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2. K R%: EEABAFE (Pmmol/L): 0.5(P,), 1.0(P,), 2.0(P,), 4.0(P.); BiEAR
(Zo mmol/L): 0(Zn,) 0.01(Zn,),# 8 PN4-3E,80 P,Zn,, P,Zn, P,Zo,, P,Za, P,Zn,, P,Za,, P,Zn,,
PZn, SA4ABEH 3 R ARARLHYHEFE, FERK coonl, EABRAARDEX—1ER
MK FHE 20 B, ABREE,BREBSFR,TK 15 781, 4r BI7EH 28 KM 48 KEH, HTHEKRS
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Ekk £ H.S0.-H,0, HE, KL EENE,
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W P/Zn tr: AXHBHEKERTLHEZH.

HEEFK: K,.50,-CuSO,-Se BAMILHIN#, KIELTEC AUTO 1030 Aaglyzer P&,

MER: FistH A 5% AESRIERG, AtbeakilE.

B miR R, R 25ml REFKE 25°C FTEIE 3 /M, R SR, KARENAKS 20
AEBERER X, BERARSNGRIFENEIHER Y,

B IR,
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(—) B.BEMNLESH-ROEE
FRARERFZHLR 1), HBAETET DUE 298 80 7 kS0 =1k, HE st M 1 k2%
EROEHRET EIRERBNER G2 EMER BN aR, " LERBESEY
0.44ug/g £, I8 P/Zn H 24 35.6 T 45.0 B, etk RS EHBEN, R
HE P, K¥,:ME P/Zo te2h 93.8 B, MEFE R BRI DI 10%, WRELEXRBESK
34 0.32ug/g T, ;tii P/Zn H, 4 74.4, 81.6, 162.6 f, NPT DZM™=E7.1%, 9.4%,
¥1 KE P, Zn XFEXBELZ-ROEN (s/4)

Table 1 Effect of P and Zn lcvels on graia yield (g/pot) of brower’s barley

Soil Tn’hlti:!nent P,Zn, | P,Zn, | P,Zn,” | PyZn, | P,Zn, | P,Zn, P,Za, | P,Zn, | P,Zn, | P,Zn,

a3 8.1 | 15.9 | 19.8 | 18.0 | 15.9 [ 15.1 | 19.8 | 19.5 | 18.0 | 19.8

*p -+ R(%) 95.9 | 143.6 |122.0 —5.2 -1.3 10.0
" |4im P/Zo| 9.3 | 35.6 | 45.0 | 93.8 | 35.6 6.7 | 45.0 9.8 | 93.8 | 17.0

g ] 7.3 | 13.2 | 14.3 | 15.8 | 13.2 | 14.10 | 143 | 15.6 | 15.8 | 18.1

KR+ 0 R (%) 80.9 | 96.4 |117.1 7.1 9.4 14.4
4 P/Zn| 16.0 | 74.4 | 81.6 {162.6 | 74.4 5.0 | 81.6 7.3 [162.6 | 13.8

144%, +30 P/Zn LMK, M™REE, EXARREEN, AKRETNEREREN
0.32—0.44pug/g T2MH), XEME~RS TR P/Zn LEHERKEXR, SRDEKE (r=
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0.8925** 5 = 6),

BR 7 Gk B SR R R R I b B R B RO R A

() B RRHRBELEFRLBRNES '

REGETAPOERFNPHESRSBR—BLL 90—120g/kg XiF, K24
REV, MERETUREREAERFETHEARNAR, FREIRER (F —1973>
Foq=10.92), SN HEBEORABREWARE (F = 0.19 < Fyp = 6.60),

¥2 PZn JRBFABFUPETAASROKR (8/ks)

Table 2 Effect of P and Zn on rough protein content. of brewer’s barley grain

zg;{ngl BAKE Phosphorus level
n leve P, P o
} $ Za, 112 96.9 100
Zn, 119 102 99.7
REL Zn, 144 126 124
Za, 143 122 108

