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Table 1 Rice varieties mainly cultivated in the middle and lower reaches of the Yangtze River used in this experiment

%i*5 Number EAI AR Varieties i "5 Number FhFPAFR Varieties

1# FhPifEAE s Jingliangyouhuazhan 30% Wit 508 Fuliangyou No. 508
2 FEPIfE4E N Longliangyouhuazhan 31# FIf 534 Jingliangyou No. 534
3% B2 Wifl; 268 Lingliangyou No. 268 32¢ [ Wif) 534 Longliangyou No. 534
4% CWifl4e i C Liangyouhuazhan 33# 4 Wifli 534 Quanliangyou No. 534
5% ZEMR 221 Quanyousimiao 34 WL 534 Weiliangyou No. 534
6% ZEME 221 Quanliangyousimiao 35% 4681 Quanliangyou No. 681
7% BUPI 221 Huiliangyousimiao 36= BEWiff801 Kenliangyou No. 801
8¢ FARAR2T Wuyoujingsimiao 374 %822 Quanyou No. 822
o 2 F 421 Hongxiangyousimiao 38# ZEWIIE 851 Quanlaingyou No. 851
10 HIPL22H Yunliangyousimiao 394 ZEM:879 Quanyou No. 879
11# W22 1 Liangliangyousimiao 404 B 898 Huiliangyou No. 898
12# ZEREPF 221 Quanyouefengsimiao 41# Y W 900 Y Liangyou No. 900
13% AW MR 2214 Huiliangyouyuehesimiao 42 FWifL 916 Fengliangyou No. 916
145 M i Xinganxiangzhan 43% Wi 982 Huiliangyou No. 982
15% TEPIEE S Yueliangyoumeixiangxinzhan 44% BEWifl 987 Longliangyou No. 987
162 Z#% 15 Huidao No.1 45% BWifl 996 Huiliangyou No. 996
174 2185415 Hongnuoyou No. 1 46+ FEBI 1187 Jieliangyou No. 1187
18# FEWift#F—*F Fengliangyouxiang No.1 A7# FAIFIE 1189 Jingliangyou No. 1189
19% #F 25 Jiafengyou No.2 48% FEWifl 1212 Longliangyou No. 1212
20% 21 K 5% Hongliangyou No. 5 49% 43+ 1361 Zhongguyou No. 1361
21# E/ i 85 Changliangyou No. 8 50% fHPIE 1377 Jingliangyou No. 1377
224 P 11 Liuliangyouxiang No. 11 51% FEPIff 1377 Longliangyou No. 1377
238 FMfE 16 Xiangliangyou No. 16 528 Y Miff: 1928 Y Liangyou No. 1928
24 Y Pifl; 17 Y Laingyou No. 17 53% 1EPi{): 2817 Hualiangyou No. 2817
258 217t 68 Hongxiangyou No. 68 54 AEWifIt 6516 Hualiangyou No. 6516
26 F4): 73 Hanyou No. 73 558 WEPIHAE 5 Huiliangyouhuazhan
27% 1E#i1) 261 Huazheyou No. 261 564 Jewifli 1137 Longliangyou No. 1137
28# Fft 308 Wuyou No. 308 57# JWiflt 35 Guangliangyou No. 35
29% APiff 336 A Liangyou No. 336
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JIT R A g Ak Ak 5T Oy pH A 6.0, A LT %
8.65 g/kg, 4> A & & 0.8 g/kg, A M Wi & 8.4
mg/kg, BN & 59 mg/kg, REHH 20 LA,
Wi A 15 kg KT J5 19 £ 38, IE # i I8 & 2
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KB NI E (F N 46.4%) 3 B R 45 (& P,O;
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PRI 8L i it 9 Y T R R AL

1.4 XKHE/MXRE

LSRR 38 R S P 22 1 (5) RIS R LA
b 22T (82) MHFFE AT KL, F 2024 4F 5—9 A 7E 1L
T T 4% ) XM 22 g R 3k 06 B b T R K /N DX
B o a0 M - eI R A A < pH A 5.33, A HLT
T 19.34 g/kg, AR RS 227.04 mg/kg, A ABE
i 2.02 mg/kg, HALH & i 57.08 mg/kg. EIA
B3R K T (RA LN 0 kg/hm?, & NN: 112.5
kg/hm?, 7% HN: 225 kg/hm?) 1 3 4~ 25 B ([ %
J¥ M1:10.5 5 #k/hm?, "1 % & M2: 16.5 Ji #k/hm”, &
% M3: 30 J7 Bk /hm?) (1 38 B AN B, A4~ /N KR 20
m”, W 3NEE ., MEHAEERIRE (N 46.4%) 4%
3R 3Kt A 5 A Sk ad BERRES (7 P05 12%6)
it 4 ( P,O5) g 45 kg /hm?; 8RN AL HR (5 K0
60 %), it JH i (K,0) A 90 kg /hm?; &UHE H2 FEAE : 43
BERD AR =6:2: 2 ik o ) it A, B AP S A 1 kit
FH B0 e S0 FEIE =7 3Bk Lb) i JH . Rk
A 2 A IR, D R o
1.5 SHE R %

