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Figure 1 Determination of phosphorus sequential fractions
in barley leaves
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Table 1 Changes of Pi content in leaves of barley under different P conditions (mg-g™' FW)
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Treatments Genotypes Booting stage Heading stage
Upper leaves Bottom leaves Upper leaves Bottom leaves
P25 DH110 0.165¢° 0.042b° 0.105¢° 0.030b°
DH147 0.162¢? 0.041ab? 0.111¢? 0.029b°
DH49 0.122¢° 0.043¢? 0.104c? 0.031b?
P50 DH110 0.176b° 0.043b° 0.170b? 0.029b°
DH147 0.177b2 0.041b° 0.162b® 0.031b®
DH49 0.144b° 0.048b® 0.151b° 0.034b?
P75 DH110 0.230a° 0.047a° 0.225a° 0.039a°
DH147 0.227a° 0.046a° 0.226a° 0.036a°
DH49 0.199a° 0.053a® 0.220a* 0.044a°

[FF B8 5 BIAN RN G - B (FF AR 3R R [F) — JE D A AN [ A 1 1) 22 57 2. 35 (P<0.05); AR ARG - BERORTE A — Tt K -F

AN TR BRI R ) 72 . 35 (P<0.05).

Different letters behind the data indicate significant difference at P<0.05 among different P conditions, while different superscript

letters indicate significant difference at P<0.05 between the two genotypes.
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Table 2 Changes of ester P content in leaves of barley under different P conditions (mg-g™' FW)

Treatments Genotypes Booting stage Heading stage
Upper leaves Bottom leaves Upper leaves Bottom leaves
P25 DH110 0.105a° 0.028b° 0.109a° 0.019c°
DH147 0.102a° 0.030c” 0.110a% 0.021¢c”
DH49 0.085b° 0.044b? 0.094a° 0.035¢?
P50 DH110 0.102a° 0.035b° 0.105a° 0.028b°
DH147 0.106a° 0.041b° 0.109a° 0.026b°
DH49 0.093ab® 0.058a* 0.097a° 0.043b°
P75 DH110 0.104a° 0.0492° 0.108a* 0.041a°
DH147 0.103a® 0.0452° 0.113a® 0.041a°
DH49 0.101a® 0.063a° 0.101a° 0.052a°

(R 5 BB 5 AN RN 7 BE(IE B AR) 2R R — 2 R RUPE S [R] Bt /K T 18] 22 57 18 35 (P<0.05); AR EAR/NG T BERIRTE Al — HEBEACEAS

[F L A ] %2 5% .3 (P<0.05).

Different letters behind the data indicate significant difference at £ <0.05 among different P conditions, while different superscript

letters indicate significant difference at 2 <0.05 between the two genotypes.
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Table 3 Changes of nucleic P concentration in leaves of barley under different P conditions (mg-g™' FW)

Treatments Genotypes Booting stage Heading stage
Upper leaves Bottom leaves Upper leaves Bottom leaves
P25 DH110 0.236b° 0.074c° 0.252¢° 0.062c°
DH147 0.234b° 0.067b° 0.262b° 0.058c°
DH49 0.185b° 0.081b? 0.220c® 0.074b?
P50 DH110 0.258a° 0.077b° 0.273ab? 0.082b°
DH147 0.254a° 0.085b° 0.264b° 0.075b°
DH49 0.243a° 0.095a° 0.246b° 0.094a%
P75 DH110 0.253a° 0.096a° 0.277a® 0.088a°
DH147 0.2523° 0.094a? 0.283a* 0.096a
DH49 0.246a° 0.0962* 0.268a° 0.093a®

[FFN BB 5 AN [FING - BEAR AR )20 R — 5 R RUAE AN R Tt K P[] 22 3 2 25 (P<0.05); AN [E]_E AR /NG 7 BER R AE 8] — Tt A AS

[ 26k [R] 24 1) 22 57 12 % (P<0.05) .

