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Breeding for higk protein content in rice

Henry M. Beachell, Gurdev S. Khush,
Bienvenido O. Juliano

The IRRI world collection of rice varieties was screened Or protein content
and varieties with high protein were identified for use in crosses to [RE, These
crosses were carried through the Fy plant generation Lines were dentified
which gave 30 percent higher protein content than IRY cheek plots and
about 70 percent of the rough rice vield of IRRTRRI breedin 2 lines sereened
from yicld trials were identificd which produced 18 to 23 percent higher
protein thar IRX check plots but which dud not differ signif-cantly in grain
yield. Information now available indicates that high yvielding varicties with
improved plant type can be developed that will produce 20 1o 25 pereent
higher protein than IRS. High protein varicties must yvield as well as other
varicties il they are 1o be aceepted by farmers, Theretore, they must have
high levels of discase and insect resistance along with other essential traits.
A close plant spacing and basal mtrogen fertilization was found to reduce

environmental vartability of protein content,

INTRODUCTION

Rice is o major source of food protein in Asia and other countries where the
daily intake of rice 1s high. Tts value as a protein souree is enhanced by its high
lysine content relative to other cercal grains, The main limitation of rice us a
protein source is its low protein content (6 1o 8 pereent). Any increase in pretein
content would result in a substantial increase in protein intake by large numbers
of consumers provided the quality of the protein is not impaired. TFor these
reasons, breeding for mercased protemn content is an extremely important
objective. Studies on protein content began at IRRT i 1962 (IRRI [1963)).
A spectfic hvbridization program was not undertaken until 1967 because of
lack ol understanding of the many factors aflecting protein content. including
the avarlability of parent varieties © - h gencuically high protein content.

If vareties with high protem content are to be aceepted by fiurmers they must
have a grain yield potential and grain quality at feast cqual to the varicties they
would replice. Consequently high protemn varieties must possess all the charac-
teristics that breeders are attempting to incorporate into modern senudwart
arieties.

Numerous studies have been conducted at IRRI on factors atfecting the
quantity and quality of protein in brown rice (IRRI {1963, [ 1964]. | 1965]. 1966,
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1967a, 19676, 1968, 1970a, 1971). Most of the carly work was centered in the
chemistry department where niuch information on the knowledge of rice
protein was obtained. At present, the breeding program and other phases of
the protein improvement work are carried out in a coordinated program among
several IRRI departments. A contract with the National Institutes of Health
(Contract PH-43-67-726), vhich started in 1967, resulted in the expansion of the
program to its present level.

PROTEIN SCREENING PROCEDURES

We measure protein in brown rice in ail screening trials rather than in milied
rice since the protein contents of brown rice and of milled rice are highly
correlated (Juliano et al., 1964). Furthermore, it is difficult to remove bran
uniformly in milling. For example, in a 1968 varicty-fertilizer experiment
(IRR1, 1968), the brown rice protein content of four improved plant type
varicties averaged 8.2 percent and that of the milled rice, 7.3 percent. High
protein rice tends to have a lower pereentage loss in protein in milling than low
protein rice (IRRL, 1970a).

Grain samples used for evaluating the protein content of individual plants
from pedigree rows are based on 10 fully developed brown-rice grains selected
at random from the grain produced by a single plant. This sampling technique
appears to be reasonably reliable. Usually three to six plants are taken from
cach pedigree row. Likewise 20 brown-rice grains are used to determine the
protein content of samples from yield trials. Any yield trial sample that shows a
high or a low value is re-examined. A more reliable technique for sampling
yield trial plots would be uscful, Sampies are ground in a Wig-L-Bug
amalgamator so small samples must be used.

In preparing experimental plots for protein experiments, every efTort should
be made to maintain soil uniformity. Land to be used should be planted to a
single variety the scason before. A relatively low nitrogen fertilizer rate should
be used on the experiments as well as on the preceding rice crop.

