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RERS27 MEARK . RERWAL REMRK . DA AR 2 m A L IE # B AL B A3 N T 61.79% . 38.12%.
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AGEMRR L AR . AN 8 AR 2 1o FRURIA AR 22 1 B4 30l D (IR 80K R4 BE IR58025 119 2,62, 2.87., 3.22., 1.18.
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The root morphological and structural characteristics of
phosphorus-efficient rice materials

BAI Xiao-yu', LI Xiu-fang', LI Chuan-fei’, YIN Jun-jie’, TANG yu', LI Ting-xuan', YE Dai-hua"**
(I College of Resources, Sichuan Agricultural University, Chengdu, Sichuan 611130, China; 2 State Key Laboratory of Crop Gene
Resources Exploration and Utilization in Southwest China, Chengdu, Sichuan 611130, China; 3 Sichuan Metallurgical Geological
Exploration Institute, chengdu, Sichuan 610061, China)

Abstract: [ Objectives ] Breeding rice materials with high phosphorus (P) uptake efficiency is an effective way
to use the soil P resources. Rice root is the most important organ for P absorption and studying the root
morphological and structural characteristics can reveal the mechanisms of P-efficient uptake. [ Methods ] A
hydroponic experiment was conducted with 40 rice materials under low P (0.003 mmol/L) and normal P (0.3
mmol/L) treatment, and the rice plants were sampled at the tillering stage for determination of shoot biomass and
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P concentration. Through cluster analysis of shoot P accumulation and biomass, R527 and IR58025 were
identified as high-P efficiency and low-P efficiency materials, respectively. The root morphology, and root
anatomical structure of the two rice materials were further determined to elucidate the relationship between rice
root development characteristics and P uptake. [ Results ] 1) Under low P conditions, the 40 rice materials
showed significantly different biomass and P accumulation, ranging from 0.11 to 0.93 g/plant in biomass and 0.07
to 0.58 mg/plant in P accumulation, with coefficients of variation of 49.41% and 49.55%, respectively. 2) Under
low P conditions, the biomass (0.83 g/plant) and P accumulation (0.46 mg/plant) of R527 were 6.38 and 5.75
times higher than those of IR58025. 3) The total root length, root surface area, adventitious root length, lateral root
length, and lateral root surface area of R527 under low P conditions was 61.79%, 38.12%, 60.44%, 67.99% and
186.67% higher than under normal P conditions. And the total root length, root surface area, root volume, average
root diameter, adventitious root length, lateral root length, adventitious root surface area and lateral root surface
area of R527 under low P stress were 2.62, 2.87,3.22, 1.18, 4.41, 2.97, 3.97 and 1.45 times of those in IR58025.
4) Under low P conditions, the proportions of stele, epidermis, cortex in R527 were 1.11, 0.67 and 1.05 times of
those in IR58025. 5) Under low P conditions, total root length, root surface area, root volume, average root
diameter, adventitious root length, adventitious root surface area, lateral root length, lateral root surface area,
cortex proportion, and stele proportion of rice showed positive correlation with biomass and P accumulation,
while epidermis and endodermis proportions showed negative correlation. [ Conclusions ] The growth of high-P
efficiency rice material R527 is less inhibited than low-P efficiency material IR58025 under low P conditions, due
to the significantly higher biomass and P accumulation. Under low P conditions, R527 could develop large total
root length, root surface area, root volume, adventitious root length, lateral root length, adventitious root surface
area, lateral root surface area, and cortex proportion, as well as lower epidermis and endodermis proportions,
which is contributed to its efficient P uptake.

