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Influence of Different Light Conditions on Root Fe** Reductase
Activity of Iron-Deficient Cucumber Plants
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Abstract: [Objective] To ascertain the influence of different light conditions on root Fe** reductase activity of iron-deficient
cucumber plants. [ Method] The effects of different light conditions on Fe** reductase activity in Fe-deficiency cucumber (Cucumis
stativus L.) were studied in solution culture. Fe*" reductase activity in roots of cucumber plants, chlorophyll content in leaves of
cucumber seedling, soluble total sugar and sucrose content in shoot and root of cucumber plants, Fe uptake were determined by
spectrophotography under different light intensities and Fe nutritional status. Shoot and roots dry weights and root/shoot ratio of
cucumber plants were weighed and counted. [Result] The results showed that Fe** reductase activity of Fe-deficiency plants under
4.5 d light intensity I +1.5 d light intensity II, 6 d light intensity I, 4.5 d light intensity I +1.5 d darkness decreased respectively
by 68.9%, 84.6% and 93.1% to the 6 d light intensity [ . Comparing to changes of chlorophyll, Fe and carbohydrate contents in
plants under different light treatments, we know there no direct relations between effects of light on Fe®* reductase activity and
changes of chlorophyll were observed, but significant relations to accumulation of carbohydrate from shoots to roots and Fe uptake in
shoots of cucumber plants were observed, demonstrating the effects of carbohydrate and Fe on Fe*' reductase activity by light is a
direct reaction. The changes between Fe’' reductase activity and chlorophyll, Fe and carbohydrate contents in plants were not
identical under 4.5 d light intensity I +1.5 d darkness. However the changes between Fe®' reductase activity and Fe contents of

shoot tip in plants were identical under different light treatments. [ Conclusion] The Fe®' reductase activity in Fe-deficiency
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cucumber was obviously regulated by carbohydrate contents of roots, and physiological demand of shoot for iron under different

light conditions. Fe contents of shoot tip could be an good physiological demand index for iron supply in cucumber plants.

Key words: Cucumber (Cucumis sativus L.); Iron-deficiency; Light conditions; Roots; Fe** reductase activity
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Table 1 Light treatments and Fe status in the experiment
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1.1 MR R AbIE

#JIU (Cucumis stativus L. cv. FrZessfi) fh1H
3% H,O, T 25 30 min, 35 KPP )5 ZEE AT CaSO,
R 16 h, FANEKMEG TEN (25C) fi#
Fo 2d AR R EE . 8d FIEIAEKE 1
2iH, MZRAMUE T SRR T pH 6.3 1) 1/2 584
BRI P R IR, BRI AL (mol LD 7 K580,
7.5X10™; Ca(NO;),2X 107; MgS0, 6.5 X 10*; K,HPO,
2.5X10*; KCl 1X10°; H;BO; 1X10*; MnSO,
1X10°; CuSO,5H,0 5X107; (NH4)sMO;0,, 5X 107%;
Fe-EDTA 1X10%, &% (2.5L) B A 8 ¥k, LLHLE)
SIEIESE RS Bk 6 d JaEAR IR T Nk
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Jeak INE S fEeom T (LI =0k N E /AN
WISRAS RISl i B3 EEOGALBE, 5 A AR A
AT SAFP LR RIERT P ALK i, w5

AL AR DAL HR 1 R S I (1] BB TR
Light treatments Light intensity (umol'm™>s™) and days (d) of treatments Fe status
A 6d s I 6d light intensity [ +Fe

A 6d i I 6d light intensity [ -Fe

B 45d 65 T +1.5d 85811 4.5 d light intensity I +1.5 d light intensity IT +Fe

B 45d 69 1 +1.5d )R 1T 4.5 d light intensity [ +1.5 d light intensity II -Fe

C 6d eIl 6 d light intensity I +Fe

C 6dJGIRIT 6 d light intensity IT -Fe

D 45d65m 1 +1.5d 2B% 4.5 d light intensity [ +1.5 d darkness +Fe

D 45d 65 1 +1.5d 2B% 4.5 d light intensity [ +1.5 d darkness -Fe

St T A IT AIEH S 504 147 pmol-m™s™ F 20pumol-m™s™; FFPIRKE RSN A —AMEA, FHALIEE A 40 #k; +Fe RRFEFR A 1310 mol-L™!

