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Abstract : To refine the theoretical foundation

Y78 B 8#5.2025-05-22 regarding the effects of substituting nitrogen fertilizer with
HETE . &L T 5 X AP R 345 4 0 25 DTS J5 J2 b 77 4% organic fertilizer on spring wheat yield formation and soil
FHEARM SR 58755 H (2023 YFD1900403-05) microbial communities in alpine regions, this study ana-
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employed a randomized block design with a total of seven treatments: a control with no chemical or organic fertilizer applica-
tion (CK), conventional fertilization (F1), 15% substitution of nitrogen fertilizer with organic fertilizer (F2) , 30% substitu-
tion of nitrogen fertilizer with organic fertilizer (F3) , 45% substitution of nitrogen fertilizer with organic fertilizer (F4) , 60%
substitution of nitrogen fertilizer with organic fertilizer (F5), and 30% substitution of nitrogen fertilizer plus an additional
30% organic fertilizer (F6). The results showed that, compared with CK, the application of different substitution ratios of or-
ganic fertilizer for nitrogen fertilizer increased nitrogen accumulation, phosphorus accumulation, potassium accumulation, dry
matter accumulation, and yield. Among all organic fertilizer substitution treatments, the F2 treatment achieved the maximum
values for effective panicle number, grains per panicle, 1 000—grain weight, yield, and nitrogen partial factor productivity.
At maturity, the nitrogen, phosphorus, and potassium accumulation, as well as dry matter accumulation in spring wheat
plants under the F2 treatment, were significantly higher than those in all other treatments. The yield and partial factor produc-
tivity of nitrogen fertilizer in the F2 treatment were significantly higher than those in all other treatments. When the substitu-
tion ratio of organic fertilizer for nitrogen fertilizer ranged from 15% to 60%, the number of bacterial amplicon sequence vari-
ants (ASVs) in the soil remained stable. The relative abundances of the dominant bacterial phyla were 73.49% in the CK,
71.44% in the F4 treatment, and 72. 63% in the F5 treatment. The dominant phyla were identified as Proteobacteria, Bacte-
roidota, and Gemmatimonadota. Analysis of « diversity indices (Ace, Chaol, Shannon, and Simpson) revealed that the ap-
plication of chemical fertilizer alone altered the richness ( Ace and Chaol indices) and evenness (Shannon and Simpson indi-
ces) of the soil microbial community. Conversely, treatments involving partial substitution of nitrogen fertilizer with organic
fertilizer effectively mitigated these impacts. Based on a comprehensive analysis of spring wheat yield traits and soil microbial
community characteristics (including richness via Ace and Chaol indices, and evenness via Shannon and Simpson indices) ,
the treatment with 15% organic fertilizer substitution proved to be optimal. This treatment successfully achieved the dual ob-
jectives of enhancing spring wheat yield while maintaining the stability of the soil microbial community.
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Fig.1 Variations in temperature and precipitation at the experimental site in 2024
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Table 1 Fertilizer and nutrient application rates of the experimental treatments

4bg s LI RIL(N) it (kg/hm?) IR (P,05) I HIE(K,0)
(RN (kg/hm?) B HHLA (kg/hm?) (kg/hm?)

CK A i Fa HLL

F1  ERUEN 120.0 60.0 45.0

F2 AU 15%E0E 1275 102.0 18.0 60.0 45.0

F3  AHUEEMR 30% 0L 2 550 84.0 36.0 60.0 45.0

F4  HHEER 45%E00E 3 825 66.0 54.0 60.0 45.0

F5  AHHEE 60%EME 5100 48.0 72.0 60.0 45.0

F6  AHUEE 30% A0 +30% A HLAE 5100 84.0 72.0 60.0 45.0

1.3 MEMBRFE

1.3.1 HATHABRREZFFEZEHMNE R
ANZZ BT AE I R B/ N IXCRRAILIE E 30 B
Fikk,7E 105 C A 30 min J5, T 75 CHL T ZEfE i,
FREIFHAEAS T T Y B, BT IR AR A
#ar)E , i H,80,-H,0,7H %, 2 6+ B 5k
Wb 2/ & & 2l E e &, WERE,
B/INKISHR 2 172278, BT KL fS TR 5

132 E3EACHRAMAY SHEGMNE  1F
INFERRETRT SOGR IS, B /DX R EE0~20 em 122
) 1 IBERE A, RBRER)Z - A AR A AR R A
Yia , 5 mOEFEATHURE . MR /N2, A
KT R AT RAT 5 S IR+ B (D s 4
Ao 2t WS A S = HEES
A B A LB S M pH (., /N EE R
Jor W SRR SRAE T -80 C kAR i & LIRS
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Fig.2 Dynamics of nitrogen accumulation in spring wheat
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Fig.3 Dynamics of phosphorus accumulation in spring wheat

plants at different growth stages
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Fig.4 Dynamics of potassium accumulation in spring wheat

plants at different growth stages
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Fig.5 Dynamics of dry matter accumulation in spring wheat

plants at different growth stages
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Table 2 Yield traits of wheat and partial factor productivity of ni-

trogen fertilizer under different treatments

BE P
ey ﬁﬁﬁ R TR WP
bt O (e 0T

CK 347.1d 12.8d 41.8a 1 861.9d

F1 417.1bc 24 .8bhc 46.4a 4 020.6b 33.5b
F2 479.9a 31.8a 47.2a 4 782.2a 39.9a
F3 408.1bc 27.9ab 45.7a 3 975.9b 33.1b
F4 373.0cd 21.0c 45.0a 3279.7¢ 27.3¢
F5 369.1cd 21.9¢ 44.2a 3 059.6¢ 25.5¢
F6 430.4ab 24 .4bc 45.9a 3 889.9h 24.9c¢

CK . F1~F6 bR 1, FFIBHRERAANF/NG FhERR 25 W

2% (P<0.05),

24 FANREEREEX HIERAE D SHFERNI T
X - HERE S IEAT 168 rRNA S 91 2 REPE I

mE 6 Frs, P 1 F 51K (ASV) KA 53 Hris 2|

9 685/ ASV, & Ak F 2 ] A7 235 4~ ASV, CK.F1

AbFR F2 AbFE F3 AbBR F4 4bFE FS ZbFE F6 AbFHE
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Fig.6 Amplicon sequence variant ( ASV) distribution of the
16S rRNA gene

ST T ] (Proteobacteria);

— S BN B = o S :
90 F FUFT T ] (Bacteroidota);
ZEHME ] (Gemmatimonadota);
s 80 TR TR T (Actinobacteriota);
& 70k B2 AT 1A T (Acidobacteriota);
.ﬂ- FhERA ] (Myxococcota);
2 60 JEBETE | ] (Bacteroidota);
z;il ASALIZTE R ] (Nitrospirota);
= 0 = iR AT ] (Desulfobacterota);
i 40 w HER AT ] (Latescibacterota);
IE' uNBl-j;
' o301 m 155 % [ J(Bdellovibrionota);
5| = JEIE T (Verrucomicrobiota);
207 RCP2-54;
10+ LR T 14T (Patescibacteria);
HAth
0 CK F1 F2 F3 F4 F5 Fo6
A

CK . F1~F6 AbHEILEE 1,

B 7 16S rRNA EEF R 5t A E Tk F B E R

Fig.7 Bacterial community composition at the phylum level based on 16S rRNA gene sequencing analysis
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Fig.8 Bacterial alpha diversity indices
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Fig.9 Correlation analysis between plant traits and soil microbial diversity
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