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Characteristics of soil carbon and nitrogen content, enzyme activity
and Panax notoginseng yield under the control of water and fertilizer
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(1. College of Ecology and Environment, Southwest Forestry University, Kunming, Yunnan 650224, China)
(2. College of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming, Yunnan 650500, China)

Abstract: Three irrigation levels (5 mm, W1; 10 mm, W2; 15 mm, W3) and four distinct fertility periods
(rooting, seedling, flowering, fruiting) were established, along with varied fertilization ratios (F1: 25% : 25% :
25% : 25%; ¥2. 20% : 25% : 30% : 25%; ¥3. 15% : 30% : 30% : 25%; F4. 10% : 40% : 20% : 30%) in
Yunnan Province in 2018-2021. The entire life cycle under non-irrigated fertilizer treatment served as the control
(CK) to investigate effects of different water and fertilization control modes on soil carbon and nitrogen content, en-

zyme activity, Panax notoginseng yield, total saponin content and the interrelationships among the indexes were in-
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vestigated, and the CRITIC-VIKOR method was used for the comprehensive evaluation of the most suitable water
and fertilization control modes. The results showed that; irrigation water and fertilizer ratios at different fertility peri-
ods had significant effects (P<0.05) on soil total nitrogen, organic carbon, urease, acid phosphatase, sucrase and
catalase activities as well as yield and total saponin content in P. notoginseng at the root increase stage, seedling,
flowering and fruiting stages. The total nitrogen content of the W2F3 treatment at the flowering stage was significant-
ly higher than that of the other treatments by 7.69% ~92.50% compared to that of CK, and the soil organic carbon
content of the W1F1 treatment at the flowering stage was significantly higher than that of the other treatments by
5.11% ~7.11%. The mean values of soil urease, sucrase and acid phosphatase activities at different irrigation and
fertilization levels during the root increase period were increased by 7.20%, 19.82%, and 47.44% compared with
CK, and peroxidase activity was decreased by 19.16%. Compared with CK, post-harvest water and fertilizer regula-
tion treatments of P. notoginseng increased water use efficiency by 53.83% on average, fertilizer bias productivity
by 66.30% on average, W2F4 treatment had the highest yield (2 797.25 kg - hm™*) , and W2F3 treatment had the
highest total saponin content (176.34 mg + ¢™'). The combined scoring method revealed specific Q values for P.
notoginseng : 0.03 for the W3F1 treatment during the root increase stage, 0.02 for W2F3 during the seedling stage,
0.01 for W2F3 during flowering, and 0.02 for W3F2 during fruiting. The analysis identified W3F1 and W3F2 as the
optimal irrigation and fertilization schemes for the root increase and fruiting stages, while W2F3 emerged as the op-
timal scheme for the seedling and flowering stages.

Keywords: water and fertilizer regulation; soil carbon and nitrogen content; soil enzymatic activity; Panax

notoginseng ; yield
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Table 1  Basic physical and chemical properties of the test soil
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. . . . . . . pH  Field water-holding
matter nitrogen potassium potassium potassium nitrogen nitrogen potassium capacity/%

/(g ke /(g-ke') /(g-kg') /(g-kg) /(mg-kg!) /(mg-kg) /(mg-kg') /(mg - kg™)

14.33 0.98 0.37 14.79 316.8 8.35 19.15 11.65 6.34 42.28
103° 10 0"E 103° 20 0"E 103°30' 0”E 103°40' 0”E 103°50'0”E 104°0' 0”E
=i é PARTEEYEY 2 3 G )H
Honghe Hani Yi Autonomous
Prefecture, Yunnan Province
z & z
S L % gl 12
(=) Mile city (=3
5 B =
:\lf' G p{xgu le'm’y S S (‘\I"
&K ;1 Kmy uan Icllv
anshui
i S Gity-
z Honzhe cJ)m\ty Hi i G‘ejll:llclny' ¢ b Z
2) g ‘ma:‘\yanq county- Z
=T chh\mcimny ; s °
o < P o
S+ J <
IS | S\
024 8 12 16km

