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T MRV REREL RGO ETR. HEABE MRS HIUR 23.8gke, &8 (N) L4og/ke, 2
B (P) 1.15g/kg, & (K) 16.71g/kg, K 8 & (N) 145.3mg/kg, H B BE (P) 80.4mg/kg, ZH B K)
162.6mg/kg, H3 4 (K) 65.3mg/kg, /K pH5.8.
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Table 1 The experiment scheme
Hy  4E T & SR HERR HRLRERR

Treat- Total N (FAE+5 BEAE+RRAE R AE ) (H:AE+4 BE FE+REE-HRL AR )

Group ment application N application in field at different N application in soil cultivation at
(N, kg/hm®) stages (N, kg/hm®) stages (N, g/pot)

1 112.5 0+56.25+37.50+18.75 0+40.325+0.217+0.109=0.651
2 150.0 37.5%+56.25+37.50+18.75 0.217%+0.3254+0.2174+0.109=0.868
1 3 187.5 75.0% +56.25+37.50+18.75 0.433%+40.325+0.217+0.109=1.084
4 225.0 112.5%+56.25+37.50+18.75 0.650%+0.325+0.217+0.109=1.301
5 262.5 150.0%+56.25+37.504+18.75 0.867++0.325+0.217+0.109=1.518

6 1313 75.0+0+37.50+18.75 0.4334+0+0.217+0.109=0.759
7 1594 75.0+28.13* +37.50+18.75 0.43340.162%4+0.217+0.109=0.921
2 8 187.5 75.0+56.25% +37.50+18.75 0.433+0.325%+0.217+0.109=1.084
9 215.6 75.0+84.38%+37.50+18.75 0.433+0.488* +0.217+40.109=1.247
10 243.8 75.04+112.50 % +37.50+18.75 0.433+0.650* +0.217+0.109=1.409

11 150.0 75.0+56.25+0+18.75 0.433+40.32540+0.109=0.867
12 168.8 75.04+56.25+18.75% +18.75 0.433+0.325+0.109* +0.109=0.976
3 13 187.5 75.0+56.25+37.50% +18.75 0.43340.325+0.217 % +0.109=1.084
14 206.3 75.0456.25+56.25% +18.75 0.433+0.325+0.325% +0.109=1.192
15 225.0 75.0+56.25+75.00% +18.75 0.433+40.325-+0.433* +0.109=1.300

16 168.8 75.0456.25+37.504+0 0.433+0.3254+0.217+0=0.975
17 178.1 75.0+56.25+37.50+9.38 % 0.433+0.3254+0.2174+0.054%=1.029
4 18 187.5 75.0+56.25437.50+18.75* 0.433+0.325+0.2174+0.109%=1.084
19 196.9 75.0+56.25+37.50+28.13% 0.433+0.325+0.217+0.162+=1.137
20 206.3 75.0+56.25+37.50+37.50 % 0.433+0.32540.2174+0.217%=1.192
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AN, FEHA L ER R AR N E T 0%, 50%. 100%. 150%. 200%5 KT, £HK 5 KFHTFH
MR BN 187.5kg / h’, AEMBARRA NI, T2FER.FH20MEGE D)., BEEEK BEILX
AHF.
1.3 #BHE

KA LRI, %A 20em X 30cm B HRA, MBS lem M T L 6.5kg. P.KAEFEIRIE, KX H
P,0,105kg / hm’, K,0180kg / hm* T RABH — KM T. NP.KEABSEREEAR G LEIK 2
HHE, BMER K Ca(H,PO,)21.00g, KCl 1.73g, [RFEHE M 8 H & LB A FW R (& 1). RACH A & E
My kN BEERAN S PKENEF.SEETERE 11 XGCA 4 B)ESH#ET, BETHER
B3TROEAIH,. HEFEKEIR)EATHET, . BETHRE 56 X(6 H 28 H, FRS 3 X)H 1.5%
HPR B KR M, A 3 3L E 2 Bk,
1.4 WEH*®

UNGR A RS A AT B T AL AR AR A B AL BT E . B AR A SR RMUTE. H,SO, Kk, ALk
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BN, HASAHN T EYIEX 1% R EEKF.
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SAKFERBEREHEAER 0%. 50%. 100%. 150%, 200% it #, i3 B & 2 65k KR
KA, FBREKETH: MR, BTN EARSERZHAEREHNN, BRE BN
HAMASERAEARSEAEE M, EX3 - cEEHENA. HEARSER SR
EE—EKT, EANAREEERKREQ R PBAIEIL.
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Table 2 Yield of brown rice, contents of '° N protein N and total protein N in brown rice

