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Abstract: Soil salinity can affect the absorption and transportation of mineral nutrition of plants, and the nutritional
retaining of the soil. To investigate the nutritional supply-demand relationship between soil and plants under soil salinity
conditions, we performed irrigation experiments using one-year old of PopulusX euramericana ‘ Neva’ seedlings, and the

contents of microelements, carbon, nitrogen and phosphorus and ecological stoichiometry were analyzed. The results showed
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that; (1) Under non-magnetized brackish water ( NMBW ) irrigation, the Fe content in both leaves and roots was
decreased, whereas the Cu content was increased, and the Zn and Mn contents were increased in leaves and decreased in
roots. The total carbon content of leaves and roots was promoted by NMBW irrigation, whereas the total nitrogen and
phosphorus contents were reduced; the C/N ratio decreased in leaves was decreased, while the C/N and C/P ratios were
elevated in roots. (2) Under magnetized brackish water (MBW) irrigation, the contents of Fe, Zn and Cu were improved
in both leaves and roots, and Mn contents was decreased. The total carbon and phosphorus contents and C/N ratio of leaves
were increased, while the N content was decreased; and the total carbon content, and C/N and C/P ratios of roots, were
promoted. (3) Under NMBW irrigation, the Fe, Mn, Zn and Cu contents of the soil were decreased, whereas the content lof
available microelements were increased; and the organic carbon and total nitrogen contents, and the C/P_and N/P ratios
were decreased, but the total phosphorus content and the C/N ratio were increased. (4) The total content of Fe,; Mn and Zn
of the soil were improved by MBW irrigation, as were the available content of Fe, Mn, Zn and Cu, whereas'the total Cu
content decreased. The organic carbon and total nitrogen contents, and the C/P and N/P ratios.in soil were all increased.
Therefore,, the magnetization improved the absorption and distribution of microelements in plants and could also improve the
N sequestration capacity of soil and the C supply of plants. Moreover, the magnetization could increase the Fe content and
C/N ratio of plants under salinity conditions, which could maintain normal photosynthesis rates and improve plant growth

and development under salt-stress.

Key Words: magnetization; brackish water; microelements; carbon; nitrogen; phosphorus; ecological stoichiometry
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Feorr Y AR R T A K R SRR R S KA e, #E Ak K
HEWE IS LIEE RS ARG,
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WEXT 3 - R 37 o332 fas ARG R A FAILEE | A BUsiK 8 & 1) R R A ik Al BB A 1) 1o P B B S L Al
1 #EFFE

L1 bR

IR M AE A BR 34 1- 107 ( Populusxeuramericana ‘ Neva’ ) Il B 42 (1.52+0.11) em (K 12 em,
AR ST L AR AR K 2E IR P9 (117°08'E, 36°11'N) A+ e LUERT + 0 3, & %0 28 |
AR5 0.80,0.53,0.70 g/ kg, Hff L AT RLBE G ACH & 43 0 318.50,201.30,13.50 mg/kg i Bl
Ji ¥ i 24.03 g/kg,pH 7.0, FARA W N EAZ 25 em 5 20 em I FE 4, B A3 A HE 10 kg, FFAHESEN
2014 453 AN B4 1B, ARKHERE, AT 5 — A5 B
1.2 BBt

R 7K B i H NaCl :Na,S0,:CaCl,: MgCl, = 4:2:2: 1, Fit il sLHE BE Ky 4.0 g/kg FOMETRGURUK . REAL K A0 3
#%°M Magnetic Technologies L. L. C(BB(PE) A9 U050(12.7 mm) , HAKJE 160 mm, A2 21 mm, /K& 5 m’/h,

IS 4 ASAEHE . 05 AL TURUK FE BEAL B ( magnetized 4 g/L saline solution irrigation, M4 ) ARG LIHUR K
JEBEAL PR (non-magnetized 4 g/L saline solution irrigation, NM4 ) R Ak 1% 7K BERE AL PR magnetized 0 g/L saline
solution irrigation, MO) M AEREALIR/KHE AL B ( non-magnetized 0 g/L. saline solution irrigation, NMO) , &A%
5, HE 6 K, 5 AP 30 em DAL # BB 1T 20 5 AT 4 DA R 3 A v R A0, BB 5 d T
HEWE 1K,
1.3 HEACRAE

