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Efficient Nitrogen-Containing Fertilizer Delivery into Soils
Mediated by Aqueous Solutions Containing Micro-bubbles
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Abstract

In recent years, there have occurred considerable changes in the global nitrogen cycle, causing a variety
of environmental and human health problems. Our understanding of the N cycle now leads to a
realization that agricultural intensification due to nitrogen-containing fertilizers damages environmental
systems. Here we show that microbubbles with diameters less than 50um carry nitrogen-containing
fertilizer into porous media for planting, such as soils. Two kinds of experiments have revealed the
efficiency of microbubbles in comparison with tap water without microbubbles. First, we measured the
amount of nitrogen in runoff water after passing through soils. As a result, it was found that the use of
microbubble containing water increases the nitrogen transmittance. We also investigated the microbubble
effect on the daily variation of nitrogen content in the presence of aerobic growth-promoting bacteria
which fix atmospheric nitrogen. The results suggest that microbubbles stimulate the bacteria to fix more
amount of nitrogen than without microbubbles. We thus demonstrated that microbubbles play a role as
nitrogen delivery media.
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Table 1 Transmittance of nitrogen amount in soils of loam and sand. Comparison is
made between waters with and without micro-bubbles.

FELT mwEL
wHS/aEE &K 85.6% 71.2%
FKE K (LEERA) 62.8% 58.4%

LU ED X 5 72l raK oAz K A RO ZEMER R D JRE O —> & L TIE, AER THO - K
DAEBEENTE L TWELEEZLND, FEITZLL T oMY TH 5, HRAEEID 15y TH D0 F Ao T
VST REERIT, BE OKEKTEKT D ARV X O it g CliIREEIcE RS S b
Thd, —H, BHIRIEAKF CIEBUKRTORSCREZ, AfFE LS IaR IS T =T HEERD NS
LTEY, 20O TERMICE CTT VB TEERLLETIDHLOEEZLND, T21EL, ZOHIC
X DBBLRL DR KMEE 3.2 Bl LIZERIOR I L 0 RS 2 &40 1.18 (=(1+5.5)/55) & 72 0, AZhR2
Tl RO RO EEARINTEE LV, AR O 7 e =T HRER T TR, HEPICBRCE &
NTCNW=T =T RRERE THMHIAIEAKDEANT X0 Biss S ETIC 6 E SN D8 & e 24
FMEIRIBE S LS,

WU, PRI RO HEREIC X 5BV E R TAL S, Tablel 22Hbon2i@Y, WE T (19 1.22 f50%iE
Kh) TlIFREL (136 fF0FEERL) 1FEHEE TR -7, ZORBEICOWNTIE, LUFOFIRAEL
END, RCEENORERE LT, Y A7 —/LOMKIFFR L ~A 7 v 27— L ORKNRRA S 5,
FRIA% IS 2 B0 #EOVE Tl B CRIAERED HER: SAUZ < W a o, ST EMEL 72 o7 b8
o5, Lnd, HEEBBRRENRELICHNTROWE LTI, 7o =T REZRO HE~OWAEREN
Wi, —J5, HREE 2R Lo WiR ERICBWL T, BRI ORI ATE NP E 2 iR L= £ &
BATEL0, WET LY < HRORE SNT-T o= THEEHICKT A R 2 Tx 5, &
B, VB L@ 1.22 23 AREEFO RGN B RAES DD R K118 LifVMETH 5 DIZKk LT, 4
HISIKDEAIZIE, iRl v Pad R £ TEE LW & ARt K 2 KIE IS 2 72 BiEEEE 1.36 ot
BANEE L\, LLEDZ &5, RS & HRE RS £ L 23R & WD R CIaii A= X v BEE
BT D, EWVIOAREROZYMEN TSNS,

FEROFE LD E LT, ABRECHRAZR N EZ ST 5 -

® MHIKIA/KOFIAIC LY, BREWE O HERENZRN LR 5,

® KIAEIL, WEL LY bRERICKVEETH D,
TS OIRBVELIGFEEROFER G, IRV E AR EZ R ELICHET 2 &, HERBICHE VY ~L
BIINZAB DR WEE RO FE AR T 2 EAVRIR XD, EERAHOMERE S b 72, BliETE o &
HHENLECH DM, TORES 27 V7 TEIUE, BAFRIEBE2FIH U722 IR0 BB IR O F2hF]
HIZE s THERRTRERDTHA D,