4 &
§> 1] Legend &
S B 3 Cropland =
A [ #kH Forest "
o I i Shrub o

B 5t Grassland

I K % Water

: 10 20 km [ % Barren
[ 5 FH s Impervious
103°10'0"E 103°20"0"E 103°30'0"E 103°40"0"E 103°50"0"E 104°0"0"E

Bl HRXMEBEMCE
Fig.1 Geographical location of the study area
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Table 2  Characteristics of soil carbon and nitrogen changes under water and fertilizer regulation

4b 3T MR Rooting period B Seedling period FEW Flowering period B4 Fruiting period
Treatment 4 TN AR SOC LE TN AW soc LE TN HHLEE soc LE TN HHLE SoC
WIF1 1.02+0.02bec  32.94+1.25ab 1.22+0.02bc  34.59+1.25a 1.30+0.02be  37.05+1.21a 1.10+£0.02¢ 35.34+1.29a
WI1EF2 1.01+0.04bec  31.56+0.25b 1.09+£0.04cd  32.27+0.25b 1.21+0.03¢ 34.41+0.14b 1.20+0.07bec  32.45+0.24bc
WI1F3 1.09+0.09b  28.03+1.75¢ 1.22+£0.07bc  29.79+1.75¢ 1.27+0.05¢ 32.42+0.95bc 1.38£0.03b  30.65+1.16¢
W1F4 1.22+0.02ab  33.93+0.50a 1.31+0.07b 34.88+0.50a 1.39+0.02bc  35.71+0.39ab 1.30+£0.03b  35.11+0.40a
W2F1 1.02+0.03bec  32.05+1.18ab 1.21+0.02bc  34.91+1.58a 1.43+0.05b 35.38+1.63ab 1.35+0.06b  35.03+1.35a
W2F2 0.97+0.06¢ 32.85+1.42ab 1.49+0.04a 33.96+1.42ab  1.40+0.04b 35.13+1.11ab 1.24+0.05bc  34.74+1.10ab
W2F3 1.29+0.06a  26.45+1.44d 1.14£0.04¢ 29.38+1.38¢ 1.54+0.06a 31.53+1.66¢ 1.51£0.06a  30.15+1.16¢
W2F4 1.10+£0.04b  26.62+0.89d 1.01£0.02c¢d  29.32+0.89¢ 1.38+0.01bc  30.77+0.80c 1.24+£0.06bc  29.87+0.52cd
W3F1 1.17+£0.05ab  24.53+1.62¢ 1.20£0.06bc  28.34x1.12cd  1.10£0.07d 32.39+1.14bc 1.05+0.03¢ 29.79+1.16¢d
W3F2 0.92+0.04¢ 23.44+1.84e 1.19+0.03¢ 29.26+1.84c¢ 1.35+0.01be  31.25+1.25¢ 1.08+0.05¢ 30.13+1.55¢
W3F3 1.01+£0.06bec  30.75+1.13b 1.25£0.09bc  32.04+1.53b 1.25+0.03¢ 33.94+1.42b 1.22+0.05bc  32.61+1.08bc
W3F4 1.18+0.03ab  31.46+1.32b 1.08+£0.08cd  31.98+1.01bc  1.30£0.01bc  32.74+1.36bc 1.26£0.08bc  32.45+1.63bc
CK 0.73+0.06d 8.76+1.78f 0.89+0.09¢ 13.14+1.73e 0.80+0.05e 18.34+1.44d 0.79+0.06d 13.83+1.96e

