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Fig. 1. (a) Schematic map of groundwater reserves change in North China measured by GRACE satellite [
(b) the degrading black soil in Northeaster China (7],
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Fig. 2. (a) Wet balls, (b) cracks and holes produced by drip irrigation (15]. comparison of soil surface steady

infiltration rate (c) and penetration resistance (d) of drip irrigated Soil [16].
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Fig. 3. Effect of drip irrigation on the blossom time
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Table 1. Effects of rhizosphere ventilation at different

growth stages on dry matter weights and root/shoot

ration of tomato.

WEE MR MURES HRE

AR ifH /g FH/g #H/g TH/g WL /%
CK  489.4a 40.3a 48.8c 2.5¢ 5.1c
T1 617.7a 41.9a 62.0c 3.8¢ 6.1a
T2 629.8a  49.2b 74.0b 4.1b 5.6b
T3 643.0a 43.9a 78.4a 5.3a 6.7a
T4 590.9a 47.9a 68.4c 3.4c 5.0c
T5 577.5a 46.4a 77.4a 4.5b 5.8b

* % H Duncan’s multiple range test 7347, [F%1A A/
YRR EREE (P <0.05, n=3).

By Duncan’s multiple range test analysis, different
small letters in the same column mean significant dif-

ference at 0.05 level.
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BAAR S RLE A (P < 0.05) P31 in < e
T, BEFHVX HIEAS TR, BEFR
I FE AR RIFIR IS A BT K. 5 A AL,
AR )RR AR P R B OR T 25.5% 1 38.8%
(P < 0.05), i REfE it 1 1438 IR A Y AnE
YR RPN, B Rk T gm0,

DA SZAR AR I 22 5 0], 1 22 Sk i s
FEMZHSERKPEAREEMAX BEAE
N8 mg/L K, B R EE AT R &K, 20N
56.25, 10.71 g; A &N 1.2 mg/L I}, FREF)HE 2
TR E RN, 2H~842.64, 3.52 g LK
fife S8 AR R R 2 S KR I AR K. HEK R AR X B
B LK A & B — IR REE RF S5 R A,
SHEINT 020 em )2 KB A S B
F, WIRE RNl B R R, 1
AT DU TR AE A KT . RS M B AU K S5 A
TR AR AR R W T AR AR TS MR T AR AR
RAEVE., PRim. M B R BRI
&I R 308 B 2 35 K, 49 i) B AN 386 4
Y 194.62%, 261.89%, 301.73%, 57.15%, 22.76%,
38.03%, 35.27%, 84.78%, Iu] & P34 S XM R A4
S VR E B B AR R E R, Rt
A4 = 30.83%, 15.65%, 21.19% 471,

I HERE SR r) L RS B o
SO L SR AR S S A E IR R AR, T s
B CO, MINL,O M= A Al HERL. FHrh, COq 2 KA
Hh i EE B (IR A AR, 6 A kAR T B EEEAE .
ANFHEBKE T, B Rkt 3 CO, HiiiE & 5 1
BRI Z 2 BUEM R R, MHIHEIS B2 K
(P < 0.05). 7 BREBEAE— @ R B 7 44
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CO, [HFI, L7 KILIRZALT 50% K, COo HE
TR B AERFE AR (H 2 I AR LR T
50% B, COo HEBGHE B 2 135 78 /K FLBR 2 (1948
T A K P 3 o 01, SR == /N X R B v, 78 3 it ) 3
AMEE W, ANEIAREBEL T 158 CO, HEjul &
B8 7% 1 S R 0 n A R 2 TR S 3 S 9N R
VAL 35 HE IDLAE A A AR AL SR A, I AN 78 43 R A
BT L [ AN IR SRR 7 P I Ak G o T G i
AMEE W18 COo Py uE &M &, (B2 R
AR (P > 0.05). 13 CO, HEBGHE R 5 37K
FLER % 2 AR, (HA AR (P > 0.05) BT
AR IR SR, A AT o K Ak B 34 4
N7 RKA IR S T AN A E I 3 N O HEik
2, LUINAR 78 /0 5K (120.34 mg/m?), 7 7 =&
IS5 BREE IR AN AN I AT R R Y 1.89 AN 4.21 i
(P < 0.01). AIIL, RO e n v i % 7 i+
HENLO Hest, HAE 7 6B F T, I et 6
=5 7 A b - 35 N O HE i s 535 BT 7843 E K
=R N O HEUE, 3 (P < 0.05) T 5 i
W MR (P < 0.05) 390 7 +3 N O HEjik, i
Z 150, 200 F1250 kg/hm? [ NoO BFIHERBUR 4>
) ANt U 2,30, 4.14 A1 715 15, JE ZKORN it 2012
BT R RN, B ERE T 1 5% No O Hi P8

