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1.1

F1 FRBAHTAKITIH TFERKERM

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

4“5 Number FRFPAAFR Varieties 4% Number FRFPZAFR Varieties

1# FHPIEAE Y Jingliangyouhuazhan 304 & Wik 508 Fuliangyou No. 508
2% FEPIL4E Y Longliangyouhuazhan 31% fPIfE 534 Jingliangyou No. 534
3 B Wit 268 Lingliangyou No. 268 32% FEMif 534 Longliangyou No. 534
4z CWiffife 5 C Liangyouhuazhan 33% 4Wiff; 534 Quanliangyou No. 534
5# ZEMR2211 Quanyousimiao 34 I 534 Weiliangyou No. 534
6% ZEWIL£2T Quanliangyousimiao 35% 4Pl 681 Quanliangyou No. 681
TH BWIE 24T Huiliangyousimiao 364 Bl 801 Kenliangyou No. 801
8 TR 221 Wuyoujingsimiao 374 %4822 Quanyou No. 822
of 2 F 441 Hongxiangyousimiao 38# ZEWI 851 Quanlaingyou No. 851
10# BIPIfE2£1  Yunliangyousimiao 39# 250879 Quanyou No. 879
11# WP 221 Liangliangyousimiao 40% BUWif 898 Huiliangyou No. 898
12% ZERERELLTT Quanyouefengsimiao 41 Y Wif:900 Y Liangyou No. 900
13% AW B R 221 Huiliangyouyuehesimiao 42 FHif 916 Fengliangyou No. 916
14# AT i Xinganxiangzhan 43 Wil 982 Huiliangyou No. 982
152 TP 9 F B i Yueliangyoumeixiangxinzhan 44 FEWIfR 987 Longliangyou No. 987
165 2% 1% Huidao No.1 45% #Wifl 996 Huiliangyou No. 996
17# Ik 1% Hongnuoyou No.1 46% FEWIE 1187 Jieliangyou No. 1187
18% EWifli i —*F Fengliangyouxiang No.1 A7 FAIWIE 1189 Jingliangyou No. 1189
19% ¥ 25 Jiafengyou No.2 48% YW 1212 Longliangyou No. 1212
20% 21K 5% Hongliangyou No. 5 49% 43+ 1361 Zhongguyou No. 1361
21# E\ Wi 85 Changliangyou No. 8 50% SR 1377 Jingliangyou No. 1377
224 AP 11 Liuliangyouxiang No. 11 51% FEWIff 1377 Longliangyou No. 1377
23# Wit 16 Xiangliangyou No. 16 52% Y Wit 1928 Y Liangyou No. 1928
244 Y Wifli 17 Y Laingyou No. 17 53% AEWIIL 2817 Hualiangyou No. 2817
25% £1% ;68 Hongxiangyou No. 68 54z AEWI 6516 Hualiangyou No. 6516
26 473 Hanyou No. 73 55% FEPEAE & Huiliangyouhuazhan
27¢ 1E#i) 261 Huazheyou No. 261 56% Jewifl; 1137 Longliangyou No. 1137
28# Tl 308 Wuyou No. 308 57% JWiflt 35 Guangliangyou No. 35
294 AWifl: 336 A Liangyou No. 336

1.2 EFkEFAR FRAE R A T R B IR G AR . AT

1) 8 R0 A B 1K . LASR 1 v 57 43 /KA i
TR BEFER R, T 2022 4F 6 —7 H 7E#IAL A RO 48

BRI TE TR L WK E 2 1L,
Bk B4 W (+P: 1XP, 300 pmol/L) Ml s (—P.
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A BT A Rl K27 1R 0 e b JRe 3 SR W R ik
B, MTLEM EERHTEER L. FOHK
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BAS TR 3R A E R 240k, IR 3 d ik
TREFRW . Z e AR BEATBE YL AL 22 1 J , 7.3
Fr AW (300 pmol /L) WK AL K357 18 o 18R 2 15 3511
Jo HURE , BBURE BF FH 20 7K e MR 3 3, TR A R S A
T BT, T A 0 IR TSR R X B Y
WS (PR 52 1% 3% I A AR B 35 o 5 o 114 3 FRUL
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1.3 TEZFKAK

DLW 2 0 P 25 879 (395 ) FTAHAG A4 ot B
85 (215) AW TR KL, T 2023 4E 5—9 HAEWIdL &
BRI T A Rl R A 3 50 56 b T R+ 8 4Rk A
i 58 pHAE M 6.0, A LI & 4 8.65 g/kg, &4
TR 0.8 g/kg, ARUBE S 5 8.4 mg/kg, BALER
o4 59 mg/kgo I 20 LAR, SAREEA 15 kg K
TrRMEEg, EFBEEANNO2 g/kg(JRE, &
N 46.4%0) . P,050.15 g/kg GEBERRES , & P,O; 1220)

