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Effect of Nickel Ion on Growth, Physiology and Nitrogen

Absorption in Lactuca sativa L. Seedling
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LI Jiaming, ZHONG Fenglin® , LIN Yizhang

(College of Horticulture, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: We investigated the growth and physiological effects of Ni*" at 3 concentrations (0 mg « L',
0.1mg+L "', 1mge+ L") with22.4 mg+ L' N on nitrogen uptake in the seedling stage of Lactuca sati-
va L. using hydroponic. The results showed: (1) the root and shoot biomass of the lettuce increased with
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the increase of treatment time. Compared with the control T;(0 mg « L™ Ni*” and 112 mg « L™' N), T,
treatment (0 mg » L™ Ni*" and 22. 4 mg « L™' N) had certain inhibitory effects on the root growth and leaf
growth of the lettuce; the fresh weight of the plant, dry weight, root to shoot ratio, root length, mean di-
ameter, surface area, volume, number of root tips, number of roots, leaf surface area and volume were
significantly higher under T5(0.1 mg » L' Ni*" and 22. 4 mg » L' N) treatment for comparison, T, treat-
ment (1 mg » L' Ni*" and 22.4 mg « ™' N) promoted the growth of roots and leaves of the lettuce, but
showed some inhibition on the number of root tips and roots. (2) With the increase of Ni*" concentration,
the contents of chlorophyll a, chlorophyll b and total chlorophyll in the leaves of the lettuce showed a first
increase and then decrease, and both of them significantly increased under T, (0.1 mg » L™' Ni*" and 22. 4
mg * L™' N) treatment. (3) With the increase of treatment time, the net photosynthetic rate (P,), stoma-
tal conductance (G,) and transpiration rate (T,) of the leaf lettuce gradually increased, and the intercellu-
lar CO, concentration (C;) gradually decreased. The stomatal conductance (G,) of leaves with T4 (0.1 mg
« L7" Ni*" and 22. 4 mg + L' N) treatment was significantly higher than that of the control, the intercel-
lular CO, concentration (C;) was the lowest, and the net photosynthetic rate (P,) was the largest. (4)
Applying Ni*" to pointed leaf lettuce, organic acid, soluble protein, soluble sugar content, POD and SOD
activities had significant effect. With T;(0.1 mg « L™' Ni*" and 22.4 mg + L' N) treatment, organic acid
content decreased, while soluble sugar and soluble protein contents increased significantly, SOD and POD
activities were significantly improved. (5) With T treatment, the contents of B and Ca in roots and N in
leaves were higher; the Ni content in roots was higher than that in leaves, the Ni content in leaves was
lower, and the Mg content was higher; Cu content in plants decreased with the increase of Ni*" concentra-
tion. Research shows that exogenous Ni*" treatment can affect the growth and physiological status of rape-
seed lettuce seedlings under low nitrogen conditions (22. 4 mg « L' N). The appropriate concentration
(0.1 mg+ L") Ni*" can effectively improve the nitrogen absorption and utilization efficiency of the root
system of rapeseed lettuce, reduce the amount of nitrogen application, promote the growth of the root sys-
tem and aboveground leaf of rapeseed lettuce, increase the photosynthetic pigment content, and improve
the net photosynthetic rate, thus improve the yield and nutritional quality of the plant.

Key words: nickel ions; Lactuca sativa L. ; nitrogen uptake; growth; physiology
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Fig. 7 POD and SOD activities in leaves(A and C) and roots(B and D) of lettuce

