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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 fertilizer (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 14.0% ~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 the experimental field
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PRI /cm (gecm ) FFKRKR/% (go kg™ (mge+kg ) (mgekg ') (mgekg ")
0—40 Wi+ 1.39 19.72 40.27 8.54 1.47 51.10 8.20 254.50
40—100 MEF L 1.33 17.37 38.33 7.81 1.22 47.97 3.35 123.50
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Fig. 1 Tomato planting diagram
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Table 2 The irrigation times and irrigation quota for treatments
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Table 3 Soil catalase, alkaline phosphatase and urease activity

2019 4 I 16 4 S ] 2019 4F R IE K 2020 4FFFEAR R 2020 4F LK
Wy SRR/ TR BRE S RLER/ BT BRE SRR/ BT NREE SRR/ TR IRE/
RF (pgeg 'e (pgeg ' (pgeg e (pgeg e (ugeg P (ugeg e (pgeg ' e (ugeg te (ugeg e (ugeg ' (ugeg te (ugeg '
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  1.99+0.20ab  1.76£0.19b 0.88£0.06bc
AOF2 1.7740.29a  1.46£0.10a  0.73%0.09ab
AOF3 1.5540.22a  1.24£0.12a 0.6340.10a
AlF1  2.5540.26cde 2.71£0.16d 1.15+0.01de
AlF2  2.3340.16bed 2.30£0.12¢  0.9840.08¢
A1F3  2.0540.29abe 2.04£0.15bc 0.85%0.07be

A2F1 3.0140.19¢f  3.01£0.18de 1.3840.09fg

A2F2  2.6440.23de 2.73+£0.21d 1.24+0.05efg  2.554+0.18de 2.3940.16d 1.20£0.08de

A2F3  2.3140.19bed 2.2540.16c  1.01£0.09¢d
A3F1 3.264+0.24f  3.5640.23f 1.57%0.07h
A3F2  2.9240.26ef 3.1940.17¢  1.41£0.07g
A3F3  2.6340.20de 2.7640.22d 1.22£0.08ef
s
[i41]]
e
K
A
il X 58 ns ns ns ns ns ns

ek

* % ® % * % * % * % ® %

1.884+0.2bc  1.6940.07b  0.82+0.08be
1.66+0.19ab 1.42+0.15a 0.70%0.07ab
1.46+0.18a 1.22+0.13a  0.56%0.05a
2.534+0.12de 2.35+0.14d 1.0740.07d
2.2040.18cd  2.08+0.14c  0.9040.08¢
1.90+0.18bc 1.84+0.16bc 0.7240.07ab
2.8240.18ef 2.75+0.15ef 1.3240.09¢f

2.19£0.13cd 2.044+0.15¢  0.93£0.10¢
3.11£0.13f  2.98+0.16f  1.49£0.05¢g
2.86£0.17ef  2.7420.17¢f 1.37£0.08fg
2.54+0.18de 2.46+0.17de 1.1640.07d

1.9740.26ab  1.7440.14b  0.87£0.04bc  1.88£0.17bc  1.74£0.05b 0.82£0.09bc

1.754£0.22a  1.4940.09ab 0.73+0.10ab  1.69+0.16ab 1.44F0.1da 0.70+0.09ab
1.54£0.19a  1.234+0.12a  0.63%0.10a 1.484+0.17a  1.254+0.12a 0.56%0.07a
2.5240.29bede2.70£0.11d  1.15+0.10d  2.5240.14de  2.35+0.15¢d 1.0940.06d

2.30£0.18bc  2.24+0.11c  0.98£0.09¢ 2.25£0.17cd  2.0940.14be 0.92£0.09¢

2.04£0.35ab  2.084+0.15¢  0.85£0.09bc  1.93+0.16bc  1.83£0.23b 0.73£0.08ab
3.02£0.14ef  2.984+0.18de 1.37£0.09¢ 2.80£0.19ef  2.7340.20ef 1.32£0.09¢f
2.65+0.27cde 2.70£0.22d 1.234+0.04de  2.53£0.19de 2.4240.16de 1.19£0.09de
2.36£0.13bed 2.31+0.1dc  1.01£0.07¢c 2.144+0.16cd  2.03+0.14be 0.95+0.11¢

