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Effects of arbuscular mycorrhiza fungi inoculations on soil respiration in Yunnan

rocky desertification habitat
ZHAO Shuang', WANG Shaojun'>", YANG Bo', ZHANG Kunfeng', ZHANG Lulu', FAN Yuxiang'

1 College of Ecology and environment, Southwest Forestry University, Kunming 650224, China

2 Co-Innovation Center for Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037, China

Abstract; This study aimed to expound the coupling effects of arbuscular mycorrhizal ( AM) fungi, plants, and soils on
seasonal dynamics of respiration rates in rocky desertification soils. We employed LI- 6400-09 respiration chamber and
portable photosynthesis measurement system to conduct a continuous field-positioning observation on seasonal dynamics of
soil respiration rates under the inoculation Sabina chinensis plants with two AM fungi species, i.e., Funneliformis mosseae
(FM) and Rhizophagus intraradices ( R1). Furthermore ,we explored the association of respiration rates with plant growth
and physicochemical properties under AM fungal inoculation treatments in rocky desertification soils. The results were as

following: (1) the inoculation with two AM fungi species had a significant effect on seasonal dynamics of soil respiration
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rates in rocky desertification habitat,, compared with the control treatment (CK,P<0.01). The treatments with two AM fungi
species had a higher magnitude of seasonal variation in respiration rates compared with the CK in rocky desertification soils.
The order of soil respiration rates was ranked as RI treatment (1.55—9.10 pmol m™ s™') > FM treatment (1.62—8.29
pmol m?s™') > CK (1.23—4.46 pmol m™> s™'). (2) Soil temperature and water content had a greater effect on soil
respiration dynamics in AM fungal inoculations compared with the CK treatment. The contributions of soil temperature and
water content to the variations in soil respiration rates were ranked as RI treatment (44.84% ;52.35% ) > FM treatment
(17.18% ;41.65% ) > CK (2.66% ;16.55% ). (3) Soil respiration rates under AM treatments were positively correlated
with soil organic matter, nitrate nitrogen , total nitrogen,available potassium,tree height,diameter at breast height (DBH) ,
and root biomass ( P<0.01 or 0.05) , while they were negatively associated with soil pH (P<0.01). In contrast, soil
respiration rates in CK treatment were negatively correlated with soil pH (P<0.05) ,but there was no significant correlation
with other soil physicochemical properties. (4) Soil temperature and moisture, ammonium and nitrate nitrogen, organic
matter, easily oxidized carbon, available potassium, total nitrogen and phosphorus had the greatest contributions to the
variations in soil respiration rates,while the contributions of DBH , tree height , available phosphorus,microbial biomass , root
biomass and pH to respiration dynamics were ranked the second. Therefore, the results suggest that the effects of the
interactions among arbuscular mycorrhizal fungi, plants, and soils on seasonal dynamics of soil respiration rates may be
mainly determined by the modification of AM fungi inoculations on soil microclimate (e.g.,water content) ,carbon nutrient
(organic matter and easily oxidized carbon) ,inorganic nitrogen pool (e.g.,ammonium and nitrate nitrogen) ,root biomass,

and nutrient availability of phosphorus and potassium in rocky desertification habitat.

Key Words; stony desertification; arbuscular mycorrhizal; coupling; soil respiration; nitrogen pool; carbon pool;

regulatory factors
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Fig.2 The seasonal dynamics of soil temperature and water content under different experimental treatments
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Fig.3 Relationship between soil respiration rate and soil temperature in different layers under three experimental treatments
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Table 1 Models and relevant parameters showing the relationship between soil respiration and water content of each layer under three

experimental treatments

b +J5/em Rs=aW+b Rs=aW?*+bW+c Rs=ae®"

Treatment Soil layer a b R? P a b ¢ R? P a b R? P
i EE (R o 0—5 0757 1.015 0426 0.023 0.061 1331 -0.987 0514 0.004 1391 0.120 0501  0.006
R. intraradices =5—10 0165 4572 0336 0.045 -0.120 2.644 -6507 0711 0001 1250 0.141 0479 0.048
FEVG SRR 0—5 0413 1.301 0408 0.040 -0.019 1.029 0268 0428 0.025 1.638 0.156 0346  0.025
F. mosseae =5—10 0533  0.621 0507 0.008 0988 -9.890 27.401 0326 0.050 3319 0.040 0327 0.059
X R 0—s5 0.140  3.177  0.032 0.0600 0.281 -1.964 5617 0328 0.049 2837 0.030 0037 0.065
No mycorthizae addition ~ =5—10 0.040 3363 0.003 0.854 0564 -3.929 8141 0.026 0.053 3.022 0003 0.007 0.057