T : [R5 ToAR Rl /NG )RR AL BRI 22 53 .35 (P<0.05, LSD K2 3%) . FIAl,

Note ; Data marked without the same lowercase letters in a column meant significant difference among treatments ( P<0.05, LSD test). The same be-
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fob TR N7 48 1 3 5 R 49.61% . 31.91% 41.17% Fil
34.25% , AHEGACEC Hb T, AR 14 5 A0 400 O g 0
FEABERE K S B 0, B W1<W2<W3, fid 4%
W W3 5 W2 A W1 IR R 13.24% ~20.59% , 14 Y]
HERA 10.24% ~ 18.66% ; AL 1125 it L TAC LE T HE /K
[ R S AR AR [, BT KT W3 KT
W1 Fl W2,F2 F3 fl F4 /KFE R WA W3 &k, 8
HA AL BRI N 7.37% ~8.81% ; Felb] F1 /K FTF , 4
AR AL 2 (R DR TG 1 25 S AN B 3, oAy 3 i e
et LT Wikt 7 42 347 B K 2 ) 388 n SR A T, Hedp
W3F3 # W1F3 W2F3 4351 2 Z 30 7.60% . 8.13%,
W3F4 #% WI1F4, W2F4 4 %) 5 3 3 /i 4.38% .
13.43%, 4 P EFRHY W3F3 IREGHE M8 5w T H
fhAb B

H1 2 3 v, A RIVE KK, 44 B 0T E
it 75 457 B it A T b %) A A St Sl 3 i e i) i 34, 4%
HEAKIKSE T8 F3 AR AL H i K, W1F3 4b R4 ]
— WK F1F2 F4 Jite A8 A 25 6 1 2
EAEARIG I A AR ARG I 530 R 31.16% |
27.74% 36.57%F1 22.37% , W2F3 4b 5 AH 7 1 i 43
B 22.07% ,20.95% 21.96% F 24.37% , W3F3 4b
FHAH 7 8 W8 43501 A 24.78% 5.67% .5.33% F19.81%
AR AR EC LL T, 4% A5 3 I S0 TR0 it 336 4 5 A e
KL T 14 T I 14 0, W3 RE B il O 4 R A, AR Y
W3 4 W2 Hl W1 415 41.99% ~ 46.69% , 1 114 &
H4.76% ~45.39% , AL G IR M 13.95% ~ 56.33%,
THARANE K 8.68% ~41.60% ., ] LA H1, 18 11 e bk
it 7 P R AR U8 B K, AR 7 D B K 1 G
R A F3>F4>F2>F1

M2 3 TTN, 45 A5 B Aol SO0 R 1 Tl 1 it 0% 1k 24 B
Tt A TE LU 722 fb 5 S 3 s B e 5 AR I W 4
PE F3 F4 TRVEBEIR BTG M0 & T F1.F2, W2 4b
PR F1AK, W3 AbFRAY F3 8 35w - HoAth it AR b
5 W1 W2 KA, W3 K- R M ol 1 g 305
YA E R, MFEAEALEC LR, W1F3 , W2F3 Fl
W33 Aub PR 1Al e it 0% 1 e L At Ak B SF- 357 {77 AR
B0 H AR 0 R S BG4 5 R 30, 21%
9.80% .23.07%,19.20% .22.64% .35.78% ,25.31% .
23.90% .22.82%F 34.90% .35.73% .22.35%, Tii il
HATFIE K KSR, W ARBRAY F3 R 6 R Bl 6 v
T FL F2 Fl F4,W2 W3 AbFEEY F3 F4 W55
T F1F2, ACHAWR M 0l R 6 0% M i =, A5 b B M
AOARIE ] B 0N SR R R 74.41% L 40.69% F
24.48% , FIWAHFHEKACET , W1 W2 LB F3 |
F4 FRYEWERR BTG M 0 25 5 T F1 F2, W3 AL FE Y F3

b 2 v T g A Ak B[R] — A A R M W R
it P B K I R, BT W1 <W2< W3,

H 2R 3 AT KB RN 4 A B R A AL A
fitgiE PR R T CK, AR RIVE K KSR R3] W,
W2 W3 (1445 i IE Ak 38 v aod S fb SR 1 M 25 S AR
1 W1 W2 A FRAY F3 F4 E AL SR
T F1 F2, W3 ZbFH ) F4 5 25w T A e AL B
Bl 25 A= T R A | o AR Ut I T S R S R
%, FEAEIH IR B, R IRt ARG L 2 B0 F4>F3>
F2>F1, A[AHEKE RN W1<W2<W3 MR I W3
W2 F W1 B8 K 4.41% ~ 4.62% , 14 B 3% 1 Ny
1.68% ~7.99% , £ ¥R 416.19% ~ 15.52% , F 1 4
A 12.31% ~ 15.28% ; CK 5 [/ A= 3 B 30 L A v 7k
Jit LA B et 4 b 0 I 0% ST A 7 R AT A
AE 310 R 31 4 90 4 155 23.70% . 23.61% , 20. 66% Fil

