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Effects of nitrogen application rate on yield, quality, and
y-aminobutyric acid content of giant embryo rice

HU Ming-ming, LAN Yan, PENG Li-gong, LI Cong-mei, CHEN Guang-yi, KUANG Hu-dong,
HE Xing-mei, YANG Hong, ZHANG Qiu-qiu, LIANG Chao-de, LI Tian"
( College of Agronomy, Sichuan Agricultural University / Crop Ecophysiology and Cultivation
Key Laboratory of Sichuan Province, Chengdu, Sichuan 611130, China )

Abstract: [ Objectives ] Giant embryo rice is highly nutritious because it is rich in y-aminobutyric acid
(GABA). Here, we studied the suitable N application rate for high yield, quality and GABA content of giant
embryo rice. [ Methods ] In 2020 and 2021, field experiments were conducted in the Modern Agricultural
Scientific Research Park of Chongzhou City, Sichuan Agricultural University, using giant embryo rice cultivar
J20 and Koshihikari as test materials. Five N dosages of 0 (N,), 90 (N,,), 135 (N55), 180 (N,5), and 225 (N,.s)
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kg/hm® were applied. The yield, processing quality, appearance quality, starch RVA spectrum characteristic value,
taste value, protein content, 17 hydrolyzed amino acids and y-aminobutyric acid (GABA) content were
investigated. [ Results ] Both rice cultivars reached the maximum yield and higher effective panicle and spikelet
number per panicle in N,,;. With increasing N dosage, the brown rice rate, milled rice rate, head rice rate, GABA
content, and embryo weight of rice increased at first and then decreased. The chalky grain rate and chalkiness
decreased at first and then increased, with the lowest value recorded in N ;. The N dosage higher than N5
decreased the functional component and embryo weight. Increasing N dosage (P<0.05) decreased the peak
viscosity of rice, with the average decrease under N application reaching 7.44% (J20) and 9.74% (Koshihikar),
respectively. N application rate did not change (P>0.05) the breakdown and setback values and the pasting
temperature. The appearance, taste, and taste value of J20 decreased as N dosage increased (P<0.05), with an
average decrease of 10.73% in the taste value recorded in N, treatment. For Koshihikari, the appearance, taste, and
taste value were in the order N ;s > N, > Ny, > N5 > N,,;. The protein content total amino acid, essential amino
acid, and non-essential amino acid content of the two cultivars increased with the increasing N application rate.
The suitable range of N application rate for high yield and good quality of the two rice cultivars was estimated
at 130-140 kg/hm*. Compared with Koshihikari, the yield, head rice rate, breakdown value and taste value of J20
were more sensitive to N application rate. Also, it had a higher protein content, total hydrolyzed amino acids and
GABA under the same N application rate. [ Conclusions ] Reasonable application of nitrogen fertilizer can
improve yield, processing quality, appearance and nutrition, but excessive nitrogen fertilization will reduce
cooking and eating quality of rice. For the giant embryo rice cultivars, applying N 130-140 kg/hm’ is reccommended
for a high yield, quality and good functional characteristics.

Key words: giant embryo rice; nitrogen application rate; yield; quality; y-aminobutyric acid
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Table 1 Basic soil physical and chemical properties

Fpry - AU (g/kg) A (g/kg) Tl A (mg/ke) B (mg/kg) HEER (mg/kg)
Year P Organic matter Total N Alkali-hydrolyzed N Available P Available K
2020 5.93 21.50 1.91 110.54 18.91 58.31

2021 6.04 24.50 1.72 108.35 19.75 60.24

HEK Brown rice

K&K HE Brown rice embryo

o
Koshihikari

WNA 5 mm
5 mm R J2

FFHL Grain

Koshihikari

5 mm

1 Bt ERRKFERT 120 SR BAELER

Fig. 1 Comparison between the test giant embryo rice cultivar J20 and Koshihikari grains
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Table 2 Effects of N application rate on rice yield and yield components

o e FHEH (<107 ﬁj}iﬂfﬁf& o tﬁ;; Toﬁiifz i (kg
Year  Cultivar Treatment Effective panicles per panicle rate weight Yield
2020 120 N, 195.6+15.4 ¢ 137.4+0.5 d 74.140.1 a 22.7+0.1a 4852.24382.0 ¢
Noo 222.2427.8 be 145.140.4 ¢ 71.2£0.1b 22.840.1a 5633.8+703.7 be
Nuss 266.7423.1 161.440.4 b 69.240.1 ¢ 21.840.1 b 7004.9£606.6 a
Niso 253.3+13.3 ab 175.940.1 a 64.7+0.1 d 21.340.1 ¢ 6631.0+349.0 ab
Nuss 240.0+26.7 ab 176.4+0.5 a 63.4+0.1 ¢ 21.0+0.1d 6053.7+672.6 ab
A5 RE CV (%) 118 11.1 6.5 3.7 14.0
B N, 226.7+13.3 b 97.1+13 ¢ 87.9£0.2 a 24.9+0.4 a 5192.2+305.4 ¢
Koshihikari 262.247.7b 100.0+0.5 d 85.4£0.5b 24.6+0.1 b 5933.14174.2 be
Nuss 337.8433.6a 101.6+0.2 ¢ 80.4%0.1 ¢ 24.6+0.1 b 7321.0£727.3 a
Niso 3333353 a 105.140.1 b 77.240.1 d 22.940.1 ¢ 6679.8+706.9 ab
Nuss 324.4433.6a 111.140.1 a 72.6+0.1 ¢ 22.940.1 ¢ 6443.9+666.4 ab
A5 RE CV (%) 16.8 52 7.6 4.1 12.7
2021 120 N, 191.147.7 b 138.2402 ¢ 77.120.1 a 23.5+0.1a 5145.3£207.3 ¢
Noo 240.0+13.3 a 140.7+0.3 d 70.8£0.1 b 22.9+0.1b 5887.24327.1 be
Nuss 275.6+15.4 2 153.140.3 ¢ 68.4%0.1 ¢ 22.840.1 b 7065.5+394.8 a
Niso 262.2420.4 a 166.5+0.5 b 65.3+0.1 d 22.340.1 ¢ 6841.54531.4 a
Nuss 244.4433.6 2 178.840.6 a 62.5+0.1 ¢ 21.440.1d 6295.0+864.1 ab
A5 RE CV (%) 133 11.1 8.1 35 12.3
B N, 240.0£13.3 ¢ 100.0+0.2 d 85.4£0.1 a 26.0£0.1 b 5743.6£319.1 ¢
Koshihikari 266.7+40.0 be 100.3£0.4 d 82.9£0.1b 26.240.1a 6255.4+938.3 be
Nuss 337.8433.6a 103.740.12 ¢ 76.620.1 ¢ 25.640.1 ¢ 7393.54734.5 a
Niso 3244477 108.8+0.3 b 72.540.1 d 25.440.1d 6988.0£165.8 ab
Nuss 315.6+27.8 ab 113.340.3 a 68.30.1 ¢ 25.540.1 ¢ 6710.94590.3 abe
BRZRECV (%) 14.0 5.5 9.2 1.3 9.7
F7 225381 (F{H) One way ANOVA analysis (£ value)
Ay Year (Y) 0.32ns 54.13%* 2118.01%* 1841.75%* 3.19ns
s Cultivar (C) 83.21%* 238696.06%* 86117.84%* 8995.97+* 5.06*
JE % N rate (N) 27.61%* 8623.86** 21760.71%* 497.31%* 22.21%*
YxC 0.32ns 768.36%* 2998.84%* 391.52%* 0.10ns
YxN 0.13ns 122,415+ 218.88%* 40.94%* 0.15ns
CxN 1.96 ns 2432.46%* 691.00%* 19.35%* 0.19 ns
YxCxN 0.25ns 134.20%* 86.82%* 54.55%* 0.02 ns