K0 0.2 g/kg CEALER, & K0 60%) . BEAL AL
TEARBLET A TR H P34 5, B e B A6 T
o 2: Vit B AEFE R 4 2 14 d it A o I8 I
HEAL (+P) AR (—P) kb3, B4 b B 6
A A SRR AR 3A , AR 1R . REKFEAEK
Z A R OGRS T, 25 487 e A R ]
T B RR TS DU Y R AR R A
1.4 KHE/MXIKE

DT 25 5 R 2500 879/(39%) FTAHAE L b ot B4
845 (21%) WAL EL, T 2024 4E 5—9 H eI
BT 2% ) X BB 22 1 ) 3k 56 3 b T e R /) X3t
¥, 5 M+ 4 pHAE M 5.33, A WL & &M 19.34
g/kg, Bk ff & & 1 R 227.04 mg/kg, A BBE & N
2.02 mg/kg, HALHR & R 57.08 mg/kg. AN E
3ATERE (P,O5 ) A (K8 LP: 0 kg /hm?*, P NP
22.5 kg /hm?, = #§ HP: 45 kg /hm?*) 1 3 4~ F A %% &
(% % B ML1: 10.5 J7 #/hm*, | % & M2: 16.5
T3 ¥k/hm? , 75 % BE M3+ 30 J7 Bk /hm?) (32 AL B, 45
A/NX R 20 m?*, % 3ANEE . HELIRE(EN
46.4%) , i FH 5 A N 225 kg/hm?; B AT Ky 48 5 1% 45
(%7 P,O5 12%0) , 4% 138 34 7KF-Jiti H 5 8 by S AL 47
(% K0 60%) , i FH 4 K,O 90 kg /hm?; &0 2 5
I Ay BEAR  FEAE =6 2: 2t b ) il T, B AE A AT
TYRitE FH , B AE e A0 : AR =7 3O b ) i FH . FF
IRREAE K 2 BB SR 0 F PR i
1.5 SHlERE

DR R A i AR R 4991 (Epson Per-
fection V700 Photo ) X 7K FEHE R A 744 43 H7 -

)W e . S BSGERL 23 DXL T IR b 2E
1718 Ak, At RO 30 T 43 43 17 A (FTAstar 5000, Swe-
den) I 7 i & 5, 2 BOSCHR[ 24-25 [T REFR SR 5
IR BRI 1955 B i R B TE &AL Y
SyHe He

3)IHF IR Hr . 28 TRIZOL (Invitrogen) =
sty Uk B A5 %ot 3B £ R A B RO RNA, R Hifair® 11
Ist Strand cDNA R & (44, B VE1T e fk
3K 15 cDNA, L cDNA b #8 4f i# F Hifair®qPCR
SYBR Green Master Mix {7 & (W X4, i) 17E
7€ 1 PCR X (Applied Biosystems Quantstudio TM)
AT E B PCR W . T PCRY G154
AW 2, P52 UG , Ph OsUbiquitin W2 %t
KO AT AL, g 2 A0 e S A X R
K
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Table 2 Primers used in fluorescence quantitative PCR

FH ZFK Gene name E0 514 (5'—3") Forward primer S 514 (5'—3") Reverse primer
OsUbiquitin GACGGACGCACCCTGGCTGA TGCTGCCAATTACCATATACC
OsSPX1 GACCAGCTTCTACCATCAAACG AGTTCCTGCTGCTCCTCTGG
OsIPS1 AAGGGCAGGGCACACTCCACATTATC ATTAGAGCAAGGACCGAAACACAAAC
OsPAPI10 ATACTGGCAGCCGACGGATGA GAGGGAGCTGGAGCGGAGAA
OsPT2 CACAAACTTCCTCGGTATGCT GAAACCCCACAAATCCACAAC
OsPT6 GCCCCTGCAAACTGTACTG AGCCAGGCCAGTTATATATCAAC
OsPTS AGAAGGCAAAAGAAATGTGTGT AAAATGTATTCGTGCCAAATTGCT
OsPHO2 ACAATGCTACAAGTCCTGGTCTCAGTTC GCAGCTCTTGTCGCCCTCATC
OsmiR399d GGTGGCCTTTGATAGACCATCA GCAGGCCGTTTTGGTGAAT
OsmiR399f GGCAGAGGTGATCAGATTGCA GGCAAATCTCCTTTGGCAGAG
OsmiR399j GGAGCATGTGAAGTCTTTTGTAGC GGCAACTCTCCTTTGGCAGA
OsSQD?2 CTGAAAACGGTAATGGATAGG AACAACAACAGCACGAGC
OsNLA1 TCGAGTTGCACCTGGCATC AAACACGGTATCCAAGCAAATCG
OsPHR2 GACCAGAATTGTCTGAAGGTTCTT ACGCAATGCCTCAGTGAGAT

4)RVERERR B IEPEI 2 . S MROCHR[26 13 510 A S Fh AT A0k (+P) B BE (—P) AR B, 2% 4l Ff A=
SE A FE AR RS W AR YR IR IR MERE R B MR MBS R RESR B . FP AT b BT