FRI4E 8 H 10 HREMKE A iR bR £ 5 (10—15 em) , S50 % KT R BRARIR K AT 8%, 2F 80 H fifi /5 H
FHEICE (microelements ) FIA HLEK (OC) 4% (TN) FI4iE (TP) & & Mk &2 Bk~ & (C/N, ¢/P, N/
P) B E S5 BT o [P SR AT 4 v b S T B AR | 28 FIROK I 25 88 /K S 52 v, 105°C A3 75 /5 80°C it
TEEHE G 60 Hif, T im0 & K (total carbon, TC) & A2 & 2l & .
1.4 WE Tk

(DAL BT R & EE . Fe Mn . Zn, Cu & BT WO 230608 Bk I 7€ 5 Sk R ] K, Cr, O,-
H,S0, 861 5 4 UK LG AUBOIE ; 20k U e @ ke e

(2) HIEH BOCR & HEUAE \Fe Mn Zn Cu 2 (¥ H,S0,-H,0,1H ) FIA G & i (ASHIRRTE ) R
JE W et B I s MLBTSR F K, Cr, O,-H, S0, 25 k32 5 4 0K P9I IC A 200 5 4 Wl >R R AR 8 e (a7
A BR ] NaOH %5 - KO G RE % Wi 20K PH BB 97 180 5 A R0 R ] NaHCO L 12 $2-FH B BT LU (5 32% 5 S AL
KT NH,OAc 242 JEICE
1.5 Hdaib it

K H Bxcel 2013 1 SAS 9.0 #E175H8 A0 3, F1] H 5L 2R 7 25 730 Hr (one-way ANOVA ) Fll Duncan # &2 257
(Duncan’s multiple-range ) #4722 5+ MM (P < 0.05) s % E R ILR Z B AL R H SPSS 16.0,,

2 ERGS

2.0 WEARTHORK FE XA R SR 2R A S

MEE 1 HRE N ORFEAL R (B R 420 Fe Mn Zn I Cu 4 P EITR ST EEF BH (P <0.05), 5%
HEAH L (MO, NMO) |, fUsi K HEBEAR B (M4, NM4) Fe 5 & F&A%, 7 16.6%—19.3% ; Zn Mn I Cu 75 45, 7
WM 6.7%—17.6% 51.8%—61.7%F1 15.0%—29.8% , Zn & &4 = 8 fe K, 5 AR RE AL SUSUK BEE AR L |
SR FE B Fe (Zn A1 Cu 3 FhOCER & dig s, Horh MO %8 NMO 43013511 72.8% (4.8% 1 50.6% , M4 5 NM4
S IHE TN 78.5% (12.1%F1 33.4% .,

UBK FEEAR RALZUT Fe Mn  Zn 5 5 52 FEILE S, M4 & MO 4351 FEAI% 3.9% . 19.2% Fl 23.4% ,NM4 #5
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NMO 735l FEAI% 20.5% ,36.9% F1 25.2% , HerhAEREAL S K HE AR REL LU Fe Mn  Zn 7 & FEARIR K T4 1k
UK FEERE PR | REALAC PR B 5 4R TR R LU Fe Mn Zn B (P < 0.05) . S5ARREL MUK HE AR
L, BEAL SRR HE IR Fe Zn A1 Cu S F4R T, MO 85 NMO 3 B4 55 24.5% .6.7% 1 4.0% , M4 %5 NM4 4351 $2 5
50.4% 9.3%F1 1.8% ; Mn 2 S A, K 13.3%F1 36.9% .

F1 BURBBKERZGTHHMFFIRRAL D Fe Mn Zn f1 Cu IMHETEE

Table 1 The content of Fe, Mn, Zn and Cu in leaves and roots of Populusx euramericana ‘ Neva’ under magnetized brackish water irrigation

b g M-} Leaf A& Root

Treatment  Fe(pg/g) Mn(pg/g) Zn(pg/s) Cu(pg/s) Fe(pg/s) Mn( pg/g) Zn(pg/s) Cu(pe/s)
MO 65.79+1.11a  17.01x0.28b  12.02+0.31c  3.99+0.08b  927.05£12.89a 49.16+0.60b  15.70£0.59a  7.37+0.23a
NMO 38.07+#2.66c  20.39+0.10ab  11.47+0.16c  2.65+0.29d  744.43£9.21b  55.69+0.35a  14.71%0.12a / 7.09%0.22a
M4 54.84+0.80b  20.01x0.31c  19.44+0.27a  4.59+0.08a  890.62+16.99a 39.72+0.71c  12.03#0:14b | 7.46+0.12a

