‘ A ’,3 W2 o2 i
ﬁ& ;%%H £s @t&J BRI e R

\GRO-ENVIRONMENT SCIENCE
PAik: http://www.aes.org.cn

VETE-5 AW B 3N 3 AL R AH AL Th BE U AE IR
XAz, BRPEAR, TRSCIE, S, B, 48

FIHASL:

IS Z, ERPEAR, WOCIE, WAL, B, 6. WEWE 5 1 Soxt S R AL S, Al SRR %
H2, 2023, 42(10): 2254-2263.

TEZR R BE View online: https://doi.org/10.11654/jaes.2023-0090

FETT BRI HAB S

Articles you may be interested in

BB R X B0 s 2E 1 b - 49 4 S Tb 5 O AR E 1 52 T
INRK, TRAES, SRR, INVEAE, AL IE
LMV IABIRL 24 4]. 2017, 36(11): 2356-2364  https://doi.org/10.11654/jaes.2017-0589

ANTRVAE W I e %o TR Ak 255 Pl = EN2O RN CO2HE I ) 52 1)
FIVE, ] &8, MRAZ, 5KOKTE, W4k
LV FREERF2 4. 2017, 36(12): 2544-2552  https://doi.org/10.11654/jaes.2017-0845

I i) 4 A A 0 T o - 4 2 i)
PR, XA, PRI, fIERR, 4 K8, T 4R
TN IR 2021, 40(6): 1326-1336  https://doi.org/10.11654/jaes.2020-1414

FrHE RS [RIVEE IS B i b — TR0 40 70— 2= 40y e 6 45 BEL A RO VS O 5T
Wi, B, B, AR, TR TR, R, ThFA, TR

L FREE R4 2020, 39(10): 2363-2370  https://doi.org/10.11654/jaes.2020-0471
AR 2 e - S Tk R R B R A 1) 5

ATRIF, S8 AEEE, X E %, BBEEE, VERBE, 4K

LV FREE R3] . 2020, 39(12): 2824-2832  hitps://doi.org/10.11654/jaes.2020-0696

FAEMATANT , FRTLVR


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2023-0090
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2017-0589
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2017-0845
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1414
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0471
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0696

2023,42(10):2254-2263 R W ®E M FE F R 20234F 10 H

® Journal of Agro-Environment Science @&

XIARZ, WRIERR, SKICIE, 45 . S5 LR W ST pxs e b S i AL S RE S E M B2 i 0], ARl FREERE 272741k, 2023, 42(10) = 2254-2263.
LIUJ Y, QIU H S, ZHANG W Z, et al. Effects of irrigation types and biochar amendment on soil nitrifying and denitrifying functional microorganisms[J].
Journal of Agro—Environment Science, 2023, 42(10) : 2254-2263.

B S £ Rt T IEE N RAEC s E W RIS
FAZ, R, RIXE", A, Bk, 422

(1. P E AL B 24 BE A T HEEATEFT BT AW A RS 3BT K HE I T RE T S S0 %, W B & 453002; 2. 4 M 2F B R 8 S5 4 T FE 2%
Be, 2 8N 2341005 3. 75 Mgl Bl2# B, 28k 18I0 234100)

M E AW RREE 7 2R A T 5SS - SR A K S A BAE W R 0 , AR ISR R )/ DX 3 ik S [
W 20T O R 2 TG T WSV AN ROBEE ) VR IS [ et A= P 5 ¢ (010,20 t-hm ™), &5 45 520 287 it PCREEAR , WF5E 17 3l 1R
T3 25 AR BT e R A A b DX A /N2 BT I T B A B S A B A AR DG S REJE IR A 5] o 285 SR 3 ] ST E A L, W i B |
Tl Vi f AR T - NHG-N 35 R 4000 A 49.30%~68.25% . 30.22%~57.19% Fil 43.63%~56.83% (P<0.05) , {HAE— & FJE |-
BEIN T HHENOS-N it IR 405 5.14%~62.39% ,0~173.50% F1 0~87.90% . H1 T HE BETHE ARUBEHE S5 /K HEE Jr =X p ik it
TEAR T R E 72X (24 8 RERE A 3 1) 5090 ) | DRI TG 23 77 A A5 R Tl A0 S g I 400 i) Sl A B 0oy (R B 58, 1 o - S s AL A Wy Dl g
B AOA-amoA Fl AOB-amoA W HE R F= 52, HIG I Ay G ol > W >V o > 18 i IRI T , 7 4% G 2CTF WS in 26 0y J e v 34 Jon
AOA-amoA Fll AOB—amoA HJHE DR 4= i , 3 0] B T2 I [K] 7 A= W B e 4 3k 1) FLBR 5 48 R R G g /K NE WG RS BE ) o i@ HEAR EL L T
W OB RE S RAIR T LSS A AT ) nosZ JEDR 218 o ABAEA-HEWE 7 20F R A= W o e, JE HO2: i b AR W 0 ¢ (20 t-hm™) A]
P RO AL S A W0 nosZ SR T2 8, DT ARG 1 39 S Al Ak ol A B9 NLO B2 IRUBR: o & IR, 49 7K Tk 5 45 2 g o e A w41 ad
PN LA AR T, 38 5 52 ) SR A Sl A 3 2l IR S S A B SO T R AN 20 ¢ h A 5T A UG HE /)N
E 20N L TG