DR R AR . AR R 65 (Epson Per-
fection V700 Photo) ¥ /K FE R R AT 46587 o

)AL EIE . S IESCHR[25 I06HE T AR i i
AT A, A8 3 i 59 53 B A (FTAstar 5000, Swe-
den) P 5E 5 & &, S HESCHk [ 26 JFn[ 27 TR AR B
L EUR TS E R R WCRE S AR TR AT
(4 ). PN R 2Rl T 28 o0 I A -2 TRl
= b M) i 1% 1Y (Elementar Vario PYRO cube and
Isoprime100, Isoprime Ltd.) #E 17 2 , I 7 54 bk
X ENO; ™ A1 NH, RIS

3)FEMFEE . £ 8 TRIZOL (Invitrogen) 7=
st 1o I =5 6F i £ A 5 H2 B RNAL SR Hifair® 11
Ist Strand cDNA R & (44, Bilg) vE17 ) %
SE 345 cDNA, L cDNA by 8 Al i Hifair®qPCR
SYBR Green Master Mix &7 & (8349, FiE)7E
7E 5 PCR 1¥ (Applied Biosystems Quantstudio TM)
Lk T E i PCR W, . T PCRY 1514
FPH W% 2. P 3458 UG , LA OsUbiquitin i 2%t
BAE AT A AL, 2 A0k S AR R e 5A
K-

L) BEEPENE . 2 B S, 43 58 So-
larbio A& 9 1 B4 i iR A0 D 0 PG 305 6 48 4
P e 1 0% P G 370 6 N 7 SR A i T 0% A
3R 7] g6 X6k S A i v Y R 3 D TG L A e
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Table 2 Primers used in fluorescence quantitative PCR

H MR

Gene name

Em51491(5—3)

Forward primer(5'—3')

F 51491 (5—3")

Reverse primer (5'—3')

OsUbiquitin GACGGACGCACCCTGGCTGA
OsAMT1I.1 ACCAATCCAGAACGAACGAC
OsAMT1I.2 CTTCATCGGGAAGCAGTTCT
OsAMT2.1 GCGTTCGTGATCGCGTGGA
OsAMTS3.1 CTTCATCATCTGCTGGAACGTG
OsAMT3.2 CTCACCTTCTCCTACACCGTC
OsAMT3.3 CGAGCATCACCATCATCATC
OsNRT1I1.1A CCCACACCAAGCAATTCAGG
OsNRTI1.1B CAACCTGGTGCCGTACATGA
OsNRT2.1 CACGGTGCAAGTCTCAAG
OsNRT2.3a CGCTGCTGCCGCTCATCCG
OsNRT2.4 AAAGGTCGCTGGGCGTGGTG
OsNR1 TACCAGGTCATCCAGTCGGT
OsNR2 CAAGGTGTGGTACGTGGTGA
OsNiR1 CTGCCTCACCAAGGACAG
OsNiR2 GAACGAGGAGTAGGAGCACA
OsGS1.1 TGGGTTGCTCGCTACATTCT
OsGS1.2 TGCTGACCAAGTGTGGGTTG
OsGS2 TTTCTCATGGGGTGTGGCAA
OsFd-GOGAT CGGGTGGCCTTGCCTATATT

TGCTGCCAATTACCATATACC
AGCCCAGCAAAAGTGAAAGA
TGAGGAAGGCGGAGTAGATG

TAGAGCTGGATGGTGACGC
TTGTTGTTGTGGTGCGTGTC
ACCCCATCCATAGTAACCCTG
ATGACACCCCACTGGAAGAG
GTCTTCACCTCCTCCACGTC
TCGTGAGTATCATCACGCCG
GGTATAAATGCCTCTCCC
CCGTGCCCATGGCCAGAC
CCTGGACCCGCTGAAGAAGAG
GTACTTCCACCCTTCCTCCG
GCAGGACTTGTCGAGGTCAT
TTCCTACTCCTCGTCCTCCT
GGGCTACAAGATCAAACCAA
GCTTGAGCTTCTCAATGGCG
GAGCTTGTCGATCGCCTTCT
GGGCCAACTTCTTAGCAGCA
ACCAGTTGCCAGAAGAGTGG

