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Different letters indicate significant difference at P < 0.05 level, the same below.
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Fig.2 Effects of different degrees of water deficiency at seedling stage on sucrase activities
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Fig.3 Effects of different degrees of water deficiency at seedling stage on catalase activities
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Fig.4 Effects of different degrees of water deficiency at seedling stage on phosphatase activities
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Fig.5 Venn diagram of soil bacteria with different degrees of
water deficit and rehydration treatment at seedling stage
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Fig.6 Venn diagram of soil fungi with different degrees of
water deficit and rehydration treatments at seedling stage
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1 K32 I, WA K 4> BRACHR & 2K 2 A
F H A i 78 5 R 35 ) 99% LA B, UEEHREA )
P ) H PRI AR 3, AT AR BRRE AR R AR
SAE DL, WF SCE RIS B . 45 SRR HEZK 26
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Table 1  Alpha diversity index of soil bacteria with different degrees of water deficit and rehydration treatment at seedling stage
I3 JOSE Chaol 8%k ACE #84( Simpson f5%( Shannon F8 % B
Stage Treatment Chaol index ACE index Simpson index Shannon index Coverage (%)
7K E CK 2132.48+21.47b 2102.97+32.01b 0.9973+0.0003a 9.65+0.06a 99.71
After water deficit T1 2149.28+28.03b 2108.51+24.70b 0.9971£0.0001a 9.58+0.01a 99.68
T2 2172.92+33.32b 2149.114+45.74b 0.9971+0.0003a 9.64+0.17a 99.70
T3 2257.39+28.20a 2240.09+31.32a 0.9972+0.0004a 9.72+0.17a 99.71
K CK 2255.41+66.58a 2252.51+53.45a 0.9969+0.0003b 9.61+0.04a 99.65
After rehydration Tl 2186.41+108.55a 2166.79+110.05a 0.9971:£0.0003ab 9.67+0.03a 99.67
T2 2284.27+45.35a 2264.62+58.90a 0.9975+0.0003a 9.80+0.19a 99.74
T3 2295.40+15.72a 2282.64+21.95a 0.9973+0.0002ab 9.69+0.07a 99.74

Al —Z P B S5 A NG 7 REROR AL BB 22 Rk B 5% R KF, FIF.

Different lowercase letters within the same column indicate significant difference at 5% level between treatments, the same below.

x2 EHTEREKSTHREEKLETIRAR Alpha SRR

Table 2 Alpha diversity indexes of soil fungi with different degrees of water deficit and rehydration treatments at seedling stage

A A AP Chaol ¥5%% ACE #5410 Simpson 8% Shannon 5%k EER
Stage Treatment Chaol index ACE index Simpson index Shannon index Coverage (%)

#KE CK 591.47+20.69¢ 599.23+24.48¢ 0.9710+0.0291a 6.80+0.36a 99.91
After water deficit T1 788.53+16.93a 823.62+46.77a 0.9696+0.0206a 6.96£0.21a 99.85
T2 694.36+29.35b 704.69+24.29b 0.9563+0.0396a 6.8020.33a 99.89

T3 637.46+33.89¢ 638.80432.29¢ 0.9686+0.0159a 6.5120.27a 99.87

SKIE CK 543.33424.50¢ 594.31429.67¢ 0.9211+0.0412b 5.82::0.30¢ 99.89
After rehydration TI 757.29+23 452 872.20+29.58ab 0.9339+0.0419ab 6.75+0.34b 99.85
T2 675.13£34.01b 894.08+11.97a 0.9608+0.0230ab 6.4120.26b 99.84

T3 732.85+37.43a 827.30-:49.88b 0.9854:£0.0068a 7.45:031a 99.86

X H AN TR 7K 43 75 Sl Ak B T 3R 400 o A VR 2
FEMEARALIEAT 734, T3 4bFE Chaol F8%UF1 ACE 45
BHEZEmTHMAE, M CK 2R K T
5.86%- 6.52%, Ui I/K 7 Ab P AT LS v e A R
BRI KB B, AR A FE T 4 84 B
{8 Simpson 1 Shannon fi& £ X 7E £ & LA Fr A TH
WER E R AR . FKE, AR Chaol .

