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Effect of different magnetization intensities water on foxtail millet yield
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Abstract; Magnetization water irrigation technology in agriculture has important significance for promoting crop
growth and increasing crop yield. The effect of different magnetization water on foxtail millet growth and yield, and
its changes on soil moisture content, soil nutrient and foxtail millet growth traits were analyzed in combination with
drip irrigation techniques. also the influence of different factors on grain yield was discussed, the optimal magnetic
field strength range suitable for millet yield improvement was analyzed in this paper. The results show that the mag-
netization treatment can effectively increase the soil moisture content, which is 1.5% ~ 14.4% higher than that of
CK treatment; and accelerate the leaching of salt, and the increasing rate is 3.6% t014.4% ; and promote the ab-
sorption and utilization of Ca®  Mg” K" in foxtail millet; Magnetized drip irrigation can increase the yield of
millet, which is 2.9% ~23.9% higher than that of CK treatment. and the optimal magnetic field intensity range suit-
able for the increase of foxtail millet yield is 2 400~3 600 Gs. Therefore, the magnetized water irrigation can effec-
tively promote the growth and development of millet plants and yield, can be used as a technology to promote the
use of a large area.
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58, Z WY ST T K SRR T, m Ak
1l AR FEREGS 5/ N A R JBE AN B — s LT, B — Y
PN THRESARARE A ARV E Y X L8577 K
SRRSO, 2R R = e — R R T I
TR PH L ) P 7 T TR A D e T 7K i 0 5
B AT PR IRGT T IR TR T 2 7
PRI . AT FEA [F) R AL 3 BE KR 45 1 7=
FIREME, Al B Ko 3R o) | AR AR S
b, BIERISE AT BTN R LOEHT4A T
PRSI  EER EEE
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1.1 RIE AR

A F G ALK HE 7 R R U T 2016—2017
TR I B R A R R 5 ALy 19.3
hm?, K50 X - R g R A e T R
i, 4R K HRAE 1m DR, 3R 56 X BE AR BR N
86°27'31"E ,44°14'19"N, J& T 52k T 25X, 4E
SRR 7.2°C , 2AE ORI 165~ 172 d, Z4FEF 1
FKk £ 187.3 mm, 4428 & 1 805.8 mm, iR
T HEOARER 1, R O Ve A K SRR
BE, BHR I M 0.631 g - kg™, A 0.065 g
. kgfl ,ﬁé—&@? 18.13 mg - kgfl ,JE%Z%EF' 484.05 mg -
ke BT RREAL N — BESAT, T T I A
PNATHEATAHI  #& R R 7.5 kg - hm ™ & FR A
3~5 em, #EJEHE 2~3 1K, T 2016 44 H 16 H%
Fh,4 H 25 HHY,9 A 27 Bk, 445 MHEK
M5 625 m® - hm ™, KR R S H ] HEOK 2
65% ,JHHE 5 YR, AR DAFEAE A 3 B BB A A BEE
HiiE AR ZNE 2 500 ~4 000 kg - hm ™, 3%l i s A
WEMR — 40 150 kg « hm ™, BACM AR 23R 5
ZEROREIY , P 1 B K R 2 vk, BT I AR &R
180 kg « hm™*  JhEEM i AJRZE 75 kg « hm >, HE
FE ] 78 B it [) G
1.2 EKkuELLESIET

TR0 B UM R AR 105 mm PN JB] B 42 85
mm AN F KRGS R SO L - h™' 56k
713 R E 1 200,2 4003 600 Gs M TG4k
(CK)AbHE, AR h B 3 WE A, KR I AL IX 241
BT BARIE AR FRR o5 KRG A4 N 2 S TR U E)

