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Wi 24 N2 o TR A /K VRETBR PRI 7 2 4 rp T 4K
HIER . EWEKRE R RERMAERD, Hezx)
TEVDL & S5 BIRSIIBTTL . i oN fR K B HBOCH.
SR U — AW, 1E B R KR ) itk
X, SRR AR, BRFE,
H— @M RAEOMERNZG B, U EE R A
BERC o CHUMR ph (R OB ) ALY AN e i 2 ik s
FEANFIZR PR A AL BERER A S0 R DA LEE
Wk BTRTERAM R, DU A A
73 TR FE RS 7K RET R 4 7 B ) S MR RO o

1 MR5REE

1.1 i3awfy

RIET 2019 4E 10 H—2020 4F 1 AR S
S X /N LN 2 1 B SORS ROl AR 56 L 1 H i
EWEHT . R H YR = RN 16.84 C,
PRI 72.79%, HIRER IR 1. F3ERE 3
AR H 0~20 cm T2, Nk iiE L, HIAKT
JE R 2 mm i, AR L 1. W58 AT
RN AR 28 cm, 75 23 cm. FEEEEA 10 kg KT
+, S AR E (BN 46%) TR e (&
N 12%, P,0s5 42%) TR ERHH (£ K,0 52%)1.96.1.91,
1.92 g fERIRAE, H5 LIRS, AFEHNAE
B WoKEE Bt =KE S, B&. BB Eam
JREWRE /5N 6.25. 0.12. 35.73 mg/L, KK
FAEER BK AR B K, S GRS
IKFEAE R A LR KOK B Frve, B, Ak,
SRR E 7N 13.41. 0.58. 92.60 mg/L, [7]
YOKHERIN 2 o/l &AL (O3Bt #I &MUk (T
1L 2.46 g/L) o WEG S FA R KFIASE, BB &K
F B @A w AR 2 Act BUREAL 3%, BB T i
SHis, HEB KRBT IR A AN, KT
FEAESLIR, BRI B K . RN, SR 50 LK
AL EEBE /K, 750 W 36 38 I, 45K DL 2.2
m3/h B ESE B A2 32 mm ) PVC /KA, HI15;
K, NAFERAOR, BEALET 1] 5 min, {#£37K3
3R 5~6 IR, HitL#sREWE 2,

40- R 1100

/L — WE 190

N AN [ so

30 170
© 257 % 160 8
R20 Ve 150 =
5] \\/\\ AN o 140 B

SV VY

10t V730

120

St 110

0 L L L L L L 0
0 10 20 30 40 50 60
SE R I /d

B 12 UREE R

Fig.1 Changes of air temperature and humidity

( T Flow of water \\>T
\ = T
\ N
\ \

J
\\\\// \\\ ) /

B2 #EFE
Fig.2 A schematic view of the magnetizer
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WEARAREE (MDD 2 A7KF, HEBRK IR B E R K (T,
FAEK (T2). fUdK (T3) 3 ANKF, Ft6 M
Wi, RN ARTBACRAKRERE (MOTL) ARHIA AR
IKRERE (MOT2). REEABOKHEERE (MOT3). Ttk
WARER (MITD. B AR (MIT2). Wit
WRUKEBE (M1T3), M/MEFES 3 K.

2019 4 11 F 26 H, st K FHAHE I 6 1 1003
AESREM, BEE LML, 2AFEW69d, R A KHE]
Wi, EH, BN 23 d A, BORAIAR
A, NORIEAE KA 3Ky 78 2, OB HTRREK
1K) 80%JE /K T IR, FHEHEZK R (1) 95% /K LR,
A RR VAT AR R R AR, YA KR
BEACEIE A T BRIN, EAT WE KA 35 5 /K I BEK
LBR

k1 BEAEHR

Table1 Physical and chemical properties of soil

R IR, WRgKER EC/ i IR  AEE ESERE WAEE O AR R/
(gem3 (emem®  (emlem®  (msmb P (gkgh (gkgh (mg kg™ (mg kg™ (mgkg™  (mgkgh
1.42 27.99 47.61 7.20 7.66 23.00 1.18 16.60 9.80 13.40 147.00

