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T [ BW ] ALY H R R 0 EE A G5, AR R SCRIEY XA LRI R 225, AT
T e s LB, [ 58k ] ISR A3k AR AE (1S-22-25. 1S-22-30) FIMIGAL 3L #I K2 (1S-07-07)
SR g AR, AR A HUBEIR A TR A . 8 5 M RREAVEEE (0.1, 0.2, 0.3, 0.4, 0.5mmol/L), fii iR
RERAHHARK . MEWA, RAEFEIESRE, JFERAR SRR W RRIEB RN . AR PS4
HRRIE, [ 453R) MAVIBRRERL, BhmsOt BT A BARK . SR AR SRR s, ITHEHL
BRI T, B e R RS SR KB IE # A VLB E (0.4 mmol/L) FHAM T 139.7%~146.0%, 1% D<0.16
mm FARK IR T 156.8%~161.5%, HBf R0 N B AR KB RAEH B E 8.6%~60.4%. A VIBHEET,
R AL AR R 5 S0 B35 5 TARROL AL, BE & A WU VR RS, B ok B AR e AR o T
83.5%~117.5%, BALKIEFME 14.0%~46.4%; WEEFIRET 80.7%~119.3%, BEALRHE F M &
19.6%~150.0%. Rfi#5 A7 HLBE I L Thimn, i e 03 PR TR R 2R S SHL 0 b e Tl 1 T A g 05 1 b S8 R A1 . M
PLBEHR RS, B R RO R T AR R R M PR B A PR BERG ME 3N T 163.3%~172.2% 1 98.6%~121.2%, BAEEIE
PRI 14.4%~41.2% 1 23.1%~37.2%; B i 250 3 D5 AU AR 2 o 06 1 M Tl T2 G R o 0 G 4% 1k o 17
157.8%~193.4% Fl 172.4%~183.4%, FARHIEH AR 20.2%~45.7% Fl 24.7%~51.4%, [ 45 ] AR EH
BUBEMMA T, B m SO A T AR RIEA, A8 K TR EREX K FFR o i as 18], il ik e A
PR A R A 2R BRI T 4505 IR, MU A LIS IO 28 1 5 T AR R IR M BER B FAE R B, 4% T4
JEAEE B2 0 A A R, R LB A IRSOR 2R B B S AR

KRR WPAEREE, MR MRS MUEEERE; RN

FESES: S512.3 RRFRIZAS: A XEHS: 1008-505X(2016)06-1538-10

Response characteristics in root morphology and root exretion of P-efficient
wild barley exposured to low level of phytate-phosphorus

LIU Tao, CAI Qiu-yan, ZHANG Xi-zhou®, LI Ting-xuan, YU Hai-ying, GUO Jing-yi, CHEN Guang-deng
( College of Resources, Sichuan Agricultural University, Chengdu, Sichuan 611130, China )

