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Influence of arbuscular mycorrhizal inoculation on maize straw degradation
and soil microbial biomass carbon and nitrogen, and enzyme activity in
di-chamber split-root device

LUO Zhen, ZHU Min, WANG Xiao-Feng, LI1U Xian-Liang, GUO Tao
(College of Resources and Environment, Southwest University, Chongging 400716, China)

Abstract A large number of plant residues enters into soil on adaily basisin nature. The decomposition of these residues forms the
foundation of nutrient cycles, especially carbon/nitrogen cycle. Several physical, chemical and biological factors (and interactions)
contribute to the degradation processes. Among biological factors, micro-organisms which act as consumers and decomposers
directly accelerate degradation processes or indirectly use acids and enzymes to do so. As micro-organisms, mycorrhizas have been
recognized with special importance due to their especial microhabitat requirements. Arbuscular mycorrhizal (AM) fungi can form
mutualistic symbiosis with more than 80% of higher plant species. The contribution of AM to plant residue degradation processes
have varied at different hierarchical levels (plant root, mycorrhizas and soil mycelium), of course with mentioning accompanying
bacteria. Most experiments have been carried out in pot or single compartment device conditions, which have made it difficult to
clarify different effects of mycorhiza symbiosis on plant residue degradation. In this study, a di-compartment split-root device was
used to quantitatively compare the changes in degradation processes in mycorrhizosphere and rhizosphere conditions. In the
experiment, maize straw was used as representative plant residue and two different AM fungi (Glomus mosseae and Glomus
etunicatum) inoculated. Samples were respectively harvested in 20 d, 30 d, 40 d, 50 d and 60 d after inoculation, analyzed for soil
enzymatic activity, soil microbial biomass carbon and nitrogen, soil respiration and qCO, and the mechanism of how mycorrhizal
inoculation accelerated maize straw degradation discussed. The results showed that by inoculation with two different AM fungi,
maize straw degradation mass and coefficient in mycorrhizosphere compartment were higher than in root compartment. Mycorrhizal
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inoculation enhanced carbon degradation but limited nitrogen degradation. It also decreased carbon/nitrogen ratio which facilitated
further degradation. For soil biological performance, it was noted that catalase, protease, acid phosphatase, microbia biomass carbon,
nitrogen and soil respiration were more enhanced in mycorrhizosphere compartment than in root compartment. This initiated the next
step of forming more active microbial community. The increased indices involved in the degradation process were the main reasons
behind mycorrhizal acceleration of degradation. Different ability to accelerate maize straw degradation lied in function diversity of
AM fungi. More AM fungal species and soil types were suggested for consideration in future studies.

Key words Split-root device, Maize straw, Straw decomposion, Soil enzyme activity, Microbial biomass carbon, Microbial
biomass nitrogen, Soil respiration
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Table1l Inoculation rate and hyphal density of maize root inoculated by arbuscular mycorrhizain the split root device

Rate of inoculation (%) Hyphal density (cm-g™)
Days after transplanting maize (d
Treatment hid P 9 @
20 30 40 50 60 20 30 40 50 60
Gm R ND ND ND ND ND ND ND ND ND ND

M 48.42+3.45a 57.38+1.59a 61.33+2.71a 70.34+1.6la 82.90+2.62a 14.67+2.54a 37.30+2.52a 64.95+5.04a 80.67+3.79a 96.38+3.16a
Ge R ND ND ND ND ND ND ND ND ND ND

M 44.02+3.29a 52.50+2.91a 57.64+4.65a 66.56+1.78a 76.79+1.46b 16.55+3.16a 35.41+3.24a 54.90+1.92b 71.87+1.84b 91.98+2.63a

Average 46.22E 54.94D 59.48C 68.45B 79.84A 15.61E 36.35D 59.92C 76.27B 94.18A
0.05 , 0.05 Gm:
G. mosseae : Ge: G. etunicatum TR T M: ND: Different lowercases in the same column within

the same sampling time indicate significant difference among treatments at 0.05 level. Different capital letters in the same line denote significant
difference among different sampling times at 0.05 level. R: root room; M: mycorrhizal room. Gm: G. mosseae inoculation; Ge: G. etunicatum inocula-
tion. The same below. ND: no arbuscular mycorrhiza detected.
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Table2 Dry weight of shoot and root of maize inoculated by arbuscular mycorrhizain the split root device g
Root dry weight Shoot dry weight
Days after transplanting maize (d
Treatment & P 9 @
20 30 40 50 60 20 30 40 50 60
Gm R 0.44£0.07b 0.99£0.12a 3.09+0.30a 3.59+0.20a  4.32+0.22a
3.68+0.19a 11.43+0.02a 30.32+1.07a 44.38+2.19a 60.67+1.59a
M  0.40+0.05b 0.96+0.09a 2.36+0.13b 2.96+0.21bc 4.13+0.63a
Ge R 0.46+0.05b 0.96+0.1l1a 3.21+0.05a 3.33+0.21ab 4.20+0.21a
3.94+0.38a 11.45+0.26a 30.86+0.87a 42.87+2.69a 59.44+2.59a
M 0.59+0.08a 1.10+0.12a 2.74+0.42ab 2.86+0.22c  3.99+0.37a