W IR AR I AR AR
1.3 MBMES#thrsE
131 A&k F HAMERE
FANEEW, XHEE PP Systems A @477 1

CIRAS-3 ADEAAN, EFEIEEHRA M 09:00—11:00,
e B B AR S R e 4 R s AR SR
HOGE TR B R
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1.3.2 R AMEEFH

AR SRR, EEN A RIS 1 R sE R
AR A 0.5 g, 43 3 ¥R (2. 2.1 mL) JEhIA 5 mL,
0.05 mol/L [ FRZE MW (pH 18 7.8) B | ke,
T B AL BL 4 000 r/min B0 20 min, EiEWH T
EPUEME G . BEY LR (SOD). W% ik
Vil (POD). HEALERE (CAT) Wl5E 737K FH A&
U mERA o GIAREEPA, H,0, 4 A R iR,
133 "tAF Tk

AECRHYLIRE RIS 20 8. 28, 245,
B E K A A G S B TR ORI A0E

(ICP—OES).

134 =&

WK, KAz AR ZE A0 T I, 25 BT /K R
P FE ORI T, S A F - FEAR St b R b 356
IEER &, AR5 7E 105 C T84 F A&7 15 min, 60 C
T4 o B E S e T
1.35 #KFFKF) B %

H 08:00 K H L7 FHINE BRI 2 0 B, I
K T BRIEATHEAK, 1SR, ok H R — B )RR &
TEFERNAFKE GEHREK, HFKERNYHE
BRI K E SR HEREZED, KRR %
R O(WUE) =A== &4 E WK E.

1.4 BB

HAE AL F Microsoft Excel 2010, K2 %
H Origin 2017 ¥4, it/ #rkH DPS7.05 B4,
% LK H Duncan $r &k Z1%.

2 BERE 5

2.1 ERNERESEBRES

B 3 AT A, ANFEZKISHECAL I S BERE, 8 h
R, HAREIAEKPIELEERERA, &
KEEtEE R ES, KT L EERR/D.
AKFTS A, 3 PRI AL BEHE BRI 3 = T A
LG ER, HERARE; AKPH, MITL.
M1T2 435 MOT1. MOT2 AbFEAHLL, 3Ets
Ry ) B E R 11.16%. 14.73%, MIT3 AbHiEg
MOT3 AbEE (A i Gl R fE = 4.97%, (HZERA
BF. BAEKIY, MOTL ALFE: MOT2 F1 MOTS3 4t
B A R TR 22 740, AFRAEKRE, U
KR K ORI B AR KO B ) O A R R B AR
20.16%~31.72%. S5iR/KFFEFA KL, sk EE
AR SR ML Al . I 4 w1, ARFEZKIRREL
A ERFER I AR SRR I T e i s, o AR K AT AR
H, MIT2 AbFREE MOT2 Ab 3 A S 78 15 R 4y 5
B S 18.35%. 23.57%. MURZKACEE AL S A% 1
AR ER KR AR K A B A, FLBEAE A & A R ek,
TR 7 Ak BT 225 J0 e 2 R 4 | A B B 3 K
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Fig.3 Net photosynthetic rate of lettuce
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Fig.4 Transpiration rate of lettuce of lettuce
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2.2 £ EEEEM S

