problem is in progress at Svalöv.
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TABLE 1 ,

MONA

HIPROLY X MONA5

BOM I

MUTANT 1508

DOUBLE-RECESSIVE

TABLE 2,

DR-A

DR-B

MUTANT 7

HIPROLY X MONA5

MONA

PROTEIN FRACTIONS IN % OF TOTAL M

NPN SALT-SOLUBLE HÜRDEINS
PROTEINS

7 31 44

8 31 43

7 29 49

13 43 17

16 47 10

PROTEIN FRACTIONS IN % OF TOTAL N

NPN SALT-SOLUBLE HORDEINS
PROTEINS

8 31 32

8 32 26

9 28 31

8 33 39

7 23 47

X 6,25

GLUTELINS

18

20

17

22

31

X 6,25

GLUTELINS

24

31

22

31

20

RESIDUE

7
6
5
18
13

RESIDUE

13
11
19

10
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LYSINE IN FRACTION OF TOTAL LYSINE
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PROTEIN IMPROVEMENT IN CEREALS I. WHEAT*

CF. KONZAK
Washington State University

G.L. RUBENTHALER
Western Wheat Quality Laboratory,
United States Department of Agriculture,
Science and Education Administration-Agricultural Research,
Pullman, Washington,
United States of America

Abstract

BREEDING FOR HIGH PROTEIN CONTENT IN CEREALS I. WHEAT.
Preliminary studies were made of progenies selected from crosses

between standard hard red spring wheats and a high protein germ plasm
source Magnif 41 ert 1. Results indicate that the genetic capacity to
produce grain of higher protein content at equal or higher grain yield
levels is a realistic goal. The principal obstacles to this goal appear
to be similar to those encountered in any breeding effort to transfer a
few desired traits from unadapted, diverse germ plasm sources to locally
adapted wheats. Thus, it is not unexpected that, compared with the
locally adapted wheats, only a few progeny selections from simple crosses
show promise for competitive or higher yield than local cultivars, as
well as adequate disease resistance and acceptable agronomic character-
istics (straw stiffness, adaptation) and satisfactory processing
qualities along with the desired higher protein production potential.
Especially encouraging are indications that progeny with processing
qualities superior to the parent and check varieties have been recovered
in the early stages of research.

Additional germ plasm resources for further increasing wheat protein
content and nutritional value appear to be available for exploitation.
Induced mutations offer promise to complement natural germ plasm sources
for genetically increasing wheat protein content. New infrared spectros-
copy methods for rapid screening selections for protein and lysine content
offer promise to enhance protein improvement research.

1. INTRODUCTION

Several wheat breeding research programs in the United States now in-
clude improved protein content and/or nutritional value as a major goal for
future wheat cultivars. The State University and Experiment Station re-
search programs in Nebraska, Kansas, South Dakota, Montana, California, and
Washington all have significant high protein wheat breeding research in
progress. The Nebraska-USAID wheat protein improvement program especially
has made exceptional progress in breeding high protein hard red winter

^Scientific Paper No.5715 . College of Agriculture Research Center,
Washington State University, Project Nos. 1568 and 1570. Supported in
part by IAEA Contracts RB-1590 and RB-1690.

Mention of trade names does not imply endorsement by the authors,
Washington State University, or the U. S. Department of Agriculture,
Agricultural Research Service, Division of Science and Education.
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wheats and in identifying germ plasm sources [1]. Also, several high pro-
tein selections from Kansas and South Dakota have been widely used by
breeders. In some other states, such as North Dakota, Minnesota, Oklahoma,
and Texas, wheat protein improvement also has long been an overall objective.
Of the private breeding firms, Seed Research Associates, Scott City, Kansas,
was perhaps first in the U.S. to market high protein hard red winter wheats
under private contracts, with the production used for blending with lower
protein standard wheats. (Ken Gertzen, S.R.I., personal communication, 1980).
Central to all of the research is the goal of increasing the genetic potential
for higher grain protein content while retaining the traditional industrial
processing properties; and, of course the necessary agronomic and disease
resistances for competitive yielding. Improving the nutritional value of
wheat protein is generally yet in the exploratory stages, although signifi-
cant progress has been made in identifying germ plasm sources.

Only recently have there been indications that genetic recombination
among high lysine germ plasm sources might permit achievement of even higher
lysine/protein content levels in wheat [2, 3; Allan et al., personal communi-
cation, 1980].

A major impetus for breeding higher protein wheats has been prompted by
concern of the U. S. milling and baking industry to break the trend of lower
protein wheat production [1, 4]. Insufficient supplies of high protein wheat
for blending has made it difficult to meet requirements of U. S. national
bread labeling laws [4]. The price paid to growers for low protein (below
10.5 percent) bread wheats often may be severely discounted, yet premiums
are paid for protein levels over 14.5 to 16.5 percent. However, to achieve
the higher protein levels, growers must often apply more N fertilizer, which
is becoming increasingly more costly. Consequently, there is an increased
incentive for breeders to develop high protein wheats.

This paper describes some preliminary results of the author's program
at Washington State University to increase the protein content potential of
hard red spring (bread) wheats, the selection and evaluation methods employed.
Some related aspects of wheat protein improvement work in progress at Pullman
and at some other institutions are briefly reviewed.
2. MATERIALS AND METHODS

Several sources of high protein genes have been introduced in the
Washington State University spring wheat breeding program (Table I). A
semidwarf mutant, Magnif 41 ert^ l (CI17689) induced by the senior author
in the Argentine high protein cultivar Magnif 41, has been used most
extensively and some progenies rapidly advanced to preliminary trials from
increases of selected F 3 lines. This was done in order to obtain preliminary
indications of the problems to be encountered, especially since Magnif 41
is poorly adapted to local conditions, and because of the weaker mixing
properties associated with its protein. Also, unlike most other sources
of high protein genes, the mutant Magnif 41 ert 1, like the original
Magnif 41, carries resistance to leaf rust (Puccinia recondita f. sp.
tritici), an increasingly important disease in the area.

In the studies described, the local high-quality bread wheats, Wared
and Borah were included as single cross parents. The selections discussed
here were evaluated at two Washington State station test sites: Lind, on
fallow, alternate year cropping, rainfall 220 mm during the fallow year,
200 mm during the crop year (September 1—August 31); and Royal Slope, rill
irrigated, following a two-year alfalfa hay crop. The evaluation trials
were replicated three times with fourteen selections plus the two check
varieties (Wared, Wampum) in each trial. For the results reported here, the
data for the check varieties were averaged across locations, and all values
are expressed in percent of the Wared check variety, which was the normal
protein parent of cross K74102. The protein and lysine composition data
reported here were obtained using a Technicon Infralyzer-Plus near infrared
spectrometer employing the standard calibrations for protein, with lysine
calibrations based on samples evaluated two years earlier against samples
checked by an amino acid analyzer.

The lines selected for the tests and included in this report were
evaluated visually in the field for uniformity and for potential produc-
tivity as Fß lines in 1976. Only those lines with superior seed quality
were tested for protein content. Thus, approximately 1800 of the better
quality lines, representing 23 crosses all involving Magnif 41 ert 1
(CI17689), were sown as single seed increase plots at Pullman in 1978.
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Samples from the 1978 harvest were screened visually for seed quality (plump-
ness, smoothness), and 143 of those considered satisfactory were submitted
for a preliminary processing quality evaluation. Seventy lines with apparently
high protein, most with mixing properties in the satisfactory range, were then
entered into the replicated agronomic trials discussed above. A sample of the
experimental lines were recently evaluated in preliminary tests for loaf
quality and mixing properties. The 13 lines discussed here represent the
residue from about 4,000 F^ single lines available for the initial evalua-
tions and are the best-performing part of the seventy lines that were yield
tested in 1979. FoEty-one of the seventy lines have been replanted in four
replicate agronomic trials at three test locations in 1980.

3. RESULTS AND DISCUSSION

Preliminary data (Table II) on the thirteen experimental lines selected
from yield trials at Lind (low rainfall, dryland) and Royal Slope (irrigated)
indicate that a few of the seventy lines tested may prove superior to their
locally adapted parent in grain yield, protein content, and/or protein yield
(others were lower yielding or equal to the Wared check). It is particularly
interesting that superior performance occurs most often at the irrigated test
site, indicating perhaps that their potential for superiority was least
restricted by moisture availability at that site. However, there is also a
suggestion from the data that the apparent yield and/or protein production
superiority may occur at either the low potential location (K74127-422), at
the irrigated high potential location (K74102-46, K74127-292, 334, 337, 339),
or at both (K74102-56, K74102-134). Perhaps the adaptation of developmental
patterns, including the maturation period of the selections to the test
environments, has a strong influence on the observed agronomic performance.

TABLE I. SOURCES OF HIGH PROTEIN AND/OR HIGH LYSINE GERM PLASM USED IN SPRING
WHEAT BREEDING AT WASHINGTON STATE UNIVERSITY, PULLMAN, WASHINGTON

Entry Sel, PI or
CI number

Source or
origin

Vernalization
response

Useful
traits

April Bearded
Atlas 66/Comanche
Magnif 41
Magnif 41 ert l
Nap Hal
Nap Hal
Nap Hal
Mahratta
Marfed Mutant
SD69103/Atlas 50

lines
Hybrid English
Pearl
22A
Rageni 15
T. aest. albidum
T. aest. caesium
T. aest. nigricolor
T. aest. pseuc

ingrediens

CI7337
NB68-24709
PI344466
CI17689
PI176217
PI176221
PI176223
CI8500
MJD72175
KS745720
KS745820
CI6225
CI3285
CI5484

England
Nebraska
Argentina
Washington
India
India
India
Australia
Washington
Kansas

England
Sweden
USSR

PI383308
CI15002
CI15011
CI15007
CI15005

Pakistan
Nepal
Nepal
Nepal
Nepal

S Protein, Lysine
I Protein
S Protein
S Protein
S-W Protein, Lysine
S Protein, Lysine
S Protein, Lysine
S Lysine

Lysine
W Protein

W Protein
S Lysine
S Protein
S Protein
S Protein, Lysine
S Lysine
S Protein, Lysine
S Protein, Lysine
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TABLE II. PRELIMINARY AGRONOMIC PERFORMANCE OF HARD RED SPRING WHEAT DERIVATIVES OF HIGH PROTEIN
MAGNIF 41 ert l (CI17689).

ON

LIND (DRY)

Sel. No.

K74102-23
K74102-46
K741p2-56
K74102-118
K74102-134
K74102-206
K74110-256
K74123-341
K74127-292
K74127-334
K74127-337
K74127-339
K74127-422
Wared (CK)
Wampum (CK)

Grain
Size 1̂)

L
M
L
M
M
M
M
M
M
M
M
M
S
M
M

Plant
Ht. cm.

45.0
40.0
55.0
47.5
55.0
52.5
40.0
52.5
55.0
42.5
50.0
42.5
52.5
55.0
55.0

Test Wt.
Kg/hl

76.5
77.2
75.9
77. 2
11.1
11.1
11.1
77.9
77.2
75.9
74.6
81.1
77.9
78.5
78.5

Yield
Grain

99
79
113
105
105
102
96
107
76
67
91
84
109

1431®
99

ROYAL SLOPE (IRRIG)
% of Wared CK
Protein

94.7
76.8

108.9
96.7

104.7
98.9
93.4
98.2
77.1
76.6
92.3
83.6

105.0
223. 2(2'
88.5

Lysine

105
85
120
106
111
107
97
104
76
68
87
81

'110
3) 5 16(2,

100

Plant
Ht . cm .

85.0
85.0
82.5
77.5
90.0
90.0
80.0
72.5
70.0
75.0
77.5
77.5
82.5

3) 85.0
90.0

Test Wt.
Kg/hl

78.5
79.1
77.2
81.7
81.1
81.1
79.8
77.9
78.5
79.8
79.8
81.1
78.5
79.2
79.8

Yield % of Wared CK
Grain

111.8
113.0
110.9
120.0
112.8
118.6
106.6
99.4

109.3
100.0
111.3
107.3
91.5

4849.0
117.7

Protein

112.9
126.7
115.7
117.0
116.2
116.4
106.8
102.3
117.8
109.7
117.7
110.4
94.8

«706.4e'
113.0

Lysine

114
118
120
112
107
108
97
98
104
100
103
106
85

3)17.24(2'3)
114

— L = Large, M = Medium, S = Small
2/— Actual values Kg/Ha
3/— Protein 15.6-Lind, 14.6-Royal Slope; Lysine 2.31-Lind, 2.55-Royal Slope



The results of these tests show that the prime component of the protein
yield for a variety is grain yield. Even fairly large (1-2%) differences in
protein content, as for line K74127-334 (17.9% at Lind, 16% at Royal Slope)
are insufficient to make up for lower grain yield performance. Moreover, any
premium price paid to the grower for higher protein grain is likely to be
temporary and rarely will the protein premium be adequate to cover the in-
creased costs for N fertilizers. Thus it will be important to achieve
superiority in both grain yield and grain protein content. Protein yield may
be a useful calculation to estimate genotype N use efficiency but this measure
is of no value until grain yields are equal to comparable standards. In our
research, progress in breeding during the development of the high protein
germ plasm lines has led to the identification and release of Wampum which
shows equal yield performance with Wared at low potential environments, but
distinctly superior performance at high potential environments. It is
encouraging to note from Table II that line K74102-56 shows yield and protein
superiority to both the Wared parent and the competing Wampum variety,
indicating that it should be possible not only to increase grain protein
content but also grain yield over the current cultivars.

Because the high protein germ plasm source Magnif 41 ert l was poorly
adapted to Washington conditions, it yielded well below local standards,
yet always produced high protein grain [3]. It cannot be assumed that the
high protein production of Magnif 41 or mutant ert l is associated with
their low yielding ability since these wheats transmit their high protein
trait to higher yielding progeny.

It is not yet known if any of the higher yielding lines carry the
mutant semidwarfing trait of Magnif 41 ert 1. This trait probably is in-
herited independently of protein content. However, since Magnif 41 ert 1
is slightly shorter in height than Wared, it is possible that lines
K74102-118, K74110-256, K74123-341, and K74127-292 carry this gene instead
of Rht?. Because Rht2 is closely associated with gibberellin insensitivity
gene Gai2, a simple test for seedling response to GAß will identify the gene
involved. The Rht gene of Magnif 41 ejrt 1 is inherited independently from
the Rht? GaJ2 association.

None of the "double short", 2-gene recombinants survived the rigorous
screening tests applied to this set of materials. However, intensive
pedigree selection among F/ and F r populations of the "very short" segre-
gates from crosses K74102 (Magnif 41 ert 1 x Wared) and K74127 (Borah x
Magnif 41 ert 1) may yet produce some high yielding, high protein shorter
height lines better adapted for irrigated culture.

The most notable weaknesses introduced into the crosses from the Magnif
41 ert 1 parent include the tendency to produce seed with a shrunken endo-
sperm, often associated with late maturity. Yet Magnif 41 ert 1 itself is
comparatively earlier than the local cultivars used as the other parents in
crosses. The low yield of Magnif 41 ert 1 also may have been due to a
lower number of flowers formed per spikelet and possibly some floret sterility.
Surprisingly, the larger hard grains of the Magnif parent were not so readily
recovered as might have been expected if its high protein gene(s) are
associated with large grain size. In addition, the relatively weaker mixing
properties of the Magnif 41 parent was severely limiting, such that perhaps
only the few lines currently under agronomic evaluation survived screening
thus far. It is hoped that the back-up reselections made from the various
sub-lines of these crosses will at least include some combinations of high
protein and better baking quality or high protein and high yield in lines
exploitable by further breeding. However, more recent preliminary baking
and processing data (not yet compiled) indicate that lines K74102-23, K74J02-
56, K74102-206 produced bread superior to the check varieties and had accept-
able mixing properties, while lines K74127-334 was distinctly superior to the
checks, and lines K74127-337 and K74127-339 were equal to the checks, Wared
and Wampum. These results and especially those for K74102-56 suggest there
may be no significant obstacle to achieving satisfactory processing properties
at higher than usual protein levels.