f) Fe-EDTA, -Fe fg9RiH AR & Feo TN

Light intensity I and Light intensity IT are respectively 147 umol'm™s™ and 20 umol'm™s™; Two plants of cucumber as a sample, each treatment of light and
Fe status includes 40 plants of cucumber; +Fe means 1x10™* mol-L"'Fe-EDTA in solution culture,-Fe means solution culture without Fe. The same as below
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light intensity II; D: 4.5 d light intensity I +1.5 d darkness. The same as below

1 TEXBERGMKERRR T EMRRL Fe" TR
ETE
Fig. 1 Fe*' reductase activity in roots of cucumber plants

under different light intensities and Fe nutritional status
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Fig. 2 Chlorophyll content in leaves of cucumber seedling
under different light intensities and Fe nutritional status
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Table 2 Shoot and roots dry weights and root/shoot ratio of cucumber plants grown under different light conditions and Fe status

JeAb B T Dry weight (g/plant) iyt b
Light treatments Hiy_F 5 Shoot R Root Ratio of root/shoot

+Fe -Fe +Fe -Fe +Fe -Fe
A (6 d light intensity 1) 0.49%0.03 0.47%0.02 0.05+0.01 0.07%0.01 0.10£0.01 0.14%0.01
B (4.5 d light intensity [ +1.5 d light intensity II) 0.47%0.05 0.43+0.02 0.060.00 0.070.01 0.12+0.01 0.15+0.02
C (6 d light intensity II) 0.23+0.03 0.20+0.03 0.02+0.00 0.02+0.00 0.08+0.00 0.10+0.01
D (4.5 d light intensity [ +1.5 d darkness) 0.45+0.04 0.35+0.03 0.0420.01 0.05+0.01 0.09£0.01 0.1420.01

SR T AGHE TTHIEHR 551 147 pmol-m™s™ A1 20 pmol-m™s™; s LV bRz 7 XK om. FIH

Light intensity I and Light intensity Il are respectively 147 umol'm™s" and 20 umol-m™s™'; Values are means £SD of 3 replicates. The same as below
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Fig. 3 Soluble total sugar content in shoot and root of cucumber
plants under different light intensities and Fe nutritional
status
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Fig. 4 Sucrose content in shoot and root of cucumber plants

under different light intensities and Fe nutritional status
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Table 3 Fe uptake in different parts of cucumber plants’ shoots at different light conditions and Fe nutritional status (ng/plant)

LAk B 2% Stem FI Cotyledon EI Leaf 2£2% Shoot tip SRR Total
Light treatments +Fe -Fe +Fe -Fe +Fe -Fe +Fe -Fe +Fe -Fe

A 6 d light intensity [ 10.7£1.0 9.4+£1.5 7.840.5 7.5£1.0 32.6x1.6 30.4%x3.9 43%0.7 4.1£0.5 554£3.8 51.4%6.9
B 4.5 d light intensity I +1.5d light intensity II 9.8+0.2 9.3x1.1 7.4+0.8 6.1£0.7 26.9+1.5 21.5+4.1 42+04 3.4+02 48.3+29 40.3+6.1
C 6 d light intensity II 6.5£0.6 5.8+0.7 7.0x£0.2 5.4%1.5 12.7¢1.6 12.0£1.6 1.6+0.3 1.5£0.4 27.842.7 24.7+4.2

D 4.5 d light intensity | +1.5d darkness 6.6£0.8 6.2*1.6 6.6x0.6 4.6x0.5 19.9x1.0 13.8+2.0 1.1x0.1 0.720.1 34.2+2.5 25.3+4.2

3 iTig

FEHRSAE T, 2R Fe 3 s i i 1 il o e o
PRSI T R, X SRR OO b R — 8, 3
JIHR R Fe® I 0 1 ) S50 52 016 L 49 0 2 SRR LR
B ED

BRI R Fe GG S 5 H-ATP HE)
L2020 FfHpA NADH (f4IE45 S AT WL . 5 2
% RS IR IR 2PV Y A 5%, SRR
B L T YT (R 2) FIBKI & (B 3. 16 4),
ONIRER P IR MR 2 B, (HARFDEIE &0
% Fed IEJREEE LR (B 1D SIS
SRR (K3 B4 IFEEe 45 d ok
B T +1.5 d SR AL BILKE Fe® i s 1k I 25 S A /K O,
%A FAR PO S W& BT 6 d 6 11 AbRE
FRURIRR, U0 RERE SRS Fe™ 30 J5 MG 1 11 5% 1 52

