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Abstract: The Phospholipid Fatty Acids (PLFAs) fingerprint and humus fraction methods were used to determine the accumulation
of soil organic carbon in cultivated farmlands and the interaction mechanisms of soil microbial communities with soil organic carbon.
The combined effects of organic manure and chemical fertilizer on soil organic carbon accumulation, soil humus forms and their
relationships with soil microbial community structures were studied in a 5-crop rotation mode of ‘potato-potato-oil
sunflower-potato-oil sunflower’ over a period of five years. The experimental treatments were as follows — no fertilization,
inorganic fertilizer application, combined application of inorganic fertilizer and cow dung, combined application of inorganic
fertilizer and sheep manure, combined application of inorganic fertilizer and biological organic fertilizer, and then combined
application of inorganic fertilizer and fulvic acid potassium. The results showed that soil organic carbon fluctuated with increasing
tendency over the five-year period. Compared with the control (no fertilization), soil organic carbon increased at annual average rates
of 6.61% and 8.97% under the treatments of combined application chemical fertilizer with cow dung or separately with sheep manure.
The rate of accumulation of soil organic carbon was influenced by the amount and type of added exogenous organic matter to the soil.
The contents of stable or tightly combined humus and ratio of loosely combined humus to tightly combined humus increased
following the addition of high quantities of organic manure (chemical fertilizer plus cow dung or chemical fertilizer plus sheep
manure) and inorganic fertilizer. Compared with no fertilization, there were significant differences in soil bacteria, fungi,
actinomycetes, protozoa and total microbial biomass, marked by phospholipid fatty acids under combined application of inorganic
fertilizer and sheep manure or cow dung. The biomass ratio of gram-positive bacteria to gram-negative bacteria (G'/G”) in the
treatments with inorganic fertilizer plus organic fertilizers decreased. There was no obviously difference in the ratio of G'/G~among
treatments of combined application of inorganic fertilizer and organic fertilizers. Multivariate analysis showed a good correlation
between the first ordination axes based on soil microbial biomass marked by PLFAs and the second ordination based on combined
soil organic carbon and humus (P, = 0.568, P,= 0.611). The relationship between soil microbial biomass and soil environmental
factors was explained by the 98.69% cumulative variation in spatial scale. There was a positive correlation between the content of
loosely combined humus and G'/G™ of soil microbial community. It was concluded that the tightly combined humus fraction gained
higher stability than the loosely combined humus when exogenous organic carbon was applied to the soil. The soil bacteria and fungi
biomass marked by PLFAs were promoted with increasing amounts of exogenous organic carbon in the soil. The biomass ratio of
fungi to bacteria was not influenced by fertilizer management and amount of exogenous organic carbon. Generally, the change in soil
microbial community structure was driven by the change in soil organic carbon content and soil humus fraction. Combined inorganic
fertilizer with cow manure and inorganic fertilizer with sheep manure supported the accumulation of soil organic carbon and the
formation of loose combined humus, but also promoted an increase in soil microbial biomass. The research provided a reliable
scientific basis for soil fertilization in semiarid areas in Ningxia.
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Table 1 Contents and relative mass fractions of different forms of soil humus under different treatments of combined application of
inorganic fertilizer and organic manure in 2015

Content (g'kg™) / Relative mass fraction (%)
. Recombinant
Treatment Stably Tightly Loosely Lzosely ?omﬁl?ed combined Stably Tightly Loosely
combined combined combined umus / tghtly =y 6 (gkg™ combined combined combined

humus humus humus combined humus humus humus humus
Tl 0.24+0.01f 6.04+0.24b 0.40+0.05¢ 0.07 6.68d 3.59 90.42 5.99
T2 0.60+0.04¢ 6.19+0.36b 0.48+0.04¢ 0.08 7.27d 8.25 85.14 6.60
T3 1.02+0.02b 7.24+0.39a 1.64+0.02b 0.23 9.90b 10.30 73.13 16.57
T4 1.26+0.03a 7.91+0.78a 1.84+0.05a 0.23 11.0la 11.44 71.84 16.71
TS5 0.96+0.01c 7.34+0.55a 1.21+0.03¢c 0.16 9.51b 10.09 77.18 12.72
T6 0.76+0.05d 6.38+0.33b 1.12+0.04d 0.18 8.26¢ 9.20 77.24 13.56