NM4 30.73+0.97d  21.84+0.82a  17.34+0.45b  3.44+0.08c  592.13+9.73c¢  54.39+1.18a  11.01£0.25h  7.33+0.64a

M4 . B AL USRI magnetized 4 g/L saline solution irrigation, NM4 . A% Ak AUS/K HEEAL F non-magnetized 4 g/L saline solution irrigation, MO

WEALTRIKHE WAL B magnetized O g/L saline solution irrigation , NMO : JE G AL IR 7K 3 AL B non-magnetized 0 g/L saline solution irrigation ; & H 448 3
YOI ZE 1 P BB AR DR, [RAT TR [R)/NE B3R R A BN 1) 22 535 8] 1 7KF- (P < 0.05)

2.2 REARSHUROK HE IR X R R i Rl % o S TR

W ZH 20 R | 4 URN A B 0 (3 2) MR R - B> > LB T R B, 1K 246.6—559.80mg/
ke, B AR 20 & o M E 472.2% 81 207.7% , 5% FRAH (MO, NMO) -, sl I8 A BRI - 20 20 b Bk
AR A S R A, b R R R R B A K, O 28.9%-—39.7% ; M4 55 MO 43 B B A 39.7% .4.3% FNI
0.1% ,NM4 % NMO 43 HIF#AIK 28.9% .8.1% 1 25.9% 5 C/ N AR 21.7%—36.9% , i %t C/P Fl N/P HAE TG i &
S, 55 ARG A UK HE IR AR L, AR SRR T I B RT A B 2 /N LR, FLh MO 488 NMO 435
P 61.3% .65.5%F11 90.0% , M4 % NM4 43 1 HE 5 37.0% 123.2% M 53.1% , HILE 1, BEAC R K FE 1 -
F AT B B S VR A 2 AU AR 10.5%<14.0%

R2 BUABBKEBRRGETHRMRABREBIERESKFEITSLT

Table 2 The content of total carbon, total nitrogen, total phosphorus and ecological stoichiometry in leaves and roots under magnetized

brackish water irrigation

b 7 Leaf HZ Root

Treatment MO NMO M4 NM4 MO NMO M4 NM4

MR (TC) /(mg/k

T [Wf b) (mg/ke) 559.80+61.68a 347.00+18.03b 337.80+18.81b 246.60+19.80b 253.80+24.68c 189.80+20.76¢ 517.00+5.00a 424.80+38.78b
otal carbon

2R (TN)/ (mg/kg)
Total nitrogen
LW (TP) /(mg/kg)

Total phosphorus

65:15+£0.99ab  75.79£2.09a  62.36+5.87b  69.68+4.10ab 100.10+5.64b  174.88+35.40a  86.24+4.31b 156.66+24.10ab

287.01+16.82a 173.41+10.44b 286.75+41.18a 128.45£9.70b  59.34+12.84a  49.96+9.82b 40.40+3.63b 46.49+1.96b

C/N 8.59+1.09a 4.52+0.12b 5.42+0.67b 3.54+0.06b 2.54+0.31bc  1.09+0.42a 5.99+0.68a 2.71+0.65ab
C/P 1.95+0.84ab  2.00£0. 24a 1.18+0.13b 1.92+£1.35ab  4.27+0.51¢ 3.80+0.12d 12.80+0.36a 9.14+0.17b
N/P 0.23+0.08ab  0.44+0.07b 0.22+0.21ab  0.54£0.13a 1.69+0.21¢ 3.50+0.08ab 2.13+0.04b 3.37£0.16a

