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Abstract: Taking ginseng cultivated in farmland as the research object, the internet of things (IoT) precision irriga-
tion technology was used in this study, and four experimental treatments (relative soil water content of 60% , relative soil
water content of 80% , relative soil water content of 90% and natural precipitation) were established. In addition, the
effects of different water conditions on soil physical and chemical properties, soil enzyme activity, ginseng yield and quality
were analyzed. The results showed that the contents of soil organic matter, available nitrogen and available phosphorus in
the treatments with the relative soil water content of 80% and 90% were significantly higher than those in other treatments,
and the activities of soil urease, acid phosphatase, catalase and sucrase were also relatively high. Unter the treatment of
80% relative soil water content, the yield per unit area of ginseng was highest (2 715.64 g¢/m”) , which was 14. 98% high-

er than that of CK. Moreover, the total saponins content of ginseng was also highest (4.02% ) , but there was no significant

difference among treatments. On September 30 , the

W #s HEA.2021-05-28 contents of Rb, and Re+Rg, reached the highest under the
EE&TH . & WA =R LI H (20200504602YY ) 5 74 MRAs 5 45 treatment of 60% relative water content, indicating that
BlH AR LT H (20170307009YY) 5 B K P 244 7=l appropriate water deficit was beneficial to the synthesis and
ARWZEIH (CARS-21) accumulation of three monomer saponins in late growth
EE R AR (1993 ), 53, Hl AR A 1, R EF A 3 stage of ginseng. Overall, 80% relative soil water content
B ST . (E-mail) 18946694846@ 163.com is the most suitable water condition for the growth and de-

BWAEE 0 M, (E-mail) 2432273234@ qq.com velopment of ginseng.
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Fig.1 Monitoring network diagram of precision irrigation platform
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Table 1 The gradient of relative soil water content of ginseng on

precision irrigation platform

e e S K
XAt (%)
CK W1 52.0
w2 52.6
w3 56.0
T1 W4 56.5
W5 57.2
W6 60.7
T2 w7 75.6
w8 81.3
W9 81.8
T3 W10 91.6
W11 92.0
W12 93.4

CK: FHARREAK T L HEAH XS 5 Kl 60% ;T2 : L SEAH T 5 K 4

80% ; T3 ; - IEHAXT & k9 90%
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Fig.2 Changes of soil pH under different relative soil water

content treatments
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Fig.3 Changes of soil organic matter content under different

relative soil water content treatments

Table 2 Contents of soil available nitrogen, available phosphorus and available potassium under different relative soil water content treat-

ments
EELY Ab P 7H30H 8 H30 H 9H30H
A S & (mg/kg) CK 84.97+5.26h 86.33+5.35b 99.33+8.78hc
T1 87.37+8.87b 89.17+12.11b 93.83+4.54¢
T2 111.80%8.09a 115.67+8.61a 109.67+7.29ab
T3 117.50+11.65a 108.63%9.19a 118.50%7.05a
T A (mg/kg) CK 10.73+0.53b 12.26+1.48ab 12.22+1.27b
T1 10.50+1.63b 11.20+1.20b 12.021.45b
T2 12.49+1.26ab 14.96+1.75a 12.80+0.45ab
T3 14.50£0.71a 12.49+1.57ab 14.62+1.14a
BB i (mg/kg) CK 2.04+0.19bc 4.05+0.48a 4.98+0.40a
T1 1.90+0.17¢ 3.82+0.38a 4.63+0.24a
T2 2.37+0.28ab 3.76+0.41a 4.60+0.30a
T3 2.61£0.17a 3.65+0.30a 4.65+0.31a

CK.T1.T2.T3 W3 11, [F—

2.3 AELEEXNESKEX L IEEFENIG
TR R —FEHE AT, 25 R IEMUE S
B2 09 B0 BR RN BE Bt U s i AR H R DAY TR IE
KRS 3 WoR,8 A 30 HA, Bt AR
it R B e 05 1 38 0 K A AR S T CK (P<
0.05) , - H 24 +3EAHXT 5 K &l 80% B, B MW iR
ity | - SRR | ask 4R Ab ST | REE A TS M 2 02 CK
) 1. 13 £% 1. 33 £% 1. 70 £% 1. 87 fi%, B 18
PR | UK it | 2 T 2 S 2 R A R R Y IR
WSO U S R o R 4 A AR K R R 80%
iR e A AT ASIAERKE
24 ARTEFEEMSKENASFFEMRRAFMN
24.1 ASEhedF BERYREASEEW

b [F) 91 B8l 5 AN [N 5 B s AN TR AR B E) 25 5 {25 (P<0. 05)