3.3 MMRKEHEESTIBEMEINEET
IR AEMITE 3R AT S R A
B BRI R, (et 3 ML B0 R A 37 43 1
Ak, e R IR LR Bh IR S
AN — S R AR BT I AR AR
T IR R IEEIRET 5, o AR Y L
TR R T R AR ok R R R ISR 1
R WS IR A R AR R A A TS B, AN
S F WA AR X i L SRR
SRS KRR KT 0 RE R AL T A 20
T~ LT TR T 1 Rt 3 v T g e 9,
fEHGIRE N, AR HER N T A A
() A A T A, PRI N T 2.1%,; [FIE B
TZ9.7%(P > 0.05) (1) 3% s RS AL 40 B 5. 1Y
TRE K&, T 3JERS A 20 T R s A 1 20 A A 45 0
B0 (P > 0.05) P8, AR 5g 42 BOL R B, < e
o KA TR 2R - Sl 1 3R E BRI
B SLIR. A TR Sk R AR B2 e B R E /MK
VORISR | i HE 5 VR R E K B PR xhid Atk

SN IR P B0 B 1) 52 R B MK IO
T VE B L ISR A K EFR. BRI 1K
S IR 1 A v, MR BRI 2 PRI
LR g S A AT e, HEER 2.
7K 2 H [a) 4 7K B 1Y 80% st A A S i 12 A e, T2k
B A A 205 WE K 4 HH TR 457 K B 1) 90 % JOR Tty 14 e
=, ME AR ERE.

F- 2 (001 R 78 7 B GAAR o v A ) - S A A
AR B2 . MR BRYE SR ] (2 2 5 A A A AR O
) STV i A 2 T R, T AT A S 1) B B R e L
AT B, S AR S P R BTl R, R
B 0= RE T A A2 AR o U A 1) P A A R v
AT F AR B8 A B AH G B E B A O, R By <Al
B SR (R B BV 2 R R
BN A ACERRG 0T R BE RS A R TR 1] 1
F R, HAZE 4050 cm R VES A B A
BiF AR B 1] 23 0l B AR S 16.7% 5 22.7%, 1k
B T3 K

R 2 M 3 7 E 0 e Wk B AR B b 1 SR B S
P, Kang 2 OUBF 50K I, TS 1E T Shosih + 15
{100 ok, A Tl A O T8 D R 3 A i 2k o R R PR 17
AT, 4N 4.5, 1.39, 19.39 F120.25, 3.17,
61.33 pg-g~t-ht. BECPE B ER T | R AR R B A
4t 97 ke 7K ST B 8 0 T L P v ARG R
3 EJE, LIRS IR 7 2 TR A DG
KT REH; 4695, HIEREHNIE S| RIRE
BT (1) 7K