Key words: rice; screening; phosphorus high efficient; root morphology; anatomical structure
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Table 1 Names and serial numbers of rice materials tested in the experiment

MR FR Mk MR FR

Material name Material number Material name
IRBBS ROI1 2215 Yuewangsimiao
IRBB56 RO2 JII4¢ 227K Chuannongsihe
IR58025 RO3 H%3551 Yihui 3551
IRAT261 RO4 ‘H7 1B Yixiang 1B
Star bonnet99 RO5 J" 1128 Guanghui 128
£1#% Hongdao R0O6 k445 Nanhui 445
LRGHYT Zidaopujiang RO7 #4477 1388 Qianhui 1388
K F# R Dasui R ROS R362
KK Dali R0O9 R1222
CZ-1 RI10 [17B Ba 17B
T4 # Yuzhenxiang RI1 275 1'5 Sixiang 1
C3 R12 /Rk3B Le 3B
[17F &7 Baixiangzhan R13 R527
4:fii22 1 Jinhangsimiao R14 4z 8L Jinzhuo

Mk R BR Mk S
Material number Material name Material number
R15 k2348 Yahui 2348 R29
R16 09RF2-3 R30
R17 HEMKS5212 Yahui 5212 R31
RI18 HEAR Yahe R32
R19 HPKI125-2 Xiangxian 12-2 R33
R20 E33 R34
R21 Wxj-74 R35
R22 CHETUMALA-86 R36
R23 CHE115 Wendao 11 R37
R24 FKJ¢1'5 Tianlong 1 R38
R25 MiP%38 Yuhui 38 R39
R26 08B-9643 R40
R27
R28
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WRECHE S R 8 B, 40 /K AEA R AT S 23R v [E] 28 (1)
AT AED () IR i R0 bR (T0D) 3 k2% (181 1 B).
Horp, KEER (ROS), KKi(RO9), R527 (R27), 45t
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Table 2 Differences of phosphorus absorption among rice materials

WK P level gh5 Index JWH Range 41 Average BRRECV {2 PE Distinctiveness
Ik Y15+ Biomass (g/plant) 0.11~0.93 0.38 49.41% *
LowP B P content (mg/g) 0.39~0.90 0.58 13.85% x
#iFL 28 P accumulation (mg/plant) 0.07~0.58 0.22 49.55% *
IEHE B A Biomass (g/plant) 0.22~1.43 0.65 47.88% *
Normal P W44k P content (mg/g) 4.10~8.86 6.31 15.19% *
WL 2 P accumulation (mg/plant) 1.23~10.20 4.14 50.70% *

T RAPNAORKFEM BRI ISR . *—P<0.05,

Note: The table shows the results of cluster analysis of 40 rice materials, CV—Coefficient of variation. *—P<0.05.
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Fig. 2 Cluster analysis of shoot biomass of different rice materials
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7, C3 (R12) Fl IR58025 (RO3) WM IR A Ak .
2.2.2 A[FEBERCE KRG B Py it Fh AR R i 22 =00
Bro ARBERNERBESE T, B SO KA AR
BRI ACRE 7580 TR KRB AR (36 3). (B S5 1
T, 3B KA R, R527 AR Wi RIS AR
F 5] 0.83 g/plant A1 0.46 mg/plant, &K
TR FIRHKL; 9 A BEARRCR K FEA B, IR58025
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RBUFIP R BRI TR, 4351 IR58025 1Y 2.62 .
2.87. 3.22 Al L18 A%, IEHBEAME T, R527 H.EAR
Ko ARFEA, ARRBUEIAREARSE R, 430
4 IR58025 1 1.64, 2.30, 2.72 Al 1.24 %5, R527 #2
FRIERIRE ) TR
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Table 3 The differences in biomass and phosphorus accumulation of rice materials with different phosphorus uptake

