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Protein Content of Rice Grain as Affected by Nitrogen

Fertilizer and Some Triazines and Substituted Ureas'

S. K. De Daua, W. N. Obcemea, and R. K. Jana®

ABSTRACT

Ficeld experiments were conducted to determine whether
varictal differences in protein content exist and to study
the use of cultural practices — plant deasity, time of N
application, and application of chemicals — for increasing
protein content of rices (Oryza saiiva L.).

Results demonstrated that a high- )icl(lim{ impm\ ed line
‘IR180-5-9" has high l)l()lllll content in the grain, The
protein content of brown rice of IR480-5-9 varied from
9.5 to 10.2¢0 without application of N. The highest pro-
tein of CIRA80,) was about 12500 while that of ‘IRS
was 9.870. In another c\p(.umnl the protein content
of TR480 was 10.2¢;; while that of ‘IR22’ was 8.67.. Both
rices had similar grain yield: (7.8 metric tons, ha).

In 7aother experiment, the protein content of several
rice cultivis was significantly higher when 150 kg -ha
N was applicd half at planting and half at heading than
when all N owas applied ac planting.

Simc(rync [2,4-bis (cthyl ainine)-6-(methyl thio)-S-tria-
rine], at 0.5 kg 'ha active ingredient, .l[)[)li((l cither as
granular or Jiquid formulation at panicle initiation or at
hc.\(lmq stage of the rice crop, significantly increased the
protein content and  protein yield of 1R22 compaved
with the fertilized control. Three chemicals, tenoran [ N'-4
(--chlorophenoxy) phenvEN,N-dimethyl ureaf, CP 17029
12,4 Dbis (3 mecthoxy-propyl amine)-6-(methyl  thio)-5-
triazine], and benromare (N-benzoyl-N-dichloro-3,4-phenyl
N’-N’dimethyl urca) also increased protein content of
rice grain without significantly affecting grain yvields and
yield components,

Additional index words: Bl(mn rice, Unfilled grams,
Panicle initiation, Heading, Flowering, Protease activity,
Tiller, Topdressing, Protein yield.

IN nany Asian conntries vice (Oryza sativa L) is an
important souwrce of protein. But common rices gen-
crally have Tow protein content l)lllltuldl[\ il lh(\ U
not receive adequate N fertilizer. "Thare is sulficient
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evidence thae N oapplication incrcases the protein cone
tent of rice grun (6, 8, 1112, 150 Rice breeders e
attempting m combine high vield ])l)l(lllll] with vt
milling qualits and high protein content in the i
eridn in ther hreeding prograns (2,5, 10),

Severad attenipts 1o increase the protein content o
the rice grain have heen made by nsing herhicides wsed
at sub-toxic levels. For example, Ries, Schwiezer, i
Chmicl (13) reported increases in the protein conten
ol several aops by applving sivuvzine |2 chloro L,
bis  (cthye amine-S-oriazine) | Verganas Midlers and
Avelino (I subsequently reported, however, that an
increase inthe protein content ol the vice maim cosed
by simazine application was associied with o deaicase
i orain vield that resulted from an moreass B oun-
filled grams. Recemrly, Allinson ¢by reported thar the
application ot simazine above 025 ke ha aciive inge
dient reduced the divomatter vields of aeed canan-
eriss (Lhalavis ariordinecea oy, In addivion, he
ported that compared wid a0 single wpphicanion, split
applications of sinnzine lowered the protein contents
ol the st and the second Toorvests e vaised the
protein content ol the thivd Tiovest,

We conducted aseries of experiments to sody e
varietal ditferences in pratein content fa vice grain
and o determine proper culiwal proactices s
plant densitv, time ob Noapplicaiion. an D use of chiemye
cals for high-protein rices.

1e-

A

MATERIALS AND METHODS

In field experiments ac the International Rice Roscanch Tesid-
tute (IRRD cond thiee experimental stations of the PLilippin
Bureau of Plant Todosny (BPE in the PO e sena
applicd N oas anunoniunm sullate ar 3o ke i inevor o trom
to 150 kg hae Except for 20 kg i Ny which e w,nlu- [RLT
panicle initiation, we incorpoated the N e kst ha-
rowing, We planted (TRS and i experimonto s le tian TR0
549" inasplit plot design with three vephication

'

Nitpnoen leveis
served as the main lxlnls and varicties, as the sehplets,

In another series of ficld (\puumnh at i JRRE favm
(Maahas clay: pHo 600 organic mater 200 cation exchange
capacity 45 meq, 100 g soily [nmupll clay minerai, wontmorillo-



786 AGRONOMY JOURNAL, VOL. 64, NOVEMBER-DECEMBER 1972

nite) we studied the effects of plant density, N fertilization, and

chamical application on the protein content of rice grain,
During 1969, 1, snndy the offects of plant density on protein

content, vo broads 0 TRE ae 100 kg ha and teansplanted e at

one seed’ o b spacings of 20052 20,40 5 40, 50 %2 50,
and f 100 ¢ crew the aop without fertilizer using
a orned zed comg black desizn with three replications.

