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Primary screening of high phosphorus use efficiency of
rice varieties under NH, * -N and NO; ~ -N conditions

CHEN Chen, GONG Haiqing, JIN Mengcan, GAO Hongjian”

(School of Resources and Environment/Anhui Province Key Laboratory of

Farmland Ecological Conservation and Pollution Prevention, Anhui Agricultural University, Hefei 230036, China)

Abstract The aim of this study was to provide theoretical basis for screening rice varieties with high phosphorus
efficiency by investigating the aboveground biomass, phosphorus content and phosphorus accumulation of different rice
varieties under same concentration of NH, * -N and NO; ~-N. A of 102 rice varieties at seedling stage were taking as
study material. The subordinate function of interval [0, 1] was adopted to standardize the evaluation indices of rice
standardized using. The 102 rice varieties were classified based on the integrated value of phosphorus efficiency and
hierarchical cluster analysis. There were significant differences in leaf, root and whole plant stem, as well as P
accumulation in roots, stems and leaves of the different rice varieties under same NH, " -N and NO; " -N incubation
conditions, and the coefficients of variation were ranged from 52.83% to 69.54% and from 52.82% to 73.82%,
respectively. Different rice varieties had same principal components under both NH, * -N and NO; ~ -N conditions. The
first principal component, which reflected the biomass indices and P accumulation, was mainly determined by the whole
plant, stem, leaf and root biomass. as well as accumulated P in the whole plant, stem and leaf and root. The second
principal component was determined by P content in different parts of rice plants. By integrating variation

characteristics and statistic analysis of P uptake and accumulation in rice, the whole plant biomass, stem and leaf
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biomass, root biomass, whole plant P accumulation, stem and leaf P accumulation and root P accumulation were

considered as indices to evaluate high P use efficiency potentials of rice varieties at seedling stage. The rice varieties
of ‘2845”, “ZS2503”, ‘HRD’, ‘LJ7’, ‘DX 4103, ‘YY9’, ‘Y 602", ‘LY 7667, ‘YJ 117, ‘FLY 80’ and ‘SLY

1813”7 were identified as the high P use efficiency varieties under both NH, * -N and NO; ~ -N conditions.

Keywords rice varieties; NH, " -N, NO; ™ -N;
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1.1 e

KT B R e X e 102 KRGS AR/ 2R (G
5 1~102) 43 51 By 1 75 4 7K R AF 9 07 L 28 o ol K
S TR AR R B AR A KRR GGR D),
Hop R AE 5 11, 76 % BEAS A7 40. 08%0; 24 28 F 5
42.16%, =/ K F & 5 000 ~ 7 000 kg/hm’,
20052016 4F [ K 7T o R i E AR R
1.2 {EiEit 548

PRI — BOKAREFP T, 10 %6 B B K T 35
30 min 5, HRKMYE 2~ 3 i , P H ZE 8K Ve T
B AR R AR R A, KRR TR
F 28 “CE IR B TR A bkt 2F IR 2R )
B RGP R A LR IR W R 2R IR S8 4 5
AR R AT 384 . 25.4 cm X 38.1 em) L, &
I 35 AR 5 I . 0y S 4 AR 1 L 3 A 2R AR K
R IR 2 d R MRIRTE B BROK R ST BT 1/4
1/2 A5 FR MW B2 1 K RS & FHE FR 80 e BB 3% 4 d,
L ASAR VR B KRG & RS Rl 53R 7 d J5 2
K sh KRR 25, B A M IR &0k BE (40mg /L) 1Y)
NH, "-N #1 NO, -N &= #3510 d. FEFrK
FEWF 2 BT 7K R % F 7 95 W9 4 8k - NH, NO;
408. 0 mg/L, NaH, PO, « 2H, O, 46. 8 mg/L,
K,S0,,174. 0 mg/L,MgSO, + 7TH,0,393. 6 mg/L,
CaCl,,111. 0 mg/L,MnCl, » 4H, O, 1. 98 mg/L,
(NH,)s Mo; Oy, + 4H, O, 0. 124 mg/L, H, BO; .,
0.62 mg/L,ZnSO, « 7TH,0,0. 057 4 mg/L,CuSO, -
5H,0,0.1 mg/L,FeSO, » 7TH,0,19.5 mg/L, #r¥:
%2 30.0 mg/L. & NH, -N fil NO, -N (%% 32
A5 (NH,), SO, #1 KNO, # #: NH, NO,, &
NH, "-N & F W F i A 5. 89 mg/L Ay B4 %
(Co Hy Ny LU o] 68 & A= 09 il A0 VE A S [R5 2 R
fMA 5.89 mg/L B9 W& % (C, H, N A& NH, "-N
HIEFRW X IR, W 2 d B 1k, pH H
1 mg/L HCl 8{ 1 mg/L NaOH #795 & 5.5+0. 1,
IS4 NH, "-N Hl NO, -N 2 4~ 4b 3, 454 4b 3
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Table 1  Varieties and numbers of selected rice
%5 A AR 5 st ol S i A
Number Variety Number Variety Number Variety
1 K7 25 35 Rz 23 69 RS
2 F4 & 36 WJ112 70 HERG 18 &5
3 R 819 37 115 71 MEg 12 5
4 Wkl 17 5 38 Y Witk 646 72 TG 18 5
5 wAR N 39 B 343 73 RIZH 19 5
6 Fiti W5 £ 996 40 Y Witk 2 % 74 RiZH 21 5
7 WAl 12 5 41 I 3905 75 A 95
8 F 42 w95 76 HERET
9 WAl 32 5 43 Mg 119 7 85
10 WD 45 5 44 TS S 78 RIZHE 24 5
11 F AL 299 45 Tl 2503 79 TH S5 5
12 C Wik 608 46 WL 766 80 B 6 5
13 F P 2997 47 B 223 81 BEfE 153
14 WA 24 5 48 11 ) 602 82 FEW 9=
15 W EH 6 5 49 Brmifl 106 83 Witk 383
16 R 74l 130 50 Wi 18 84 Witk 378
17 WA 42 5 51 HA 84 85 Y #ifk 15
18 Wil 22 5 52 Wit 6 = 86 KR 94140
19 Fili 93 £ 996 53 BT 42 87 F W 80
20 16 54 Wil 8106 88 it 2%
21 WJ93 55 ML 1813 89 A% 12 5
22 15 5 56 7 4103 90 Bk 25
23 WJ46 57 e fg 68 % 91 WAL 3117
24 HIFG 14 B 58 B 1128 92 WiRG 18 B
25 TH 15 59 HHE 9 93 EWE 6348
26 WJ109 60 AN 5 5 94 i 2640
27 WO032 61 hHE 7 5 95 W 3905
28 1 9424 62 ANW 96 K 49
29 18 63 K 4037 97 TH 25
30 HAE 19 5 64 HEFE 6 5 98 WO32
31 TH 35 65 T i 99 hR 3
32 WJ104 66 HHE 11 5 100 M 115
33 HiRG 10 5 67 48 18 101 X7H 16
34 BAG 88 68 YR S 5 102 2845
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1.3 MEMmMBRAZE

