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Abstract: [ Objective ] The study aimed to explore the effects of aeration on crop growth characteristics and
soil environmental characteristics in the root zone under reduced topdressing conditions. [ Methods ] The
present paper took the field cultivated tomato in Yinbei irrigation area of Ningxia as the research object. Four
groups of micro-nano gas aeration ratios (0%, 5%, 10%, and 15%) and three topdressing (urea-triple
superphosphate-potassium sulfate) levels (180 —400—480 kg/hm?*, 135—300—360 kg/hm’, and 90—200—
240 kg/hm?®) were set up for the two-year field experiment conducted in 2019 and 2020. [ Results] With the
same topdressing level, the dry matter and nutritional elements (N, P, and K) accumulation in the plant
increased with the increase of aeration ratio, and increasing the aeration ratio was beneficial to the
accumulation of phosphorus in roots during flowering-fruit setting period and the potassium accumulation at
fruit expansion stage. With the same topdressing level, the tomato yield increased by 14% ~44.2% as the

aeration ratio increased by 5% ~15%. With the same aeration ratio, the tomato yield increased by 0.4%
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~9.1% as the topdressing level was appropriately reduced ( — 25%) compared with the traditional
fertilization. The increase of the aeration ratio and topdressing level was beneficial to increase the soil
enzymes (catalase, alkaline phosphatase, and urease) activity significantly during the flowering-fruit setting
period and fruit enlargement period of tomato. With the same topdressing level, increasing the aeration ratio
by 5% ~15% corresponded to an increase in soil enzyme activity by 27.5% ~122.9%. [ Conclusion | It was
suggested that, to promote tomato plant growth, stabilize tomato yield and improve the soil enzymes activity
in the Yinbei irrigation district, the suitable topdressing level of “urea-triple superphosphate-potassium” was
135—300—360 kg/hm®(25% lower than the traditional topdressing amount) . and the suitable micro-nano
aeration ratio was 10%.

Keywords: subsurface drip irrigation; aerated irrigation; micro nano bubbles; arid and semi-arid areas;

Yinbei irrigation area
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Table 1 Physical and chemical properties of soil in experimental field
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Wi b 3 % I fLBE/ % pH B B B »
PRI /cm (gecem ®) FKE/ % (go kg™ (mge+kg ) (mgekg ') (mgekg ")
0—40 b+ 1.39 19.72 40.27 8.54 1.47 51.10 8.20 254.50
40—100 ML+ 1.33 17.37 38.33 7.81 1.22 47.97 3.35 123.50
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Table 2 The irrigation times and irrigation quota for treatments
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AOF1 2 4 7 7 400 2 4 8 7 420
AO0F2 2 4 6 6 360 2 4 7 6 380
AOF3 2 4 5 6 340 2 4 6 6 360
Al1F1 2 5 6 5 440 2 5 7 8 440
Al1F2 2 5 7 6 420 2 5 6 7 400
A1F3 2 5 6 6 380 2 5 7 6 380
A2F1 2 5 8 8 460 2 5 8 9 480
A2F2 2 5 7 8 440 2 5 8 8 460
A2F3 2 5 6 7 400 2 5 7 7 420
A3F1 2 5 8 7 440 2 5 8 8 460
A3F2 2 5 7 7 420 2 5 7 7 420
A3F3 2 5 6 6 380 2 5 7 6 400
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Table 3 Soil catalase, alkaline phosphatase and urease activity
2019 4R FF 16 4 A4 2019 AR L A 2020 4 FF7E 48 R4 2020 4RSI K
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h™1H h™H h™1) h™1H h™1H h™H h™1) h™1H h™1H h™1H) h™ 1) h™1H
AOF1 1.9940.20ab 1.76£0.19b  0.8840.06bc  1.88£0.2bc  1.694:0.07b  0.82£0.08bc ~ 1.9740.26ab 1.742£0.14b  0.8740.04be  1.88£0.17bc  1.744:0.05b  0.82£0.09bc
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ms

. . - o . - - - . % - -
iR]
e

o P % % « x ¥ % P o o ¥ o o o
K
A
{gﬂ X IE_ ns ns ns ns ns ns ns ns ns ns ns ns
ek

TE 3 v RO 58 - B AR o 22 5 TR B AS [R] /NS S g 38 78 S [R) Ak 380 i) 22 52 3 (p<C0.05) 5ms R E 25 (p=>0.05); » RERFE R

(p<C0.05); * = RFEM W FEE R (p<<0.0D, FIH.
2.2 BREEKEMMSEGITHHERARTFYRN

E-3:0p- A1

T8 AT 7K PN AL B8] 5 e 2 5t A AR 2H 23T ) BT AR
B AT ULER 4. 38 A KT X T A A S A AR
AT AR RSk 3 (p<<0.01) , % 2R 5L
IAE R ZE 0 T B AR 2 s 52 ) A 23 (p=>0.05) 5 4
SR AFIHE 7 it T A Ak SR 1 TSR SR KT 0T Ak 4H 21
(BRLZE M RSO T W R R B AW 5% m
(p=<<0.01) 5 1 A 3 52 T 7E FF A6 Ak SR 0 X6F 2 i A R SR 52
T Wy B AR R WA W (p<0.01) , 7 2R SE % R AL
Xof 25 1 T BB R AR R (p<<0.05)