T AR R RN SRR [ — ARy [ — Ak R A] 22 53 3 (P<0.05). Jr2E i, *. ** 73 I3RTE0.05F10.0 KRR B3

nsFRTCRFRCR

Note: Different lowercase letters after the data in a column indicate significant difference among treatments of a cultivar in the same year (P<0.05). In

the ANOVA analysis, * and ** indicate significant effects at the 0.05 and 0.01 levels respectively, and ns indicates no significant effect.
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#F 3 HMEREXKFEM AR RN R R0
Table 3 Effects of N application rate on processing and appearance quality of rice
£y i AbE B (%) AR (%) KR (%) R (%) EE (%)
Year Cultivar Treatment Brown rice rate Milled rice rate Head rice rate Chalky grain rate Chalkiness
2020 )20 N, 75.1£0.6 ¢ 65.6+0.3 a 543403 ¢ 86.9+2.0 a 50.4+2.0 a
Nso 77.3+0.3 ab 66.7+0.1 a 55.1+0.3 be 85.4+1.6 ab 48.8+1.1 ab
Niss 77.740.1 a 67.0+0.1 a 56.3+1.1 ab 843+1.2b 474+1.1b
Nigo 77.5+02 a 66.9+1.9a 56.3%0.6 ab 84.8+0.6 ab 47.840.8 b
N,.s 76.7+0.4 b 66.7+0.2 a 56.6+1.0 a 85.1+0.9 ab 48.0+1.6 ab
TRFRECV (%) 1.4 0.9 1.8 1.2 2.5
B N, 78.7£0.6 b 70.0£1.1 b 52.0+1.1b 15322 ¢ 5.240.8
Koshihikari 80.540.7 a 72.841.4 2 53.040.7 ab 30.244.4 2 141418
Niss 81.5t1.0a 73.3+0.6 a 53.4+0.5a 15.842.4 ¢ 5.8+09 ¢
Niso 80.5+1.0 a 73.1403 a 53.1+0.5 ab 22.6+1.5b 11.7#13b
Nos 80.2+0.7 a 72.0+0.8 a 52.3%0.6 ab 21.4+0.7b 10.240.6 b
BRRECV (%) 1.3 1.9 1.1 28.8 40.7
2021 J20 N, 75.440.2 ¢ 65.040.3 ¢ 54.5+1.1d 69.643.2 a 39.442.1a
Nso 77.9+0.4 b 67.4£1.0b 57.0+02 ¢ 67.4+2.9 ab 36.4+2.0 ab
Niss 79.340.3 a 69.3+0.7 a 63.840.4 a 63.7+1.5b 323409 b
Nigo 78.0£0.4 b 67.2409b 60.120.9 b 66.4+2.4 ab 34.7+3.8 ab
N,.s 775403 b 67.0£0.5 b 57.8+1.0 ¢ 67.0+0.2 ab 35.3+4.7 ab
BRRECV (%) 1.8 2.3 6.0 3.2 73
oL N, 75.9+0.4 ¢ 66.240.5 ¢ 55.040.9 ¢ 27.1+3.8a 9.7t19a
Koshihikari -\ 78.7£0.2 b 68.4+0.6 b 57.5£0.5 b 18.540.5 ¢ 7.6£0.7b
Niss 80.6+0.3 a 70.0+1.0 a 60.4+1.0 a 18.140.6 ¢ 73+02b
Niso 80.040.5a 68.3+1.3 b 58.6£0.5b 26.6+0.8 ab 7.5+0.6 b
Nos 78.6£0.2 b 68.7+0.3 ab 57.6£03 b 22.6+3.1b 9.7+03 a
SRR CV (%) 23 2.0 3.4 19.0 14.7
F7 225387 (F {H) One way ANOVA analysis (F value)
£} Year (Y) 7.70%% 67.18%* 508.20%* 230.76%* 258.16%*
i Cultivar (C) 288.60%* 279.38%* 106.73%* 9460.41%* 5864.77+*
% & N rate (N) 74.12%* 25.60%* 71.24%* 10.27%* 7.83%%
YxC 76.04%% 123.37%* 32.36%* 320.98** 186.77**
YxN 4.51%* 231 ns 28.11%* 12.20%* 6.02%%
CxN 0.63 ns 0.52 ns 6.35%* 4.98%* 6.64%*
YxCxN 1.99 ns 1.31ns 3.90%* 11.49%* 5.33%%

T RS EA RN 5 5ER [ — 4[5 — i Rk R 22 5 i35 (P<0.05). Jr2Ea0i

nsFRTCRFRCR

* RS SRIRAE0.05 0.0 KRR B3E,

Note: Different lowercase letters after the data in a column indicate significant difference among treatments of a cultivar in the same year (P<0.05). In

the ANOVA analysis, ** indicates significant effect at the 0.01 level, and ns indicates no significant effect.
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Fig. 3 The relationship between rice processing quality, appearance quality, and N application rate
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R4 TEREBMNFREMRFERZ (RVU)
Table 4 Effects of N application rate on starch viscosity of rice
A Ab B ISR (RVU) $EEBEEE (RVU) HIfR{E (RVU) &S (RVU) EWME RVU)  BIEIREE (0)
Cultivar Treatment Peak viscosity ~ Trough viscosity ~ Breakdown Final viscosity Setback Pasting temperature
J20 N, 215.4+1.2a 166.2+13.7 a 49.2+14.9 ab 239.8+6.9 a 24.4+8.1 be 72.8+1.1a
Noo 209.6£1.9b 158.1+£2.8 ab 51.5+1.0 ab 239.5£3.5a 29.9+1.6 ab 73.6+0.1 a
Niss 206.6+0.6 ¢ 142.6+4.1 be 64.0+3.5a 221.1£2.2b 14.5+1.7 ¢ 73.0+0.1 a
Niso 195.1£0.9d 150.9+5.8 ab 442+49b 233.5£5.7 a 38.3+4.8 a 73.6+0.1 a
Noos 186.1£0.7 ¢ 128.8+5.4 ¢ 57.3+4.7 ab 206.0£3.5¢ 19.94+2.8 be 73.0+0.2 a
R RECV (%) 5.8 9.7 14.4 6.3 36.1 0.5
Bt N, 311.1¢1.0 a 239.0+17.3 a 72.2+18.3 a 3182+2.1a 7.1£1.1 ab 72.5+0.5 a
Koshihikari Noo 280.5£3.1¢ 211.6t11.4ab  68.8£8.3 a 289.3£83 ¢ 8.8+£5.2 ab 72.4+1.7 a
Niss 300.5£7.2 b 226.1£7.3 ab 74.5+0.1 a 303.5+8.5b 3.0£1.3b 72.1+0.1 a
Niso 268.8+2.4d 201.6+4.0 b 67.2+6.4 a 282.6+2.0 ¢ 13.8444 a 73.6+0.1 a
Noos 273.6£1.1 cd 204.7£11.6 b 69.0+12.7 a 280.9+1.4 ¢ 7.240.3 ab 73.2+0.6 a
AERECV (%) 6.3 72 42 5.4 48.9 0.9
J 255307 (F {H) One way ANOVA analysis (F value)
fff Cultivar (C) 4782.52%* 402.49%* 36.74%* 828.18** 136.46** 1.61ns
i N rate (N) 108.34%* 12.41%* 2.47ns 24.21%x* 15.24%x* 1.29ns
A A U CxN 17.76%* 3.69%* 0.89ns 9.65%* 2.73ns 0.66ns

W FAVEERG AR /NG F 0 3R [ — R B 25 F 3 (P<0.05), T 25400, **F0R0.01KTERCR L2, ns#m T EHUR,

Note: Different lowercase letters after the data in a column indicate significant difference among treatments of a cultivar (P<0.05). In the ANOVA

analysis, ** indicates significant effect at the 0.01 level, and ns indicates no significant effect.

RS HRAEMNFERERENFI
Table 5 Effects of N application rate on rice taste value

b AbH SR Rk ;3 HhE A E Sk ERAH
Cultivar Treatment Appearance Taste Hardness Viscosity Balance degree  Springiness ~ Taste value
J20 N, 6.5+0.1 a 6.9+0.1a 4.4+0.1bc  0.8+0.4 a 0.2+0.1 a 0.7+0.1 a 77.7£0.6 a
Noo 6.5+0.1 a 6.7£0.1a 3.9+0.1¢ 0.8+0.4 a 0.2+0.1 a 0.7+0.1 ab 76.3+0. 6 a
Niss 5703 b 6.1£0.3b  4.8£0.3 ab 1.0£0.4 a 0.2+0.1a 0.7£0.1 a 70.7£1.5b

Niso 5.3+0.1 ¢ 57€0.1c  5.1+04a 1.0+0.6 a 0.2+0.1 a 0.6+0.1 b 67.3+1.5¢
Noos 4.6+0.1d 5.140.1d  4.8+£0.6 ab 1.1£0.3 a 0.2+0.1a 0.7+0.1 ab 63.0£1.7d