3.4.2 ZXRETHDEMLHLBRER (REk2)

Fig. 213, IO ERFETERE 2 5A L2 THE IR (1000 ff547R) 28 L7-%12, TEEAHE L e
X 21Z,1 A 1A, cIaEA KB X ONEFEKEZBmA L7z & &, ERGFEN 2HEBTED X S IZEL
L7erE R LK TH S, BGEG 2 HBIZNT Tl & DICEF BTN L7z, Lvd, ki
EAWNAE R OVKEKFFIZBNT, 52 B BICEREN KK ERD 2 E0Nbind, 20L&, KEKIZHT
L CHHISTEK D) 16%2% < BRI STz, L0 FEL <E&AID 48 WFi 21835 &, 24 BEffg 5, %
T BT S A AR DORE R E AR ORE A FE S 2 LR LN E ot —7, 2~4 HEIZMTT
I, Wi E BEFRROBABE OGN, MMKIEEATREE S L= RN ERBOMD RN EN-T-, 4 HE

5



DIBEIE, MAICRB W CEHRRE
PN LT=28, RiaE A
RIREE L N EHEED
BN E o T, T HAE
Ho 14 B BIZIBUWTI, Mol
EROVNGE-ES=2E- vilV/ST-VN
AT 20% & 72 o Te, T,
TG BREMZ 722> 785
flciE, v—7fExzr~3 2 A
HlZBWTHEEFRIT 2mg &
BZ 72N &b, Fig. 2 MR
JREEE D 22 SR [ E B ORI
ER LR Th D Z L AVR
BRI,

PLED X5 7o sa z2h Fig. 2 Daily variation of nitrogen content in runoff water passing through
X, BRI LY T loamy soil. Comparison is made between waters with and without micro-bubbles.
NI B OTE AL MR &
NTNDHZEZERLTVD,
R, PO S & A IRAR Dtk
FRTE IR % 72 O AT
WEZY, HEhEREOE
LR L 2D bDEEZD
ND, 2~4 HRIZNT TOE
FEOW 1T ZE FF) ML
EHOBHUZ LD bDEEZ
b, 4 H BLABEDZER RO
MMTEREEHIC L DT %F
=THRRERORIME, Z 3 6 8 1
78 (HOFER) OB X B 15
LHHDEEZ HILD,

WIZ, 332 Hi Cik~7-HKk
St LRI T CTHES R
ROFAFUE A 10, 100, 1000 1%
EBEZ T = ORPRERATIE
% Fig. 31279, Fig. 3 02Hboi 5180, WTHOFHREIZIB W TS, Blts 6 2 HH TRMIC EA-L, 2 H
HrG 4 HBIZNT T L, ZOBRBURERLHIC B WO Z R LTz, FERBOMHEIZ DWW T
HZEH LT R oo Tn, ZOX DI, BHEICKDENROLNRN-T-D1, HORGEGES & R
BRIZEDDDEEZEZBND, HIDL, ZEALZEGAEICE, T <ICBRMAMETRIZE L TENLL Lo
ipole, —H, PIRKEALTELGETHTITHIAL, Z<EA LR LARROBIZR 2T b D EEZ S

FZti1oog =Y DEFRE (mg)

4.0

3.0 F&ED10fSHR _—

2.0
100f%

1.0 1000€%

0.0

fzt100gL-YDEFRE(me)

Fig. 3 Daily variation of nitrogen content in micro-bubble containing water
passing through loamy soil. Comparison is made between three kinds of
solutions with different concentrations of aerobic bacteria.