SCREENING THE WORLD COLLECTION
The IRRI worla collection of sice varicties was screened for protein content
starting in 1966 to identify genetically high protein varicties to be used in the
breeding program (Juliano et al., 1968). The mcan protein values of the 7,760
varictics ranged from 5 to 17 percent, with an overall mean of 10.6 percent.
There were 126 accessions which showed at least 13.5 percent protein based on
brown rice samples (wet basis), or a mean of 14 pereent for two different crops.
Six varieties, selected from the 126 accessions, shewed high protein content
through four crop seasons (Table 1). They were subsequently used as parents in
crosses with 1R made in 1967. Aside from BPI-76 and BPI-76-1 nonc of the
126 high protein varieties screenggd from the world colicction have value as
commercial varicties in the Philippines. BPI-76-1 was crossed to IR8 and
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Table 1. Protein content (of brown rice at 12% moisture) of six varietics screened from the JIRRI1
world collection that were used as parents in crosses with 1R8.

Protein (",)

1967
. - Planting 1966 wet
Varic!
ity Origin sced season Pry Wet
season | scason
Chok-jye-bi-chal Korea 15.1 15.0 15.4 15.5
Chow-sung Korea 15.3 14.6 15.4
Santo Korea 16.7 14.2 13.8 13.7
Rikuto Norin 20 Japan 14.5 13.5 14.3 14.0
Omirt 39 Hungary 14.7 13.6 12.8 14.3

Crythroceros Korn Korea 16.2 1.5 13.5 14.3

IR12-178 (Mon Ciuim Vang A x I-geo-tze) and selections from both crosses
were screened along with lines from the other high protein crosses.

HYBRIDIZATION PROGRAM

The six high protein parent varieties listed in Table 1 are all japonica varicties.
except Omirt 39 from Hungary which is classified as an indica variety (IRRI.
1970h). These six varicties came from temperate regions and are not adapted to
a tropical climate. They mature very carly, total dry matter production is low
and they are susceptible to several important diseases and insects. The extremely
high protein content of the six varieties may be due in part te an environment-
genotype interaction brought about by their low grain yield and low total dry
matter production. On the other hand. these varicties appear to possess genes
for high protein since some of their hybrid progeny show higher than normal
protein content combined with improved plant type and higher total dry matter
production. The six high protein crosses have been advanced through the Ty
generation. Most of the lines appear to be fixed for most plant and grain
characters and many have been tested in replicated yield trials.

There was a wide segregation of plant types coming from the crosses. Some
sterility was encountered but this was not a serious problem. Rigid selection
pressure for improved plant type and high protein contunt was exereised each
generation siarting with the F, plant generation. While protein contents as
high as the high protein parents were seldom observed. there were many lines
that produced consistently higher protein than the IR8 check rows. The range
and average protein content o plants selected from cach generation are shown
for the IR1103 cross in Table 2. The data for IRTT00, IRTIOL IRTHO2, IR 1104,
and IR1105 were similar. Many of the hybrid lines gave higher protein values
than IR8 check plants cach generation. Likewise, the average protein content
of the plant selections made from these crosses was higher than that of the
{R8 check row plants in cach . ~e-ation (F; to Fj for cach cross.



Table 2. Summary of single-plant brown rice protein analyses (21 129 moisture) of lines from high
protein cross IR1103.

Protein content (')

IR0} IRS

Year Season Generation T :

Range Mcan Range Mean
1967 Wet ¥, 16.0 16.0 10.0 10.0
1968 Dry F, 68 128 9.7 63 9.9 8.0
1968 Wet F, 7.2 140 10.1 64 11.3 8.4
1969 Dry F 6.5 159 10.8 AR 8.7
1969 Wet F, 79 153 1.2 7.6 101 8.7
1970 Dry ¥, 7.0 150 10.4 7.5 108 8.7
1970 Wel Fy 69 152 10.6 68 11.7 8.4

1971 Dry Fq 500 132 9.7 64 92 7.5

“IRE x Chow-sung. "Check rows.

Table 3. Summary of protein content (brown tice at 129, moisture) and other data on high protein
lines and IR8 grown in pedigree rows.

