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MR PR RO MR, EARBNRET RN SR TRERR TS &, MRPBHKE
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HRALEMH THMHEDHFHRR M LW EE, AR AR F RS EARE
o, BT 40 P A SR BRI W A F AR XS B (R EER S . 5 R B BF(2.0 pmol/L) BERY HoRE,
£(0.1 pmol/L) AL TR Tk (/N R R A1 0 O BE | 40 RO SR B0 P B B v B R BN
BRAGSMH THENER, REAETORAFRR TR,

X®iE B # THAER 4K

ARG BB SR HBENER, IHAREEXR . IHE. BN AEEEH
Y LEAREY, FRERZW, BBERGGELRBMHSEEKEN ERHRR, &
A R e B B —E, SEYREGTRBEE, B EAASNTEARS, B
iR I R R . Y B S RBGT B A BE, UBGIR PR, BE-EEKREN
MR TERIANBEY P/Zn WIE, P/Zn KL—EHAZHZ2E AREGEBE . FEFREH
LR, BEERRENHHE SHERRAGHFEHRAR, IRNEREEEN—FR
—HI LW, 5, FXBE-FHEERAXLREH KRMIFIMES, SHR G — BRI,
B8-S EARMNENREF . REERB-SXRER, H—ERRUMNRRS
RE¥ESIHKSETSEMTBIN, B, ELEAREY &R BE-FX TR,
AR FERT A B TAERERE b, 50 M 40 40 K P EIRABF R AT S-S X AR AT 4%
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1.1 P50

EXK(Zea mays L. ¥ 13 ) /DFE ( Triticum aestivum L. HHE 871587) M FLEEIE G, BR
EYUFRT 3~dem KiF, BEREHTKIZ. EXEHREBERER. BEEREREN 26/18C, M
BREEN 150001k, KCEEIE IR RDE BVR B AS LS AR TT KA BE X R A Hoagland & Armon BLJ7. & 0,
0.12(f%), 0.6(E#),3.0(% )mmol/L 4 1 BEKF-F10.1(fK), 2.0(EEH) pmol/L 2 14# (] EDTA KEHY)
K, LA 8 MALE, HHIEFE 3 £ 4 HAMST,

OERE RN R L VEBI H (39500089).
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1.2 HWBSHR :

I R 4 R R A R A A PSR SE AL SR R BB MR 5. B R Douglas'> fl Gronwald'®) 9 77 ¥ # 4T
BRAHUS AT, FRSAEOAE, B FERES, R THBRERS AERELAS.
M IR B A A B RIS AL 4K Thom 3364, MLMALEBIMBEHTHH. HRAMNFEREAS
1S 1M MR BERNLES, AASRLaENeHy &S, SN ERARTFRES L
B, MAEGRANKERAZRER, BEKRERN on BELYI TENR, LA EFERNENEY
ELEER EREMTORSBM, AZEEHHEGRAER, HRBHEH TS VB, VB ROBE. &
MMES . ERSALBANEESET 3K,

2 R4
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F—EWEBER, T EXM/NE, 0. 6mmol/L BE + 2. 0umol/L BB BEERR
1, FoAS T B B B S A A Y B RIS T A AR A AR K R BRI R E A
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Fig.1 Interaction of P and Zn on the Fig.2 Interaction of P and Zn on the

growth of corn growth of wheat

2.2 Bt gmih FEBIER

WA R BB ASVATE, TR REREERER ST, EXR TSR L2
BREATFNEELD, BRREXNBAFHARKY TR, FHHEDNBE. FZHEHEI
AB BN MRETRE, HER—SEKTET, EXERHERNRNRERE, F M LIz
R TR, NE LA R EE, 7£2.0umol/L Zn T, HMEHE LT, RE TR, &
Bl —BEK T, H I0AE K T3 i F ok /DR I BE AR BT b b 34552, T ELBRK PR R,
BRI R, RUIBE-BEZ MR EE Y BTIEM.
2.3 dAREE. ARATAAHE. FHRR