OsNADH-GOGAT

CCTGTCGAAGGATGATGAAGGTGAA

TGCATGGCCCTACTATCTTCGCATCA

5) AR = Wi o o it P AR ASOE T 6 A i rh
) AT HERE S B TR B U R AR R
SR T
1.6 HIELESSH

% A Microsoft Excel 2019 #7865 11 5
Tl E, 2% A Statistical Product and Service Solutions 23
(SPSS PASW Statistics 23) #47  F 5T

2 FR5HMH

21 ABMMFHTEIE

i 1 R R SRR AT 57 (3K VTR R R Ak
FE AR AT 2 (- N) AR (— N AL, 45 i F A=
PRMEAMCRARES B, PNAH T BT
it R 0.19~0.56 g, F-¥{E K 0.37 g; — N AL I N Hh
T B 0.08~0.26 g, FYIE N 0.13 g5 ABCR
FECH 0.24~0.56, F-B{E 0 0.34 (&1 1) o ¥4 7
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B A K SR AR AR ZR A A B T IR R (88)
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N —NAH T, Z AT (55) SR R RS
FEE AL B AR AR AN M L R Y B
BT AR AN (85) s +N AL B , A E i A (55)
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WET,HEERK Mk ERE B EER(E
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23 AB.JRMEmMhRENRIEIERF A
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ARl (55) MR P LA iR 20,7 905 78+ NURIT— N Ab 2
M B A e 9.7 %0 A 8.3 00 MR AL R
TR 0 E 61,69 F141.2% , 4 b3 A B
I 52.6 %0 Ff143.3% (K1 3A~D) . +NAET A
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under +N and —N treatments at seedling stage
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Fold change of 5#/8# Fold change of 5#/8#
-N +N -N +N
LS ok LIS ok LSS k1§ LIS ok
Root  Shoot Root  Shoot Root  Shoot Root  Shoot
OsAMTI.1 ns ns OsNRT2.3a
OsAMTI1.2 | ns ns ns OsNRT2.4
OsAMT2.1 * ns OsNRI
OsAMT2.2 <0.6 OsNR2
0.6~0.8
OsAMT2.3 ns 0.8~1.0 OsNiR1
1.0~1.2
OsAMT3.1 1.2~1.5 OsNiR2
1.5~2.0
OsAMT3.2 S9.0 OsGS1.1
OsAMT3.3 ns 0sGS1.2
OsNRTI.14 S 0sGS2
OsNRTI.1B ns xer OsFd-GOGAT
OsNRT2.1 ns ns ns ns OsNADH-GOGAT
OsNRT2.2 ns ns < ns

SR A LA 2 R R UM NS B B R A B D 3R 3R 1 25 5 - #P<C0.05, #+P<C0.01, *+*P<C0.001 ,ns /R AT BEE R T
[A . Asterisks indicate significant differences between two varieties by /-test, *P<C0.05, *#P<C0.01, ***P<0.001, ns indicates no significant
difference. The same as follows.

B 4 +NF—NLAHET, @SR GCHMREBATCHIRM EMRBRBHZEREUERNREZER
Fig. 4 Fold change of expression levels of genes involved in nitrogen uptake , transport, and assimilation in the root
and shoot of nitrogen efficient variety (5#) and nitrogen inefficient variety (8#) under +N and —N treatments

R 3 AN -—NAET, B (G FRR MR (s#) RN FAMAEN X REFEMRHYSE
Table 3 Enzyme activities and metabolite content in nitrogen assimilation in the root and shoot of nitrogen

efficient variety (5%#) and nitrogen inefficient variety (3#) under +N and —N treatments