TRARREN, BN EARFY S RARAEM, MM, A ke
BREAR(IRZR 3), FEHRIRMAKT T, M S , 3 34 I b o Bk B, | LRk
LM SR NS AR, R BRI BE Sy B4R % 15.6 R0 15.0 ng/ g,

%3 P, Zo HMEAEFUPRREDER (#5/8)

Table 3 Effect of P and Zn on Zn conceatration of brewer’s barley grains

AR Phosphorus level P Zo B | WM Zo RE
Zinc level Average Zn | Increased Zn
ne le P, P, P, P, conc. conc.
kot
Zo, 61.8 51.8 53.0 43.0 52.4
Zg, 83.0 71.5 58.2 58.3 68.0 15.6
¥ Zn X 72.4 62.2 55.6 50.7
®kEL
Zn, 40.5 25.0 24.12 20.1 27.5
Zn, 54.4 43.0 35.1 37.4 42.5 15.0
R Zn KE 47.5 34.0 29.7 28.8

(=) £3 P-Zn HIAEER
" P-Zn MEEAGGFRE—-NRKYPESUMORE, ME4AIDRH, #EHENE

MARSARNAVBEN (F RRABE), HEx TRARMKE hR™4EWH I ¥
Mido

(H) kxeKkéAR P-Zn HIEEHER

pF 5 T I, B o AR S, M0 K A 45 D A AR BEBA B AR, RLAZE LM
B EHBHMRT, P B, SKREL P, HEIK 69.6ug/g, HFRH MMk
ER, ELMANGSRBEOGKE L0 L, B SR, % ¥ SRIED R,
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B4 BEAEEZEWMIRTASOTARSREGRD L, se/st)

Table 4 Available Zn and P concentrations of yellow sandy soil at various
growth stages of brewer’s barley

. ihﬁm 43 Treatment
L Growth sage | pozn, | PiZo, | PyZo, | P,Zo, | PyZa, | PZn, | P,Zn, P,Zn,
BwHQ As8)
Zn 0.64 0.76 0.66 3.12 3.61 3.66
P 1.3 22.8 34.2 61.9 20.8 35.2 62.4
R 3 Br4|)
Zn 0.52 0.64 0.64 0.48 3.00 2.89 3.13 3.55
P 10.5 16.9 27.0 53.8 10.8 18.4 29.4 33.9
FREM(4AI9)
Zn 0.41 0.76 0.59 0.54 2.9 3.24 3.20 3.13
P 8.53 | 13.8 22.8 46.9 8.62 14.7 25.8 47.8
RS A2A)
Zn 0.68 0.61 0.68 0.68 2 80 3.2 2.97 3.66
P 7.5 | 11.0 20.2 38.2 7.87 13.1 18.7 39.6

%5 FHUREXRAKEBEBERE (12/8)

Table 5 2Zn concentration in different parts of brewer’s barlcy at fully-heading stage

"N 43 Treatment
Plant part P,Zn, P,Zn, P,Zn, P,Zn, P,Zs, P,Zn,
" 63.1 51.7 37.3 92.1 87.1 66.1
% 18.5 17.8 11.9 67.2 54.6 28.1
P 25.4 17.9 21.4 37.1 35.9 26.2
AHH‘ 136.3 70.7 70.8 112.5 83.4 42.9
o 41.3 51.7 43.9 69.3 68.7 4.9
2% 62.3 40.8 39.3 78.3 66.6 40.0
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41.7% , R EwRR®E T H#RFRER,

Mz 6 BT LI , Bl AE R AV R0, SR E A E R AR R B M, &K
BRRETENAR. FEHRBRET IR, KRN, EHME T EHRBRB L
Wz

%6 FRUNBXEMRSHESKB SAZHKBRRBRVTIN

Table 6 Percentages of Zn contents (pug Zn/whole plant) ot roots ip the total Zn
uptaken by brewer’s barley at fully-heading stage

£ Zn &R 43 Treatment
Zncontent of plant part P.Za, P.Za, P Zo,
0 32.1 25.8 33.7
bl 155 104 93.0
&k 187 130 127
WE S M%) 17.2 19.9 26.5