In o el enre oan the 1970 dey season, we used the

TRZ0CTREY and RDIE 1o study the
cffects o splicition on protein content of the rice
grain, We oy s annnoninm sultate v 150 kgdha N oat
planting, av planing anl panide initiation, and ac planting
and heading, We used @osplitsplit ot desizn with three rephi-
cations, Times of N applicution soived as main plots, varvielies
as Lthe subplots, and the time of bavest as the sulisubpots,

Inca thivd expedi oot in 1070 aned 1971, we sereered several
trinzines aud subetioed weeas for their possible elfects on the
protein contant af the rice @iain,

We tested TR2C i the 5070 crop season T the dry seiason
we applied 130 ke ha N o ammoniune sultue — 100 kg/ha
during land prepmation cd 20 kg haar panicle initation. In
the wet season we applied 60 kg ha N during Lisd preparation
and topdressed 20 kg ha Noin all plots. A additional treatment
was imposed without any detilizer ov chomical. We used the
vandomized complete block design, with each treatment having
four veplications.

In (hie 1971 diy scason we gren TRZZ and the line “TRA80-5-4
in plots treated ‘with 150 ke ha N applicd unitormly duing
Jand  prepavation,  Additenal  neannents were dmposed: no
fertilizer and 150 kg ha N applicd in three split doses (100 kg/ha
during Iand preparation, 25 kg ba at panicle initadon, and
95 kgsha at heeding, We used o split-plot design, with varicties
as the main plots and chemical nieatients as the subplots.

We measured detailed yield comporents for the 1970 crop
seasons and determined grain vields for all seasons. “The grain
yield data are presentedas vough e at FSG moisture, s We
obtained the protein content of the brown vice by determining
the N contenmt (Kjeldaht methody and multiplying it by the
factor 595 (7).

fmprose o

RESULTS AND DISCUSSION

In the experiments on vavictal differences inpro-
tein content, the brown rice of TRASU-5-9 had between
9.5 and 10.2¢ protein without applicd N Its high-
est protein content was about 12590 while that ol
IR8 was 9.897 (Fig. 1). Subscquently, a study ol the
source of high N content in high-protein vice by IRR1
chemists showed that TRA80-5-9 had higher protease
activity per tiller, hoth ar Howering and 21 days Tater,
than four other varieties (10).

The grain vickls ol IRAS0H-0 varied from 3.0 1o
3.8 tons/ha without fertilizer. "The maximun grain
vield in these experiments was abeut 5.8 tons ha, o
nornual erain vield o o wetsceason Gop. TRAS0-5-Y
had lower grain yvield than did TRS. TRASG-5-0 tillers
less than TRS, which may account for s somewhat
lower grain yield, Tlhgh tillering is an important char-
acter for high grain vield invice in the ropies. Jor-
tl..more, bactevial feal blisht atlected TRISO5-9 more
than IRS, which mayv also expliin its lower grain yield,
Under disease-free condition TRASC5-9 produced 21
tons ha of vonsh rice in thiree crops within a calendar
year, which is close 1o the record yvield obtained with
three crops of IRS (9),

These data show cthat the high-vielding line, IRA180-
549, has high prorein conent. Subsequent studies re-
vealed  that TRIS05-9 0y the highestvielding among
the high-protein vices i the world collection of 7,760
rices and more than 2,000 rices of improved plant type
(3). Since IRIS0:H-9 has good grain quality, it may
serve s e exeelient parent in breeding for high-pro-
tein vice.

The studies on plant density showed that at wider
spacings the protein content ol 1IRS browia rice was

Three BRI stations IRRI
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Fig. 1. Effect of N level on grain yield (rough rice) and pro-
tein content of brown rice at IRRI and at other locations
(average of three Burcau of Plant Industry stations). 1969
wet season.

higher, but grain vields were lower than at narrower
spacings (Fig. 2). At wider spacings more N was avail-
able to the plants and, therclore, the prote’  content
in rice erain was increased. But the gra” - s de-
creased at wider spacings becanse fewer |, ¢s were
produced per uait arca. ‘The results also indicate that
the protein content in the rice grain is lower in the
iy season than in the wet season (Fig. 2). This is
true in many experiments conducted on our farm,

In the experiments on timing of N application, IR20,
IR22, snd RDIT had signilicantly higher protein con-
tent than IRS (Table 1), Applying 150 kg/ha N in
split doses at planting and panicle initiation, or at
planting and heading, resulted in signilicantly higher
protein contents than applying all N during planting
(Lable 1). Topdressing at heading gave signilicantly
higher protein content but significantly lower grain
vield than topdressing at panicle initiation. When the
N was applied in splic doses at planting and heading,
the grain yields were similar to those obtained when
the entive amount was applied during transplanting.