BT 1.5 d WAL BB

Jiang S5 ILOKGRIE A MEHGBE TR, Gk
BTPEOUCE RGPS IR g R (R A AR
P, DT PR AR HE AR 170 s 1 - [ 4 3 03 1
A PSTT 52 AR 738 3 B, AR IO e
OEEEPTRER IR, ROk e T
TR RS, 2 R IE RS AN BE ST Bt 2 3 8
RGN G & R N L D RE 2 B R . Tl T
WA, BRI A RE TR0 SR Sl S AT
BRI O RERE AL, PRIE, AR TR R OGRS R
Birp, 7 AR I b PRIOA RERE AR 1S5 i AL
1 DA P A1 B S s Bk e (K05 5, 53— g T 3 vy
Fe 30 J5 B PERAG I Bk (KW ie,  LAZEAR LB DL
{E A ERERA A AL E B s B R I A B R, A
Fi T el T 8D BUAMAAE LTI OA RE 3L 1A x ik
AR PTG SRR, Fe i JGU B i P A 4 e JF A G 5ol



1870 i fe Nk B2 41 45

NASRESRAN . M RS XT Fe I S I 1 £ 1
AT, OREHE YT b bR T PR O BR f AR B SR
%, AN ZEGe Ik T4 i e B i 22
Ao IXATRE AR PRI AR R, Fed Ib 5
TP B 1D S B A R AR A A (3R 3D
AH =B MR, ZRFWRSGREGRE Fe
B TR, Wik 6 dosR T . 45d
Jeak [ +1.5d eI, 6d ORIl 4.5d )6 [ +1.5d
SRS AR RS (B 1, F£3) . RIUTRZERP S
R e o B M bR Ak B S RS ER AR
TR A BRA L, R 2 A M AR =L
T A R 1 K B A DR s AR A o R S —
BERO2T - R R ZE AR A B ) 2 K R R
Ly, BRI A s, M
JLEIBAL RG] 2R e AL o

4.5d Y6 1 +1.5 d BREAAFE Fe® IR JEEHS M T
Fedez, nlReSHLEE 1T RIAEmS N M 5 4%
SN ZR 48 S LA 5% . HE9E Robinson 212811999
SEHE ML I 2 B0 Fe® ib JR g LI —FRO2 3
LS PR B AL, AT RS, Fe¥" ik
o5t g 3 2 1 4 5 B T e 2k T A7 A R s R TR
W, AR B E A ). Gregory 2PN I
WS, FUr TP BRI LS FRO2 IRT1 [3RIA%Z
AR BT T, ARG IR e AT 3R IA B N,
TS 0B ks o« an SR FRO2 S5 R 52 4
AT, B4 4.5d 6ok 1 +1.5 d SEEG A HAE
Fe' IR JEU GG ME N B d 2 AR AR, Wl g1 o0 2 %2
FERIFRIL KT A B S HEACE I . ASIE]
SRS BT R Fe® i J Wi 1 M RS 5 4 5 W

) PRI R4
4 i

TEMOEAAE N, BUTGMER Fe' '3 IR PR iR
IR S A AR BRI 18] (K A AT e, L R A )
MR B R I PR AT OG0 1.5 d RGAL PRI, 35
JIARER Fe' I J5U T P 5 T M S5 2 11 Ak
A8 SRR TS P IR SRS L
Sz BB, AR Fed iSRRG M 5 A2 4 1R 3
Peile ANFVCIAAE T, K Fe' I S M5 ]
S _E BN BRI A B AT SR Y, S OLIAAE R R
ARG B HIRE Fe G R R —8, 2R
HH R 2R A O R AR R B IR A SRS A R
BREERR

B ARR ¥ ER L K FAY B I A BROHST AL
EREINECR il s P L&

References

[1] Marschner H, Romheld V, Kissel M. Different strategies in higher
plant in mobilization and uptake of iron. Journal of Plant Nutrition,
1986, 9(3-7): 695-713.