Different letters behind the data indicate significant difference at P<0.05 among different P conditions, while different superscript
letters indicate significant difference at P<0.05 between the two genotypes.
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Table 4 Changes of insoluble P concentration in leaves of barley under different P conditions (mg-g~" FW)

Treatments Genotypes Booting stage Heading stage
Upper leaves Bottom leaves Upper leaves Bottom leaves
P25 DH110 0.044a* 0.031a® 0.043a* 0.032a°
DH147 0.046a° 0.030a% 0.042a* 0.029a%
DH49 0.037b° 0.031a° 0.035b° 0.030a°
P50 DH110 0.046a* 0.030a* 0.043a* 0.030a*
DH147 0.045a% 0.030a* 0.043a* 0.028a*
DH49 0.042a% 0.031a* 0.041a® 0.030a*
P75 DH110 0.047a% 0.029a% 0.043a® 0.027a°
DH147 0.046a* 0.031a% 0.042a® 0.028a™
DH49 0.044a* 0.029a% 0.042a* 0.030a*

IR 5 BB IS A RN B (AR A3 R — 2 (R B AR A R B i/ ST (6] 22 7t &2 35 (P<0.05); ANJR] B4R /NG - B IR7E Rl — Il i /K SF A

) 35 K] 72 1] 2 57 42 2 (P<0.05) .

Different letters behind the data indicate significant difference at P<0.05 among different P conditions, while different superscript
letters indicate significant difference at P<0.05 between the two genotypes.
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Figure 2 The differences in distribution of P fractions in up-
per (A, C) and bottom (B, D) leaves of barley under different P
conditions at booting (A, B) and heading (C, D) stages

H1, H2 and L represent P efficient barley genotypes DH110,
DH147 and P inefficient barley genotype DH49, respectively.
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P, PRI YK S b I (0 TR 1 ol R i 1 Y 3
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DH110FIDHA47 K 22 T H8 e (0 12 1 T 1 g i 17 Y 2%
e TR R RLDHA9,  F3 i AR R4S R B ) 1. 36 A1
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Figure 3 Changes of nucleic acid phosphatase activity in
leaves of barley under different P conditions at booting (A)
and heading (B) stages

UL: Upper leaves; BL: Bottom leaves. Different letters indi-
cate significant difference at P<0.05 among different P condi-
tions; while different superscript letters indicate significant
difference at P<0.05 between the two genotypes.
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AR RCR A IR (3R5) AR TN LB &5 B (35 5
TEPRBER ORI PR N B IR M M S 1 15 B
AL IR AW SR & ARG, BER TR AT RS
AR O BRI R A B R R AR R
TR RBEE T, B A R R EE A 7 AT
7 R IR TR B S PRGN, R T B w AT
PUBE RO AR, TR A AR S 2% s, DURmBER
IRV &

25 iFig

BERMEMEKKELFIETRTRL —, LB BHE
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(Peng and Li, 2005; Hammond et al., 2009; 73 il %,
2011). BRI N, FEPRBE S B R E R, A40hAR
[F) fk 22 1) AR AL SRR AR A7 AE K %2 7 (Lambers et al.,
2011; Veneklaas et al., 2012). FE#44 A (1% 12 AT %1
Y A NUBE R A TCH U, o JE ML el AR S
JE RO A7 25 7 4H i (Rouached et al., 2011). {K#
AT, R AT A S TE AL AT ) AR S o LB
¥, dEFFARBES TS &, e Rafes ™
VB 1 S i i R ot e B RN X R 1) 75 SR (Pratt et
al., 2009). f1#%5(2008)ifF 7t &M, KBEMHE T, H
W M SE (Brassica napus) b3 To AL S 84l
Fl 8] R e B ARG, A ALt ) P s 2 /s L 4 T B 430038 o,
DAFE e 9 A I JE AL (0 R PR RS B o AT 9 4 SRR A,
R T P 52 BRI R 22 I () T ML 5 i o AR
KPR, Bl A R R K 22 DHA 10 MIDH 147 1 TE ML
BMHIRRSHIERERK, BHSELEEZER,;
IR R B K 22 DHAQ M % IR A W B iR ok, HL G i
TERE TR, 158 5 8Ok R B K AR AR KT
AR S A LB A E AN EC L . R R 2 —
A RERARBEIIE T, RS (A AE A TOLIE 4 50 2 1
) A6 B HT R 8 A G = WY B F8 A BT 7 AR 4
DAV, H w26 E ) AR s T o
BUBERE [F) A0 5 F B WE 2R 4 0 AR 6 4% P 85 AR e
N, T v O R K N AR B I B S S e AR
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Table 5 Relationship between P fractions and acid phosphatase activity, P utilization efficiency of barley in different parts of
leaves