3.29£0.27f  3.54%+0.22f 1.56£0.06f 3.08£0.13f
2.87£0.20ef  2.7940.18¢f 1.36£0.09f

2.6410.20cde 2.84+0.22de 1.24+0.07de  2.5340.14de 2.501+0.19de 1.1440.06d

3.00£0.23f  1.49£0.06f
2.91£0.27def 3.154+0.18¢  1.40£0.06¢

ns ns ns ns ns ns
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Table 4 Significance analysis of dry matter accumulation
in plant tissues
TFAE A R I BRI PN
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2.5 MHEXMEDH LA, TN A T A R TR

0 T A0 A8 S 0 SR 52 % K 00 1 - O R O 5
TR T4 B B 0 2 B R P I A S T
6, M T A6 Al I 5 S R 0 I
T R b T B R U B B R
TP i 1 R L IR AR G M6 R B AR T 0,78,
6T 3t A T R T R T R A2 A T
R A LRI R W A P 1 B L T R R T
AR B LB 22 R A ) 7 R R
IR 5 SR 5=
3 it i

- - R T BRI A WL 2 — TR Rk
WAL b I P R R 4 R
b3 43 ) s AL BE 7 11 T B AT 0, 2 4k 4 E B g
FEAEYIERR . KRB R B
‘@%ilﬁ%’ﬁ%é‘i Fe 4rfrfk LI R B 2 N 1

AT PR 2R e Ak Ry 2 R AR Ak e o 38 R I Oy A 48 IR il
T T R e A S A AL U RE 7 5 T R A SR 1 R
Hh g — il S Ak A T T g ARk AR A3 M e
I A AL S A AR AR 0 B LR M T R - R A
JR AR R B 5 AR RUA BILAD B Ak 1 56 5 - 9l I 1 T A2
X IO B 0 2 i R AL, L k5 v A HLEE A 4
AR B MG . AR 5T 2 B, 0 EG ) A8 FE K SR X
1 ek ATk U | R R IR AU I S LA e
SR L R A B IR KPR R D0 L B
LB G RG i R, S R RN S A R
Jilg % M43 A 7E F1 oo F2 38 AE /K - Bl AL 4 34
1 N, 5 LET 25 R ZHAO 2508 BF 58 45 5 —
B, ATBESE T T B 0% ok o W TE S AR X 1
Bl S ER BT i A5 A 0 AR R A I s 0 1 ol 28 A 0

http: // stbexb.alljournal.com.cn



CHER:]

25 G W45 < 36 TS 980G o 7% 78 0T A I R e B 1 £ 5 353

Z A YRR T A W e R AR R A
G0 WA F9 R T+ 3 T R g B T T 5 T IR E
FE 7K P 583 S8 v 5 e 0 P R D 2 AR A O B A
VRV 28 R A 3 folc A 0 1) 0 B W0 K - 3 i 2
H OG5 P PRI

e Ah AR S B T il O 48 AR 2R U G A S A
U 811 T8 T T A 3% P g T SR S % DR 300 % i
Yt ST I L TR SR ph T AR A A AU Y R R
AJENE S EUE R Y s 2, Tl AR 1 BEAE D] 38 it 1k
L (A5 AR DX S 05 AN T T e O 7 T A A 2R ST
B i v (L 00 A i 3 R b R W B IR AR
ORI /L VT O B A T DA AR 5 W)