.5 (H) 5%k P/Zn L 5RSENXTR
EHBBEREY 0.44ug/g THED T E, RESGHN=ABKPLE, tiHLHRE
P/Zn B4y 310 35.6, 45.0 R193.8, X=ALEEMBEAEER—H EG@LHA)N,
ME&aEY, EHHRET, ANHIR TREERNA KM, XSRS KBY, EX
ROk SRR BNl ZEAMERE Y 032,/ TWER T L, RBEN=AMAELE,
BHA I P/Zn HE4> B4 74.4, 81.6, 162.6, =AM E, MEASTHIM AT®SE
MR TERLEND LEN™E, HittRERROKEN P/Zn pSEKOES
EERB DX, Y TWEREREMRT 0.44pg/g L, P/Z0 KT 35.6 B, BEAE
BAM A SRR, X RER TG R E MK, P/Zn H/NF 45.0 B, RBE R T
;) A0
%%,Eﬁkiﬁﬁ P/Zn LEBRBFEREFTIHORR, RRRS, RTHS KL P/
Zn Ho7E 18.2—22.8, #1 F¥EEY P/Zn tr

cq @=T #£ 18.3—28.6 Bf , KA REW; 44 4
?:5 L = f P/Zn HikF 328, # LI P/Za tk
§ v 2 KT 44.0 B, R4 53 H Bk
§§ 8.0 é E&o
S B0 %
| 7
‘ %
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Pi R P P P P P Pe ROEW
B2 WEAEBRE 8 REREABKRE MK RABIES, BERKZHE
Fig 2 Phouphorus(fiift)ions inside brewer’s BRAERUE 20 XEA, A LR
barley st 48 days after being transplanted TEHAHRTRERERR, HRH
(in solution culture) F, PiZn, ﬂ:gi-\ﬁﬁfﬂi’ [{ﬁﬂ-ﬂﬁjmﬁ

B, EREmHAR,

ME 2 TR, BRetBEgEARS FMAEHDE THERLE, ERHEER
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K, XMERBB K, EHEBAMKET, NELEARRITHAKE MM, B, kg
BRI AR T E R, B BEAFL EMBIREEBRG 28 X 48 X4 3KE
8.7—9.3g/kg #1 8.5—10.5g/kg, Green Wi, AFih LI HKE X 8—12¢/kg K,
AR EMDEY, Bt ARBAET, EREHF LHANB KRS REH
FirEF s ROBPITER, ¥ EWHRERRANEDET A BRMRE

%7 RENBR 8 XERBARRBREWERNOER
(KRG hr: mgP/IRRME « X)
Table 7 Effect of P and Zn on Puptake rate (mg P/g F. W/day) of

roots at 48 days after being transplanged

Trfi‘-’j'—;w P,Zn, P,Zo, | PyZn, | P,Za, | P,Zn, P,Za, P,Zn, P.Zn,

P BRI 3 1.80 2.15 2.74 3.48 2.29 1.81 1.47 1.61
P uptake rate

Mz 7 TDEM: ABEET, Bepht, MEE MR R, RSB RBOERER,
TN, ERABKE T, AZRBREHNERHBRER. Hit, ReRGRREKRR
e B RS R, X R R E R B R B T R MAA B

R R EBNBRIBFZERIOERRETHRN, BUTERR Feu Mo f0 Cu REWPERE
REXFERY, FHil, Fxd BB M A HE MR S 3R A B R s BRAITE Fo

®s8 P, Zo [BH 18 XMFARM . .HERRBENOEWOKERR, %)

Table 8 Effect of P and Zn on membrane permesability of brewer’s barley roots
and leaves at 48 days after being transplanted(9%)

43 Treatment

Plant part P,Zn, P,Zn, P,Zn, P.Zn, P,Zn, P,Zn, P,Zn, P,Zn,

R 6.99 6.98 8.28 9.89 7.97 6.37 7.61 7.42

H 3.33 3.52 3.72 4.08 .9 2.88 2.67 2.76

KOHERZD: REEFHET ,HEMRENES, ROH ARBEABEREM, A
ERAHERENESZERHAB TR, REKENBERSHBRUBUERZBE—-EXA,
SOMATIHRRNFER: Payas = —1.561 + L.154zggunpas (r = 0.878%, n = 6)