seedlings applied exogenous Ni*"
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Table 1 The mineral element contents in leaves and roots of lettuce seedlings applied exogenous Ni*™"
] 5 B8 IS "t it il it it 5 6 it B it
Time and organ  Treatment N(mg+g ") Ni(mg+g ") Culmg+g B(mg-+g ") Ca(mge-g ) Mg(mge+g D)
T, 62.571+7.1011a  0.05140.0011b  0.00840.0012f  0.05440.01da  7.186+0.301da 3.24440.1013b
T, 60.969+7.3042b  0.005+0.0012f  0.009+0.0013¢  0.048+0.0012b  7.073-0.2002b  3.591-40.0601a
EXPNIYD
The 9" day leaf - . _
T, 18.1721.4013f  0.001=£0.0011h  0.003+0.0014g  0.048=0.000dc  4.0414+0.1013c  1.425+0. 1240g
T, 11.4734+1.2013h  0.02040.0013¢  0.002--0.0002h  0.038=0.0006¢  3.622--0.1002¢ 1.110+0.0911h
T, 53.122+5.0021c  0.003+0.0013g  0.017-£0.0014b  0.037-£0.0002f  3.265-40.2004f 1.47340.0103f
N T, 21.522+2.1204e  0.017+0.0014d  0.02740.0013a  0.04440.0002d  5.583+0.1023d  2.022-£0.0132¢
The 9% day root
e R T, 22.989+2.1004d  0.01540.001de  0.01040.0011d  0.0340.0005g 3.817-£0.1104g 1.793-£0.1012d
T, 13.691-1.1101g  0.283-50.0021a  0.012-0.0012¢  0.02040.0004h  3.198--0.1013h  1.477-0.081de
T, 18.07342.0121h  0.002+0.0003gh  0.004--0.0005h  0.040-+0.0003¢  4.367-0.2032¢ 1.869+0.0012d
P T, 53.642+5.0312¢  0.011-£0.0004c  0.006=0.0002¢g 0.051=0.0003d  7.848+0.0613a 4.83640.0215b
The 18" day leal
¢ oy lea T, 58.444+4.1041a  0.001+0.0001h  0.008+0.0002f  0.062+0.0022a  7.68940.0711b 5.273-+0.0113a
T, 56.659+5.0316 b 0.018-:0.0003 b 0.008+0.0004 ¢ 0.053-50.0012 ¢ 7.10540.1041 ¢ 4.77040.0151 ¢
T, 28.074+1.2013g  0.002£0.0004f  0.02140.0003d  0.02640.0004h  3.374+0.0017h 1.5680.0127f
5 18 FRE T, 43.175+3.004d  0.00540.0004e  0.042+0.0005¢  0.03040.0003g  3.769=+0.021g  1.397+0.0017h
The 18" d: t
e ay roo T, 42.161+4.001e  0.008+0.0003d  0.059-40.0005a  0.030-£0.0002f  4.628+0.0013d  1.43140.021¢g
T, 39.754-£2.004f  0.20640.0002a  0.048=0.0001b  0.058+0.0004b  3.93140.0101f 1.62740.0014e

T ) 5 B0 5 AR ) 5 B R (] ST AR b Ak 380 ] 2 5 3% 0. 05 1835 K

ote: Values followed by different letters in a column within same stage mean significant difference among treatments a e 0.05 leve
N Val foll d by diff lett 1 h tag gnifl t diff g treat ts at the 0. 05 level

Hm T TR R EARZ WM EESE F A
REBRWIETHRAMNARKET UL 0.1 mg -
L0 N Al DUfIAR 2R 2 K 1 w8 AR 2R 6 L2 1 R
M HARERA R F 22.4 mg » L' N &4
T AR HE AR F O UER WSR3 n e 3 T AR
FIfAFL . X 5 Khoshgoftarmanesh™ 7£ ¥ 75 Wik 1 it
JIAE R AR I 2 AR A SEAR AN AR K B T 4 R —
B0 A 22.4 mg » L' N AR LG f0 1 mg -
LN 0. 1mg+ L' N FEMREMAH 4K
AT B ATRE R T N R 5 = I 4R AR &R
R EEM AR R M EE R AR

