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Administration for Silviculture in Lower Yellow River, Tai’an 271018, China; 3. Yili Academy of Forestry, Yining 835000, China)

Abstract: In order to investigate the effect of magnetized water irrigation on plant growth and tolerance to heavy metals, a random-
ized block experiment was designed to explore the photosynthetic characteristics, chlorophyll fluorescence kinetic parameters and
growth characteristics of 1-year-old Populusxeuramericanna ‘Neva’ under three cadmium concentrations (0 umol-L™", 50 pmol-L™",
100 pmol-L™") of magnetized water solution. The results showed that: 1) plant height, stem growth and dry matter weights of roots,
leaves and stems significantly dropped under cadmium stress. While root diameter and volume were enhanced under low cadmium
concentration (50 pmol-L™, P < 0.05), root morphology parameters were inhibited under high concentration (100 pmol-L™"). Com-
pared with 0 pmol-L™' cadmium treatment, chlorophyll b and carotenoid contents decreased respectively by 12.50% and 19.27%
under 50 pmol-L™" cadmium treatment, and 43.24% and 46.37% under 100 pmol-L™" cadmium treatment (P < 0.05). Net photosyn-
thetic rate (P,), transpiration rate (7;) and intercellular carbon dioxide concentration (C;) respectively decreased by 13.68%, 8.07%
and 5.00% under 50 pmol-L™ cadmium treatment, and by 33.68%, 27.81% and 14.99% (P < 0.05) under 100 pmol-L™" cadmium
treatment. PS  potential activity (F,/Fy,), maximum photo-chemical rate (F,/F,), photosynthetic performance index (PIabs) and
quantum yield (Dg,) also dropped to varying degrees. 2) Compared with non-magnetic water treatment, magnetic water treatment
enhanced the growth of plants under cadmium stress in terms of height and stem, increased dry weight of roots and leaves and
also root length and surface area of the plant. The contents of chlorophyll a increased by 16.99%, 6.55% and 4.02%, and carote-
noid content increased by 17.32%, 19.38% and 50.52% (P < 0.05), respectively, under 0, 50 and 100 pmol-L™" cadmium treat-
ments. While P,, G, C; and WUE increased, the differences were not significant. However, 7; reduced respectively by 24.20%,
23.33% and 12.06% (P < 0.05). In addition, F\/Fy,, F,/F, and ®g, remained stable whereas Plabs increased respectively by 8.01%,
20.63% and 31.09% (P < 0.05). In summary, magnetic treatment of water increased the contents of photosynthetic pigments, main-
tained the function of photosynthetic apparatus, heightened the rate of photosynthetic carbon assimilation and subsequently relieved
the inhibition of plant growth by cadmium stress.

Keywords: Cadmium stress; Magnetic treatment of water; Populusxeuramericanna ‘Neva’; Photosynthesis; Plant growth
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Table 1 Effect of magnetized water irrigation on photosynthetic pigments contents of Populusxeuramericanna ‘Neva’ under
different exogenous cadmium stresses mgg "
a b
Treatment Cholorophyll a Cholorophyll b Carotenoid Pigment content
NMO 1.907+0.033Ab 0.784+0.016Ab 0.358+0.005Ab 3.049+0.052Ab
NM50 1.724+0.089Aa 0.686+0.029Ba 0.289+0.027Ba 2.699+0.139Ba
NM100 1.127+0.052Bb 0.445+0.020Cb 0.192+0.008Cb 1.7634+0.080Cb
MO 2.23140.024Aa 0.852+0.012Aa 0.420+0.007Aa 3.503+£0.039Aa
M50 1.837+£0.035Ba 0.732+0.013Ba 0.345+£0.009Ba 2.950+0.056Ba
M100 1.580+0.033Ca 0.619+0.009Ca 0.289+0.006Ca 2.488+0.048Ca
NM: s M: ;0 50 100 0 pmol-L™" 50 umol-L™" 100 pmol-L™" 3
+ (P<0.05),

(P<0.05) NM: non-magnetic treatment of water; M: magnetic treatment of water. 0, 50 and 100 represent 0 pmol-L™', 50 pmol-L™" and 100 pmol-L™!
cadmium concentrations, respectively. Data in the table are the means + SE of three replicates. Different capital letters indicate significant differences
among cadmium concentrations for the same magnetic treatment of water at 0.05 level. Different lowercase letters indicate significant differences
between magnetic treatments of water for the same cadmium concentration at 0.05 level.