Protein content ()

Fyo Fy F,

Sceding to - ¥y rough | B
Line heading Avp. of Bulk rice yield fertility

(days) two plants  sample (2/plant) (")

IR8 104 8.5 7.5 7.5 40.2 8Y

IRS x Chow-sung
IR1,93-1-3 102 10.7 10.6 Il 444 94
IR1103-2-3-1-3 100 11.0 10.7 10.7 49.1 88
IR1103-2-3-1-5 102 10.6 1.6 1.1 39.6 90
1R1103-15-8-4 109 1.6 11.4 1.3 324 84
IR1103-15-8-5 105 1.6 10.1 10.7 45.5 87
IR1103-52-2 103 10.9 9.5 9.2 325 89
IR1103-66-4 8S 10.7 10.0 10.5 3.6 89
IR1103-68-6 154 11.0 9.9 10.3 36.6 8S
IRS x Crythroceros Korn
IR1104-107-2 107 9.9 8.6 7.6 521 89
IRS x Rikuto Norin 20
IR1100-67-5 103 13.0 99 10.1 354 92
IRS x Omirt 39

IR1101-14-3 85 9.8 1.7 8.3 44.7 83
IR1101-18-3 95 9.9 9.1 8.7 343 9]
IR1101-29-3 79 12.7 9.2 10.5 351 80
IR1101-38-4 76 12.0 10.8 10.5 414 87
IR110}-44-3 70 12.8 11.9 i1.4 378 87

IR1101-45-2 80 12.3 1.1 10.9 30.5 79

“Protein values are averages of plants from IR8 check rows grown in nursery cach scason.
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The average protein contents of selected lines based ou the I to F, seed
generation are shown in Table 3. The protein content of six lines exceeded that
of the IRE check plants by 3.5 to 4.5 percentage points or from 41,2 to 529
percent. In the F, generation these lines exceeded IR8 by from 17 1o 4.4
percentage points or 22.7 to 58.7 pereent. The average rough rice vield per plant
of the six lines averaged 77 percent of the vield of IRN. There were four lines
which averaged about the same rough rice vield as IR8 and averaged 3.1
percentage points higher protem (413 pereent more).

ENVIRONMENT AND PROTEIN CONTENT
Considerable variability in protein content is caused by environmental factors
such as scason of the year (wet or dry scason), plant population density. and
time and rate of nittogen fertilizer applied. Usually protein content is higher
during the wet scason than during the dry scason. possibly because grain
yields are higher during the dry season,

IR& plants showed differences in protein content ol as much as 75 percent
within a searon when a 30x 30.cm plant spacing and splitappheation of nitrogen
fertilizer (basal and top dressing) were used. We reduced this vartability in the
1971 dry season by using a closer plant spacing (20 x 20 cm) and by applying
all nitrogen fertilizer basally before transplanting. The combined ctfect of the
closer plant spacing and the basal N treatment was a reduction in pictemn
content and reduced variability as shown in Tables 2 and 3. In the future, we will
plant pedigree nurseries at a spacing of 20 x 20 cm and possibly grow as miany
as three rows of cach selection rather than just a single row. Plants to be
evaluated for protein content would be saved from the center row of each line.

Table 4 shows the eflect of phint population density on protein content inan
experiment conducted by the IRRT agronomy department. The protein content
of IR¥ viried from 6.1 o 9.0 pereent in the dry season and from 6.9 to 9.5
percent in the wet season. IR127-80-1. a low tillering variety, showed an even
greater variation between a close spacing and wide spacing.

Table 4. Percentape of brown rice protein at 12% moisture
of IR8 and 1R127-80-1 (unfertilized) at different plant
densities. (Data are averages of three replications.)

Protem (7))

Dry season We* season

Plant spacing

(cmy) IR8  IR127-80-1 IR®  IR127-50-]

Broadeast 6.1 6.0 6.9 7.5
20 x 20 6.4 6.4 7.6 7.8
30N 30 0.7 7.5 7.6 R4
40 x 40 6.6 8.6 79 8.5
50 x 50 7.0 9.3 8.7 9.0
100 x 100 9.0 10.9 9.5 1.3
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Table 5. Percentage of brown rice protcin of two varicties 1s
affected by time of nitrogen application? IRRL, 1969-1970.

1969 wet season® 1970 dry season”
Application time

IRE JR20 1RS8 1R20
Basal 8.8 9.2 83 8.9
50", basal and 50", at
panicle initiation 8.0 9.6 Ro6 9.2
50", basal and 50", at
heading 9.0 9.5 89 9.9

“Data are averages over 15 times of harvest each with three
replications. P60 kg/ha N apphied. LSD (5" = 0.7.°150
kg/ha N applied. LSD (5",) = 0.5.