SR FECV (%) 14.2 12.1 10.1 14.3 0.0 6.6 8.7
fi5)H N, 8.3+0.2 a 7.9+402b 4.5+04b 0.8£0.4 b 0.2+0.1 be 0.6+0.2 a 85.3+0.6 b
Koshihikari Ny 7.6£0.2b 74+0.1c  4.2402b 1.0+0.1 ab 0.240.1 abc 0.7+0.1 a 82.3+1.2 ¢
Niss 8.5+0.1 a 83+0.2a 4.7+t04ab 1.4+0.1a 0.3+0.1 a 0.7+0.1 a 87.7+0.6 a
Niso 6.8+0.3 ¢ 6.9+0.3d 52+03a 0.9+0.4 b 0.24+0.1 ¢ 0.7+0.1 a 76.0+1.7 d
Noos 6.8+0.1 ¢ 6.8£0.1d 4.6+0.1b 1.3£0.1 ab 0.3+0.1 ab 0.7£0.1 a 75.3+£0.6 d
AR ZBCV (%) 10.6 8.6 7.9 24.0 22.8 6.6 6.8
F 225307 (F {H) One way ANOVA analysis (F value)

Al Cultivar (C) 857.35%* 489.94** 0.15 ns 0.93 ns 1.09 ns 2.29 ns 528.67**

i %t N rate (N) 106.40%* 83.24%* 10.54%% 1.14 ns 1.14 ns 1.60 ns 115.58%*
it UL CxN 19.74%** 17.91** 0.52 ns 0.53 ns 0.62 ns 2.98* 19.09%*

T RSV E A RN FRE20R Rl — S AL BE R 22 53 B3 (P<0.05)0 TFZE0MrHr, * **Ml3RTE0.05 . 0.0 UKFRHCR B, ns#nii
Note: Different lowercase letters after the data in a column indicate significant difference among treatments of a cultivar (P<0.05). In the ANOVA

analysis, * and ** indicate significant effects at the 0.05 and 0.01 levels respectively, and ns indicate no significant effect.
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Table 6 Effects of N application rate on protein content, GABA content, and embryo weight of rice
Q¥R HHBUEHE Protein (%) GABA (mg/100 g) FLEHE Embryo weight (mg/100 embryo)

Treatment 120 #5 Koshihikari 120 #5 Koshihikari 720 # Koshihikari
N, 8.4+0.1b 8.2+0.1 a 18.5+2.1a 11.5¢2.1 a 193.3t149a 97.5¢19.3 a
Noo 8.4+0.1b 8.4+0.1 a 21.5+0.7 a 14.0£2.8 a 22824474 a 88.3+13.5a
N, 8.8+0.3 ab 8.4+0.1 a 23.5+2.1a 16.5£0.7 a 252.4+29.8 a 128.6t41.1a
Niso 8.9+0.5 ab 8.5+0.1 a 21.0+14a 13.0£2.8 a 230.4+49.8 a 106.8+23.7 a
Noss 9.2+0.1 a 9.0+0.6 a 19.0+2.8 a 14.5+£0.7 a 2148495 a 110.0£21.8 a
A5 REICV (%) 3.9 35 9.8 13.3 9.7 14.2

J5 22538 (F {H) One way ANOVA analysis (F value)

dhp Cultivar (C) 3.50 ns 55.05%* 113.12%*
Jiti % N rate (N) 4.69* 3.14ns 1.80 ns
At CxN 0.32 ns 0.44 ns 1.50 ns

e FAEEE A FR/NG PR R A BN 22 57 .35 (P<0.05) J7ZEa i, *,

*xL7R0.05, 0.0 /KFERIR B, nsFm LB EHR

Note: Different lowercase letters after the data in a column indicate significant difference among treatments (P<0.05). In the ANOVA analysis, * and

** indicate indicate significant effects at the 0.05 and 0.01 levels respectively,
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Fig. 4 The relationship between GABA content of brown rice and N application rate

. DA S R RO T E IR & BN,
ALFRIEHN 29.25% . 23.49% . 31.68% (J20) F119.34% .,
14.88% . 21.33% (B&Jt) o PO a4 P 2 B R 1
FHERUA AR, HIRARELER . BA
2. AR, WA ., 24K, WmARRI. M
[l it LA T J20 119 S i o i 3 i Tl

320 7705 B AROCHE AT (36 8) KW, TR
S EHEEEE . EA RS EE D E R
K, MiELESEA | TR E A 3 Bl A G
PRES A SR ROKR L RERE L RROROR 2]
e EARDG, WS bR W R
HHHXK; BARE RS EBESEECE I % A
XK, MHLESR | TR EH R B s U
GABA & SRR 2 IEAROC,

3 e
31 HEENERKEEEREERE RN

Jith G A PR K R R A I G E R R, R A
TRt UV R Y, AT RRORBREOK R L AR
HTABFG B, 75— it & =l (0~390 kg/hm?)
P, KR 7 ki 20 3 g, E e e
TEZR MR, FEARLS R K LA P AEZEFT D
TR, AT RE SRR, R AR T 3R B, B
F I, KRS B RUIER F e 5 R, e
EIYLET, TERi A RN 225 kg/hm?® B 3 &
FEaL, A RRORN B AR B A R A B
BRI, X — S ABEAES TP AR R BHIE . AR AR
FoTHe i, RS MR, 76 =N 165 kg/hm?



1957

=
ala]

P

74

XF ERIKA

it A

IR, 45

11

(S0°0 > ) TeAn[NO B JO SUSUILAL) SUOWER OIUIIDIJIP JUBOIUSIS AJEOIPUl MOI B UI BIEp ) JOJJE SI9)I] ISBIIOMO] JUIJJI 910N

°(S0"0>d) £ 705 744 [e T T e 41— (i S s B[ [ S S I L) [

BIT0F8Y'9  ASTOFH0'9  460°0F86'S 2QEI0FLL'S 9 80'0FEY'S BOTOFLOL 9b00FSS9  9TI'0F80°9 PASTOFI8S P EOOFLY'S [eI0L F
BTI0F9C0  BHOOFLIO  EBIOOFEI0 BIOOFYI'0 ®I10°0FEI0 BE00F6I0  BIOOFLIO  BEO0FII'0  B8OOFLIO B EO0FLIO (sTH) W21
BE0'0FSTO BTI0FCO BI00F6TO ®BI00FSTO  ®10°0FLTO B[0°0FSE0 e 10°0FCE0  9100F620 9 100F620 9+0°0F8T0 (o1q) ez iy
BEO0FLSO0  9T00FCS0 9B 10°0FSS0 9B 10°0FSS0  9T00FTS0 ®E0°0FC90  BI00F090 9P00FESO 9 E€00F6F0 O 10°0FIF0 (31v) Bz sy
®70°0F8C°0 9B [0°0F9T0 9B [0°0FLZO 99 [0°0FSTO O [0°0FETO B100F0E0 BI00F6C0 9q10°0FSTO 2CT00FITO O 10°0F0T0 (AL) B
©Z00FSI0  B900F6I'0 41007900 9T100F900 9 10°0FS0°0 BH0OFIE0  9P00F6I0  AP00OFPI0  9100FSI0 9 SO0FII0 (sK0) TWE Wk
©GO0FEL'0 9B TO0FOF0 9B T0°0FOF'0 9B [0°0FLE0 9 10°0FSE0 BI00FISO  BIO0FOSO 9q+0OFEF0 2 T00FSE0 O 10°0FSE0 (e1v) FE i
BEO0FSE0 9B T00FEE0 99 T0°0FOSO 99 [0°0FOS0 O 10°0F8T 0 B100F9€0  BIO0OFSE0 9EHOOFICO QT0°0F8T0 9 10°0FLTO (A1D) Wz |
BTI0FOCT  BTOOFSI'T  ®BTO0OFOTI BEO0OFEI'T  BTO0OFS0'1 e80°0F6CT e I0°0FITT qe€00F9I'T  dS00F0I'T  960°0F80'1 (D) Wz L
BG0'0FIE0 qe [0°0FHFE0 9B [0°0FCE0 98 [0°0F0E0 9 10°0F6T0 BZ0'0F8E0 e [0°0FSE0 qeI00FFE0 9 E€00FIE0 9 E€00FIE0 (109) Wz 77 PIOE OUILIE [BUSSSI-UON
©Z0'0FL90  4TO0FI90  910°0F09'0 99 10°0F8S0 9 [0°0FSS0 BH00FIL'O0  BI00F69°0 BI00FSO0 BEI0FI90  BSTOFF90 (dsv) @3 WLk
®10°079C°0 9B [0°0FST0 998 [0°0FHT0 99 [0°0FHT0 O 10°0FCT 0 B100FSTO Qe 10°0FFT0 B I00OFSTO 29 10°0FITO 2 [0°0FIT0 (SAT) ez
©Z00FEE0 9B 10'0FOEO  EBHOOFCE0 ®BIOOFEEO0 9 10°0FLTO BZO0FEE0  BIO0FCE0 9B TOOFOSO 9920°0F9T0 O 10°0FST O (oud) 2 sk
BEO'0F9S0  ATO0FISO  ATO0FISO 29100F6v'0 2 10°0FSH0 B E0'0F8S0 B T0'0FLS'0 OB 40'0FIS0 29 +0°0F6v'0 2 [0°0FLY'0 (no) 2
Qe [0°0F61°0  QI0°0F61°0  BI0OFITO ®BI00FITO 98 [0°0F61°0 e [0°0FOC0 BI00FOCO 9el00F61°0 9e€00F610 9 10°0FSI0 (o1D) WPz 2
B [0°0F80°0 EBEO0F600 BI00F800 EBI00FOI'0 ®I10°0F800 BZI0FFI0  BHO'0F900 B EOOFOI'0 ®BSOOFII0  ®I0°0F60°0 (o) Y0
Qe [0°0F8T'0 9 10°0F9T0 BI00FOEO BTOOFOLO 9e [0°0F8T0 BZ0'0FOE0 BTO0FITO BIO0FITO BOL'OFSEO B I100F6T0 (leA) @z PIoB OUITE [BUSSSH
B10'0FEC0 9B T0'0FITO 99 T0°0FITO 99 10°0F0T0 2 10°0F61°0 B [0°0FSTO 98 [0°0FFC0 98 10°0FCC0 98 €0°0FITO 9 €0°0F0T0 (L) G RiETRE
N "N N “N ‘N N "IN FIN “N N pioe ourwy
LIeIYIYsO] JC ozl QI