TEPE Jii 54 0.19~0.56 g, F-34{H K 0.37 g5 — P AL BT 1
1.6 HIELESHH EEST AN 0.07~0.15 g, FME M 0.11 g BESCR

K Microsoft Excel 2019 #k 4 T5¥E 55115 RECN 0.21~0.43,FEE M 0.30 (K 1) o Kf L &8
&L, % FH Statistical Product and Service Solutions 23 1 i & 5 B8R R EVE DU 2 &, nl R 2 43 = 3l
(SPSS PASW Statistics 23) #4175 243 #7 o e A W AR A IR A W IR

WARA YR ARSI (R 1) o IR TEHE = 800 7 i i

2:|: E A

2 LRSI (g £ FH A= AL R L M T35 B Bl 2 2 v A 4 i R

2.1 BiERmMAIEE L 879 (39%) A i A% 28 A% 2 Wy 2 it B 5 P AL 8 5
A E IR RS 57 iy KT R EROK (213 TR 2T .
. 0.20 |
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Ha I % 2 l
¥ I ** ~ I
[-% | I |
T 0l - s . 0.00 ‘ . . - . )

0.0 0.2 0.4 0.6 00 01 02 03 04 05 0.6

EFVES L [EFVESR-
Phosphorus efficiency coefficient Phosphorus efficiency coefficient

L F R TF-HMH . The dashed line represents the average.
Bl £Bi(AMRBEBLET, &mfit FHTRESEER RIS E
Fig. 1 Quadrant plot of shoot dry weight and phosphorus efficiency coefficient for each variety
under +P(A) and —P(B) treatments
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o AR/NG FRERRIE S Tukey K90 HAT 1% 25 55 (P<< 0.05) . R A:The growth phenotype; B: The root phenotype; C: Total root
length; D: Total surface area of root; E: Total volume of root; F': Number of root tips; G: Plant height; H: Root dry weight; I: Shoot dry

weight;J : Root shoot ratio. Different letters indicate significant differences by Tukey s test at P<C0.05.The same as follows.
B2 +PH—PRET, AKBEHPEBHSURAMHGHMBHER &M QIO MNEKREMIRABRE

Fig. 2 Growth phenotype and root architecture of phosphorus efficient variety (39#) and phosphorus

inefficient variety(21#) of rice under +P and —P treatments at seedling stage
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Fig. 4 Fold change of expression levels of genes
involved in phosphorus uptake and transport in
the root and shoot of phosphorus efficient
variety(39#) and phosphorus inefficient
variety(21#) under +P and—P treatments
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Fig. 6 Growth,yield components, phosphorus distribution and utilization in phosphorus efficient variety (39#) and

phosphorus inefficient variety (21#) under +P and —P treatments at mature stage
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Screening phosphorus efficient rice varieties mainly planted in middle
and lower reaches of Yangtze River and its 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 mechanism of differences in phosphorus utilization efficiency (PUE) among rice varieties.
Hydroponic culture was used to screen phosphorus efficiency. The selected phosphorus-efficient and phos-
phorus-inefficient rice varieties were used to analyze differences in growth, yield formation, absorption and
utilization of phosphorus, the activity of acid phosphatase and expression level of related genes with experi-
ments including hydroponic culture, soil pot, and field plot. The results showed that the phosphorus efficient
and phosphorus inefficient variety was identified through screening as Quanyou 879 (39#) and Changliangy-
ou 8 (21#).The architecture of root system and biomass of phosphorus efficient variety were better than
those of phosphorus inefficient variety under both +P and —P treatments, with significantly higher plant
height, total surface area and volume of roots, number of root tips, and dry weight of roots and shoots. The
effective number of spikes, spike length, thousand-grain weight, seed setting rate, and grain yield of phos-
phorus efficient variety were higher than those of phosphorus inefficient variety. The absorption and utiliza-
tion of phosphorus in phosphorus efficient variety was significantly higher than that in phosphorus inefficient
variety. The accumulation of phosphorus in roots and shoots, the absorption of phosphorus, use efficiency
and utilization index of phosphorus in phosphorus efficient variety were all significantly higher than those in
phosphorus inefficient variety. The expression level of OsPHRZ, OsmiR399, OsPT6, and OsPAP10 genes
in roots of phosphorus efficient variety under — P condition was higher than that of phosphorus inefficient
variety. The activity of acid phosphatase in both roots and root surface of phosphorus efficient variety under
both +P and —P treatments was significantly higher than that of phosphorus inefficient variety.It is indicat-
ed that the excellent architecture of root, stronger absorption capacity and utilization ability of phosphorus,
the higher ability of releasing organic phosphorus into inorganic phosphorus to improve the phosphorus avail-
ability to plants are important characteristics of phosphorus efficient variety.

Keywords rice; phosphoru utilization efficiency; architecture of root system; phosphorus utilization
efficiency (PUE) ; gene expression; activity of acid phosphatase ; yield
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