Other high protein sources, including mutants investigated in Washington
State University breeding research: A brief mention of our experiences
using other sources of genes for higher protein or lysine content seems
appropriate. We have used as parents CI8500, CI7337, CI3285, several Nebraska
Atlas 66/Commanche/Lancer lines, Nap Hal lines PI176217, PI176221, and
PI176223, as well as mutants Rageni 15 from Pakistan, and Marfed mutant
MJD72175 in several crosses with local wheats. Selected lines from this group
of single crosses to local cultivars or selections are only now entering pre-
liminary replicated yield trials.
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As with the Magnif 41 ert^ 1 crosses discussed earlier, very few of the
lines screened for quality have shown acceptable mixing properties. However,
early indications are that advances may have been made toward adaptation to
local conditions combined with increased protein and/or lysine content. Of
the 780 lines submitted for preliminary quality screening (milling, mixing
properties, protein content and water absorption) only 20 lines appear to
have satisfactory mixing properties combined with high protein. The Nap
Hal materials had notoriously poor milling properties and introduced poor
agronomic traits into the crosses. Crosses with Mahratta (CI8500), a high
lysine source from Australia, have produced a large number of promising lines
currently under yield performance evaluation. However the weak mixing pro-
perties of most lines will limit their value to use as parents for further
crosses. Many of the lines from Magnif 41 ert l x Mahratta show increased
lysine or increased protein and some may combine both [5], The Rageni 15
genotype introduced a number of undesirable and unadapted traits reducing
the frequency of promising segregates. Marfed mutant MJD72175, selected
as a possible higher lysine source, also has proved difficult to use as a
parent. MJD72175 may carry some chromosome abnormalities, since sterility
and defective recombinants have been encountered in the ?2 and FS cross
progeny. However, a number of the problems encountered with the cross
combinations made using the new germ plasm resources were unpredictable when
the crosses were made. Most serious of these is the appearance of new races
of stripe rust (Puccinia striiformis West) and leaf rust (Puccinia recondita
Rob. ex Desm. f. sp. tritici) to which many of the locally adapted parents
proved susceptible. Thus, new crosses including more disease resistant
parents have had to be made. In some few cases, however, 3-way and 4-way
crosses were made to include more germ plasm from locally adapted lines with
disease resistance and better processing properties. Selections from those
crosses are only now reaching the stage of preliminary laboratory and field
screening prior to entry into yield trials.

Because of the strong focus on practical objectives of the research
described, and because of the encounter with new disease problems, it has
not been possible in our program to identify a 'parent1 source suitable for
induction of mutations for high protein content. Consequently, this type
of research is yet in the future.

New results from other research programs at Washington State University:
R. E. Allan, C. J. Peterson, and G. L. Rubenthaler (personal communication,
1979), USDA-SEA at Pullman, have recently determined that the local cultivar,
Luke (CI14586), is possibly a better germ plasm source for high lysine than
CI13447 or CI13449. The cultivars Hyslop (CI14564) , Gaines (CI13448), and
Nugaines (CI13968) also appear to have high lysine composition. Analyses
of 165 Fj lines selected from ten crosses among the high protein or high
lysine sources SD69103, CI7337, and Nap Hal with locally adapted winter
wheats Hyslop, Luke, Nugaines, Wanser, and Burt showed that heritability of
protein content was relatively high (60%) but that for lysine was lower (47%).
Numerous lines had either high protein or high lysine, with 11 of the 165
lines having higher lysine than Nap Hal and with a protein content equal to
CI7337. Most significantly, however, 16 lines had lysine values significantly
above Luke (3.39 g lys/100 g protein) indicating transgressive segregation for
lysine content, and suggesting that genes for lysine in Luke may differ from
those in Nap Hal (PI176217).

Another interesting cultivar is Yamhill which has proved to be
nutritionally superior in poultry feeding, possibly because of a higher
threonine and lower carbohydrate gum content [6-8; J. McGinnis, personal
communication, 1980]. As a further aspect of our effort to increase the
genetic potential for protein production in wheat, we have recently initi-
ated cooperative research with the Volcani Institute, Rehovot, Israel
to further develop and exploit some T_. dicoccoides Körn germ plasm resources
for protein improvement. Durum and common wheat x T_. dicoccoides dérivâtes
with 18 to 21 percent protein already have been recovered at the Volcani
Institute by Adriana Grama (personal communication, 1980). At a nearby
laboratory in Israel, Avivi [9 ] recently found that some selections of
wild T_. dicoccoides produced plump grain with a protein content of 27 per-
cent in the field and that can produce plump grain with up to 43 percent
protein when grown under greenhouse conditions. These results surely suggest
there is far greater genetic potential for increasing the protein content of
wheat than was ever imagined previously. The achievement of 43 percent pro-
tein in any wheat grain, no matter the yield level, suggests that the genetic
regulation of protein in such genotypes has been relieved, allowing protein
to accumulate in the endosperm as long as a nitrogen supply is available to
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construct it. The discovery of such high protein accumulation capacity in
strains of wild T_. dicoccoides (the presumed progenitor of both durum and
common wheats) suggests at least that the wheat genome has the capacity for
mutation toward protein production levels far beyond those yet realized. It
should thus be possible to induce mutants affecting the regulatory processes
of protein accumulation.

New results at Kansas State University: Also of interest here, are
results of mutation experiments conducted by Dr. E. G. Heyne, Kansas State
University, Manhattan, Kansas, on hard red winter wheats. Ethylmethanesul-
fonate (EMS) treatments were applied to four wheats (about 16,000 M^ plants
were grown). Selections were made for protein content in the M2 and Mß
generations, following a pedigree system of selection. Sub-lines from 23
families are still under evaluation in agronomic trials (Table III). In-
dications are that some variations (both i) in protein content are present
among the lines. There appear to be some differences also in mixogram
characteristics. Only a few of the lines selected are agronomically equal
in performance to the check (E. G. Heyne, personal communication, 1980).
Genetic tests may be necessary to establish whether protein content improve-
ments have in fact been induced by the treatments.

4. CONCLUSION AND SUMMARY

Research aimed at genetically increasing the capacity of wheats to
accumulate endosperm protein has begun in earnest at several research
organizations in the United States. Industries already appear willing to
pay extra for extra protein, but this is not the only factor affecting pro-
gress in protein enhancement breeding research. Neither the grower nor
industry wants to bear the cost of the added N needed to achieve the desired
protein levels, since the cost of the added N may exceed the protein pre-
miums offered on the open markets. This situation may result in increased
risk to wheat producers, and fluctuating supply and demand. The preferred
alternative is to develop wheats genetically capable of more efficiently
converting soil N into both yield and grain protein. Some millers
already are contracting with producers to grow the high protein strains
already released (Seed Research Associates, Incorporated, personal
communication, 1980).

TABLE III. PROTEIN CONTENT VARIATION IN HARD RED WINTER WHEATS FOLLOWING
EMS TREATMENTS. DATA OF E. G. HEYNE (1980, PERSONAL COMMUNICATION).

Protein %-/
Cultivar Families Lines Avg. Range

Kaw Lines
Raw Check
KS 644 Lines
KS 644 Check
Parker Lines
Parker Check
Shawnee Lines
Shawnee Check

5
-
8
-
4
-
6
—

20
33
32
55
16
9
24
31

14.7
13.6
13.8
12.7
14.9
13.9
15.9
13.5

13.7-16.7
13.1-14.5
12.7-16.0
12.1-13.5
13.8-16.2
13.8-14.1
14.6-17.3
13.2-15.5

-Wheat grain moisture about 10% (t 0.3)

Major stimuli to protein improvement research in wheat have been new
knowledge of available protein gene resources and the development of
efficient protein screening methods. Of the protein screening methods
currently available, the new near infrared analyzers offer rapid, non-
destructive means for screening, applicable also to mutation experiments.
Indications of successful induction of high protein mutants from mutation
research should increasingly stimulate research at other laboratories.
Further evidence of progress made in advancing both protein content and
grain yield by several research laboratories will also encourage
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competitive efforts by others, as already seems to be taking place. In
all cases, however, a major problem has been the retention of traditional
processing properties. For the most part, this problem now seems
resolvable for protein improvements.

However, research to increase protein nutritional value in typical
bread-type wheats may encounter more serious obstacles not yet sufficiently
researched. It is probable that increased lysine will not affect soft
wheat quality since protein properties are of less importance. Neverthe-
less, it will be important to determine the influence of lysine improve-
ment on the processing properties of wheats, since it has been suggested
on the basis of the barley, sorghum, and maize research that to increase
lysine in wheat it will be necessary to reduce gliadins important to
processing. In contrast to these other cereals, the valued food product
characteristics of polyploid wheats are uniquely dependent on the content
of prolamines (gluten and glutenin fractions). It is already known that
the water soluble proteins have little influence on processing properties.
Thus, it may be possible to achieve some nutritional improvement via
increasing soluble proteins. Also, it is highly probable that genetic
recombinations can be made among the various proteins to compensate for
"weakening" effects of added lysine residues in proteins introduced to
achieve increased protein nutritional value [3]. Unlike most of the high
lysine sources in other cereals, the higher lysine germ plasm sources in
wheat produce plump grains, and recent results suggest that some of the
genetic variation for lysine is additive and may be independent of protein
content.

Indications from these studies and others conducted at Pullman [10] show
that near-infrared reflectance spectroscopy may also be useful for amino acid
content screening merit further investigation and testing under a wider range
of conditions. In these studies, relationship of lysine by infrared re-
flectance spectroscopy (IR) and amino acid analyzer (AAA) then obtained was
slightly better than between the AAA and the U-D dye binding protein vs.
Kjeldahl, for prediction of lysine content [10]. The requirements for
calibration to a set of similar samples is as yet an undesirable complication.
But the promise that even whole unground grain may be analyzed with some of
the newer commercially available instruments may be of such significance to
nutritional improvement that the method be afforded more consideration
by other laboratories. The high equipment costs for the near infrared
reflectance spectrometers may best be offset by shared uses. To screen for
amino acid content (known for lysine) it is essential to have access to an
amino acid analyzer for the analysis of current calibration samples; and
when ground samples are used, fine, uniform sample grinding may be important
with some equipment.

Results from some preliminary analyses of spring wheats bred for higher
protein content indicate that it should be possible to simultaneously in-
crease both yield and protein content potentials while also retaining
traditional flour processing properties. That some difficulties have been
encountered using certain germ plasm sources, and that the frequency of
desirable recombinants is low, is not at all unusual when introducing
divergent germ plasm sources. Our results in this regard are consistent
with those from other laboratories. Induced mutations can and should have
an increasingly important role in complementing other germ plasm sources
for protein content and nutritional value improvement. The impact of induced
protein mutants can be greatly advanced via making known mutants more
accessible to breeders and via greater knowledge of their value and potential
through biochemical and genetic analyses.
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PROTEIN IMPROVEMENT IN CEREALS II. BARLEY1

S.E. ULLRICH, T.K. BLAKE, A. KLEINHOFS,
C.N. COON, R.A. NILAN2

ABSTRACT

Study at Washington State University of the inheritance of high
lysine genes in barley (Hordeum vulgäre L.) has led to the use of these
mutants in a pedigree breeding program for improved protein. Crosses
between several high lysine mutants and locally adapted, high yielding
lines has resulted in the isolation of several lines with good protein
quality and promising yield. Some of these lines have been evaluated in
chick feeding trials with an indication of improved weight gain over
normal barley. Although no lines are ready for release, parent building
is progressing satisfactorily.

INTRODUCTION
Protein improvement work with barley has been ongoing at Washington

State University for many years, but until the early 1970's the emphasis
was solely on malting quality. Although malting quality improvement has
been and is still an integral part of the overall barley program, nutri-
tional quality improvement has received considerable attention since the
discovery of 'Hiproly1 (Munck et al., 1970) and the induction of the
Ris0 mutants (Ingversen et al., 1973 and Doll et al., 1974) with their
increased grain lysine content.

The overall objective of the protein improvement project is to pro-
duce nutritionally superior (protein and energy) high yielding varieties.
To accomplish this objective, background genetic studies and nutritional
evaluations have been conducted. Basic research on the inheritance of
several high lysine genes was conducted by Muench (1975) and Somers (1977)

Scientific Paper No. 5690. College of Agriculture Research
Center, Washington State University, Project Nos. 1006, 0430, 0277 and
0233.2Assistant Professor of Agronomy and Assistant Agronomist, Depart-
ment of Agronomy and Soils; Graduate Research Assistant and Professor
of Genetics and Agronomist, Department of Agronomy and Soils and Program
in Genetics; Associate Professor of Animal Sciences, Department of Ani-
mal Sciences and Professor of Genetics and Agronomist, Department of
Agronomy and Soils and Program in Genetics, respectively.

153



The relationship between the high lysine genes of Hiproly and 'Bomi' Ris0
1508 was determined by Muench et al. (1976), which resulted in the ap-
parent "double mutant", D-129. Screening techniques useful for breeding
high lysine barley were also developed, as well as the building of an
improved protein germ plasm base utilizing high lysine genes (Muench,
1975 and Somers, 1977). Initial nutritional evaluations of this germ
plasm using chicks was conducted by Coon et al. (1979).

Coincident with the genetic research a pedigree breeding program was
developed utilizing several high lysine mutants and local materials
adapted to the Pacific Northwest's semi-arid conditions.

Interest in high lysine barley stems from the fact that lysine is
the most limiting amino acid in barley when considering monogastric
nutrition. The implications are obvious in areas where protein supple-
mentation in human and livestock diets is lacking and/or expensive.
Barley, primarily a carbohydrate energy source, has the potential to
supply significant amounts of critical amino acids.

The objectives of this report are to describe the program to date
at Washington State University in breeding barley with nutritionally
improved protein and to relate the plans for future work.

MATERIALS AND METHODS
The basic approach to improving protein quality in barley at Wash-

ington State University has been to increase the effective lysine content
in the grain. This has been attempted by the introduction of high protein
and/or high lysine mutants. The basic sources used were Hiproly, Bomi
Risfi 1508, D-129 (double mutant with the Hiproly plus Ris0 1508 genes)
and Bomi Ris0 7. Crosses were made between these mutants and a number of
locally adapted varieties and advanced breeding lines including 'Steptoe',
'Blazer1, 'Boyer', 'Advance', 'Vale 70', 'Piroline', 'Vanguard', 'Klages',
WA 7228-67, WA3564, WA 6468-67 ('Mari1 x 'Luther2' x 'Trail!1), and WA
6194-63 [ 'Forma1 x ( 'Triple-bearded Mariot1 x 'White Winter1) ]. The
resultant lines were advanced by a pedigree selection system. Although
lysine and protein contents were followed, selection criteria were pri-
marily agronomic characters. Double as well as single crossed material
have been utilized. That is some of the original advanced high lysine
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breeding lines were crossed again to either another high lysine mutant
or adapted variety/line. This was done to either increase the lysine/
protein content or the adaptation.

Advanced lines from the CIMMYT and ICARDA breeding programs have
also been evaluated.

Data was collected and reported herein from replicated yield trials
and single row selections grown at Pullman. Yield and percent plump
(on 2.4 x 19 mm sieve) and thin (thru 2.2 x 19 mm sieve) were measured.

Protein was determined by the Kjeldahl method and lysine by the Udy
dye binding method described by Mossberg (1969). Lysine content results
were verified by amino acid analysis.

Nutritional quality of some of the original advanced high lysine
selections were evaluated with day-old male broiler chicks in replicated
trials. These trials included barley test diets containing .3% supplemen-
tal lysine and .08% supplemental threonine, barley test diets containing
.3% supplemental lysine and barley test diets containing no supplemental
lysine or threonine. Weight gain and feed consumption were measured over
a two week period.

RESULTS AND DISCUSSION
The results thus far are preliminary. A high protein and/or lysine

variety release is not in the immediate offing, but parent building is
progressing well. The lines and data presented in Tables 1 and 2 in-
dicated the identification of the most promising material selected and
tested in the 1978 and 1979 crop years, respectively.

The lines represented in Table 1, and other lines not shown, were
used as parents or subjected to further selection in 1979. One line,
Ris0 1508 x 7228-67, was advanced to a major yield trial in 1979. In that
trial its performance was similar to that of 1978 in terms of grain, pro-
tein and lysine yield, which placed it 10th among 24 entries. This line
appears to show more promise as a parent, than a potential variety.