33.48%
2.3 JKAEEEX TEAKEFBAREM=ZEEH
A1)

H 2 4 o0, KB R =L e B CK 25 '
F(P<0.05), MIEHEKKFT, WL, W2 Fl W3 4b
FRAY F3 R4 F= 5 B 35 5 T F1OF2 Zb B, W2 45t i
Bt FE S P A W1 AT W3 AR B 54 E 17.009% i1
9.48% ; AHEINEAL AL b R, W2F1 F1 W3F1 &b FR A =&
WERET WIFL,W2F4 ZbBLE 2 5T WIF4 Fl W3F4,

R4 KERET=tFE.EHIERKEFABRNEL

Table 4 Changes in Panax notoginseng yield, saponin and water

and fertilizer use efficiency under water and fertilizer regulation

gl JEAHw

iyl =N ﬁ\» =R
wm PE g ey BRI
Treatment Yield WUE PEp Total saponin
(kg b ) : /(mg g™

/(kg-m™) /(kg-kg')
WIF1  1569.93+277.36e 0.73+0.04c 1.09+£0.05cd  133.44+12.46bc

WIF2  1763.52+347.34de 0.81+0.03bc  1.22+0.15¢  119.62+13.53bc
WIF3  2354.12+354.49b 1.09+0.13b  1.63+0.10b  146.66+16.59b
WI1F4  2396.44+243.60b 1.11+0.04ab  1.66+0.13b  162.88+17.21ab

W2F1  2011.23+292.22¢d 0.93+0.07be
W2F2  2031.45+276.69¢d 0.94+0.01bc
W2F3  2618.24+345.58ab 1.21+0.03ab
W2F4  2797.25+268.64a 1.29+0.04a

W3F1  1916.33+£176.65d  0.89+0.06bc
W3EF2  2061.22+186.69cd 0.95+0.02bc
W3F3  2339.68+196.47b 1.08+0.03b

1.40£0.05bc  148.40+16.31b
1.41£0.10bc  132.82+18.33bc
1.82+0.12ab  176.34+16.53a
1.94+0.07a  164.86+15.21ab
1.33+0.06bc  114.09+6.56¢
1.43+0.10bc  103.90+9.43d
1.62+0.11b  121.95+6.34hc

W3F4  2321.96+284.36b 1.07+0.014b  1.61+0.10b  127.18+5.49bc

CK 1026.32+192.92f 047+0.02d  0.91+0.02d  96.32+6.92de
TEIKIKE W % % * * % * %
MEAEEC L F % % % % % % % %

WxF * ok * ok * ok * %

L ARFVING AR R AL E] 7R P<0.05 /K FZERBE, « FoR
WEFRF(P<0.05), * * R/RM I E 25 (P<0.01)

Note: Different lowercase letters indicate significant differences be-
tween different treatments (P<0.05) , * indicates a significant difference
(P<0.05), * *indicates a very significant difference (P<0.01).
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A1/ 2R KB T SR A & B PR = R B R AT 83

HA PR 22 A 3, AKIERET =LK F
FRCR S CK 225 8.3 (P<0.05) , HRIEKKFE T,
W1 LB F3 F4 K3 FIHACR B & & T F1, W2
AEFRAY F4 BT F1F2, W3 &b B4 i A 4 341 ]
PN MR D A S HE R, 7K 43 ) FH R0 36 B
HW3<W1<W2, W2 % W1 Al W3 Ab 3 43 51 42 5
16.84%119.52% AV W3F4 5 W2F4 4b 3K 43 F) FH
HES L ITE N