[2] Jolley V D, Fairbanks D J, Stevens W B, Terry R E, Orf J H. Root
iron-reduction capacity for genotypic evaluation of iron efficiency in
soybean. Journal of Plant Nutrition, 1992, 15(10): 1679-1690.

[3] Tipton C L, Thowsen J. Fe*" reduction in cell walls of soybean roots.
Plant Physiology, 1985, 79: 432-435.

[4] KRB, XFIE, Bikdn, ShfRiE. SR PUBERRE R R 2 S 00 A B
AARFRBRITL. [l 254, 1995, 22(1): 1-6.

Zhang F S, Liu S J, Mao D R, Han Z H. Genotypic differences in
iron-deficiency stress responses in Malus. Acta Horticultural Sinica,
1995, 22(1): 1-6. (in Chinese)

[51 o %, wbiRiy, RS, sk 5. RARHIIMEOE IR, AR
2E1HH, 2002, 38(2): 180-186.

Cao H, Han Z H, Xu X F, Zhang Y. Iron nutrition in higher plants.
Plant Physiology Communications, 2002, 38(2): 180-186. (in
Chinese)

[6] Chaney R L, Brown J C, Tiffin L O. Obligatory reduction of ferric
chelates in iron uptake by soybeans. Plant Physiology, 1972, 50:
208-213.

[71 Moog P R, Bruggemann W. Iron reductase systems on the plant
plasma membrane-a review. Plant and Soil, 1994, 165: 241-260.

[8] Bienfait H F, van der Briel W, Mesland-Mul N T. Free space iron
pools in roots: generation and mobilization. Plant Physiology, 1985,
78: 596-600.

[91 R P, BRI, SKOLOT. MIPIE SRS TR JERG Rl
11, 2001: 228-237, 259-264.

Wu P, Yin L P, Zhang L P. Molecular Physiology of Plant Nutrition.
Beijing: Science Press, 2001: 228-237, 259-264. (in Chinese)

[10] JAJEHE, M. SRR SRR BE . 1. A7)t
RGN . EAMERNE, 1987, 20(3): 23-27
Zhou H J, Tong Y A. Advances in the research of iron chlorosis of
apple plants. I . The influence of ecological factors on the severity of
chlorosis. Scientia Agricultura Sinicta, 1987, 20(3): 23-27. (in
Chinese)

[11] 2Rk, MRARE, w0 A, KM, RREBHE X ERAEA Ft ik
JRBEEAE 0. AR 574, 2004, 27(1): 48-51.

LiZ X, XulJ Z, Gao Y, Zhang Y M. Effect on Fe*' reductase activity



VF RIS AN DG I A A il ik TR R Fe 38 S5l It 1 1 5

1871

[12]

[13]

[14]

[13]

[16]

[17]

[18] BB, BRI, WA B e 4R &

[19]

of apple stocks under different Fe concentration. Journal of
Aguricultural University of Hebei, 2004, 27(1): 48-51. (in Chinese)
WKk, B, Ko, A R SRR R B 2L .
I el A, 2002, 35(1): 68-71.

Zhang LY, Zhai H, Zhang X F, Li J. Screening of Fe-efficient apple
rootstock genotypes. Scientia Agricultura Sinicta, 2002, 35(1): 68-71.
(in Chinese)

BB BEE, b BRI DB UL 2 R LS.
FIEEIGEFNE, 1996, 3(7): 60-65.

Li B, Yang Y A, Sun X. The Susceptibility of iron chlorosis on
genotypes of citrus rootstock in beach-silt. Guangdong Trace
Elements Science, 1996, 3(7): 60-65. (in Chinese)

O, SERTAS, MTRE. AR AR R R DR R 2 S R LA P
PEWETT. FEPE TR SRR, 2003, 9(4): 480-483.

Gao L, Shi Y X, Yang S X. Study on resistance to iron deficiency in
peanut cultivars and physiological traits. Plant Nutrition and Fertilizer
Science, 2003, 9(4): 480-483. (in Chinese)

IMRTT, RIS, XL, BRE. BRI R
EERE. PEMEBEER, 2003, 23(5): 53-55.

Sun Z Y, Xu W Z, Liu S L, Zhao L J.

SAZ A 4 PO

In vitro selection and
identification of lime-tolerant mutant of Rhododendron mucronatum.
Journal of Central South Forest University, 2003, 23(5): 53-55. (in
Chinese)

AN, BTE, fRN, KR SERNE T 4 FHEFAERUEAR A
i pH (L LAARFR Fe' b IR YER R 10, 23R, 2004, 21(1):
64-66.