Abstract: [ Objectives ] Organic phosphorus (P) is an important component of soil P pools. Observing the
response difference in root morphology of plants when exposured to low organic P stress will help understanding
the mechanism of plant genotype P use efficiency in the environment. [ Methods ] A hydroponic experiment
was conducted with P-efficient genotypes (IS-22-25 and 1S-22-30) and P-inefficient genotype (IS-07-07) as test
materials and with phytate sodium as organic P source. Five phytate-P levels were set up in the nutrition solution:
0.1, 0.2, 0.3, 0.4 and 0.5 mmol/L. The root length, surface area and volume were analyzed using a root scanning
system, and the activities of acid phosphatase and phytase were determined in roots of both wild barley
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EeWH: BEEARFBAES (31401377) 5 PUIARHE T E (2013NZ0044, 2013NZ0029 ) 5 PUIA#HEITH AW H
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genotypes. [ Results ] The total root length, surface area and volume in the P-efficient wild barley genotypes
were increased gradually in response to the reduced organic P supply levels. In the low organic P level, the total
root lengths in the P-efficient wild barley genotypes were increased by 139.7%—-146.0% compared to those in
the normal organic P condition (0.4 mmol/L), and the lengths were increased by 8.6%—-60.4% in relative to that
in the P-inefficient genotype. In the low organic P condition, the lengths of the roots (D < 0.16 mm) in the P-
efficient wild barley genotypes were 156.8%-161.5% higher than those in the normal organic P condition.
Increases of 83.5%—117.5% and 80.7%—119.3% were observed in total surface area and total volume in the P-
efficient wild barley in response to the reduction of organic P concentration, which were 14.0%—46.4% and
19.6%-150.0% higher than those in the P-inefficient wild barley, respectively. In addition, the activities of acid
phosphatase and phytase were significantly reduced with the increasing levels of the organic P. In the low
organic P condition, the activities of acid phosphoatase and phytase of the P-efficient wild barley were
increased by 163.3%—-172.2% and 98.6%—121.2%, which were 14.4%—41.2% and 23.1%—37.2% higher than
those in the P-inefficient genotype, respectively. Meanwhile, the activities of acid phosphatase and phytase
excreted by root in the P-efficient genotypes were increased by 157.8%—193.4% and 172.4%—183.4%, which
were 20.2%—-15.7% and 24.7%—-51.4% higher than those in the P-inefficient genotype, respectively.
[ Conclusion ] In the low organic P supply levels, good root morphology in the P-efficient wild barley genotypes
was beneficial to expand attaching space of water and nutrition, which provided a good basis for growth and P
uptake. Meanwhile, the increases in the activities of acid phosphatase and phytase excreted by roots in the P-
efficient genotypes in the low organic P condition improved the bioavailability of P and accelerated to assimilate
and utilize organic P, which should be one of the mechanisms contributing to efficiently absorb and utilize P in the
P-efficient wild barley genotypes.
Key words: wild barley; phytate; root morphology; acid phosphatase; phytase
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K,SO, 0.75 mmol/L, H;BO, 1.0 x 10* mmol/L,
MnSO, H,0 1.0 x 10 mmol/L, ZnSO, 7H,0 1.0 x 10
mmol/L, CuSO,-5H,0 5.0 x 10°* mmol/L,
(NH,);Mo0,0,,-4H,0 5.0 x 10 mmol/L #1 EDTA-Fe
0.1 mmol/L, R/ Hraliilkil . A HUBE I A HE R oY
(Grhrat), & P,0,46.00%.
1.2 Rt

R 5 MEEEKFE: 0.1, 02, 03, 04, 0.5
mmol/L, AHLBEFE ARG, RO 5 KER, K
BLHES

PEFTRH AT A KM FAEFDOL T 20 4 h, 3
BB — SO AR AR 534 10% H,0, i TH
B 10 min, FAZRMW/KPEGE KR 10 he #FF
FHAE AR B TEIEERA (RE 35C . M 60%)
PEATHEZE, AR TR TCHENBSRE R
HiEh, BRH—EENEBKREE, DIORRE—E
MR IS V4 VR R E SRR R SR, I —
OB BB 3 — S ah i BRI E 6 L Wik
i, B S AL, RAL 2 #k, FIFTALARE BT R AR (5
B 2cem. fLIE 2 cm) FIIBZREE T, FAHER
IEHETRRRE, AL kR BAR)S, H12%E
FWIGFE, B 7dEH—PCEFRBIFHARER . =
0 J O 58 48 FR W 35— R G e e e ok
TPEFRESR . R EE 5 d BB TR, JF
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25 [ EE 5.

