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[Abstract] Objective: To analyze the changes of volatile organic compounds (VOCs) and bacterial
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community characteristics in rhizosphere soil during the growth of Rehmanniae Radix, as well as the relationship
between VOCs and bacterial community structure, so as to lay the foundation for the evaluation of the
characteristics of continuous cropping soil and the regulation of continuous cropping soil microorganisms.
Method: The rhizosphere soil during the three main growth periods of Rehmanniae Radix in July, August and
October was used as the research object. Gas chromatography-mass spectrometry (GC-MS) was used to
determine the relative contents of VOCs in ethyl acetate and dichloromethane parts in rhizosphere soil. The
characteristics of rhizosphere bacterial community structure was determined by high-throughput sequencing,
SPSS 24, SIMCA 14.1 and other software were used to analyze the differences of VOCs and bacterial
community structure in rhizosphere soil of the three periods, and the main VOCs and iconic bacteria that caused
the differences were screened, and the correlation between VOCs and bacterial community structure was
analyzed. Result: There were differences in VOCs in different parts of rhizosphere soil during the three growth
stages of Rehmanniae Radix. Among them, and the main VOCs that cause differences were dioctyl isophthalate,
2-octyl-1-dodecanol and 2-ethylhexyl p-toluic acid in the ethyl acetate part, and 1, 3-benzenedicarboxylic acid,
di (2-propylpentyl) phthalate and 2-ethylhexyl p-toluenecarboxylic acid in the dichloromethane part. From the
seedling stage to the end of tuber enlargement of Rehmanniae Radix, the relative abundance of dominant bacteria
such as Actinobacteria, Firmicutes and Chloroflexi in the rhizosphere soil was gradually decreased, and there
were unique bacterial communities in rhizosphere soil of each growth stage. Correlation analysis showed that the
VOC:s in rhizosphere soil of Rehmanniae Radix had an impact on the rhizosphere bacterial community structure,
especially the components of esters and alcohols. Conclusion: During the growth of Rehmanniae Radix, the
characteristics of rhizosphere soil are mainly manifested in the content changes of main VOCs such as esters and
alcohols and the gradual decrease of the abundance of the main beneficial bacteria, and the VOCs in rhizosphere
soil play a certain role in shaping the structure of bacterial community.

[Keywords] Rehmanniae Radix; rhizosphere soil; gas chromatography-mass spectrometry (GC-MS) ;
bacterial community characteristics; volatile organic compounds; high-throughput sequencing; continuous
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Fig. 2 Relative contents of different kinds of VOCs in

rhizosphere soil of Rehmanniae Radix during three growth periods
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of Rehmanniae Radix during three growth periods
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Table 2 Diversity index of bacterial community in rhizosphere

soil samples of Rehmanniae Radix during three growth periods
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Fig. 4 Abundance of bacterial species in rhizosphere soil of Rehmanniae Radix during three growth periods at levels of phylum and genus
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Table 3 Test ¢ for difference of dominant bacteria in rhizosphere soil of Rehmanniae Radix during three growth periods at different levels
K- ik A B C 7K Tk A B C
] I 0.016 0.271 0.053 & AW T ) 0.431 0.203 0.690
T 0.001 0.000 0.330 N R 0.798 0.519 0.270
FRFF T 0.001 0.000 0.003 W T AV A T ) 0.136 0.631 0.338
JEBETE ] 0.025 0.007 0.074 AN T R A 2 R 0.015 0.001 0.003
SN N 0.300 0.003 0.001 HERH R 0.446 0.427 0.907
AT 0.012 0.056 0.404 g-Gaiellales 0.016 0.002 0.057
AL 0.000 0.000 0.417 FLIRFF 1 )8 0.495 0.422 0.883
TR 0.004 0.001 0.009 AT R 0.001 0.000 0.043
URCCN) 0.041 0.004 0.030 a5 L T TR 0.097 0.000 0.000
AT 0.029 0.354 0.144 i B0 T )R 0.001 0.610 0.000
F4-3R 7. g5 R R O M AR PR A3 2 A B AL K e 1] 5 e K g K b kS B R 4 TR

VOCsTET K EXFRRAT 1] S W] P )

R4 WERBFRLEZBZEEHAMA VOCs 517K F A E B F ISR XESH

Table 4 Correlation analysis between VOCs and bacterial community characteristics at phylum level in ethyl acetate part of rhizosphere

soil of Rehmanniae Radix

S Y TR A T TR B T LN TR R R TR A

o o o L B LA A A S

1N ) Wl Wl Wl w W] W 1N )

