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Effects of the Interaction Between Arbuscular Mycorrhizal Fungi and
Nitrogen Fertilizer on Nitrogen Utilization and Yield of Spring Wheat
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WANG Guangchen' , ZHANG Yongping'

(1. College of Agronomy, Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010019, China;
2. College of Agronomy, Henan Agricultural University, Zhengzhou, Henan 450046, China)

Abstract ; The excessive application of fertilizers in the Hetao Irrigation Area of Inner Mongolia has led
to soil degradation and posed challenges to sustainable agricultural development. To identify a suitable
fertilization model that achieves the dual goals of reduced fertilizer application and high yield and effi-
ciency for spring wheat in this region, a two-factor split-plot experimental design was employed to
systematically explore the effects of arbuscular mycorrhizal fungi(AMF) and nitrogen fertilizer inter-
actions on nitrogen uptake, utilization, and yield of spring wheat. The results showed that the appli-
cation of AMF significantly increased spring wheat yield(P<C0. 05) by 4. 87% , mainly due to increa-
ses in the number of spikes and thousand-grain weight. The application of AMF optimized nitrogen
distribution patterns and utilization efficiency. as evidenced by a significant increase in nitrogen trans-
location before anthesis(from 73. 83 kg * hm ™ * to 78. 09 kg « hm ™ ?) and post-anthesis nitrogen contri-
bution rate(from 29. 83% to 38.80%). In addition, the application of AMF significantly improved the
diversity of the AMF community in the rhizosphere soil, with community diversity promoted by low
nitrogen application, but inhibited by high nitrogen application. Under AMF application, the optimal
nitrogen application range for spring wheat was 114. 17 —217. 93 kg « hm *, which is 30% —50%

lower than that of the traditional fertilization rate. Based on the above results, the yield and nitrogen
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use efficiency of spring wheat in Hetao irrigation area can be increased simultaneously by reasonable

application of arbuscular mycorrhizal fungi and nitrogen fertilizer.

Keywords: Arbuscular mycorrhizal fungi(AMF) ; Spring wheat; Nitrogen utilization; Yield; Hetao Ir-

rigation District.
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Table 1 Fertilization rates of different

2

experimental treatments kg + hm™

o W E M IMBAIEIRE AR

Diammonium Topdressing urea Total nitrogen
Treatment

phosphate at tillering stage application
ACK 0 0 0
AN, 300 0 54
AN, 300 135 116.1
AN, 300 270 178.2
AN; 300 405 240. 3
ANy 300 540 302. 4
BCK 0 0 0
BN, 300 0 54
BNy 300 135 116.1
BN: 300 270 178.2
BNj 300 405 240. 3
BN, 300 540 302.4
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Table 2 Dry matter accumulation of spring wheat with different treatments kg * hm™?
HEHH(H-H) Growth stages(month-day)
Tréft%em SrBE(5-3) AT (5-17) il (6-1) FFAE(6-10) W (6-18) A (7-15)
Tillering (5-3) Jointing (5-17) Heading (6-1) Flowering (6-10) Grain filling (6-18)  Maturity (7-15)
ACK 525.78 2972.00 4623.11 8 529.33 10 953. 33 11 907. 56
ANy 644. 89 3002. 22 5 837.33 9 078.22 12 684. 89 13 668. 89
AN, 646.67 3 488. 89 6 292.00 9 570. 22 13 179. 56 14 173.78
AN, 649. 33 3 965.33 6 708. 44 11 259. 11 14 865.78 16 636. 44
AN 672. 44 3 848.00 6 534.67 10 546.67 14 086.67 15 381.33
AN, 627.11 3 453.78 6 048. 89 9 435.56 13 583.56 14 748.00
BCK 517.33 2 363.11 4 525.56 7 173.33 10 677.78 10 609. 33
BN, 541.78 2 720. 89 5 531.78 7 914.66 11 456. 89 12 136. 89
BN, 606. 22 2 860. 44 5 940. 44 9 018.67 11 681.33 12 805.78
BN; 609. 33 2 964. 89 6 366.22 9 013.33 13 104. 00 13 778.22
BN3 621.33 3 666.67 6 518.67 11 148.00 14 590. 22 14 624, 44
BN, 643.56 3 458. 22 6 207.78 10 487.11 14 276.00 14 036. 00
x3 AELBTENETYRREENFTESN
Table 3 Variance analysis of dry matter accumulation of spring wheat under different treatments kg + hm™2
HEFRYI(H-H) Growth stage(month-day)
Trfaitf%cnt 4 BE(5-3) P45 (5-17) A 6-1 FFAE(6-10) T (6-18) A (T-15)

