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Effects of single/mixed sowing of three medicinal plants on the contents of
carbon, nitrogen and enzymes activities of sandy soil

WU Yuchen, LIN Fang, ZHANG lJiayang, ZHANG Lulu
(School of Science and Technology, Xinxiang University, Xinxiang 453003, Henan, China)

Abstract: [Objective] This study aims to explore the effects of single and mixed sowing of three medicinal
plants on soil quality. [Method] Taking Lonicera japonica (LIT), Chrysanthemum morifolium (CMR) and
Astragalus membranaceus var. mongholicus (AMB) as experimental materials and sandy bare land as
control(ck), the effects of single and mixed sowing patterns on organic carbon, alkaline hydrolyzable nitrogen
and soil enzyme activity in different soil layers (0—40 cm) were studied in the location test conducted in
northern Henan Province for 4 consecutive years, and their correlation was analyzed. [Result] The content of
soil organic carbon, alkali hydrolyzable nitrogen and soil enzyme activity of urease, sucrase and alkaline
phosphatase under the mixed sowing patterns of CMR/AMB and LJT/AMB were significantly higher than those
under the single patten of CMR or LIT (P<<0.05). Soil organic carbon content in CMR/AMB pattern increased
by 29.32%, 20.16% and 10.25% respectively, compared with ck, CMR and AMB. Alkaline hydrolyzable
nitrogen content increased by 28.02% and 13.24% respectively, compared with ck and CMR. Soil organic
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carbon content of LJT/AMB pattern increased by 25.46%, 18.09% and 6.96%, respectively, compared with ck,
LJT and AMB. Alkaline hydrolyzable nitrogen content increased by 25.56% and 11.80% respectively,
compared with ck and LJT. Soil organic carbon, alkali hydrolyzable nitrogen, and four soil enzymes were all
significantly correlated with each other (P<<0.01). From the view of soil profile, the soil organic carbon, alkali
hydrolyzable nitrogen and the activities of 4 species of soil enzymes showed the characteristics of surface
aggregation under different planting patterns. [Conclusion] CMR/AMB and LJT/AMB mixed patterns can
improve the effectiveness of soil nutrients through the biological nitrogen fixation of A. membranaceus var.
mongholicus. They are sustainable ecological patterns suitable for local promotion. [Ch, 2 fig. 3 tab. 28 ref.]

Key words: Lonicera japonica; Chrysanthemum morifolium; Astragalus membranaceus var. mongholicus;

mixed sowing; single sowing; plangting patterns

ELAT P EK LR E . AN R . RIS AM SRS Z RN KT ST, JLHE
2020 4 9] Hr e W T B R IR K28, 4 4R AL Lonicera japonica. W %% ¥ [€ Astragalus membranaceus var.
mongholicus “5A% Gt T 2R 1 il BRI 7= SRR SR KIS o Jre 24 AR A 1) A6 8RR 7 6 38R H - H B 05 .
HWRE . MR IR BESRAEYINT A SRR P R ) AR AR EEAE . e R A MY 2
PR BRI, AR R FRAR, XS R AR AR, IR R E Y
AR . PFR R, IRIEA B TR kK U, AR T HUE TR R SR AE PN F SR UCE
HH I, RN LIEAY RS AIERESRERRAHEE S EEXEE, By, RE2EOR
Leguminosae # 4 (AN 4576 B 18 Medicago sativa. i 5. Pisum sativum %5 )-R AR B} Gramineae f %) (U1 3He 3
Avena sativa, /NZ& Triticum aestivum %§) [A]2R Y, GRMEPIR 2 09 B R RE AT LI4ERs A AR
BIRT R, VI AT AR AR (8] B AE AR O S R O VE PR 3R A, R e A AR K R a AR B K
AT oF 245 PR 40 PR 9 3 IR A A it FH E Rk it AN (][5 - S 25 AR ) A 7 i i g ) I
YEANFEREAET, RIgErh AR . B 80U RS Mt R s A SRV 5 5 2 HAEY)
RIS . AR ABEF IR T, LI AP} Caprifoliaceae 48 {6 . 26F} Compositae AT
% Chrysanthemum morifolium F1 5B} 5¢ 8 ARG, RAKH LR BENLIX 471, DI et
(ck) Xt B8, BIF 5T G A A% (LIT). WU 4 54% (CMR). 85 EE 4% (AMB). 4 A6/ 58 2 BE I 4
(LIT/AMB) . #UH%/N 5 8 EIR 7% (CMR/AMB) 5 FBC T 080 . BB /- BURBG P22 1k, B7E
SN T 25 FH B b A e 3R PR AP SR AR 2 A