AT I T 34 5 DAL Bk EK &
WEAL AR FIRREA , 8 A S S A T VA S R X i
TSRS, T () R A [ R
1.3 MEAHZE
13.1 X3gEakFTeme HEASTAEKREEFNE
SUEF W (W SO TR BRI S A
FEHT— R A E 55 =K, H A6 30 em HJ2 4,
R BT 00 oK
132 EEESRARBTFRE  FERHEFET LI
5 AR HEA 10 em ALH 30 em )2 HFE,
TR ARG 1 mm 1 0.25 mm 55, A HE
T . DDSJ-308A I Hi TR AL M4 G20 B
FL N7 37 S A 3 R A\ KER S T
1.3.3 5FHG . eHA e E  RHESERD
FRERFERET W FEAT I (GE KT
1 RO ) X LR TN A AL B E 3
AR BRI A THERR S5 BE, 35 15 BRI
SUERRE A R BT
1.34 #FFzonc BALIEEVLE 3
S5 EERE S 6.67m” XK BN 24 (14 56 T AR
TEOLIE 3G INAE s A, B AR RO 1R TER
XUAT, SEEOBCRTEREL, 1153 R A BB B B
SN BENLITE 10 8 THECE SRR 5L, FF 10 B
JBARE, B 1 000 RFREE, A 3 WK, SRECEFIIETT N
THiE, R EITTELAR(D) .
Y=SxGxWx0.85x%x10° (1)

K, Y A7 (kg - hm ™) 58 HEE(A - hm ™) 56
RFERIEC(AY) s W TR (g) 50.85 S 7t 45K
Fry= i 5 e - A L E
1.4 HiELE

FIIH DPS Fil SPSS FA: X504 b 47 b 35 1 25 &7
Ki6 (P<0.05) , # FH Microsoft Excel #1754 5t
JLBLi

2 ZERE5T

2.1 WEOKIEER TIES K ERN T
TEAFHRK LT 4 DX - 355 K &=
HEAFONE , L1 0, R A A B A K B
CK Ab3, £/ S K R RIN .3 600 Gs
>2 400 Gs>1 200 Gs>CK, LA 3 600 Gs fiefk, 7EAT
T, AL B ) S oK 22 R B TR
T, AL AL TR S CK (o AR ) A BRAT AR i 2%
PEZE S WAL AL P 4 e 5K I B 5 T CK AbHL,
TESMAEL] 3 600 Gs.2 400 Gs 5 CK A3 2% 5 g 3 |
fH 1200 Gs 5 CK NFEAEREM 257, 78R,
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3 600 Gs 5 E AN/ i F M2 5 {H 2 400 Gs,
1 200 Gs5 CK Ab¥2: 5 AN 35 £5 b AL Ab 143 1] 4%
CK#E T 14.4% 4.5% 1.5%, 45 FFW . @b
AT R A KR, LA 3 600 Gs Bedd:, 1 4 4>
ABRH,3 600 Gs A BT 5% CK #5 T 1.9% .
23.8% 13.6% 14.4%,

83600 Gs 02400Gs ©1200Gs mCK

a a

a a

%

% %
a b
Sl RiTeiE
th 715 30 Jil B 30 Ji 0
Emerging Jointing Heading Maturing

42 & 1] Growth stage

T ¢ [ AN ) S B 3R R A 3R] 22 57 1 3 (P<0.05) , R [A]
Note ; Different letters in the same growth stage meant significant
difference at 0.05 level among treatments, the same as below
1 FELEHLESKE0~30 em L2 TVHH)
Fig.1 Soil moisture content (average value of 0~30 cm)

under different treatments

2.2 ®ELOKEERT TER SRR

HE 10, T S A A B 3 B R A R R
PR T R, 2 PR kit 8 R = mT L R o v )
HHEZLAT o 0 A 7K I X 4 38 0% Pk 6 e $h 85028
T CK AL B, g AL Ab B Y 1 R A BRI R 1Y
T CK b3, REAITREI N .3 600 Gs>2 400 Gs>
1 200 Gs>CK, ff 1k &b H Y B A% R 48 CK 20 51 =
9.3%.5.5% .3.6%, P EEF (S0 . Cl,
HCO;) M Na' & i B3R IN T K, LR 4 3R
H9:3 600 Gs>2 400 Gs>1 200 Gs>CK, HH1 3 600 Gs
AEFRAY Ca®™ Mg™ K Na*4 FlEh B 1 IR 200 51
}53.0 % 41.2 % 14.6% 20.6% , 25T CK Zb3H
FAEH I Ca® Mg™ KW E R HRT
[ {H CK AbBE 43 ) Ca™ Mg™ K* & T iR
YR TREALAL R, 3 600 Gs AbFRAY Ca® K* Mg™
PR fefte, 25 3R W . W4 1k /K W A 8 b
R R K B F & i, DL 3 600 Gs 4bBE
=ik,