WA R R B AR, B UNERAMM F AR AREXREFHEHEREN
RE(E2,3), NEARESHASHEBRBREEFTTEXK, % 0~0.6mmol/L BHEEREE
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Table 1 Translocation of P, Zn to the shoot of corn and wheat with different P and Zn levels
AL 38 Treatment FE K Comn(ug/g stem sap) /NFE Wheat(ug/g stem sap)
P(mmol) Zn(pmol/L) P Zn P Zn
0.12 0.10 5.5%0.5 140+ 8 1.4x1.2 45.5+1.2
0.60 0.10 9.5+1.2 121+11 2.7+0.1 44.5+1.4
3.00 0.10 11.8+1.0 108+9 4.0%£0.3 37.5+3.0
0.12 2.00 5.4%0.4 840 £ 46 1.320.1 50.4+2.3
0.60 2.00 8.7t0.1 920 £ 26 2.3+0.3 57.7+1.5
3.00 2.00 9.3+0.2 730 + 27 3.0+x0.3 48.7+4.7
*¥2 FER.SATTEXRMNEH AR ARFNEAARGER
Table 2 Phoesphorus concentration in the cell wall, cytoplasm and vacuoles of the
corn and wheat leaves with different phosphorus and zinc levels
432 Treatment EX Con /NE Wheat
P(mmol) Zn(umol/L) CwW C \% Ccw C A%
0 0.10 1.6+0.1 0.31£0.01 0.92+0.04 3.5£0.2 0.42+0.06 2.6%+0.3
0.12 0.10 2.3+0.3 0.45+0.02 1.50+0.13 5.9+0.6 0.78+0.08 4.4+0.4
0.60 0.10 3.5+0.5 0.69+0.04 2.31£0.13 13.4%1.1 1.75%0.14 7.6t2.1
3.0 0.10 6.0+0.5 1.01+0.03 3.25+0.24 22.6+4.0 3.09%0.27 15.1x1.2
0 2.00 1.5+£0.1 0.28+0.20 0.82%0.01 2.5£0.5 0.37+0.05 2.0%0.2
0.12 2.00 1.9+0.1 0.35£0.03 1.29x0.13 5.220.6 0.70+£0.03 3.4%0.1
0.60 2.00 2.7+0.2 0.50+0.04 2.02+0.12 11.9+1.0 1.48%+0.11 7.1x1.1
3.0 2.00 4.3+0.7 0.72+0.06 2.40+0.25 19.5+2.0 2.70+0.35 12.3x2.0

. CW- BB (P ugx 10 SEEFK);C- AR (P pgx107%); V- HiB(P pgx 1078 H), CW — Cell wall(P pgX
10 ~Sprotoplasts) ; C — Cytoplasm(P pg X 10 ~®protoplasts) ; V —~ Vacuole(P pg < 10 ~bvacuoles)

%3 FEBRSAFTEXRADERRABE HRANALSARDTR

Table 3 Phosphorus concentration in the cell wall, cytoplasm and vacuoles of the

corn and wheat roots with different phosphorus and zinc levels

AbFE Treatment E X Comn /N Wheat

P(mmol) Zn(pmol/L) Cw C \" CW C A"

0 0.10 7.1+1.9 1.3+£0.2 2.5%0.2 11.2+0.3 5.4+1.2 17.8+4.9
0.12 0.10 21.7£3.3 2.9£0.3 4.3%x0.1 21.8+1.1 10.9+£3.4 42.6%+6.8
0.60 0.10 28.1+3.8 3.4+0.1 11.8+1.8 59.5+5.1 20.5+2.0 87.3%1.6
3.0 0.10 38.9+3.6 5.6+0.2 19.2+0.8 91.6*+2.3 35.6+1.0 131.6%+17.1
0 2.00 8.9+2.1 1.2+£0.4 2.410.2 8.2+0.8 4.9+1.7 23.4%6.9
0.12 2.00 20.8+1.4 2.8+0.3 3.8+%0.7 17.4+2.3 7.4+x1.6 32.1%+1.7
0.60 2.00 27.0+2.3 3.1£0.3 9.4+1.4 46.9%2.0 17.7+1.5 79.2+3.3
3.0 2.00 33.6+5.0 4.6+0.5 15.9+1.3 63.7+6.2 24.5+1.4 116.5%5.4

