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Abstract; Farmland ecosystems are primary producers of food, feed, fiber, and other natural products. Species diversity
constitutes an important foundation in farmland ecosystems, but human activities are greatly accelerating the loss rate of
species. Considerable evidence shows that agricultural management threatens biodiversity and negatively affects species
richness and abundance of taxa. In major grain-producing areas, reductions in productivity and soil biodiversity and serious
pollution problems occur as a result of fertilizer and pesticide use as well as new agricultural technologies. Conservation of
biological diversity is considered to be an important strategy to reduce risks to agriculture in the future. Phospholipid fatty
acid (PLFA) analysis was employed to examine the effects of fertilization and diversity of weed species on soil microbial
community structure in a winter wheat plantation. The experiment used a split-plot design and was established in October
2010. Two fertilization treatments (including chemical fertilizer and organic manure) were applied to the main plots and
diversity of weed species (0, 1, 2 and 4 species) were sown in the sub-plots. Wheat was grown in the center of plots and

weeds were grown around the wheat plants (all eight plants). The weed species were Avena fatua, Medicago sativa,
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Cichorium intybus, and Descurainia sophia. For the zero species weed treatments, six plots were grown of wheat plants only.
For the 1-species weed treatments, one kind of weed was grown with the wheat in 12 plots. For the 2-species weed
treatments, two weed species were grown with the wheat in 12 plots. For the 4-species weed treatments, four weed species
were grown with the wheat in six plots. Increased weed diversity significantly increased the soil carbon ( C) : nitrogen (N )
ratio and pH in both fertilizer treatments, and the C:N ratio was the highest in the 4-species treatment. In the chemical
fertilizer treatment, weed diversity significantly affected the fungi: bacteria ratio, which was highest in the 4-species
treatment. Fungal and mycorrhizal fungal biomass were lowest in the 1-species treatment ( 1.0 nmol/g dry soil and 0.4 nmol/
g dry soil, respectively) , and significantly lower than in the 4-species treatment (1.3 nmol/g dry soil and 0.6 nmol/g dry
soil, respectively). In the organic manure treatments, the gram-positive ; gram-negative bacterial ratio was lowest in the 0-
species treatment compared with the 1-, 2- and 4-species treatments. Mycorrhizal fungal biomass was lowest in the 1-species
treatment (1.5 nmol/g dry soil), and significantly lower than in the 4-species treatment (1.8 nmol/g dry soil). In both
fertilizer treatments, weed species diversity affected microbial community composition by changing the soil C:N ratio, which
was correlated with biomass of various functional groups of soil microbes. The shift in microbial community composition was
not correlated with the soil C:N ratio. Plant species richness is an important factor affecting microbial interactions. Despite
the small differences in microbial community structure between different weed diversity treatments, these minor differences
will have an important cumulative effect on microbial-driven ecosystem processes. For legumes, Asteraceae, Poaceae, and
cruciferous weed species treatments, species specificity had no significant effects on soil microbial biomass and taxa. Thus,
species diversity affects microbial community composition. We recommend applying manure to increase soil microbial
biomass in farmlands and maintain diversity of weed species. This will lead to changes in microbial community structure to
regulate and improve soil ecosystem stability in chemically fertilized farmland. This study is of practical and theoretical
significance for 1) our understanding of how plant diversity affects soil microbial community composition and the
development of soil ecosystem health, 2) exploring microbial ecological function in maintaining soil ecosystem stability, and

3) revealing plant-soil-microbial interactions and feedback mechanisms.
Key Words: PLFA; fertilization; weed diversity; main crop
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Table 1 Fertilization rates in the experimental field

=27 JEAE 75X R T BERRES TR A
Crops Fertilization methods Urea Superphosphate Potassium sulfate
N e 90 75 150
Wheat BEH 60 0 0
EES B 60 60 150
Maize B 90 0 0

3 R

3.1 Gl AEFIZR R R L A S R A IR

H13 2 WAL AL AL AL Bl | 34 0 B A PLBR BRAULE AN pH (MR T REA HLIE . 75 AL AL Ak 3
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Table 2 Soil nutrients in anthesis stage of winter wheat

W e SRERE =R SR ALK WA
Treatment Weed diversity Total nitrogen Amino nitrogen Organic C ¢/ N pH
/(g/kg) /(mg/kg) /(mg/kg)
fLIE(NPK) 0 0.32£0.003 7.97£0.12 3.20£0.09 9.92+0.32ab 7.1120.04
Chemical fertilizer 1 0.34+0.004 7.48+0.16 3.14+0.05 9.28+0.17b 7.13£0.02
2 0.33£0.006 7.92+0.11 3.20£0.05 9.77£0.20ab 7.15£0.02
4 0.33£0.002 7.20+0.03 3.30+0.03 10.08+0.16a 7.17+£0.03
AHHLE(OM) 0 0.85+0.07 12.25+0.61 10.80+0.59 13.03+0.43a 7.11+0.03b
Organic fertilizer 1 0.91+£0.03 11.30+0.39 9.59+0.40 10.65+0.57b 7.17+0.01ab
2 0.92+£0.03 11.33+£0.46 9.75+0.29 10.74+0.41b 7.16+0.02ab
4 0.81+£0.05 12.69+0.21 10.85+0.69 13.51+£0.89a 7.19+£0.03a
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Table 3 Primary Production in fertilization and weeds diversity treatments(g/ plot)