No other line has survived to be placed in a major yield nursery.
However, there were several F* lines selected in 1979 that appear to have
good potential and several lines in a preliminary yield trial performed
well in yield (Table 2). These lines, P.O.N. 47, Mex. 188, and Klages
x S 72114 did not have particularly high lysine contents, however.
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Table l. Improved protein selections with greatest promise from the 1978 crop year at Pullman, Washington.

Line/Cultivai

A67-28 x Blazer, F4
70/22301 x Pirol ine, F 5
Vanguard x 70/22089, F5
Hiproly x WAS 5 64, F6
A13 x Steptoe, FS
Ristf 1508 x 7223-67, F6
Risrf 1508
Hiproly
Steptoe

Plump

°/
76
26
67
86
84
81
55
36
90

Thin

7
14
8
3
4
6
10
17
4

Grainyield

-Kg/ha-
5200
2500
3600
3000
3200
4410
2780
2040
4250

Proteinin grain

%
11.2
18.8
15.2
17.2
14.8
11.0
14.3
18.6
12.4

Proteinyield

-Kg/ha-
582
469
548
516
473
485
398
379
527

Lysine inprotein

3.82
4.03
4.10
3.93
4.22
4.10
4.61
3.53
3.00

Lysine ingrain

V

.428

.757

.624

.676

.625

.451

.659

.656

.372

Lysineyield

-Kg/ha-
22.2
18.9
22.4
20.3
20.0
19.9
18.3
13.4
15.8

+Numbered lines preceeded by A or 70 are crosses involving Hiproly.
Data for the first five entries are from single rows, while data for the second four entries are from replicated
preliminary yield trial. The single rows and yield trial were adjacent in the field.



Table 2. Improved protein selections with greatest promise from the 1979 crop year at Pullman, Washington.

Line/
Cultivar"1"

A412-75 x
A412-75 x
A412-75 x
A412-75 x
A412-75 x
P.O. N. 47
Mex. 188
Klages x
Risul 1508
Hiproly
Steptoe

Steptoe, F4
11304-73, F4
10500-74, (A)F4
10500 74^B^F4
10500 74,^C^F4
(ICARDA)

(CIMMYT)
S 72114

Plump

01

81
22
80
68
48
89
94
95
4
3
95

Thin

5
30
6
9
15
2
1
1
38
32
2

Grainyield

-Kg/ha-
5000
4700
5700
5400
4500
4430
5650
4970
3440
2040
5650

Protein
in grain

V

13.
14.
13.
13.
14.
14.
12.
13.
15.
20.
12.

5
8
5
6
2
9
6
1
0
6
0

Proteinyield

-Kg/ha-
675
696
770
734
639
660
712
651
516
420
678

Lysine inprotein

4
4
3
4
4
3
3
3
4
4
2

.21

.14

.66

.54

.17

.39

.45

.48

.62

.12

.90

Lysine ingrain

v
.568
.613
.494
.617
.592
.505
.435
.456
.693
.828
.348

Lysineyield

-Kg/ha-
28.4
28.8
28.2
33.3
26.6
22.4
24.6
22.7
23.8
16.9
19.6

+Numbered lines preceeded A or S are crosses involving Hiproly.

Data for the first five entries are from single rows, while data for the second six entries are from a replicatedpreliminary yield trial. The single rows and yield trial were adjacent in the field.



A close scrutiny of the data in Tables 1 and 2 reveals that protein
and lysine yield/ha relies both upon grain yield and protein and lysine
content, respectively. The dilema of combining high yield with high
protein or lysine is seen in these data, as it has been in data from
other breeding programs around the world. The apparent pleiotropic re-
lationships between high lysine and shrunken endosperm has not satisfac-
torily been broken. The morphology of the kernels of the lines depicted
in Tables 1 and 2 is such that the exceptional yielders have plump kernels
with médiocre lysine content and the highest lysine lines have shrivelled
kernels. There is some definite gain on the source mutants of Hiproly and
Ris0 1508, however, as evidenced by the percent plump and thin data.

The protein and/or lysine production per hectare is most critical
and this must be reconciled with a high energy (primarily carbohydrate)
yield. It is clear then, that high yielding cultivars must be developed
with an elevated protein and/or lysine content. Ultimately, the protein
and lysine produced in the kernels must be available to the people and
livestock consuming the barley. To evaluate this aspect, several high
lysine parental lines were fed to chicks (Table 3). These lines were
the progeny of Hiproly x adapted variety crosses. These lines in turn
have been crossed with other adapted varieties to produce some of the
material depicted in Tables 1 and 2. Weight gain and feed efficiency
(feed/gain) were measured and comparisons were made among the high lysine
parents and Ris0 1508 and Steptoe, with Soybean oil meal used as a con-
trol. (Table 3).

Weight gains tend to be higher for high lysine lines than either
the Ris0 1508 or Steptoe checks for both amino acid supplemented and non-
supplemented diets. However, statistical differences were not demon-
strated in most cases. Feed efficiencies tended to be the opposite. The
feed/gain ratios tended to be higher (less efficient) for the high lysine
lines than for the checks. The overall indication is that the high lysine
barley produced higher gain, but in some cases at the expense of greater
consumption. A problem with the availability of the lysine or the over-
all energy balance or value of the high lysine barley may be indicated.

Progress in combining high yield with high protein quality in barley
is apparent in the material developed at Washington State University and
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in other programs in the U.S., Europe and the international crop improve-
ment centers, namely CIMHYT and ICARDA. However, we have not seen a
commercial cultivar released to date.

The work at Washington State University will continue to emphasize
new mutant and introduced breeding line evaluations. High quality mater-
ial will be incorporated into the existing pedigree high lysine breeding
program. High lysine parent building and advanced testing of lines will
continue along with nutritional evaluation of both parents and advanced
lines.

Table 3. A summary of chick performance during two week feeding periods with
barley test djets supplemented with lysine and threonine and not
supplemented."''

Line/ ,CultivarT

A 13
A 13-10
A 67-28
B 134-27
C 195-31
Ristf 1508
Steptoe
Soybean oil meal

.3% lys.08% thr

97.5 b

94.9 b

90.9 b

89.4 b

86.8 b

84.7 b

89.1 b
125. 2a

Weight gain
No.3% lys Suppl.

g/chick

99.2 b

85.0 bc

80.G bc

82.4 bc 76.7 bc

78.1 bc

69.1 C 56.2 c

124. 3a 120. 3a

Feed/gain ratio5

.3% lys.08% thr

2.17ab

2.16ab

2 . 22
2.23ab

2.47a

2.11ab

2.07ab

1.93 b

.3% lys

--
2.02a

2.14a

2.35a

2.21a

2.21a

2.25a

2.03a

NoSuppl.

-_
—
—
--

2.39ab

—
2.48ab

2.10 b

tData from Coon et al., 1979.
^Numbered lines are crosses involving Hiproly.
G feed consumed/g weight gained.

a'b'cMeans within columns containing a common letter are not significantly different (P > .05).
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A NEW APPROACH FOR THE USE OF HIGH PROTEIN
VARIETIES AND MUTANTS IN BREEDING FOR
HIGH GRAIN PROTEIN CONTENT IN TRITICUM
AESTIVUM

A. BRUNORI, A. FIGUEROA, A. MICKE
Lab. VACOIND, CSN Casaccia, Roma, Italy;
Joint FAO/IAEA Division of Atomic Energy
in Food and Agriculture,
Vienna, Austria

Abstract

Analysis of the kinetics of nitrogen accumulation in developing
grain has revealed large differences in the rate and duration of nitrogen
deposition among genotypes of bread wheat. This has suggested the
existence of particular genes governing the process of nitrogen
accumulation»

Some experimental lines derived from the high lysine variety Nap Hal
have apparently inherited the pattern of nitrogen accumulation of
Nap Hal, indicating that kinetics of nitrogen deposition can be trans-
ferred by crossing.

One could assume that by transferring kinetics, genotypes could
contribute the amount of nitrogen per grain which they are able to
accumulate. Furthermore, by combining high rates and long duration of
nitrogen accumulation, it was hoped that transgressive types could be
obtained which might accumulate amounts of nitrogen per grain superior
to that of the best parent. To verify these points two sets of crosses
were made. Analysis of the nitrogen content per grain of individual
F plants supported the above hypothesis. A number of P. plants were
selected and the nitrogen amount per grain of individual plants of F,
families will be determined to confirm the results obtained in P„.

Introduction
Programmes for the improvement of the protein content in wheat usually

involve the use of varieties or lines with high protein percentage in the
grain as donors for the character 'high protein*. Although several genotypes
are available which present high protein grain (Konzak 1977)» the variety
•Atlas 66' has played the major role as donor for high protein genes
(Johnson et al. 1969, 1978, 1979)« Following its use in crossbreeding, very
often, the high protein percentage is found in tall plants with small grains,
and this may reduce the yielding ability of the new lines.

To avoid a reduction of yield, Jain has proposed to select first for
seed weight and successively for protein percentage are not always negatively
correlated and combinations of large grain and high protein percentage are
possible (Jain et al. 1976).

So far the search for high protein genes has been based on the protein
percentage of mature grain and for this purpose, the grain protein percentage
of the wheat world collection has been scored. Unfortunately, knowledge of
how proteins are accumulated in developing wheat grains is very poor.
We anticipated that the way proteins are accumulated may reveal differences
among genotypes indicating the existence of a different kind of 'protein genes*
which cannot be identified any more by analyzing the mature grain.
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Consequently, we have investigated in two consecutive years the kinetics
of nitrogen accumulation in a number of varieties and mutant lines, possessing
different percentages of protein in the mature grain. All determinations of
seed weight and nitrogen content were based on those grains developing from
the two lateral florets of each spikelet with the exclusion of the apical
and basal spikelets. Commencing at mid flowering, 5-10 spikes per genotype
were harvested twice a week. Depending on the genotype 9-12 samples were
collected. To better assess the potential for protein accumulation, part
of the plants were given a supplementary dose of nitrogen fertilizer between
heading and flowering, to secure nitrogen availability to the developing grain.

The study of nitrogen accumulation in the developing grain has
indicated the existence of sources of high protein genes alternative to
'Atlas 66' as well as a wide range of rates and durations of nitrogen
accumulation (Brunori et al. 1979» 1980). In order to take advantage of
the genetic variability revealed in this way, two sets of crosses were
made to answer the following questions:
a) Are there potential sources of high protein genes besides those from

'Atlas 66' that can be conveniently used in breeding programmes?

b) Is it possible to build a new genetic potential for high protein
contents by combining high rates add long duration of nitrogen
deposition?

Results to date
Nitrogen accumulation studies.

Data relative to the first year study (1976/7?) on nitrogen accumulation
have already been published (Brunori et al. 1979t 1980). Relevant
observations for the two years investigation can be summarized as follows:

Among the genotypes investigated a large variation was observed for
seed weight, nitrogen amount per grain and nitrogen percentage of grain.

Few genotypes showed higher amounts of nitrogen per grain than that of
the high protein variety 'Atlas 66' which nevertheless had the highest
percentage of nitrogen in the grain.

Nitrogen amount per grain appeared to be a stable characteristic
whilst a considerable variation was observed for seed weight and nitrogen
percentage.

In general, late nitrogen fertilization affected the amount of nitrogen
per grain in a positive way, though a large variation in response was
evident among genotypes. High protein lines, however, did not respond to
late nitrogen fertilization.

Rates and duration of nitrogen accumulation varied widely depending
upon the genotype, suggesting the existence of different genes governing
the process of protein accumulation.

In 1977/78 the weather conditions were drastically different from
those experienced in 1976/77« Compared to the first year, the second was
cold and rainy, and this may explain the "loŵ r rates and longer duration of
nitrogen accumulation observed in general. However, genotypes which had
shown high rates and/ar long duration of nitrogen deposition maintained
these characteristics.

Lines derived from the high lysine variety Nap Hal, which have been
selected for the high lysine percentage in the protein, appeared to have
inherited the kinetics of nitrogen accumulation from Hap Hal and
consequently the same amount of nitrogen per grain. This finding indicated
that the kinetics of nitrogen deposition is related to the amount of
nitrogen per grain and that both characteristics can be transferred together
by crossing.
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The observations on nitrogen amounts per grain of mature seeds and the
results of kinetics studies led us to conclude the following:
- There is a level of nitrogen per grain, characteristic for each

genotype, which cannot be exceeded even when large amounts of nitrogen
are available during the process of seed development.

- Several genes for high protein content may be present which regulate
the accumulation of nitrogen according to different kinetics.

- Kinetics of nitrogen accumulation can obviously be transferred by
crossing. Therefore, a breeding programme for the improvement of the
protein content of the grain was initiated to test the following
hypotheses :

1. Genotypes which accumulate in the grain larger amounts of nitrogen
than "Atlas 66" and which present kinetics of nitrogen accumulation
clearly different may represent alternative sources of high protein
genes. To verify this point the high yielding, low protein
variety "Kalyansona" was crossed as mother with "Atlas 66" (USA),
"F 26-70" (Romania) and "5-3" (India).

2. The large variation of rates and duration of protein accumulation
observed among genotypes might permit the creation of a new genetic
potential for protein accumulation. By combining genotypes with
supplementary kinetics of nitrogen deposition larger amounts of
nitrogen per grain than that of the best parent used in the cross
could be expected. For this purpose a set of four crosses was made:
"5 - 3" x "F 26-70" "TW-l" x "Lancota"
(high rate (very high (late high (high initial
and long rates) rates and long rates)
duration) duration)

up 307-65" "51092" "TW-l" "Atlas 66"
(long duration) (high rates) (late high rates (long duration)

and long duration)

Potential donors for high protein genes

Analysis of the nitrogen content per grain and grain yield per
spike of individual F_ and parental plants of crosses involving the
varieties "Kalyansona", "Atlas 66", "5-3" and "F 26-70" has shown
that high protein parents can actually transfer to the recipient
variety the full potential of nitrogen accumulation per grain. "5-3"
and "P 26-70" were more effective than "Atlas 66", confirming the
expectation of the potential value of these two lines as donors for
high protein genes.

Combination of the grain yield per spike of "Kalyansona" and of
the nitrogen content per grain of the high protein parents was observed
in all the crosses indicating that yield per spike and nitrogen
accumulation per grain are not necessarily competing processes.

Quite unexpected, transgressive types with amounts of nitrogen
per grain higher than that of "F 26-70" were observed in the cross
"Kalyansona" x "F 26-70". The crosses have been planned on the basis
of the results of the kinetics of nitrogen accumulation obtained in
1976/77. In that year the kinetics of nitrogen accumulation of
"F 26-70" was at any time superior to that of "Kalyansona" and no
complementation between the kinetics of the two genotypes could be
expected. However, in the season 1977/78 the kinetics of nitrogen
deposition of "Kalyansona" and "F 26-70" presented a possibility for
complementation. The climatic conditions in 1977/78 were quite similar
to those of 1978/79 under which the Fg were grown and this may explain
the transgression observed in this cross.
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Building new genetic potential for protein accumulation

In three out of four F populations of the second group of crosses,
plants were observed with amounts of nitrogen per grain higher than those of
the best parent supporting the hypothesis that it may be possible to
achieve a new genetic potential for nitrogen accumulation. For the three
crosses whose F„ plants showed transgressive amounts of nitrogen per grain,
the study of the kinetics of nitrogen deposition has indicated for both
years considerable areas of possible interaction between the kinetics of the
parent genotypes. In the F from the cross "F 307-65" x "51092" trans-
gression for nitrogen content per grain was not so evident. However, at
varia e with the results of 1976/77» the kinetics of nitrogen accumulation
of 1977/78 did not indicate the possibility for any complementation.
Summer in 1979 was similar to that of 1978 and therefore, in the F- the two
pools of genes may have expressed themselves according to the performance
of 197'8 with little, if any, chance for complementation.

Though negative, the results of the cross "F 307-65" x "51092" add
support to the hypothesis that complementation of kinetics may occur in
F provided that the parents used in the cross show complementing kinetics
or nitrogen accumulation under the climatic conditions under which the F_
is grown.