2 w51, AFEZKIEREACEE 5 H#EBE, SOD.
POD. CAT ifthE# %, MITL AbFE4E: MOT1 AbBE S35
TR 18.08%. 20.97%. 22.54%, MILT2 AbFREE
MOT2 AL 53 51 B2 2 /= 12.77%. 18.14%. 23.09%,
M1T3 AbPEREE MOT3 AbFE4» 57 2 3 7 14.68%.
16.99%. 18.55%. AMALALEEN, FUBUKERK. T
A /KHEIRE Y] SOD A1 POD 473 7 ¥ 3 P4 A% 12.20%.
15.57%F1 14.74%. 14.14%; WEALAEFER, HUsiKEE
FAEKHEBER) SOD ¥l 22 P4 6.95%, IHUsiuKER
RIK S FRAEZKIEBE ) POD ¥ 14 il 2% 11K 6.48%.7.86%.
UK 5 ¥R 7K FRAR KB IY) CAT VI T B3 2 5.
2.3 ¥R RITESR

FHE 3 AL, ANEZKIRRE AL 3 5 EBE, AR Rt
ARG, MIT1, M1T2 435 MOTL.
MOT2 AbFARLL, A Srt i B & 5 800 i w3 e s
7.71%. 6.83%, MI1T3 AbF#; MOT3 AbFE, A:SEM
BRE B S 3.75%. M1T2. MOT3 Ab3 R ) U
OB WA IR R B NI, R A B A B /N A
R 15.96%. A [FIKIREREAACERRERE, ARt

P, Ca. Mg. Na. K i &7 80H A RIFEERIE S,
HERZEZR. P. K. Mg im0 Hus KA H ) R
M1T1, %354 7.03. 61.12. 2.95 g/kg, #if/NabEE
SR 20.17%. 7.74%. 26.61%; Ca. Na Ji
R A g MAT3 403, fe /M BN MOT,
M1T3 AbPREZ MOTL AbFE) 5 B2 $2 5 13.03%.
92.71%. UK 5I%K. FAEKEBME, N. P,
Mg &= ECA BT, K. Ca JliE 0 30E Frde s,
Na /it & 77 302 Z 5w
k2 AERAMNEHENR
Table 2 Antioxidant enzyme activity of lettuce

s sSob/ (Ug?  POD/ (Ug*min?) CAT/ (Ug'min®)
MOT1 259.14+11.08b 378.3328.79cd 35.500.18b
M1T1 305.9946.74a 457.67+1.41a 43.5040.46a
MOT2 269.46:4.45h 393.1747.82¢ 33.1740.23b
M1T2 303.8745.58a 464.50+11.63a 40.830.21a
MOT3 227.51412.62¢ 365.83+14.27d 34.6740.16b
M1T3 260.903.80b 428.00423.15b 41.1040.32a

T AFRVNE FRFOR RSV EWRFE R R (P<0.05) , T

k3 AFRAT ALE

Table 3 Mineral element amount in lettuce leaves g/kg
Qb N P K Ca Mg Na
MOT1 31.76:+1.38hc 6.3840.22abc 57.94+1.27ab 5.9140.23b 2.6240.22hc 1.9240.26b
M1T1 34.2142.49a 7.0320.31a 61.1240.98a 6.3240.19ab 2.9540.20a 2.0740.32b
MOT2 33.2542.05b 6.8940.29ab 56.73+1.90b 6.260.10ab 2.4630.12hc 2.2540.08b
M1T2 35.52+1.03a 6.5540.28ab 59.25:+1 25ab 6.5340.35a 2.6740.14ab 2.1840.17b
MOT3 30.6340.92¢ 5.854).57¢ 58.40+2.08ab 6.5440.28a 2.3340.08¢c 3.6140.29a
M1T3 31.78+1.40bc 6.2640.35hc 59.9740.35ab 6.6840.09a 2.5840.16bc 3.7040.22a
kA4 EEFFHoR A R E
Table4 Lettuce yield and water use efficiency
5 B/g T Elg
bGEE R 285 (kg ®)
Hhy B3 H R Hb b H R
MOT1 362.66428.30b 17.6140.62bc 23.71-+1.85abc 2.0140.34cd 44,2442 80b
M1T1 396.82421.74a 19.7141.42ab 26.10+40.86a 2.5340.21ab 47.9842.41a
MOT2 353.21412.04b 18.1540.71hc 22.05:+1.09bcd 2.2630.17bc 43.3542.07b
M1T2 389.06424.65a 21.61+1.86a 25.61+1.22ab 2.7240.19a 48.40+43.23a
MOT3 297.37416.76c 16.4640.49¢ 19.88+0.73d 1.680.24d 40.13+1.66¢
M1T3 309.10410.55¢ 18.50-40.58bc 21.5640.64cd 1.9440.10cd 42.1541.05hc