ORI NS SR AR [’ 4
K5 R, NS B R AR EZ ) Y g
ik, 8 H 30 H ,80% e AH X 3 /K & Ak P A BA
K FF Rb, \Rg, +Re &= 7E 9 30 H,90% +
SR XS K AL B 60% 1 SEAR R 5 7K 2 A Y
Rb, Rg, +Re & fEm , RIE B A/K S5 oA F] T
ANSHER G HIIR B R,

242 ALRFERELF KORMEASIERE
KEBNEEASKHF, HRMASH & R,
4 Bon AR AR E KB X NS R Y
M AN, AT 7K R 80% i, NS i) Fuvr T AR
P, Al IAE2 715.64 ¢/m’ 8 CK 1477 14. 98% .,
TIN5 IK N 60% 90% I it N\ S A T R
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43R 2 418.37 g/m* 2 505. 65 g/m” 8¢ CK 4333 HRHERRZESARE ,H 80% AN &K ik
K 2.40% .6.09%, ANFREHMMEKEAEHAS HPYASEBEHETERS, V4. 02%,
#3 FELEANSKE T HEEEEOTL

Table 3 Changes of soil enzyme activities under different relative soil water content treatments

it 1% b B 7H30H 8H30H 9H30H
kA mg/ (g - d) ] CK 6.23+0.36¢ 7.23+0.16¢ 5.95+0.05¢
T1 8.42+0.31b 7.680.14¢ 6.03+0.23¢

T2 9.78+0.52a 9.60+0.21a 8.7520.85a

T3 8.68+0.48h 8.31+0.05b 7.1120.12b

TR MRS [ me/ (g - d) ] CK 6.36+0.22¢ 8.23+0.56h 6.95+0.25b
T1 6.72+0.64¢ 7.08+0.34¢ 7.83+0.63a

T2 7.78+0.61b 9.30+0.16a 7.75+0.65a

T3 8.86+0.18a 7.300.46¢ 7.71£0.62a

HHE mg/(g-d)] CK 22.23+0.16a 19.23+0.86b 29.95+0.85a
T1 5.42+0.21d 7.68+0.14d 7.63%1.23d

T2 6.58+0.22¢ 18.60+1.21¢ 14.25£0.25¢

T3 10.08+0.88b 27.5120.75a 20.8120.52b

A E R meg/ (g - d) ] CK 0.53+0.06b 0.53+0.07¢ 0.55+0.02¢
T1 0.86+0.01a 0.83+0.04b 0.73+0.03b

T2 0.88+0.02a 0.90+0.05a 0.85+0.05a

T3 0.78+0.08a 0.81+0.06b 0.71+0.08b

FERERG [ me/ (g - d) ] CK 6.16+1.22¢ 7.23+0.96¢ 6.95+0.75¢
T1 13.72+0.84a 11.88+1.34b 8.83+1.63b

T2 12.18+0.21b 13.49+2.16a 11.75%1.45a

T3 12.86+2.18b 11.60=1.46b 9.41x1.02b

CK.T1.T2.T3 W.3& 1%, [Al—H8tn[Rl 5 5 AN R /NG S5 305 A R 4b B A] 22 53 .3 (P<0. 05)

0.60r 0.601
L 080 s 050
[;EH 0.40 m}a 0.40
41 030 ¢ 030
2 020 %020
0.10 £ 010
0 0830 09-15  09-30  10-15 0 0830 09-15  09-30  10-15
BEEEE (H-H) BEER B (H-H)
OCK; mTI1; IT2; @T3 OCK; mTI1; @T2; &T3
CK.T1.T2.T3 W& 14, CK.T1.T2.T3 W 1 1.
B4 AELEEXNESKETASEETF RS2 E5 AELEAMNESKETASEH Re, +Re S8