1 B X 5 8% 7 ik

1.1 HARXHR

WFFE XA T 4 8 &tk I 148 (35°16'N, 113°57'E), ¥4k 120 m, KEHEZERA %, U430,
BRRZER, PRI N 142 C, 207 HOGSTETE02) 2 400 h, FFREKEN 573.4 mm, 4F
Pria KA AR, EEEPLE T, 8 A, FFHHRE N 68.0%, JFEY 220 d", k15 A b
+, i+ 0~40 cm H)JEFAFRIPIROCILLE 1.

F1 X118 (0~40 cm) FHHEMH
Table 1  Soil nutrient characteristics (0—40 cm)
+Rlem SR Ngkg) Wi(gke) AWg-kg!) BFA/(mg-kg) HABE/(mg-kg) WM /(mg-ke) HAHLB/(gkg) pH

0~20 1.28 0.77 13.13 73.75 15.39 107.69 9.44 7.87
20~40 0.69 0.59 11.25 42.68 10.60 66.28 6.10 7.83

1.2 iRIEi&IT
20162019 4FiE2E 4 a PEATRENLIX ALK . ik 6 A H, BRI . DIvD AR A XF B (ck), % LIT,
CMR, AMB, LIT/AMB, CMR/AMB % 5 Fi AR ARG RS, ACAbFRE S 3 1k, L 18 /X, £/hIX
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I AR 30 m? (5 mx6 m). B . SWAK AR ILITARL, RIS 60 cm, 47 60 cm. W ZEE N 5K
&, 1THEN 33 om, #EFIECN 15 kg-hm?, IRIEHX T &ML S NF & ERATHEIBE R 40 cm, HTE%ESN
SEHEEMATIRIE Ky 40 emo AN FHARAIAERE, SR GBI, DK KR,
1.3 HmEERNE

2019 4F 10 H, 155k 18 R ARG R I B Ay, L TR IO SR AR 1R S B A ) B ] 51
B, HRKTIEURE, o, K EEEHEin. RAAPIIRD P (Elementar, 78 [=) il 3945 Pk
FiE 4 (gokg ™), R IBARY H0L I R - Em A 00 i 534 (g kg )Mo SR RN 5 T kA 43 B 1
SR MDY, SR I BE I A L (0 B S IR B PE, DL 24 h 5 1.0 g BAETPER S A TR0 (mg- g ) Fon
K 3,5- Al H KA R b ok I RERERE R PE, LA 24 h T 1.0 g SRR A AR TR 0T (mgr g ) 1R
e JFVlS R 2% — A L £ 7 00 B e s PR BB TR, LA 24 h 5 1.0 g - BE o RR Tk A T 1 B R 40 8K (mgr g ') 32
AN R FHARTE I A I E 2 R ALERE T, DL 2h 5 1.0 g HREP SR E TR TR (ng) F#n.
1.4 HIELNEBESSH

BARLA 3 WOFATINAE BBl AR iR F s, 48 Excel 2007 Fi1 SPSS 19.0 #4843 4. R B H 2%
J7 225001 (one-way ANOVA) Fllfie/)N i 35 22 574 (LSD) #4743, Pearson #H5¢ R BT A0 A0 8T -
2 HREHN
21 AREMEXTHEENHREESE