R1 FEETHLELSMEEFHITL(0~30 em 12 FH(H)

Table 1  Variation of soil salinity and salt ions (average value of 0~30 c¢m) under different treatments
Kb P ] EsN 2’ _
SO ~1- HCO N2+ 2+ + a2t
Treatment Ttems Total salt 4 Cl 3 Ca Mg K Na
T e
HEFRTT/ (g . kg™) 0.84 0.083 0.017 0.329 0.083 0.023 0.033 0.063
Preplanting
5 S
qﬁ(%’;{)ﬁ/(b ke™) 0.65 0.039 0.010 0.281 0.064 0.019 0.026 0.050
. After harvest
3600 Gs R (o e !
FIRIL/ (g - ke™) 0.19 0.044 0.007 0.048 0.019 0.004 0.007 0.013
Reduce amount
ARG 2K
FEAT R 22.6 53.0 41.2 14.6 22.9 17.4 21.2 20.6
Decrease rate/%
T 1
HEFIHL (g . kg™) 0.85 0.082 0.016 0.328 0.084 0.023 0.034 0.064
Preplanting
= Lol
WG/ (g - ke™) 0.69 0.042 0.012 0.296 0.067 0.020 0.029 0.053
After harvest
2400 Gs R (o !
Fi/ (g - ke ™) 0.16 0.040 0.006 0.032 0.017 0.003 0.005 0.011
Reduce amount
FEAER 18.8 48.8 37.5 9.8 20.2 13.0 14.7 17.2
Decrease rate/%
5 v . 1
HEFRT (g . kg™) 0.83 0.085 0.018 0.331 0.082 0.022 0.032 0.061
Preplanting
5 Lol
WG/ (g - ke 0.69 0.046 0.013 0.290 0.070 0.017 0.028 0.056
. After harvest
1200 Gs R (o e !
FIRI/ (g - ke™) 0.14 0.039 0.005 0.041 0.012 0.002 0.004 0.005
Reduce amount
FEMER 16.9 44.9 27.8 12.4 14.6 10.5 12.5 8.2
Decrease rate/%
TR 1
HEFIHL (g . kg™) 0.83 0.083 0.018 0.329 0.083 0.022 0.034 0.062
Preplanting
= Lol
WG/ (g - ke™) 0.72 0.056 0.014 0.307 0.077 0.021 0.031 0.059
After harvest
cK R/ (g » kg™
Fii/ (g - ke ™) 0.11 0.027 0.004 0.022 0.006 0.001 0.003 0.003
Reduce amount
A A 3%
FEATR 13.3 32.5 22.2 6.7 7.2 4.5 8.8 4.8

Decrease rate/ %

‘?J‘i:CO?%(i,ﬂiﬁiﬁio Note : The CO%ﬁ trace, unlabeled.
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2.3 EEAL K RE XS 11 IR 4 IR B B2 N

FERE AN AT BLBOIR J5 6 3837 AT I A2, h 3%
2 H1, FEIT A A PR ) R & AR, N AR
TS RS, 3 600.2 400 Gs 4bFEAG AL | il
fif R AR R ) B R S CK AR
PEZ 551 200 Gs AbFEA LT Bl ff A & i 5 CK
AR PR SO W 2 A O O ) AR
P WORIG , REAk A B 3 AL B A

AR AU B B | B ARCR S T CK AR B
ML AL FR S CK AP 22 53 B3 H ISR RRALR Y
F2IH .3 600 Gs>2 400 Gs>1 200 Gs>CK, 45H3#
W 25 A BT BILJST B A R L A Rl | 80 E  RAE AR
RINTEAE B EMEE T3 600 Gs AbIHXS A HLIT | H i
R R B AR Y B IR R 43 0 Gk B 120 1%
23.0% 28.6% .5.3% , Y5 3w T CK b,

