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Abstract: To investigate the effects of nitrogen reduction combined with application of arbuscular my-
corrhizal fungi(AMF) on the growth characteristics, photosynthetic physiology, nitrogen metabolism
process, and yield of wheat during the grain-filling stage under water-saving irrigation, a wheat line
Landa 211 was used as the experimental material. Two irrigation amounts(normal irrigation of 400
mm, water-saving irrigation of 280 mm) and three nitrogen application levels[ conventional nitrogen
application(250 kg « hm ), reduced 20% nitrogen fertilizer application(200 kg « hm ), and reduced
40% nitrogen fertilizer application (150 kg « hm ?)] were set up, inoculated with the AMF strain
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Funneli formes mosesae (FM) and no inoculation. The results indicated that FM could infect wheat
roots and formed a stable symbiotic relationship. Compared with normal irrigation, the mycorrhizal
infection rate, arbuscular growth rate, number of invasion points, and number of vesicles of FM de-
creased under water-saving irrigation. Compared with the conventional nitrogen application treatment
under normal irrigation, reduced 20% nitrogen under water-saving irrigation and inoculation with FM
treatment had no significant effect on the dry matter accumulation and leaf area of wheat population,
but the plant height and total stem number of the population decreased. The chlorophyll content,
chlorophyll fluorescence parameters, and gas exchange parameters of wheat showed no significant
differences compared to the conventional nitrogen application treatment under normal irrigation, but
were significantly higher than reduced 40 % nitrogen treatments under water-saving irrigation and FM
inoculation. Compared with the conventional nitrogen application treatment under normal irrigation,
there was no significant difference in the total nitrogen content, free amino acid content, soluble pro-
tein content of wheat flag leaves, and the activities of nitrate reductase, glutamine synthase, glutamic
pyruvate transaminase, and glutamic acid synthase under reduced 20% nitrogen with water-saving ir-
rigation and FM inoculation. The wheat yield under water-saving irrigation and reduced 20 % nitrogen
combined with FM treatment reached 7 786. 0 kg « hm™?, which was not significantly different from
the yield under normal irrigation with conventional nitrogen application. To conclude, reduced 20%
nitrogen and applying FM in combination with water-saving irrigation could maintain the chlorophyll
content and photosynthesis of wheat during the grain-filling period, and maintain the activity of wheat
nitrogen metabolism enzymes and metabolite content, which was a green water and fertilizer manage-
ment model for water-saving, fertilizer saving, and high-yield maintenance in arid irrigation areas.

Keywords: Wheat; Arbuscular mycorrhizal fungi; Water conservation; Reducing nitrogen; Photosyn-

thesis; Nitrogen metabolism
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Table 1 Development of mycorrhizal fungi in wheat under different irrigation amounts and nitrogen levels
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Nitrogen level and Mycorrhizal

Irrigation amount > .
ge FM inoculation

colonization rate/ %

Vesicles per
centimeter

Inflection points
per centimeter

Arbuscule rate/ %

B FRHE No -
Normal irrigation
No+FM 61.5+3.7b
N?() —
Ny +FM 64,244, 5a
Ni() —
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5K R No -
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NZ() -
Nz +FM 42.843.6d
Nuo -
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49.3%6.4b 0.83%0.12b 2.13%0.32b
50 6;5 2a 0. 97;O.lla 2.44;0.3%
40.5;3. 8c 0.77%0.13c 1.942£0. 34c
23.4;].96 0.66+0.15d 1.224+0. 24e
26.742.4d 0.7340. 10c 1.50=£0. 35d
23.7;2. 2e 0.57;0.110 1.16;0. 28e