2.2 (P<0.05), P, WUE M100
43.06% 31.96%(P<0.05), M50
( : (NMO  NM50
2), , (P.) NM100), (MO M50 M100)P,
(T, CO,  (C) NM50 NMI00 28.77% 28.90% 10.00%, M50  NMS50
13.68% 33.68% 8.07% 27.81% (P<0.05), MO NMO MI100 NMI00
5.00%  14.99%(P<0.05), (G)  NMI100 :G, C; WUE 39.40%
35.29%(P<0.05),  NMS50 11.71% 29.48%, 5.80% 4.52% 6.12%, 68.81%
; (WUE) NM50 NMI100 70.90% 25.41%(P<0.05); T, 24.20%
,T, Go G M50  MI100  23.33%  12.06%(P<0.05)

F 2 HWKLIEIEPEB TREMIT R SERRSHFZN
Table 2 Effect of magnetized water irrigation on leaf gas exchange parameters of Populusxeuramericanna ‘Neva’ under different
exogenous cadmium stresses

CO,

Net photosynthetic rate ~ Transpiration rate (7;) Stomatal conductance Intercellular CO, concentration ~ Water use efficiency

Treatment (P,) (mmol'm2-s™") (mmol-m*s™") (Gy) (mmol-m™s™") (Cy) (mmol'mol™) (WUE) (pmol-mol ™)
NMO 9.50+0.15Aa 4.71+0.17Aa 329.67+14.84Ab 331.22+2.79Ab 2.02+0.11Ab
NM50 8.20+0.23Bb 4.33+0.04Ba 298.89+3.90Ab 314.67+1.39Bb 1.89+0.05Ab

NM100 6.30+0.17Ca 3.40+0.07Ca 213.33+5.72Bb 281.56+5.31Cb 1.85+0.03Ab
MO 12.17+£0.92Aa 3.57+0.33Ab 459.55+9.65Aa 350.44+2.25Aa 3.41+0.25Aa
M50 10.57+0.09Aa 3.32+0.29Bb 333.89+2.63Ba 328.89+2.99Ba 3.23+0.24Aa

M100 6.93+0.51Ba 2.99+0.04Cb 276.22+22.37Ba 298.78+2.48Ca 2.32+0.01Ba
NM: ; M: ;0 50 100 0 pmol-L™" 50 pmol-L™" 100 pmol-L™" 3
+ , (P<0.05),

(P<0.05) NM: non-magnetic treatment of water; M: magnetic treatment of water. 0, 50 and 100 represent 0 pmol-L™", 50 umol-L™" and 100 pmol-L™"
cadmium concentrations, respectively. Data in the table are the means + SE of three replicates. Different capital letters indicate significant differences
among cadmium concentrations for the same magnetic treatment of water at 0.05 level. Different lowercase letters indicate significant differences
between magnetic treatments of water for the same cadmium concentration at 0.05 level.

2.3 (Pr) NMS50 0.48% 237% 1.14%,
. NM100 1.68% 9.04%
3, , , 5.88%(P<0.05); (Plabs)  NM50
(FJF.) PS (F,/F,) NM100 14.11%  27.21%(P<0.05)
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, M50 M100 F,F, F,F, Plabs Plabs @, , FJ/F, F,/F,

0.72% 4.07% 12.20%  0.95% 0.84% 0.60% 1.59% 5.72% 3.89%

5.91% 19.14%(P<0.05), P, 0.92% 1.47%, 1.59%(P<0.05); Plabs 18.01% 20.64%
(NMO NMS50 NM100) , 31.09%(P<0.05); P, 3.23% 3.45% 8.06%,

(M0 M50 M100) FJ/Fn FJ/F, MI100 NM100

F3 HUKLEIEMETREMMFERRALSEMEZN
Table 3  Effect of magnetized water irrigation on chlorophyll fluorescence parameters of Populusxeuramericanna ‘Neva’ under
different exogenous cadmium stresses

PSII PSII
Treatment Maximal efficiency of PSII Potential activity of PS II Photosynthetic performance Photosyr}thetic performance
(FV/F) (F/F,) index (Plabs) index (®g,)

NMO 0.832+0.001Ab 4.931+0.038Ab 7.803+0.038Ab 0.527+0.009Aa
NMS50 0.828+0.002Ab 4.814+0.056Ab 6.702+0.056Bb 0.521+£0.004Aa
NM100 0.818+0.001Bb 4.485+0.045Bb 5.680+0.045Cb 0.496+0.004Bb

MO 0.839+0.001Aa 5.213+0.032Aa 9.208+0.032Aa 0.544+0.002Aa

M50 0.833+0.001Ba 5.001+0.052Ba 8.085+0.052Ba 0.539+0.008Aa
M100 0.831+0.001Ba 4.905+0.042Ba 7.446+0.042Ba 0.536+0.002Aa

NM: ; M: ;0 50 100 0 pmol-L™" 50 pmol-L™" 100 pmol-L™" 3
+ , (P<0.05),

(P<0.05) NM: non-magnetic treatment of water; M: magnetic treatment of water. 0, 50 and 100 represent 0 pmol-L™", 50 umol-L™" and 100 pmol-L™"
cadmium concentrations, respectively. Data in the table are the means + SE of three replicates. Different capital letters indicate significant differences
among cadmium concentrations for the same magnetic treatment of water at 0.05 level. Different lowercase letters indicate significant differences
between magnetic treatments of water for the same cadmium concentration at 0.05 level.