0.53E 1.03D 2.97C 3.10B 4.10A 3.81E 11.44D 30.59C 43.63B 60.06A
Average
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Table 3 Effect of AM fungi inoculation on degradation mass of maize straw g
Days after transplanting maize (d)
Treatment 20 30 40 50 60
Gm R 0.743 3:0.010 3b 0.777 5+0.005 6b 0.856 5+0.004 3b 0.863 3+0.007 3b 0.875 4+0.002 3b
M 0.821 7+0.012 9a 0.901 3+0.015 6a 0.944 1+0.007 2a 1.030 3+0.006 4a 1.057 0+0.006 9a
Ge R 0.664 6+0.006 1c 0.765 3+0.011 3b 0.827 7+0.002 6¢ 0.855 1+0.005 9b 0.885 0+0.012 2b
M 0.805 9+0.010 4aE 0.905 7+0.003 9aD 0.949 7+0.009 8aC 1.032 0+0.002 8aB 1.070 6+0.005 8aA
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Table4 Effect of AM fungi inoculation on C, N release of maize straw

Days after transplanting maize (d)

Treatment 20 30 40 50 60
Gm R 0.362+0.005b 0.379+0.002¢c 0.424+0.015b 0.434+0.014b 0.462+0.018c
C release (g) M 0.398+0.007a 0.450+0.007a 0.487+0.003a 0.519+0.019a 0.515+0.007b
Ge R 0.348+0.003b 0.393+0.003b 0.431+0.001b 0.448+0.014b 0.463+0.009¢c
M 0.413+0.014aE 0.448+0.009aD  0.488+0.012aC 0.521+0.007aB 0.542+0.0025A
Gm R 6.36+0.08a 8.13+0.11a 8.34+0.08a 8.35+0.04a 9.01+0.01a
N release (mg) M 6.32+0.12a 6.53+0.18c 6.33+0.08d 6.43+0.06¢c 6.16+0.11c
Ge R 6.23+0.06a 8.01+0.06a 8.17+0.05b 8.28+0.07a 9.06+0.08a
M 6.39+0.05aC 6.85+0.08bB 6.90+0.09cB 6.70+0.02bB 6.68+0.07bA
10 , 50 d G. mosseae  G. etunicatum
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Table5 Effect of AM fungi inoculation on soil microbial biomass carbon and nitrogen in the split root device  mg-kg™
Microbial biomass carbon Microbia biomass nitrogen
Treatment Days after transplanting maize (d)
20 30 40 50 60 20 30 40 50 60
Gm R 88.64+3.00b 90.41+3.20c 112.59+4.58d 112.30+2.99c 98.65+6.94b 7.96+0.97c 12.64+2.33c 23.32+2.47b 35.05+4.00b 39.81+1.98b
M 123.34+10.61¢ 114.11+5.44b 149.52+1.70b 190.87+3.19a 161.17+5.80a 16.35+1.93b 24.78+1.59b 43.14+4.87a 57.73+6.61la 63.09+7.08a
Ge R 77.70+6.08b 89.12+7.37c 123.47+6.12c 134.40+5.99b 94.76+4.57b 9.19+1.84c 14.72+2.71c 25.72+5.50b 41.94+2.35b 40.57+2.92b
M 122.99+12.18:127.21+4.93a 176.25+4.29a 199.34+7.30a 161.26+7.19a 24.88+1.67a 32.84+2.52a 50.43+3.67a 63.88+1.40a 66.43+4.44a
103.17D 105.21D 140.46B 159.23A 128.96C 14.59D 21.24C 35.65B 49.65A 52.47A

Average
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Table6 Effect of AM fungi inoculation on soil respiration and respiration quotient (qCO,) in the split root device

Soil respiration [mg(C)-kg™-h™]

Respiration quotient (h™?)

Treatment

Days after transplanting maize (d)

20 30 40 50

20 30 40 50 60

11.07+0.31c 11.81+1.05c 12.77+1.27b 9.71+1.08b

M 14.67+0.72a 15.55+0.12a 15.96+0.31a 13.51+0.94a

11.14+0.20b 0.125+0.001b 0.131+0.009a 0.114+0.016a 0.087+0.012a 0.113+0.006a

12.63+1.50ab 0.120+0.012b 0.136+0.007a 0.107+0.001a 0.071+0.005b 0.078+0.010b

Ge R 11.95+0.89c 11.41+0.62c 12.83+1.58b 9.85+0.47b  11.88+0.12ab 0.154+0.016a0.129+0.016ak 0.104+0.017a0.073+0.007ak 0.126+0.007a
M  13.44+0.24b 13.99+0.61b 15.82+0.73a 12.90+1.39a 13.44+1.00a 0.110+0.009b 0.110+0.005b 0.090+0.006a 0.065+0.005b 0.083+0.006b
Average 12.78BC 13.19B 14.34A 11.49D 12.27C 0.127A 0.126A 0.104B 0.074C 0.100B
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