AHFEE K AKE R, W1 A BRAY 3 F4 AR A=
P REET FL F2, W2 AR F4 B2 T HAb
Jite A A B W3 45 i I Ak ) 22 S5 AS I 2 A [ i A
B R, A W2F4 5 W3F4 [a) AERH 2E 7 ) 2% 5 5
% HIRIBEAKKET, W Ak B 0 4% 6 AE b 2 E) 5
BHSEERANLE W2 MM F3 F4 B F & T
F1 . F2, W3 AbFEE) F3 F4 538705 T F2 ;41 R it IE B
bR, W2F1 AR B A B4 & i B 35 s T W31,
W2F2 il W1F2 b3 275 T W3F2, W2F3 4b 3 i
Fm T WIF3 Fl W3F3, Ak ) 25 R g 2

2.4 CIRTIC-VIKOR & & 1M

XF = R A S B B M KB R
SR AN AT A i E4T CIRTIC - VIKOR 328 57T
M, A5 A — AR KO A = B AN 5] A 7 s 300 K 3 4
AT R LTI R Q 16, Q (3R T HERk R )™
i KB HRCR A B i 5 S K A IR 4R K
SEREREAERE, tER S AL W #EKKE R, FIjitAE
GEBR QO ERT F2 F3 Fl P4 ARG V1 A6 1Y
F3 JAEAL HE T Q Rl /K B 3 Je i K5 FRAIG, SR
W F3 AR AL H T Q B K 2 3 iR s, AR
) W3F1 4B Q {EH & /D (0.03), W2F2 K 2
(0.08) ; Hi 1 W1 7KF Q {EAE F1~F3 i B Ac Lt N3
KF W3, W2F3 4b# Q {H /) (0.02) , W2F1 42
1) Q HIKZ (0.04) ; #£30 W2 HEK K Q (H/ANF W1
W3, W2F3 Ab B Q {E /N (0.01) , W3F3 4L 3 @
HIRZ.(0.26) ;14 W3 /K Q fE/NF W1, WIF1 &b
PR Q 8 i K (0.98), W3F2 AL Q {H 5 /]
(0.02) ; AR FRHH W1 K Q [EIH KT W2 Fil

x5 KIBREARLESSITMN

Table 5 Comprehensive evaluation of different treatments of water and fertilizer regulation

25 L <ol -
G ”ﬂ;? e WIFl WIF2 WIF3 WIF4 W2F1 W2F2 W2F3 W2F4 W3F1 W3F2 W3F3 W3F4 (K
Growth period Index

25 AN 0.55 0.54 0.68 0.88 055 048 099 0.69 0.0l 0.39 0.66 0.82 0.09
AR SOC 0.76 092 0.68 1.00 096 091 0.72 0.42 0.53 0.40 0.85 0.73 0.00
Hhai JIRAE Urease 0.00 025 046 060 006 022 0.60 0.83 0.14 034 089 1.00 0.38
Rooti;‘ ; HEWERE Sucrase 0.00 0.14 039 054 046 056 0.68 0.87 0.48 0.68 071 1.00 0.32
o7 FRVEWERR S Acid phosphatase  0.00 0.08 0.58 0.84 0.01 0.19 0.38 092 0.10 031 0.76 0.95 1.00
period AL A Catalase 000 008 058 084 001 0.19 038 092 0.10 031 006 0095 1.00
0 0.95 0.81 0.38 0.65 080 008 042 035 0.03 0.64 0.10 0.87 0.95

HE44 Rank 13 10 5 8 9 2 6 4 1 7 3 11 12
4 AN 0.64 045 063 076 062 101 052 034 0.60 0.59 0.01 0.68 0.73
£ HLER SOC 0.78 0.89 0.70 1.00 0.97 0.86 0.71 0.50 0.59 0.64 0.70 0.81 0.00
o Ik Urease 0.001 0.11 044 070 0.00 032 0.61 0.86 0.00 0.31 1.00 0.82 0.36
gfd’hn TEMEE Sucrase 0.00 0.09 035 048 0.39 0.54 0.68 0.86 051 064 1.00 0.71 0.35
Peecing TRVEWERARE Acid phosphatase  0.00 0.0 0.31 0.60 0.10 0.18 0.53 0.75 0.03 0.48 0.85 0.58 1.00
period AU A Catalase 0.00 024 046 048 026 033 059 070 033 047 1.00 0.83 0.04
0 0.89 0.84 045 068 004 045 0.02 035 0.53 033 026 080 0.74