% .CW — ZHHIBE (P pg x 10 SR A M) ; C— ZBHK (P pgx 107%); V- W (P ug X 10758 #), CW — Cell wall(P pg ¥
10 ~3protoplasts) ; C - Cytoplasm(P pg X 10 ~*protoplasts) ; V — Vacuole(P pg X 10~ *vacuoles)
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W, B RS AR R (£ 4,5), EHYHABHKEIXET 3. 0ommol/L B, EXM
MNER HHARASHESRETRE, ZUEBNSNRBETMER. BRENSRPEFHRE
B U R P AR M 7E 0 M BE R B R B S B, AR BRRER T, SE AR,
EXARERRBRUSIRPSHEMEMEBEKR. 5 0. lpmol/L 4 + 3. 0mmol/L B HL ¥,
2.0,;mol/L@+3.0mmol/LBﬁ&bﬁ?%i*"’rﬁﬂ&ﬁlﬁxﬁﬂﬂﬁd&i@*E%BQ‘SEQEUTF%
T 28.3%,28.7%,26% ; M/ MEABEIFTRET 14%, 11%, 19%. RUFKRENRE
MRUBRLE —SHMEER, LREREVRSEZ AFEEHENTIE”R. W
Fok N, 41RRARE 3 A P HBE . S BB, i ARERBIAR TR
R, TR RAUBER R A HAIE N —1,

® 4 FEAR.GKFFERN)DEH S ARSE. ARFEHNAHASHSR
Table 4 Zinc concentration in the cell wall, cytoplasm and vacuoles of the

corn and wheat leaves with different phosphorus and zinc levels

4L 3 Treatment E¥ Com /NFE Wheat

P(mmol) Zn(umol/L) CwW C \'% CwW C v

0 0.10 2.5+0.1 0.52+0.02 2.5%0.3 4.540.6 0.74+£0.06 1.9%+0.3
0.12 0.10 3.6x0.3 0.62t0.06 2.4%t0.4 5.4+0.6 0.84+0.06 2.2%0.3
0.60 0.10 3.8+0.2 0.62x0.04 2.0%0.2 6.9+0.3 0.87+0.10 3.1%0.4
3.0 0.10 3.2+0.3 0.50£0.03 1.7%+0.2 6.3£0.9 0.76+0.02 2.3%10.4
0 2.00 4.0+0.01 0.62£0.05 2.8%0.5 7.7+1.1 1.25+0.35 3.8%0.2
0.12 2.00 4.9+0.5 0.68%0.03 2.7+0.4 10.6+1.7 1.45+0.30 4.1%0.2
0.60 2.00 5.4+0.6 0.76+0.08 3.1%x0.1 10.7+1.3 1.57+0.20 4.7%0.4
3.0 2.00 5.5+0.2 0.55+£0.05 2.1%0.3 9.9+0.3 1.12+0.10 3.2%0.1

Y. CW — ZIHLEE (Zn pgx 10 TRAERH) ;C— AR (Zn pg X 1077); V- WHE(Zn pg x 10 "), CW — Cell wall(Zn pg
X 10~ "protoplasts) ; C — Cytoplasm(Zn pg X 10~ "protoplasts) ; V — Vacuole(Zn pg <10~ 7vacuoles)

%5 TER.SKFETERDDFRRAME . BRFENAEAFHER
Table 5 Zinc concentration in the cell wall, cytoplasm and vacuoles of the

corn and wheat roots with different phosphorus and zice levels

Ab¥E Treatment E¥ Corn /I# Wheat

P(mmol) Zn(umol/L) CwW C \% CwW C \B

0 0.10 2.0£0.3 0.99%+0.99 2.7£0.5 0.9+£0.3 0.38+0.01 1.6%+0.2
0.12 0.10 2.9+0.2 0.96%+0.08 3.4+0.6 1.5+0.3 0.34+0.02 1.2%0.2
0.60 0.10 4.3+0.5 1.62+0.06 3.3£0.2 1.7+0.2 0.41+0.07 1.3%0.1
3.0 0.10 4.5+0.5 1.55+0.18 2.9%0.3 2.0%0.1 0.39+0.02 1.1£0.2
0 2.00 4.5+0.6 2.18+0.02 5.9+0.6 2.0+0.5 0.95+0.04 2.3%0.3
0.12 2.00 5.7£0.2 2.17%0.27 5.841.0 2.5%+0.8 0.90+0.05 2.1%+0.3
0.60 2.00 8.3+0.6 2.90+0.22 6.0£1.0 3.0%£0.6 1.09+0.05 2.9%0.4
3.0 2.00 8.5+0.3 2.60%+0.30 5.5+0.5 3.5+0.3 0.84+0.01 2.1%+0.5