3.4 MSKEESTIREFIMEET

In A= T ASCE R AR R AE KB,
i i 35 AR R 7R oy il BY. R R A G
R, 8BRS A G TR A i B
W e e, o A0 N A R B OB 4 R
B W WS R T RE o ) W R T 23.68% Al
27.72% (P < 0.05). AN[FE L3R AEY 5. SR &%
R RERE (P < 0.05), HAoa 24557 18
Y 27.54% F162.81%, & PR IE 3G T 25.20%
F163.26%, W5 ERMIE A0 T 26.86% F123.97%.
25 0313 b U R 7 R B AR D R I TR AL
A S 3 R a3 R T A A X i S PR R A, o) e
AEPIWCRI . AR Ry SR 5 2 AR R
THAS BRI LT, Bk PR B AE N AL RIE.
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3.5 MRKFESTIEV VIR AT

TR 7 IR AR 4R 2, — IR
T 95% DAL, S SR AR B R
IR A S IR G R I EERYR, MR T A
g, S RS FLER. A B K ARK
PEAEIE LIRSS — KRB k. Ho) PP
WVITE HE RIS BE 42350 BGH /- WA bk 2k, s L 5 %6
pH J3 i, W5 M0 58 VR S 335 1 T 338 1) 3R 5%

Kang % 04 5% F H [R50 0F 78 7 o B AR Ak ke
T 5 5 i, b 8 X b R R AR K

DRI S5 FLR A ENT R SKE MR R
U0 B S R (ECe) M pH 43 A7 A — % [0, 41
il TARDX oy AR SR AR T . BN IR
(1) ECe F1 pH Fifi 5 1= 38 3 57 5 i 8 n vy B A%, 5%
PR JE, o BEEL PR A K b AR S A
e FE RGN, LR N 15—20 kPa 1 4E
KRR T Fo At AL 2.

4 RESRZ

THORR R R R ZEMETZNES RS
Z AR, SOK B RIRIIHIZ), KETTKAOLIE
JA R SR . A G ARl R T R K I8 i 5 kAT
WE, FHZK &R T HAS G B 6 AR 2 iR
B, B EUEICE R T KR S RAEE L
DX RFERIRAE DT IR AR BT ™ A [ L
SRR TR HER SR —, (AR e
SRR FE BB IR, I KR HE — 5 T e
R E AF IR RSO, 55— 5 R et 4 0%
WAMAA, $Em I T T HAE e ok LR A
1, B 5

IR REXS R A A 7 B St S S i TR 3
FEA BSRER R KR F A E
PR IR A 305 . o, K EXHEY - &
st 5T S 7K 73 R0 803 R R M AS B I U 4 A3 Sk
SR EAR H AT B R AR B R, (5
FE AN [F A I i SN R, BN ARCRAS
HABIE. ARFIR s & e T
FRARAN TR R U =i 8 AT AR 2R
BB A A2 AN R RER R R EE L AT
HIR B, 7T L0887 FIK. Tl = 7 i DA K H.
R SCEE U A B A AR 55 O B 9T R,

H R VBV R T HE T P S K AR PR AR, B
DU T V5 HE I ASCHEBE 1) 7K 20 A 7 AR e . I ASORE
B2 A Hh T VB AT LS = ST K s e, TR
R IS RE R — o 7 =X

HLAER, Bl KAk 2 A T < i
W B R AT AR I, BRI S HE R R A
il s 2R PR P TR Y R R A R A
W E I, RIS TEAE ., A A i A=
KAR T K. B K =B AT o 1 7 o
AREAE, (2 3E 2 Ah 42 B T 3R 15 B8 K 25 3%
. GRS REBE R Bt VO & ]V [E T4
MR A A A RS, AR EFRES,
o B IR L A S A K (90 Bl >k A< hn 48U B UK
FEXT 7K BRI A K5 i B AR bR i 22 S 2 2. T
23 NSRS /NI S 5 R B 0 AT = )
Fh e 55 50 S ek D I B T AR K B i U
WP T R & A, IR =K E N 10 mg/L
I, B VC = H G, AR EKE A 15 mg/L I,
T R K B8 Ik A KR DN AR R
2820 mg/L I, BE3E 0] VERE S H G AR 2
WA 30 mg/L I, BREEIR R IL 7).