SRR EWE T =X LR W s AL AR s S AR R Sk

HESHS.S1543 XEREED:A XEHS:1672-2043(2023)10-2254-10  doi:10.11654/jaes.2023-0090

Effects of irrigation types and biochar amendment on soil nitrifying and denitrifying functional
microorganisms

LIU Jieyun"?, QIU Husen’, ZHANG Wenzheng'", HU Zhuangzhuang’, LU Mouchao', WANG Yu®

(1. Key Laboratory of Water—Saving Irrigation Engineering, Ministry of Agriculture and Rural Affairs, Farmland Irrigation Research
Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China; 2. School of Environment and Surveying Engineering,
Suzhou University, Suzhou 234100, China; 3. Suzhou Academy of Agricultural Sciences, Suzhou 234100, China)

Abstract: Presently, it is unclear how biochar regulates the microbial processes of nitrification and denitrification under different irrigation
types. Therefore, a field experiment was conducted under four irrigation types (normal flooding, drip, sprinkler and micro—sprinkler
irrigations, represented) with three biochar treatments: no biochar treatment (CK), 10 t+hm™ biochar(LB), and 20 t+hm™ biochar (HB).

Real time PCR technology was adopted to analyze the abundances of nitrification and denitrification functional genes in the joint phase of
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winter wheat in the North China Plain. Compared to flooding irrigation, the drip, sprinkler and micro—sprinkler irrigation methods
significantly reduced soil NH:—N contents by 49.30%-68.25%, 30.22%—57.19% and 43.63%-56.83% ( P<0.05 ), but increased soil
NO;-N contents by 5.14%-62.39%, 0-173.50% and 0-87.90%, respectively. Owing to the low amount of irrigation water compared to

flooding irrigation, the drip, sprinkler and micro—sprinkler irrigation methods can create an environment fit for nitrification but unfit for
denitrification. This, therefore increased the abundance of AOA-amoA and AOB-amoA genes, in the following order: micro—sprinkler
irrigation>sprinkler irrigation>drip irrigation>flooding irrigation. Meanwhile, in all irrigation types, biochar amendment increased the
abundance of AOA-amoA and AOB-amoA genes because of the pore structure and adsorption of biochar. Compared with flooding
irrigation, the drip, sprinkler and micro—sprinkler irrigation methods decreased the abundances of nosZ genes in the soil. Whereas, in all
irrigation types, biochar amendment (particularly the HB treatment )increased the abundance of nosZ genes, and thus may reduce the risk of
N,O loss via soil denitrification. Overall, the interaction of saving water irrigation types and biochar amendment can promote soil
nitrification, and affect soil denitrification by regulating the activities of denitrifying microorganisms. Biochar addition with 20 t-hm™ can

promote nitrogen adsorption by wheat under micro—sprinkler irrigation.

Keywords : irrigation method; biochar; nitrification; denitrification; microorganisms
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Table 1 Basic properties of soil and biochar

A BpkRTC,  BAETN BBETP RBTKY g AEBD JKAY T iz FhkL
Ttem (g-kg™) (g-kg") (g-kg") (g-kg") P (grem™) Ash/% Sandy/% Silt/% Clay/%
43 Soil 9.5 1.0 0.8 21.6 7.9 1.29 — 23.5 69.7 6.8
A= Y1) % Biochar 427.1 11.7 7.5 27.6 10.1 0.18 37.2 — — —
T —"FRoRARM
Note: “—" represented not analyzed.
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Figure 1 The distribution diagram of field plots
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Table 2 Two—way ANOVA analysis for the effects of irrigation types and biochar on soil properties

R NHi-N NO;-N Nmin pH

s H 1 df : -

Factor F P F P F P F P
Ir 3 46.560 <0.001 9.976 <0.001 34.946 <0.001 16.684 <0.001
B 2 6.549 0.005 1.204 0.317 4.987 0.015 6.149 0.007

BXIr 6 1.637 0.180 15.817 <0.001 4.614 0.003 3.559 0.012

B FRRAEY T e FoR g X, T,

Note: B represented biochar; Ir represented irrigation type. The same below.
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Different uppercase and lowercase letters on the bar indicate significant differences at P<0.05 level among different irrigation types under same biochar rate

and different biochar rates under same irrigation type ,respectively. The same below.
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Figure 2 Effects of irrigation types and biochar amendment on soil properties
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Table 3 Two—way ANOVA analysis for the effects of irrigation types and biochar on the abundances of

nitrification and denitrification functional genes

7 AOA-amoA AOB-amoA nirK nosZ
1 Hh B2 df
Factor F P F P F P F P
Ir 3 27.578 <0.001 29.218 <0.001 9.114 <0.001 444.591 <0.001
B 2 3.016 0.068 12.258 <0.001 27.888 <0.001 483.099 <0.001
BxIr 6 0.937 0.487 0.939 0.486 2.155 0.084 64.520 <0.001
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Figure 3 Effects of irrigation types and biochar amendment on soil nitrification and denitrification functional genes abundances
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