HEA Rank 13 12 7 9 2 6 1 5 8 4 3 11 10
%A, AN 0.67 055 0.63 079 0.84 080 0.99 077 0.41 073 0.60 0.67 0.00
FHHLEE SOC 0.96 091 072 1.00 093 0.87 0.69 049 0.71 0.64 0.84 0.69 0.00
i JIR Urease 0.08 0.29 048 062 009 020 048 0.74 0.00 0.32 0.73 1.00 0.36
Flow;ﬁng A TEBERE Sucrase 0.00 0.11 030 063 037 047 0.70 0.82 0.68 0.76 0.89 1.00 0.31
) TRVEBERREG Acid phosphatase  0.00  0.04 0.11 022 0.14 0.19 022 026 0.18 024 027 040 1.00
period AL Catalase 029 040 046 071 031 055 073 0.89 052 064 0.83 1.00 0.00
0 0.99 0.88 0.74 036 067 040 0.0l 035 0.69 0.46 026 0.55 0.85

HE4 Rank 13 12 10 4 8 5 1 3 9 6 2 7 11
4% AN 0.42 0.56 0.81 0.70 0.77 0.62 0.99 0.62 0.36 0.40 0.59 0.64 0.00
HHLEK SOC 0.83 090 0.74 1.00 098 0.88 0.73 0.53 0.66 0.67 0.87 0.72 0.00
WK Urease 0.02 045 071 082 003 035 057 090 0.00 044 0.83 1.00 0.63
HERERE Sucrase 0.00 0.10 0.32 048 035 050 0.65 0.85 0.52 0.65 0.84 1.00 0.39
s FRIEW ARG Acid phosphatase  0.13  0.30 0.52 0.83 025 0.34 0.70 0.89 034 061 0.85 1.00 0.00
Fmi; ing LA Catalase 0.13 0.30 0.51 083 0.25 0.34 0.70 089 0.34 0.61 0.85 1.00 0.00
. 7P HE Yield 0.31 042 075 0.77 056 0.7 090 1.00 0.50 0.58 0.74 0.73 0.00
period JFFF Total saponin 0.46 029 0.63 083 0.65 046 086 1.00 022 0.09 032 039 0.00
KRR WUE 0.31 042 0.75 078 0.56 0.57 090 1.00 0.51 0.59 0.75 0.74 0.00
NEAEMRAE = 1 PFP 0.31 042 0.75 0.78 0.56 0.57 0.90 1.00 0.50 0.59 0.74 0.73 0.00
0 0.98 0.85 0.76 052 0.69 056 029 0.13 0.21 0.02 0.19 0.49 0.73

HE4% Rank 13 12 11 7 9 8 5 2 4 1 3 6 10
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SR TIEAERG AR, 25 A
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TR TS P 4y I ot S i AL T e ) 8 b 5 51 184 5 B 1
G SET AP S AL, A5 2R B A AN
VR K A PHE 3 S A S T 1 30 v i AT K Ak 3L i
FRE A TR IG I W 6 3R SR g3 o0l 4
23.70% .23.61% ,20.66% Fil 33.48% , 53 HJ5 K 7] fig
SETE KRR IS0 ] o A ST P XS AR B
EARIN P R o et o S I N i SR Py 2
B TRAAR
3.3 KIEBEMN=ZEFE. EFSEMKERNAM
ANTR] AR T S 30 K I 8 2 2 5 i) — B UK BB R
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T F3 A1 ¥4 it iR =L 77 & T FLOAT F2 Ab
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e 5 Y (I 5 2 AR, B K AR & 1 A5 4 4
ARG R fE 3 TEY R AR XHEY) - =
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FARCR =AMV E s 2R 2 9 R W 5 4
IREREEE 12 d W 1 X REAR L, 5 4 d TR VE—
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