N2,
EofiREELDD L,
® IR DHATICZ LV, KIEKBHE LY b ot tH A DNE L S ER G A &SN

ERAE
o HBEWREAZ, ARMOHEIEAINE (200 %) LV HED THAT L THISDORRPEFELND,
L%, AR, BEMEEONFEIZ & > TRMIRIL K OB DA TH 5 Z & 2R LT D,

4. RF—LEo 2 LI-tSian s
4.1 REBHE
SN TV D2 < ORI AREEL, ATHIOIEE & FIBICSIEN I 7 n U BETH D, &2
6



AWEAT, T/ NTNVHALEE LT 72 1 7 v URiRA T — IV ORIAFEAIEE DB LT D, 1272,
SIDVINE  72UETR BT LTHEN R, B — 5 FBAL 7 © ORRERRNT DN L2300, LR [ E Bl
MY Th o, £ ZTAREITIE, RETHAOBOFIE lum OKIAZ 5 A S ELEEZIY LIS, KEE)HS
FE SN DRI DRI 21T > 72, BRI, RAREPBEMEIBIZIC L0, KIaOBEEE — 2 B
AT ZAT > 7,

4.2 %E&E-HH

ARFZE THWAIAEEIL, A—F 7 v 748 (OM4-GP-040) T 5, ALEEIL, MET TLEL 4K
\ZEAfRE S, WIEIC X0 BV T D INERUE L CRIGAERK T D EE Th 5, ARTEE TAER I N D KIEDF:
%, RJafEH lum CHIEIOKIERO+5D 1 LT E/hSWRIZH b, -, KIaBlsE, 720 NNZEXVKE)
OFHANZIE, HrrglsE (L —Y—BRC L AHGELER L LT 20nm O&am A RE TR ATRE) LR 0
HENLBRZ1T O BT S AT LD AE DR T-P — 2 BALAIELERE (ZEECOM, ~A 7 a5 v 7 « =F
Ao &R,

TR~ D R ETE MR & i~ T, AW REEANE, A 4 REiEHFID KR53~y
BUoANVR ST R UL (SDS) ThD, WWINRE 100uM OFEREZLL FIZRT,

4.3 R -BR

SV 5 10 457 ORFR BFBESSE 15 & RSO Gl LTz, ZOfRER, SRR
DXV DTN L TN D 2 & MR T & I, BB 2 BT L 0 RSS2 &, SRRIEMHIRINE O
SUABEEIL, $998 G ml & REES D, FERNEEOBEE D 3 (EFEDEEE Th 72, IEAREENS
RS b DRI A A KETEl - 7-FARZ Y 100 5,/ ml THHDO T, 1T ERETHD, ZDZ
END, 1 I/ 0 A=A DOKIIBWT S, MEROHE I L RS, SEiEERIoEIC X v WREE o
KIEZRBAEE & TV Z ERIRE NS, ZOREE LTI, AbEGHOZE R & e, FfiEi:
FINRCIAREWAET 5 2 LI L 2RIAOEEEN OB I L OSBRI L 5 KIEHE DR 3%
Z bbb,

WICEREZEIINL, BLKEEZRE L7, 2089 I/hE 50 2 BRKEEHINC R L= DI,
KFERFND T T D, GIEINS WL L LT, RSS2 © X 7220 R T COREkOH & 7
720, EHEINI & AT RAEH I A~DLE LI KBIE 2B T & 2 S08%F bhd, kB HI &
D, ARAEBEOKEL £, WEROBMR SDSHL
L FRRICAREE L CWD Z ERbnnd, Fig. 4 20
X, FETETER A2 N L LR Rieic BT _
%, Y 10 Viem EIINRE O 3517 2 15
ENfiz b AN T LFRLIEZBDOTHD, &
nkv, ¥—2EMOKAFERENEIEY
IR ERDND, EBIT, BREEEIS
KB EA RS Y, REEER oo E '
THE L=, ZOREE, FREEAIORING X
D ERIKEIEE S 15 (EFREEIC £ C LA 28R
MELNT ZOZ L ROEEDOLEY, o tmm AL LI .0,
SV 3 T~ 0D S S MR A AN SRR R 22 TE AL 3 35 4 45 5 55 6 65 7 75
EHiH LTND D LB LT A, #fE (mm/sec)

LbEaELDHDE, RAF—LZ vy L4
MRIICEB N TS, BRFFRE R E WIEED
R & [FIRELS,

® [aA AL REIEMFIOWINC X 2 HMEIaOEAER R o L5,

® SAfERFED VI NATHEE
DHER ST KIS A — N2 7 o35 L, KIAREROEMN, X0, Lo g~k
BHEON EREIRE SN S, HEFERICL D, A7r—L 2 Y RO ERIRIEN A% OMETH 5,

T (8
o
|

Fig. 4 Histogram of electrophoretic velocity of surfactant
free  micro-bubbles under the electric field of 10 V/cm.
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