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Effects of Heterotrophic Ammonia-oxidizing Bacteria on
Yield and Water Use Efficiency of Dryland Maize
ZHAO Hongfei, WANG Xiaoling, CAO Jiawei, YU Hao, ZHOU Liju, TIAN Shishi
(College of Agriculture Henan University of Science and Technology s Luoyang » Henan 471000, China)
Abstract: [ Objective ] To investigate the effects of inoculating heterotrophic ammonia-oxidizing bacteria
(HAOB) on yield and water use efficiency of dryland maize. [ Methods ] A two-year field experiment was conducted in
a drought-prone area using HAOB strain S2_8_1 as the test strain and maize as the plant material. Four
treatments were set up, inoculation with HAOB strain without irrigation (DI), non-irrigated control (DCK),
inoculation with HAOB strain with irrigation (WD), and irrigated control (WCK). [Results | Inoculation with the HAOB
strain enhanced the nitrification rate in the rhizosphere soil and the photosynthetic rate of dryland maize,
significantly promoted maize growth and increased the yield (p < 0.05). The above-ground biomass at
different stages and the yield at harvest in the DI and WI treatments were significantly higher than those in
the DCK and WCK treatments, especially in the DI treatment. In both the drier 2022 and the wetter 2023,
maize yields in the DI treatment exceeded those in the DCK and WCK treatments by at least 24.98%; in
2023, the yield of the DI treatment was comparable to that of the WI treatment, exceeding that of WCK by
more than 11.29%. Additionally, inoculation of HAOB improved the water use efficiency of maize, with DI
showing at least a 4.84% increase compared to DCK, and WI showing at least a 3.06% increase compared to
WCK. The nitrification rates in the rhizosphere soil and the yields of DI and WI were similar, but DI did not

require irrigation and had a higher water use efficiency. [ Conclusion] The application of HAOB strains in
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dryland agriculture is an effective method for improving maize yield, and it can provide a new technological

pathway and research direction for the development of dryland agriculture.
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Table 2 Soil nitrification rate, soil ammonium nitrogen content, soil nitrate nitrogen content and total soil nitrogen content in various

periods and treatments

F-Value
GO izt A K 3 DI DCK W1 WCK — — — S
TR EeA TEE X T
. FHiM 28240152 1.824+0.12¢  2.54+0.15h  1.92+0.14c  0.23 19.25 5.08
Wi/ ' X
I FFHW  3.08+0.25a  1.39+0.06c  2.73+0.21b  1.59£0.1lc  0.07 26.35 7.36
(mgeke "= d'D e 99340088 1124007 17540126 1.0540.07¢ 181 19.88 9.05"
NH N 4R FHM  14.90+1.08a  14.41+1.14ab 12.71+0.88b  13.71+0.71ab  3.81 0.12 1.76
NG
! b TP 141440932 12.324+1.01a  13.43+0.76a  13.54+1.07a  0.07 0.79 3.09
. —1
2022 (mg kg ) W 13.16+0.91b  15.8540.77a  13.530.88b  14.28--0.87ab  0.38 3.14 3.85
N0 N A HFEM  17.69+0.81ab 16.254+0.76b  18.97+1.20a  17.32+1.29ab 114.43 196.85° 0.03
NO; =N &Hm
: 7% A 15.36+1.29a  15.33+1.17a  14.60+1.06a  15.74+0.95a  0.09 0.88 0.81
(meg+ ke D) W 202941194 21.49+1.69a 18.69+1.23a  20.224+1.52a  73.96 66.91 0.04
AR/ FERWR 09140058  0.914+0.04a  0.914+0.03a  0.90+0.04a 1.0 1.00 0.02
(g kg™ ") WME  0.83+£0.03a  0.83+0.04a  0.80+0.03a  0.81+0.03a  25.00 1.00 0.07
o BHEM 3.81+0.28a  2.83+0.21b  4.0240.32a  2.914+0.18b  4.62 246.49" 0.21
L %R/ _ . 1n
S FFAEW 2.9940.22a  1.9540.10b  2.77+0.25a  1.724+0.13b  729.00° 15 625.00 0.01
(mgeke "= d'Dwwew 5034023 17740.10b 27740082 1.9740.16b  0.02 19.70 5.22
HEM  15.08+0.55a  13.5340.99a  13.874+1.01a  15.28+1.21a  0.03 0.002 6.97"
NH{ —N &/ .
1 FFAEM 12.65+0.67ab 13.7240.90a  11.48+0.70b  12.66+1.04ab 462.94%  474,12" 0.01
2023 (mg * kg ) WS 13.2140.73a 12.5540.87ab 11.36+0.87h  13.25+1.0la  0.20 0.23 6.38"
O N A FHM  16.38+1.37a  18.98+1.38a 18.01+1.25a 17.03+1.30a  0.01 0.21 5,44
NO; =N &=
' " FFAEM 12.7240.67a  12.8640.81a  12.3140.67a  12.16+1.16a  13.39 0.001 0.10
. 1
(mg * kg ) WM 15.66+0.81b  17.58+1.16ab 15.64+0.89b 18.15+1.43a  0.89 57.67 0.21
SHER/ FERME 0.95+0.04a  0.96+0.03a  0.96+0.04a  0.95+0.05a 0 0 0.17
(g- kg V) WA 0.80+0.03a  0.81£0.03a  0.78+0.0da  0.784+0.04a  25.00 1.00 0.06