Although it is premature to draw firm conclusions, the knowledge of
the kinetics of nitrogen accumulation in developing grains appears to be
very useful in planning breeding programmes for the improvement of the
protein content and for the creation of new genetic potential for high protein
grain.
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STUDIES OF BARLEY HIGH-LYSINE MUTANTS AND
SEED PROTEINS AT RIS0
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ABSTRACT

Studies are being carried out on the effect of high-lysine
genes on yield, the relation between starch and protein production,

the starch synthesis in high-lysine genotypes, the possibility for

lysine rich storage protein, the induction of low-hordein mutants
and the inheritance of hordein. The results of the studies are

reviewed for possible approaches to surmount the main obstacle of

of utilizing high-lysine mutants in barley breeding, i.e., the
negative association between lysine content and grain yield.

1. Effect of high-lysine genes on grain yield

Studies of high-lysine mutants have shown that such mutants
in general have a reduced grain yield due to an impared starch
accumulation in the endosperm. This yield depression represents
the main obstacle for utilizing high-lysine types in agriculture.

An estimation of the yield depression associated with a
particular high-lysine gene is very time consuming, because the
effect of the gene in question has to be separated from the
effects of the genetic background and other mutations. In our
studies of mutant Ris0 1508 we have compared the segregated
normal- and high-lysine lines after crossing the mutant with
a standard variety and producing chromosome doubled haploids
from the F. [1 ] . This method is not suitable for studies of
many mutants, and we have therefore been looking for a more
simple test procedure.

All the mutants we have found have a distinct effect on
seed size already in the F_ generation, where a segregation of
shrunken seed is easily detectable. Figure 1 shows the weight
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Fig. 1. Relation between seed weight and flower position of indi-
vidual F_ seeds in an F- spike from the cross Ris0 1508 x Sultan.
The seeds are segregating for the high-lysine gene lysZa.

of the individual F„ seeds in a spike from the cross Ris0 1508 x
Sultan. The genotype of the seeds was detected by electrophor-
esis (see below). Two things appear from figure 1. First, the
seeds being homozygous for the recessive mutant gene lysSa are
considerably lighter than the normal seeds. Second, seed weight
is strongly dependent on the position of the flower in the spike.
However, apart from the position effect, the variation in seed
weight among e.g. the normal seeds is small compared to the
difference between normal- and high-lysine seeds.

We are now evaluating the possibility of utilizing segre-
gating F2 seeds for the estimation of the effect of a high-lysine
gene, and a calculation procedure, which eliminates the position
effect on seed weight within spikes, is developed. Sixteen high-
-lysine mutants and lines were crossed with 'Sultan', and F_
seeds have been harvested. The seeds are weighed and analysed
for starch and hordein content. The method requires that it is
possible to detect the segregated mutant homozygotes among F„
seeds. So far this has been possible for mutants 7, 8, 16, 56,
527, and 1508 by means of SDS-polyacrylamid gel electrophoresis
of the hordein.

Studies of the lysSa gene in Ris0 1508 have shown that the
seed weight reduction estimated on the basis of segregating F2
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seeds is very similar to the grain yield depression observed in
field tests of advanced lines.

2. Relations between starch and protein production

The relations between the chemical composition and the
grain yield have been studied in high-yielding, well-adapted
varieties as well as in more exotic varieties and lines [2].
A procedure was developed for rapid routine-determination of
the predominant nitrogeneous constituents as well as the major
classes of carbohydrates [3], Variation in grain yield was
primarily the result of variation in the amount of starch pro-
duced. The yield of protein was positively correlated with
starch yield, but the percentage of protein in the grain was
negative correlated with starch yield because the increase in
starch yield was higher than the increase in protein yield for
a certain increase in grain yield.

The composition of protein depended upon the starch yield
level. While the amount of hordein produced per unit area was
relatively constant, the amount of non-hordein proteins produced
was positively correlated with the starch yield. These relations
between protein and starch gave rise to a higher content of
lysine in the protein of higher yielding than low yielding va-
rieties. The variation in the quality of the protein is con-
sidered to reflect an increasing need for metabolic proteins in
high yielding varieties.

3. Starch synthesis in high-lysine barley

The shrunken endosperm and smaller kernel weight of the
high-lysine mutants is almost entirely a consequence of a re-
duced starch synthesis throughout the development of the endo-
sperm. A much higher than normal sucrose content in the high-
lysine mutant endosperms indicates blocks in the biochemical
pathways leading from sucrose to starch. A concomittant reduction
in prolamin and starch synthesis was observed in all mutants
tested even though the genes are located on different chromo-
somes or in different loci.

The combination of two high-lysine genes in one single
barley genotype, for example mutant gene 1508 with mutant gene
527 or 29, further reduced prolamin and starch synthesis [4].
The double mutant 527/1508 almost completely prevented prolamin
synthesis and reduced starch synthesis much more than each
mutant gene alone. It is therefore probable that the genes 1508,
29 and 527 affect starch synthesis in different ways.
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In an effort to get more detailed information about starch
synthesis in the endosperm of high-lysine mutants, investigat-
ions were performed on starch phosphorylase, ß-amylase, starch
synthetase and ADP-glucose pyrophosphorylase from developing
endosperms of mutant 1508 and its parent variety Bomi [5],
Although mutant 1508 endosperms contained much less soluble
ß-amylase than Bomi, this difference was not likely to be re-
sponsible for the reduced starch synthesis of mutant 1508. Un-
primed starch synthetase activity was 40% lower in mutant 1508
than in Bomi [6]. So far this is the only enzymatic difference
observed in mutant 1508 as compared to Bomi likely to be re-
lated to the reduced rate of starch synthesis in the mutant.

4. Lysine rich proteins in high-lysine barley

The possibilities of finding genotypes with an improved
ability to synthesize lysine rich proteins with storage pro-
perties are elucidated. In some high-lysine mutants, e.g. Hiproly
and mutant 56, the reduced hordein content is partly counter-
balanced by a concomitant increase in ß-amylase, z-protein and
two protease inhibitors. The increase in these proteins may not
only be of significance for the lysine content, but it could
also be of importance for overcoming the grain yield reduction
related to most high-lysine mutants.

A variety with a very low content of z-protein has been
found. Genetic studies have shown that this reduction in z-protein
is due to a single recessive gene. This gene will be utilized
in a study of the significance of z-protein for the lysine
content as well as the grain yield of high-lysine barley.

Screening of barley varieties from world collections has
shown large variation in the content of ß-amylase, which is
another lysine rich seed protein with storage properties. Se-
lected varieties are being regrown for repeated analysis in an
attempt to find lines with increased or decreased ß-amylase
content.

5. Screening for low-hordein mutants

Seeds of a chromosome doubled line of Sultan have been
treated with sodium azide, ethyl methanesulphonate, or gamma
rays. The treated seeds gave a total of about 15000 fertile
M1 plants, and one spike was harvested from each M. plant. The
material has been screened for low-hordein mutants by analysing
two seeds from each M. spike by the turbidity test [7]. If one
or both of the two seeds had a clearly reduced turbidity, and
thereby a low hordein content, the embryos are grown again for
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repeated turbidity test. The hordein composition, lysine content,
genetics, and grain yield of the selected mutants will be studied
during the contract period.

The above mentioned mutagenic treatment and screening
will be repeated in 1980.

6. Genetic studies of hordein

The storage protein of the barley endosperm, hordein, con-
tains two major fractions of polypeptides, hordein-1 and hordein-2,
which differ somewhat in amino acid composition and other che-
mical properties [83. The polypeptide composition of hordein
is studied by SDS-polyacrylamid gel electrophoresis, which also
gives a separation of the two hordein fractions. We have shown
that the composition of hordein-1 and hordein-2 is controlled
by two corresponding loci, tiorl and HorS [9], which are linked
with 7.4 - 0.9% recombination and located on the short arm of
chromosome 5 [10]. HOT! is nearest to the centromere, and the
hordein loci are located close to the loci Ml-a and Ml-k con-
taining most of the known mildew resistance genes in barley.
All available data indicate that Horl and HorS contain the
structural genes coding for hordein. Both loci appear to be of
compound nature because each one codes for several polypeptides.

The high-lysine mutant Ris0 56 is characterized by a very
low content of hordein-2, and a somewhat increased hordein-1
content [11]. It has now been shown that this change is due to
a mutation at or near the locus HorS coding for hordein-2 poly-
peptides. The mutant gene is recessive in its qualitative effect
on the electrophoretic banding pattern of hordein-2, but co-
dominant with respect to the relative amount of the hordein
fractions [11], Homozygous mutant seeds were about 10% smaller
than normal seeds.
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Abstract

STUDIES OF WHEAT AND MAIZE MUTANTS WITH RESPECT TO PROTEIN
CONTENT AND QUALITY.

In introductory part of the paper the results of our previous
work on the general picture of genetic variation in protein content
and composition in hexaploid winter wheat and maize were summarized.
Part of the paper deals with the comparison of the changes of protein
complex in M -19 mutant line of wheat with those of opaque-2 mutant
of maize. For this purpose distribution of nitrogen in various
Osborne protein fractions and their amino acid composition was
investigated. In the case of maize within each Osborne protein
fraction poly.peptid.es were determined. Distribution of lysine in
various polypeptides and amino acid composition of major poly-
peptides of zeins were analyzed. The data obtained show that changes
occured in amount and amino acid composition of Osborne protein
fractions in M - 19 wheat mutant line were less pronounced in
comparison with those in opaque-2 mutant of maize. Distribution of
lysine in various Osborne protein fractions and their polypeptides
in wheat was different in comparison with the same in maize. Wheat
mutant lines were analyzed with respect to grain yield and protein
yield as well.

INTRODUCTION

Since cereal grains are a major sorce of vegetable proteins,
increasing the quantity of grain and improving cereal grain
protein have become increasingly important. A mutation breeding
project provides a good opportunity to investigate the possibility
of approaching this goal.

Our results on the study of the possibilities of inducing heri-
table variation by mutation of protein content and composition in
hexaploid winter wheat (Bezostaja 1 ) have demonstrated significan-
tly brodened variation of these traits (3 - 7)- Compared with con-
trols, an increased variation in protein content was found in Mp
and M, generations. Multiple regression analysis of T-L data stron-
gly indicated that the observed variations contain a heritable
component. At low and high doses of the inutagenic agents studied
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correlation coefficients were relatively low, whereas at the
medium doses high and significant inter-year correlations were
obtained. With respect to protein composition of the three essencial
amino acids of primary importance in wheat (14), the lysine and
methionine contents of the protein were negatively correlated with
the protein content, but it does not prevent an increase of their
contents in per cent of the kernel weight with increasing protein
content.The threonine content of the protein, however, was about
the same at all protein contents.

Protein content and looo-grain weight were often negatively
correlated in mutant lines. Detailed analysis have showen that
different rautagenic agents ( gamma-rays, neutrons, EHS and El) vary
in "mutation spectra" with regard to the relative contribution at
the other variables to the observed protein yield (5)« Special
attention was given to the mutant lines in advanced generations (Hq)
with elevated protein content (1). This type of mutation material
(deriving from variety Bezostaja 1) have showen negative correlation
between grain yield per plant and protein content. Usual negative
correlation between protein content and lysine content in protein
was not found in this case. Large variation in content of Osborne
protein fractions was found. Prom the densitoraetric tracings of
the polypeptides from each Osborne protein fraction in selected
mutant lines there seem to be more quantitative than qualitative
differences between the control and the mutant lines. From the
data on the distribution of lysine in various polypeptides it
seems that there were no very lysine-rich polypeptides.

An induced variation was found in some quantitative characters
(plant hight and grain weight) in other varieties , Bankut 12o5 and
hybrid olj (9,lo). The effect was more clearcut in Bankut 12o5
because of the higher stability of the control material of this
variety. These results indicated that medium and low gamma-radiation
doses are preferable in breeding work aiming at the isolation of
high yielding mutant lines free from deleterious mutations.

In the case of maize the contents of protein and sixteen amino
acids were determined in the endosperm part of single kernels
belonging to the group of different sublines inbred for five gene-
rations following gamma-irradiation of kernels of the line V-512
and the group of genetically different maize lines (2, 4-, 11). A
considerable variation in both protein content and composition
was observed. After mutagenic treatment with gamma-irradiation
variation in lysine content was also observed. A regression analysis
of values from the H^ and Iv generations after irradiation permitted
the conclusion that about 65 % of the total variation (in linear
scale-) was heritable. The correlations found suggested grouping of
the amino acids. Group 1: lys, his, arg, asx, thr, gly, val and met
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were clearly Intel-correlated, very strongly in the case of lys-arg-gly,
somewhat weaker for the pairs asx-his and asx-met. All these amino
acids were negatively correlated with the protein content. Group 2:
the remaining amino acids were, with certain exceptions (e.g. ile-val)
more or less negatively correlated with group 1 amino acids, and
they showed mostly positive correlation with protein content. Corre-
lation of lysine to total protein content showed that lines of medium
protein content exhibit the highest lysine produc'cion. Mathematical
analysis of the number of principal causes of variation of this
material demonstrated that nine dimensions are needed to explain
96 % of the total variation in mutant group, but only six dimensions
in the case of the group of genetically different lines. The induced
variation had certain similarities with the variation occuring in
genetically different lines with the exception that the total
variation in the case of mutant lines was considerably smaller as
compared with the group of genetically different lines.

One of the most promissing developments for the improvement of
the quality of the storage proteins came after the discovery of Mertz
et al.(15) that the opaque-2 mutant of maize led to a deastic
change in the amino acid pattern of the endosperm protein. Further
studies (13) showed that those changes in the overall amino acid
composition in opaque-2 endosperm could be accounted for by changes
in the relative proportion of the Osborne protein fractions.

Concerning the polypeptides separated by electrophoresis on poly-
acrylamide gel there was an additional polypeptide around 2o,ooo MW
in the normal genotype (16). Amino acid analysis showed that poly-
peptides of higher MW contribute to the increased lysine content in
the mutant. It was also found that opaque-2 gene reduces protein
content and l,ooo-grain weight at different extent in different
inbred lines.

Variation of endosperm texture and some biochemical traits, resul-
ting from the action of modifier genes within a number of homozygous
opaque-2 converted materials of different genetic backgrounds was
studied (12). In general it was found that the amount of protein
was slightly increased, lysine content as pre cent of protein (and
also his, arg, asx and gly) somewhat decreased, but content of glx,
leu and phe (and perhaps pro and ala) slightly increased in modified
endosperm compared to standard opaque-2 soft floury endosperm. A
tendency was indicated for RNase activity to be decreased with increa-
sing the proportion of the modified endosperm.

Further studies (17) showed that 22 days after pollination there
was a higher accumulation of zein-2 in the normal genotype than in
the mutant. However, the absolute amount of glutelin in the mutant
endosperm was higher than in the normal genotype. Analysis of alpha-
amino nitrogen showed a higher amount of all 19 free amino acids
studied per mutant endosperm than in the endosperm of normal maize.
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However, there were no such difference in relative concentrations
for most of the free amino -acids of both genotypes.

The paper deals with the comparison of the changes of protein
complex in M - 19 mutant line of hexaploid winter wheat with those
occured in opaque-2 mutant of maize. Selected wheat mutant lines
were analyzed with respect to grain yield and protein yield, as well.

RECENT RESULTS AND DISCUSSION

In order to compare the type of changes in protein composition
of M-19 mutant of wheat with those of opaque-2 mutant of maize,
fractionation of proteins was performed using the method of
Osborne. From the data presented in Table 1 and 2 it is evident
that in wheat mutant albumins were reduced, whereas globulins
and glutelins increased. As it is known in opaque-2 mutant of
maize glutelins and albumins were increased, while the alcochol
fraction (zeins) was reduced.

