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soil microbial community structure and diversity. Despite this, there are few reports on the effect of different straw
incorporation modes on soil fertility and microbial diversity in sandy soils in Xinjiang. Field trials were conducted with direct
straw incorporation (NPKS), abdomen-digested straw incorporation (sheep manure application, NPKM, 15.0 t-hm™2) and
carbonized straw incorporation (biochar application, NPKB1, 2.5 t-hm™ and NPKB2, 15.0 t-hm™) to the field to evaluate the
effects of different straw incorporation modes on soil nutrient, microbial quantity, enzyme activity and microbial carbon
utilization in sandy soils in southern Xinjiang during the period of 2010-2012. The results showed that: 1) Compare with the
control (chemical fertilization, NPK) treatment, different straw incorporation modes significantly improved soil nutrient
of sandy soils. NPKM treatment was the best, followed by NPKB2 treatment, NPKS treatment and then NPKB1 treatment.
2) Different straw incorporation modes had considerable effect on soil microbial population. The treatments increased the
populations of soil bacteria and actinomycete and the number of physiological groups of bacterial. Compared with NPK
treatment, the population of bacteria was highest under NPKB2 treatment while the population of actinomycete was highest
under NPKM treatment; increasing significantly by 413.16% and 574.19%, respectively. The number of physiological groups
of bacterial under NPKB1 and NPKB2 treatments was higher than that under NPKS treatment. Soil enzymes activities of
different straw incorporation modes were generally higher than that under NPK treatment, and NPKM treatment had the best
effect on soil enzymes activities. 3) Biolog carbon resources utilization analysis showed that different straw incorporation
modes improved soil microbial activity and richness index. Principal component analysis showed that obvious differences in
soil microbial community among different straw incorporation modes. The differences in carbon resources utilization were
mostly caused by carboxylic acids and carbohydrates. Cluster analysis showed that between NPKB2 and NPKM, and between
NPKBI1 and NPKS had similar microbial functions. The results indicated that different straw incorporation modes significantly
improved soil microbial activity and functional diversity in sandy soils. However, the effect of soil improvement was different
for different modes. The 3-years (2010-2012) experimental results suggested that abdomen-digested straw incorporation and
carbonized straw incorporation to the field had better effects, while direct straw incorporation to the field increased the risk of
soil borne diseases. The results added to the existing theoretical guidance on establishing modern eco-efficient fertilization
modes in sandy soils in southern Xinjiang.

Keywords Straw incorporation mode; Soil microbial activity; Soil microbial diversity; Soil nutrient; Soil enzyme; Sandy soil
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Table 1 Effects of different straw incorporation modes on nutrient contents of sandy soil
Treatment Organic matter (g-kg™") Total N (g'kg™) Available N (mg-kg™")  Available P (mg-kg™") Available K (mg-kg™)
NPK 0.82+0.01d 0.54+0.01¢ 31.90+2.25b 10.40+0.50¢ 105.00+8.72d
NPKS 0.85+0.01cd 0.54+0.01¢ 30.50+1.46¢ 11.50+0.20b 156.00+7.55a
NPKBI 0.94+0.03bc 0.54+0.01c 28.90+1.44d 9.82+0.12cd 119.00+6.08bc
NPKB2 1.13+0.04a 0.63+0.01b 26.50+1.87¢ 9.43+0.15d 114.00+4.58cd
NPKM 0.96+0.01b 0.724+0.03a 52.50+1.27a 12.60+0.56a 127.00+6.56b
NPK: S ; NPKS: + s ; NPKBI1: +
2.5 thm™% NPKB2: + , 15.0 thm™; NPKM: + ( )
15.0 thm™ (P<0.05) NPK: normal chemical fertilizer application; NPKS: normal chemical fertilizer application

with powdered wheat, mung bean straws incorporation; NPKB1: normal chemical fertilization plus cotton stalk biochar at 2.5 t-hm™ application;
NPKB2: normal chemical fertilization plus cotton stalk biochar at 15.0 t-hm™ application; NPKM: normal chemical fertilization with sheep manure at
15.0 t-hm™ application. Different letters in the same column indicate significant difference at P < 0.05. The same below.
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Fig. 1 Effects of different straw incorporation modes on soil microbial quantity
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Table 2 Effects of different straw incorporation modes on soil enzymes activities

Catalase Invertase Urease Protease Alkaline phosphatase
Treatment [mL(KMnO,)-g™'-20min™'] [mL(C¢HeO )-g™'-24h™'] [mg(NH;3-N)-g™'-24h™'] [mg(NH-N)-mg™'-24h™']  [mL(P,05)-100g™"-2h™"]
NPK 3.07+0.08¢ 13.04+2.92b 0.17+0.02¢ 8.87:0.83ab 0.52+0.03¢
NPKS 3.27+0.10bc 14.36+1.09ab 0.19+0.02bc 8.87+1.17ab 0.66+0.06ab
NPKB1 3.48+0.08ab 16.87+2.93ab 0.19+0.01bc 10.85+1.00ab 0.67+0.07ab
NPKB2 3.33+0.29abc 15.25+1.60ab 0.18+0.01bc 11.75+1.52a 0.62+0.08bc
NPKM 3.45+0.05abc 20.92+1.62a 0.20+0.01abc 8.76+0.94b 0.69+0.07ab
2.4 , ; 24~96 h
) )
24.1 , , 168 h
(AWCD) AWCD , NPK , NPKB1
, AWCD R , , , 3
2 b b
AWCD
AWCD 24 h s 3
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Fig.2 Average well color development (AWCD) of soil microbial

communities under different straw incorporation modes
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Table 3 Diversity indexes of soil microbial communities under different straw incorporation modes
Simpson Shannon Mclntosh
Treatment Average well color development (AWCD) Simpson index Shannon index Mclntosh index
NPK 1.5240.03b 0.98+0.01a 3.23+0.03¢ 0.93+0.01a
NPKS 1.64+0.02a 0.98+0.01a 3.334+0.01a 0.94+0.01a
NPKBI1 1.414+0.01c¢ 0.98+0.01a 3.30+0.02b 0.94+0.01a
NPKB2 1.65+0.01a 0.98+0.00a 3.31+0.02b 0.94+0.01a
NPKM 1.65+0.01a 0.98+0.02a 3.31+0.04b 0.94+0.02a
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Fig. 3  Principal component analysis of soil microbial
communities under different straw incorporation modes
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Table 4 Loaded values of different carbon source utilization
with PC1 and PC2 ( » > 0.8) under different straw
incorporation modes

Type of carbon source PC1 PC2
Amino acids L- L-arginine -0.27 -0.91 ’
D- D-xylose 093 0.8 ’
Carbohydrates - -D-
v N D , 0.96  -020 . '
N-acetyl-D-glucosamine [27]

1- I-erythritol 0.8 -0.45 [28]
Itaconic acid 0.84 -0.14
Carboxylic acids D- D-malicacid 096  0.28

_ b

b —-0.30 0.87
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D-

-0.09 -0.87
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Polymers a- a-cyclodextrin  -0.35 -0.84
40 Tween 40 -0.80 —0.17
Miscellaneous D,L-a- D,L-a-glycerol —-0.39 0.86
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Fig. 4 Cluster analysis of carbon source utilization of soil microbial communities under different straw incorporation modes
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