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Influences of Phosphate Deficiency in the Medium on Growth,
Activities of Antioxidant Enzymes and Utilization of Nitrogen
Resource in Cucumis sativus Hairy Roots
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Abstract: Effects of phosphorus deficiency in the medium on growth and morphology and activities of SOD and POD, utilization of
nitrogen and calcium in the medium during liquid culture of Cucumis sativus hairy roots were investigated. The results showed that C.
sativus hairy roots can not grow in the medium without addition of any phosphorus. When cultured into the medium with different Pi
concentrations, the growth of C. sativus hairy roots was significantly inhibited with the decreasing of Pi concentration in the medium,
its main roots became thinner and longer, the number of its lateral roots was decreased and its lateral roots became shorter and
smaller. Compared to the medium with full strength phosphorus, the content of soluble proteins in C. sativus hairy roots cultured
under Pi deficiency was significantly lower than that with standard full-length Pi, while POD and SOD activities in C. sativus hairy
roots were significantly stimulated. Compared to the control (without addition of any phosphorus in the medium), the activities of
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POD and SOD in C. sativus hairy roots cultured in the medium with different concentration of Pi were lower than the control. When
C. sativus hairy roots were cultured into medium with different Pi concentrations, the medium conductivity was gradually decreased

with time and with direct proportion of the initial Pi concentration of the medium; NH,*-N and NO3-N of the medium was gradually

absorbed and utilized, at day 15, NH,*-N of the medium was nearly used up but its NO; -N was not used up until cultured for 30 days.

Pi deficiency in the medium could decrease the consumption rate of NO3;-N and inhibited the absorption and utilization of calcium
of the medium by C. sativus hairy roots. Proper enhancement of Pi concentration could stimulate absorption and consumption of

calcium of the medium.

Keywords: phosphorus deficiency, Cucumis sativus, hairy roots, SOD, POD, nitrogen resource, calcium
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Fig. 1 Effects of phosphate concentrations of the medium on
growth and morphology of Cucumis sativus Linn hairy roots
A~F: C. sativus hairy roots cultured in liquid MS medium with
different concentration of phosphate for 15 days. A: CK (MS
without phosphorus); B: 250 pmol/L; C: 500 pmol/L;

D: 750 umol/L; E: 1000 umol/L; F: 1250 umol/L
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Fig. 2 Influence of phosphorus concentrations in the
medium on the growth of C. sativus hairy roots
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Fig. 3 Influence of phosphorus deficiency in MS medium
on the content of soluble proteins in C. sativus hairy roots
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Fig. 4 Influence of phosphorus deficiency in the medium
on the activity of SOD in C. sativus hairy roots
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Fig. 5 Influence of phosphorus deficiency in the medium
on the activity of POD in C. sativus hairy roots
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Fig. 6 Influence of phosphorus concentration on the
conductivity of liquid medium of C. sativus hairy roots
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Fig. 7 Influence of phosphorus deficiency in the MS

medium on the consumption rate of NO;™-N of the medium
during the culture of C. sativus hairy roots
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Fig. 8 Influence of phosphorus deficiency in the MS
medium on the consumption rate of NH,"-N of the medium
by C. sativus hairy roots
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Fig. 9 Influence of phosphorus deficiency on the

absorption and consumption of calcium in the medium by C.
sativus hairy roots
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LRIl =N B 117 PO I 2 2 NE P Rla A A = [ R ]
1k, A SR i = XA AR 1 A A AU A AR 5 i 1
A BB R Xof ke PR K 110 5 i 1 A2 LA 5 % 1 AR AR
FRIFRIIF DY, R WA CHEE = X2 A 5 Bk
R AR K T T 25 e it TG A2 (14 5 M S HL 5w ML B 5 1)
FEfTHGE . B 1E D BARARA KR T R Lk AR R
TR IC R B W TH AR AR 16 R S i B R AR 1 AR K
FARBPRDE o AT 56 B bR 855 7% 35 v il 1 W A 7
FEAE AL B A A B U A 8 3R KRR
(Catharanthus roseus)EIRHR I & BR, #5555 o 1 %
BRERTERE IR 8 d JE bl e AE e e, (AR WA
KRG SR B 8 1 RS AKOE QA ) 8 i ke = w8 4
SR Tl X T R A K R il 3 M S e LA B v 3 % R v
SRR G 252 W AT AT ) FH 5 ) R AF 9 PR3 o FE AR 9
R AR R A B E A RN B AR A A K
7 355 % B v AS ) 2 B ol e = D4 o B R AR A 4,
HARTF2F 40 HAC, MIAR %L B b B /)N, A B 57
FErP MU R A B, R BARAR A K
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AP R E BB = AR, BARAR A Rl
P R B ARAR, 1 SOD, POD i S {f- 4 147 1
W WY 2 T TR A s R v O ALk Y BT
BN BARAR AR B AN, P390 58 10 CR37 Tl 5 7
BRI T 5 PINEE [ 55 (2002) /K 57N A2 i e ok 3
PR S RN GE A — 8 FEMTRBE R, R
RS RN LT, BMAEE AR R K
B, BB, BRBEAET, H R R
BER AL A K AT 2 o AR FRATTH 58 4 Bl R AS W]
FE e = 55 5 B B ARMR B, Bk = sl ARl oy
18 AL FRER S A [ AR B A R BRI A A K IFH
B SR B v DU AR B ERAIG, B R A= K A 3] 7
JUHE HEE SR AL P OICHLBE B = S IR AR K AR, B
il FARARS A, EMARZHAS D, HAS S5
Ny T BE A 3 7 v JCHLEE MR B ARG, B AR
A, MR EA G Z ., AT XA 2 7074
AR5 B IRAR AR LA R S 56 A R R AN TR 5
Ky T2 TG = 52 0 B AR A B 43 HLEE SO
X8 4 5 DAY 1R 4k 0] 1 A O DU g R A IS