120 -

w0l 20195 a7

mﬁ [_12020%

= 100 |- . bcbcb ¢ 2L}, b

Bk abc® abcabbc be A

# 90 L abab b T

g ’l—‘ "khi‘a ab T

¥ g0l

70 LLL 1 AL

= (LI\: =3 =
[ o~y o o)
< < < <

A2F3
A3F2

PASESC) R RN E S G N LN i R
HEACETS o T iR T A ) T % 1 I 2 o A 7 300 9
BT AR E

ko6 BNBARRERTERZMESH

Table 6  Significant analysis of single fruit weight and

tomato yield

2 2019 4 2020 4
a HBRFE FAUE O BREE U
A Al X
* ns ns
3B JIE K

(o]
1

120195
L 120204

~J

abab

3

EHi=E/(X10"kg « hm?)
N W N
T T
AOFIZI":
HH o
He
2
=
[}
oﬂ-
&
HH e
He
—
&

AO0F2
AO0F3
AlF1
AlF2
A2F1
A2F2
A2F3
A3F1
A3F2

Bs BHEARRERTE
Fig. 5  Single fruit weight and yield of tomato

1.0
pui
&=y
0.8
mlﬁ . .
0.99%#+*
BEERRE 0.6
004 %% | 9| [RER
0.95%%%/| (. 93%¥%| ) g7k . . . ’ 0.2
0.97%%*| 0.96%*%| (,98*** . . .
dokok ak Hhk Aok Rk -0.2
0.95° 0.96 0.96 0.97 0.97 U e . ‘ .
0.91%%%| 0,90k 0,93%%% | (,95%4% | () 3%/ (,92% %% "ﬁ?ﬁi ’ ‘ = 04
-0.6
0.83%+%| 0,844+ 0.86%++|0.90%** 0.86++| 0.90%*+ 0.79we+| BE .
-0.8
0.90%%%| () 934k (,92%#% | () GOF*%| () 9] ¥4k | 0.95%4*| () §]+4:¥| () 95#k¥| §g
-1.0

puk -}
iy

- @0

0.88%%%|(.88%**|0,90%** ;gg

1.00%** BESRE

0.99%+%|0.99%+| JREE

0.96*%%|0.96%*¥ | (,98%** 0,94 4»*

0.94%4%|0.943%*|0.04%5% 0,88%++ g, 02

0.97%%%|0,97%#¥|0.99%**(0.92%** (), 04

-0.6

0,864 | 0.85%** |0,88%%0,974*% |, 90%**| (. 0.88%**

-0.8
0.92%%% | (00384 (9] *4#|0.97%¥* | gqhkn |0 92%*%| () gD+

-1.0

T B =M PTHURE D B AR R AR s P = MO B R A R B . » FoR p<C0.001,
Bloe TEMAXERTYRRE EHMHIRE FH"EENEXK

Fig. 6 Correlation of soil enzyme activity, plant dry matter accumulation, nitrogen— phosphorus— potassium accumulation and

tomato yield
INACHE B P A R e T R U B Y
AR S T A R RO AR S aE L A R RR AR KR
B AR AE AR R R R R LT e A
AT Bl T AR A T T U575 e XU, 3 BEAT RO B AR
W He AU % 53 (kN L 3 R AR R R 2R e R

T Rl T A A SRR AR S R R AL T =G BB
T IS 7K S 49 X 2 i AR PR T 0 o i B A B S R, R
A L 49 3 AE 7K P 5 3 6 B9 T 4 5 R R A A
DI AR . MIREERLKSF T ARk - B AR 3R 4 Bt 5
AL I S . AT RE SR R T 4 O A%