Split application is already recommended under
farm conditions when the water levels in paddies can-
not he controlled well (6). The increased protein con-
tent obtained from topdressing N is an additional rea-
son for recomimending split application.

I the experiments with herbicides in the 1970 dry
season,  simetryne [ 2,5bis  (ethyl  amino)-6-(methyl
thio)-S-triazine] at 0.5 kg/ha active ingredient applied
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Fig. 2. Effect of plant density (B = broadcast; other spacings
are transplanted) on grain )ul(l and protein content of

100
X
100

brown rice without fertilizer nitrogen (varicty IRS8).
1969.

IRRI,

at complete heading significantly increased the pro-
tein content of 1R22 compared with the fertilized con-
trol (Table 2). The amino acid (Ol]ll)()blllOll particu-
larly the lysine content of protein of the simetryne-
treated brown rice (3.69), was similai to that of the
fertilized control (5.77,).

Simazine, .lppllcd at 1.0 kg ha, also significantly in-
creased the protein content in the rice grain as ic did
in an carlier stady (15), but it slgmlruntl\' reduced
the grain yield, as ‘also occurved in studics by Vergara
ct al. (M), At 0.5 kg/ha, however, the différences in
protein content and grain yiclds due to simazine wreat-
ments were not significant,

In the 1970 wet season, simetryne, at 0.5 kg/ha ac-
tive ingredient applied at panicle initiation, increased

Table 3. Effccts of granular chemicais on the protein content of rice

wet scason.

Applleation \n ol

187

Table 1. Effect of wpplying 150 kg/ha N at different times on
the grun yield and the pereentage of brown rice protein in
IRRI,

four varicties (average of 15 times of harvest).
dry seasen.
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Table 2. Effect of liquid fermulations of Simuzine aud Sine-
tryne on protein content of rice grain and grain yvivid of HR2Z,
IRRI, 1970 diy scason.

Chemieal
RISITRVATIN " i ti B
(S : - o
1. i ! i [N
[ ' [ [N N
Simetrvne 6,7 IR iy i 1 N i Loy -
(B H] iR i NG 3N
L 1 i ~ I Mo e
CH IR il g [ R lim
Pertilizer contral I A . L e vl 1
15, 3 fa n- Y [ s
cy, 1 3 . 1. K "
S mating, CH O comgpdee feanding, ti B O L F T Y P SRRt}
I (13 g b S ", AT e e ceied ek B Dk g Cen
and 3 lacha as panic b nitbes o

the protein content of rice grain without significanly
decreasing the Jrain vield compared with the fevtilized
control (Table %), But simetryie in this season was
clfective when applicd e panicle iniation rather
than at complete heading. Stmazine, av 05 kg ha,
when applied at ]J'Illi(](' IoN. Wis ot (oxNice to
IR22, and significantly inacased TRIYS protein cone
tent and protein vield. Incour experiments ihe sterility
(percentage of unlilled grainsy caused Ty sinazine ap-
plicd at panicle initi tton wis not sreater than thae
ol the fertilized control ( Pable Sy it was constderahiy
lower tham that yeported carlier (bh Probably the
aranular Tormulation of stntvine ved i this e }wri
ment had a lower tosicity than the liguid formualation
wsedd inearlier experiments (Fhe Funthierniore, we osed
0.5 ke ha active ingredient, wheveas o nimmmnm vote,
1.25 ke b oactive ingredient, was wed i the expert-
ment in Californiie with the ‘Eandivose” cultiver,

grain, grain yield, and vicld components of JR22, IRRI, 1970

Wi, ot 1ea tefilld [HT]
R, Tondeliy splioe et aralns, Broine, vield [RRLAREN [FRE O
Chemical s hie Fome* ratingt 10 s 3 Tk el
Simazine 0n,.s IR [ ? 20 B (K] 1
Simazine 10 CH + 2 21 15 S
Simetryne s Bl it " 2.3 i it e
Stmetryne [ CH 2 o 2,2 15 ia “n
Tenoran [ vl 3] 20 23 fn Y 1
CP 17029 a, n 0 k] 3 “ [ 1
Diuron 1.0 n 7 16 2.0 H2 1.1 an
Monuron 1.0 n 9 10 [ b5 AR 17
Renzomire 0,3 i 0 R 2.4 9 4.5 1!
Fertllizer treatmentss
Unfertitized control - - s 21 7 LA To0 RN ti
Fertllized control$ - 24 2.1 h () LR s juh
LsD, §°7 + (L] i n,5 i.0 Hi
oV, W 13 4 It 1 n it
¢ PL- pantele inlthuiagg 11 boatingg CIF - camplets headtne tolonfeln sealos 1 an tondeityg 100 complete Lill, pleatcin dbebd with feetlizod contre . 100