Table 1.- DISTRIBUTION OF NITROGEN IN PROTEIN FRACTIONS OF
MAIZE AND WHEAT MUTANT (mg N per g dry weight)

Pro te: n
f rnct i ons

Albumins
Globulins

Zeins , .
Gliadins ;

Glutelins

Maize
Normal

0.57
0.54

5.14

2.08

Mutant

1.95
0.5B

2.45

3.93

% of
normal

342
107

48

189

Wheat
Mother

variety

5.43
2.40

5.82

1.93

Mutant

d.68
3.00

6.30

2.93

% of
mother

86
125

108

152

Extraction was performed in the presence of 2-mercojpto-
ethanol

The amino acid composition of various Osborne protein fractions'
in maize and wheat is shown in Tables 3 - 6. In the case of
water soluble fraction in wheat mutant (Table 3) a remarkable
increase (more than 5% of mother variety) was found in lys,
his and asx, whereas the amounts of pro,val,met,ile and tyr
were decreased. These changes are less pronunced in compari-
son with the same fraction in opaque-2 of maize, where the
amount of asx was more than twice as much in comparison with
normal genotype. Therefore, the relative amounts of other ami-
no acids, except tyr, were reduced.
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Table 2.- RELATIVE DISTRIBUTION OF NITROGEN IN PROTEIN
FRACTIONS OF MAIZE AND WHEAT MUTANT
(in % of total N)

Protein
fractions

Albumins

Globulins

Zeins
Gliadins1'

Glutelijis

Maize

Normal

6.83

6.48

61.70

24 .98

Mutant

21.91

, 6 .47

27 .47

44.15

% of
normal

321

100

35

177

Wheat

Mother
variety

34.21

15.40

37.37

12.39

Mutant

27.67

17.74

37.25

17.33

% of
mother

81

115

ion

140

1)Extraction was performed in the presence of 2-mercopto-
ethanol

Table 3.- AMINO ACID COMPOSITION OF WATER SOLUBLE' FRACTION
(ALBUMINS) FROM WHEAT AND MAIZE (MOLE PERCENT)

Amino
acids

Lys
His
Arg
Asp
Thr
Ser
Glu
Pro
Gly
Ala
Cys1'

VoJ
Met0

lie
LPU

Tyr

Phe

M a i z e

Normal

4.17
1.99
5.14

18.79
4.45
4.76
14.15
8.41
9.28
9.17
-
5.69
0.40
3.54
5.72
1.95
2.40

Mutant

3.37
1.36
3.25
43.27
2.83
3.02
11.81
6.45
5.97
5.94
-
3.24
0.19
2.09
3.43
2.21
1.57

% of
normal

80.81
68.34
63.23
230.28
63.59
63.44
83.46
76.69
64.33
64.78
-

56.94
47.50
59.04
59.96
113.33
65.42

W h e a t
Mother
variety

2.97
1.90
4.20
7.85
3.35
6.06
25.16
11.04
7.44
6.77
-
5.46

0.93
3.35
7.17

2.57
3.78

Mutant

3.53
2.10
4.10
8.38
3.33
5.78
25.96
10.21
7.59
7.07
-

5.10
0..81
3.13
6.83

2.31
3.78

% of
mother

118.85
110.53
97.62
106.75
99.40
95.38
103.18
92.48

JL02.02
104.43

-
93.41

87.09
93.43
95.26
89.88
100.00

1) Cye and Met are part ial ly decomposed or oxydized .
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Table 4.- AMINO ACID COMPOSITION OF Nad SOLUBLE PROTEINS
(GLOBULINS) FROM MAI'/E AMD WHEAT (MOLE PERCENT)

Amino
acids

Lys
His
Arg
Asp
Thr
Ser
Glu
Pro
Gly
Ala
Cys1'
Vol
Met1)
He
Leu
Tyr
Phe

M a i z e

Normal

3.63
4.22
5.08
6.98
5.24
7.86
16.21
12.27
9.87
8.55
0.66
6.09
0.55
3.17
7.71
2.18
2.35

Mutant

3.50
3.84
6.55
6.52
4.85
6.27

15.69
10.60
10.22
8.83
1.11
5.97
0.48
3.21
7.52
2.27

2.59

% of
normal

96.42
90.99

128.94
93.41
92.56
IB. 11

96.79
86.39
104.07
103.27
(168.18)
98.03
87.27
101.26
97.54
104.13
110.21

W h e a t
Mother
variety

, 3.06
2.44
5.84
5.97
3.53
6.65

25.64
8.61
8.32
6.41
0.47
6.12
1.06
3.27
6.96
1.99
3.65

Mutant

2.99
2.38
5. 04
6.13
3.46
6.20
26.03
8.60
8.15
6.48
0.75
5.63
1.09
3.38
7.11
2.08
3.69

% of
mother

97.71
97.54
100.00
102.68
98.02
93.23
101.52
99.88
97.96
101.09
(159.57)
91.99
102.83
103.36
102.15
104.52
101.09

1) Cys and Mat are partially decomposed or oxydized.

Data presented in Table 4 show that changes in amino acid
composition of wheat mutant globulins were within range of +_ 5%
of the mother variety. Exceptions arc only ser and val. In 1-he
case of opaque-2 mutant proportions of ary and phc were by 10%
higher than in normal genotype. At this level the amounts of
ser, pro and met were reduced in opaque-2 mutant.

I'll, nujo.'j in i uni no ncid t'oni| ion i L I on of ;i 1 rr>c;ho I rouiihli. 1 prol^Jnii
in wliivU. ii i u L . i i i L woiro los.", prouoimcod in c-oni|>ii r i ;;on w i t h I ho:',<> Jn
opaquo-2 mut,ml (Tnhl.e 5). The nnunnii'- 1 of ,"<T, '|ly .nul I yr V/ITC
increased, but leu decreased in wheat mutant in comparison
with mother variety. In the case of maize mutant basic amino
acids and ser, gly and phe were at least 10% higher than nor-
mal genotype, whereas met and leu were lower. A similar rela-
tionship between wheat and maize mutant was found in the amino
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Table 5.- AMINO ACID COMPOSITION OF ALCOHOL SOLUBLE PROTEINS1^
(Zeins 1 and 2; and gliadins) IN MAIZE AND WHEAT
(mole percent.)

Amino
acids

Lys
His
Arg
Asp
Thr
Ser
Glu
Pro
Gly
Ala
Cys2)

Vol
Met2)

lie
Leu
Tyr
Phe

M a i z e

Normal

0.14
1.20
1.13
4.57
2.83
5.64

22.93
11.16
2.43

12.85
0.29
3.59
1.18
8.96

18.96
3 44
4.44

Mutant

0.29
1.47
1.67
4.15
3.08
6.47
22.05
12.22
4.58

12.43
0.38
3.35
1.02
2.78

15.53
3.63
4.89

% of
normal

207.14
122.50
147.79
90.81
108.83
114.72
96.16

109.50
183.93
96.73

(131.03)
93.31
H6 . 44
93.92
80.85

105.52
110.13

W h e a t
Mother
variety

0.71
1.51
1.94
2.61
2.51
6.10
35.38
16.03
4.93
3.76
0.56
3.86
1.08
3.41
8.79
2.32
4.50

Mutant

0.73
1.53
1.90
2.66
2.51
6.48

35.64
15.40
5.18
3.77
0.66
3.89
1.12
3.44
7.99
2.47
4.65

% of
mother

102.82
101.32
97.94

101.91
100.00
106.23
100.73
96.07
105.07
100.26
(117.86)
10U.78
103.70
100.88
90.90

106.47
103.33

1)
2)

UN I raclion w;u; performed in the. prnsouco of 2-mort-qpto-
eLhnnol
Cys'and Met are partially decomposed or oxydized

acid composition of glutelin fraction (Table 6). Most changes
in the wheat mutant were within +_ 5% except for ser and val
wich were lower. On the other hand, the opaque-2 mutant showed
a higher amount of lys, arg, asx, gly, ile and leu and a lower
amount of glx.
The separation of polypeptides within each Osborne protein
fraction was performed using SDS polyacrylamide gel electro-
phoresis (PAGE). The data obtained on wheat mutant lines were
reported earlier. Here are presented data on
maize. With respect to the pattern of polypeptides there was
distinct difference in zeins between normal genotype and opaque-2
mutant (Fig.1).
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Table 6. AMINO ACID COMPOSITION OF NaOH SOLUBLE PROTEINS
(GLUTELINS) FROM MAIZE AND WHEAT (MOLE PERCENT)

Amino
acids

Lys
His
Arg
Asp
Thr
Ser
Glu
Pro
Gly
Ala
Cys1'
vol
Met"

lie
Leu
Tyr
Phe

M a i z e

Norntal

4.02
3.61
3.77
6.88
3.87
5.23

20.13
9.28
5.83
9. 33

—
6.73

1.4«
3.46

10.20
2.92

Mutant

5.16
3.61
4.66
8.01
4.16
5.43

13.96
8.50
6.51
9.19
-
7.12
1.68
4.14

% of
normal

128.36
100.00
123.61
116.42
107.49
103.82
69.35
91.59

110.71
98.50
-

105.79
113.51
118.96

10.80 105.88
3.21 109.93

i

3.20 3.85120.31
i j

W h e a t
Mother
variety

3.06
2.44
5.84
5.97
3.52
6.55

25.64
8.61
8.32
6.41
0.47
6.12
1.06
3.27
6.95
1.99
3.55

Mutant

2.99
2.38
5.84
6.13
3.46
6.20

26-03
8.60
8.15
6.48
0.75
5.63
1.09
3.33
7.11
2. Go
3-69

% of
mother

97.71
97.54
100.00
102.68
98.29
93.23

101.52
99.88
S 7. 96
101.05
(155. 57)
91.99
102,83
103.36
102.30
104. 52
10] .09

The group of small adjacent polypeptides or larger well se-
parated polypeptides on the gel were cut and hydrolized in .6
N HC1 at 110°C for 20 hours. After hydrolyses the samples were
purified using the ion-exchange rezin Dowex-50. Lysine content
in each section was determined by amino acid analyzer. The
numbers on the picture of the gel represent the sections of. the
gels that were analyzed for lysine content or amino acid compo-
sition. The results obtained (see Table 7) show that the highest
amount of total lysine in protein was found in glutelines
(40.4%) and lower in globulin (31.7%) and albumins (23.8%). The
lowest amount of lysine was found in zeins (2.1% in normal and
6.0% in opaquo-2 rnutnnt) . Distribution of lysine .in various
polypeptides within one Osborne protein fraction of maize is
different in comparison with the same of wheat proteins. On the
basis of these data it seems that there are no very lysine
rich polypeptides.
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CI

Fig.l. Electropf oregraniB of Osbornc protein fractions from maize
endosperm: a - albumins; b - globulins; c - p;]utclins;
d - zeins from normal genotype; e - zeinr, from opnqnp-J?
mutant

Data presented in Table 8 show content of amino acids of some poly-
peptddes of zeins from endosperm of normal and opaque-2 mutant of
maize. These data show differences between genotypes in amino acid
composition of polypeptides of the same molecular weight. Differences
were also found between the two polypeptides of the same genotype.

For estimation of grain yield and protein yield wheat mutant lines
were planted in plots. The plants were harvested, grain yield and
protein content was measured. Data obtained are presented in Table 9.
It should be pointed out that these lines are in advanced generation
(H,, generation) and most of them were preselected for protein content.
Thus, this is not random variation of the traits above mentioned.
Selected mutants deriving from EMS treated material showed decreased
grain yield with increased protein content as per cent of dry matter.
With respect to protein yield 9 lines showed higher and 15 lower protein
yield in comparison with the mother variety Bezostaja 1. This means
that increased protein content per dry matter will not increase protein
yield if the grain yield is reduced at higher extent. This suggests
that in these mutant lines there was reduction in carbohydrates but not
real increase in protein content. As expected some of mutant lines
deriving from El and gamma-rays treatment showed higher protein yield in
the case when protein content was slightly reduced. Futher work is
required in order to explain this kind of relationship.
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Table ?• Lysine content in various subtractions (polypoptido^)
within each Osborne protein fraction in m a i 7. o ^

Fraction Section number

1 2 3

2")of each rçel -' „n|.a1

4 5 fi

ALBUMINES :
nmole lys per 1.14 2.13 1.6? 2.2? 1.33 - 8."«
section
Per cent of total 13.4 25.1 19-7 26.3 15-* - 2?.8

GLOBULINES:
nmole lys per 2.33 1.65 3-35 3-95 - - 11.28
section
Per cent of total 20.7 14.6 29-7 35.0 - - 3 1 . 7

ZEINS:
nmole lys per 0.18 0.11 0.14 0.05 0.15 O.OQ Q.7?
section5^ 0.55 - 0.71 - O.HJ - 2.19
Per cent of total^25.0 15-3 19.4 6.9 20.8 12.5 2.1

25.1 - 32.4 - /)2.5 - A.n

GLUTEIINS:
nmole lys per 2.32 4,55 3.57 4.15 - - 14.30
section
Per cent of total 16.1 30.2 24.8 28.8 - - 4O.4

" ^Mean value of four .«sectionn.
2)'For corresponding noeta on numbers see fi~.l
3")'Data in tho fir.s t rovi correspond to the normal

penotype, whereas in the second row correspond to the
opaque -2 mutant of maize.
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Table 8. AMDTO ACID COMPOSITION OF SOME POLYPEPTIDES OF
ZEINS FROM ENDOSPERM OF NORMAL AND OPAQUE - 2 MUTANT 1)

AMnro ACID

LYS

HIS

ASP

THR

SER

GLU

PRO

GLY

ALA

VAL

ILE

LEU

PHE

TOTAL

N O R

sec.

11.8

2.3

13-7

4.6

25.0

16.5

15.3

17-7

18.5

3-4

2-5

14.0

2.8

148.1

n mole per

M A L

5 sec.

12.9

3-3

90

13.1

23.6

34-2

18.0

11.8

26.6

2.0

4-4

27.8

5-4

192.4

sampl e

MUTANT

6 sec. 3

4.1

1.4

11.8

6.9

20.7

42.0

31.2

11.8

32.6

10.8

3-3

34.2

9-9

220.7

N O R

sec.

8.0

1.6

9.3

3.1

16.8

11.1

10.3

12.0

12.4

2.3

1.7

9-5

1.9

100.0

mole per cent

M A L

5 sec. 6

6.7

1.7

4.8

6.8

12.3

17.8

9-4

6.1

13.8

1.1

2.3

14.4

2.8

100.0

MUTANT

sec. 3

1.9

0.7

5-3

3.1

9-4

19.0

14.1

5-3

14.8

4-9

1.5

15.5

4.5

100.0

1) Trp, arg, cys, met and tyr were degraded during hydrolyses.

In the future work with wheat main attention will be given to the
studies of selected mutants and their derivatives segregating from
the crosses with local varieties with respect to grain yield, protein
yield and yield of lysine. In the case of maize attention will be given
to the studies of high protein opaque-2 versions and to the studies
of modified opaque-2 versions with respect to the improvement of
the protein quantity and quality.
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Table 9« Grain yield, protein yield and protein content of wheat mutant lines '
deriving from the three experiments (treatment with EMS, El and gamma-rays)

Line

1

Experiment

M.V.
1.
2.
3-
4.
5.
6.
7.
8.
9-
10.
11.
12.
13-
14.
15-
16.
IT-
18.
19.
20.
21.
22.

Protein

% of
D.M.

2

content

% of
M.V.

3

1: Treatment with

14.3
16.7
16.9
16.7
16.4
17.1
17.3
18.0
16.7
14.9
17.6
14.9
15.7
16.2
16.8
15.2
15-4
16.0
15.1
15.2
14.8
14.1
15-7

100.0
116.8
118.2
116.8
114.7
119.6
121.0
125.9
116.8
104.2
123.1
104-2
109.8
113.3
117.5
106.3
107-7
118.9
105.6
106.3
103-5
98.6

109.8

Grain

kg/plot2̂

4
EMS

3.01
2.83
2.83
2.75
2.22
2.81
2.57
2.48
2.82
2.99
2.75
2.57
2.70
2.08
2.23
2.29
2.28
2.18
2.44
2-39
2.33
2.45
1.56

Yield

of mother
variety

5

100.0
94-0
94.0
91.4
73.8
93.4
85.4
82.4
93-7
99-3
91.4
85-4
89.7
69.1
74-1
76.7
76.1
72.4
81.1
79.4
77.4
81.4
51.8

Protein

f~t\ 0kg/pi ot""' '

6

0.43
0.47
0.48
0.46
0.36
0.48
0.44
0.45
0.47
0.45
0.49
0.38
0.42
0.34
0.38
0.35
0.35
0.35
0.37
0.36
0.34
0.35
0.24

Yield

6 of mother
variety

7

100.0
109.3
111.6
107.0
83.7

111.6
102.3
104.7
109.3
104.7
114.0
88.4
97-7
79-1
88.4
81.4
81.4
81.4
86.0
83.7
79.1
81.4
55.8

continued
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1

Experiment

M. V.
24.
25-
26.

27.
28.
29.
30.
31.
32.
33-
34.
35-
36.
37.
38.
39.
40.
41.