a5 Am kTR "NEHZA"N pro-N EHfTol proN  “NEAK
Treat—  Yield of TR Axia®  HSHACN MR #AxdEeR  SEAK
Group ment brown Relative Absolute Ratio to Relative Absolute  Ratio of " N
rice content content applied “N  content content pro—N to
(8/pot) (mg/gDW) (g/pot) (%) (mg/gDW)  (g/pot) total pro-N(%)
1 39.80 0 0 — 18.43 0.7335 0
2 46.67 1.56 0.0728 33.55 19.34 0.9026 8.07
1 3 51.11 3.19 0.1630 37.64 19.39 0.9910 16.45
4 49.39 442 0.2183 33.58 20.80 1.0273 21.25
5 49.94 5.78 0.2287 33.30 19.13 0.9554 30.22
6 45.18 0 0 — 18.56 0.8385 0
7 4592 0.82 0.0377 23.23 19.98 09175 4.11
2 8 49.11 1.70 0.0835 25.69 20.11 0.9876 8.45
9 50.53 2.10 0.1061 21.74 20.15 1.0182 10.42
10 50.15 3.21 0.1610 24.77 20.05 1.0055 16.01
11 44.36 0 0 — 18.53 0.8220 0
12 47.39 0.77 0.0365 33.49 19.88 0.9421 3.87
3 S 13 51.00 1.63 0.0831 38.29 19.87 1.0134 8.20
14 51.18 2.26 0.1157 35.60 20.16 1.0318 11.21
15 50.05 3.12 0.1612 37.23 20.15 1.0085 15.98
16 45.65 0 0 — 18.71 0.8541 0
17 46.18 0.20 0.0092 17.04 19.16 0.8848 1.04
4 18 47.83 0.48 0.0230 21.10 19.68 0.9413 244
19 50.52 0.75 0.0379 23.40 19.84 1.0023 3.78
20 50.21 098 0.0492 22.67 19.66 0.9871 498

I R R NIEE WP E
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Table 3 The regressive relation between >N application and '*N protein N in brown rice
AR NI B SRS NEHAM SR PN R SRS NEAR RS &
Group N application (x, UN g/pot) and relative content UN application (x, YN g/pot) and absolute content
of ¥ N pro-N (», * N mg/g DW) in brown rice of ¥ N pro-N (3, BN g/pot) in brown rice

1 y=0.106+6.654x r=0.999 »=0.0040+0.3336x r=0.997
2 »=0.027+4.735x r=0.993 y=—0.0004-+0.2401x r=0.994
3 y=0.007+7.144x r=0.999 y=—0.0012+0.3712x r=0.999
4 y=-0.020+4.631x r=0.999 y==0.0016+0.2345x r=0.997

E: r0.05=0.879, ro_o|4).959

HYESERASEWESFTAZREGEANETS, E 3HEK, N 7.149 M 03712, 5%
1 HRZ, F 6.654 F10.3336, 55 4 HE/D, (UK 4.631 F1 0.2345, RAERAKHERLE
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Fa HASEXN g/pot) SREKEAREE (YN g/pot) FIEIFXE
Table 4 The regressive relation between total N application (X, N g/pot)

and total protein N (¥, N g/pot) in brown rice

A EPEp:3 F ) . You T HIX
Group Regression egaution (N, g/pot) X under Ypa (N, g/pot)
1 ¥=—0.242+2.2039X-08122.X* 295.5 1.0184 1.255
2 ¥=—0.014+1.5757X —0.6035X° 181.1 1.0149 1.305
3 Y=—1.869+4.8887X—2.0585X" 9274 1.0338 1.187
4 ¥=—2.339+5.3582X—2.1466X " 13.8 1.0047 1.248

E: Fo05=19, Fy0,=99

W, USSR SR EA R RN EmER, BIEEAKZ, P EHEABRZ, ILE
PIERBREE. NESTTUEH, BR1.2.3.4HNHEAZZ LR 4:3:2]1, B4 N4HA
WSKFERANEARTFYSEZH N 4511236241072, HP,. FE 1 HAKF4,E34
KT 2, M 2E/NT 3, E 44T 1. #osh, KB RITEANHYE =K F (BIZE 3.8.13,
18BN NHEA B Z AN 432, LR EXOAMEEGREKRNEARITREZ LA
4.62:2.37:2.36:0.65, 2 5 LR R M FE G H. X FEREULH, 1E 028 AL HE A K
FAE LA Ry 43 B RE FORL AL #E A 64 ZUIE 3275 F) T R K 2R B TR 92 B B AARE K 3 B BT IR
WM ERE, BIEMBEIE A AEZMARES, M2 RERRICE R R M ER
K. XSHEHBSANEARTHEREE N TFYHAEN T LR ERBEHA TX—
LB 3HCNEABEE)ME | H CNAEREE) X — HHIB R, 15 36.15% 1 34.52%,

W28 2 40 (PN S EIE) M 4 H(ONENRIE) AR, 1L N 23.86% #1 21.05%.
%5 BANEAZRTIHSBREEGKER SNALLG)

Table 5 Average content of '*N pro-N in brown rice and its ratio to applied "N

Azl SKEFE &R BIKFEER EHERY NE A
Group Average content of 5 levels Content of 3rd level Ratio of the average to applied
(N, g/pot) N, gpoy ” N%)
1 0.1486 0.1630 34,52
2 0.0777 0.0835 23.86
3 0.0793 0.0831 36.15
4 0.0239 0.0230 21.05

