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Effect of Chitosan on Microbial Community in Soils Planted with
Cucumber under Protected Cultivation
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Abstract. Soil microbial community and soil physiological parameters were investigated by analyzing
phospholipid fatty acids extracted from the soils amended with chitosan powder and solution in a cucumber
greenhouse. The soils were sampled at 90, 160, 200 days after treatment. Identified fatty acids were analyzed
with principal component (PC) analysis. Chitosan powder soils and chitosan solution soils were separated
from non-treated control soils by PC1 and PC2 90 days after treatment, respectively. And chitosan powder
soils were separated from non-treated control soils by PC2 160 days after treatment. The ratio of fungi to
bacteria increased significantly in chitosan solution-amended soils compared with the control soils 90 days
after treatment. Microbial groups and physiological parameters were investigated 160 days after treatment:
vesicular-arbuscular mycorrhizal fungi (VAM) significantly increased in soils amended with chitosan powder
compared with other soils, the ratio of gram negative bacteria to gram positive bacteria and cyclo-fatty acids
to precursors were significantly higher and lower in soils amended with chitosan solution and chitosan powder
compared with control soils, respectively, and the ratio of fungi to bacteria were significantly lower in control
soils compared with chitosan-treated soils. The chitosan powder increased the ratio of aerobic to anaerobic
bacteria and lowered the ratio of saturated to unsaturated fatty acids compared with chitosan solution 200
days after soil application. In conclusion, chitosan powder changed the soil microbial community and the
effects maintained up to 160 days after soil application. The effect of physiological parameters on the soil
microbial community started to appear 160 days after and continued up to 200 days after soil application
of chitosan.
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Fig. 1. Ordinate plot of principal component analysis of phospholipid fatty acids extracted from the soils amended with chitosan
powder and solution in a cucumber greenhouse. Error bars indicate standard deviation. A, samples 90 days samples after chitosan
application; B, samples 160 days samples after chitosan application; C, 200 days samples after chitosan application. Sampling
date was 90 days after amending the soils with chitosan powder. Chitosan powder was sprayed 2 days before transplanting
of cucumber seedlings and chitosan solution was irrigated four times at every 10 days after transplanting.
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Fig. 2. Relative abundance of soil microbial groups and physiological indicators analyzed by phospholipid fatty acids in the soils
amended with chitosan powder and solution in a cucumber greenhouse. Sampling date was 90 days after amending the soils
with chitosan powder. A and B mean microbial group and physiological indicator of microbes, respectively. Chitosan powder
was sprayed 2 days before transplanting of cucumber seedlings and chitosan solution was irrigated four times at every 10 days
after transplanting. Error bars indicate standard deviation and different bars indicate significant difference at P = 0.10 level according

to LSD test.
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Fig. 3. Relative abundance of soil microbial groups and physiological indicators analyzed by phospholipid fatty acids in the soils
amended with chitosan powder and solution in a cucumber greenhouse. Sampling date was 160 days after amending the soils
with chitosan powder. A and B mean microbial group and physiological indicator of microbes, respectively. Chitosan powder
was sprayed 2 days before transplanting of cucumber seedlings and chitosan solution was irrigated four times at every 10 days
after transplanting. Error bars indicate standard deviation and different bars indicates significant difference at P = 0.10 level

according to LSD test.
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Fig. 4. Relative abundance of soil microbial groups and physiological indicators analyzed by phospholipid fatty acids in soils amended
with chitosan powder and solution in a cucumber greenhouse. Sampling date was 200 days after amending the soils with chitosan
powder. A and B mean microbial group and physiological indicator of microbes, respectively. Chitosan powder was sprayed
2 days before transplanting of cucumber seedlings and chitosan solution was irrigated four times at every 10 days after transplanting.
Error bars indicate standard deviation and different bars indicates significant difference at P = 0.10 level according to LSD test.
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gagozd 9PE shsd A0R HAHR uAA). B AFE Ba 3 A0R YHE /| EAS gl B

BROUAIR 1]g0] £ AL BA Wk S| ol AR E)A YR 2 JUPUOER o|§EE BHo|
RESAY NSRS W @ael ARt @ S QEE AN B A4 §7188 39 B S Bg0gE
(Boyle et al., 2008), 7|E=AF #|2] & 90 ZAf A FA 2 o B STMA BESERIA Y frakof At om
ol Bisto] 7|4k A 2|tof A o4 Al &L 1609 Z19ge 2 AR S dFe v Aer A4
AR Foll= FA 2] Hste] 7|EAL AP BRI 5 Ch(Transmo et al., 1993).
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7| AL gollo] whEn], R &FI= A2 T 160U7HA] A4 7ﬂil}(Fig. 5), @o] Aganel 243} o FoMe FAA
He HojFort Felgel ozt glgtort, ol ol WS4 Y, W)
Table 1. Chemical properties of the soil at 200days after applied with chitosan powder.

pH EC CEC OM Ex.-cations (cmol®-kg™)
(1:5) (ds-m")  (cmols-kg™") (9-kg™) K Ca Mg

Soil application® 5.6 0.58 13.99 24 0.40 6.32 2.20
Drenching’ 5.5 0.50 12.81 23 0.31 4.86 1.68
Control 5.5 0.57 11.76 24 0.39 5.16 1.74

“Directly applied the soil with chitosan powder.
YDrench thoroughly the soil with chitosan solution.
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Fig. 5. Effect of chitosan application on cucumber growth. Soil: soil application with chitosan powder, Drench + foliar: irrigation
after 100X (100 mL-10 L'1) dilution with chitosan solution + foliar spray, Drench: irrigation after 100X (100 mL-10 L'1) dilution
with chitosan solution. Date (mean = S.E) of the parameters were collected at 60 days after amending the soils with chitosan
powder. A and B mean plants growth and fresh fruit weight of cucumber, respectively Chitosan powder was sprayed 2 days
before transplanting of cucumber seedlings and chitosan solution was irrigated four times at every 10 days from 10 days after

transplanting.
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