Tillering (5-

3) Jointing (5-17)

Heading (6-1)

Flowering (6-10) Grain filling (6-18)

Maturity (7-15)

Z B Nitrogen fertilizer(N)

CK 521.56b 2 667.56d 4 525. 56¢ 7 851. 33d 10 815. 56¢ 11 258. 4de
No 603. 33a 2 861. 56¢d 5531.78b 8 407. 56cd 12 070. 89b 12 902. 89d
N, 626. 44a 3 174.67bc 5 940. 44ab 9 294. 44bc 12 430. 44b 13 489. 78¢
N 629. 33a 3 465. 11ab 6 366.22a 10 136. 22ab 13 984. 89a 15 196.67a
N; 646. 89a 3 757.33a 6 518.67a 10 847. 33a 14 338. 44a 15 002. 89ab
N, 635. 33a 3 456. 00ab 6 207. 78a 9 961. 33b 13 929. 78a 14 392.00b
# 7 Fungal inoculant(F)
A 627.70a 3 455. 04a 6 007.41a 9 714. 30a 13 225. 60a 14 413.78a
B 589. 93a 3 005.70b 5 526.44b 9 029. 56b 12 631. 00b 12 998. 44b
SRR Variation source
AN 3.285" 13.526* 38. 222" 12,776 " 21.024" 48. 902" *
Wl F 3.274 24.395%* 10.716* * 6.192" 5.835 66.553" *
A X EH NXF 0. 632 2.687" 3.072" 4,024 3.050" 3.261"
RN B B 5 Ak B[R] — S0 B0 S5 AN ) /N 5 B b ) 2% S W 35 (P <0, 05) % : P<C0. 055 % % . P<C0.01, I,

Different lowercase letters following the data within the N or fungi treatment in same column indicate significant differences between

: P<C0.01. The same below.

treatments(P<C0. 05).

5 369. 86(R”

* . P<T0.05;

=0.9631""),
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7.

U 217,93 kg + hm* B 7008 B £
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2.3.1 SHHERLSEZHHR
Hi 3% 6 AT, Fﬁi%‘ﬁ?‘l‘%?&i& o AN TR Ak B )N
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Table 4 Yield and its components of spring wheat under different treatments kg * hm™?
ab 3 s TR TR AL T kL E
Treatment Grain yield/(kg « hm~2)  Spike number/(10" « hm~?) Grains per spike 1 000-grain weight/g
ACK 5 506.7 640. 7 23.7 38.0
AN, 5926.7 677.3 24.7 39.2
AN, 6 600.0 74T T 32.7 39.7
AN, 6 993.3 797.0 31.3 41. 4
ANj 6 783.3 771.3 35.3 40. 2
AN, 6 700.0 741.0 37.3 39.9
BCK 5 433.3 624.3 25.6 37.9
BN, 5 793.3 651.0 29.1 38.1
BN, 6 266.7 663.7 32.4 38.6
BN, 6 616.7 705.3 35.7 39.3
BN; 6 923.3 771.3 38.7 40.3
BN, 6 733.3 727.3 40. 2 39.7
£S5 TRLEBTENEFEREMBEZNATESN
Table 5 Analysis of variance for yield and its components of spring wheat under different treatments
pis:} P A TR B TR
Treatment Grain yield/(kg « hm2?)  Spike number/(10* « hm ?) Grains per spike 1 000-grain weight/g

