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Abstract: [ Objectives ] The investigation on the utilization of different soil microbial carbon sources, and the
diversity and activity of soil microbial could provide theoretical basis support to refine fertilization management in
winter wheat-summer corn rotation systems. [ Methods ] Soil samples were collected from a field experiment
with winter wheat-summer maize cropping system, which was conducted continuously in Xushui Experimental
Station, Hebei Province. Except for CK (no N applied), the nitrogen input in both winter wheat and summer maize
were N 200 kg/hm’ in all the other four treatments with 0%, 20%, 50% and 100% of N were replaced
by dry cow manure in winter wheat, recorded as M0, M20, M50 and M100, respectively. Biolog
ECO plate method was selected to determinate the surface soil (0-20 cm) microbial diversity and activity.

Wis AEA: 2017-05-09 #EZHE: 2017-09-19
EEWA: ERSILWHEABRIE (CARS-22) ¥l
BARAN: (733 E-mail: hcccaas@163.com; * BIE/EH F Bk E-mail: yinchangbin@caas.cn


http://dx.doi.org/10.11674/zwyf.17179

384 R R R L S 24 &

[ Results ] 1) The replacement of partial N input by manure in the winter wheat basal fertilization significantly
increased the utilization efficiency of different fractions of soil carbon. The highest capacity of the total carbon
utilization was found in M50 treatment, and the M100 treatment had the highest microbial growth rate. 2) The soil
microorganism had the higher utilization capacity of D-cellobiose, a-D-lactose, D- mannitol, Twain 40 and
phenylethylamine than that of D, L-a-glycerol phosphate and y-hydroxybutyric acid in all treatments. The average
utilization rate of soil microorganisms to the carbon sources was in order of carbohydrates > amines > amino acids
> multi cluster > carboxylic acids and phenolic acids. 3) The diversity index of carbon source utilization was
enhanced by different fertilization treatments. Shannon index, richness index and dominance index of M20, M50
and M100 were significantly higher than those in the treatments CK and MO0, but evenness index was significantly
lower. The difference was more obvious with the increasing of organic nitrogen substitution.4) Soil microbial
carbon metabolism was closely related to soil organic matter content. The greater the content of soil organic
matter, the higher Shannon index, richness index, dominance index and AWCD value was, but the lower the
evenness index was. [ Conclusions ] Manure nitrogen substitution in autumn base fertilizer significantly

increases the carbon source utilization of soil microorganisms and further improves soil microbial diversity and

activity. The optimum of the base fertilizer in autumn is 100% manure nitrogen substitutions (M100).
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Table 1 N source and input amount in different treatments

2 /N4 Winter wheat

X E K Summer maize

Jhse

Treatment A/ Basal LI A AL
A WA Organic N fEAIE Chemical N Topdressing chemical N Basal chemical N Topdressing chemical N
CK 0 0 0 0 0
MO 0 130 70 100 100
M20 26 104 70 100 100
M50 65 65 70 100 100
M100 130 0 70 100 100

TE (Note) : AHUENTA43E, HBRNSR VAR 397.5 gkg . N 2642 gkg, P 648 ghkg, K 16.79 ghkg HNABHHI LK
15 : 15 : 15; iBJE AR ZE Organic N was from dry cattle manure, in which the nutrient content was organic matter 397.5 g/kg, N 26.42 g/kg, P 6.48
g/kg and K 16.79 g/kg; The ratio of N : P,O; : K,O in basal chemical fertilizers was 15 : 15 : 15; Topdressing N was from urea.
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Table 2 Kinetic parameters of the fitted logistic
growth equations

pusiiil

Treatment § P ke
CK 0.4143 69.0 0.0452 0.9785
MO 0.3954 77.3 0.0462 0.9829
M20 0.4272 61.6 0.0497 0.9866
M50 0.4853 63.7 0.0469 0.9866
M100 0.4522 56.4 0.0635 0.9834

# (Note) : K—AWCD fH ¥4k The asymptote of AWCD ;
s—AWCD A% 0.5 K B iHA] Time when y = 0.5 K5 p—AWCD
3550 KM% The exponential rate of AWCD change ; R2—H5E
Z B Correlation coefficient.
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Fig. 2 Soil microbial biomass carbon metabolism in the different treatments (120 h)
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[£ (Note) : A2—B-H F-D-#ZHH B-methyl-D-glucoside; A3—D-FH# NTiE D-galactonic acid-y-lactone; A4—L-¥5% ik L-arginine;
B1—N R B g Pyruvic acid methyl ester; B2—D-AK#¥# D-xylose; B3—D-2FF MR D-galacturonic acid; B4—L- K& BEALHR L-
asparagine; CIl1—I{J& 40 Tween 40; C2—I-JR¥MHEE I-erythritol; C3—2-3 2K H iR 2-hydroxy benzoic acid; C4—L-ZEIENE R L-
phenylalanine; DI1—It i 80 Tween 80; D2—D-H # % D-mannitol; D3—4-3354 R 4-hydroxy benzoic acid; D4—L-22 %K L-serine;
E1—a-FRzUIG a-cyclodextring E2—N-Z BE%E-D-#j %5 i N-acetyl-D-glucosamine; E3—y-¥%E T2 y-hydroxybutyric acid; E4—L-JR &R
L-threonine; FI1—F## Glycogen; F2—D-HjZj LR D-glucosaminic acid; F3—AKFEMR Itaconic acid; F4—H & BE-L-A &M Glycyl-L-
glutamic acid; G1—D-£F2 % D-cellobiose; G2—7ij % H-1-BfRER Glucose-1-phosphate; G3—a- T EifiR a-ketobutyric acid; G4—AK 2%k
}¥ Phenylethyl-amine; H1—o-D-FLB¥ a-D-lactose; H2—D, L-a-H i D, L-a-glycerol; H3—D-3E58 R D-malic acid; H4—JE ¥ Putrescine.]
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Fig. 3 Principal component analysis of soil microbial diversity in different fertilization soils (60 h)
[{E (Note) : 1—543Jlft3E CK. M0, M20, M50 il M100 Zb#E The number 1 to 5 represent CK, M0, M20, M50 and M 100, respectively.
CH—#i2& Carbohydrates; AA—4Z(JEMZ Amino acids; CA—RARZE Carboxylic acids; PM—Z %2 Polymers; PA—I}fi22S Phenolic acids;

AM—pZE Aminos.]
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Fig. 4 Principal component analysis of soil microbial diversity in different fertilization soils (120 h)
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R3 TEMBLIE THEDZHMIEE (120 h)
Table 3 Diversity indexes of soil bacteria in different
treatments at 120 h

b3 TR SRR WA B
Treatment H' R E D

CK 330c¢ 23.67¢ 1.04 a 0.9601 d

MO 331c 25.67d 1.02b 0.9606 d

M20 3.35b 2733 ¢ 1.01b 0.9623 ¢

M50 3.37ab 29.67b 0.99¢ 0.9630 b

M100 339a 31.00a 0.99¢ 0.9639 a

IE (Note) = [RIFVEEIS AR/NG F-RERIR1E0.05 K25 5
I8 2% Values followed by different lowercase letters in the same column

are significantly different at the 0.05 level.
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Fig. 6 Regression of SOM with TN, shannon index, richness index, evenness index, dominance index and AWCD
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