R2 AELEBTLEFRSHENL(0~30 cm +JZFHE)

Table 2 Changes of soil nutrients (average value of 0~30 cm) under different treatments

st . iU B R A )
% Organic matter Alkali hydrolyzable Available phosphorus Available potassium
Treatment Items 1 . 1 1 o
/(g-kg) nitrogen/ (mg * kg™ ) /(mg -+ kg™) /(mg - kg™)
HhA HI.J 14.77+1.76a 65.41+0.70a 18.04+0.37a 484.90+5.6a
Preplanting
Weakss 12.99+0.32¢ 50.38+1.63b 12.87+0.24¢ 459.38+5.82¢
After harvest
3600 Gs W fie bt
IR 1.78+0.10a 15.03+£1.17a 5.17+0.14a 25.52+0.39a
Reduce amount
FEAR 12.1+0.4a 23.0+1.45a 28.6+1.15a 5.3£0.15a
Decrease rate/ %
HF HI.J 15.01+£0.23a 64.92+0.79a 18.36+0.34a 482.25+1.34a
Preplanting
.ﬂﬁl%’ﬁ}ﬁ 13.68+0.44hc 52.93+3.57b 13.82+0.69b 458.16+5.83¢
After harvest
2400 Gs e
KEAR I 1.33+0.12b 12.00+1.19b 4.52+0.09b 24.13+0.77b
Reduce amount
A 3%
FEAR 8.9+0.3b 18.5+0.85b 24.7+0.55b 5.0+0.2ab
Decrease rate/ %
i HI.J 15.38+0.18a 65.32+0.39a 17.71+1.89a 485.54+2.27a
Preplanting
Heaksm 14.17+0.32ab 55.24+3.06ab 14.27+0.33h 462.07+3.73b
After harvest
1200 Gs i
FEAE 1.21+0.18b 10.10+0.30¢ 3.44+0.06¢ 23.47+1.13b
Reduce amount
FEAER 7.9+0.5¢ 15.4+0.65¢ 19.4+0.35¢ 4.8+0.25b
Decrease rate/ %
A HI.J 14.84+1.17a 65.15+0.55a 18.39+0.71a 483.49+2.11a
Preplanting
WeakiE 14.52+0.39a 59.32+1.69a 16.43+0.56a 476.13+5.06a
After harvest
o At
IR 0.32+0.03¢ 5.83+0.17d 1.96+0.05d 7.3620.35¢
Reduce amount
5 (%
BT 2.2+0.3d 8.9+0.15d 10.7+0.40d 1.5+£0.2¢

Decrease rate/ %

T AR TR R AN R b B 8] 22 57 2% (P<0.05) , IR,

Note: Different letters meant significant difference at P<0.05 level among treatments. The same below.

2.4 HKBEMBFERKETHNEIE

M3 3 20, WAL AL BEAE 4 A Wil i 359 45 1 Al bk
R BN T CK ARHL, 3 600 Gs .2 400 Gs Ab 3
5 CK A Atk 22 55 3, fH 1 200 Gs b3 HAY
RTINS CK A W EMEE R ER TR

MR RN 3 600 Gs>2 400 Gs>1 200 Gs>CK,
I3 EE CK PRI T 13.0% \7.8% 2.5% , M A%k
FE I, 3 600 Gs #ELAR R L CK Ab PR 4.8%
TEFHREI 1 200 Gs 55 CK MM s 5 i 3 7R 4L
AR AR W E P22 553 600 Gs .2 400 Gs
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Table 3  Effects of different treatment on plant height and leaf number at different growth stages in foxtail millet field

HEF W QLB Treatment

Growth traits Growth stage 3600 Gs 2400 Gs 1200 Gs CK
H W] Emerging 38.6+0.8a 36.1+0.3b 35.6+0.8bc 34.7+0.6¢
R/ cm 1 Jointing 68.2+0.4a 65.7+1.5b 64.3+0.7b 62.1+0.7¢
Plant height T Heading 108.2+0.8a 106.4x1.1a 101.9+1.6b 99.8+1.8b
Y] Maturing 115.7+1.6a 110.3+2.3b 104.9+0.4¢ 102.4+1.3¢
HTHI Emerging 9.3+0.3a 9.3+0.2a 9.0+0.3b 8.9+0.2b
NS AT Jointing 10.3£0.2a 10.1£0.3a 9.2+0.3b 9.1+0.2b
Leaf number T Heading 14.6+0.1a 14.540.1a 14.2£0.1b 13.7£0.3¢
MY Maturing 15.1£0.3a 14.940.1a 14.5+0.1b 14.4+0.2b