TEF T AL A S 1, A3F1 4k BRAE B T 4 ot F1L 2
SR I AOF3 A BEAR MR T4 B A R e IR (& 2)
R AR AR A T AR R e K G T A R
S 44.48 % ~57.50%) , HRIR R ZE M T W i &R
KT YR B R R H (36, 72% ~
48.27%0) MR R T W A B it (5 L i AR, AEAH R <
KT A AR ZE I A BT B R R R Y B A B I K
S FEAR /N, F1 5 F2 38 A8 A 3 %6F 5 Fe kR T 4
RT3 22 5 WA, 78 A2 T A3 INSUKFE T,
F3 368 8 &b 336 A8 A T o i e AR T F1OMF2 38
NEAL B, FEAH [FEE RS AKSFR R E AL =04 AR X
AO AT A T AR AR T4 5 AR B S e R 2 L H

B A BITE 5 %6 ~ 15 06 1 il A 3 I 4 Bk T 9 5
R 2 E ks,

16 75 SR S K, A3F2 A 33 A A Rk T4 5 FR
B A (e 5 S S AR X A R 1 T B AR R R AR
(2 A bR T W AR B A5 1Y 35.61 %0 ~48.64 %) , I
WRZE 1 T4 R SR i, AR 2R 6 0 T 49 o R 3R i e /S
(AT YRR AR 1.47% ~1.89%) . &~
IAERE ST S R R T o AR BR A B A K
S REE AR T 96K/ 0N 5 (25 38 AT 7K S X5 Rz ) A P T o AR R
ST EES . HFEINAE AT AR 2L
RS T 5 AR 2R e 2 B I KT B R T 2 1
TG W s B AR 7R A2 R A3 IS AL B R , F2 38 A8 &b
BEXT R B R AR T T R AR B S T FLORF3 R AE
Ab 3 AR G L B 3 A K P B AR I 08/ . AH ] 38 I 7K
TLEAMEREE R BT YRR R E A
61 v i3 A

e it R SR I ) R AR AR R L ZE RN R ST T AR
BRI KT AR AL S R A Y T A B LR
SESCRE R II R T 5 AR BR K T AR A R 0 A R
AP R B (£ 4, MXET I8 A AR
25 RS B R B A RS T B R R A
Lo A9, 5 S0 R AR (25 L o 6 T o B XN | i SR S
Xof R 7 bR 3200 ~45%%,

http: // stbexb.alljournal.com.cn



6 K - PR AR 5 38 &

W 4000 [ (a) 20194

B% d g

K 3000 ¢ ¢ [

g"g l)al:»abbab b

1 2000 -

il

% 1000

2

]:‘: 0 1 1 =] ]
EEEEREEREERE
I R B R S B I R

A AL

w9900 [ (o) 20194

Bk f

%A d e—I—d

\g"-aa)oo— e c c

e 2 2

= =

K~ 3000 [

B -

3K

B ! L 1L
0
ESEEE‘QE&'&ES&
Ooov-‘v—'—'NNNMmm
< < < < <« < < < < < <

ﬁsﬁ&tf_ﬂg

O i

o 4000 [ (b) 20204
& G g
& 3000 ° b = e be
H a ab 5 ab
§E a a a
H T 2000
-
5 1000}
9
‘:‘: 0 1 1 ] ey ]
EEELEREREZESE
4 L << DD d <L
o
i 0% (@) 20204
hi
g de of
B de cde
<~ 6000 abe Dcd ¢ od
?—E ab  ap a ab
B ™=
& = 3000
ﬁ =
£
E& 0 1 1 1 p—d 1
2R S ST o S R o SR RS
S O @ = = = AN N N oen o
4 3 @ € << < << <L
A AL
= R

T < B B J7 AN R/ S 3R R A [ AR B ) 22 5 12 3%, (p<<0.05) . T,
B2 FRELRBMIAIBABNEKRELATHRREE

Fig. 2 Dry matter accumulation of plant tissue at flowering— fruit setting stage and fruit enlargement stage

x4 EHRALTYRRREEEEESN
Table 4 Significance analysis of dry matter accumulation

in plant tissues

T A A 5 101 RN R M
S T U S R Ca
LHE’qu:** ¥ XX X X X X X %X % ps % % % % ¥
s
[:[jWIJX * % ons ns x % ons ns * ns ns ns
BT

23 EBEKEMMSIEFANEREALA . B HER

E-3: R A

e AR R A5 20 2L A B B R B AR R R
SR AE K P AN [T AR 26 5. 5 26 0 (R 5) 3k
B3B8 B AKX AR 28 R SEA AL B L R B B
e 8 5 W 5 0SB A ) S A A R R R S R A
BRAZU R B R Bk B N R
Xof AR R i 21 PR R i 1 H A A I R ) R R PR Y
REMHREHLE TR EZLM,