Organs Indexes Acid phosphatase activity PUE for dry matter
(umol-min~"-g™" FW) (97" P)

Upper leaves Pi -0.433 —0.599**
Ester P 0.122 0.286
Nucleic P —-0.332 —-0.166
Insoluble P 0.391 0.058

Bottom leaves Pi 0.005 —0.508*
Ester P —0.742* —0.906**
Nucleic P —-0.657** —0.922**
Insoluble P 0.412 0.410

* P<0.05/K V&R B3, ** P<0.01/KFZ R 53, PUE: BRI R
* Represent significant differences at P<0.05; ** Represent significant differences at P<0.01; PUE: Phosphorus use efficiency

SRPE, W R ORFRFERI A B ARG S TO L . AH G
ST (RE)ER M, K& EIm il & & 5 kR
TR A 7 R A R 2 U R (R=—-0.599), [ [Al
AT RE A K R o LR R e A BRI LA
IR GE T IR R R IS R PR, R R TR KR
PR BB ) O A A, R R BRI R
(Karthikeyan et al., 2007; Cai et al., 2012). M
WA A ) S5 R BT, Ho B2 A S ER
55 14 5% i A XT ¢ /N (Chapin and Kedrowski, 1983;
Hart and Jessop, 1983; Hidaka and Kitayama,
2011). ABFFEM, ERGEE A RS b
T B B AE B W K S R R AR E, TG 2800 IR R AE
{1597 NG N 2 (AP VAR (397317 STE R = v € PR Bt
REBLLT AL+ b 20 B SS M A .

BEE A E IR HERE, & i o AR b
BRI R . N ME T, 2 B R
X TR AR A KR iR e A 2R
M (RTEE, 2011; Rose et al., 2011). Dention%s
(2007)WF FeR B, 1L e HRRHE ) Fr 80 % Tl vI 4 1
AR, BAE SO R i o BRI B AESE
(2002)1F Ft 3 BH, iKMol Jo 16\ 325 PR ARG H 3 28 9 S 350
M LS R, B A< BRI, R AR R L
W R . AR R, PRARHEE ME 3% P IS
TORZZ T TONUE . BRI R A TE & &, oLk
O BRSO 2 b (1 B SE K MR A AR IR A
ot 2 B A v SR DR Y P B B R . AR e T, T
i 205 35 IR 28T S P s e AR A IR A Tl O AR K AR e A N
ToNLBE, 7R B TCHLEEBE, 3G 0 K2 1) w] 78 B 1

PR, RELE T v AR DR B R R O AL S B R R, (R
i A R0 R Ra e Rk oy s A N I Ll - o Y
T 2 2 B AP SR B 1Y) A AE 5 5K 5 55 (2010) FE AN [F]
B0 W AL S PRV T 45 B AR AL o DA I 25
HAorrfe bR a] K IL(E2B, D), KE T, &madt
DR 2R R 22 AR BR R B B BT o7 i) T B, HLBH AR T
LAY i Xy Ml )T L v TR S R 2
ZILG A R DR AR B a T, Bl RO R B R
HA LB FE G RE TR TR . AHOC TR A,
W TR A = 3 5 T AR Top LS | e B A PR AS
TR D EEREE FUHC LR R=—508%; EhE
R=-0.906**; R&EME: R=—0.922**), £ KZE Tl
A5 BT PR 3% A 7 ) R 2 v e A ) ) 288 )
LS G