http: // stbexb.alljournal.com.cn



354 K AR IR R

5 38 4

S R AT R i I R T A B SR S
36 AR AR R AR AR AT IR A L R i K
MEFRICER T2 HEAE R 1006 & 7= 003 85 T
BB L AU £ A R I =41 B 5 38 AE K P A
F1 [ % F3.MRAR TH B R & LB 7ETT 7L A R
Wit 36 A 7 T e i 90 o AL 2R S R DRI Bl 3 A 7K -
I I T SR e AR L e T >4 I AR DB L K- BT A
AT HAMARR R OER LT . Loh, ASF2 AL H7E
30 SR S5 % IR 31 X IO ) AR B T o AR R B g, R
TE R AL B CA3) T 3 4 B AR I8 AE K F B T A )
TAEAR BT AR L I RE AT R AR AR AR
F8 388 SOPR B0 5 E TR X A A R A K R T A BRI AR
Mo BRI R R ERR LT YRR R
P IR T T A A 2R 301 %k 7 002 A9 4y o AR 2R i (HR 5
2 R IUT R S R SRR IR T O A A 2R S Y A R
R OB B A B0 I T AR A SR 3 R S R
A 184~ 4 SR SR AN T T T B R A AR AR
F2 T E RO 28 RS

VEW 25 b Az ARG I 7 24 75 2R W B 2B R
TCR M EAES 5 R0 A0 RIS A sl R
AAEA R EEEIRITTR . ARB R Y RICE
FrILR G FGE AE K F 5 3 DI 5 . A )
BT AR R B S W LT R B SRR Bl B I K F
28 AT T 9 /) 5 2 WY R AR 38 M K S AN ) 7 AR R L L
BRI R B AR oK S R A TR P
ik AP X 5 A T AR AR DX G Bk AR
B S MR AR B AT S A T T AR 2R 2R KOF AR AR 9
AR X L A W AT A R R R ) S A R
FIECTERE TR 32 5 S R 20 B A AL PE AR AR 2 X £
HEFR A3 W W ORI FIRCR . A R B L AR ] 38 7K
ST R R SR W B AR R SR L 0] 4 i e
T B 5k A A AR DX AT A1) T4 2 AR bR 1 5 3R o0
RRE AR P 7E 7 A 9L R AR R
REZHBEAE R Jr, 80 R B2 BRI
255 R AR RAE MBI IS R — B 3R WD R A R 2R
RS AR s T AR MR T B TR
A Frop B 802K 35 B, IR UK S R TR ZE AR
SRR S E. CAPRY R R R X F i
PREEAI A A R ROR SR T BA B, B i
O R D) DR R AR R AR R BT EZ R B A
BERBEEE W HR IR RF R
RVCREHOHAEZEEM, AT R En
(917 ) T T 4 A 2R S0 AR PR TR AL A 0 3R 1) AR R 0 HE LR
S R S e I A B R ) 2R S 20 B IR R R
FU 51 36 i 2 7 TR A 95 S A IR AR B A I e A B

AR SE R R A ) TR TR R R A AR s

gk

4 it
QBF/-3 =0 IEWAA IE =Y o) S o S NI R Y =5 B s

A A BTN SR S g DR 390 XF 7 - SR DG e 4 05 2 AH [

BHEACE T $8 S A B 506 ~15 Yo X hj 3t 4 Ak

S T T R DS A B 7 27,500~ 122,94
(2) AH [F] 38 JE 7K S8, A Bk T 9 B FLE FR 0 R

CR B D BRI = He 49 s T4 42 v i <

Lo A 1) T 6 il AR 2R TR T A6 AR R0 i B K AR R S TR

AR S R A R BLR
(3) 7E AH 7] 38 AE 7K SF 8, 48w om <Ll 596 ~

15 0 %68 7 7 i B 2R R 3G 1.4 06 ~ 23,806, F il

AN 14,0 %0 ~44.2 % 5 TEAHE] I A< BE 1) AH X

JB HE 7K AR 25 0 %] 1o 26 4 7 BB 0.4 06 ~9.1 04,

M3 B IR K A 5096 Xt I 7 A R I

3.0%~5.4%.

(4) 7 LR AL 1X 1t 3 50 88 2% PR T L 357 AR
Frmy PR R O R S BR R BB K P R
135300360 kg/hm* (Al X f& &t 38 AL 5E 4t B {1
2500 AN K I A& FL LB 107
5% %k
(1] BB ZE A5 W, J5 il 7, 45 8 T I <K G i 1 - B 3R 5%

VAT LA ST ]9 B 2 4. 201968 (1) : 94-106.