JJLI UAMO.I( Ul JUIUOI PIOE OUIWE PIZA[OIPAY uo d)ex uonedrdde N Jo s399q L d[qeL

(Buro01/3w) biZ£CHE S WEEM N KB ER L X



28 45

I 5 IR i

e
=1

1

)

1958

"10°0>d—ss “S0'0>d—s "8I

uresd Ay[eyD—YDD) 1Ll 301 PeaH—YYH (¥l 0L PI[[IA—YYIN ‘938l 9011 umorg—yig WSrom urerS-0001—MD—0001 ‘el Sumas-paas—ysSs oporued 1ad sopayids—vyJs oporued aAn09)jg—dd 910N

I €00~ €9L°0~ Y780~ €8L°0 %880 1L8°0 Lo ¥90°0 601°0— 900°0 L9L0 YL1°0 vavd
I 129°0— S0s0— LSO 90t°0 98¢0 S19°0 *x¥86°0— *LT6°0— *%€L6°0 2090 *£C6°0 uroj0id [ H 5
I *%L86°0 *%8L6°0~ *LS6'0—  %6€6°0— *%8L6°0~ 650 ¥69°0 8€9°0— *%C06°0~ L 0— ssauny[ey) F(H e
I %0860~ #%9L6'0—  «9¥6'0— #%196°0— 19%°0 1LS°0 CIs0— #%5L6°0— 8790~ ADD sk ElR
I %*816°0 %L88°0 #%C86°0 115°0— S65°0— SLS0 #%CL6'0 ¥9°0 WAH w5 M
I #*%£86°0 %£06°0 L8E0— 43 9Tr'0 *P¥6°0 965°0 WIN sk Bk
1 *706°0 96¢£°0— 695°0— 8¥1°0 *L76°0 90 WA kT
I 8570~ L89°0— 8590 *%166°0 Lo PIOIA H
I +£696°0 #6860~ 850~ #8560~ MD-0001 ET-1-
I #%7L6°0— €0L0— #*%x566°0— ASS kK
1 990 ##656°0 VdS WA T
I €9L0 dF I
! arex N J
Vavo utajold ssaun[eyD) dnd dIH AN R Rk PISIA MD-0001 dss vdS dd eI N Xopuf
HEH H B sk EE sk sk Hoed EIRESS s RAEED  FERh HED 44
sjred) Ajijenb pue paId 3911 UIIMII( SISA[BUR UOHB[A.LIOD) § (B

WY T XM HDEEL N 82



11 4 A, S5 MU EOKR S AT y- R T IR R 1959

B it e, 2 SR B it IR R T R
B, TREASGCHEZRARE, FRhnds
e TG A T A S, L, TR
o Je b 35 25 5, AR KRG i b 345 i e 7 6 1) it 4
EUARMAR, AL RERN, REE A=,
PIAS SR P i 2 5 B TR RS, DI RS
135 kg/hm?® B 7= fie iy, FSHGAUIE, 255 1 Ui
S RN L AR, EL R e ik 2 5 3 in e
BOYEE, SEOKREFFAME/N, RARTRE, R
R P it o 7™ i 5t 0 o A S A8 7 R TR
120 FeE PR R AN 136.22 kg/hm?, B0  2
B A N 136.68 kg/hm?®, 5 SEPRERYIE . B
NWFFE R, Bl e U 8, KR 8 7 1) J R
()2 o A SRR BRI R B R 54 e, A o
FREREE N, A SRR R0, AR S
HIRHE BN —E, X TRt T U F5 0 S
SURSETER . mRRE, DR T S AR K A
M AFEECT, N2 ZE a5 S B R A K
)1V 903 € e o1 e o s 2 (397, -8 G I
MR, ARV, AR AR T LT
WE, PREYETERR J20, Xl il TEIR
5120 PO IRFT (5 A L BB N AR T8 AL 1 25 1R
FURVERY, MFLEB A RMTRECTRE I 8 TR,
1] BB T RS T T FE 14 B ok R T KRR Y
TERY, YERI R FECTR R PR R,
32 MRENERKEMIME. ImERE
BERKRMRNEN

5Tl 8 T AR I T S5 B A B R B
ANEBETEN B A E RFRZEL . IREFCWIE A
B, it A SRR BUREK R | R ROR AR KR 5
IEAHSE, T S ok N R R A O, U
Jon it 280 A R 0 R R AL R T . 24
SECA R, ARG R TR AR RS T, SR
B HG B INOR R B B RN FE SR, AT v T
J, AR R 2 ORI SR SZ B, AN
JEREN, BZOM TR R BN R
Jit 2L AR X R OK AR OK R | K SR R K S35 i A
AN, AREAREL I TS SRR, T R R
J3E it ot 2R 3 T S R S 4, U0 P R it 2R i R
FAHMG T . AR EY, E—EEEN, W
A R K 8 | OREOK 3R RITREORS K 23 I it 22 £ 34
ARG, S AR 258 0 M 1y i ot 2 348 o i e A1
524 IE 5 135 kg/hm? BF, o T 0 S5 K A0

ARy, TR AR PR R RS R R RO R
A PR 5 R S O T R AR, REROR
3K B 5 K 3 T AU 43 A 113 kg/hm?® (J20)
132.25 kg/hm? (BO), R K 38 2 oK A3 Ot
%14 131.50 kg/hm? (J20), 125.25 kg/hm? (i
Iy, UL B AR I B A 0k 142,75
kg/hm?® (J20). 140.90 kg/hm® (#t), Bk 8 1 &
SIS B0 B A B BR AR, SRR R OK A B 4
T, PUARESRE 1S B R, AT R 120 AYRORK
WG T EOGRY R, MEERE T, 120 RS
W TG MFEAE T 120 WEARE, EH
YT, g h TR REEE, FEGT
FETHFEIEAKERL A B R, 3 T 5% e R 3L UE B A BT
ES O ol A R VA SN T 8 B s 4 3 (1
SEGER T L FTEEY, AT BEE T 120 BT
R, MR ES MR, FEMOLEEREES, Sl
HHL D s,

TERY RVA iR SRR I BRI BRI R,
BRI R OK — LR I R WA v . 0 i
B VAR /DS, T B2 PR U B, — A
by, Bt G T, R R Y e {1 R R R A
TR, TR LT, it R
KVER RVA TR 52 7 AR OGE=0 i 2 ¥ TR
B, W HEGEE . PR . B R B AU 0
MR, MBS S 1, THIETC ] B S e e,
F Wt B s AR ZHEACE Y RVA 154825 . AF
FEFRM, BE A A BRI, A A 0 2
JE . PR MB AR TRER, B E AN
VAR TG IA A AR A, N s AR TR 15 5 o %) A e (L
oK, HEMER/DN, H5 N, B ESARRE, Wik
TR R DS, S0P 225 0% Al
TR T J20 PYUEEZG B . HOREERE | 9 A (5 R
KRBT RO, XATREE M T 120 A RS &
B, WK SR G, RSB,