W Fox xRl p<<0.05 Fil p<<0.01,

P& 3 AT, X LA (] A B ) 66 7K o K 43 1)
SR B, 2022 AEF] 2023 4F [) &b B (1 #E K 2 B
MRS R BCRERER . 2 2023 FEW T £, &
K 43 ) %03 Bl FE K B A 8 o m R K. DI 5
DCK f& WI il WCK 97K 43 F] FIR0CR X L, 78 2022
ARSI 8.69% 1 3.65% , 7E 2023 4F 4y Wi
4.84 % FN 3.06 % . A FEAK L HE T L {H 42 1 Ak B K
Oy R AR i, B HAOB 1 bR fEAS 4R /5 ok 1
KA F AR, DI AL W4 7K 43 F1) FH 2% %40 L, 78
2022 A F1 2023 4F 43 5 B & 5.31% F1 1,640, 1 B
HAOB TEAEBE 554N T R4 K 43 R R .

3 it ig

ARFFEH, HAOB 75 5 1 W 7 45 10 TR ik ok
A B 7 R R K A R AR . FE 2022 4T 2023
A, T A6 3 B0 AR 3, DI i b b 2B 9 i B & 1
DCK il WCK., FEWCHRE, DI 7= i [ AL R I 6, 5
DCK AH L DI #9775 2 /5 24.98 %0, 5 28 i THE I
OB WCK, JEHAE BE/K SEAR 19 2023 4F, DI (977 &
Fb WCK 5 11.29% .5 WI p= i385 . 78 /K 5 H

ifii, DI 5 DCK #il WCK AH Lb g = 2> 4.70% . 5 WI
A EG L DI A8 I 9 FH 7K a2 R i B PR R0%, B 3%
FEre B 22BN K. R DI WaE A B R, 7E R
HEWE RS 00 S AT RE PR R = 7

HAOB #4538 - M EH . 5 R 3% WAL 24
FE 42 P Ah AR B - M 1% il b o R $ R & /030,92 %0,
il Ak 8 Y 4 1R O FOR SR AL T Al AR A R R
KW ER MR, A R S AR
K 4 v AR e AR RS Y RS P L 3 R L iR
X EK AR W, AP, HAOB # 5
FORJF S AE B KM FR 53 W) 1 52 e T 8 BE AR oK AR
#B 5 ERIE IR R 38 A G o s A VR AR i
KK, 50 AN FE A5 b, B2 R HAOB {2
L 5K K AR TR K S R THRCRE EoE 45
R—3. SR TR RAE R th i T AR 2 AP IR
FR T B B TR KO- 23 K PR SR B
e, AR AT PR BRI FORRE SRR R K BT
S AR AP AR DR TE ) i 3] R A K
IR, SEERRR SRR RESE 4 M Rh HA-
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Table 3 Maize yield and water use efficiency in various periods and treatments

- o - - [ gk Fek WUE/(kg+h™ '« Wi G#E
(kg * hm™?) B8/ % mm m ‘emm ") K/ %
DI 529.45+30.91a  244.12412.92a 9 693.89+757.12ab  42.8242.60a  291.30%12.7h 33.27£1.95a 100.92+4.51a
DCK 493.92447.12a  200.13%15.89b 7 413.55+450.95¢  38.74%2.30a  301.61£9.94b 24.58%1.29¢ 97.42£3.27a
WI 543.56426.84a  253.40115.42a 10 380.47+378.01a  43.0842.03a  371.43+13.92a  27.9620.97b 79.1243.01b
2022 WCK 505.5623.27a  240.30416.65a 9 111.46=423.76b  41.0542.69a  375.584+13.54a  24.3141.92¢ 78.24+2.78b
VEM 108.15 2.56 5.56 1.58 625.76 1.23 244.57"
HH 881,28~ 3.42 12.32 8.96 5.51 6.00 2.80
VEW T 0.004 3.07 2.79 0.53 0.18 755" 0.43
DI 541.43441.76a  265.661:19.53a 10 855.541:499.00a  44.704:2.65a  413.37£15.49be  26.29%1.75a 116.96+4.46ab
DCK 498.52447.56a  231.96+18.41b 8 686.154316.31b  40.49£3.23a  405.36+17.67¢ 21.45£1.05h 119.3145.32a
WI 537.354+42.27a  272.28414.41a 10 973.924:857.09a  44.154+1.92a  445.05E14.67ab  24.65F1.65a 108.6043.65hc
2023 WCK 513.77430.00a  252.514:15.36ab 9 754.174:523.56b  42.494+2.58a  451.79423.75a 21.5940.22b 107.1145.81c¢
A 0.33 3.80 1.56 0.33 28.05 0.71 28.59
HH 11.83 14.74 12.74 5.31 0.01 19.73 0.05
VEWE X e 0.17 0.50 1.99 0.70 0.49 1.37 0.47