2.4 EXFERIKGFRYEERS

12 4 7/ %0, 5 MOT1. MOT2 4b#EAHLEL, M1T1.
M1T2 Ab3 At Bt i a =) ol g i s
9.42%. 10.15%, MI1T3 AbFRHEE MOT3 AbHA 327 &
PR T 3.94%, MIT2 AbFREE MOT2 AbFEAESEHL T 356
5 B R R 19.06%, AN[FIZKIRRLAL AL BE 5 HEIR

Fodh 3T R R B 2R, MIT1. M1T2 AbFREg
MOT1. MOT2 b B[ A= S kb T &85 & 7 ol it 35 4
" 25.87%- 20.35%, 7K FH 20K 43 Al 2 2 5
8.45%. 11.65%. M1T3 AbFRHEE MOT3 Ab3 A Sk
THETRELEEZER, KoRHBERS 5.03%.
A AL B K o3 B R ik M1T2 AbFE (48.40
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kg/m®) &/ MOT3 Ab3 (40.13 kg/m®) , TR
7 20.61%.

PR AN AR R s KA PR MATL AbEE,
/NG FRSS Y MOT3 AL, MIT1 AbF4G MOT3 Ab¥E
(7= B ML BT 2 0 B R 33.44% .
31.29%; A= St 8 JiT AT 7K 23 R FH AR e K AL 3
B MIT2 4b3E, B/ EELS N MOT3 4bEE, M1T2
AbFHEL MOT3 ALBE 2 2 32 31.29%. 20.61%.

37 it

R EERNE BAKKE R—RIEE L,
HF % 2% BT A 7 RSB T DA SR i i e 1 P 24,
TR, A2 AR K FT A R K E R 1 4 B
RAFRE, BREEEER; AFAEKPH, W
TR Ab 3 B 25 $ v T AR SR R R A R KR,
WAL K HEBE B ARG K FEE , 3 AR LB 2=
S, TS AR AR K AT IR K HE R A R (R0, B
FRCE A R K, A K EE ST AR SR e AR R
RO S 250 TR A A S A U o FEE A ) A K o 375 DA
B, MEVEYI G, e 7K X A2 S8 i e it
RORFRAR, K B 7K 5 R A 7K RE R A S 4
FEA TR B2 P, PR RERE A e 4k Na”
&, WA N SR G B Rr AR EEE,
BEAR AR (5 s £ ek R 1200,

AN SR A KR B B BB
YER, HrhHiELlE SOD. POD. CAT AHH. WM,
A S o P, skl g i, 78
Fe BT IAFITFACIA, B Ak K HEBE (176 n i 1 B A5 Ak
VB AGHEE. 1A ARG SO E A SRR R S, R
BEAL K REBRAR 0 T 26 A (0 B BE 77 - X 3iE B0t 7t
INEBL, TEREEBRMIET, Wi /KEERE ALK
VEBE, R T ORI A B BRI A A
MGk AHETEH, 3 Pl IR RE A AL R A A A A 3
#EWE, SOD. POD. CAT yE MR 5, fERMfbib
PRI AL IR R, FUBUKEBGR K AR K HEBE 1) A5
- AR AP A B R I S A DS T PRAIG, IX S5 T
NI 5 B3 A — 35 3M, 2 WA Rl A /A RE VR e s 46 e A
VI HTE AR AL o