RTINS A0 B R (B R XK TR A 25 B0 F 4, 1%
(BRSO I S50 BH R IR A, R RSO R, B 2
SRR AR (A 2 T RS, HAS R 5P A
N FH £ 1) B N SRR AN T, i e i K R A 28
RSB R A AR 0 5 . A A ORISR L A BB
Jitl 20t H M FE K I B OR(E 3 R R, AR R,
ANTR] it o X i o P e I A7 AE 25 5, J20 I B IRME B
Jit U I NI T T R, 25 i AL B 3 A
BN, A PR RE T 10.73%, HOGCRI SR N, 40HE
RER K, N, AHR/N, & RS B IR Fahn



1960 R R R L S 28 4

AR, o A R S 2 B EE R, X
RIS EE R — 2L

ol U N T R DS P N R EN S e N bl |
W AFAEZE S, AN I i Xt RN i 57 ) A0 8 th A
JRORTR], 320 BB 552 it 20 I SE m K ot 45
BUERH RVA BERERM BRI LR AT, AR 5%
R, DAN, ZbFE 320 (258 8 B ok A TN, #E bR
Az b, FRATTRIARYEAS [ P R0 B AU
33 MREMNEREAERRSE. -EE TR
(GABA) 2 E R EERFE N

TR K P B P 5 ot Jo B PR R T TR A A - R P TR
SRAEO R, S R ERER TR R
PTREOR T E A S b, B R — i el R (R
— BRIPE R IERR) BB R RN, TRER 5T K
B, St AR RS IR MK IR U A, AR
HEEVE R A, HE ATRE IR A N A R BLR,
B A BURH SE BTG PE SR, T AR 2E B 5 A .
RRER B (T & il i, Sl 29 R ZE Z v
FER AT ARG IR AL, 52K K S AE T, 30
PR AT T R, ARRE ARy, BRI & =
NG SRtk B 0 G I B, b LA SR
iR, AARS EEAL, BN &R E R
R IR 6 it R AU R TR, AR IR e
SR —8, G RAREN, WA EA
J o SR o R R, SR SR
WEY SR AR, WAL, Ui
Jiti R AT A S AR OR S R B, i HAR R A
B R Tt 20 A IR I b A T S SERR RS, 5 N, 4b P
b, BB SRR & AR N, b3 T R R fe K
FAFIGE 2T 120 AR RS, SRR S
T, (AHER SR SEEESF AR,

y-Z I TR (GABA) & —Fp RARAAAE AR (1 L
HER, HAZFAERIEE, FEALRX M . ik
MG EH BRI I kB, ERE
KN e & 2 1 7R AR K 35 B A S A A e v v
IHE R BRI, T O 0 K B 7 ik
PR IR TG BA 25 s Ak, HLR 2R B RS R 4 i 3
HoH I =R (TG) A B I#%. Kang AN, 15
BB IRE AR, N RS K Rl 2 3 s B
B, ROV BE L il 2R S E [ AN H k=l
W, PRI, 7 RE A RS B R v e
(1 22 5 R FH AN (8 LA B )32 B 0L R 5% o AR 98 3%
WY, BEE A, WA GABA & &

FR G, 76 Ny AP, 120 &40 B Y
15 GABA 5 s W E 1N 48.92%, 120 R E
KBOGIREY 2 /%, B0 120 ShgRrvE i 0t T35
Fi, AEIRTT BT 5 IR 2 v, AT U —
FRECUF IR e PR, [RIHARSE P 5 Ff GABA i 5
Jiti 280 A S N AR TSRS, TIRESY (GABA)
S i A2 A 139.75 kg/hm? (J20) . 141.50
kg/hm? (H'6), W& ToLPrfl. (EfRERENE, GABA
FEAFE T ORI, T80 T B8 2o i v i 0
AR 2 — [l 37, 53 DR OARE K 1) e Bk e A g
KRS, ZEEIRME, KR IEHRIRE, HARZ R,
A PEORZ AMTUGH . R, dna] 3 5 iR R K
(78 B R i BRI SR 0T, A R A 5 1Y [
Bz —, AWREW, BEKEKET RS
RIRMRBGTEE , (L ARty GABA™, Jf
HLRZERE KR P A £ e AL, REOK B 28
FRRAS 2 Bleste B R 2B OK 09 & % 50 FOK A
I, HE RN E R I RERRE K& TRk, Bk
FAEAKE, g5 1, Fext B RRERAF S 3Rt L, &
2R ERRE KA AEAF IR TR AT
4 4hE

Jiti % 135 kg/hm? B, B RKRE =i, T
m B AN M GABA R ek, B RS
FEARE KRG = 5 . KR R RE i & i, 224 ]
B TAR S . MRPEK R KR | R KR
WK . GABA it 5 it U T AN R T
AR, TR R A B )38 R Y LA 130~
140 kg/hm?, 5 S FPEOGH L, &P 120 A= 6,
RN IR NV R RO Ve O IE R SN i) T =
J20 AR E & B . KR L RR Mt ) GABA it
By Filiot.

& £ X #:

[1] ChenQ,He A B, Wang W Q, et al. Comparisons of regeneration rate
and yields performance between inbred and hybrid rice cultivars in
central China[J]. Field Crops Research, 2018, 223: 164—-170.

[2] WARPTF, SAEEHS. SHBERE KBS IR 5 R A ). b E K FERl27,
2021, 35(4): 311-325.

Hu S K, Hu P S. Research status and prospects of functional rice[J].
Chinese Journal of Rice Science, 2021, 35(4): 311-325.

(31 Oyt B, sk, skIe. KOs B IR 28 A ik X S e 5 T e
FEIFRE[I). 4r TR E Fh, 2021, 19(21): 7092-7100.

Fang HM, Ge C C, Zhang J, Zhang L. Gene cloning and functional
research progress of giant embryo mutant in rice[J]. Molecular Plant

Breeding, 2021, 19(21): 7092-7100.


https://doi.org/10.1016/j.fcr.2018.04.010
https://doi.org/10.16819/j.1001-7216.2021.201106
https://doi.org/10.16819/j.1001-7216.2021.201106
https://doi.org/10.13271/j.mpb.019.007092
https://doi.org/10.13271/j.mpb.019.007092
https://doi.org/10.13271/j.mpb.019.007092
https://doi.org/10.1016/j.fcr.2018.04.010
https://doi.org/10.16819/j.1001-7216.2021.201106
https://doi.org/10.16819/j.1001-7216.2021.201106
https://doi.org/10.13271/j.mpb.019.007092
https://doi.org/10.13271/j.mpb.019.007092
https://doi.org/10.13271/j.mpb.019.007092

11

B, 45 it U X B ROK A

1
ala]

Jit K y- BT IR R

1961

[4]

[71]

[8]

[10]

(1]

[12]

[13]

[14]

[15]

BRI, Sk L, WA, 45, 513k E VRS S AR 1K BRI R A
G353 BT LUERT]. AL 32 A4z, 2005, 6(4): 386-389.

Wei Z C, Zhang M W, Chi J W, et al. Analysis and comparison of
rice quality and nutritional components between introduced giant
embryo rice and ordinary rice[J]. Journal of Plant Genetic Resources,
2005, 6(4): 386-389.

HOAH, BRI, skHate, 45 EROKFR ORI R[], S Al A
5%, 2012, 8(4): 221-225.

Zheng Z, Huang Z C, Zhang Y H, et al. Research progress on giant
embryo rice[J]. Subtropical Agricultural Research, 2012, 8(4):
221-225.

Peng B, Xu K, He K, ef al. Genetic basis of giant embryo traits and
effects of environmental factors on giant embryo rice[J]. Journal of
Molecular Biology Research, 2019, 9(1): 149-159.

Kawakami K, Yamada K, Yamada T, ef al. Antihypertensive effect of
y-aminobutyric acid-enriched brown rice on spontaneously hypertensive
rats[J]. Journal of Nutritional Science and Vitaminology, 2018, 64(1):
56-62.