5 K RGBSR AR g T I A0K T HE, TORK
) NaCL A o o0] 280 S A% T R 2 1) 3 e 2 3% Has-
sanli 5 7E G B G & FH 3 Ty K AT 17 A 25 4 H
FIHE. SEitEE KM, 0, 30, 60 f160—90 cm + )2
R4y 7 M 8.2, 6.8 Fil 7 dS/m FEMK % 1.07, 1.12
3.5 dS/m. 13 pH{H 7£ 0—30 A1 30—60 cm +
Ed o HERE 0.8 F10.6. 254 H KI5 K HE S 51
I ERAT G N, B IE R RO
JZK HE NaCl IIAELE B3 P 7S IR $2 e i < Tk
()% T 05, SIEIILYY R i AR ) HE A AR
A ) o T 1 7R BS 1000 (B Jot 8 28 A 4 o =R
1, 2, 4 mg/L) WIS IR 2k 8 4% B 72 1 & 4, 2
i R ASOK R I RN BE . B BS1000 9 B 3
I, SR AR R BOR W N, TV AR R
P %, BS1000 i 84K L AE 2 mg/L & LA B,
NaCl /50 S e 5T 22 20 9 MR 5 2 NaClah i
X AR PR i SRR R S S B A . S I A
7 BS1000 A f 8 sl A% 5T 2 251 3542 51 18.85% LA
F (P <0.05) 69,

T E IR S — P AU S b & B 7. Kang
DS HER A TR E B, g%,
1E B KRB RN e, HIE A A 9% 4 IR v 38
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BRCEE, AT REM S EAMED LR 5
BER ISR HE, K AT vl BE4R iy h it - 3% 2 R

FETIN/ K VEE 1) L PSR R LBy i, W 7
N R 22 58 10K e X = 38 E 77 B DY K A
2 (KBRS B BURCE FRATT S5 (5,
WO, AR AR P AL RN R AR
W B EVER BOL G TR 218 54 | et ik
RAERKE KO 7 5 0 2 W SORTIE i - 35 4Rk
FEVIREVE 2 R TE Rl EE T MR SR,
FUKTHRERCR S L AT K, (R L AR T 3% +
FRCRE, MAERY R+ MORAWIR. ER R
8, 0.1 MPa il < X AR A AT B 2
BEFER 2], L2 ATE I 3/ DRSS TR B <
VRE I X T 6 UL Ny A 35 TR 1 D 5 R AN (2
(p > 0.05). fEAdATIN g 338 A 55 R R il /s i 3
] RE 2 R O3 - SR A P S5 RO A 7 B
)_ﬁ [73].

FATIN Ty, DK e RE s LK. i+
A RO B2 Y IR AIA S, BT e,
BB E RIRIE ). CAREREY, B K5
TH LM FERAE RS, ¥R Nk, T
PItBE 2 T, TR T 4 5 A o - RORRL JE L 45
FRFAE S ATV S SR AN TR AR AE (74 e i g
BB PR R e U 99, BRSU 10 min A
BRI RS UM AKF 20 D 3.7, 2 A1 1.5 4,

1o N 3, 2.5 R2 45 0, 3 Sk B A - o>
PR R (FT A B ) 890 LA S s E N f
R ZE I & U910 X B4 3 2 B (In<K) TR 22
B dnt iy )

(E TSR 26 P BRI, A28 KB 20 WF TE AR
RN KRR ROR L, I UK TR L3 45
PR DA IS, AR EOR, JEH TS
Wir J2 A3 B AR W T SR P B A R AR A T IR,
BB 43 HE 3 ) FLRR 4 A R G s (6T
& fe IR P R KA LR 4
] 43 A1 (B0 T b 8 g £ S Dy 3 T R 3 1 5K
B R oA B8 LR S AE AU B0 RT eg
JiE 8890 L g B SRR SR R 0002
E A i ) 10907 SR A R 1 7 Bl 108 1001,
TR, BEE T UM RO BGE, [ A ORI 2 AT
FTEN BRI ZTT 0T T 25 Fh A5 K DL K
X -39 4 e frg s (1011081,