2.4 , NM50  NMI100 ,
12.56% 8.10% 13.77% 15.70% 19.73% 23.08%,
( 4, NMO , NMS5O NMS50 (P<0.05)
NM100 5.81% 6.66%(P<0.05), ,MS0 M100 10.54%
1.53% 230% MO M50 MI100 11.15% 8.80% 20.72% 13.28% 15.05%,
4.54% 6.47%(P<0.05), 5.77% 6.33%, (NMO NM50 NM100) (MO
(NMO NM50 NM100) M50 M100) :

(MO M50 M100) 1.27%
2.64% 147%, MO NMO M50 NMS0

(P<0.05); 6.21% 1.64% 1.83%,

: 12.66%,

14.07% 16.72% 7.29%
21.77% 28.80% 34.49%, MO NMO M50 NM50
(P<0.05); 427% 0.81%

F a4 HAKLEIEPETRERERKRENE RN
Table 4 Effect of magnetized water irrigation on growth and biomass of Populusxeuramericanna ‘Neva’ under different exogenous
cadmium stresses

Biomass (g)

Treatment Height (cm) Base diameter (mm) Root Stem Leaf

NMO 189.3+£0.67Ab 11.754£0.13Ab 7.32+0.06Ab 40.25+0.52Aa 20.62+0.26Ab
NM50 178.3+6.06Bb 11.57+0.40Aa 6.40+0.13Bb 36.99+0.10Ba 17.78+0.45Ab
NM100 176.7+8.09Ba 11.48+0.06Aa 6.17+0.02Ba 32.31+0.43Ba 15.86+0.87Bb

MO 191.7£7.31Aa 12.48+0.15Aa 8.35+0.03Aa 41.97+1.06Aa 25.11+£0.33Aa

M50 183.0+11.73Ba 11.76+0.26Aa 7.47+0.09Ba 37.29+0.41Ba 22.90+0.83Ba
M100 179.3+5.81Ca 11.69+0.25Aa 6.62+0.10Ca 36.40+0.64Ba 21.33+0.37Ba

NM: ;0 50 100 0 pmol ™" 50 pmol L™ 100 pmol-L™ +
(P<0.05), (P<0.05) NM: non-magnetic treat-

ment of water; M: magnetic treatment of water. 0, 50 and 100 represent 0 umol-L™", 50 pmol-L™ and 100 pmol-L™" cadmium concentrations, respectively. Data in the table
are the means = SE of three replicates. Different capital letters indicate significant differences among cadmium concentrations for the same magnetic treatment of water at
0.05 level. Different lowercase letters indicate significant differences between magnetic treatments of water for the same cadmium concentration at 0.05 level.
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2.5 (NM0O NM50 NM100)
, (MO M50 M100)
5 , NMO , NM50 NMI00 9.40% 8.35% 1033%, MO NMO M50
, 5.14% 16.73%, NMS50 (P<0.05);
54.12% 0.38% 8.56%  49.28%
13.91% 14.06%, MO NMO (P<0.05)
TS5 HLKLGEFEHETRERIRESHEZN

Table 5 Effect of magnetized water irrigation on root parameters of Populusxeuramericanna ‘Neva’ under different exogenous
cadmium stresses

Treatment Length (cm) Average diameter (mm) Surface area (cm®) Root volume (cm®)
NMO 460.12+7.43Ab 0.44+0.01Bb 64.85+1.10ABb 0.69+0.05Bb
NMS50 436.48+10.42Ab 0.53+0.01Aa 72.85£5.49Aa 1.15+0.15Aa
NM100 383.15+7.01Ba 0.43+0.01Ba 57.93+2.71Ba 0.64+0.04Ba
MO 503.39+3.58Aa 0.56+0.02Ba 99.95+4.24Ba 1.03+0.10ABa
M50 472.93+4.85Aa 0.52+0.01Aa 73.13+0.49Aa 1.31+0.24Aa
M100 422.73+25.59Ba 0.44+0.02Ba 62.89+2.51Ba 0.73+0.03Ba
NM: s M: ;0 50 100 0 pmol-L™" 50 pmol-L™" 100 pmol-L™' 3
+ , (P<0.05),

(P<0.05) NM: non-magnetic treatment of water; M: magnetic treatment of water. 0, 50 and 100 represent 0 pmol-L™", 50 pmol-L™" and 100 pmol-L™"

cadmium concentrations, respectively. Data in the table are the means + SE of three replicates. Different capital letters indicate significant differences
among cadmium concentrations for the same magnetic treatment of water at 0.05 level. Different lowercase letters indicate significant differences

between magnetic treatments of water for the same cadmium concentration at 0.05 level.
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