A TR AT ok, S5 FE At N AR 2 50 HLAR T 508 B 38 (P<<0.05), HLIF]
— MR A+ HEA MR TR BN KB NHKIR ) CMR/AMB, LIT/AMB, AMB, CMR, LJT, ck, 5
3PP CAR L, 2 PRI 80 MLAR T E8 B R (P<<0.05), Hif CMR/AMB #EA
BLAR 5 2 43 %08 25 T LIT/AMB(P>0.05), LIT #il CMR #¢58 F K2 (0~20 cm) A HLER 5 & 7 B
ck B FEHEIN (P<0.05), TWifE LYW E)Z (20~40 cm) TG B E M2 F (P>0.05). IKAN, ANEFMEEERT -
A LR T o O S R RIS, B 496 MR T k43 85 o - 498 e ) T o R T 4 AR A1
22 AREMEXTHERBRREESE

& 2 ATl AMB. CMR/AMB Fil LIT/AMB #§ #5201 HEmdi i /T it 0 80 =, 39010 63.89,
62.87 fl 61.66 mg-kg ', 3 FHK Fh =0 (0] JC B 3 25 5 (P> 0.05); {H &3 & F LIT Al CMR X (P<
0.05). 7EFIEFRIZE (0~ 20 cm)S FRE AR O AU T i 43 8030 38 5 T ok (P<<0.05), (H7E 3T RZ
(20~40 cm) o E2EF (P>0.05). U RIHE PSRN 300 AU it o At R LR R M

12 100

by|

Opp/(g kg™
o
T
O/ (Mg -kg™)
i
3
T

ITTTTTTITITTITIITITITITIITI T

INNNNENNNNNNNNNNNNNNNNRNAL 1)
T
<5

[TTTTTTTTTTTTTTTTTTTTTT 7778~

O & H Hm A = B = B 5 B
0~10 10~20  20~30 0~10 10~2 20~30
2R fem +JRIR L /em
Ol te it AR AL a% (EENSESL R Ot N g ARAE % SENSESL R
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Figure 1 ~ Soil organic carbon content under different planting patterns Figure 2 Soil available nitrogen content under different planting patterns
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FHEIN (P<0.05) 20~40 cm )2, FRLAK RN R K RS o 22 () RE W I R GRS R 1 22 S B 3 (P<
0.05), 5 FhEFIET HIRARBEE E 22 5 3 (P<<0.05), HIEEALEEIGTEZE R AL E (P>0.05), Mt
Fitp G MR A LR BER R, A BRI RS R4 ok I IR K . LIT/AMB (1% iR i 1 44
(0.789 9 mg- g ") ML By A ALHE G M (1.077 6 mg- g ") e, CMR/AMB R (1) BEBE BT 1 (8.289 6 mg- g ™)
TR PEBERR BTG PE (0.644 8 mg- g ') fiv . LIT/AMB TR . REWEEG . 0800E BERRHG I 22 M A0 I 2k o
I ck 23 480 201.82% . 56.95% . 77.05% F170.85%, CMR/AMB FJIRME . FeEwHRG . Bl i Bl 1 1 A0 22 1y
FALBEIE X G ck 203N 192.63% . 58.37% . 78.75% 159.36%, AMB Bz FIREF . REREEE . HabEwk
TR T R0 22 17y S8 A S P X B ek 43 S350 140.62% . 44.57% . 52.86% 1 57.90%, CMR HEZF IRAG . HEAE
il e T R 22 W AR AL I I M X EE ok 3 BIBE N 106.74% . 38.42% . 49.06% I 55.25%, LIT B R
FURTG . TR | R L R 22 R TR B TS X L ok A BB N 67.69% . 33.80% ., 23.63% Fil 55.81%. It