il 12 3 B £ 2 BRAR B R I h R A
U5 CA B — e R H AR PR R 5 B rh /U
B4 T B AR Ak B A A5 RURN B A5 AU T2 AR AR K
FILUAEACH R RS2 . AN SR S g A A
B AR R AE B 520 Atropa belladonna B IRAR
49 A R LY A 0 T R B 5 Bl SR AL Jie 1 L 35T
ARG 5 5 v A0 s 28 R MR 3 AT AR 1 B R AR v AR
W R 7 A OV AR B SRR AR R AR, RE SR AL
B SRR A R A AR B A T T R B I AR,
FFE 24 d WSRO PSS SIHFE, T i A A A
54 17% AR RA A, (HEA NI, RIA
SR 5 B vh gl 0 RS B = R R X R R AR B R
HR LR T FE AR AR 1 s DL R il il = 6 B PR AR B AR
K HIE B E 2 R R o . 78 RIS A2 i i
FRHERG IR AR L g rh I, AR AR JCHL
T B £ P AR MR TR A ATP 7K SF B XoF Tl 725 280 A 1 g ik
B EARSE I h, YRR AR TR IR ] C ML B
W B AR SR B B SR, IR R P S A
T 285 A g W SRR R, o 3 X i 4 5% %
[] P S T2 T B % 3557 & 15 d I B R A rh i
SRCL I wHFe e, (HEZREF 30 d J5,
o AN [ TC AL M B 1 15 7 2k op A A 28 R A 1 T
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SEHE T B B, K5 3% 6 TC AL B TR R A 1 1
FP RS AL, RV IR S
R BN B IR AR W S RN T AR G R D X S
Gniazdowska Z£P%(2000) /K 536 T 45 F 250, (HE
T A i = VA BT B bR A 2 R A RE i
BRIV TR NRERE, MR

5N —F, SR K& LT
ot E . AR, RPN Ca® ks Ca®
HIS P2 RESR = Polygonum hydropiper £ 7% 2 iy
] P ) 7 PP K A TR R AR Hh s e A
e FORE T B, TR R R IR IR Ca Wk T BN R
il ¥ (Hyoscyamus  albus) T R AR (1 £E 4 JC BH & &2,
HENHE I B4R 5 BARAR A T A AR A B R
M, 24N IEA XBIREE SR b g dtp ca?
BRI SR > . ARSI IS R R, 1
HOR BRI AR FR i R, RiRIEM Ca® ik B
ARARZR B R R A 5 3R 3 B S R T AR AR
TEAREE, BARMEAT Ca Al W e ) FH 5 5 55 3 o )
ToHLBE = R E A O, K Ahwi b = 2340 ) 8 N &
ARAR XS5 A WA T 4% 55 35 v JC MLl ik B 1 o v
2 T PR AR X 355 7 AL P B ) SR RE, LR R I
HH 1) T FE AR A AR — VI TRl 5 B R L ke R e L
B B = AR AE L o

FATHSE SRR, 537 3L b Bk S AN 2
SR N BARAR A K R, il BARAR AR
AR, (HAAR AR B HLECH A, B R E
DRAE A T 285 R0 R 3 23R LA B 5 i 8 TG 6 R X 85 £
W SCRIRF o 3 2 4 v 55 27 ik v 1 JE LR v B T £
HERE R B B (W ISCRIE E . AR SEIR 5 R R 4 e
ST W R = Xk B IR AR A K AT A AR i A 4 T HLER
TV 1 T RAR 1 38 15 75 2 10 B R FH B R R il A7
AW AL A B T S IR R SR
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