A3 Treatment 0 1 2 4
NPK 228.2+11.4 218.2+16.1 240.1+12.6 228.6+20.7
oM 299.4+24.3 271.8+27.4 260.1+£22.4 295.1+£24.8

B N BE AR ER 0 R 4 FhZe RO AL BEER AT 6 R, 1 AR 2 R e AL R AT 12 1K

TENEACAE AL B R B 22 R SR E i 0T A ) i T B ) 5 TR RN T AR L A W iR TE 1 b T
AEEEHR AR (1.0 nmol/ ¢ T 4F1 0.4 nmol/ ¢ T +) , 7F 4 FpAF AL B 555 (1.3 nmol/ ¢ T +H10.6 nmol/ ¢ T
), ELPTALERIAIA e S, A AL B2 TR0 35 22 5 5 PR T AR P A TR L A 2% Ak PR ) 2 25 22 5 5 LI L2

B HEAE O R m b B AR fIG, 4 R A PR AP iRy, HAS 0 BT 1 FhZ Rl 2 Fhe m b B B 25 5%
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TR LG AN B HE A A5 2% e Ak B ) O 8 P2 5

R4 TRFZESHFLEELEREMEMEEILHAEZSH

Table 4  Analysis of variance of soil microbial biomass and the ratio of microbial community under weeds biodiversity

fb A Y Y HEAYE WREREAYE  BkREyE HERE BIE EH/ AR
Total biomass B biomass F biomass MF biomass A biomass G*/ G F/ B
Treatment

F A F F F F F

NPK 1.150 1.130 2.220 2.026 1.284 1.724 3.867 "

NPK* 1.210 1.200 2.200 2.002 1.280 1.769 3.742"
oM 1.840 1.670 1.570 1.170 1.508 3.300 " 0.640
oM* 2.190 1.980 1.730 1.539 1.634 3.327° 0.660

# p< 0.05. NPK* OM® . ¥ %% A= ;= A P A8 ;. Abbreviation: B: Bacterial; F: fungal; MF; Mycorrhizal fungi; A: Actinomycic; G*/ G~ ;

Gram—positive bacteria biomass/ Gram—-negative bacteria biomass; F/ B: Fungi biomass/ bacterial biomass
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Table 5 Correlation analysis between the quantity of soil microbial biomass and nutrient content

Jb 3 DR/ 7k 2R BB ALk BRALL

Treatment ~ Microbial biomass Total nitrogen Amino nitrogen Organic C C/ N pH
NPK SR -0.336"* 0.000 0.329 0.393* 0.241
YR AE Y i -0.333 0.031 0.338 " 0.434** 0.254
A -0.207 -0.068 0.390 0.392* 0.232
PR LR AR A i -0.191 -0.049 0.390 0.360 0.241
e q L7 -0.393* -0.070 0.273 0.399 0.224
oM A -0.008 -0.031 0.353 0.416* 0.195
R AY R 0.002 -0.035 0.313 0.422* 0.204
HHA Y -0.030 0.044 0.377* 0.397 " 0.243
PR BB A ) 0.032 -0.180 0.284 0.441** 0.126
TR 0.030 0.011 0.295 0.373* 0.221

* Fn2E5t B p< 0.05, " TR 22T W3 p< 0.01; Abbreviation: MF; Mycorrhizal fungi; A: Actinomycic
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Fig.1 Effects of fertilization and weeds diversity on microbial biomass at anthesis stage of winter wheat

Abbreviation; G*/ G~ ; Gram-positive bacteria biomass/Gram-negative bacteria biomass; F/ B; Fungi biomass/ bacterial biomass
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Table 6  Analysis of variance of soil microbial biomass and the ratio of microbial community under weed species

B TRk HEdYE WEREEAYE  REEAEYE R BE B/ A

S Osii

Treatment Total biomass B biomss F biomass MF biomass A biomass G+/ G- F/ B
F F F F F F F

NPK 0.248 0.240 1.070 0.132 0.219 1.649 3.238

NPK* 0.199 0.195 0.823 0.135 0.221 1.274 2.500

OM 1.536 2.513 1.837 1.152 1.777 2.692 0.984

om* 1.306 2.173 1.719 1.084 1.696 2.335 3.012

n=3. NPK* OM?®. #2472 A M A8 & Abbreviation: B: Bacterial; F: fungal; MF; Mycorrhizal fungi; A; Actinomycic; G*/ G~ ; Gram—

positive bacteria biomass/ Gram-negative bacteria biomass; F/ B: Fungi biomass/ bacterial biomass
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