BT H -0.421 0.890  -1.000"  0.925 0.939 -0.977 -0.812 -0.997" -0.995 0.427
2,5-RUT -1, 40K R -0.080  0.677 -0.930  0.735 1.000¥ -0.844 -0.559 -0.909 -0.969  0.087
S gE-3, 5 g 0.468 -0.913 1.000" -0.943 -0.920  0.987  0.841 1.000"” 0.988 -0.474
9 0.742  -0.997"  0.929 -1.000" -0.731 0982 0975 0.948  0.875 -0.746
2-3 H 5 Sa-JiH S J¢ -38- 0.026 -0.636 0.909 -0.698 -0.998" 0.813 0.513  0.885 0.954 -0.033
I Tt i -0.014 0.627  -0.904 0.689 0.998" -0.806 -0.502 -0.879 —0.950 0.021
AR OR R L (2-T S 2k ) iR -0.999"”  0.758  -0.398 0.702  0.037 -0.565 -0.848 -0.447 -0.280 0.999"
RAYit -0.035 0.643  -0.913 0.704  0.999" -0.819 -0.521 -0.889 -0.957  0.042
4-WA I3[ (2-MY R AL 2 IR I 0.439 -0.899 1.000Y -0.932 -0.932 0.981 0.823  0.998"  0.992  -0.445
W 44 -0.306  0.828 -0.989  0.871 0.974 -0.944 -0.734 -0.980 -1.000" 0.313
I 45 -0.725 0.147 0298  0.066 —0.625 0.112  -0.295 0.246  0.415 0.721
11, 14- i T2 H e -0.354  0.855 -0.995  0.894 0962 -0.959 -0.767 -0.989 -1.000" 0.360
I 56 0.615 -0.970  0.979 -0.987 -0.838 1.000° 0922 0989 0946 -0.620

3

¥V P<0.05,2P<0.01(£ 5-%& 717

it

VOCs & 52 AR F i B G TE 1 — AR I 5 5 1)
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VOCs 3 1 il 5055 i 18 A K 54 55 5 2 10 4 25 1
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Table 5 Correlation analysis between VOCs and bacterial community characteristics at genus level in ethyl acetate part of rhizosphere soil

of Rehmanniae Radix

e Kj)ﬂﬁ $i)ﬂ;§ %q&:m Klﬂ}iﬁé‘ﬁ )iij% e-Gaiellales ?hﬁéﬂ ZERFT I %ﬁﬁ%@ﬂﬁ }%ﬁﬂéﬁ
WE AEE AERE AEE WE 7 ) J& e REE
B~ 17 I 0.929  1.000” 0388 -1.000" 0.867 0987 0870 0.955 0.692 0.065
S e -3, 5- R -0.947 -0.998" -0.436 0.999% -0.892 -0.994 -0.895 -0.969 -0.653 -0.013
U 8 -0.517 -0.799 0247  0.791 -0.390 -0.688 -0.395 -0.581 -0.988  -0.655
49 -1.000"” -0.919 -0.717  0.924 -0.993 -0.972 -0.993 -0.995 -0.356 0.329
I 11 0422  0.730 -0.350 -0.721 0.290  0.606  0.295 0.491 0.999"  0.732
= WD S TR 0.242 -0.139  0.861 0.126 0.376 0.028 0371  0.165 -0.809  -0.998"
2,6,10- = HI 3L+ b 0.288 -0.091  0.884 0.077 0.421 0.077 0416 0213 -0.779 -1.000"
R -0.297  0.082 -0.889 -0.068 -0.429 -0.086 -0.424 -0.222 0.773 1.000”
o PP A s P A R = Tl 0317  0.649 -0.453 -0.639  0.180  0.513  0.185 0.390 0.998"  0.804
e L BE HA R I -0.428 -0.735  0.344 0.726 -0.296 -0.611 -0.301 -0.497 -0.998" -0.728
SRR W R L (2-TR SE N ) R 0.694 0375  1.000Y -0.387 0.789 0.524  0.786 0.636 -0.406  —-0.899
RVAY 0.712  0.923 -0.001 -0.918 0.605 0.846 0.610  0.764 0.918 0.448
4P -3 [ (2R LA ) L DR -0.936  —1.000" -0.406 1.000  -0.877 -0.990 -0.879 -0.960 -0.678  -0.046
11, 14-— B B 1 fig 0.899  0.998"” 0319 -0.997 0.828 0972  0.831 0.930 0.743 0.138
1% 56 -0.988 -0.973 -0.586  0.976 -0.957 -0.998 -0.959 -0.997" -0.512 0.161
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Table 6 Correlation analysis between VOCs and bacterial community characteristics at phylum level in dichloromethane part of

rhizosphere soil of Rehmanniae Radix

G | . i gy RN PN N

L&Y ;grg TRETA ] BRFFTATT JERETH ] SRATE 1] AP . TREET P AT
Z-1-5-1-06-3-T b -0.383  0.871 -0.998"  0.908 0.953  -0.968 -0.787 -0.993 -0.998"  0.389
AN -0.104 0.694 -0.938 0.751 1.000" -0.856 -0.578 -0.918 -0.974 0.110