efficiencies under low phosphorus and normal phosphorus conditions

l&HF Low P 1E# ¥ Normal P
N ES i) Mk FR
P efficiency type Material name ") (¢/plant) B R i (mg/plant) M) (g/plant) BB (mg/plant)
Biomass P accumulation Biomass P accumulation
jaspye FH R Dasui R 0.72+0.04 b 0.360.02 ¢ 1.13£0.02 b 6.93+0.18 b
High Peefficiency g py); 0.76£0.05 ab 0.4120.01 b 1.28+0.03 a 8.13+0.27
R527 0.83+0.06 a 0.46+0.03 a 1.12+0.02 b 6.99+0.33 b
WAL IRBB5 0.16+0.00 de 0.10£0.00 efg 0.34+0.01 cde 1.78+0.07 de
Low Pefficiency  rppse 0.19+0.00 cde 0.11£0.01 defg 0.26+0.02 ef 1.6840.13 ¢
IR58025 0.13+£0.01 ¢ 0.08+0.01 g 0.35+0.06 cd 1.60+0.27 ¢
£ %% Hongdao 0.21£0.01 cd 0.14+0.00 fde 0.36+0.01 ¢ 2.34+0.02 cd
C3 0.23+0.01 cde 0.13+0.01 def 0.26+0.03 def 1.48+0.13 ¢
75 7 Baixiangzhan 0.19+0.02 cde 0.10+0.01 efg 0.40+0.03 ¢ 2.33+0.26 cd
4221 Jinhangsimiao 0.17+0.01 de 0.09+0.01 fg 0.35+0.04 cde 1.93+0.21 cde
B F 221 Yuewangsimiao 0.15+0.01 de 0.09+0.01 fg 0.35+0.04 cde 2.46+0.11 ¢
227515 Sixiang 1 0.27+0.00 ¢ 0.14+0.01 d 0.25+0.01 f 1.80+0.08 de

T FFVEE A RN RS AR FR R RAE0.05 /K - 22 57 4

Note: Different lowercase letters after data in a column indicate significant difference among rice materials at 0.05 level.
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Fig. 3 Phenotypic differences between the two rice
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Fig. 4 Differences in biomass and phosphorus
accumulation between the two rice materials with different
phosphorus uptake efficiency under low and normal
phosphorus conditions

T BPAE KRS PR IR ] — KRG A1 [ — B 7E A R B Ak

P[R] 22 5 .3 (P<0.05), ANIR/NG FREFROR A — B b 21 04 7] —35

RLAEA R KRR 25 5 .3 (P<0.05).

Note: Different capital letters indicate significant difference between

different phosphorus treatments for the same tissue of the same rice

material (P<0.05), different lowercase letters indicate significant

difference between different rice materials in the same tissue of the

same phosphorus treatment (P<0.05).
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=4 REERIIE B R T M B R M BHR R LTS HHIE
Table 4 Root morphological characteristics of the two rice materials with different phosphorus uptake efficiency
under low and normal phosphorus conditions

BT FPRE R R (om) BIREER m) AR e’ PR (mm)

P concentration Material name Total root length Root surface area Root volume Mean root diameter
(1§77 R527 1445.95+59.42 Aa 138.69+2.56 Aa 2.38+0.30 Aa 0.33+0.00 Aa
Low P IR58025 551.82+3.50 Ab 48.38+2.29 Ab 0.74+0.04 Ab 0.28+0.01 Ab
IEH B R527 893.71+37.48 Ba 100.41+5.84 Ba 2.7240.28 Aa 0.36+0.01 Aa
Normal P IR58025 543.44+4.07 Ab 43.74£1.40 Ab 1.00£0.01 Ab 0.29+0.02 Ab

T FIFVEHE R ARIRE T REROR [ — K AR R B B R 22 57 B35 (P<0.05), A[R)/INE P RERR Al — B BN R K Rt i) 26 5 3%

(P<0.05),

Note: Different capital letters after data in a column indicate significant difference between different phosphorus treatments for the the same rice

material (P<0.05), different lowercase letters after data in a column indicate significant difference between different rice materials in the same

phosphorus treatment (P<0.05).