ACE VLK Shannon fE#0 2 » AN B3, (HAHX T
CK, #&Ab2 Simpson FaECAH Frifgn, Hb T2 Ab3
HCK ZREE,

Xt WA R K o 5 A B F IR R 2
FEVEAALBEAT 04T, T1 A3 Chaol 85%F1 ACE
Te¥utE, 429k 788.53 A 823.62, T HiAldb
H, B CK RIS T 33.32%A1 37.45%, iR
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YIREVR S5 MRS A, XHER 85 1 r JE oe AT
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T3
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The length of the color block indicates the relative content of the species, the figure only indicates the top ten major phyla with abundance greater

than 0.1%, the same below.

7 HEATRREEKD TH() R EKLE (L) TIBARE 1D KRS RAENEE
Fig.7 Community structure and relative abundance of soil bacteria at phylum classification
level in different degrees of water deficit (a) and rehydration treatments (b) at seedling stage

(a 100 (b)) 100
S I S
= 80F = 80F
Q Q
g g
3 <
El El
£ 60F £ 60F
o (o]
Z 2
X 40 < 40
& &
o 20 = 20 +
oo oo
= =
0 0
CK T1 T2 T3
KbFE Treatment
8

CK

— | m K32 Unclassified
i 4] Zoopagomycota
Fi# 1] Kickxellomycota
2645 ] Basidiobolomycota

w JM3EH ] Olpidiomycota

m ¥ 2415 1] Rozellomycota

m #f1] Mortierellomycota

m FRFEF ] Glomeromycota

® 42 B[] Chytridiomycota

® 1715 [] Basidiomycota

® 7HH ] Ascomycota

m (317 H 1] Aphelidiomycota

T1 T2
AL Treatment

T3

T RRREKS T R EKLE b)) TREREE 12 KRS R AEX FE

Fig.8 Community structure and relative abundance of soil fungi at phylum classification
level in different degrees of water deficit (a) and rehydration treatments (b) at seedling stage
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BRI [ A (7] 4 22 ) A of = B2 AR AR VG A 30.45%~

37.96%, AT BT 1RTEHITE 26.19%~28.37%, i
LR T 1AL VG U AE 8.11%~12.83%, LAE 3 A
IR EARBME ], AT ] 2 Fr] s BS EEE
) 70%LA . Herb, CK. T1 AT T2, T3 4B
FLASTE TR )RR AT 18 1) 7 358 rp PR AR G =F 5 3 v
CK. T1iX 2 MNEIFEEE A MIE R T 37.96%-
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FEMRAE T NN TRE] 75 E
[T, b 3 AN TEE S HE DBV 1 80% LA . Hr
TR 0 F AR LB AP 2 57, BEE KOy
TR BIETHE E FEIC R B, T1 4
PP TR TR B e, AHEL CK, T1 F T2
AEER AR IR T 24.28%F1 8.37%. T3 AbEEIHIHH T
BRI AR 0 = FE B v T He b 3, 2 CK 1Y 1.82
Vo A bR | 7R R TE R o FE I AR AL 3 U it A 1 438K
e EARRK, HFERARKET S, £ T2 4

HRIERIRAC, 105 3.91%. BRI FEAES
AN Kb PR ) BARFR I A T3>T2>CK>T1, HtBKS
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KB —E R, AR T I B AL gl
135 P 1A P DU B o 7K 2 e PR B AR T 92 5 T2
AT T3 b FEAHEL CK 73 FEAK T 64.52%F1 57.92%.

HKJE, TIREE A E T B AR
b, & 8b AHXTF A gl AR, TRE RN
0 F 7E 32.12%~66.44% , H T B 17148 46 3 [ 7
10.33%~35.41% , BK & B '] 22 46 Y0 Bl 7£ 5.10%~
13.81%, )72 LR LA R, ek
B T IAREL R K AT, SN bER=E R I B3R, 4l
ZHIH 198, 2.25. 1.32 1%, THEEIFEAESD
RhEH R T1>CK>T2>T3 A&, TI
RO fr v, FHEL CK 6K T 4.56%. BlE b7
K& =N T B0+ 8 2R
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S BKE T T F R, AR 2
PLSET i BRI AR AR, 7E T2 A BRE 3= 5 i
. AT E] 12.02%. Mz, AFEALEE P BEE A
XK & B RRAR, S5 5 e RS T, A
FLE KA, T3 ARFEAHLL 2 ATdG N 18.44%, UiHIE
FEK G5 8 E 2K DRI T T B 5, HARE
ITARNIEA R, FEEK.
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Table 3 Correlations between soil enzyme activities and Alpha diversity indexes of soil
microorganisms with different degrees of water deficit and rehydration treatments