Late application of nitrogen fertilizer tends to increase protein conient and
variability as well. Trials by the IRRI agronomy department (IRR1, 1971,
p. 131-132) haveshown the wide differences that occur in proteincontent between
basal application and split application (Table 5). Inour future pedigree nurserics
and in preliminary yield trials nitrogen will be applied basally. Lines found to
have higher protein at moderate nitrogen levels should eventually be tested at
high levels and with split application to determine their overall response. Rate
of nitrogen applied and protein content appear to he positively correlated.

SCREENING YIELD TRIALS FOR PROTEIN CONTENT

The varictics and breeding lines grown in most yield trials at IRRFare screened
for protein content. IFrom this screening program, IR480-5-9 (Nahng Mon S4/2
x Taichung Native 1) was identified by the agronomy department as high
protein line (IRRI, 1971). 1R480-5-9 yiclded 6.7 t/ha in a replicated variety
yield trial at IRRI in 1967 dry scason in which IR® vielded 7.2 t/ha. This line
is not suitable for farm production in the Philippines because of susceptibility
to bacterial leaf blight. leafhoppers, and planthoppers. The higher protein
content of TR480-5-9 has been confirmed in later experiments. Other lines
showing high protein centent are IR160-27-3 (Nahng Mon S4 « Taichung
Native 1) and TR667-98 (IR8 x | Y ukara x Taichung Native ). A sister line of
IR 160-27-3 has been named Sinaloa A68 in Mexico and is being grown com-
mercially, but no information is available on the comparative protein content
of Sinaloa A6% and other commercial varieties. The lines from Nahng Mon 54
crosses produce satisfactory milled rice yields and they have attractive grain
appearance.

IR667-98. a line with IR§ plant type being widely tested in Korea, gave
higher protein content than leading japonica varietics in several 1970 variety-
fertilizer trials conducted in Korea as well as in two IRRI yicld trials in the
1971 dry season. Further testing of IR667-98 is required to substantiate
these findings.
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YIELD OF HIGH PROTEIN LINES
Selected Fy plant lines from high protein crosses, grown in a single-plot
observational yield trial are shown in Table 6. A 20- x 20-cm plant spacing was
used in this test and all nitrogen was applicid basally. The IR8 check plots
vielded 4.75 to 5.64 t/ha and with protein contents from 6.0 to 6.6 percent.
Several lines in this test approached the yield of IR8 and had considerably
higher protein contents than [R&.

Many of the same lines were grown in a replicated yield trial (Table 7).
A 20- x 20-cm plant spacing was used and 120 kg/ha N was applied basally.
Six hybrid lines in this test did not differ significandy in yield of rough rice
from IR, but had a significantly higher protein content: IR160-27-3 1R 773A1 -
36-2, BP1-76-1, two IR1006 (IR8 x BP1-76-1) lines, and an irradiaicd 18 line
obtained from the Philippine Atomic Research Center.

In the same replicated vield trial there were six lines from the high pretein
crosses (IRT100 10 TR1105) which averaged 30.1 pereent higher protein than
IRS but thei average vield was 31 percent lower than IR8. They are shown in
Table 7 along with four other lines from the high protein crosses that averaged
only 8.2 pereent higher protein than IRS with grain vields 241 percent lower
than IR8. The two groups of lines did not show statistically significant dilferences
in grain yickl but showed highly significant differences in protein content.
Appareatly this significant difference in protein contentis geneticatly controlied.

The results of five 1971 dry scason yield trials in which IR&, TR480-5-9, and
IR 160-27-3 were grown are shown n Table 8. Fhe average vields of IR480-5-9

Table 6. Grain yield, protein (at 129, moisture), and other data from breeging lines and varicties
grown in single obscrvational yield trial plots. IRRL, 1971 dry ‘wason.