2.5 HLKEERSFEVENTMN

H ] 2 A1, AL A 33 A 43 - H L 3R A 2
T CK ZbF 3 600 Gs AbHEEj 2 400 Gs b P[] 22 57
ARZE, 5 1200 Gs A3 J CK AL BRAFTE i & k2
5%,1200 Gs AbFH K CK AbBR[EIAFAAE B E 25
Hrr 3 600 Gs Ak P4 F (1% My I3 A Py & 5 5
1538.2 kg - hm™ % CK #2551 31.7%,2 400 Gs Ab
AT 1 200 Gs 4b BEAF T 19 i b3 A= 9 i 4 0l ok
1 444.7 kg - hm™ 1 209.9 kg - hm™, % CK b P 2
1 23.7% 1 3.6% . X Ut WA G A AL 3 B T4
Mo AR A B A R TR S R A R
TR, oA LA 3 600 Gs i Ak Ak P A M 1355 A4 4
KRR B %

1700

a

'\‘A-g
E 51550 a
s B
ge
£z -3 1400
|3 b
H g b
=g
T 1250
=2/
110075660 2400 1200 CK

T 3% 5% & Magnetic field intensity/Gs

B2 ARELEEFHM EAENE
Fig. 2 Above ground biomass of foxtail

millet under different treatments
2.6 EELIKTEEN A FREA RN
PR 4 1 ARG A FE K A FRAT RO RS
FEEE ARERIE I T CK A3 BRI .3 600 Gs
>2 400 Gs>1 200 Gs>CK, HEfb/KALBA F IR
BF CK A FHE; 1.3~2.5 em,3 600 Gs 4bFH 5 1 200 Gs
REFR R CK AbFR2E R W3 5 2 400 Gs L FATEAE

WENES, WO HAS TR ER CK 1 H
1.5~2.4 ¢,3 600 Gs ZbBHHE CK Ab BRI 12.4%,
2 400 Gs AbBE5 1 200 Gs AbPHR43 5% CK 5 9.8% |
7.7% ,WEACAb R 22 R AR, 5 CK bR B
., ORI I ML AL S CK Ab PR
P2 5,3 600 Gs bR AE, 3 CK AbPRHR S 7.6% .,
X158 BA R Ak 7K T T A A R Ay R R R
<R Yoy S DO DRa TN OF =P S I
F 4 B AFREAERR M
Table 4 Effect of the characters of ear or kernel after

magnetized treated water in foxtail millet field

HRRT /g R/ g

Single panicle Grain weight per

Ab 3 B/ em

Treatment  Ear length

weight spike
3600 Gs  22.8+0.7a 21.8+1.1a 16.9+0.3a
2400 Gs  22.1+0.4ab 21.3+0.5a 16.8+0.4a
1200 Gs  21.6+0.8b 20.9+0.5a 16.5+0.2a
CK 20.3+0.5¢ 19.4+0.4b 15.7+0.4b

