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Distribution characteristics of rhizosphere soil fungal community and
root growth in sainfoin field with different planting years
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Abstract: A field study was conducted to explore distribution and succession characteristics of sainfoin root
growth and rhizosphere soil fungal communities in different planting years (1, 2, 3 a and 4 a) and provide a scien-
tific basis for the sustainable use of sainfoin artificial grassland in arid desert oasis. Rhizosphere soil chemical prop-
erties and enzyme activities were analyzed while soil microbial DNA was extracted for PCR amplification and high
throughput sequencing. Results showed that with the increase of planting years, crown diameter and depth, lateral
and taproot diameters, numbers of lateral root and crown branches increased, and each index in four-year sainfoin
field was 3.7, 3.1, 5.0, 3.4, 2.0, 3.6 times than that of one-year sainfoin field, respectively. The average root di-
ameter, root volume, total root surface area, total root length, and root tip numbers increased first and then de-
creased. The pH and available phosphorus content reduced significantly, available potassium and available nitrogen
contents decreased after an initial increase. The dehydrogenase, catalase, urease, and alkaline phosphatase activi-
ties increased significantly, and each index in four-year sainfoin field was 3.3, 1.9, 10.3, 1.4 times than that of
one-year sainfoin field, respectively. The richness estimators of Ace and Chaol and the diversity indices of Shannon

and Simpson were activated first and then inhibited; Ascomycota, Mucoromycota, Chytridiomycota, and Mortierel-
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lomycota were the dominant fungal groups in sainfoin field, and the relative abundance of Ascomycota increased re-

markably , whereas the relative abundance of other dominant fungi increased first and then decreased. The predomi-

nant taxa at the genus level were Monographellahe and Fusarium, and the relative abundance of Monographellahe

increased significantly, while the relative abundance of Fusarium dropped significantly. Redundancy analysis and

Monte Carlo permutation tests showed that available phosphorus content was the main factor affecting the soil fungal

community structure.

Keywords: sainfoin; planting years; root morphology; rhizosphere soil; fungal community
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Table 1  Root growth changes of sainfoin with different planting years

e AR R WEE AR MR L TR MR B A MIAR%R MR B AR ERER
Planting year Crown diameter Crown depth Lateral diameter Lateral root Crown branches Taproot diameter
/a /mm /em /mm number number /mm
1 5.85+1.53¢ 11.00+1.85d 0.51+0.20¢ 19+7.63¢ 5+1.75¢ 4.22+0.74¢
2 13.87+5.99b 17.11+4.33¢ 1.71+0.26b 29+4.97b 16+7.09b 10.16+3.33b
3 15.26+6.17b 26.89+9.69b 1.86+0.51b 31+10.31b 17+9.03b 10.66+2.71b
4 21.56+9.52a 33.55+3.88a 2.56+0.76a 38+12.82a 18+1.23a 14.41+3.35a
Tl R4 R R SN e MR AR SRR WREBK HRISEL
Planting year Average root Root volume Total root surface Total root Root tip
/a diameter/mm /em® area/cm? length/mm number
1 0.71+0.07¢ 1.07+0.25¢ 59.99+3.40d 272.27+7.01d 2006.50+3.59d
2 2.30+0.33a 10.25+2.73a 360.22+7.02a 1068.62+8.66a 6048.00+4.48h
3 1.61+0.33b 7.37£1.27b 253.92+5.92b 691.02+6.15b 7554.00+4.72a
4 1.94+0.62b 8.01+1.51b 186.73+8.49¢ 482.55+3.36¢ 4291.80+7.54¢

TE B AR e (n=3) | FIFUAR R NG FRERR 2252 .35 (P<0.05) . T,

Note ; Values are means + standard deviation (n=3). Different lowercase letters in the same column indicate significant differences ( P<0.05). The

same below.
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Table 2 Effects of rhizosphere soil chemical properties and enzyme activities in sainfoin field with different planting years

) . i S T B i
4E N . N i DHA UA
Tfﬁfﬁﬁ FHUE SOM HAE AK O AP R AN Hf(ﬂ@ 1 CAT /EME . APA
antin; mg * - mg * —
Fo/(g ke ) /(mg - kg™!) /(mg-kg!) /(mgokg) RN /(g g LY J(mge g
year/a «d7h) - -d™) 1
-h™) -d7)
1 0.82+0.05a  8.19+0.02a  32.88+0.99¢ 20.46+1.96a 71.21+1.63d 0.003+0.000b 0.15+0.03¢ 0.07+£0.01¢ 1.21+0.16d
2 0.54+0.05¢ 8.16+0.0la 40.02+0.46b 13.84+1.03b 104.56+1.49b 0.004+0.000b 0.21+0.01b  0.12+0.02¢ 1.42+0.03¢
3 0.82+0.03a  8.14+0.01a 49.26x1.71a 11.21+1.22¢ 107.81+1.06a 0.004+0.000b 0.22+0.03b  0.47+0.10b  1.69+0.27b
4 0.63+£0.03b  8.03+0.06b 36.51+0.43b  9.00+0.19d 85.95+1.50c¢ 0.01+0.00a 0.29£0.03a  0.72+0.07a 1.75+0.06a
R3 HERFIHSIT. FEESSHEER
Table 3  Sample sequence number statistics, richness and diversity index
< R I P T ek S e b
EKEFFE ﬁx}'lffﬂ e Lo Chaol $5 ACE 455 A Eﬁﬂfaﬁl 3% e H PUS R
Growing Effective Observed . . Shannon-wiener Simpson
Chaol index ACE index . Coverage/ % .
year/a sequence OTUs index index
1 75145 423+8.19¢ 458.69+2.54d 467.33+4.76¢ 4.33+0.88b 0.999+0.000a 0.86+0.09b
2 71209 473+9.78b 506.09+9.93b 514.77+3.52b 5.39+0.45a 0.999+0.000a 0.95+0.02a
3 74337 502+9.42a 541.06+5.26a 549.70+6.86a 4.47+0.47b 0.998+0.000a 0.84+0.07b
4 75781 456+9.12b 491.86+7.28¢ 500.13+3.57b 4.52+0.21b 0.999+0.000a 0.89+0.00b
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Fig.2 Relative abundance of rhizosphere soil fungal community at phylum and genus level
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Fig.3 Redundancy analysis for fungal community PERETRAG APA 0.2 0.3 <0.1 0960
and soil environmental factors
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