P 1 T PR T A R AL B B R T AR —
B S AUK RN, T8I B AR A LS B
B VR LS, KRB R TE AR P
I F k245 # 24 F((Tian et al., 2012b). f&BEMHE T,
ANFERE AR R PR R S R 2 T, H R R
TR TARRCEE R Y (U B 5%, 2013). SR L &R 1)
g R {0 N Rl =iy U B =R (M T SR [
K, THESM A RRVERE R NS Y RE T, R TR
G BB S K (SRR SE, 2010). A &5
(2008) T 5t R I, AR d v I 2 3 iy 5 b3
-y TR FIAR R BBV R R A, L v S R Y
eI 32 v THICACRE DR Y, LA [+ ol 8 3 ik DR Y R
TR B VS 1 2 A — 5, AR T AR B B
BRI . ABFFER I, B B baE A2 22 i) 38 i,
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R R AT I ) 2 T I A P X 4
#, H A RS R T R R (EI3A, B). WA,
R Tl 18 T K 22 W] g 4 o s e IR A R e S
P W LEAH M 1 o AR AR SR B, AR T BRI E
PRI R 185 BT AR P 2 SR R e AL
[ 3k (Bargaz et al., 2012; EWi%%, 2014). it
TR, b S TONUBE 2 o S R P B RR S AN
FAOG, FCJR PR bR & K320 &1 H I 237
I B AR SRR, KA LS BERR Y 5 10 43 A
H5ERBIFE T, RS AL OB EL T2
R, R A T T A 5 A LR TE AL 5 A A
Ko MIRBEMME TS, "FESH R VB BRI E LIRS I,
L R 2005 TR R K o i 2 v TR R A . R
PR Tt R A M ) B o A R T I ARAT LR 20 i, i
PBRes g At v TR o R R M B R T M S T
W IRASEE S B EWEE FUEK, WSS =
KENEZE . w0 B S T Fe 2 & P 5
K, ATREL s MR MR RR B VS 1A OC. Rk, K
N R R L B R A 1 M e, AR = R
R 1 AR B I AR IE 2 —

L LTIk, ARBEIE T, R e AR R Y ] 4
FREC R I R A AS B B 2 &, (IR LB A L
WAL, RIZRASTE DT FEA 3 B
BNRIBREE . R, KW RO R R 3 o o i T
FR BB A R A AL, DA 9 B 1 B R
BET o ANFMBEKT R, K3 LM BB I i R i
VR T R, 2B bR AU R TR
Mo ARBEE N, RS AR R Bd s fR T
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i K Z AR A A P R R F e
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Characterization of Phosphorus Utilization in Barley Leaf under
Low Phosphorus Stress

Tao Liu, Haiying Chen, Haiying Yu, Tingxuan Li, Shangqing Gao, Guangdeng Chen’
College of Resources, Sichuan Agricultural University, Chengdu 611130, China

Abstract To study the character of P fractions and acid phosphatase in leaf, we conducted a pot experiment of su-
per-low P (25 mg-kg™" soil), low P (50 mg-kg™" soil) and normal P (75 mg-kg™" soil) in P-efficient barley (DH110, DH147)
and P-inefficient barley (DH49). Inorganic P concentration was reduced significantly by low P stress, except for insoluble
phosphate, in leaves of barley. The nucleic P concentration in upper leaves was higher in P-efficient than P-inefficient
barley, but the nucleic P concentration in bottom leaves was lower; only 18.4% to 91.4% of that in P-inefficient barley. The
ester P concentration and distribution ratio in bottom leaves was less in P-efficient than P-inefficient barley. However, the
ester P concentration was decreased significantly only in P-inefficient barley and was significantly lower than in P-efficient
barley. Moreover, the distribution of nucleic acid P and the ester P in P-efficient blades showed a better nutritional status
of P in upper leaves and stronger decomposition conversion of soluble organic P in bottom leaves. Under P-deficiency,
the acid phosphatase activity in bottom leaves increased significantly and was 1.29 to 1.41 times higher in P-efficient than
P-inefficient barley. The P-efficient barley could improve inorganic P transformation from ester-P and nucleic P by en-
hancing the acid phosphatase activity of lower leaves, which increases the content and ratio of mobility P to improve
P-recycling in the late growth stage of barley.

Key words P-efficient utilization, P fractions of leaves, acid phosphatase, P-recycling

Liu T, Chen HY, Yu HY, Li TX, Gao SQ, Chen GD (2016). Characterization of phosphorus utilization in barley leaf under
low phosphorus stress. Chin Bull Bot 51, 504—-514.
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