HR 4 22 FAR ERAE & T 105 'C R R 30 min,
HISC M T REE, FREEM T E SR T,
THARE R AR W i W A AR R, KA ZE A
HRERRE AL 22 H, SO, — H, O, 15 2 U4 # He (5 3
SEAEPRABE A . A g R O 2E 0 5 HBE A
Z B AR R SR AR i S AR L i B R b
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JH S J ok 0T W AR W8 2 OPE AN 48 B 4 Jre Ay 1A IXC )
L0, 1] BT a . A
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b Y SRR L SR ES VAN 4 AR Y B AR R
PREUIE s X, R85 ¢ b R SR VP M 48 AR 1 I 7 185
X win R T SRS PPN HE AR I R /M 5 X e
IR G ANES VR AR bR R KRB @ RN HE A
it s FRm e TPEHr 45 b . AL SR ]2 WA 1
/N W
E,=C;/>C,

K EFRIR j PEH R bR AL s G ROR 5 5 IFM e bR
S S BB WRRCREGEABE P=[ 2 (Y, XE)D /5.
1.5 HEHHAE

AR % FH Microsoft Excel 2007 i1 SPSS 19. 0,
Heaml 1. 0 heatmap illustrator #4347 50 ¥ , R ¥
SR m R BOE T RRCR 5 {E L R BRGSO

(Squared Euclidean distance) #l& 82347 & 73
#f (Hierarchical heatmap) , 38 3 B & 0% 86 5 2 AH AL
T B A S W AN ] it e ] 628 R 0 1 A 22 S e

2 HRE5SMH

2.1 FAREREMHN TABEHPEERTREBESFT
AR S FRBOTT LA S U 25 IR Y A S AR
AR S R BRI R () K RS T B SRR 22 R
AU, NH, T -N FNO, -N 57 &0 F . kA
2 E AR RO I R R AR R B — S AR
SR AR R R BB IR 25K, NH, TN R 4
PETR K R IR 98 b AR S R B R S 25, 4896 ~
69. 54 %, HorprBe bRl & A R R BUR /N O 25. 4800,
WEHRHREL S REHE K, N 69, 54%,
NO, ™ -N 57 24 F o K A8 MR 48 br 28 57 R 800
k24,5406 ~73. 820, Hop AR R B A AR S R B
INR 240540 ZEM B BB R RBE KN
73.82% . 7E NH, "-N I NO, -N fft ) &4 F . 2%
mA i AR R AR R AR e B
MR R BB Rk i R R AR R R TE 50%
AL o D6 32 95 Bk B 55 1 JE8 TR /K RS i ol ) 22 Sk 5 25
MR R MR RS R MR A R AR R
S0% AN . b, KRS v 0 458 3R MR S BUE 7
NH, "-N NP HE BRR R AR Y E T H
7ENO; -N b5 2 04 F 19 2 80fE, 3t W K A8 1
NH, " -N 5 £ 44 T Re 4 Ml i 2 8% (3% 2)

£z 2 NH,"-NFNO, -N #t M &4 TkBRER L R T 4SE

Table 2 Variation characteristics of phosphorus traits of rice underNH, ™ -N and NO; —-N conditions