An HM, Fan W G, He C P, Zhang J R. Changes of culture medium pH
and roots’ Fe** reductase activity in 4 wild pear rootstocks under iron
deficiency. Journal of Fruit Science, 2004, 21(1): 64-66. (in Chinese)
VPR, TRARBE, R WTIHEIRER Fe' B RS LN 2,
2B L LIV, HAE IR IR AR, 1998, 4(1): 63-66.

Xu L Z, Zhang F S, Li C J. 2, 2’-Bipyridyl coloimetric method for
measurement of Fe(Ill) reductase activity in roots of dicotyls. Plant
Nutrition and Fertilizer Science, 1998, 4(1): 63-66. (in Chinese)
RAFTSE. MOl RHEIE IR
1984, (2): 4-8.

Chen F M, Chen S W. Study on mixed liquor method for chlorophyll
content. Forest Science and Technology, 1984, 2: 4-8. (in Chinese)
TR, BRI RSB ROIE. W BRI A B e g,
AR TM. i BREREEEOR T fRAL, 1985: 137-138.
Zhang Z Q. Measured method of sucrose and soluble total sugar. In:
ed. The Experimental

Shanghai Society of Plant Physiology.

Handbook for Plant Physiology. Shanghai: Shanghai Science and

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Technology Press, 1985: 137-138. (in Chinese)

Schmidt W. Iron stress-induced redox reactions in bean roots.
Physiologia Plantarum, 1993, 89: 448-452.

A5, SRAREN, Bikdn. SRk A R RO RO SR Bk (il
ML F AR, 1996, 22(1): 1-5.

Liu S J, Zhang F S, Mao D R. Genotypic difference in responses to
iron deficiency of Glycine max. Acta Phytophysiology Sincia, 1996,
22(1): 1-5. (in Chinese)

Clark R B, Tiffin L O, Brown J C. Organic acids and iron
translocation in maize genotypes. Plant Physiology, 1973, 52:
147-150.

Tiffin L O. Translocation of iron citrate and phosphorus in xylem
exudates of soybean. Plant Physiology, 1970, 45: 280-283.

LI, FREE, A8 B BB S M RO BERORR IO N, A
YR oy AR AR AR, 2002, 28(2): 127-132.

Jiang C D, Gao H'Y, Zou Q. Increase in excitation energy dissipation
by iron deficiency in soybean leaves. Journal of Plant Physiology and
Molecular Biology, 2002, 28(2): 127-132. (in Chinese)

Jiang C D, Gao H'Y, Zou Q. Changes of donor and acceptor side in
photosystem 2 complex induced by iron deficiency in attached
soybe-an and maize leaves. Photosynthetica, 2003, 41 (2): 267-271.
Belkhodja R, Morales F, Sanz M, Abadia A, Abadia J. Iron deficiency
in peach trees: effects on leaf chlorophyll and nutrient conce-ntrations

in flowers and leaves. Plant and Soil, 1998, 203: 257-268.

ML R, SRAREE, AT, WA, LR, TUBE. MERE
B b3 SRR B B2 Wi g bR M F 9T, P Aol K22 2241, 2002,

7(1): 89-94.

Ye Y L, Zhang F S, Shi Y X, Han X X, Jiang X L, Yu Z F. Flower Fe
as an index to diagnosing Fe nutrition status of apple and peach trees.
Journal of China Agricultural University, 2002, 7(1): 89-94. (in Chinese)
Robinson N J, Procter C M, Conolly E L, Guerinot M L. A

ferric-chelate reductase for iron uptake from soils. Nature, 1999, 397:

694-697.
BEzsE, £ AL, EIRE, RIS A B E IR OGN A
HE[H. PR B R, 2003, 39(3): 294-299.

QiJL, Wang Y, Yin L P, Han Z H. Proteins and genes related to plant
iron nutrition. Plant Physiology Communications, 2003, 39(3):
294-299. (in Chinese)

Vert G A, Briat J F, Curie C. Dual regulation of the Arabidopsis
high-affinity root iron uptake system by local and long-distance
signals. Plant Physiology, 2003, 132: 796-804.

(SEfEgiE  HRED