2 Nitrogen fertilizer(N)

CK 5 470. Oe 632.5d 28. 8b 38. 0c
No 5 860. 0d 664. 2d 35. 4a 38.7b
N, 6 433. 3¢ 705. 7c 35. 2a 39.1b
N, 6 805. 0ab 751. 2ab 34. 6a 40. 3a
N; 6 853. 3a 771. 3a 34.5a 40. 3a
N, 6 716.7b 734, 2be 34.2a 39. 8a
®#] Fungal inoculant(F)
A 6 600. 7a 729. 2a 30. 8b 39. 7a
B 6 294. 4b 690. 5b 33. 6a 39.0b
CESRU Variation source
A N 243, 841" 23. 960 14.135" 29. 558"
W F 17.370" 18. 965" 5.292% 28,494 %
BMEXHE ) NXF 7.724" 3.228" 0. 368 5.394"
2.3.2 MHHREEFRREZH YA 2.3.3 MNHMRERAHEZHY A
Jr 25T aE R (GR DR M AE T IR IER 2 8 A0, i FH AMF X 46 /i & & s %%

AN TR Kb B /)N 22 Al bk G R R R A B 2 T L
DIE B e KA . BR 20 BE A1, AR & 10 300t
AMF NEMAEZR B RY B E & T AL AMF,
B oy BERA Ab Lt U AR S A BRI AR
S WA A S RON . LB it L B, R
TR S 5E 0 5 B AR 5, o Ny &4 T A
FMAEEREK, BRTEE KT, AMF 5
ARk H Al e 30 280 3R R B 1 ) M 3 I 2 A
i E K,

RO T A AR bR A 3 S RN R
THMAR e AR EE LKA
RoTHkAR, B ERIETT AR Tk R, HiTA R
3 i i A 2R R ) B0 2 S B S RIS Y
POAE Ny S5 T Ik BI0EAE ; 1617 A R 7 18 JUORAE
Jiti K - T 22 5 AN B 2 5 6 I A 2 T kR A2 i
K M) G 35 it 25 it 2R e %) 0 T 4R L A
N, KRB . 765 23 51 ik 3 ) B 25 it
RN T REGEE. A AMF B AE X AT

NR=
5
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Table 6 Variance analysis of nitrogen content in spring wheat under different treatments

HBFYI(H-H) Growth stages(month-day)

b #

JrBE(5-3) WA (5-17)
Tillering (5-3) Jointing (5-17)

Treatment

i C6-1
Heading (6-1)

FFAE(6-10)
Flowering (6-10)

HEH (6-18)
Grain filling (6-18)

R (7-15)
Maturity (7-15)

ZHE Nitrogen fertilizer(N)

. 03d
. 20c¢

.09a

17a

.12a

CK 2. 36ab 1.37c 1
No 2. 64ab 1. 54c¢ 1
N, 2.80a 1.87b 1.
N, 2.87a 2.19a 2
N; 2. 96a 2. 44a 2.
N, 3.12a 2.22a 2
® 7] Fungal inoculant(F)

A 2.89%a 1.98a 1.
B 2.69a 1.90a 1.

AR 5k PR Variation source
A N 1.659 16.734% % 85
Wil F 1. 445 0. 965 3
A X EH NXF 0. 601 0.198 1

.008"
. 384
. 116

0.98d 0. 88e 1. 05e
1. 11c¢ 1.02d 1. 09de
1.32b 1. 18¢ 1. 18cd
1.59a 1. 31b 1.35b
1.78a 1. 48a 1. 50a
1. 66a 1.31b 1. 29bc
1. 43a 1.23a 1. 29a
1. 38a 1. 16b 1. 19b

* 24.165" " 92.681" 18.655"
0.797 15.206" * 11.031°*
0.720 2.197 1.339

x7T TEALBTENEZEREEZREENFTESN

Table 7 Variance analysis of of nitrogen accumulation in spring wheat plants under different treatments

HHBRW(H-H) Growth stages(month-day)

QIE Ak .
Treatment S EE(5-3) AT (5-17)

Tillering (5-3) Jointing (5-17)