Experiment

M. V.

43-
44-
45-
46.
47.
48.
49-
50.
51.

2 3

2: Treatment with

14.6

13.9
14.9
14.7
15.1
14.3
14.0
14.6
14.7
13.9
14.4
15.2
14.9
15.4
16.2
14-7
15.3
14.7
H.7

100.0
95.2

102.1

100.7
103.4

97-9
95.9

100.0
100.7

95.2
98.6

104.1
102.1

105.5
111.0
100.7
104.8
100.7
100.7

3: Treatment with

15.2

H-7
15.4
15.4
15.0
14.2
15.9
16.2
15-1
15-1

100.0

95-5
101.3
101.3

98.7
93-4

104.6
106.6

99-3
99-3

4

EI

2.54
2.47
3.02
2.82
2.82
2.89
3.02
2.12
2.36
2.50
2.29
2.62
2.72

2.55
2.06
2.42
2.13
2.49
2.89

Gamma-rays

2.81
3.12
3-01
3.18
2.89
3.16
2.59
2.58
2.65
2.84

5

100.0
97.2

118.9
111.0
111.0
113.8

118.9
83.5
92.9
98.4
90.2

103.1
107.1
100.4
81.1
95.3
83-9
98.0

113.8

100.0

111.0
107.1
113.2
102.8
112.5

92.2
91.8

94.3
101.1

6

0.37
0.34
0.45
0.41
0.43
0.41
0.42
0.31
0.34
0.35
0.33
0.40
0.41
0.39
0.33
0.36
0.33
0.37
0.42

0.43
0.46
0.45
0.49
0.43
0.45
0.41
0.42
0.40
0.43

7

100.0

91.9
121.7
110.8
116.2
110.8

113.5
83.8

91.9
94.6
89.2

108.1
110.8
105-4
89.2
97-3
89.2

100.0

113-5

100.0
107.0

104.7
114.0
100.0

104.7
95.3
97.7
93.0

100.0

' Wheat mutant lines in M,. generation.
2} 2' The size of plot was 10 m .
•" M.V. denotes mother variety.
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PROJECT: "STUDIES Or WHEAT AND MAIZE PROTEIN MUTANTS ;/ITH RESPECT
TO GRAIN YIELD, AND PROTEIN YIELD AND QUALITY"

Principal investigator: Dr. M. Denic
Maize Research Institute, Belgrade-Zemun, Yugoslavia

P r o g r a m m e

In the case of wheat main attention is given to the studies
of protein mutants in advanced generations and their derivatives.
This work will include:

- Déterminacion of grain yield of mutants and segregates
from the crosses with local varieties;

- Determinatin of protein content and yield oi mutants and
tehir derivatives;

- Detrmination of lysine content and lysine yield of mutants
and their derivatives.

The aim of this work is to increase nutritional value of
wheat varieties.
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In the case of maize attention is given to the studies of
high protein opaque-2 versions and to the studies of modified
opaque-2 version with respect to the improvement of protein qua-
ntity and quality. This work will include determination of protein
content and lysine content in:

- modified endosperm in different stages (back-crosses) vith
material with modifier genes, and

- Endosperm vith incorporated opaque-2 gene in the genotypes
with high protein (295 lines).
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THE IDENTIFICATION AND STUDY OF GENETIC
VARIATION USEFUL IN IMPROVING
GRAIN PROTEIN ATTRIBUTES IN WHEAT

C.N. LAW, J.W. SNAPE, P.I. PAYNE, A.J. WORLAND AND
P.A. HARRIS
Plant Breeding Institute,
Maris Lane, Trumpington,
Cambridge, U.K.

ABSTRACT

Following a short review of previous studies on protein genes of
wheat and related species, the results of studies of protein genes located
on chromosomes of the homoeologous group 5 of Triticum aestivum and
Triticum spelta, and chromosome 2M from Aegilops comosa, particularly
their effect on grain yield by using substitution lines of common wheat,
are reported. In a similar way, protein genes located on the homoeologous
chromosome group 1 of Aegilops umbellulata, Ae. sharonensis and Ae.
columnaris, producing high molecular weight protein subunits assumed
to affect bread-making quality, were investigated.

INTRODUCTION

In previous work carried out under contracts 1667/RB,
1667/R1/RB and 1667/R2/RB it has been shown that intervarietal
chromosome substitutions for chromosomes of homoeologous group 5
have effects on total grain protein production (Law et al., 1978).
In particular, two genes, Pro! and Prog, were tentatively located on
chromosome 5D. One of these genes, Pro!, was possibly identical to
the vernalisation gene Vrn3, so that this gene is probably less important
in breeding for increased protein because of correlated effects on
maturity. The second gene, Pro2, however, did not appear to have any
adverse correlated effects. Following the earlier reports by R. Morris
(Morris et al., 1978) that chromosome 5D of Atlas 66 was responsible for
the high protein value of this variety, it was thought that the gene
Pro2 located in studies at this institute, could be the site of the
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gene responsible for the Atlas 66 effect. Part of the work since 1978
has therefore been concerned with establishing whether the Atlas 66 5D
effect can be observed in European wheat backgrounds and also, if this
effect can be identified, whether it is allelic to Pro2.

A major part of the earlier work was also concerned with
investigating the potential contribution of "alien" chromosomes from
related species to increasing grain protein levels. Because numerous
alien chromosome substitution lines were available for homoeologous
group 2, initial studies were confined to this group of chromosomes
(Law et al., 1978). Using particular experimental designs, it was
possible to rank several alien chromosomes against their wheat homoeologues
in terms of their ability to produce grain protein. In this way it was
shown that chromosome 2M from Aegilops comosa was more potent in producing
grain protein than 2CU from Aegilops umbellulata, and that 2Rm from
Secale montanum was the least potent protein producer. For the wheat
chromosomes, 2A was the most effective producer of protein, followed
by 2B and then 2D. In all the experiments 2D was shown to be less
effective than 2M, so that several lines carrying 2M substituted for
20 consistently produced higher protein amounts than their recipient
varieties. Further experiments investigating the effect of 2M substituted
in the variety Maris Widgeon have been carried out.

Apart from the effects that genes from alien sources may have on
grain protein production, it is evident that grain protein type can be
changed appreciably by introducing genes from alien sources. In the
earlier work several different protein subunits not present in the
variety Chinese Spring were found to be controlled by chromosome 1CU

of Aegilops umbel!ulata. One of these different subunits is of high
molecular weight and is probably a glutenin, which could be of value in
improving bread-making quality. Work to introduce the genes responsible
for some of these subunits is underway, using the "5B technique" to
induce homoeologous recombination between the alien chromosome and its
related wheat homoeologues.
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RESULTS OBTAINED SINCE 1978
1. Study of intervarietal chromosome substitution lines

The substitution programme involving Atlas 66 5D was carried out
using a sib of Hobbit, a semi-dwarf variety grown widely in the UK as
the recipient monosomic series. Because the substitution of a chromosome
into a recipient variety requires a lengthy backcross programme, the
substitution of Atlas 66 5D into Hobbit sib was stopped at the second
backcross, and the selected monosomic substitution lines were crossed
reciprocally with Hobbit sib monosomic 5D. Monosomics were then selected
and sel fed and disomic lines extracted. This procedure permits a direct
comparison to be made between the effects of the Atlas 66 5D chromosome
and its homologue in Hobbit sib on equivalent but segregating genetic
backgrounds. A total of 40 different extractions, 20 for the Atlas 66
5D chromosome and 20 for the 5D homologue in Hobbit sib, was obtained
from these reciprocal crosses and the performance of these was observed
in the field.

The results of this experiment are summarised in Table 1 and show
that the 5D chromosome again has an effect on percentage protein, which
cannot be accounted for in terms of yield variation, sin^.e the means of
the two 5D chromosome populations are not significantly different in
yield, whereas they are for percentage protein. However, rather
surprisingly, the subsamplc- carrying chromosome 5D of Atlas 66 gave a
lower percentage protein than the subsample carrying its homologue from
Hobbit sib. In this particular cross, therefore, the increased protein
of Atlas 66 over Hobbit sib is not due to chromosome 5D. Evidently,
on this test, chromosome 5D of both Hobbit sib and Atlas 66 should be
more potent at increasing grain protein than 5D of Chinese Spring -
the recipient variety used by R. Morris in detecting the Atlas 66 5D
effect.

In other trials involving substitution lines for 5A, 5B and
5D from Atlas 66, Cappelle-Desprez and Cheyenne into Chinese Spring,
all three chromosomes were shown to have an effect on total protein
production. The major effects were associated with the substitution
of chromosome 5D but, significantly, the total protein production for
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CS(Cappelle-Desprez 5D) was slightly greater than CS(Atlas 66 5D) although

both lines were much higher than Chinese Spring. Cappelle-Desprez

features in the parentage of Hobbit sib, so that it is possible that the

Cappelle-Desprez 5D chromosome is present in this variety. If this

were the case, then the results of this investigation involving Chinese

Spring substitution lines would agree with the reciprocal monosomic

results described above.

In another investigations homozygous recombinant lines derived from

crossing Hobbit sib with a substitution line of this variety in which

chromosome 5A has been replaced by its homologue from Triticum s pel ta

were studied. Triticum spelta 5A differs from its homologue in Hobbit

sib by the presence of 3 marker genes. These are Vrnl for spring-winter

habit, ^ for speltoid ear and Bj[ for awn inhibition. A fourth factor

is also possibly discernible, and this is for grain hardness. This is

located on the short arm of this chromosome and is probably homoeoallelic

with Ha, the more potent gene for hardness on 5D. Because of these

markers, it was possible to identify recombinant and non-recombinant

chromosomes of 5A, so that the precision of genetical analysis was

enhanced considerably.

Using this material, amounting to 74 lines, in randomised block

experiments sown in the winter and in the spring of 1978/79, it has

been possible to show an association between the marker genes and

percentage protein. This information is shown in Table 2, and indicates

that a gene or genes located in the proximal regions of either the

long or short arms of 5A is responsible for the effects on grain protein

levels. It is possible that some of these effects may be due to a

gene homoeoallelic to Pro2 on chromosome 5D.

2. The effect of chromosome 2M on grain protein production in the

variety Man's widgeon

A further experiment was carried out in 1979 using Maris Widgeon

and the Man's Widgeon trans 2D/2M line in which a translocated chromosome

involving a major part of the 2M chromosome combined with the short arm

of 2D has been substituted. This experiment consisted of a drilled trial

in which each plot was 1.5 m x 4.5 m and each genotype was replicated
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six times. Again percentage protein was higher for the Maris Widgeon
trans 2D/2M (13.28) than the recipient variety (12.88) - however, with
this degree of replication this difference was not significant. A
combined analysis has therefore been made on the performance of these
two lines over the years 1976 through to 1979. It is clear from these
results (Table 3) that the translocated line is consistently higher
throughout all the trials. Analysis of this combined data in terms
of seasons and line/season interactions, shows that there is a significant
linear relationship between the environmental component and its inter-

action with genotype. This relationship can be described in terms of
the following equation: line response = 13.96 ± 0.32 + (1 ± 0.08)ie
where £ stands for the mean environmental effect. This indicates that
the 2M effect is greater as the mean percentage protein increases with
the environment. In other words, under poor protein producing conditions
the 2M effect becomes negligible, whereas under good protein producing
conditions, percentage protein differences arising from the introduction
of 2M into Maris Widgeon can be appreciable and could be as much as 2%
different under very high protein producing conditions. Unfortunately,
since UK conditions, and the genetical backgrounds of UK varieties,
tend to produce lower protein amounts, then it is likely that the 2M
effect will only be small in terms of UK plant breeding prospects.
Further work, in which the causes of this percentage protein difference
associated with this chromosome may be identified, should indicate
whether the extrapolations predicted by the above equation are valid
or not.

3. Alien chromosome introductions and protein type
In work carried out at this Institute (Payne, Corfield and

Blackman, 1979) a close correlation was found between certain high
molecular weight (HMW) subunits of glutenin and bread-making quality.
Studies using wheat aneuploid lines have shown that these HMW subunits
are determined by genes on homoeologous group 1 chromosomes. However,
the number of different HMW subunits does not appear to be extensive
within the hexaploid wheat. This possible limitation has therefore
prompted screening of some of the related species of wheat. Rather
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surprisingly, this has shown that many of the Aegilops accessions carry
HMW subunits not present in hexaploid wheat and in some cases these units
are much more than those present in wheat itself. Work has
therefore been initiated to introduce the chromosomes carrying the genes,
or the genes themselves, responsible for controlling some of these HMW
subunits.

From earlier work mentioned above, it had already been established
that chromosome 1CU of Aegilops umbel!ulata carries genes controlling
at least 2 HMW subunits. One of these subunits has an approximate
molecular weight of 120,000. Crosses have been made between substitution
lines of 1CU in Chinese Spring with Chinese Spring nullisomic 5B
tetrasomic 5D. The resulting hybrids have been further backcrossed
to the nullisomic 5B tetrasomic 5D stock and plants deficient for 5B
and carrying a single dose of chromosome 1CU have been selected. In
these plants homoeologous chromosome pairing has been observed and
recombinant lines involving chromosome 1C with chromosome IB have been
identified by endosperm protein screening of half grains. These
recombinant lines are now being grown for further study.

The reason for carrying out this recombinant exercise involving
chromosome 1CU is that it is evident that this chromosome carries genes
which adversely affect yield. It is also probably responsible for the
production of different^ -gliadin patterns, presumably arising from
allelic differences at the loci responsible for these proteins located
on the short arms of the group 1 chromosomes. By selecting recombinant
products involving this chromosome it is hoped to recombine out the
genes responsible for the adverse yield effects and also to test whether
the variation in gliadin patterns has any consequence on quality.

In other work, genes for HMW subunits have been transferred into
adapted wheat backgrounds by means of the "shot-gun" approach in which
the amphiploid between wheat and related species has been used in crosses
with nullisomic 5B tetrasomic 5D rather than single chromosome addition
lines. In two instances involving Ae. sharonensis and Ae. columnar!s,
backcross derivatives, genetically very close to the recipient wheat
parent, have been obtained which carry genes for HMW subunits present in
the alien species. These lines are being investigated further in order
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to determine the consequence of such gene substitutions on flour quality
and other grain attributes.

FUTURE WORK

1. Chromosome 2M and its influence on grain protein production
Further work is necessary to describe the effect of this chromosome

from Ae. comosa on grain protein production. At the moment, the effects
of this chromosome have only been described in three different genetic
backgrounds. It is therefore necessary to explore the consequence of
2M substitutions for chromosomes of homoeologous group 2 in other
varieties, particularly those in present commercial use.

In addition, the causes of the 2M effect on protein production
in the variety Man's Widgeon needs to be understood. It is already known
that this substitution has no effect on protein type but that it
influences some of the components of yield appreciably. Thus, increased
grain size has consistently been observed in all the substitution lines
involving 2M over a number of seasons. Whether this increase is associated
with reduced grain numbers per ear is not known at the moment, but such
a compensating effect is quite likely and could have a major influence
on the final amounts of protein in the grain. Studies of these yield
components and other associated characters will therefore be carried out
in the near future.

2. The introduction of genes from alien species affecting protein type
This promising area of research should be expanded and more extensive

surveys of Aegilops and related species carried out. At the same time
available chromosome addition and substitution lines involving alien
species should also be screened. Work to introduce genes controlling HMW
subunits by means of homoeologous recombination should be encouraged and
the consequence of such gene introductions on quality, amino acid levels
and total grain protein examined.

3. Effects of homoeologous group 5 chromosomes and other chromosomes
on protein levels
The group 5 chromosomes have been pinpointed as carrying genes

important in the control of grain protein levels. Further investigations
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of these effects should be continued, using aneuploid and inter-vanetal

chromosome substitution lines currently available, with a view to

establishing the component grain protein characters being controlled by

these chromosomes. However, variation amongst other groups of chromosomes

needs to be considered also, as is evidenced by the different grain

protein levels obtained from the study of alien chromosomes homoeologous

to those of group 2 of wheat.
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Table 1. Percentage protein and yield for reciprocally derived disomic

substitutions for chromosomes 5D of Hobbit sib and Atlas 66.