®S5 RBAEBBEGTRAEBYARKEMHTERMMRESES
Table 5 Morphological differences in adventitious roots and lateral roots of the two rice materials with different phosphorus
uptake efficiency under low and normal phosphorus conditions

WK1 R TR

JBHRE Root length (cm)

AR Root surface area (cm2)

P concentration Material name

RIEM Adventitious root

A Lateral root

AEHM Adventitious root 4R Lateral root

R R527 389.31£16.25 Aa
LowP IR58025 88.28+2.38 Ab
IEH R527 242.65+26.81 Ba
Normal P IR58025 92.69+3.73 Ab

670.52+43.40 Aa
226.05+35.95 Ab

399.15+13.78 Ba

261.46+22.82 Ab

68.69+1.54 Aa 55.07+4.33 Aa

17.31£2.63 Ab 38.05+0.29 Ab

58.94+4.77 Aa 19.21+1.67 Ba

19.72+3.80 Ab 11.86+1.02 Bb

T RV AR RS TR 7] — KA R 7] — S 7R R B AL 2R 8] 22 53 .35 (P<0.05), AR/ING T B 7] — B AL A ] — B 7

TEAS IR R k] 22 50 3 (P<0.05)

Note: Different capital letters after data in a column indicate significant difference between different phosphorus treatments for the same tissue of the

same rice material (P<0.05), different lowercase letters after data in a column indicates significant difference between different rice materials in the

same tissue of the same phosphorus treatment (P<0.05).

R 6 RBERIE R WM T M B K M BUR REMILLE

Table 6 Comparison of root structures of the two rice materials under low and normal phosphorus conditions

WKF PIpET A HMER (%) B2 (%) PR 2 (%) o (%)

P concentration Material name Epidermis Cortex Endodermis Stele
iR R527 8.13+£0.89 Ab 82.77+0.85 Aa 1.94£0.11 Aa 7.16+0.16 Aa
LowP IR58025 12.18+0.55 Aa 78.24+0.51 Ab 3.15£0.18 Aa 6.4240.13 Bb
EH R527 7.44£0.31 Ab 82.36£0.20 Aa 2.46+0.22 Aa 7.75£0.12 Ab
Normal P IR58025 11.58+0.54 Aa 73.85+0.49 Bb 3.16+0.52 Aa 11.4140.12 Ba

T RS EANR RE FBER Rl — K R AR B[R] — SRR R DAL B ] 22 53 B35 (P<0.05), AN[al/NG T BER 7R [ — Wb B [l — R s

TEA RIS RHE) 22 57 .35 (P<0.05).

Note: Different capital letters after data in a column indicate significant difference between different phosphorus treatments for the same tissue of the

same rice material (P<0.05), different lowercase letters after data in a column indicates significant difference between different rice materials in the

same tissue of the same phosphorus treatment (P<0.05).

W AR 3R BB S K e ) A R R I AL L, 2 i B
ERCN PR FE bR, R DUAE W) B PO AR R 5 PR AN
fatn, REFC WA R LR RE T 9 22 57 i
L B4 SR AR I S0 2 O 0 e KK e A e ) R
B ARFER AR BEE FREE, 2 BE R K R 7

TR, T IS ST AS [ B A A8k R KR £ A
R 22 SR A, FEK AT e, K
3R FH K B 6 A B 20, K B LA

SERGTRM /), REH S S BATRHE] B 22 50 [N
I, ABFTOR KSR, YR S R E



1040 R R R L S 30 4

Ho b AR

Biomass of above-ground

Hh LR 2R

P accumulation of above-ground
R AR

Biomass of underground f§

R AR R R

P accumulation of underground

5 REBIFHTREEMENBRRESRAMSEMBTHXR

Fig. 5 Relationship between shoot biomass, phosphorus accumulation and root morphological and structural indicators in rice
T L EAREMG, HEARIFC, BEBRARMCHERK, *FR 0.05 KTV LEBFE,

Note: The red and blue color represent positive and negative correlation, respectively, and the darker the color, the greater the correlation, * means

significant correlation (P<0.05).
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