Chung S I, Kang M Y, Tundis R. Oral administration of germinated,
pigmented, giant embryo rice (Oryza sativa L. cv. Keunnunjami)
extract improves the lipid and glucose metabolisms in high-fat diet-
fed mice[J]. Oxidative Medicine and Cellular Longevity, 2021, 2021:
1-9.

Hee-K S, Hye-W S, Eun-S J, et al. Gochujang prepared using rice
and wheat koji partially alleviates high-fat diet-induced obesity in
rats[J]. Food Science & Nutrition, 2020, 8(3): 1562—-1573.

PanJF, Liu Y Z, Zhong X H, et al. Grain yield, water productivity
and nitrogen use efficiency of rice under different water management
and fertilizer-N inputs in south China[J]. Agricultural Water
Management, 2017, 184: 191-200.

Ju C, Buresh R J, Wang Z, et al. Root and shoot traits for rice
varieties with higher grain yield and higher nitrogen use efficiency at
lower nitrogen rates application[J]. Field Crops Research, 2015, 175:
47-55.

K&, A, sk, A5, LIRSS EOKAE BRI 4 TR
ICHYEESET). AR TR, 2017, 15(11): 4512-4517.

Zhang X, Ping B Z, Zhang Y X, et al. Establishment of molecular
markers of giant embryo gene in “Shangshida No. 5” giant embryo
rice[J]. Molecular Plant Breeding, 2017, 15(11): 4512-4517.

BIAC, TR, Wi 5, 5. ERREAPREIR R IERT L[], BRI,
2006, 20(1): 6-9.

Zhang Q Q, Zhang J, Chen J Y, et al. Study on grain filling chara-
cteristics of giant embryo rice[J]. Journal of Nuclear Agricultural
Sciences, 2006, 20(1): 6-9.

SRR, /A, BRAIE, 55, BRI R I E I T[], Bk
2#4Rk, 2013, 27(9): 1331-1336.

Zhang Y H, Zheng Z, Chen Y Y, et al. Analysis of nutritional
components of new giant embryo rice lines[J]. Journal of Nuclear
Agricultural Sciences, 2013, 27(9): 1331-1336.

g & FLRKRE S AR IR AY & AR K AL R BT SE[D). 119545
M MR A A0 3, 2021,

Zhang J. Study on embryo development and physicochemical

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

properties of brown rice[D]. Yangzhou, Jiangsu: MS Thesis of

Yangzhou University, 2021.

S A, BRI, A, B RRRMRE RN SRS SRR

1] MR AT IR A4, 2003, 4(3): 207-213.

Han L Z, Nan Z H, Quan D X, Cao G L. Germplasm innovation and

nutritional characteristics evaluation of special rice[J]. Journal of

Plant Genetic Resources, 2003, 4(3): 207-213.

FEAC, BRI, BoRAE, skAS bR, EARRER R T A0 i A Wk 1.

AR 241, 2008, 22(2): 122-126.

Zhang Q Q, Chen J Y, Huang R H, Zhang S B. Anatomical

observation on embryo development of giant embryo rice[J]. Journal

of Nuclear Agricultural Sciences, 2008, 22(2): 122-126.

TR, SRR, TRECHE, 55, 38 i IR S TR B 37 3R A5 E K R T

st B MR AR it 43T 0], LI R 2244 (A SRR AR,

2011, 40(3): 289-294.

RenY G, Zhang J Z, Zhang H M, et al. New giant embryo rice

varieties obtained by in vitro culture of mature embryos and their

characters and rice quality analysis[J]. Journal of Shanghai Normal

University (Natural Science Edition), 2011, 40(3): 289-294.

RIS, KA E MR SRR SRR AE AR 5 HESR B B (RS (D). WL

B WL 2767383, 2008.

Zhang L L. Characteristics of giant embryo mutation in rice and

metabolic spectrum of grain filling and germination[D]. Hangzhou,

Zhejiang: PhD Dissertation of Zhejiang University, 2008.

Pt J0BT RS E IR AT B & 25 1 (D). A Am N At

AR LA A8 3, 2008,

Yang Y L. Analysis of nutritional components and germination test

of high-quality giant embryo rice[D] Fuzhou, Fujian: MS Thesis of

Fujian Agriculture and Forestry University, 2008.

FRETHE, BRI, SRR, FOEPRE. AR Iy 2R A B e i

HERARA]. P ER AR, 2011, 27(3): 179-183.

Dai HY, Zhang R P, Hua J S, Cai G Z. Effects of different

cultivation methods on yield and quality of japonica giant embryo

rice[J]. Chinese Agricultural Science Bulletin, 2011, 27(3): 179-183.

R A, B, BREE, 55 BRI X A 3SHIFE Y M8 86 2 451
FEE AT, TR ERK, 2018, 24(4): 113-116.

LiJ Z, Shao P, Chen X, et al. Effects of nitrogen application on

canopy structure and yield of indica hybrid rice Yliangyou 886[J].

China Rice, 2018, 24(4): 113-116.

BB, W, EA, A AU X RIS 015387 L PSR

RO R[], 2K R4, 2018, 32(5): 222-228.

Cheng C, Zeng Y J, Wang Q, et al. Effects of nitrogen application

rate on yield, quality and nitrogen absorption and utilization of late

japonica rice Yongyou 1538[J]. Journal of Soil and Water Conservation,

2018, 32(5): 222-228.

B, A B, AR, A5, il U R 1 8 B G RS R

BRARMR SIS B WA AR (1], [ e S5 R

2011, (1): 15-20.

Xu CM, Zhou C N, Zheng G S, et al. Effects of nitrogen application

rate and cultivation density on nitrogen accumulation, transport and

absorption and utilization efficiency in different organs of super early

rice[J]. Soil and Fertilizer Sciences in China, 2011, (1): 15-20.


https://doi.org/10.3969/j.issn.1672-1810.2005.04.005
https://doi.org/10.3969/j.issn.1672-1810.2005.04.005
https://doi.org/10.13321/j.cnki.subtrop.agric.res.2012.04.007
https://doi.org/10.13321/j.cnki.subtrop.agric.res.2012.04.007
https://doi.org/10.13321/j.cnki.subtrop.agric.res.2012.04.007
https://doi.org/10.5539/jmbr.v9n1p149
https://doi.org/10.5539/jmbr.v9n1p149
https://doi.org/10.3177/jnsv.64.56
https://doi.org/10.1016/j.agwat.2017.01.013
https://doi.org/10.1016/j.agwat.2017.01.013
https://doi.org/10.1016/j.fcr.2015.02.007
https://doi.org/10.13271/j.mpb.015.004512
https://doi.org/10.13271/j.mpb.015.004512
https://doi.org/10.3969/j.issn.1000-8551.2006.01.002
https://doi.org/10.3969/j.issn.1000-8551.2006.01.002
https://doi.org/10.3969/j.issn.1000-8551.2006.01.002
https://doi.org/10.11869/hnxb.2013.09.1331
https://doi.org/10.11869/hnxb.2013.09.1331
https://doi.org/10.11869/hnxb.2013.09.1331
https://doi.org/10.11869/hnxb.2013.09.1331
https://doi.org/10.3969/j.issn.1672-1810.2003.03.006
https://doi.org/10.3969/j.issn.1672-1810.2003.03.006
https://doi.org/10.3969/j.issn.1672-1810.2003.03.006
https://doi.org/10.3969/j.issn.1006-8082.2018.04.028
https://doi.org/10.3969/j.issn.1006-8082.2018.04.028
https://doi.org/10.13870/j.cnki.stbcxb.2018.05.036
https://doi.org/10.13870/j.cnki.stbcxb.2018.05.036
https://doi.org/10.3969/j.issn.1673-6257.2011.01.004
https://doi.org/10.3969/j.issn.1673-6257.2011.01.004
https://doi.org/10.3969/j.issn.1672-1810.2005.04.005
https://doi.org/10.3969/j.issn.1672-1810.2005.04.005
https://doi.org/10.13321/j.cnki.subtrop.agric.res.2012.04.007
https://doi.org/10.13321/j.cnki.subtrop.agric.res.2012.04.007
https://doi.org/10.13321/j.cnki.subtrop.agric.res.2012.04.007
https://doi.org/10.5539/jmbr.v9n1p149
https://doi.org/10.5539/jmbr.v9n1p149
https://doi.org/10.3177/jnsv.64.56
https://doi.org/10.1016/j.agwat.2017.01.013
https://doi.org/10.1016/j.agwat.2017.01.013
https://doi.org/10.1016/j.fcr.2015.02.007
https://doi.org/10.13271/j.mpb.015.004512
https://doi.org/10.13271/j.mpb.015.004512
https://doi.org/10.3969/j.issn.1000-8551.2006.01.002
https://doi.org/10.3969/j.issn.1000-8551.2006.01.002
https://doi.org/10.3969/j.issn.1000-8551.2006.01.002
https://doi.org/10.11869/hnxb.2013.09.1331
https://doi.org/10.11869/hnxb.2013.09.1331
https://doi.org/10.11869/hnxb.2013.09.1331
https://doi.org/10.11869/hnxb.2013.09.1331
https://doi.org/10.3969/j.issn.1672-1810.2003.03.006
https://doi.org/10.3969/j.issn.1672-1810.2003.03.006
https://doi.org/10.3969/j.issn.1672-1810.2003.03.006
https://doi.org/10.3969/j.issn.1006-8082.2018.04.028
https://doi.org/10.3969/j.issn.1006-8082.2018.04.028
https://doi.org/10.13870/j.cnki.stbcxb.2018.05.036
https://doi.org/10.13870/j.cnki.stbcxb.2018.05.036
https://doi.org/10.3969/j.issn.1673-6257.2011.01.004
https://doi.org/10.3969/j.issn.1673-6257.2011.01.004