HRRALUT, 5% A (MO, NMO) |, SUsliK ik stk & & 50 103.7%—123.8% ,C/N Fil C/P [L{H
P M4 B8 MO 43513800 135.8% 1 201.4% ,NM4 %8 NMO 43 5l HE 55 148.6% F11 140.5% , (B Xt N/P %A W 5%
mi, LA OSOK AR T AR T IR AR AR R AR R 5 A RURN 2 B i WU R AR, M4 38 MO FEAIK 13.6%
F131.9% ,NM4 % NMO F#AIK 10.4%H1 6.95% . 5 AR ACTUS K HEBEAR L, REARUSOK HEWE | B & & L. C/N
1 C/P Ml 42, Hirh MO %5 NMO 43 13 %5 33.7% . 133.0% 1 12.4% , M4 %5 NM4 43 514215 21.7% . 121.0% il
40.0% ; =R A N/P LG E FEAR, MO 5 NMO 43 51| B A% 42.8% F1 45.0% , M4 ¢ NM4 4353l BEAIK 51.7% Fil
36.8% ; X AWl fr i A WS,
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MR R AL SR A, R PR 4 C/P FI N/P HUAE N 5 T H |, B R WURK HE A
P TARREALUBOK E AR B 5 20 B2 C/N LB I BTG, {EL AR TOR K HE AR AR vh W A C/N 8 TR RE AL
JEKHE R R RE . PO REARAE AR I B FIAR R LS s R BE 3R e
2.3 REACTRROK FEE X R T R e M RS B A5

TR TR AT E ST & B, 5% REAR L (MO, NMO) | (s K HE I 1 3 Fe \Mn Al Zn 4T
o M4 #5 MO A 6.1% .13.8% Fl1 9.5% , NM4 % NMO F#4I 21.9% .7.2% 1 23.8% ; Cu 4= 42 5, 43 5N
11.09%#119.6% , HA45Ab PHA] 52 .35 22 5 KF- (P < 0.05) 3 5 AR AL UK FEBEAR L (NMO, NM4 ) |, fARARUR
JKHEE +HEd Fe Mn F1 Zn S 8325, Hrh MO % NMO 2 513800 22.4% 28.3% F1 25.5% , M4 % NM4 43 342
15 47.0% 19.2% F1 49.1% , Cu 4= 5 W R, 23 510 0.7% F 8.1% , H 4% 4b ¥ i) A 5 i 25 25 50K F (P <
0.05) .

TR TR A B A I AT & B, 50 BRAR L (MO, NMO) |, fUslK i 48 Fe Mn Hl Zn %
HERE Hh M4 & MO 7 B3R E 49.7% 12.4% 1 18.9% ,NM4 48 NMO 4351142 5 3.6%8.2%H1 8.6% ,Cu %%
BE WAL, 2518 12.6%F1 5.0% , H45 2 F ] SR 2 182 22 5 KF (P < 0405); 5 3B A6 fUs0K #E 8 AH
L, B AR TR K THE IR 4 S rP A RS Fe M Zn F1 Cu &5 B 24 PR, MO %8 NMO 43 P& 43 3% 43.1% 20.0% il
16.8% , M4 # NM4 43 BIAK 18.1% 40.9% 12.4% F1 23.4%

R3 HMABBKERN T BEMETRLEAENARSRENZM

Table 3 The content of complete and available microelements of Fe, Mn, Zn and Cu under magnetized brackish water irrigation

A FR Tt K 2% Complete Microelements TR A A B Available Microelements
Treatment  Fe/(ug/g) Mn/(pg/g) Zn/(pg/g) Cu/(pg/g) Fe/(ng/g) Mn/ (pg/g) Zn/(pg/g) Cu/(pg/g)
MO 2261.02+28.87a 270.33+2.78a  70.07+0.41a 18.96+0.38c 8.27+0.09d 7.02+0.04d 1.96+0.03¢ 1.83+0.02¢

NMO 1846.98+7.72¢  210.67+0.43c  55.82+00.62¢  19.10+0.66¢ - 14.59+0.09b 12.34+0.09b 2.45+0.01b 2.20+0.01a
M4 2122.16+11.02b 232.98+1.96b  63.39+0.35b 20.99+0.22b  12.38+0.13¢ 7.89+0.03¢ 2.33+0.02b 1.60+0.01d

NM4 1443.27£16.95d 195.42+2.61d  42.53+0.32d 22.85+0.31a  15.12+0.9a 13.35+0.03a 2.66+0.07a 2.09+0.03b

2.4 WAL IR X - MR Rk U 7R 40 R AE Y 5

WA R i ARGy, e ) ISR R IR A S R R HEE N 7, K B2/ &%
i) - e 0 W s RV 0 oM SR A LR ) SRR XA LK A B B (K 4) 3 ME
FRICRAE LI 5 EFIMK O B> 42 R >0, 556 BEAH (MO, NMO) |, sk I v A 34 AR A
SR A BT, Hor M4 B MO FEAIK 4.9% F1 31.9% , NM4 % NMO A% 24.3% Fl 28.1% ; 2 W42 5 22.4% Fl
38.0%, SARMEALHUS K L AR L, 04 fh fsUs 7K W A 4 g HLASR AN 4 R0 R e, Hib MO %5 NMOo 4R
15.9%F1 61.8% , M4 # NM4 4355 45.7% 1 53.1% ; 2 BEFEAK, N 25.0%F1 19.9%