YANG H J, WU F, FANG H P. et al. Mechanism of

soil environmental regulation by aerated drip irrigation

[J].Acta Physica Sinica,2019,68(1):94-106.

[2] ZHU JJ, XU N, SIDDIQUE K H M, et al. Aerated
drip irrigation improves water and nitrogen uptake effi-
ciencies of tomato roots with associated changes in the
antioxidant system[]].Scientia Horticulturae,2022,306;
ell1471.

[3] DU YD, ZHANG Q., CUIB]J, et al. Aerated irrigation
improves tomato yield and nitrogen use efficiency while
reducing nitrogen application rate[ J]. Agricultural Water
Management,2020,235:e106152.

[4] WANG Y, LEI H J, ZHANG Z H, et al. Effects of
aerated subsurface drip irrigation on rhizosphere soil en-
vironment and pepper (Capsicum annum 1..) growth in
three soil types[]]. Archives of Agronomy and Soil Sci-
ence,2023,69(7):1027-1038.

[5] OUYANG Z, TIAN J C. YAN X F, et al. Effects of
different concentrations of dissolved oxygen or tempera-
tures on the growth. photosynthesis, yield and quality
of lettuce [ J]. Agricultural Water Management, 2020,
228:e105896.

[6] LEIHIJ, YU]J, ZANG M, et al. Effects of water-fer-

http: // stbexb.alljournal.com.cn



CHER:]

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

355

[7]

(8]

[9]

[10

[11

[12

[13

]

]

]

]

[14]

[15

]

tilizer-air-coupling drip irrigation on soil health status:
Soil aeration, enzyme activities and microbial biomass
[J].Agronomy,2022,12(11) ;:e2674.

TRAR L AR A R PE L S ACHE T X AR [ it &K ST 1Y
B K A3 CO, 71 N, O HEHC Ry 8w [T, 0 1] A 2527
R ,2019,30(4):1319-1326.

ZHANG Q. NIU W Q. DU Y D, et al. Effects of aera-
ted irrigation on CO, and N, O emission from protected
melon soils under different nitrogen application levels
[J].Chinese Journal of Applied Ecology,2019,30(4);
1319-1326.

OUYANG Z, TIAN J C, YAN X F, et al. Effects of
different concentrations of dissolved oxygen on the
growth, photosynthesis, yield and quality of greenhouse
tomatoes and changes in soil microorganisms[ J]. Agri-
cultural Water Management,2021,245:e106579.

NIU W Q, GUO C, SHAO H B, et al. Effects of dif-
ferent rhizosphere ventilation treatment on water and
nutrients absorption of maize[ ] |.International Journal of
Irrigation and Water Management,2021,8(7) :1-10.
BARAM S, WEINSTEIN M, EVANS J F, et al. Drip
nanobubble

irrigation  with oxygenated  treated
wastewater improves soil aeration[ ]].Scientia Horticul-
turae,2022,291:e110550.

TRAR W, SRR AR A5 DR B IR S R U E R R = A
AR AR 7 4 ST [T ] AR M HLAR 2 412, 2022, 53 (2)
365-377.

ZHANG Q. ZENG J, ZHANG Z H,et al. Impacts of
cycle aerated subsurface drip irrigation on growth char-
acteristics and yield of greenhouse tomato[ J]. Transac-
tions of the Chinese Society for Agricultural Machinery,
2022,53(2):365-377.

ZHANG Q, ZHANG P, DENG Y P, et al. Study on
regulation mechanism of tomato root growth in green-
house under cycle aerated subsurface drip irrigation[ ] ].
Agronomy,2022,12(11) :e2609.

ZHU Y, CAI HJ, SONG L B, et al. Aerated irrigation
of different irrigation levels and subsurface dripper
depths affects fruit yield, quality and water use efficien-
cy of greenhouse tomatol ] ].Sustainability,2020,12(7) ;
e2703.

X 2R R 50 S A ISR BORLK T AR AE 4
AR IEE L] K RERE . 2022, (8) : 1-7.