1962

W) E SR 50 R

28 4

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

A DL, AR, Bet RS, 45, B KT XA ) 5 R R K Rt U 3R
A PR BRI, BLTAE 4R, 2017, 28(4): 1219-1226.
Cong X H, Shi F Z, Ruan X M, et al. Effects of nitrogen fertilizer
level on nitrogen use efficiency, yield and quality of different
genotypes of rice[J]. Chinese Journal of Applied Ecology, 2017,
28(4): 1219-1226.

BRI, EWIT, KRR, 55 YUREZUERE -1t 5 SR UL FI
B AAT R R [J]. AR 5244, 2014, 25(2): 488-496.

Wei HY, Wang Y J, Meng T Y, et al. Response of yield, quality and
nitrogen use efficiency of machine transplanted super japonica rice to
nitrogen fertilizer[J]. Chinese Journal of Applied Ecology, 2014,
25(2): 488-496.

AR, PR, FRULY, 45, PIRPAEZS S0 R RR XA IR
75 3K R T W SRR SR 0 A R M [T AR R IR 2 A
2011, 17(4): 773-781.

Li XY, SunY J, Cheng H B, et al. Effects of nitrogen regulation on
dry matter accumulation and yield of rice under different cultivation
methods under two ecological conditions[J]. Journal of Plant
Nutrition and Fertilizers, 2011, 17(4): 773-781.

Kevk. ERRREIRAE K338 R E TR [D]. AT :
Wi-2A AR, 2014,

Du B. Study on embryo growth dynamics and nutritional components
of giant embryo rice[D]. Yanji, Jilin: MS Thesis of Yanbian
University, 2014.

TR, SRULER, Bokiik, 25, ) SR SR AR SR EA
ZH R[], FEH249R, 2011, 37(11): 2020-2029.

Zhang J, Zhang H C, Duan X M, et al. Effects of soil fertility and
nitrogen application rate on yield, quality and nitrogen use efficiency
of super rice[J]. Acta Agronomica Sinica, 2011, 37(11): 2020-2029.
=¥, WS, TEARSBOA, 2. SRR ISR DX e e Rl 2 3 o bt
FEDA6 ft K2 i SIS W [T]. WE TR A 2R GRS A AL 1),
2016, 42(1): 63-73.

Lan Y, Huang P, Jiang G C H, et al. Effects of nitrogen application
rate and planting density on yield and quality of japonica rice D46 in
Chengdu plain[J]. Journal of Zhejiang University (Agriculture and
Life Sciences Edition), 2016, 42(1): 63-73.

BN, EAE, XIS, 45 ZUILHE X SORRE B G 185 54 |
S8 FRPRLHE I FRE K ST SE R (7], b EK AR, 2013, 27(5):
503-510.

Yin CY, Wang S Y, Liu HM, et al. Effects of nitrogen application
rate on strong and weak grain filling and rice quality of super
japonica rice Xindao 18[J]. Chinese Journal of Rice Science, 2013,
27(5): 503-510.

TREAMG, TFHIE, TR, A5, i 220 RO 37 R X o 7 K o
227 AT A2 ] T EK AR, 2008, 22(5): 507-512.
XuCM, Wang DY, Shao G S, et al. Effects of nitrogen application
rate and planting density on yield and quality of super high yield rice
Zhongzao 22[J]. Chinese Journal of Rice Science, 2008, 22(5):
507-512.

BER, MR, 20K, 5. KRS E IR ARN2-522 IR AL
BTN, B AR, 2021, 44(2): 217-224.

Ge X Y, Liu S J, Li X, et al. Study on chalkiness formation

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

mechanism of rice giant embryo mutant N2-52[J]. Journal of Nanjing
Agricultural University, 2021, 44(2): 217-224.

Tabab, M aE, B, A5, 20IG IR DR RE - B AR A i T
FISZIRILT]. Pl A, 2020, 53(7): 1338-1347.

Yang T T, Xie J X, Huang S, et al. Effects of post anthesis warming
on yield and rice quality of double cropping late japonica rice[J].
Scientia Agricultura Sinica, 2020, 53(7): 1338-1347.

SCEE, RRIBTE, Bhibe s, A5 FULHE R X KA & IR 4 . KB
I TAFPERISERI[I]. H EDKAEREE, 2020, 34(6): 574-585.

Wen CY, Xiong Y H, Yao X Y, et al. Effects of nitrogen fertilizer
application on rice quality and yield of special rice flour[J]. Chinese
Journal of Rice Science, 2020, 34(6): 574-585.

BHAEZR, BRIEZE, SR3%, 45, FEAFIE AP T BRI X BORRE R
PRI BT SE A ]. REAE T SR, 2018, 24(3): 817-824.
Hu Y J, Qian HJ, Wu P, et al. Effects of the amount of nitrogen,
phosphorus and potassium on the yield and quality of soft rice
japonica rice under the condition of straw returning[J]. Journal of
Plant Nutrition and Fertilizers, 2018, 24(3): 817-824.

W, Eil R, BE07, . FUIEIE I 0 FE 160 15 5T AHTE K
RVATERFE(E 5E M [I]. AL KRG, 2021, 51(1): 6-10.

Guo T, Wang H F, Xue F, et al. Effects of topdressing amount of
nitrogen fertilizer on quality and RVA spectrum eigenvalues of starch
of fragrant rice 1601[J]. North Rice, 2021, 51(1): 6-10.

Zhu D W, Zhang H C, Guo B W, et al. Effect of nitrogen
management on the structure and physicochemical properties of rice
starch[J]. Journal of Agricultural and Food Chemistry, 2016, 64(42):
8019-8025.

FHE, THRE, Z2EDE, 45 FILK XA R A B R AR R |
R A BTSZIA ], T E AL RLE, 2010, 43(21): 45434552,

Gao H, Ma Q, Li G Y, et al. Effects of nitrogen fertilizer level on
cooking and eating quality of japonica rice of different growth
types[J]. Scientia Agricultura Sinica, 2010, 43(21): 4543-4552.

EHe, A, /N, S5 EAEXT H H KRS R R0 KRR 5
HOEMRT). P A RO 24T, 2010, 18(2): 286-289.

Wang Y, Cui J, Wang X B, et al. Effects of fertilization on soil
nutrients and eating quality of Chinese and Japanese rice strains[J].
Chinese Journal of Eco-Agriculture, 2010, 18(2): 286-289.

Feoue, BAT, VR, 4. FULAKEXPRERPOR ST IRFFAE 5 BTR
PERYRZMA ). HEHE TR S LRI, 2015, 21(2): 288-295.

Jiang Y H, Zhao K, Xu J W, et al. Effects of nitrogen fertilizer level
on taste and texture characteristics of japonica soft rice[J]. Journal of
Plant Nutrition and Fertilizers, 2015, 21(2): 288-295.

T AN [ i PR AU K 7 SR DA o B S A T BOR B 5 (D). 4
TR AR R SA I 273, 2009.

Ye X F. Study on nutritional and health quality and utilization
technology of different genotypes of rice[D]. Fuzhou, Fujian: PhD
Dissertation of Fujian Agriculture and Forestry University, 2009.
FRER, SO TL, WIREAS, 55 AT AN AKCE T4 B e R R 1
5 R 2E R[], T EDKAEREE, 2021, 35(6): 606-616.