Fig.4 Content of ginsenoside Rb, under different relative soil Fig.5 Content of ginsenoside Rg, +Re under different relative

water content treatments soil water content treatments

25 AEALTEMMEKETASTESRSEE i mos 5N A S8 S 5% F M% (P<
HE BRI AR K AR S AT 0.05) , BUALHE & bt 5 A S BB & e 2 W ETE
RS Won, AR LA FOKELET A j6(P<0.05) . FHREEEES A S B 2R
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BEEME(P<0.01), SASAEHSTEEDR
FHIEM K (P<0.05) ; TR EB RIS ES A
SZHRET Rb, & & 5 8 ¥ IEMH & (P<0.05)
- s A Ak SUBG IS M SRR B M A B O
A (P<0.01) , T3R50 F 4 R T5 VX AN 2
PR A EE S S R A Y
I, R b I R | R W R A R A R T
RFEANSHAEREE,

R4 TRTBEENSKETASTEMZETSE
Table 4 Yield and total saponins content of ginseng under different

relative soil water content treatments

A3 i (g/m?) SRS (%)
CK 2361.80+11.14c 3.91:0.24a
Tl 2 418.37+27.03be 3.88=0.13a
T2 2 715.64+16.96a 4.02+0.25a
T3 2 505.65+50.77h 3.94+0.15a

CK.T1.T2.T3 W& 1 1, FIEIEIEAF/NG F B2 R A [F b 2
[8] 25 5+ B 3 (P<0.05) ,

*5 ARALTEEMNEKETASEE MRS TEELEFRHEXE

Table 5 Correlation of ginseng yield, quality and soil physical and chemical properties under different relative soil water content treatments
i AU L A A B gy SO LGS W e s S

R R R R W T W T b & Re & J°H A i

pH 1.00

AP & 0.14  1.00

BRCA S = -041  0.99* 1.00

PR 0.16 0.57 -0.48 1.00

P -0.38 -0.79 -0.60 -0.03  1.00

I ki -0.31  0.80 0.16 0.76 -0.29  1.00

PR Ml R I P -0.36  0.12 -0.52 0.79 0.51 0.64 1.00

ARG P 0.82 049 -052 0.69 -037 024 0.16 1.00

ok S AL U T -0.41 081 075 021 -0.63 077 0.06 -0.11 1.00

FEA B T -0.44 082 070 027 -0.59 0.82 0.14 -0.10 0.99* 1.00

Rb, ¥ & -0.11  0.15 -0.67 088 045 059 097° 039 -0.06 0.02 1.00

Rg, +Re F1 -0.71 023 -0.07 058 037 076 088 -0.19 042 049 075 1.00

NS -0.34 077 0.13  0.77 -0.24 099" 0.68 023 075 079 062 079 1.00

AS BB ER -0.16 0.65 -0.22 096 -0.05 097° 0.83 043 048 054 084 0.78 0.9 1.00

AORTE 0.01 K BEAR ;" FoRAE 0.05 K BEMRK,

3 17 i

K2 SR A A D 38 K o AR
PERENS AR A B P B R ) A AR A AR
KEA MG HIE 5500, I NS h L
AR AN T RIS

AWFFE LR KW, 8 A 30 H,80% + HEAIXF &
KEAHEM AR S EMEIATERE®T
60% +IEAXT F 7K AL BN CK (P<0.05) , 7 H 4
AT E KA 80% I, - MR T | R 1 W R
R R B A, 8 H 30 H,3 MK BEAY
- IR | R R I | Ao A SR M A R R
AR TS o e Y B - AR K S B B

BT T AR 8« v RIAR L 3 Sk T
STV AT B B AT A5 R — 2, [EIAY, 40
IRAETE R 5 NS 7= B 3 IE A (P<0.01) , 5
AZS BRI & 2 B IEM I (P<0.05) . IREGE
PR R A R NS B BRI s SR A
R, A NS B MA R AR SR R
HI7E 80% BF, AN S 54y 1 B 7= i d5 g, T 3k 3
2 715.64 ¢/m’, SXFHEAH LLIE 77 14, 98% ; NS S8
AR IR B B, N 4. 02% , {45 b B 6] 22 5 A
W2 79 H 30 H,60% t A x5 K AL B A
SR EAT Rb, \Re+Rg, & fdi 5 , R WA M 17K 53
F G R T N2 Rb, \Re Rg, 3 FlFRAK R 195 1K
FRUER S R[] A T 25 7K b B0 - S B A
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