Tl T2 T3 T4 T5 Té6 + + + +

(P<0.05) TI1, T2, T3, T4, TS and T6 represent blank control, inorganic fertilizer application, combined application of
inorganic fertilizer and cow dung, combined application of inorganic fertilizer and sheep manure, combined application of inorganic fertilizer and
bioorganic fertilizer, and combined application of inorganic fertilizer and fulvic acid potassium. Different lowercase letters in the same column
indicate significant differences among treatments at 0.05 level.

3.42 1.90 3.90 PLFA , GG
(P<0.05) ,
, , GG ,
s / El
(P<0.05),

x2 FEENENBEIELE T IRBE DR EEWARBIZ I

Table 2 Effects of different treatments of combined application of inorganic fertilizer and organic manure on soil microbial

communities structure in 2015 nmol-g~'(dry soil)
(B) (F) / /

Treatment Bacterial Actinomycete Fungal Protozoan F/B GG Total PLFA
T1 5.02+1.76¢ 1.07+0.44¢ 1.79+0.46¢ 0.00+0.00b 0.61£0.11abc 0.68+0.12a 8.40+2.76d
T2 10.17+0.97b 2.64+0.50b 3.82+0.02bc 0.05+0.09b 0.51+0.05bcd 0.56+0.05b 17.46+1.47bc
T3 17.17£1.83a 4.18+0.14a 5.98+0.60b 0.26+0.07a 0.47+0.03d 0.54+0.02b 28.58+3.09a
T4 18.78+4.16a 4.49+0.67a 8.69+2.87a 0.21£0.04a 0.66+0.07a 0.574£0.01b 33.57+7.74a
T5 11.67+0.89b 2.85+0.40b 5.00+0.68b 0.07+0.11b 0.62+0.02ab 0.51+£0.03b 20.46+1.87b
T6 7.5142.67bc 2.09+1.10bc 2.50+0.73¢ 0.00+0.00b 0.47+0.12cd 0.55+0.03b 12.90+3.59¢d

TI T2 T3 T4 TS5 Té6 + + + +

(P<0.05) TI1, T2, T3, T4, T5 and T6 represent blank control, inorganic fertilizer application, combined application of

inorganic fertilizer and cow dung, combined application of inorganic fertilizer and sheep manure, combined application of inorganic fertilizer and
bioorganic fertilizer, and combined application of inorganic fertilizer and fulvic acid potassium. Different lowercase letters in the same column
indicate significant differences among treatments at 0.05 level.

2.4 1 (97.16%) 2 (1.53%)
98.69%
PLFA
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Fig. 2 Multivariate analysis of soil microbial communities structure based on the phospholipid fatty acids (a) and soil organic
carbon, soil humic forms (b) under different treatments of combined application of inorganic fertilizer and organic manure

1 2 3 ,4 5 6 ,7 8 9 , 10 11 12 ,13 14 15
, 16 17 18 Bacteria: ; Fungi: ; Actinomycete: ; Protozoa: ;
Gram Positive: ; Gram Negative: ; Tightly: ; Loosely: ; Stably: ; Carbon:
; Total PLFA: In the figures, 1, 2, 3 are replicates of no fertilization treatments; 4, 5, 6 are replicates of chemical

fertilizer treatment; 7, 8, 9 are replicates of treatment of combined application of chemical fertilizer and cow dung; 10, 11, 12 are replicates of
treatment of combined application of chemical fertilizer and sheep manure; 13, 14, 15 are replicates of treatment of combined application of chemical
fertilizer and bio-organic manure; 16, 17, 18 are replicates of treatment of combined application of chemical fertilizer and fulvic acid potassium.
Gram Positive: gram positive bacteria; Gram Negative: gram negative bacteria; Tightly: tightly combined humus; Loosely: loosely combined humus;
Stably: stably combined humus; Carbon: soil organic carbon; Total PLFA: total phospholipid fatty acids.
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