FETT AT AL A B AR I A Bl B R R LR
FEZERING R B R B RIS > R >
LA R R E R ZE >0 > R >, 2%
(R 2 B Ik 48 %0 ~59% (3. 4) . HHIF]
BEACETT AEPRA B R R S A A
ThEs miem, U HAE F1OA F2 3B AEKSEF L A R 7Y

2 SRR 0L A8 v i 3 R ZE R R
FHER MMENSREH B R RLHHRERER
P41 I o A= E A9 B T 8 s SR Ak L A2 A A3 A Ak BE
Xof 7 P A PR RO R RN 2 R AR TR IR AL B
A L F2 F0 F3 38 JE A % 197 4538 56 b 23
MR AR BB R TR S5 kA B EH
R BEIE ALK T REm N, A R B R
W3 R A AR S B 3R R AR B B T KT T R
T REAI
Ay B R B R SRR R L AR R
KE R &5 4Bk 3 31, 75% ~ 42, 44% A
34.87%0~50.98% , ALY AL B LB R B B R/, R
MR R MBER R N 0 0.81% ~1.82% F
1.66 % ~2.43% . )38 A K S F . A8 bk B 25 19 AL
Tl LI 2R B R o A A L ) g T S G s i
AR B R R R R AR SRR R
FECEE: Bt 0 7 b B8] 184 T 0 s KR ) B 22 43 L 491 B
ARG i A . A TR K *ﬁ*ﬂ%&ﬁﬂﬁ
A B 2R BB A Y B A B 0 KT AT IR
FLENEAL X AR R R R B m2E R B # . Fl E
JIES Ak 3 X 7 ) A s R PR R B T F2 R F3 3R
JIE AR 3 5 1 R R B AR R BB R AR S
(B0 2R BB S I 3B I KT T e T AL AR T 2R A

http: // stbexb.alljournal.com.cn



CHER:] 25 G W45 < 36 TS 980G o 7% 78 0T A I R e B 1 £ 5 7

0 TE HG 9] B3 S 7K P TT FE T 49 n AR B le 2K  E LE
191 B 36 A 7K F- T e e 38 n s B A1

2 DA WAL A% 16 Ak 228 0 AR A 2R SE A AL
R R BUE KRR PR RV AT LA R
ANT RSS2 A B B R R AR TR T AR A 2R

IR TR KM . A TFAE AL SR, T il AR A B 3R
e E {51 it 3 T = L B 8 Jor o o A SR SN R L A
RSB B R 23 B L o Bt =B 051 i 4 i, 3% 9
SIS T O A A SRS A R IR A ) e 3% ) AR
F2 73 e AR S I DR S R e IR AL 0 R i SRS T

RS BHEME B HAIREREZESN

Table 5 Significant analysis of nitrogen, phosphorus and potassium accumulation in tomato plants

Ak IR L7
R _ FAE A J ) _ LN ]
Uicd ES it E T B lisd = it P T B
?35:‘(‘? * X * % * % * % * X * X * X * % * % * X
s ) W& % % % % * % * % % % % % % % % % % % % %
%qa%% * * % * % * % * X * X * X * % * % * X
AE % % % % ns * % % % % % % % * % * % % %
38 AR 7K S HE % % % % ns % % % % * % * % * % % % * %
E % % % % ns * % % % % % % % ns * % % %
}J[]/jg[:[jfﬁljx /ﬁ% * % ns ns * % ns * % ns * x % ns
1B A 7K S W& ns ns ns * % * % ns ns * % * % * %
%‘?? ns ns * * * ns ns ns % ns ns
90 - 180
> (@) d g =
ﬂ of % of o @ f -5 . ﬂ
> ? cd 3 ] —:i— d = -
B~ 60 |- E3 B d 1120 B~
AagAEHRE E
8 a0
K 30 460 K<
3 =1 b= = F = || = L B
® = #
LN B
0 L 1 L L | = — 0
g
~ f f ]
- 4 40 >
gg 24 (b d 4 FE e © e, A by
2 c ¢ Ea =S I E3 =] B
B 18} be < 130 & ~
#'e a = ¢ = H g
gS Ht b, - =1 T[] 20 &
EK1-1\46_ =1 = FlE e e
2
o o
ﬁ: 0 L I f— 1 = — — L L IT | S 0 m
e g
~ 125— q == ) EI 5] & £ {2508
% c be == c == = " e T %
%AIOO - a a e ab sl ) d o E 200“%;
®G o5l : 17 &
27 = L R o L [ e
B wsol E ™ e el | 100 &
B b | RS
Ho2s5¢ 450 &
§ 0 1 | —] | | = 1 e e 1= = b 0 ‘Eé
H R DR R OE N R DR R LR R DR @D B B B LR & &
[=) [ <o — — — (q\] o) o~ o o o (= o < — — — ()] [\l o~ o o on
< < < < < ﬁgﬂgﬁ < € <€ < < < < 4 < < < ﬁgﬁ < «€ 4 <« 4 <«
G PR e Ak 2
Oz mt I - R

3 2009 EEMEKALAR B HERRE

Fig. 3  Accumulation of nitrogen, phosphorus and potassium in tomato plant tissues in 2019
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Fig. 5  Single fruit weight and yield of tomato
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