Y. CW — IR (Zn pgx 10 SFA R ) ;C— SR (Zn pg X 10 76); V — WIM(Zn pgx 10 ). CW~Cell wall(Zn pg
X 10~ ®protoplasts) ; C — Cytoplasm(Zn pg X 10 ~$protoplasts) ; V — Vacuole(Zn ug X 10~ Svacuoles)
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BEXEYBR-SXEEANFREFARNIED . & RXKIEV Hs R i3, EER
RS RA IR, Tid L3t ardy & BAH BT TG, Bk, B BEEUNUE A ATRE R
EERSR ) E-SHEERMLY A8 EURARENENAEE, BRBHE—
BERED, ERZRRBIERE. AARERRY, F8ERRES T EEE T 4 R MBiE
W, EXERAAREFRRSHEERERARBHEREY 23 F, BEAMRF
B vk B DU 2 B R G & B, ORI, 4 BRI A F) 3. Ommol/L B, 40 R A O R EF I &
BRI TR, X— BRI, Fok . /NIEAR 5040 M B T A R B4R UM /R A A X E WAL, [
i, B T RER A A AR AT, SEEXRMEBERMESTTRLZE —EHEH,

50.12 1 0. 6mmol/L BEAbFB4H H 3%, B 8% (3mmol/L ) &b 38 1 # F 1 /N3 ) b _E &
BB R T R, 25 BT AE 68 3 b IR TR SRR A, SR M A SR RE, — R A
K BESBE ST A PENEX S B TRE W RRiE S, AREERERL
S, A & B RE, (B BB RED) . Parker HUHANX RS BHBETIESFH
“HEBELER”., B ERBLE M AERD 0, WA RXBERE, 3mmol/L B +
2pumol/L LM X /NEHF, HRERNEHSER S, 45 hARE S B’ 1/10 #
1/9 24, METJLLEAMEA SN 1/7~1/6 . TR, BEI BB RATHARER
EHAMREHNSSEEARERTEREARENEERE, WBTANRICERTH
B, BEFRSETHBWER, HARENTBBERR PN REY B TR, BinE
T BB EERES, |

SENBEUMAEE —E MR, —BISMERGHEBRER K, SRR B, X
M H BRI KT /E, Ti/MERBHTIEAKXT EX, FSIIEEYRRAIEYN
B HERTHLSRBIE AR, NARERE, BARHEFNBATRE, X /DEX
Bedy Rl A 1 b, F AR BRAY A K BB > TR, R A NERNE B E IR, XF4
RUGESHYBRERRAER. RFAH, ERAMBENARTS, WREHE R LTIT
£, ARG RE S FHRBL LA, SIRARNBNARAEE, RESHK
BB R R,

£ 3 XMk
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STUDY ON THE CELL NUTRITION OF PHOSPHORUS
AND ZINC INTERACTION IN CORN AND WHEAT

Zheng Shacjian Yang Zhimin Hu Aitang
(College of Natural Resor. And Enviro. Scinces, Nanjing Agri. Uni., Nanjing 210095)

Abstract The cellular nutrition of phosphorus and zinc and their interaction in corn and wheat
under the varied phosphorus and zinc were investigated in solution culture. The results showed
that the increased phosphorus content of cell walls, cytoplasm and vacuoles in both leaved and
roots of corn and wheat were observed with the increasing phosphorus supply (0, 0.12, 0. 6,
3.0 mmol/L) in the medium. However, the content of phosphorus in the cell wall was higher
than that in the cytoplasm. The enhanced phosphorus in the culture solution increased the con-
tent of zinc in the root cell wall, but the treatment of 3 mmol/L P made the zinc content in cy-
toplasm and vacuoles decreased. High treatment with phosphorus inhibited the zinc transloca-
tion from roots to shoots in both crops. In addition, as most of zinc in leaves was bound to in
the cell wall, a relative low zinc contents in the leaf cytoplasm and vacuoles were expected com-
pared to the treatment of rich zinc supply (2.0 pmol/L) and decreased application of zinc (0.1
pmol/L) increased the content of phosphorus in the leaf and root cell in corn and wheat. As a
result, the stunted growth of both crops was attributed to the imbalance of low zinc and high
phosphorus concentrations in the plants.

Key words Phosphorus Zinc Interaction Cell