Yield
Protein
Seeding te . Plant Rough Brown Brp\\ nocontent (o) Amylose |
. . Panicles . . rice Gl
Line no. heading rice rice . content -y
(days) (no.) ©m) (Wha)  (Uha) prulcm Brown Milled ) temp.
(kg ha) e rice
IR1102-25-3¢ 93 13 12 423 31 KRN 10.1 K8 5.6 l.
IR1103-64-4 103 12 RY 35 272 169 6.2 S0 269 L.
IR1104-16-2 76 8 76 353 oY 250 9.3 KR 27.4
IR480-5-9¢ 96 10 87T 471 332 o2 Lo 13 229 t.
IRB” 104 13 73 505 395 Se3 62 537 KRS 1.
IR160-25-3" 104 B 8 485 3.66 204 RO} 698 240 L
IR1105-15-7 77 12 73 450 3.56 245 g0 71 54 L
IR1L00-111-2 102 K 90 423 321 206 $8 K3 Waxy L
IR1103-1-3-7 Y6 11 103 471 3N R 9.1 8.1 8.4 I
IR103-15-8 108 9 87 357 275 204 79 6.0 79 I
[R1103-1-3-5 97 11 99 428 340 265 78 16 8.8 1.
L.

IR667-98-1 88 11 75 853 4% 353 8.2 7.0 19.1

*Averageof four plots. *Gelatinization temperature, L = low. “TR8x Santo. 4IRE x Chok-jye-bi-chal.
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Table 7. Average rough and brown rice yields and protein content (at 129 moisture) of brown and
milled rice and other data of lines grown in replicated yield trial, IRRI, 1971 dry season.

Yield
- Protein
Seeding to . Plant Rough Brown B“,)w" content (%) Amylose .
. . Panicles . ) rice -
Line no. heading (no.) ht rice rice protein Brown Milled cor.l'lcnl temp.?
(days) (em) (Vha) (t/ha) (ke/ha)  rice rice (]

IR1100-18-3 74 13 96 416 324 330 10.2 9.3 25.6 L
IR1101-64-! 73 15 87 497 381 162 9.5 8.9 28 L
IR8® 104 12 91 .01 5.38 192 7.3 6.7 27.8 I
IR773A1-36-2 89 12 RS 6.61 5.10 428 8.4 7.8 214 L
IR1103-49-4 Y9 12 89 491 1.81 366 9.6 8.4 27.6 L
IR 1006-20-1 99 I 9 692 5.46 453 8.3 7.6 27.6 L
IR1006-33-1 100 11 95 6.35 4.91 193 8.0 69 274 L
[R480-5-9 90 10 92 6.04 4.57 416 91 8.4 218 L
IR160-27-3 97 10 99 702 5.50 168 8.5 18 231 L
[R1103-1-3 PN 12 111 490 389 350 9.0 8.3 259 L
IR1103-2-3 89 15 93 513 32 303 9.2 8.8 26.5 L
IR1103-15-8 101 10 91 461 35T 350 9.8 8.7 2148 L
BPI-76-1 92 10 129 6.02 458 RU'ZS 8.0 7.8 251 H/l
IR1103-52-2 95 2 ¥} 6.7} 5.26 400 7.6 6.6 18.0 L

IR1103-64-4 101 13 99 654 Sk o0 69 6.0 8.2 L

“Avcrage of three plot-, Melatinization temperature, L = low, H/1 - high/intermediate.

and IR160-27-3 do not differ significantly from IR8 but they exceed IR8 in
protein content by a margin of 23 and 18 percent, respe ttively.

HIGH PROTEIN CONTENT AND OTHER GRAIN PROPERTIES
A taste-panel evaluation of cooked milled rice of some high protein breeding
lines conducted by Dr. Luz U. Onate of the University of the Philippines,
College of Agriculture, showed no significant differences in color scores among
lines from the same cross that differed by as much as 4 pereentage points of
protein in the raw grain. The lines compared had similar amylose content
(IRRI, 1971). Presumably. an increase in protein content of 2 pereent has a
negligible eftect on the color of milled rice.

Amino acid analysis of FF, brown rice grains of the hnes with the lowest
and the highest protein contents among the six crosses, IR1100 to IRT105,
showed a decrease in lysine and tryptophan values as protein content increased
(IRRI. 1971). 1t appears that increases in protein content caused by cither
genelic or environmental factors have similar cffects on the amino acid
composition of rice protein. Milled rice of 15 seeds of sive lines with 11.4 to
11.8", protein contained 3.3 to 4.0", lysine, 3.4t04.1°, threonine, 0.9 to 1.2°
tryptophan, and 3.0 to 4.6%, sulfur amino acids in the protein (IRRL, 1971).
These restlts show that it both parents have normal lysine content in their
protein, an increase of 2 percentage points in protein does not necessarily
result in a lowering in lysine content, since the lines with similar protein content
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Table 8. Summary of mean rough and brown rice yields, protein content (at 12% moisture), milling
and other data on IR8 and two high protein lines. 1RRI, 1971 dry season.