2.7 WK EEMNBFEENFM

R FEREA K R HE XS K R R R, XS
PR A FEORE B S TR S HEAT T, 3 5 40,
3 600 Gs ZbHE5 2 400 Gs AMBH A F =i 22 57 A
F,5 1200 Gs b3 K CK b FRAFAE B Z k22 5
LML 3 600 Gs 4b# AL, 7=k 8 385 kg -
hm ™, %8 CK 3255 T 23.9%,2 400 Gs 5 1 200 Gs 43
M CK AP S T 17.5% M1 2.9% , RN .
3 600 Gs>2 400 Gs>1 200 Gs>CK,3 600 Gs 5 2 400
Gs Wb Z M ANAEAE W E M 22 5, 70l CK 215
13.2%.9.3%,1 200 Gs 5 CK Ab# R 22 55 A g &
FERERIE I, A A H ] 22 5 AN B 35,3 600 Gs 2 400
Gs AbFE 4388 CK AL FR$E = T 3.0% 3.2%, THi
H LA 3 600 Gs AbH A, 7y 2.56 ¢, % CK 5 6.2%,
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2400 Gs 51200 Gs 4355 CK &7 4.1% 2.5%),
FALPRE] ZE AR, GEEES TR
Rrgy ToRiE Ko b B A B T CK AR
AROOALHE T4 777 1 S A R E R 4T, P
3 600 Gs AbFHiRAE,2 400 Gs bFRZ .
x5 HUANBEFFEENRIT
Table 5 Effect of magnetized treated water

on foxtail millet yield

M Y (- bty R TR Gp )
. Grains 1000 — grain )
Treatment ~ Spike numbers . . Yield
per spike weight
3600Gs 543459+17905a 7090+48a 2.56+0.05a  8385+162a
2400Gs 524700+18487a 7101x97a 2.51x0.24a 7949+74a
1200Gs ~ 470952+9153b  6906+87a 2.47+0.22a  6961+500b
CK  479895+17444b 6884+260a 2.41+0.10a  6767+317b

3 W 1w

RBFIA, 15 CKAEL , B AT LA
+ 3K & i, X 5 Khoshravesh 2510 B BF 5% 45
— B, A K B 0 AR A S R B )
SERRIGIN T RS I e, AT AR K A Y 2
R HIAEZ R K o B AE b miAk AL A
W FRERR = T CK AR B R JE K 220 i
fRJE it 38 v B ) B 45 b, AT eI L 3 v
PR A i X 5 Madsen' Y SR Z5 R —2, 5
b, A 20 S AT 5 R T 7K TEE TR Ak R 5 K
TEWRAL FXT AR A A T S 6 it BT A B L, 45
F M, A K HE B T I 2 1S I K RS B AR, T
P AR A B R T X AN A R — 2

WEAL KT HE S e 1 S B oK & | 3Ry 7 I I
FR43  IXLE PR R AR BLAE T, AT 52 i 48 1 VR Y
PR REA K HE R T AR AR W) 5 R ] RE D A
(1) BT b o i S M i A g Aok
I - S L 53 10 35 3, B o sk BIBEE 2 L
T PRIV A R AR BE T A 35R (2) WK
TR B 220 LK R B AE B3 ol TR i 2
R R, BZRKAF TR ET; (3) #
OKTHREAE —E FERE B3GR T /R W AR 28 00 26 BT
e, I R IR ), Ca™ Mg™ K28R
BRSO EEHT BT TR B A A SO E R
PRIEAE A A I IR 40 BE0 5 (4) TG A 7K T HE A 2 1
Pk OBE 1 kR BOR BS I, A SO B 17O S
VPR AT 80T AR T i AR T A BH 6 A IR WA
AR FE R R M b AR W R R Y B
ke ARAHRSE X AR R BB, S A A

i an it SIERIO) Y PS I

LEA AR FIREAL IR X 1 25 T B ERIR &
PRI, XA AR P DL 3 600 Gs Ab B A
££,2 400 Gs k2,3 600 Gs ZbFRAYF=H N 8 385 kg -
hm™ %% CK $&15 T 23.9% ., UL, B /KTHER F1E
Wy, T LR RE AL ORGSR BRI AE S 2 400~3 600 Gs,

4 25 g

AR IT 2 B, B A K TR T ] A PR
HK A, IF TR 0 A 58 £h 43 00k vk 2 BF A 2 LU
T s BE AR ATV o T 7 AR R R AR 1 v i 5
43 .Ca® Mg™ K*, NIMEHES T E K E T KA T
PR 1 5 A6 P i 1 SR AR Ak K TR T A Ak b
mTAR TR R R, A5 PL3 600
Gs AbH 4, 7 8 385 kg - hm™, % CK #2551
23.9%,2 400 Gs.1 200 Gs 73t CK AbFE$2 s T
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