R4 BUBBKERLEFNBR SEVEMAIERESLFITELL
Table 4~ The content of organic carbon, total nitrogen, total phosphorus and ecological stoichiometry in soil under magnetized saline

water irrigation

s AHHLEKR(OC) 2R (TN) LWE(TP) FHLB 2R (C/N) BB/ 2(C/P)  2E/2BE(N/P)
Treatment Organic carbon/ Total nitrogen/ Total phosphorus/  Organic carbon and  Organic carbon and Organic carbon and

T men

y (mg/kg) (mg/kg) (mg/kg) total phosphorus ratio total phosphorus ratio  total phosphorus ratio
MO 5570.99+59.18a 3108.34+41.73a 93.00+0.21d 1.79+0.03b 60.01+£1.79a 33.49x1.14a
NMO 4807.02+132.59¢ 1921.30+20.12¢ 124.00+0.11b 2.50+0.07a 38.80+1.39¢ 15.50+1.33¢

M4 5299.67+13.96b 2117.09+26.85b 113.80+0.14¢ 2.47+0.03a 45.96x1.11b 18.60+1.16b
NM4 3638.21+128.88d 1382.47+5.35d 142.00+0.10a 2.63+0.10a 25.62x1.65d 9.74+0.94d
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AL E TR I (C/N/P) 2 HIETERER AR SR Z SR i o, tE H AR TR i &
BdEbR, 55X AL (MO, NMO) , sl K #E i+ 3t C/P A1 N/P L (8 R e, Horb M4 % MO F&AI% 23.4% il
44.5% ,NM4 % NMO F&AIX 34.0%F1 37.2% ; C/N $& 15 4.5% 1 5.2% , N/P R FEIEE e K 37.2%—44.5%, 5k
WEACIUBK TE R AR L, R AR THOROK HEIE 338 C/P A N/P LUAE R 1, MO %5 NMO 32 55 54.7% Fil 116.1% , M4
A NM4 #2155 79.4%F1191.0% , BEAL S K HEE 380 N/P 2 @i B fe KR 91.09%—116.1% ; C/N FEAK 554
28.4%F1 6.1%,

3 @it

3.1 WEARTSUROK I B 52 W AR ) 55 0 R R R A b 2 T

R AR R ZU AL THUBOK E R IS AR Fe Zn T Cu % 5395 T AERE AL HUSUK FERAE MR , 55 R4
AU I Harsharn 5 X625 GRG0 rp (0 o0 R & B O W 98 25 SR AL, e i T A AR IR T K T R
BRI TR MR R T8, W3 A7 A S5l B 22 5 BB, 30 Turker 2510 B0, REE T R #2001 1)
HZEHP R R BN LR ER R A&, X 0] USR8 i % 8 32 0 R R, B AE LI PN A3 i — it
SR AR TS, HA5 BUAMA pH K/MHESE, R H Fe 5 8RR, UABIER i AR R0 MR B2 fi fE 1 855 , X 556
PRIFEE X pH I Ak WSR2 B AT 7 25 SR — 30, B RN R L i) 2k 3 Tt 7% M 32 o AMAR pHL 1A
B RARRFN R Fe &2 8, M BUEBEER , X2 i FREACVE AT DU S SAMA pH R 18 9 5% i 2k 1Y) 15 i iz
Sy AEE AMA R B TS AL , B S AL I Bk — 5 i i B TR AR s g 2k S 5 ek R A, 55— B R
AR JEE Zn AEM R BRI ER 4 IR B R AZ WAk AE F R, R RRAR X Zn MR SCRE 14
5if AR R A B BE B, nh 4 Zn B R ABEAERB A 1G5 T L Cu RV Z /DRI B AR
KA VER = A, WAV FAERE T AT 35 KT B9 Cu , 3 AN AT ARG 5 2 A6 14, 38 1T DAAERE6 A 1
B IEH 617,

RO AR LA A A L B R AR ) R B2 T &= U AR Rk B 2 AR 9 A8 3 A 72 P A I A e
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