Yicld Protein (“,)
' ungh Brgwn Brown rice Brown Milled Brgwn h.)lul lIfud
Line rice rice protcin rice rice rice milled rice
(t/ha}  (Yho) (kg/ha) (") nee”)) ("D
Replicated yield trial (120 kglha N}

IR8 7.02 5.51 408 7.4 7.0 785 079 49.6
IR160-27-3 6.56 5.06 430 8.5 7.8 77.1 67.8 49
IR480-5-9 6.04 4.57 402 9.1 8.4 75.6 65.5 50.6

Variety x fertilizer trial® (60 kgjha N)
IRE 7.30 5.69 410 7.2 6.7 779 08.1 479
1R160-27-3 6.80 5.24 409 7.8 7.6 76.4 9.3 358
1R480-5-9 6.31 4,75 413 8.7 8.4 75.2 67.2 49

Variety x fertilizer trial® (120 kgiha N)
IR8 7.13 5.582 475 8.6 8.0 718 08.3 41.0
IR160-27-3 707 5.43 554 10.2 9.9 76.8 08.5 393
IR480-5-9 7.50 5.68 602 10.6 10.3 75.7 67.1 51.3

Variety x spacing x fertilizer experiment (1200kgtha N)

IR8 5.64 4.37 315 7.2 71.5 6¥.4 524
IR160-27-3 6.19 4.7 415 8.7 8.2 77.1 70.1 48.2
1R480.-5-9 6.31 4.81 433 9.0 8.3 76.3 684 53.6

Observational yield trial (80 kg/ha N}
IR8 5.14 3.94 213 6.2 5.4 76.7 66.9 46.7
IR160-27-3 4.85 3.66 289 7.9 6.9 75.4 66.8 8.7
1R480-5-9 4.7 3582 282 8.0 7.5 74.7 6.4 41.8

Mean of five trials
IR8 6.40 4.97 358 7.3
IR160-27-3 6.24 4.84 412 8.6

IR480-5-9 6.08 4.5 416 9.0

“Four replications. "Thice replications.* Agranomy department trial.

show a range in lysine content and one may select progenies with high lysine
values.

When high protein lines of divergent origin are combined in further hybridiz-
ations there may be a further increase in protein content. Crosses are being
made which combine the different high protein sources. These crosses also
include combinations with high yiclding, discase- and insect-resistant lines.
An increase in protein content of 25 percent without any reduction in grain
yield appears to be a reachable goal.
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Discussion : Breeding for high protein content in rice

P. A. LiEuw-K1-SonG: Have you analyzed F, material for protein content?

H. M. Beachell: No analysis was done on F seeds.

A. O. ABIFARIN: [How much of the brown rice protein is left after milling?

B. O. Juliano: Brown rice docs not exceed milled rice in protein content by more than
one percentage point. With brown rice of 8 percent protein, removal of 10 percent by
weight as bran-polish during milling leaves about 84 percent of brown rice protein in the
milled rice. At about 11 pereent protein, the loss of brown rice protein during milling is
only about 12 percent vased on 10 pereent weight removal, leaving 88 percent of'its protein
in milled rice.

E. A. SIpp1g: Do you find differences in the levels of protein increase among varicties
with increasing rates of applied nitrogen? If so, is it anyway related to the endosperm
texture (packing of starch granules)? '

B. 0. Juliano - Yes, increased protein content from applied fertilizer ritrogen improves
grain translucency and the hardness of any variety.

T. H. Jounston: Breeding for higher protein content is also an important phase of the
rice improvement programs in the U.S. Determining the protein and lysine content of
promising lincs is a routine part of the quality testing procedure. Several U.S. rescarchers
have reported that the protein content of brown rice in different crosses did not appear to
be simply inherited. Studies on F, plants and F, lincs indicated that the heritability of
protein content was low.
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