Zhang Q, Guo B W, Hu Y J, et al. Yield and quality differences of
high-quality and high-yield soft rice japonica rice under different

nitrogen fertilizer levels[J]. Chinese Journal of Rice Science, 2021,


https://doi.org/10.11674/zwyf.2011.0500
https://doi.org/10.11674/zwyf.2011.0500
https://doi.org/10.11674/zwyf.2011.0500
https://doi.org/10.3969/j.issn.1001-7216.2013.05.007
https://doi.org/10.3969/j.issn.1001-7216.2013.05.007
https://doi.org/10.3321/j.issn:1001-7216.2008.05.010
https://doi.org/10.3321/j.issn:1001-7216.2008.05.010
https://doi.org/10.7685/jnau.202005010
https://doi.org/10.7685/jnau.202005010
https://doi.org/10.7685/jnau.202005010
https://doi.org/10.3864/j.issn.0578-1752.2020.07.004
https://doi.org/10.3864/j.issn.0578-1752.2020.07.004
https://doi.org/10.16819/j.1001-7216.2020.0504
https://doi.org/10.16819/j.1001-7216.2020.0504
https://doi.org/10.16819/j.1001-7216.2020.0504
https://doi.org/10.11674/zwyf.17347
https://doi.org/10.11674/zwyf.17347
https://doi.org/10.11674/zwyf.17347
https://doi.org/10.3969/j.issn.1673-6737.2021.01.002
https://doi.org/10.3969/j.issn.1673-6737.2021.01.002
https://doi.org/10.1021/acs.jafc.6b03173
https://doi.org/10.3864/j.issn.0578-1752.2010.21.026
https://doi.org/10.3864/j.issn.0578-1752.2010.21.026
https://doi.org/10.3724/SP.J.1011.2010.00286
https://doi.org/10.3724/SP.J.1011.2010.00286
https://doi.org/10.11674/zwyf.2015.0202
https://doi.org/10.11674/zwyf.2015.0202
https://doi.org/10.11674/zwyf.2015.0202
https://doi.org/10.16819/j.1001-7216.2021.201101
https://doi.org/10.16819/j.1001-7216.2021.201101
https://doi.org/10.11674/zwyf.2011.0500
https://doi.org/10.11674/zwyf.2011.0500
https://doi.org/10.11674/zwyf.2011.0500
https://doi.org/10.3969/j.issn.1001-7216.2013.05.007
https://doi.org/10.3969/j.issn.1001-7216.2013.05.007
https://doi.org/10.3321/j.issn:1001-7216.2008.05.010
https://doi.org/10.3321/j.issn:1001-7216.2008.05.010
https://doi.org/10.7685/jnau.202005010
https://doi.org/10.7685/jnau.202005010
https://doi.org/10.7685/jnau.202005010
https://doi.org/10.3864/j.issn.0578-1752.2020.07.004
https://doi.org/10.3864/j.issn.0578-1752.2020.07.004
https://doi.org/10.16819/j.1001-7216.2020.0504
https://doi.org/10.16819/j.1001-7216.2020.0504
https://doi.org/10.16819/j.1001-7216.2020.0504
https://doi.org/10.11674/zwyf.17347
https://doi.org/10.11674/zwyf.17347
https://doi.org/10.11674/zwyf.17347
https://doi.org/10.3969/j.issn.1673-6737.2021.01.002
https://doi.org/10.3969/j.issn.1673-6737.2021.01.002
https://doi.org/10.1021/acs.jafc.6b03173
https://doi.org/10.3864/j.issn.0578-1752.2010.21.026
https://doi.org/10.3864/j.issn.0578-1752.2010.21.026
https://doi.org/10.3724/SP.J.1011.2010.00286
https://doi.org/10.3724/SP.J.1011.2010.00286
https://doi.org/10.11674/zwyf.2015.0202
https://doi.org/10.11674/zwyf.2015.0202
https://doi.org/10.11674/zwyf.2015.0202
https://doi.org/10.16819/j.1001-7216.2021.201101
https://doi.org/10.16819/j.1001-7216.2021.201101

11

HINY, A VR FOMOKAE L

Ji K y- R T R = IR ) 1963

[44]

[43]

[46]

35(6): 606-616.

Zhu D W, Zhang H C, Guo B W, et al. Effects of nitrogen level on
yield and quality of japonica soft super rice[J]. Journal of Integrative
Agriculture, 2017, 16(5): 1018-1027.

R, &7, #oK, 55 AR Z X K R R 1 3R 24 L iz
T, R IR S ADRER, 2003, 9(4): 506-508.
XuDY,JinJ, DuY, et al. Effects of nitrogen, phosphorus and
potassium fertilizer operation on protein and amino acid contents of
rice grains[J]. Journal of Plant Nutrition and Fertilizers, 2003, 9(4):
506-508.

JEl . “ LIRSS EORE K X 28 AR B 1K 4347 [D]. 1
T IS8 3, 2015,

[47]

(48]

Zhou X. Effect of "Shangshida No. 5" giant embryo brown rice on
relieving hypertension in rats[D]. Shanghai: MS Thesis of Shanghai
Normal University, 2015.

Kang MY, Moon J E, Lee S C. Modulatory effects of functional rice
cultivars giant embryo and aranghyangchal on the body weight and
lipid metabolism in mice fed with a high fat diet [J]. Journal of Crop
Science and Biotechnology, 2013, 16(2): 167-171.

XL, VL, NS, 4. ELEKREWO025KERKIZ K 5 v- 24 TR
FraELRIBTFE D], M2, 2005, 31(10): 1265-1270.

Liu L L, Jiang L, Liu S J, ef al. Giant embryo rice W025 brown rice
soaked in water study on the change of y-aminobutyric acid content

[J]. Acta Agronomica Sinica, 2005, 31(10): 1265-1270.


https://doi.org/10.1016/S2095-3119(16)61577-0
https://doi.org/10.1016/S2095-3119(16)61577-0
https://doi.org/10.3321/j.issn:1008-505X.2003.04.025
https://doi.org/10.3321/j.issn:1008-505X.2003.04.025
https://doi.org/10.1007/s12892-013-0055-0
https://doi.org/10.1007/s12892-013-0055-0
https://doi.org/10.3321/j.issn:0496-3490.2005.10.004
https://doi.org/10.3321/j.issn:0496-3490.2005.10.004
https://doi.org/10.1016/S2095-3119(16)61577-0
https://doi.org/10.1016/S2095-3119(16)61577-0
https://doi.org/10.3321/j.issn:1008-505X.2003.04.025
https://doi.org/10.3321/j.issn:1008-505X.2003.04.025
https://doi.org/10.1016/S2095-3119(16)61577-0
https://doi.org/10.1016/S2095-3119(16)61577-0
https://doi.org/10.3321/j.issn:1008-505X.2003.04.025
https://doi.org/10.3321/j.issn:1008-505X.2003.04.025
https://doi.org/10.1007/s12892-013-0055-0
https://doi.org/10.1007/s12892-013-0055-0
https://doi.org/10.3321/j.issn:0496-3490.2005.10.004
https://doi.org/10.3321/j.issn:0496-3490.2005.10.004
https://doi.org/10.1007/s12892-013-0055-0
https://doi.org/10.1007/s12892-013-0055-0
https://doi.org/10.3321/j.issn:0496-3490.2005.10.004
https://doi.org/10.3321/j.issn:0496-3490.2005.10.004

	1 材料与方法
	1.1 试验材料
	1.2 试验设计
	1.3 测定项目及方法
	1.3.1 产量测定
	1.3.2 品质测定
	1.3.3 γ-氨基丁酸(GABA)含量测定
	1.3.4 胚重量测定
	1.3.5 水解氨基酸含量测定

	1.4 数据处理

	2 结果与分析
	2.1 施氮量对水稻产量及其构成因素的影响
	2.2 施氮量对水稻加工品质及外观品质的影响
	2.3 施氮量对稻米淀粉黏滞性及食味值的影响
	2.4 施氮量对稻米蛋白质含量、γ-氨基丁酸(GABA)含量及胚重量的影响

	3 讨论
	3.1 施氮量对巨胚水稻产量及产量构成因素的影响
	3.2 施氮量对巨胚水稻加工品质、外观品质及蒸煮食味品质的影响
	3.3 施氮量对巨胚稻米蛋白质含量、γ-氨基丁酸(GABA)含量及胚重量的影响

	4 结论
	参考文献