FE DA 0T 75 A 24 R A A A 75 2 1T L
WCERFI I TENUE TR0 &, ST A K AR P B 2 E
FH . Bl K HE AT LSS M AR (8™ 5 6 2 e B2
Maheshwari ZPBF 5t L0, BAALKTEBEIESE Py
Ca B/ E W E IR BRI AKHEEAE &
THAZEH ) Ny K. Ca. Mg REDH, AITR
UF A I R SRR ) A 2 i B 2 Tl o & 5y
HE IR KR AR K EE AR, 2R BH B/ EE A ) 17
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Effects of Magnetization Irrigation on Photosynthesis,
Mineral Elements and Yield of Lettuce Vary with Water Sources

WANG Xiaofan'?, WU Yong®, ZHANG ZHONG Lili%, GUO Rui’, WANG Lixue®"
(1. College of Water Conservancy, Shenyang Agricultural University, Shenyang 110161, China;
2. Beijing Research Center for Information Technology in Agriculture, Beijing 100097, China;
3. National Agro-Tech Extension and Service Center, Beijing 100125, China)

Abstract: [ Background and Objective ] Magnetizing the water prior to irrigation is a new technology developed over
the past decades in China. The objective of this paper is to investigate how different irrigation water sources alter the
effects of the magnetization on photosynthesis, physiological and biochemical characteristics, as well as the yield of
lettuce. [ Method] The experiment was conducted in a solar greenhouse with the Italian lettuce taken as the model
plant. It consisted of non-magnetization (MO) and magnetization (M1); added to these are three irrigation water
sources: fresh water (T1), reclaimed water (T2) and saline water (T3). Overall, there were six treatments which were
arranged in the greenhouse by a randomized block design. For each treatment, we measured the net photosynthetic
rate, transpiration rate, antioxidant enzyme activity, mineral element, yield and water use efficiency of the lettuce.
[ Result] Effects of the three water sources after magnetization on crop growth were different. For a given water
source, there was no significant difference in the net photosynthetic rate between magnetization and
non-magnetization in the early and late growth stage, but in the middle growth stage the magnetized fresh water
and the reclaimed water increased the net photosynthetic rate of the crop by 11.16% and 14.73%, respectively.
Saline water irrigation reduced the net photosynthetic rate at significant level, and there was no significant
difference in net photosynthetic rate between the fresh water and reclaimed water irrigation. Magnetizing the fresh
water, reclaimed and saline water increased the transpiration rate, despite not at significant, but they significantly
boosted the activities of SOD by 18.08%, 12.77% and 14.68% respectively, the activities of POD by 20.97%,
18.14% and 16.99% respectively, and the activities of CAT by 22.54%, 23.09% and 18.55% respectively. In the
meantime, magnetizing the fresh water and the reclaimed water increased the total nitrogen in the lettuce leaves by
7.71% and 6.83%, respectively. Magnetization also altered the content of P, Ca, Mg, Na and K in the leaves, with
the alterations varying with water sources. For yield, magnetizing the fresh and the reclaimed water increased the
yield by 9.42% and 10.15% at significant level, respectively, magnetizing the saline water did not lead to a
noticeable change in the yield. M1T1 was most effective in improving yield and the above-ground dry mass, whereas
MOT3 was the least effective. Compared with MOT3, M1T1 increased the yield and the above-ground dry mass by
33.44% and 31.29%, respectively. Depending on water sources, magnetization could also increase water use
efficiency by 5.03%~11.65%. [ Conclusion] Magnetizing the water in irrigating lettuce was beneficial to its
physiological and biochemical activities such as photosynthesis and antioxidant enzyme activity, thereby increasing
yield and water use efficiency. But the improvement depends on water sources. In our study, magnetizing the fresh
water and the reclaimed water was more effective than the saline water.
Key words: magnetized irrigation; lettuce; photosynthetic characteristic; mineral element; yield; water use
efficiency
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