A 6-1)
Heading (6-1)

FFAE(6-10)
Flowering (6-10)

WA (6-18)
Grain filling (6-18)

RE(T7-15)
Maturity (7-15)

2 Nitrogen fertilizer(N)

46.5
66. ¢
93.5

CK 12. 42ab 36. 45d
No 15. 89a 44, 63d
N, 17. 65a 58. 53¢
N, 18.07a 76.27b 132.
N; 19. 43a 91. 54a 141.
N, 19. 80a 76. 48b 131.
7] Fungal inoculant(F)
A 18. 33a 69. 73a 106
B 16.09a 58.57b 97.
A5 SR PR Variation source
AN 2.332 30. 282" * 12
Wl F 2.347 12.735% % 10.
AL X NXF 0. 344 1.531 3.

53d 76.04e 95. 08e 118.18d
30c¢ 92.85d 123.43d 141. 53¢
59b 121. 29¢ 145.61c 159. 54¢
67a 164. 50b 183.75b 206. 73a
53a 191. 14a 211.74a 224.59a
60a 164. 80b 181.99b 185.37b
86a 140. 81a 165. 05a 188. 53a
21b 128.07b 148. 82b 156. 78b
53377 129.169 " * 152.964 "~ 36,346 "
966 " * 15.518" 7 32,0427 33.796 " "
422 7.368" " 2.638" 3.127"
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Table 8 Analysis of variance( ANOVA) for nitrogen translocation before flowering and accumulation post-flowering

of spring wheat under different treatments

WHT R E s . TN e I, A AN - S,
RIRRRER pwmassick  icagams PREEBERE o p ik
Qb PR tra;nslocgation \Iilrogep \Iityogep accumulgation V“Fog‘“:“
Treatment '1m0L;nt before translocation contribution amount after contribution
¢ ‘ flowering/ rate before rate before {lowering/ rate after
(kg * hm§2> flowering/ % flowering/ % (kg » hm§2> flowering/ %
Z ML Nitrogen fertilizer(N)
CK 42, 28e 54.96a 50. 54d 42.13ab 49, 46a
Ny 48.97d 52.57ab 50. 20d 48. 68a 49. 80a
Ny 68. 23c¢ 56. 38a 65.40c¢ 38. 25ab 34.60b
N, 95. 20b 59.95a 69. 08bc 46. 23ab 30. 92bc
N; 104, 17a 54.55a 75.90ab 33. 44bc 24.10cd
Ny 96. 94b 58. 88a 83.01a 20.57¢ 16.99d
# # Fungal inoculant(F)
A 78.09a 55. 80a 61.20b 47.72a 38. 80a
B 73.83b 56. 63a 70.17a 28.71b 29. 83b
725 %5k PR Variation source
AHE N 185.977* 2.428 26.813* 5.201" " 26.813" 7
WH F 7.173* 0. 326 18.291** 26.928" " 18.291°
AIE X HFH NXF 15.669 " * 4,544 7 3.400" 1. 189 3.400"

x99 TEAETHNZRIELE AMF 8% S

Table 9 Analysis of different treatments on diversity of AMF communities in rhizosphere soil of spring wheat

b B 45 5 OTUs $(H Chaol f5 %k Shannon 8 % Simpson 1§ %

Treatment number OTUs Chaol index Shannon index Simpson index
ACK 72 153. 31 5. 20 0.95
AN 85 181. 29 5.50 0. 96
AN, 108 190. 20 5. 88 0.97
AN, 101 200. 38 5.31 0.95
AN; 81 153.01 5.55 0.97
AN, 71 146.91 5.13 0.94
BCK 74 150. 33 4. 35 0. 88
BNy 68 160. 70 4.94 0.92
BN, 81 167. 21 5.40 0. 95
BN, 85 185.09 5.35 0. 95
BN 91 189. 14 5.39 0. 95
BN, 67 139. 24 3.39 0.71

OTUs FJ S We AR BV 0 0 D sl 23 26 505 9 32 32 B0 IRE o v T 35 89 S TR 4B A PR 23 26 BT COTUs) #icdk . Chaol 415 8 WA %
H9 ) Fh - & B, Shannon 15 £UA Simpson 38§ 4070 B R 78 T 19 2 REME R 2

OTUs reflect the richness of microbial communities, i. e. , the number of different Operational Taxonomic Units(OTUs) present in

the community. The Chaol index reflects the species richness of the community, while the Shannon and Simpson indices represent the di-

versity and evenness of the community, respectively.