ves EZRRETi=E1 R T 12 TRERE B A AR TR L
Classify Diversity index Urease activity Sucrase activity Catalase activity Phosphatase activity
ZH 14 Bacteria Chaol -0.431" -0.207 0.359 -0.116
ACE -0.444" -0.229 0314 -0.094
Simpson -0.167 0.126 0.420" -0.024
Shannon -0.192 -0.080 0.471" 0.027
L Fungi Chaol 0.537" -0.217 0.091 -0.034
ACE 0.520™ -0.077 0.267 0.290
Simpson -0.148 0.166 0.094 -0.332
Shannon -0.015 0.072 -0.161 -0.204
O FRAEEME (P<0.0D) ;7 RREFMR (P<0.05) .
“*” shows extremely significant correlation (P <0.01); “*” shows significant correlation (P < 0.05).
x4 EHHAERREKS SR KE =2 REMME R0
Table 4 Effects of different degrees of water deficiency on soybean yield and its components
s it 2 i R RS R bk
Treatment Plant height Stem diameter Pitch Number of pods Pod weight Grains per Yield per
(cm) (mm) number per plant per plant (g) plant plant (g)
CK 82.37+1.46a 9.10+0.20a 16.67+0.87ab 32.22+1.20a 8.71+0.14a 67.89+2.93b 13.40+0.20b
Tl 79.16+0.98b 7.97+0.07b 17.11£0.93a 33.44+£2.07a 7.2440.17b 71.33+3.28a 14.68+0.20a
T2 75.95+0.98¢ 7.75+0.04c 16.00+1.12ab 28.67+1.22b 6.76+0.18¢c 65.89+2.32bc 12.84+0.17¢
T3 72.74+0.98d 7.54+0.07d 15.78+0.97b 27.78+1.79b 5.90+0.16d 64.33+2.65¢ 12.75+0.30c

EikFRN, MEL CK. T2 Al T3 B4 B4 E T
9.55%- 14.33%. 15.14%, ZFE %,
3 g
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EM A, 5 BB 1t A0 L el A P B A AE
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AT RS R IR . BAK L, 2RIK)EATEL
2% A AL B SR RS 205, (E AR Bes I REE
NEH, BAG— R

THOK I SRR I E S S+ L, W]
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B “YIe” HEY), R KEREAL,
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Effects of Water Deficit in Soybean Seedling Stage
on Soil Enzyme Activity and Microbial Diversity

Li Duo', Wang Chen', Zhang Mingcong?, Cao Liang', Jin Xijun', Zhang Yuxian', Wang Mengxue'

("College of Agronomy, Heilongjiang Bayi Agricultural University, Daging 163000, Heilongjiang, China;

2Key Laboratory of Low-Carbon Green Agriculture in Northeastern China, Ministry of
Agriculture and Rural Affairs, Daging 163000, Heilongjiang, China)
Abstract In order to study the effects of different degrees of water deficit on soil enzyme activities and soil
microbial diversity of soybean, a pot experiment was conducted with drought sensitive soybean Suinong 26. At
seedling stage, soil water content was set at 70% (normal water supply, CK), 60% (mild water deficit, T1), 50%
(moderate water deficit, T2) and 40% (severe water deficit, T3) of field capacity treatments, the soil enzyme
activity was determined, and the high-throughput sequencing technique was used to study the community
composition and diversity of soil microorganisms. The results showed that soil urease activity in T1 treatment
was the highest in all growth stages except mature stage. Compared with CK, soil sucrase activity in different
water deficit treatments decreased by 13.89% to 21.94%. After rehydration, soil catalase activity was the highest
with T2 treatment, while soil phosphatase activity reached the highest with T1 treatment. Water deficit could lead
to changes in the number of soil microorganisms, increase in richness, and there was a certain correlation with
enzyme activities. The yield per plant of soybean reached the maximum with T1 treatment, which was
significantly higher than that of CK by 9.55%. To sum up, moderate water deficit could promote soil enzyme
activity to a certain extent, and further affected soil microenvironment, so as to achieve the purpose of saving
water and increasing production.

Key words Soybean; Water deficit; Soil enzymes; Soil microorganisms
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