LIU R, WANG X C, SONG J W,et al. Effect of aera-
tion on the growth of cotton seedlings under irrigation
with brackish water[ J]. Water Saving Irrigation, 2022
(8):1-7.

LI1J G, HE P R, CHEN J. et al. Tomato performance

and changes in soil chemistry in response to salinity and

[16]

[17]

[18]

(19]

[20]

(21]

[22]

Na/Ca ratio of irrigation water[ J]. Agricultural Water
Management,2023,285:e108363.
JIANG Y, WANG X M, CHEN Y Z, et al. Research
on the effects of rare earth combined contamination on
soil microbial diversity and enzyme activity[ ] ]. Ecologi-
cal Chemistry and Engineering,2022,29(2) :227-236.
S A7 T8 e, 2 K M, 45 U0 8L T it 2 B LI XA I
9 T A R R0 2R W R P e e [ )L K R AR R A AR
2022,36(3):294-302.
QIU Y, YANG XY, LITS, et al. Effects of nitrogen
reduction combined with slow release nitrogen fertilizer
on soil enzyme activity and nitrogen uptake in cotton
field[J ].Journal of Soil and Water Conservation,2022,36
(3):294-302.
ZHAO H. LI L, FAN G H, et al. Effects of aerated
brackish water irrigation on growth of Lycium barba-
rum seedlings [ ] ]. Scientia Horticulturae, 2023, 310:
ell1721.
P ] L P A R AL T, A S T I e b g R
ik 2 il A K [T ] A T AR 242, 2018,34(23) :109-118.
ZANG M, LEI H]J, PAN H W, et al. Aerated subsur-
face drip irrigation improving soil aeration and tomato
growth[ ] ]. Transactions of the Chinese Society of Agri-
cultural Engineering,2018,34(23) :109-118.
TR HTow. Hik, K 8 A xR E F
il 2B A R T 8 e [T . 5 b X Rk BIF 5, 2020, 38
(5):168-175.
LEIH J, XIAO Z Y, XIAO R, et al. Effect of water-
fertilizer-gas coupled drip irrigation on greenhouse toma-
to growth and fruit quality[ ]J]. Agricultural Research in
the Arid Areas,2020,38(5):168-175.
B Lk, P 5 2 A A ASHE R TR B A L A
I T W7 1 O R SE LT ] AR AL KRR L R 2 22 4 (A
SREBLERRD 0 2023,44(5) . 78-86.
XIAO R, SUN K P, LEI H J, et al. Research on the
relationship among growth, physiology, nutrient uptake
and yield of peppers in aerated irrigated greenhouse[ J].
Journal of North China University of Water Resources
and Electric Power (Natural Science Edition), 2023, 44
(5):78-86.
TREE G EC Sl 556 W& T AR
A Rk g 5 g% ar AR LT . 3 8 HE K 2 41, 2017, 36
(11):13-18.
LEI HJ, YANG H G, FENG K, et al. Impact of con-
tinuous aerating irrigation on growth, water use effi-
ciency and nutrient uptake ofpak choi growing in differ-
ent soils[ ] ].Journal of Irrigation and Drainage,2017,36
(11):13-18.

(T 4% 368 )

http: // stbexb.alljournal.com.cn



368

7K PR A

5 38 4

(28]

[29]

[30]

[31]

[32]

[33]

[34]

Elsevier,2019:257-290.

ZHANG X, WANG M G, ZHANG D D, et al. Increas-
ing soil organic carbon pools and wheat yields by opti-
mising tillage and fertilisation on the Loess Plateau in
Chinal J].European Journal of Soil Science,2022,73(1) ;
el3197.

QIST, YANGSH, LINXY, etal. The long-term ef-
fectiveness of biochar in increasing phosphorus availabil-
ity and reducing its release risk to the environment in
water-saving irrigated paddy fields[]J]. Agricultural Wa-
ter Management,2023,282:e108295.
MIERZWA-HERSZTEK M., GONDEK K. BARAN A.
Effect of poultry litter biochar on soil enzymatic activi-
ty, ecotoxicity and plant growth[]]. Applied Soil Ecolo-
gy»2016,105:144-150.