B A DB BERG N, A Rl sk R B A K 3
R REWAANFERENR I, 5408 nE
FARRLIE 1) SAPLBEEEIAF] 0.4 mmol/L, Wi
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WEMEER; KRBT, #imgot i 1s-
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i 16.4%~55.7%,
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Fig. 1 Biomass and P accumulation of barley under different phytate-P supply levels
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3 (P < 0.05) Different small letters above the bars mean significant differences among genotypes at the same P concentration (P < 0.05), and

different superscript small letters mean significant differences among P supply levels for the same genotype (P < 0.05).]
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x1 TEBNBBEKFETAEREEZERK(mm)
Table 1 Root length within different diameters of barley affected by phytate-P supply levels

W57k P level (mmol/L) FE[H 7Y Genotype < 0.16 mm 0.16~0.48 mm = 0.48 mm St Total
0.1 1S-22-25 6696.50 a® 1823.00 a* 1271.50 a* 9791.00 a*
1S-22-30 7151.00 a* 1800.50 a 1242.50 a* 10194.00 a*
1S-07-07 432733 a° 1093.00 a° 933.67 a° 6354.00 2"
0.2 1S-22-25 5128.00 b* 1382.00 b° 1125.00 a* 7635.00 b°
1S-22-30 4826.00 b 1478.33 ab® 1247.33 a* 7551.67 b°
1S-07-07 3676.67 ab® 1121.00 a° 940.33 a" 5738.00 ab”
0.3 1S-22-25 3546.50 c™ 1061.00 c¢* 837.50 b 5445.00 c™
1S-22-30 4081.33 be* 1122.67 be* 876.67 b 6080.67 bc
1S-07-07 3134.67 be® 1103.00 a* 776.33 b° 5014.00 b°
0.4 1S-22-25 2561.00 d° 767.50 & 651.50 ¢* 3980.00 d*
1S-22-30 3214.50 be® 778.50 ¢ 663.50 ¢* 4656.50 ¢*
1S-07-07 3070.00 bc® 972.67 b 547.00 ¢ 4589.67 bc*
0.5 1S-22-25 2866.50 cd® 822.00 d* 704.50 ¢* 4393.00 &
1S-22-30 2784.67 ¢* 775.00 ¢ 692.67 ¢* 425233 ¢*
1S-07-07 2587.50 ¢ 728.75b° 515.50 ¢’ 3831.75 ¢

IE (Note) : EFAR/NG FHFR R — SR BARBIK P25 BF (P < 0.05), LAR/NG TR — Bk P A [R5 5 R 6] 22 5
2% (P < 0.05) Values followed by different small letters mean significant differences among P supply levels for the same genotype, and different
superscript small letters mean significant differences among genotypes at the same P concentration (P < 0.05).

%2 TRBNBENKFETAEZEREERRFKE (cm’/plant)
Table 2 Root surface areas within different diameters of barley affected by phytate-P supply levels

/K P level (mmol/L) FH:[H Y Genotype < 0.16 mm 0.16~0.48 mm = 0.48 mm ST Total
0.1 1S-22-25 24477 a 207.64 a* 316.12a 768.67 a
1S-22-30 319.53 a* 207.84 a* 294.74 a* 822.00 a®
1S-07-07 164.79 a° 144.34 252.56 2" 561.75a"
0.2 1S-22-25 182.94 b* 142.32b® 314.55 a* 627.67b°
1S-22-30 185.27b° 166.30 b° 288.08 a°* 639.75b"
1S-07-07 156.05 a° 138.19 2° 220.25 ab® 514.67 ab”®
0.3 1S-22-25 154.92 bc® 128.76 b® 249.46 ab* 533.33 bc*
1S-22-30 159.51 bc* 119.15 ¢* 226.87 b 505.50 be*
1S-07-07 139.63 ab” 128.05 ab® 175.72 bc” 44333 b°
0.4 1S-22-25 113.89 ¢* 103.91 ¢* 201.04 b* 419.00 ¢*
1S-22-30 117.16 ¢ 96.81 ¢* 164.10 ¢° 378.33 ¢
1S-07-07 105.55 b° 97.18 b* 117.79 ¢ 320.67 ¢
0.5 1S-22-25 135.66 ¢* 107.31 ¢* 196.49 b° 439.50 ¢*
1S-22-30 12933 ¢* 82.36 ¢ 168.40 ¢ 380.50 ¢
1S-07-07 108.70 b° 92.39 b* 127.32 ¢ 328.33 ¢