Rl 51 A [F) /NG 5% B e 7 Ak B ) 22 57t {2 3% (P <C0. 05) , 3R,

Different lowercase letters after the values in the same columns indicate significant differences among treatments (P <C0. 05). The

same in tables 2 and 3.
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Different lowercase letters above the columns indicate significant differences among treatments(P<Z0. 05). The same in figures 2—5.
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Fig. 1 Wheat growth characteristics under different treatments
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Fig. 2 Difference of chlorophyll content in wheat flag leaf under different treatments
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Fig. 4 Photosynthetic characteristics of wheat flag leaf under different treatments
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Fig.5 Difference of nitrogen metabolite in wheat under different treatments
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Table 2 Difference of enzyme activity related to nitrogen metabolism in wheat under different treatments
TR i S FM 7 i ¥ 3 A & U %%MW@HM A A L
Irrigation N1trogeln amount and NR/(ngog '+ h 1) (13/ o ’ﬁ?ﬂ@ﬁ}:l’T/ﬁ (;r()(rj\T/ B
amount FM inoculation /et e (pmol « g7! e min™")  (pmol+ g ' +«h™!)  (pmoleg ! +h™ 1)
1 ¥ T B Ny 20.53740. 58¢cd 3.86+0.12¢c 20.2543.75b 42.24=44. 68bc
Normal irrigation N, +FM 22.9440. 63b 3.9540.09b 22.8745. 67ab 47,5844, 95ab
N2 19.1040. 21ef 3.82+0.12¢c 19. 0342, 75bc 39.86=+5. 53bc
Ny +FM 24.9340.73a 4.08+0.05a 27.45+5. 56a 55.34746. 32a
Nyo 13.2040. 46h 3.28+0.03¢g 10. 0843, 03ef 10. 4542, 03e
Ny, +FM 13.43+1.03h 3.47+0. 041 11. 0242, 43def 11. 2142, 36e
15 K i No 18.33+0. 56fg 3.5540. 1de 16. 54+ 3. 89bede 28.60+4. 34d
ng;;;j‘g;“g N, +FM 19. 640, 08de 3.69+0.02d 17. 023, 56bed 36.1047. 7ded
N2 17.34+1.12¢g 3.30+0. 15¢g 13. 2344, 43cdef 36.2149. 48cd
N2 +FM 21.3140. 76¢ 3.82+0. 04c 20.5945.75b 42.3245. 35bc
Nyo 11.5440. 451 2.94+0. 161 9.12+1.76f 9.40+2. 94e
Ny +FM 12.5240. 54hi 3.19+0.05h 10. 2442, 43ef 10. 1443, 12¢
*3 AAKEBETMEFFEREMBNESR
Table 3 Difference of wheat yield and its components under different treatments
Iitadon  Nitrogen smount and i e TR e
amount FM inoculation Ear length/cm Grains per ear 1 000-grain weight/g  Yield/(kg « hm %)
TF % 3 N 10.19--0. 04be 41,342, 6be 52. 3344, 25ab 7 688. 34156, 9¢
Normal irrigation N, +FM 10. 2840. 05ab 42,242, 8ab 54,9244, T4a 7999, 1+226. 3ab
Nzo 10. 1440. 12¢ 38.6+2. 5cd 51.14+4. 84b 7 660. 7£119. 5¢
N3 +FM 10.35+0. 14a 44,641, 2a 55.15+6. 63a 8 136.44255. 3a
Nuo 9.81+0. 06e 33.7+1.5fg 44,0742, 34de 6 841. 74164, 1fg
Ny +FM 9.86+0.07de 35. 540, 9def 44,78+4.73d 7 083.0£150. 3ef
A 7K JHE No 9.95+0.03d 36.9+1. 4de 49, 65+8. 34bc 7 513.0+144. 4cd
W:j;;?g;ng N, +FM 9.9740.03d 38.141. 6cd 49.77+7. 31be 7 622.5+156. 3¢
N2 9.87+0.07de 36. 8+ 2. 0def 48.07+6. 32¢ 7 286. 14154, 1de
Ny +FM 9.94+0.07d 40.8=+1. 5bc 50. 85+6. 82bc 7 786.0+213. 3bc
Nyo 9.76+0. 0de 31.9+1. 6g 41.72+2. 45¢ 6 735.7+173. 3g
Ny +FM 9.87+0. 03de 34.240. 9efg 44.7745.02d 6 977.8+136. 6fg
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