6 B FAE AR B ol R O
HE B — o FE B b Sl A 0 e A R
AR E R S E 4R K a P4 E b AR
F BN 2 i R A B A B S R] B 0 S L T
5T, dh¥M L, T, 2hBEEEGFE S TR M
0.1 mg+ L'y Ni*" A3 204 dF Al Ok & B =k
B> X 5 B S AR K R 2 R N 5 R S
WP NI Wi L BRI R R EE RS AT M S R
M5 —80. WTREE R T3 A R B m v,
W R A A G R AT TR AL Ry AR R L T M SR

VIR B A0 ph R S TR B AR R D T A3 56 v
1 mg « L7MEY NiSO, H iy S & #4048 FR |
S EERY 0. 7%, FIF L NiSO, S & & 59 5 i ]
2 SR 1 mg « L1 N2 DU g i 8
MEkER a MR b MLE SR & R R b
RO, v REJE T N R B R R AR
At S R b i 8 K G i BRSSOk
G AEF OCRE MW IS e Al N T R B g R
HORRESY i T EURUB R T R 3 A
AT B S N X AR R AR K R ] LA it
o, 1 mg« LTUAY Ni*° RE AR i 2R i 55 15 MR AR R
X EHBL A W e K AE 22,4 mg « L7 N &M
SLRETH LGB R G T S m A AT
HEBRTE,

[ B, O G (0 R & 5 AR AT 6 A VR Y R
55 5%, SRR & B A R4 #ESALIT L $2  CO,
AR, AXwrb S T, AL, T, #1 T, (1
mg+ L ' Ni?t.22.4 mg « L' NDANE T (2t 55
EAE R A6 G s 5 M) CO, ¥ BE RN 25 i 2 e 1
AT RRE M T5(0.1 mg« L' Ni*™ ,22.4 mg « L'
NO b Y A6 A 3 AL T B ML) CO, R B2
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7R TR AT B T X AR i
FERIE 58 ¥ A TR B 2 3 0 B R ST R
LGS ot A R 2 B AR — 8 1Y IE A G ¢
R UL RHE AL R B T LA BCEAE O Ak
UG A5 A — B, O N xRS E
(R 5% W) 2 22 5 TG 1. AT fig S i T, b3 A F)
Y ROE O A R TR 26 A 0%, R Be
J= 0.1 mg -+ L' N RBSZ M AL B, DT 2l 36k
A R A
RETEMYIRN KL UA YA IE AETE i
TSR AFIS AT EHEAIR" AR
e R ER. S T XA, T, B4 S A L
g ot . Ty A B 2, T, Ab BEAT HLAR & e
K, BEIRE A 0.1 mg « L "9 Ni*™ BB A AU i2F R it
BT BILIR 1Y) T RE 1R A AR TC LS B A
BLASRBIRE 1. W, Ty 4b3AT LUAR #E 2 i 55 1
AV PR RN O] VM B A i B 5 5 AR R
FERFIE A /N FE 5 B ORI A3 1 N i e 1 b i 26 1
JO V1R B b B 235 K R 11 A AR R 1 JTORIT T I T B A A
BRI —5, $i 0.1 mg » L' Ni*" a] LU
HEZUFE WL 32 Ny R AR VE FH 9T BB CO. I H
FAGA IR A 32 g 2 ROk}, B R T SR
M4 AL R . SOD 1 il & H i 317 bR, =
Tk 5 R R R B0 A O, POD J2 4 AR 4
RGN — A BB RS BEAT AL bR A R L
) A A A R 73S B O AR I IS LT
SOD F1 POD {ifi 14 3 Jin o] $2 i 4 bk 19 15 1o /6 10 .
AR B N(22. 4 mg » L' N F L 0. 1
mg + L' Ni*° B 7 4 ik 55 & nk iy SOD Al
POD ¥E#, $889 0.1 mg « L' Ni** %f i N % 3%
BZoliRMBARAREMIERES EZEMN. BE
WFoT 2B 3 W NI* B I 5 4 = K A 4h v POD
W70 FLBH Gk R fE g G R R SOD WM R
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