IE (Note) : BUEE A /NG FRERIR R —JE N BUAR R BE K F] 2552 23 (P < 0.05), bAR/NG FRERIR R — Bk A )3 D9 2 ] 22
S EF (P < 0.05) Values followed by different small letters mean significant differences among P supply levels for the same genotype, and different
superscript small letters mean significant differences among genotypes at the same P concentration (P < 0.05).
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# 3 TEANHHEAKTE TREREEZREFT (cm’/plant)
Table 3 Root volume within different diameters of barely affected by phytate-P supply levels

W57k P level (mmol/L) F[H Y Genotype < 0.16 mm 0.16~0.48 mm = 0.48 mm St Total
0.1 1S-22-25 0.97 a* 2.16 2" 10.07 a* 13.20 a*
1S-22-30 1.41 a* 2.62 a* 10.65 a°* 14.68 a*
1S-07-07 0.84 2" 173 a° 8.08 a" 10.66 a°
0.2 1S-22-25 0.97 a* 1.98 ab® 732b° 10.27 b
1S-22-30 0.85b° 1.99 b* 7.70 b° 10.54 b®
1S-07-07 0.71 ab® 1.54 ab® 6.26 b° 8.50 b°
0.3 1S-22-25 0.69 b™ 1.42 be® 6.45 bc 8.57 bc*
1S-22-30 0.77b" 1.58 be* 6.15 ¢* 8.50 be*
1S-07-07 0.61 be” 1.57b° 492¢° 7.11b°
0.4 1S-22-25 0.63 b* 1.32 be* 535cd 7.30 ¢
1S-22-30 0.65 bc* 1.10 ¢ 4.95 cd® 6.69 ¢*
1S-07-07 0.42 cd” 0.94 ¢° 326d° 4.62c°
0.5 1S-22-25 0.60 b 1.19 ¢* 424 & 6.03 ¢*
1S-22-30 0.52 ¢ 1.14 ¢* 3.83 d° 549 ¢
1S-07-07 0.35d" 0.77 ¢° 130 ¢" 241d°
IE (Note) : BUEHEANR/NE F-RFORE — R BRRBKE 257 B3 (P < 0.05), EAi/NG FRERIR F —BEK P AN R e R B ) 22 55

B3 (P < 0.05) Values followed by different small letters mean significant differences among P supply levels for the same genotype, and different

superscript small letters mean significant differences among genotypes at the same P concentration (P < 0.05).

A AU B 1 0 i N, IR A Y 1S-07-07
TEA DB E N 0.5 mmol/L I A A BU R /N S
A 1S-22-25, 18-22-30 F1 1S-07-07 ML EAAFH B 5 A HL
Tt B B8 i 23 U8/ T 80.7% . 119.3% il 342.1%,
D < 0.16 mm i FEI AR RS 50080/ N T 55.3% . 170.6%
H1143.9%, 0.16 mm < D < 0.48 mm 7 Fil (AR AR LS
FI/NT 63.1%. 129.7% F1100.7%, D = 0.48 mm
TG AR AR R BN T 88.1% . 55.7% #il 381.8%.
BANBERE T, BmaUE A 1S-22-25, 1S-22-30
HR AR TR [ 43 950 Rl 9 AR A A4 AR 387 ik 3 K THAIR
AR 1S-07-07, W i A5 A Y 1S-22-25 il 1S-22-
30 M BRI SIE AL 1S-07-07 43515 20.5%~
150.0% H1 19.6%~127.6%. A UW., a3 K A Y
A R EZ ARV B ML 38 PR R LGk, 3
KTHRFBX K MIE R a1, B R TR
1 R AR

2.3 IREAREIBHFE

2.3.1 MARRVEERR NG AR B S 1 REE A DL
FERGIN, A R BAL 3 B A A AR 2R T A 1 O g R A
PR il % M S B RIS, A MLBEMRE M 0.4 mmol/L )5,
DA B 25 R e (151 2)0 0.1 mmol/L A HL#k

WS 0.4 mmol/L M EL, RIRIBERCRE A KR &R
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