S-FRE-3,3,4,4-D0 LUK -2 -0.443  0.901"  -1.000 0.934 0.931 -0.982  -0.826 -0.999" -0.992 0.449

R H G 0.997 -0.833 0.509 -0.785" -0.162 0.663 0.907  0.555 0.397 -0.997"
I} £ 0.660 -0.983 0.965 -0.995  -0.804 0.997"  0.944  0.978 0.925  -0.665
2,6,10-= H F A Pk -0.317 0.834 -0.991”  0.876 0.972 -0.948 -0.741 -0.982  -1.000”  0.323
A R H iR -0.390 0.874  -0.998"  0.911 0.95 -0.970  -0.791 -0.994  -0.998"  0.396
N-(4-3T -1-8) WR mg -2 il 0.262 -0.801 0.982" -0.848  —0.984 0.928 0.702  0.970 0.998" -0.269
9, 10-F1 4 il fif 2 Y R -0.551  0.948" -0.992 0.971 0.878  -0.998" -0.889 -0.997" -0.968 0.556
8,8- b 0.014 -0.627 0.904 -0.689 -0.998"  0.806 0.502  0.879 0.95 -0.021
2-H - A = 0.114 -0.702 0942 -0.758 -1.000"  0.861 0.586  0.922 0.977  -0.120
N-(2-TR-2-TN 475 38 ) -N-T 5k 2 Tk e 0.021 -0.633 0.907 -0.694 -0.998"  0.810 0.509  0.883 0.953  -0.028
N-(4-TR-1E T 5 ) -UR g -2 - 0.358 -0.857 0.996" -0.897  -0.960 0.961 0.770  0.990 0.999" -0.365
ST SEE 0.262 -0.801 0.982 -0.848  -0.984 0.928 0.702  0.970 0.998" -0.269

e MR PR E M REE"S . AR KW T— B HIEXAWLIRIEA CHA RS, K

10 7, B35 o 55 B 300 3 BRI ROR M AR B = ROR 2 20 A5 T R b 0 0 35 Bl 2 W e e, X+

SN VA REVE A R A Al PR A T R EE R AL AL RR R A R SRR

FIFNER 2GR T ] SF 0SB T RO AR 2 LB W AR, Rl , 7 01 AR B o 38 o 55 B T R 2k T - 2 B9 O

FFER T BN 2 2 22 W 9 i EL A% & R AR ECHC A A AR i ZF AT R TR R T
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Table 7 Correlation analysis between VOCs and bacterial community characteristics at genus level in dichloromethane part of rhizosphere

soil of Rehmanniae Radix

oy AR ANBEEAD RETRAE BRI Ak Gaiellales FLRRFT  ZEFUAT  BHEREL e AR

. WE O OWE AR awmE wE f FE OEE REE EER
Z-1-58-1-06-3-T B 0.913 0.999”  0.349 -0.999"  0.846 0.979 0.849  0.942 0.722 0.107
2, 4-TORUT HER 0.394 0.709  -0.378 -0.699 0.260 0.581 0.265  0.464 1.000"  0.753
5-¥236-3,3,4,4-00 FF BE- AR -2 0.938 1.000"  0.411 -1.000  0.879 0.990 0.882  0.962 0.674 0.041
KR IR -0.416  -0.726 0.355 0.717 -0.284 -0.601 -0.289 -0.486  -0.999" -0.736
2-T- il -0.333 0.044  -0.905 -0.031 -0.463 -0.123 -0.458 -0.258 0.749 1.000"
2-H 3\ e 0.999"”  0.908 0.736 -0.914 0.996 0.965 0.996  0.992 0.330  -0.355
Xt F 2R iR -2- 2, 3k ) FE g 0.302  -0.076 0.891  0.063 0.434 0.091 0.429 0.227 -0.770  -1.000%
It £ i -0.996 -0.958 -0.632 0.962 -0.973 -0.993 -0.974 -1.000" -0.460 0.219
175 Jot B 0.362 0.684 -0.410 -0.675 0.227 0.553 0232 0.433 1.000  0.775
F A TR H g 0.916 1.000" 0356 -0.999"  0.850 0.980 0.852  0.944 0.717 0.099
IE A -0.303  -0.638 0.466 0.627 -0.166 —0.500 -0.171 -0.377  -0.997" -0.812
3,5,24-= 3L U |4 0.923 1.000°  0.374 -1.000"  0.860 0.984 0.863  0.950 0.703 0.080
L 0.381 0.699  -0.392 -0.689 0.246 0.570 0.251  0.451 1.000°  0.762
EZ bk -0.413  -0.723 0359 0.714 -0.280 -0.598 -0.285 -0.482  -0.999" -0.739
9, 10-FR 5 A I iR Y T 0.973 0.988 0.520 -0.990 0.931 1.000% 0.933  0.988 0.578  -0.083
N-(4-1R-1E T 5 ) -UR g -2 -l -0.901 -0.998" -0.324 0.997" -0.831 -0.973 -0.834 -0.932 -0.740 -0.133
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