Eth, BREFIRE AR BRI EE R TN TR 2RSS %R
5|9, Welch FHIRBRLERMER, RE/NENRAKEN PR Cl HBJEMM, #]
WS ARENEBERE ~CWER, e tin T HREAEREY, X REEE4AD
LR (SOD EDREHEAXY,

KERROLERERH, EREMER, KEHAHEFESRMN, SAESLEE
B, HR®T 168%, BUBREUNR(LER 1, 2, 3, 4) RI, ERAEHFEBEAH
AL EBRES S, HREERNEETH P EREEINHFE G, XKL ke gl
RS RN, S BREEAN ST, ERMER L, BN S BRS, AN GERMARAR,

BRBSENHRENERTHSENSETRER TERERHGT, Cu-Zn-SOD &
TR T M, (M- S0 o 7 4 S0 R BE 3, M 33 M- 4 4 7= A B3R E A L 1B Cu-~Zn-SOD
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BERFETHSRKS, Rifi SOD B EHRENRBEAEDNRAD,

, MA 1 Bl REE R RKLEH (1:10000)
Photo 1 Chloroplast construction in the Za-deficient brewer’s barley leaves (1:10000)

R 2 ERBEARMFHREER (1:10000)

Photo 2 Chloroplast construction in the normal brewer’s barley leaves (1:10000)

RA 3 SR AEE KA ARAHR (1:2900)

Photo 3 Cell construction in the Zn-deficient brewer’s barley leaves (1:2500)

BE 4 EWWEAE T ER%KE (1:2900)

Photo 4 Cell coastruction in the normal brewer’s barley leaves (1:2900)

=% ®B

LAKETRERRE, DEbREEEAZN~K, SHRMEL, FRIER 80—
140% , HEFEN KZ ™ ROEMER T LMARENREN T MABRNERBEZ L, 6
MEMATRRREMT 044pg/gtk, P/Zo Lo AT 744 B, Mbekilf™, P/Zn MR
K, M B P O IR BE il Ko
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2. JE KRB BRI R v A B AR , M R B M A R IR

3. [ 2 WIS e P A0 BN, U T R X R R, AR R S RRR, (ERE
REORRBRHEM, DHNH TERBLERBEEXER, S8 P/Z0 AR, #
Bl P/Zn HHERAREEEMEN,

4. ] DARE RS D D AR EE B, R BT MR BE PR BREREE RFE R MM K
O3B M, A R T B RO WO (2 2E B R (A3 L3280

5. FEEBHE A RN, ABHMREEEAZFETHEANSBRNENKE. &
FIEEIR, KEFFRF EIREE M (15.0—15.6ug/g), EMEEANARETEM,

6. GrAMOBBEREN T RENSE, SHBAL, FHED 168%, RREXR
MM SRR BER, R R E R BE D , B AR, BB R

£ % X B
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STUDY ON RELATIONSHIP BETWEEN PHOSPHORUS AND
ZINC IN BARLEY

Lian Chunlan, Bao Shidan and  Shi Ruihe
(Deparsmens of Soil Sciemce and Agrochemisiry, Nanjing Agriculsral Unsversity, 210014)

Summary

Pot and solution culture experiments were conducted to study the mechanism of phospho-
rus-zinc interaction in brewer’s barley grown on calcareaus soils. The results showed that the
effect of Zn supply on the yield depended on the available Zn concentration and P/Zn ratio
in soil; high rate of phosphorus did not affect the available Zn concentration in soil and
the Zn application did not affect the available P concentration in soil, either; Zn-deficency in-
creased P concentration in shoots but decreased P concentration in roots; and Zn-deficiency
increated membrane permeability, which enhanced P uptake and translocation from roots to
shoots.

Key words Phosphorus, Zinc, Brewer’s barley, Membrane permeability, P-Zn interac-
tion