HEAL WE AR N —N

Tissues Parameters 52 Qe 54 a
il B TG 1 /(U /@) Nitrate reductase activity 13.954+0.33™  9.1840.06 8.2740.13 8.4940.43
BB S 7 /(U/g) Glutamine synthetase activity 9.78+0.61 10.32£0.58  5.9240.22  9.2542.00"
A AR EEYE /(U/g) Glutamate synthase activity 21.8140.98 21.5541.85  7.8740.83  11.01+£1.11"
it feoo AP A B /(mg/g) Soluble protein content 13.2240.30°  12.5640.09  11.57+£0.37  11.1040.28
AR SR/ % Soluble sugar content 0.36+0.001"  0.31+0.003  0.30+0.003  0.33+0.010
Ui 28 SR & 1t/ (ng/ @) Free amino acids content 45464520  78.654+1.70" 82.63+8.15  66.3146.57
R A R i 544 /(U / @) Nitrate reductase activity 5.79+0.66 5.54+0.45 2.12+0.16 2.22+0.08
AWM A UG 1 /(U/g) Glutamine synthetase activity 21.1440.53 20.594+1.35  13.39+£1.77  14.124+1.50
o A H R A WU /(U/ g) Glutamate synthase activity 86.97+8.25""  42.6943.09  48.84+0.84"  38.45+5.17
H R Shoot TR 8 /(mg/g) Soluble protein content 25514091  25.2640.60  15.880.69  16.7140.97
Al AR S L/ % Soluble sugar content 1.01+0.04" 0.85+0.05 0.944+0.03 0.92+0.05
U7 B9 B TR A it /(pg/ ) Free amino acids content 91.024£10.36  81.684+7.33  57.48+9.30  44.3447.36

RO R (88)12.2%.29.1% . 15.5% . 2.1% 1 21.4%  FFHirh &0 /0 e b ) (e 2 i T AR50 A (88) (]
(E5]) o MWETES TR ABERE , A i 5K) o AT, 784 58 A K BT 3, 0 s 2 Aol BN
(55) &M )43 B L 49 f 25K ARSI Bl R AR w4 e BFERL P A B8 1 8 T 2RO B, A A
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F:Spike length; G: 1 000-grains weight; H: Fertility ;1: N utilization index;J: N accumulation; K: N distribution.
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Fig. 5 Yield components, nitrogen distribution and utilization in nitrogen efficient variety (5#) and nitrogen
inefficient variety (8#) under +N and —N treatments at mature stage
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NN KT 7= a1 2 (HND KSR 5 5f
BERE S PR R (M2) 25040 F 78 3Nl R UK
SRR R (58) 77 B B T AR A
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(M3) 24 F 78 34 it A K P P Y 7= i 24
A 22 v (1 6) o AT UL, 280 e R i A vh 2 B2 Ao
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El6 AEERKFEMFEZELET,
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Fig. 6 Grain yield of nitrogen efficient

variety (5#) and nitrogen inefficient
variety(8#) under different nitrogen

application levels and planting densities
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Screening of nitrogen efficient rice varieties mainly planted
in middle and lower reaches of Yangtze River and their
physiological and biochemical characteristics

MA Xiaonuo, HOU Xingyu, CAI Hongmei

College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China

Abstract 57 rice varieties mainly planted in the middle and lower reaches of Yangtze River were
used to study the physiological and biochemical characteristics of nitrogen efficient rice varieties mainly
planted in this region. Hydroponic culture was conducted to screen the nitrogen efficiency of rice. The nitro-
gen-efficient and nitrogen-inefficient rice varieties screened were further used to analyze the differences in
growth, yield formation, absorption and utilization of nitrogen, activity of enzymes, metabolites, and ex-
pression level of related genes with hydroponic culture, soil pot, and field trials. The results showed that
the nitrogen efficient and nitrogen inefficient rice variety was determined to be Quanyousimiao (5%) and
Wuyoujingsimiao (8%).5% had better root architecture and biomass under both +N and — N treatments,
with significantly higher plant height, root length, number of root tips, total surface area and volume of
roots, and dry weight of roots and shoots compared to that of 8%. The effective number of spikes, spike
length, thousand-grain weight, seed setting rate, grain yield, and absorption and utilization of nitrogen of
5% was higher than that of 8%.The content of nitrogen, accumulation of roots and shoots, the absorption of
P"NO,” and "NH,", nitrogen utilization index, and distribution ratio in grains of 5% was significantly higher
than that of 8. The expression level of most genes involved in the absorption, transport, reduction, and as-
similation of nitrogen in 5% was significantly higher than that in 8. The activity of NR in root and activity
of GOGAT in shoot, the content of soluble protein and sugar in 5% was significantly higher than that in 8%.
It is indicated that excellent architecture of root, stronger absorption capacity of nitrogen, efficiently trans-
porting nitrogen to shoot, timely reducing and assimilating nitrogen, and distributing more nitrogen to
grains are important characteristics of nitrogen-efficient rice variety.
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