Percentage Yield
protein

Hobbit sib 5D/Atlas 66 x Hobbit sib 5D (20 lines) 12.83±0.08| ***161± 9.6]
{carries Hobbit sib 50} Is v ns

Hobbit sib 5D x Hobbit sib 5D/Atlas 66 (.20 lines) 12.31±0.1lJ 171±11.5,
{carries Atlas 66 50}

Atlas 66 (2 lines) 13.85 194

Hobbit sib (2 lines) 12.08 193

*** P < 0.001

194



Table 2. Mean percentage protein associated with each marker class amongst

homozygous lines obtained from recombining chromosome 5A of

T. spel ta with its homologue Hobbit-siD in a Hobbi t -s ib background.

Marker genotypes No. of lines Winter Sowing Spring Sowing

Vrnl (T.sp.)
vrnl

bl (T.sp.)

Q
£ (T.sp.)

ha
Ha (T.sp.)

33
40

43
30

44
29

40
33

11.70
11.87

n.59| **
11.92J

11.58)*
11.92)

11.66-1*
11.94J

13.40
13.43

13.57)*
13.32)

13.607*
13.303

14.163

* P 0.05-0.01
** P 0.01-0.001

Table 3. Percentage protein of Maris Widgeon and Maris Widgeon
2D/2M for the years 1976, 1978 and 1979.

1976 1978(1) 1978(2) 1979 Mean
Maris Widgeon 15.7 12.3 13.7 12.9 13.6

Maris Widgeon 2D/2M 16.7 12.8 14.4 13.3 14.3

Mean
Difference

16.2
1.0

12.5
0.5

14.4
0.7

13.1
0.4
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CEREAL PROTEIN QUALITY
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Abstract
Discoveries of strains of naize, barley and other crops having higher levels of

essential amino acids,, have shown the differences in nutritional quality that can
occur among strains of crop varieties. Comparisons are made between the total lysine
content of common cereals and selected high-lysine mutants. It appears from these
comparisons that the total lysine content expressed in percent of protein is very
high in some varieties. However, if the digestibility of the individual amino acid
components is taken into consideration the picture is somewhat different. Experi-
mental data show that lysine especially, has a loui availability in several of the
cereal grains. It is assumed that this is because I/sine is mainly deposited in the
protein fractions of lowest digestibility. Based on these observations, the validity
of the concept of additivity of gross values can be questioned. It is also documented
that when barley, rye, wheat, maize and sorghum are fertilized with increasing amounts
of nitrogen more protein will be deposited in the prolamins. As the prolamin frac-
tion is a poor but highly digestible source of lysine, more digestible protein but
of lower biological value is synthesised. For oats and rice the situation is diffe-
rent as glutelin (relatively rich in lysine) is the main storage protein in these
grains. Tannins are present in a number of plant materials. Present work shows that
barley also contains significant amounts of tannins. Experiments with rats showed
that a highly significant regative correlation exists between the tannin content of
barley and protein digestibility. By adding increasing amounts of tannin to rat
diets it was found that tannin has a specific affinity for proline, glycine and glu-
tamic acid.

INTRODUCTION

Recent years have brought a greater awarness of the need for more plentiful, as
well as more nutritious foods. Discoveries of strains of maize, barley and other crops
with higher levels of essential amino acids have shown the differences in nutritio-
nal quality that can occur among strains of crop varieties. Discoveries of growth-
inhibiting substances in grain and other plant parts have indicated the need to
consider both positive and negative factors when working with nutritionalv quality.
Increasing the proportion of essential nutrients is not a sufficient answer, these
nutrients must be readily available to the biological system. Therefore factors af-
fecting the availability of the nutrients must be taken into consideration when
judging the nutritional value of a foodstuff.
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ANIMO ACID COMPOSITION AND ANIMO ACID DIGESTIBILITY OF CEREAL GRAINS
It is well established that the normal cereal grains are all low in lysine. There-

fore international agencies, plant breeders, biochemists and so forth, have put much
effort into the task of raising the lysine level in cereal protein. Plertz (1)content/compared the lysine of common cereals and selected high-lysine mutants with the

FAO 1973 pattern of 5.2̂  lysine in the protein being ideal for the infant. This
comparison showed that the best of the cereal grains, oats, has about 73/Ü of the
ideal level, and the poorest of the grains, sorghum and millet, have 35$ and 36f,
respectively. The Risa barley mutant contains 5.6$ lysine, which is very high. Nor-
mal maize contains 52/5, whereas opaque-2 maize, as currently produced in Mexico,
contains 87-90$ of the ideal level. High-lysine sorghum contains nearly twice as much
(63%) as normal sorghum. It can also be seen from this comparison that wheat contains
about 57% and current varieties of rice 71$ of the ideal level of lysine.

However, if we take digestibility into consideration, the picture will be some-
what different. Eggum (2), in experiments with rats measured true protein dige-
stibility (TO) of protein in eight different cereal grains and compared with the gross
values. The results are given in Table I.

TABLE I- TOTAL AND TRUE DIGESTIBLE PROTEIN IN EIGHT CEREAL GRAINS

Cereal grain
Barley
Oats
Wheat
Rye
Maize
Sorghum
Rica
Triticale
Soya bean meal

Total protein
in DM3 ($)

10.13
10.75
12.63
9.13
10.06
12.54
8.96
13.07

53.11

TO protein
in DMa($)

8.31
9.04
11.32
7.03
8.81
10.63
8.90

12.12

50.35

Difference (%}

17.96
15.90
10.37
23.00
12.42
15.23
0.66
7.30

5.19
aDN, Dry matter

It appears from Table I that the differences between total and digestible protein
in the cereal grains vary considerably. For rice there is almost no difference be-
tween total and digestible protein, whereas in rye this difference is more than 20$.
This indicates that crude protein values of rice and rye are not additive from a
nutritional point of view irrespective of their amino acid composition. As for the
other cereal grains the differences between total and digestible protein are smaller

but/than for rye nevertheless considerable. For purposes of comparison, the values for
soya bean meal are aLso given. The results show that besides the high-protein content
in soya bean meal the protein digestibility is also high. It is a general experien-
ce that the digestibility of protein-uich feed and foodstuffs is higher than in
most cereal grains (3).,
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As the protein digestibility in different protein sources varies considerably,
it may be assumed that the digestibility of the individual amino acids also
vary in a more or less similar manner.

Tablen gives values for lysine in several cereal grains. Digestible amino acids
uere measured according to the method af Kuiken and Lyman (4). Although this
method is criticized because of microbial activity in the alimentary tract, valuable
information can be obtained with this method (.5).

TABLE II. TOTAL AMD TRUE DIGESTIBLE LYSINE IM CEREAL GRAINS

Lysine source

Barley
Oats
Wheat
Rye
Maize
Sorghum
Rice
Soya bean meal

Total lysine
in DM

(S/l6g N)
3.69
4.03
2.55
3.67
2.73
1.83
3.54

5.98

Digestible lysine
in On
(g/169 N)
2.80
3.21
2.02
2.40
2.31
1.33
3.51

5.48

Difference
(*)
24.11
20.34
20.80
26.60
15.38
23.30
0.85

8.30

The differences between values of total and digestible.lysine are much more pro-
nounced than for protein. As discussed by Eggui7) (6) this is probably due to the
fact that lysine is mainly deposited in the protein fractions of lowest digestibili-
ty. In the highly digestible prolamin fraction almost no lysine is found, whereas
the glutamic acid content is very high, which explains the high digestibility o~
glutamic acid, shown in Table III.

TABLE III. TOTAL AND TRUE DIGESTIBLE GLUTAHIC ACID IM CEREAL GRAINS

Glutamic acid

Barley
Oats
Wheat
Rye
Maize
Sorghum
Rice

Total glutamic
acid in DM
(g/16g N)
25.06
22.10
35.77
23.62
17.46
21.24
17.16

Digestible glutamic
acid in DM
(g/16g N)

22.90
19.71
35.41
21.52
16.05
19.12
17.18

Difference
(50
8.62

10.81
1.01
8.89
8.08
9.98
0.00

Soya bean meal 17.82 17.04 4.38
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As expected, the differences between total and digestible glutamic acid are much
smaller than for lysine and total protein. These differences are also discussed by
Hunck (7), Thomke(8), Schiller (9), and Eggum (5). As for the TD va-
lues for the other amino acids, they are all intermediate between lysine and gluta-
mic acid (5). It should be stressed that aspartic acid, glycine, and ala-
nine haue TD values in the louer part of the range, whereas the histidine, arginine,,
and serine values are in the upper part. This is in agreement with correlation coef-
ficients found by Pomeranz et al. (10) between lysine and the three amino acids,
aspartic acid, glycine, and alanine, whereas the correlation coefficient between
lysine and glutamic acid was negative in barley protein.

It is documented that when barley, rye, wheat, maize, and sorghum are fertilized
with increasing amounts of nitrogen more protein will be deposited in their prolamin
fraction. As this fraction is a poor source of lysine (10) but high-
ly digestible (5), more digestible protein but of lower biological value
is obtained (11, 8, 9, 12). For
oats and rice the situation is different as glutelin (relatively rich in lysine) is
the main storage protein in these cereal grains (10). Juliano et
al. (13) observed a negative correlation between lysine content of protein an: pro-
tein content of browrr rice only in samples with protein below 10$. In further uork
with rice, Eggum and Juliano (14) observed that TD and net protein utilisation
(PJPU) were positively correlated with lysine content of rice protein (3.17-4.06 g/'5gM).
Utilisable protein ranged from 5.19 to 11.12 and was mainly determined by N con-an-
of milled rice (r=0.988). Digestibility of amino acids of milled rice protein t,
fecal analysis ranged from 94.1 to 100.0/J in samples with 1.38 and 2.74/a M, dry :=sis.
According to Eggum and Juliano (15), an increase in milled rice protein conte"
(N x 6.25) from 9.12 to 11.09 in IR 8 and from 11.09 to 14.56 in IR 480-5-9 oui--
to M fertilizer application had no significant effect on the lysine content of -~e
protein and had little effect on true digestibility, biological value, and net -ro-
tein utilisation of the protein in growing rats. Maruyama et al. (16) however,
found in rats that increases in protein content were accompained by an increase in
indispensable amino acids.

Pattern et al. (17) found that the negative correlation between protein anc
lysine appears to become nonsignificant at higher levels of protein in wheat, how-
ever, genetically high-protein eheat has been found to be equal or higher in lysine
content as a percentage of protein than are normal wheats grown in the same environ-
ment. The amino acid composition of oats is remarkably constant over a wide ran^e of
protein content (18,_12, 10, 19).

The relationship between protein content and protein quality in oats and rye is
illustrated by Eppendorfer (12) (see Fig. 1 and 2).
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Fig. 1. Relationships between true digestibility (TD),
biological value (BV), net protein utilisation (IMPU),
lysine, threonine, methionine, and cystine, and the
concentration of nitrogen in grain of oats (var. Selma).
(From Eppendorfer, 1975, with permission).
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Fig. 2. Relationships between true digestibility (TD),
biological value (BV), net protein utilisation (NPU),
lysine, threonine, methionine, and cystine, and the con-
centration of nitrogen in grain of spring rye (uar. Petkus),
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From Fig.1 it is evident that the concentrations of lysine in particular, but
those of threonine, cystine, and methionine as well are only slightly decreased with
increasing nitrogen content. Consequently, B\l almost remains unchanged. TO, however,
increases linearly with protein content and consequently NPU.

In Fig. 2 concentrations of lysine, threonine, methionine, and cystine are also
shown as a function of M content of grain. This graphic presentation clearly shows
that the decrease of the BV is very closely paralleled by decreasing concentrations
of those amino acids. Figure 2 is probably representative of similar relationships
between protein content and protein quality in barley, wheat, maize, and sorghum.

N applications normally increase yield or protein content, or both, of grain and,
therefore, also the production per area of protein and individual amino acids in-
cluding lysine. A decrease in the nutritional value of protein, whether expressed as
a reduction in lysine or NPU, will probably always be more than balanced by a larger
protein and amino acid production (11 ).

THE INFLUENCE OF TANNIN OM PROTEIN UTILISATION

Tannins are present in a number of plant materials at very high levels, often 1 C;1
or more of dry weight (20). They may be of significance in
some common feed- and foodstuffs, such as sorghum grains (21 ) and
rape seed meal (22).

Milic et al.(23) suggest that the tannins affect the rate of methylation and
the formation of complexes with the constituents of the feed. Gallic acid and gallo-
tannins possess a distinctive inhibitory effect on the digestive enzymes, forming
complexes with the protein part of enzymes or binding the simple constituents of ths
digested feed into complexes. However, the mode of action of enzyme inhibition by
tannin is still uncertain. Furthermore, types of protein and tannin influence the
reaction. Axtell et al. (24) put forward the hypothesis that seed proteins become
complexed or bound with tannin compounds of the whole grain, and that the complexée
proteins are substantially less available for utilisation by monogastric animals.

Experiments with chicks fed tannic acid and other tannins have shown that about
0.5% tannic acid in the diet results in depression of growth and at 5%, high mor-
tality occurs (25). This is in agreement with work of Baelum and
Petersen (26) and Peterser. (27) who found that tannin had a negative effect on
feed conversion. Furthermore, chicken fed on diets with added tannin had a significant-
ly lower flavor quality than did those fed diets without tannin.

As mentioned above, tannins are present in a number of plant materials, but at
different levels. Barley, the most widespread cereal grain in Denmark, also con-
tains significant amounts of tannins, which night partly explain the relative lo'j
digestibility of barley protein (28). To evaluate the influence of botn
protein and tannin content on protein digestibility in barley, 29 samples were
tested (29).

As the concentrations of nitrogen and tannin have a detrimental influence on
protein digestibility, the relationship between protein digestibility and content of
nitrogen and tannin was determined by use of a multiple regression equation, as
follows:

TO = 82.60 4JJ3.89 x IMjOj -JJ6.27 x tannin (fYj
sb1=0.81; sb2=2.11; R=0.72; r^O.60; r2=0.60; t=3.G
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The regression coefficient is significantly different from zero, a t test sho-
wing P<0.001. Hence, the nitrogen content has a positive influence on protein dige-
stibility, whereas tannin has a negative influence.

To evaluate the effect of tannin on protein utilisation, Eggum and Christen-
sen-(2;0 gave increasing amounts of tannin in diets to rats. Soya bean meal was used
as dietary protein. True digestibility (TD), biological value (BU), and net protein
utilisation (NPU) were employed as biological criteria (see Table iv.).

TABLE IV. INFLUENCE OF TANNIN ON PROTEIN UTILISATION IN SOYA BEAN PROTEIN3

Tannin supplement ($)

0
0.5
1.0
1.5

TD (JÉ)

92.9
81.1
78.4
73.2

BV ($)
77.9
77.9
81.3
77.9

NPU ($)

72.4
63.2
63.6
57.0

aSource: (29)

It would appear from these results that tannin exerts a severe negative effect
on protein digestibility. A supplement of 0.5$ resulted in a decrease in TD from
92.9 to,81.1$, whereas 1.5$ tannin in the diet reduced TD to 73.2£. The biological

uias/value almost unaffected by tannin. The results do not indicate that methionl.ne
is more sensitive to tannin than other amino acids - as has been proposed by other
workers (30). If tannin had a specific effect on this particular
amino acid, the biological value of soya bean protein would have been reduced by
a tannin supplement. This was not the case.

To investigate this aspect of the problem, the availability of the individual
amino acids was measured. The group without tannin was compared with the group supp-
lemented with 1.5$ tannin in terms of the TD of the individual amino acids.