Rs: - 3ENFI# % Respiration rate; W T4/K 4 Soil water

F2 AEIALEALIE 1 IR TR A A K E BB AR A/

Table 2 Soil physicochemical properties and plant growth indexes under different experimental treatments

b3 Treatment RI M CK b3 Treatment RI M CK
YIS MBC/ (g/kg) 2.06:0.64  0.92:0.24  0.810.19 || FHRHE AP/ (g/kg) 18.94£6.70 15.37£5.83  15.2124.70
AU ROC/ (g/kg) 6.25:0.59  4.91x0.55  5.75:0.53 || AT BD/(g/em?) 1.44+0.09  1.47+0.03 1.62+0.28
HHLT SOM/ (g/kg) 10.96+0.72  10.80+1.39  10.801.32 || pH 7.66£0.06  7.66£0.07 7.68+0.06
A% NO,-N/(mg/LL) 426£0.73  2.86£0.51  2.53+0.47 | JEE ST/C 20.10£1.88  21.33:2.45  22.5242.90
SR NH,-N(mg/L) 0.47£0.05  0.45£0.08  0.38+0.053 | /K/> SW/% 10.30£1.98  8.03x0.79 7.22+0.82
28 TN/ (mg/L) 276045  2.36+0.45 2242045 | 7 Tree height/cm 108.01£4.15 106.34+3.56  100.99+4.97
27 TP/ (mg/L) 2.28+0.64  1.43x0.04  1.26+0.10 || 7% Diameter at breast height/mm  19.96:0.86 19.13£0.67  19.0520.73
M AK/ (g/kg) 25.80+6.33  25.24+5.83  27.17+7.41 || ALY HE Root biomass/ (g/kg)  2.15:1.33  1.45£0.89 0.85+0.43

FEVGS 5 HE . F. mosseae; RI: RINIRIB T R. intraradices; CK. XF B8, R ANTEF No mycorrhizae addition; MBC ; Microbial biomass carbon; ROC; Readily
oxidizable organic carbon;SOM: Soil organic matter; NH,-N: Ammonium nitrogen; NO3-N; Nitrate nitrogen; TN : Total nitrogen; TP ; Total phosphorus; AK: Available potassium;
AP Available phosphorus; BD;Bulk density ; ST'; Soil temperature ; SW ; Soil water

£3 TREMHLETLEFRERZSEMERKE T EERMOEXME

Table 3 Correlation between soil respiration rate and soil physicochemical properties under different arbuscular mycorrhiza fungi treatments

JbFH Treatment RI FM CK RbFR Treatment RI FM CK
BE Y MBC/ (g/kg) 0.069 -0.221 -0.292 || FRWE AP/ (g/ke) 0.392 -0.353 0.34
HEAE R ROC/ (&/kg) 0.437 0.694 0.221 A BD/(g/em’) 0.562 " 0.059 -0.239
AP SOM/ (g/kg) 0.630 0.586 0.121 pH -0.893**  -0.619*" -0.751*
A NOy-N/(mg/L) 0.279" 0.852%* 0.37 R ST/C 0.899 " 0.607 " 0.287
BZSR NH-N(mg/L) 0.614* -0.342 0.066 KAy SW/% 0.670 ** 0.624* 0.358
2% TN/ (mg/L) 0.537* 0.821** 0.397 JAIES Tree height/cm 0.890 * 0.530" -0.344
2 TP/ (mg/L) 0.122 0.144 -0.168 || M@#% Diameter at breast height/mm  0.910* 0.531* 0.254
HAHEN AK/ (g/kg) 0.870** 0.654 " -0.023 || HEEYE Root biomass/ ( g/kg) 0.751 " 0.672* 0.051

% R P<0.01 BEKF; + Fm P<0.05 BEKF

TR BT SRR AW K e PR AR B AR A X A R A T B (1] 4) , Hirb 5
Fom ity of - ST I IR 33 % 5 AR BTk R I K (85.33% ), 55 AR B A BT K (23.99% ) /)N Iﬁlﬁﬂﬁﬁu%%ﬁakd\
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