NH, "-N NO;  -N
RN B - B -
Nutriti . 7% YA A5 R Y 7% YA AR5 R Y
utritive trait
Range Average (A Range Average CV

EMAEYHE/mg 8.03~105.07 46.51 54.51 8.15~98. 25 41. 87 55. 89
Shoot biomass per plant
WELEYE/mg 3.29~52. 88 21.37 52.83 3.55~46. 65 21.74 52.82
Root biomass per plant
kA Y i/ mg 11.31~150. 77 67.87 52.99 11.73~141. 27 63. 60 53.96
Whole plant biomass
20 P 4 it /mg 0.03~0. 09 0. 06 27.17 0.02~0.08 0. 04 32.59
Shoot P content
WEPEE/mg 0.02~0.06 0.04 28. 56 0.02~0.06 0.03 24.54

Root P content
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#2080
NH, "-N NO,  -N
RN - N - "
. . 7% ¥iE 55 R E Y 7% i ¥ifE 55 R E %
Nutritive trait
Range Average CvV Range Average (A%

ik P& HE/mg 0.03~0.08 0. 05 25.48 0.02~0.07 0.04 28.00
Whole plant P content
WHEPEHE/mg 0.01~0. 26 0.09 69. 54 0.01~0.22 0.07 68. 87
Root P accumulation
ik P 2HE/mg 0.03~1.12 0. 37 66. 82 0.03~0.91 0.279 70.63

Whole plant P accumulation

2.2 AEAREHNEZGTAELIMERZIERY
EF 5t

XFNH, "-N Al NO, N {7 £ 744 T /K F5 7 9
(19 A E IR S BT 43 B TH B R AE A R 2
EBTEk RN KR AR SRR AR NH, N
NO;  -N BE N By 22 i B T 45 2 0 B 3 P 4 e
& R S R BuR S R Y T D& Rl S I 1
E NH, "-N # NO,  -N ft 5 7 8 0l LU#f & 85
2 A, H B BTHRER AR 91, 43% F1 92. 06 %,
Ho 78 NH, " -N i T, Bl 1 524y
HRZRAE Y i RERR AR ) A ORI IEAH OG22 e

KRR W AR Y L B AR AR AR, T 2 DTk R
82.29% ., FMor 2 HEMEES R R RS R A
PRME B A BRI 1 AH DG, 35 2 s B Sy KR 1 3
bR Oy 22 TTEkE R 9. 1420, MiAE NO; -N
BER T, AL 1 M 2 BTl RN 78, 97 %, E RS
2 [ 22 5THRR N 13,09 %, F sy 1 8l 224
Yo AR AW i MR AR A W i e X 5 NH, -
N RN B 3 A e 1 B AE . #E NH, T -N Al
NO, -N MR T8 2 Fla B husale, 4
F2 %53 16 BT R R 1 BH AE PR R R R R X K R 2
W AT SR RS W) 5 K IR A A ) e 8 s (3R 3 FHIIAL 1)

£33 KBEFMERKRENHLT-NFNO, -NHE TR FTEHRE

Table 3 Total variance analysis of rice under NH, "-N and NO; -N conditions

NH, "-N NO;  -N
o v, v, .
5% Parameter T 1 ER 2 ER 1 EWIY 2
Principal Principal Principal Principal
component 1 component 2 component] component2
FHAE(E
7.41 0.82 7.11 1.78
Eigenvalue
82.29 9.14 78.97 13.09
Variance contribution rate
EYa e
82.29 91.43 78.97 92. 06

Cumulative percentage

2.3 FARAREHNEHTAEERARIVNEES
BERAESH

AR AR W 0 8 TR MR AL SR AR IR R R B SR S

BOor B W S5 AR WA R AR AR AR AR

2R wE R R AR 0 R B A AR R AR N

IR B R AR S I AR B o BRI R AR 2 X

R AR g A XL a8 i & Gz A5 B AN [R] K A i of 19

BESOCRLE S . 78 NH, T -N 5 &4 T L K f s 5%
LA HEMAENE S 0. 20~1. 09, ¥J{A K 0. 54, Hrp
CEPL B RORLGEA /NN 0,20, CEbEE 11 5
BERCR A E RN 1.09, 1 NO, -N {57 & 4
T K FE RS RCR LR AN A MR N 0. 20~1. 15, 34{H K
0. 54, Hrpr < C Wil 608 B sk %45 A fd fe /- o4 0. 20,
CEMAL 80T BESCREGE G R, R 115Gk ),
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%3 TP, total P, %; SLPA, stem and leaf P accumulation; RPA, root P accumulation; TPA, the whole plant total P

accumulation,
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Analysis of nutrient traits in rice under NH, "-N (a) and NO; -N (b) conditions
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overall phosphorus efficiency value varies from high (red) to low (blue).
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102 represents the rice variety number; The red-blue color in the lower right corner of the cluster plot indicates that the

B2 FARAEEEFTABIARM(R)BEEEESEREXRESN

Fig. 2

Hierarchical clustering analysis of integrated phosphorus use efficiency values of

rice varieties under different nitrogen conditions
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