A [ Bt 30 A R 3o e oK 2R R A R A ] 55 13 IR AR T DL R R T SR R R
xR, ARBHRATEABNLL L RFOORR, FHIESERE, M e X, Bl
THBREER, AR TRSERT. RETEANET, 52EASRE, AREERH
GETHRBEIABHRFELRLZ D, FEKBEMERRETYERELR. o 8IE
KRR, AREEREELENHHT, BT ERBH BB, KRR MA KB,
R B PR 50 8 Ja T BB B B9 F — Ty T R0 g o R SR A B B AR B K S TR R T R
YW/, 55— 07 T B AR A RO BE 0 S UK R R T BEE 2 BRI, A W T IR
W, R AL BORBE R K, BURA AR E B R P Lp] BN, ZREHR K
TRE IR AR AT A R TSk 3 2 Y B 359, BRI FE 8, AR R 5K B IR BE J1 58, R
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RE-MELEFTHRESEMN 40%~50%", WAt HEA A T REEEKRENNEFR
RGBS ES. BRKNERM T ESHER —#REZXM, EKBREAN
SRR WA T AR T ENA LR, BTREBRAHEBEN L, AREZMEBERR
K, R EHA KRB LB R/,

R, FEMTFHREA SRR B, ¥4 N1.084g / pot, H&HSE 3 KF (A
3,.8.13,18 PO4LH) B9 5l B S B 2 N1.084g / pot, (HE, FAMBEKER R SERAEL M
. RIEFR4FIHEHE, TUBH, YA EF 9 N1.084g / pot B, 1,2, 3.4 AR K ER
REEHFYMERKHN 0.9966.0.9849.1.0115 F1 0.9469g / potN, L Fx L5 3.8, 13,18 4k
BB A EOA BB TN ERK N 0.9910,0.9876. 1.0134 1 0.9413g / pot N(F& 2),
PMESLMEASBRBRE, HEEIHNER, B 1 HMKRZ, 5 4 BHRMK., AR 4187
FH RAEAANBERMENUME (Y )BEARENEYE, WA ¥, HHERLENE
EIAEMRK. B, MRS ESBAEAALRBNXAXE, 2RHAKARFLEA
) T8 K TE 9 R A3 0, LR R 3 IE 1 4R, T 0 B S R0 2L B s R 0 IR 4 PR AR R R

3 /Mg

1. ER B MK L EE EER AR N 187.5kg / hm?, ZE A8 4r S AL AR
BE = 432 I HLBIMR, 2B EABRAM TRAEARNERSRE, HAKNAE
BEAREKE O PR LB BB, ATk 36.15%, MR IKZ, K 34.52%, 5 BE AL B
M E R E, UH 23.80% Fl 21.25%.

2. TEIEMRT. A EE. R A AL Bk A REA LRI A, Y HE = EHER
B2, IR ANERESERPEARWHEANERNEN S EHERTENLRY
EASE, ZEFRH AT, 20 BE . ZeRE AN 2L B G Pl B 3R (g / pot) ALK, AT ERE K R B
F A& & (mg / gDW) 2 B3I 6.654.4.715.7.144 F1 4.631, WA EA A LN S E
(g / pot) 7B H1 0.3336.0.2401.0.3712 1 0.2345. B A AL B SEKEAR
HMENMARHE T REPAETER., E—NPIBERATERNPREANREEA
B E A R SR M, BT e A AR BARKRE R R e,

3. TEREMEET. 4 EER . R REHI A LB 4 BIME A 0.433.0.325.0.325 1 0.109g / pot(HH
WK G & 75.0. 56.25. 56.25 1 18.75kg / hm?), BER & N 1.192g / pot (8 ¥ T K HifE
% 206.3kg / hm?), 4 BT R B 2 H o 3.64:2.73:2.73:0.91 Bf, (R KR B A AR S
BEMHE, IS4 N 1.0318g(FH YT XHE A N178.50kg).
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PRELIMINARY STUDIES ON THE EFFECTS OF NITROGEN
APPLICATION AT DIFFERENT STAGES WITH DIFFERENT
AMOUNTS ON ACCUMULATION OF PROTEIN IN BROWN RICE

Liu Qiang Luo Ze-min Rong Xiang-min Huang Jian-liang
Huang Qi-wei Yang Zhong-pei Chen Yong-yao

( Hunan Agriculture University, Changsha 410128)
Summary

In this paper, the relations of nitrogen application at four stages with different
amounts to accumulation of protein in brown rice were studied by soil cultivation and
N tracing technique. The results showed that applying N at booting stage was most
favourable to the accumulation of protein in brown rice and the ratio of "N protein—N
in brown rice to applied "N reached 36.15%. This effect of applying N before
transplanting took second place, and those at tillering stage and milk stage were
relatively disappointed. The results also demonstrated that, under the condition of
fixaion of N application at the rest 3 stages, " N applied at one stage was
significantly linearly correlative with "N protein-N in brown rice, but the relation
between N application amount at all 4 stages and total protein—-N in brown rice
presented a parabolic curve, because of the decrease of brown rice yield and the
descent of protein—N content under the condition of excessively applying N.

Key words "N, Nitrogen fertilizer, Application stage, Application amount,
Brown rice, Protein