TAHERI M A R, ASTARAEI A R, LAKZIAN A, et-
al. Sorbitol and biochar have key roles in microbial and
enzymatic activity of saline-sodic and calcareous soil in
millet cropping[]].Rhizosphere,2022,24:e100598.
ZHU X M, CHEN B L, ZHU L Z, et al. Effects and
mechanisms of biochar-microbe interactions in soil im-
provement and pollution remediation: A review[]].En-
vironmental Pollution,2017,227.98-115.

PINTO E. FIDALGO F, TEIXEIRA J. et al. Influence
of the temporal and spatial variation of nitrate reduc-
tase, glutamine synthetase and soil composition in the N
species content in lettuce (Lactuca sativa)[]].Plant Sci-
ence,2014,219/220.35-41.

B E A, TR, 00 TR RIS X IR (] 95 K 5 A A g

(k3% 355 70

(23]

[24]

RAT, LB B A, G5 gt B4 b 7 ih 08 4 T
3N K 0 e 3 e B A B 9 LT ] AE W 38 597 5 I k2
2 .2000,6(4) :409-416.

WU J F, WANG Y H, HE J D, et al. Study on the
effect, absorption and distribution of NPK on tomato
in greenhouse of Beijing suburbs[]].Journal of Plant
Nutrition and Fertilizers,2000,6(4) :409-416.

G Bk S, AR L A3 b T B B S i T R
114 IR S A A 2 L) . o T e S I R, 2021 (1)« 247~
255.

[36]

[37]

[38]

[25]

OGBS A S [T ] b B ROl B S 4. 2014516 (1)
59-64.

GE G F, WANG S H, LIU W Q. Effects of nitrogen
fertilizer on activities of key enzymes of carbon and ni-
trogen metabolism of different flue-cured tobacco varie-
ties[J].Journal of Agricultural Science and Technology,
2014,16(1) :59-64.

WANG B S, WANG Y, SUN'Y, et al. Watermelon re-
sponds to organic fertilizer by enhancing root-associated
acid phosphatase activity to improve organic phosphorus
utilization[ ] ]. Journal of Plant Physiology, 2022, 279
el53838.

AL, A R AR R ERR AR E KA
R B 7 a1 5w [T ] 4 BA ROk R 2 24 4, 2016, 47
(2):218-223.

CHENG X Y, MENG J, HUANG Y W, et al. Effect of
biochar on root growth, absorption of nitrogen and
maize yield[J].Journal of Shenyang Agricultural Univer-
sity,2016,47(2) :218-223.

KHAN I, IQBAL B, ALI KHAN A, et al. The interac-
tive impact of straw mulch and biochar application posi-
tively enhanced the growth indexes of maize (Zea mays
L.) crop[J].Agronomy,2022,12(10) :e2584.

R LA 2 T A5 T AR W RS FE X A K P
1+ JE S R M )], - 242, 2019,56 (1) :176-185.
WU A L, WANG J S, DONG E W, et al. Effect of ap-
plication of biochar and straw on fate of fertilizer N in
cinnamon soil[ ] ]. Acta Pedologica Sinica, 2019,56 (1)
176-185.

CHU Y, LUO HY, LINJ M,et al. Study on the ab-
sorption law of nitrogen, phosphorus, potassium and
trace elements of tomatoes[ ] ].Soil and Fertilizer Sci-
ences in China,2021(1) :247-255.

IR PR TR T L A B I X AR Ak i B A
BIRICR S H A L) ]l R AR R, 2022, 54(5)
120-127.

GUO X Y. LU Q, ZHANG Y H. et al. Effects of
spraying phosphate fertilizer on quality and nutrient
content of cherry tomato [ J]. Shandong Agricultural
Sciences,2022,54(5) :120-127.

http: // stbexb.alljournal.com.cn