B0 'g/ha N 100y, 3 A plots pecelved 80 Ly Tl s dusd

o Led preparatlon and 2o

e Nt pandele Inddation exeept the unleetilized eontrol,
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Table 4. Effest of chemicals and nitrogea {ertilizer on protein
content, protein yicld, and grain yicld of IR22. IRRI, 1971
dry scason,

Groan e peotein

Comnent, Yietd,
L ha

0,3 303
9,4 a0y
Q% hid
Lo b
thow 2ol
L 3
) R
5.5 &2
0T 61
B o

t lnts recelbved
wed with cnemicals,
b cach at pantele n-

Table 5. Effccts of chemicals and nitvogen fertilizer on the
protein content, protein yvield, and grain yicld of the TR480-
5O line, JRRI, 1971 dry scason.

N b
Ay b .

L rice protein

TR [STRRN Content, Vield,
Chemfead Lohe e 't b
Stmetry o noA i T i, ra)
Tennr.a [ b - 1m0 [
Betzomare ", r CH 1,0 [
Moneron o 3 Li, 4 24
Fertlzer treaments:
Unterttlized control - - [ 5.0 20
Feetillzed cantrolt - - Y i, oy
Fertltzed contealt - - 3 Tihoy oy
150, 57 - - 0, b NI
oy, - » 5 1

TR bmathwyg O o
b Shnttroeon dwrin s
recetved 1 i nk
and at heoding,

patacle jnttiation, 1Pty reecboed R
s treated with chomdeats, e
fon, 25 1 ha Novackoar pantele inltiation

Other chemicals thar inereased protein content with-
out reducing the grain vields were henzomare (N-bei-
s0yl-N-dichloro-3.E-phenvl N-N'-dimethy]l urea), teno-
ran [NEchlorophenoxy)y  phenyl- N N-dimethyl
area |, and CP 1702971200 his (3 methoxy-propyl ami-
no)-6-(methyvl thioyS-teiazine | (Feble 5).

The results indicate that even chemicals in the
triazine group will inorease the protein vield in rice.
Toxicity to the vice crop must, however, be minmized
by using proper fovmulation vate, and time ol applica-
tion Tor these chemicals,

Monuron  [S(p-chlorophenyh-TEdimeriyl  urea |
and diuron |.".-(.“».-l-(li(h]umplu:nyl)l,l-(lim:lhyl urea |
substauntially inaeased the protein content ol brown
rice but reduced the grain vields, primrily hecause
they caused @ higher poeentage of nofilled grains and
a lower 100-grain weisht as compared with the fer-
tilized control (Fable 5.

[n the 971 dry scason the chemicads simeuvie, teno-
v CGP 17029, and benzomare caused signiticant in-
(rease ol one pereentiage point i the protein content
of IR22 compared with the farttized control (Fable
. These lour chiemical treatments also inereased the
protein vields signilicantly. Monwron, a chemical be-
loneine 1o the substitured wrea group, deareased pro-
tein vicld by substantially veducing ihe grain vield.
The cop suttered severe toxicity,

Ferdlizer applicetion alone increased  the protein
content of TRISOS-9 by 2o 2.0 percentage points and
the grdin vield by 3 wons ha compared with the un-
fertitized treatment (Fable 5). ‘Toe application of si-
metrvne, fenoran. and - benzonie significantly in-
crased the protein content of TRI80-5-9 without sig-
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nificantly decreasing the grain yields. 'The increase
in protein yields obtained with these chemical treat-
ments weie not signilicant, however (Table 5).

Studies have shown that high-protein rices are nu-
tritionally superior to vices with normal protein con-
tent in feeding srials with both human beings (5) and
rats (1), "Fhis is hecuse of the higher levels ol essen-
tiadl amino adids in the high protein vice at the same
rice intake, “The varictal dilferences in increase in pro-
tein content ind increase in protein vield through ler-
tilizer and chemical teatments are worth  noting,
IRA80-5-0 produced higher protein content and pro-
tein yield in most of the Tertilicer and chemical treat-
ments than IR22. Grain vields were similar, however,
confirming the superiority of TRAS0-5-0 as o potential
parent in breeding for high-viclding and high-protein
rices,

Futwre high-vielding varvieties should have higher
protein contents without decreased grain vield, Our re-
sults indicate that the protein content of the vice
erain may be Turther increased through the application
of certain chemicals,
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