LA HAOB J2 $2 85 38 K 20 B FH AR 0 G 350
Jiti o AR ST 20 7R [R) T A 1 T L 22 A AL B 4 S 4R
1R K R R 0% B 2 42 32 E W 1) W 55 R VR 1Y)
DCK, WI # DCK 7E 2022 44 5 3.38 %, 7F 2023 44
3.2, A WESE R B, K AUNE A A B 68 12 i
YERIRE 7K 43 11 5 05 R 2 w3 1 0 K 4 R0 ik
Sh R ERILREE A PR R AR MR RIENE
BRI WA A B A B AR R B R TE T B 5 )
o BIERAEIER. A BRI R A AR R R
TS UG A TR 22 M0 AR 25 B R B2 i 3 , 1 i 2
RPN AR 2R 0 A H 2 2 R AR W L i, 3
WHAEPR AN EREE . 28 HAOB X £ K1
R B S A A %, Ry oK SR B 2 A S A T RE R
HAOB $& 5 £ KK 73 R HECE R Z — .

G RR SO & A B 2 R AR i 1
TEIRAR B SR SR X T B S AR A R i
REE, ABEFE T, 5 A 3 AL BRAH LG, B2 08 A HE 7
2022 AEH 2023 AE Y F W TT A6 I R0 0 38 3K
HE B R G R 3R A A LA R Y A )
A= RN 2 —, AR LA RN NS
HAOB H i T KX i A /W 56 . A R e & il
Pyt Frvnk g R B ik KOG A VR A DG il Y ok R RS
P I S A e A L ] e 5 A R Y O B
PR R AR S B AT B, AE R R S bl
HEOmAE A AR ] AR & R ok & R ) BB R
S RIE g I TE R S L A R B I S AT it
B A B AR RS OB SR T

FE S AR A 7 v E AR AR KD 22 G it
JE DA i 7= e AL S RIE AR R T 2 UGB IR, AR
KN 55 8l I3 FE , 36 PR 3 0 g g i AT 5 B S ELAE
PEFUEALSY . ABFFEH, HAOB 76 F K 8 A A KR
RIEMER ., H3EM HAOB J5 4% B Ab B A KR Br L 38 6
A BT A HOR Y & TR W AL L i DI R WI
WA= it i FK A3 R AR ) 3 DCK #il WCK.,
5L AN HAOB KA 850, HFE 781 0 — ok
R, B 5 sh f1. R HAOB AN AE 4R A il 5 4
AN 206+ HEFAE M T IR I RE R S AR (1 7K 43
F R 1548 K IR IR0 57 8h Ty I FE. Uk A
FAGIEI 2R HAOB £ AR (] 174, 8 £ W] HAOB
P b AR BAT AR W 1. SRR AT DL R i 4
it HAOB S /Er 42 A 24 20, 30 3 B AR U8 DA i s 2>
AW . A5 BB 505 DL IE & o A8 i, SR %R
HAOB 5 ZEE /Y 5 A T ], DL R HOR 7 e A R0 20
RUIE it FH 2, R ARC 2000 % 8 A i R o KB & 5
HAOB 7E4 A= 7= i fE AT
4 4t

(1) HAOB B bR 7E R U F5 551 T 85 &
Ky=ht, HAOB & 3% 345k + e st 4B . = 2B
NO; #2585 E ARG A H AR L AR &,
ik, 5 DCK Fl WCK #f kb, DI #£ 2022 4F fil 2023
A T A6 01 20 CR 0 1) L A= 9 RO 1) 7
¥,

(2) HAOB 7 # 15 5 K 7K 43 F) FH 2% 07 1 & 4%
HEEH ., AR EREKARE 2022 4, DI 1Y 7™ &1}
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