AT AT SR T 45 R AR, I KR RE
e LIRM A, R BRI X AR 2o, -
AT ST AT W J= 34 M, BRI SO
TR E Wi Ja TSR A A M L LA DR R B
UKRENR, RAL (Z0t) ECRE W] R AR D /ML (8
) )% LB S 1, - 3 LR 3% @ R g, 4
B 4 B, XSS AR (R AT T 18 i - 3R (135 <
T, YRR,

e

=

Ka  InAEERTE HIRALBRR A DL () ISR, (b) A

Fig. 4. The connectivity of pores in soil before (a) and after (b) aerated drip irrigation.

TATHEES, LB SERRRD
Z o 7 R T O, AR AR ) R R A A0
35 5] B 40 44 ) (Geoderma) E AR T — N
“Soil structure as an indicator of soil functions: A

review” I £ 3B TR I8 T & Fh IR IR 5

TR Z A OC R L1 TE SR, LR
ZiK) 5 IhREZ IR 5% & i AN W, FLEREE L K FLER
JEE « FURE 2 120 AN AL B el 1 2 L A S0 L 3 Th g
3 Z AR, R AER LT T FE 1 T HSRARAE
EA, (ERABATICIES X e L IRE M fabn 5 1 1%
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HREZ BT I R R LT 4518, X7 EH 7 K&
ANTR] SR AN B S, DA B 6 7 i ) R
YO HL, JFA AT SERI S50, NI%S Jilad — A < R4S
D 77 AR KR ) SRR A KR, AR R AR A HE
FRUUTNREM LI R R, MEH W, Mz KRR
P RS AR FR) S 6 75 ¥ k2 R T = SR 5 4 (Y TR 3K
fle st - 3EEGH 5 Th e 2 1] 9% & [ 7T

PRI, 35 T AR E (1 - SR S5 1 S AL ER
BIF T ML AL TN KR HEXT IS 20, 73
AT RIS 5 NS E A A2 T SR A I LR, AR
FEli B 25 A K SRR IR RE DA
L AN = B AN R AR AU, RN ERAR UK
T VRE IS 33 e [ Y R = A TR AR AR PR,
N RE [ -0 - = AR R B AT 7 DA B R A 8
AN AL SR S SI6 STRF. AR SRIR E B TV
S 0L in AR VEE O L R L Y
W FER A i N R RE BRI AR, A AT B AR T
TRV R AR m AR VR D = B 6, D9 3R E
TRANMV R FEANHET LR IE B M R
TR BRI AR T, HESH B E A AT Rk JE.
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SPECIAL TOPIC — Critical topics in water research
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Abstract

Soil is the foundation of food security, water safety and wider ecosystem security. China’s water resources is featured
by its poverty and uneven distribution. Flood irrigation in traditional agriculture not only uses large amount of water,
but also destroys soil aggregate structure, resulting in soil degradation, such as soil compaction and soil salinization.
Underground drip irrigation have obvious water saving efficiency with the effective utilization rate of water larger than
95%, but it will also destroy the soil structure to a certain extent. It has been reported in many researches that using
aerated water drip irrigation can not only increase crop yields, but also improve crop quality. The influence of several
factors such as the burial depth of drop head, the frequency of dripping, the amount of irrigation, the growth period
of plant, the mode of aerating and the equipment and so on, and the effects of the aerated drip irrigation on the water
environment, the air environment, the microbial environment, the nutrient environment and the mineral environment of
soil are summarized. And the regulation mechanism of soil environment by the aerated drip irrigation is put forward.
The changes in water, gas, microorganism, nutrition and minerals are the result of the change of soil structure. The
experimental results of in situ synchrotron radiation X-ray computed tomography confirmed that aerated drip irrigation

can change the structure of soil.

Keywords: aerated, drip irrigation, soil environment, regulation
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