FEE AR M I 7E = B AR T AMF BV 2 HE 1

B R RE, XM AMF & 7 5 8 B &0 % 4R B

I RIS A R R

2.5 AMF M@ B3t & /N Z mBEF A &2 A &0
i 10 Al %0, AMF F1 % K ¥ % B NRE 4b

HAb AR A7 B 2 35 200, i AME 05T
/N REAR A RCR MR A7 1 ¥ 35 = T
AT AMF , ZUIE A= AR R R RUNE AR 7 25 5 0] i
F R B R A 5, RIS AR ) R
T R B FIE AR B RUME A ™ AR GBI e T
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AR NN, TR 325 5%, AME 5 A&UIE BAEXT A
JIES e 2 354 3 R0 RUNE A 2 7 7 1) 5% Wil 349 38 A ik 35 7K
o KN R FE R AR (NUE) 5 i A& i (o) 3
AT —JC Z R BLA A 53, 45 2040 R ey
JitiJl AMF 4544 F : NUE, = —0. 000 147 572E-

45

42°+0.033 652 +6.788 1(R*=0.800 8" " ); A
Jiti /I AMF %1% F : NUE,= —8. 757 3E-52°
0.022 01z +5.730 68(R*=0.981 2" "),

X ETUH 5 R SR g A5 7R ] AME 26005, 24
iU 114. 17 kg » hm ? B, /N3 B2 I RkOR i8
Bl A s AR H] AME 258, it & & 125. 67
kg« hm * B}, /N R R R A B e 1

%
+

K10 AENEBTENEREZFARNENFTESH
Table 10  Analysis of variance for nitrogen use efficiency in spring wheat under different treatments kg * kg™'
Trgai\ti%em NRE NAE NPFP NUEa NUEDb
AU Nitrogen fertilizer(N)
CK / / / 47.43a /
No 43.05ab 7.22b 108. 52a 41. 86b 91. 55a
Ny 35.37ab 8. 30a 54.41b 40. 98bc 85.30b
N3 49. 29a 7.49ab 38.19¢ 34. 32de 75.50¢
N3 44. 40a 5.76¢ 28.52d 30.67e 66. 83d
N, 22.28b 4.12d 22.21e 36. 32cd 77.56¢
% ¥l Fungal inoculant(F)
A 40. 19a 6.96a 51. 25a 35.25b 76.44b
B 37.56a 6.20b 49. 89b 41. 94a 82. 26a
©BRKW Variation source
AJE N 0.227 34.616 20 750.517 13.346" " 22.560
EA F 2.404 9.223" 39.328" " 24, 813" 11. 434"
FE X H NXF 1.013 5.674" 10. 772 1.582 2.178

NRE: ZJE R WA 3 NAE: B AR FR 3 NPFP: B4 7 /1 ; NUEa: B4 FE#; NUEbD:

AR,

NRE: Apparent nitrogen recovery efficiency; NAE: Agronomic efficiency of nitrogen fertilizer; NPFP: Partial factor productivity of

nitrogen fertilizer; NUEg: Physiological efficiency of nitrogen fertilizer; NUEb: Production efficiency of nitrogen fertilizer.
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PERYAE AL . S5 e B, 7 3 FO M R B AR AR it
AMF & 358 #E 7 /N 9 B AR A7 o O
1% 5 Pellegrino 250 ) 45 S A0 0L, 26 B AMF %/
A AR . AUESE T, i AMF
MR AR/NE RS 4,87 % 1 7R g AR T Zhang
LEUTHGE IR (7.5 %0) 53X AT R 5 ARHF Y X
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3
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