Table V shows that all amino acids in soya bean protein have high availabilities.
With tannin in the diet, however, the availability of all amino acids decreases but
to a different degree. As discussed earlier, methionine is not more severely affec-
ted than are the other amino acids; in fact, this acid is least affected by the
addition of tannins. The availability of some of the other amino acids such as pro-
line, glycine, and glutamic acid is severely reduced. Proline is not absorbed at
all , whereas about 60/; of the glycine and more than 3Q/̂  of the glutamic acid are
recovered in the feces. As none of these amino acids is essential for rats, this
decrease in availability will have no negative influence on BU, in agreement with
the results in Table V. The theory of the detoxification effect of methionine - and
thereby a higher requirement for this amino acid when tannin is fed - does not apply
to the present data. Whether or not proline, glycine, and possibly glutamic acid have
a detoxifying effect is unclear. However, these three amino acids in particular are
present in very high concentrations in gelatin. As discussed by Van Buren and Robin-
son (31), bonding between gelatin and tannin molecules is strong. This could indi-
cate that tannin has a specific affinity for proline, glycine, and glutamic acid.
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TAELE M. AF1INO ACID AVAILABILITY IN SOYA BEAN PROTEIN WITHOUT AMD WITH 1.5#
TANNIN IN THE DIET

Lys
riet
Cys
Asp
Thr
Ser
Glu
Pro
Gly
Ala

Ofa Tannin
TD (JE)
93.3
91.9
94.0
93.4
90.4
96.6
94.9
93.5
89.3
88.3

1 .5% Tannin
TD (%)
81 .1
80.6
84.7
78.7
78.5
83.1
68.1
0.9

41.5
75.1

Val
Iso
Leu
Tyr
Phe
His
Arg
Try
NH,O

0$ Tannin
TO (58)
90.0
90.7
90.1
90.6
93.3
97.4
97.4
94.2
93.4

1 . 5$£ Tannin
TD (56)
76.9
78.1
77.6
77.3
78.4
75.6
75.3
83.9
64.9
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CONCLUSIONS AND RECOMMENDATIONS OF THE
RESEARCH CO-ORDINATION MEETING OF
FAO/IAEA/GSF/SIDA CO-ORDINATED RESEARCH
PROGRAMME ON THE USE OF NUCLEAR
TECHNIQUES FOR CEREAL GRAIN PROTEIN
IMPROVEMENT

The meeting considered the recommendations on plant breeding for
seed protein improvement and analysis for improved protein content and
quality made at previous meetings of the FAO/IAEA/SIDA Coordinated Be-
search Programme on the Use of Nuclear Techniques for Seed Protein
Improvement (l, 2, 3, 4).

These recommendations are acknowledged. However, in view of the
fact that some new findings have been obtained since the previous meeting,
and that the Coordinated Research is in ±he final phase of breeding, the
participants consider that plant breeders would benefit from the recom-
mendations regarding mutation breeding, use of mutants in cross-breeding
for seed protein improvement, and nutritional evaluation of high-protein
breeding material.

1. MUTATION BREEDING FOR SEED PROTEIN IMPROVEMENT

1.1 Objectives
When breeding for higher quantity and improved quality of protein

in existing high-yielding varieties of cereals, the plant breeder should
consider the nutritional needs of the local human population or livestock
and seek those improvements which will provide the greatest benefit to
the consumers* diet or to the feeding of animals.

Good agronomic performance (high grain yield) should also be empha-
sized when seeking improved seed protein. Increasing protein production
per hectare by increasing grain yield, without reducing protein content,
is generally very important. However, improving protein content or qual-
ity, and therefore improving the nutritional value per unit of food and
feed, must be the primary objective of a mutation breeding programme for
protein improvement.

The protein mutant must fulfil the agronomic requirements, disease
and pest resistance, and other desirable characteristics (e.g., baking
quality in wheat) normally associated with high yielding commercial var-
ieties.

A premium price has to be paid for higher grain protein content
and/or improved protein quality, and an appropriate marketing system
has to be established to compensate the farmer for his extra efforts
and to assure the expected quality to the consumer.
1.2 Protein mutant

A protein mutant may be defined as one which is characterized by
higher grain protein quantity per seed, per flour, and/or per plant,
and/or by an improved grain amino acid composition.

A breeder may like to select one or the other of these different
protein mutants depending upon his specific needs.
1.3 Strategy

The breeder should have extensive collections of germ plasm for
his breeding programmes. The collections should be screened for protein
quantity and quality.
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Two kinds of genetic improvements through induced mutations in
respect of protein should be aimed at:

(a) Improvements resulting from genes with major effects. To
detect such a mutant, a population of at least 2000 to 10,000
progenies must he screened. This estimate is based on the
assumption of a mutation rate of 10~3; and

(b) Improvements resulting from genes with minor effect. A
population size resulting from at least 200 to 1,000 treated
seeds must be screened on the assumption of a mutation rate
of 10~2.

It should also be noted that the larger the population screened,
and the more accurate the field and analytical conditions, the greater
will be the chance of finding mutants with improvements in protein con-
tent and quality.
1.4 Selection of mutants

In the Ü2 generation, selection against plants having undesirable
agronomic characters should be made.

Under circumstances where improvements resulting from mutations
with major effects are aimed at, and material is grown under uniform
conditions and can be screened by accurate analytical procedures,
selection of protein mutants in MU may be effective. Also, in the case
where improvement in protein quality is the major objective, the M-j
seed produced on Mg plants may be analysed for protein quality.

Under most conditions, however, selecting in the M^ and later
generations for this character is generally considered to be more
worthwhile, and therefore, selection at this stage is recommended.

Confirmation and further evaluation of yield and protein content is
necessary in subsequent generations.

Although morphological characters may be associated with changes in
protein quality or quantity, it should be noticed that this is not a gen-
eral phenomenon.
1.5 Growth of mutant lines in the field

It is well known that environmental conditions influence seed protein
quantity and quality. Differences in plant protein due to environmental
non-uniformity may be much greater than differences due to genetic factors.
Thus, in order to detect moderate changes (say 10$) in total protein content
or of a particular amino acid, all environmental factors that influence seed
protein should be kept as uniform as possible for all plants which are to be
screened.

Important agronomical traits such as grain yield, protein content
and protein quality in mutant lines should be checked by standardized
performance trials carried out under various environmental conditions.

The meeting acknowledged the guidelines which had been prepared
at the previous meeting to assist co-operators in achieving greatest
possible environmental uniformity in their experimental fields (Annex
I of reference 2). It was recommended that these guidelines be followed
by all participants in the programme.
1.6 Sampling of mutant material for protein analysis

There should also be standardized procedures for taking grain
samples and preparing them for chemical analysis. Such procedures per-
mit reliable analytical results to be obtained from the field material.
Clear identification of samples is essential to both analyst and plant
breeder so long as non-destructive techniques are not available. The
meeting acknowledged the guidelines which had been prepared at the pre-
vious meeting for outlining sampling and identification procedures (Annex
II of reference 2) and recommended that they be followed by all partici-
pants in the programme.
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1.7 International protein mutants preliminary evaluation, test (IPMPET)
Preliminary evaluation or use of protein mutants in cross breeding

are of great interest to the participants in the programme. Exchanges of
breeding material and results of the preliminary evaluations among the
participants should be made available through IAEA.

2. USE OF MUTANTS IN CROSS BREEDING AND GENETIC ANALYSES
Many protein mutants have been established through the programme

and are being incorporated into hybridization breeding for further im-
provement of protein, or for combining improved protein attributes with
agronomically important characters, such as high grain yield and resis-
tance to pests or diseases. The meeting considered that plant breeders
would benefit from the recommendations regarding the methodology in
cross breeding by using protein mutants as parents and in genetical
analysis of mutants.
2.1 Cross breeding
2.1.1 It is recommended that protein mutants be used in a range of

crosses with adapted varieties. A number of cross procedures
may be considered but it is suggested that backcross, three-
way or double crosses should be used to introduce the high
protein germplasm into a locally adapted genetic background.
It is strongly recommended that selection be carried out on
'lines* rather than single plants so that selection for im-
proved protein attributes should be confined to F, or'later
generations. In some circumstances, it may be appropriate
to intermate lines in order to break repulsion linkages.

2.1.2 Consideration should be given to a programme of accumulating
high protein genes in 'elite' breeding lines by means of
selection from appropriate multiple crosses involving mutant
lines, including use where possible of male sterile facilitated
crossing systems.

2.1.3 It is recommended that preliminary characterization of the
phenotypes of protein mutant lines should be carried out since
such characterization could be of value in selection. Thus,
particular protein changes resulting from mutation, as iden-
tified by using electrophoretic amino—acid analyses could be
used as markers in the selection programme following hybrid-
ization.

2.2 Inter-specific hybridization
It should be appreciated that useful sources of protein improving

genes exist in related species of wheat, barley and rice. Such sources
should not be ignored and efforts should be made to use lines carrying
'alien1 genes established as conferring desirable protein attributes.
2.3 Research on the genetical and phenotypioal characterization of

mutant high protein lines
The efficient exploitation of high protein mutant lines depends

upon an understanding of the numbers of genes involved, their linkage
relationship with other genes, and whether or not they have adverse
pleiotropic effects on other characters of agronomic interest. The
efficiency by which mutant genes can be selected would also benefit
if pleiotropic effects on more readily identifiable characters can
be established.

Both these sources of information are not available at the moment
and in most instances the required information retires extensive re-
search programmes which will take some time to complete. It is recom-
mended, however, that such work should be initiated and should consider:

(a) Genetic analysis to determine or estimate the number of
genes involved and the nature of their interaction. These
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may be determined using appropriate biometrical investiga-
tions and in the case of wheat, aneuploid analytical tech-
niques should be considered.

(b) It is urged that in genetical analysis of this type random
lines at least in PC resulting from the cross of the high
protein mutant line with a recipient variety should be
studied in order to establish whether adverse correlated
effects are associated with high protein levels.

(c) The selected F^ lines should also be used in physiological
and biochemical studies to define the role of the mutant
genes more exactly. Such studies would consider and identify
whether the mutant effects arise from alterations in grain
yield components, alterations in vegetative amounts, leaf
senescense, increased ability to translocate Nf more efficient
uptake of N, or disturbed starch synthesis in the grain.

(d) It is also recommended that in association with genetic
analyses, mutant lines should be studied using protein
electrophoretic techniques to establish whether they carry
alterations in structural genes of endosperm proteins, or
in genes affecting the regulation of sunn genes.

3. NUTRITIONAL VALUE EVALUATION

Many of the participants have material of potential use either for
commercial utilization or as germplasm. A nutritional evaluation of such
material is recommended.
3.1 Estimation of protein content and quality

The, protein content of cereal grains is estimated as the Kjeldahl
nitrogen content times 6.25. A conversion factor of 5»? has been used
for wheat and rice, but experimental evidence for using different factors
in those crops is not well established. Protein content can also be
measured by DBC, provided samples with known protein content are used
for calibration.

The protein quality can be measured in several ways.. The relation
between DBC and Kjeldahl nitrogen content has been used extensively in
barley, where it gives an accurate estimate of the protein quality. We
believe the DBC - Kjeldahl N method can also be used to measure quality
in other cereals, provided that samples with known protein quality are
used for calibration.

Single seed methods have been developed for the detection of spe-
cific high-lysine genes, e.g., lys from Hiproly in cross breeding pro-
grammes. These methods include the determination of specific enzymes
or the prolamin composition as determined by electrophoresis.

Screening for large changes in barley hordein composition is carried
out in several laboratories by electrophoresis or the turbidity test.

The final evaluation of the protein quality should primarily be
based on estimations of the content of the limiting essential amino acids.

The participants expressed the need for standard samples to be distri-r
buted. It was decided to request the IAEA Laboratory to administer the dis-
tribution of such samples. Subject to available resources, the laboratory
will assist participants by rendering analytical services (Ninhydrin Nt
lysine, Kjeldahl-N, amino acid analyses).
3.2 Lysine loss in processing

Loss of available lysine due to processing depends on the way of
processing (5). The most important factors involved are temperature
level, time and reducing substances.
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Heat processing has both beneficial and deteriorative effects on the
nutritional value of proteins. Moderate heat treatment, especially with
high moisture, not only enhances palatability and acceptance but also im-
proves protein quality.

Severe heat treatments such as toasting, puffing and gun explosion
techniques have been reported to cause a drastic reduction in the nutritive
value of wheat, oat, and rice. Amino acid analysis of acid and enzyme
hydrolysates of raw and heat-processed proteins revealed that lysine was
*he amino acid affected to a large extent. Increasing the degree of heat
treatment caused a progressive decrease in the ease with which lysine
could be released from the protein by enzymatic action.

Similarly, the most important loss during bread making is that
of lysine (6). This loss occurs primarily in the crust (15-20$) and
to a much lesser extent in the crumb (approx. 5$)« The loss of lysine
has been found to be much higher in bread to which reducing sugars had
been added. Consequently, the risk is more pronounced in yeast fermented
bread compared to unleavened bread (7).
3.3 Baking quality

When applicable, baking quality assessments should be done in
advanced breeding materials. Local procedures for processing should
be applied.
3.4 In yi.tro digestibility

For complete nutritional utilization of a protein, the ingested
protein source must be digested to its constituent amino acids and the
amino acids must be absorbed in a chemical form which can be utilized
physiologically. Data about amino acid composition provide indispensable
information on the levels and distribution of the amino acids contained
in a protein source. The composition data alone, however, do not pro-
vide any information about the digestibility of a protein source nor
about the utilization of the amino acids contained. The use of in vitro
enzymatic methods provides an approach for obtaining information which
may be related to the relative degree to which different proteins are
digested and utilized in vivo.

A number of methods have been used for estimating the digestibility
of various materials. However, the most promising one seems to be the
method developed by Hsu et. al \B). The sample is ground to a fine powder.
Approximately 300 mg of protein is suspended in 50 ml HgO and pH is adjusted
to 8.0. The multienzyme solution (trypsin, chymotrypsin, peptidase) is
added and the subsequent fall in pH recorded after 10 minutes is used to
estimate the digestibility. The method is further developed (one more
enzyme) by Satterlee et al (lu), and remarkably good agreements are ob-
tained between in vivo and in vitro data for digestibility.
3«5 Animal feeding test

Methods for the evaluation of nutritional value of protein in food
and feedstuffs have been reviewed by many workers. From these works,
strict standardization of the experimental conditions is recommended.
The standardization is especially important in breeding work where small
improvements of protein have to be detected.

In agreement with the recommendations of PAO Guideline No. 16 (lO)
and the IAEA meeting 1977 (3), the rat is recommended for bioassay pro-
cedures in plant breeding. Furthermore, the nitrogen balance method is
recommended. The balance technique also includes a measure for protein
digestibility which is considered to be a very valuable criterion. In
the same procedure the digestibility of the individual amino acids can
also be measured. Published results by Eggum (ll) show that the indi-
vidual amino acid components are not absorbed to the same degree, e.g.,
lysine located in the aleurone layer of cereals shows a significantly
lower digestibility value compared to e.g., glutamic acid located pri-
marily in the endosperm. However, as biological value (BV) is a measure
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of retained nitrogen in percent of digested nitrogen, this criterion will
indirectly give a close estimate of the availability of the most limiting
amino acid.

However, it must be kept in mind that in cereal food or feed other
amino acids than lysine (e.g., threonine) might become a limiting factor
for protein utilization.
4. COOPERATION BETWEEN FAO/IAEA/GSF/SIDA PROGRAMME AND PAO/SIDA/SAREG

PROGRAMME
It is recommended to develop closer cooperation between the programmes

having a common objective of improving grain protein content.
4.1 Exchange of documentation and literature should be made available

routinely to participants and others on request through PAO ani IAEA.
4.2 PAO and IAEA should facilitate exchange of breeding material between

the scientists participating in both of the programmes.
4.3 Countries from the PAO/3IDA/SAREC programme should be invited to

participate in the International Preliminary Evaluation Test.
Responsibility for assembling and distribution of breeding material
and results will be with the Joint PAO/IAEA Division.

4.4 Representatives from FAO/SIDA/SAREC programme should participate
in the Research Coordination Meetings and final Symposium of the
FAO/IAEA/GSF/SIDA programme, as well as representatives of the
FAO/IAEA/GSF/SIDA programme should participate at the Seminars
organized by the PAO/SIDA/SAREC programme. Each project should
fund the participation of its representatives.

4.5 Cooperation among the institutes within the same country supported
by either project and the cooperation among the countries included
in both programmes should be encouraged by the PAO and the IAEA.
Bilateral contacts between the participating institutes should also
be promoted.

4.6 The PAO and the IAEA should try to make funds available through
their own resources or through funds in trust to continue follow-up
Technical Meetings after the termination of formal Research Contracts.
This is essential to maintain momentum of. the national programmes onprotein improvement by exchanging technical information, breeding
material and by personal contacts. The funds will be required only
for travel expenses of selected participants to the meetings.

4.7 A representative from SIDA and SAREC should be invited to partici-
pate in the Steering Committee Meetings of the FAO/IAEA/GSF/SIDA
programme for evaluation and planning of further activities.
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