Sb, MAIERYTE B R, ASRRE AR RS Al L2 S R AL

®2 FAEBHEAXTELELEmREFNE

Table 2 Soil enzyme activities in each soil layer under different planting patterns

+Z/em P 7k, KA/ (mg- g ™) FEREE/ (mg- g™ BB IR R (mg- g ) LI AL/ (mg- g ")

ck 0.342 5+0.021 8 d 6.358 2+0.265 0 d 0.417 6+0.020 6 d 0.754 8£0.046 9 b

LT 0.624 2+0.056 4 ¢ 7.947 8+0.645 6 ¢ 0.617 6£0.043 2 ¢ 1.116 4£0.074 6 a

CMR 0.606 7+£0.046 5 ¢ 7.847 8+0.241 8 ¢ 0.655 6+£0.034 5 ¢ 1.103 1£0.072 6 a

0-10 AMB 0.844 7+0.062 6 b 8.720 9+0.468 9 b 0.732 5£0.052 6 b 1.127 3+0.089 5 a
LIT/AMB 1.108 3+0.061 3 a 9.466 5£0.532 5 a 0.843 2+0.067 8 a 1.2753+0.084 2 a

CMR/AMB 1.036 7+£0.055 8 a 9.2174+£0.204 1 a 0.800 4+0.057 2 a 1.134 3+0.067 0 a

ck 0.310 3+0.018 7d 5.5750+0.344 7d 0.387 5£0.0253 d 0.697 9+£0.0370b

LIT 0.473 0+£0.057 5 ¢ 7.443 8+0.2459 ¢ 0.490 3+0.053 7 ¢ 1.075 2+0.063 5 a

CMR 0.578 1+0.032 1 ¢ 7.143 8+0.443 0 ¢ 0.587 9+0.047 6 ¢ 1.052 2+0.068 7 a

10-20 AMB 0.639 3+0.0524 b 8.039 8+0.352 6 b 0.585 8+0.036 2 b 1.068 2+0.070 1 a
LIT/AMB 0.843 2+0.064 7 a 8.732 1+0.2319a 0.665 4+0.054 7 a 1.182 6+£0.096 4 a

CMR/AMB 0.798 2+0.045 1 a 8.798 4+0.234 7 a 0.696 3+0.047 3 a 1.093 6+0.074 3 a

ck 0.222 5+0.0153 d 4.754 6+0.1254 ¢ 0.332 7£0.022 3 ¢ 0.563 7£0.026 4 b

LIT 0.357 2+0.043 6 ¢ 6.764 5£0.538 6 b 0.3550+0.023 1 b 0.931 6+£0.065 3 a

CMR 0.489 7+0.030 7 ¢ 6.994 5+0.364 8 b 0.453 6£0.036 1 b 0.880 7£0.057 0 a

20-30 AMB 0.553 6+£0.038 7b 7.184 6+£0.342 1 b 0.472 2+0.0327b 0.952 5+0.085 4 a
LIT/AMB 0.667 1+£0.059 8 a 7.648 7£0.452 3 a 0.551 2+0.166 0 a 0.994 3+0.073 2 a

CMR/AMB 0.663 3+0.043 7 a 7.957240.102 5 a 0.5754+0.048 9 a 0.926 6+£0.088 5 a

ck 0.171 6+£0.013 4 d 4.248 9+0.247 5 ¢ 0.304 9+0.019 7 ¢ 0.506 4+0.022 7 b

LIT 0.301 0+0.016 7 ¢ 5.856 4+0.448 7 b 0.320 8+0.003 8 b 0.807 5£0.042 0 a

CMR 0.489 7+0.030 7 ¢ 6.994 5+0.364 8 b 0.453 6£0.036 1 b 0.8807+0.057 0 a

3040 AMB 0.481 2+0.0342 b 6.323 1£0.476 8 b 0.415 0+0.0254 b 0.8354+0.067 3 a
LIT/AMB 0.540 9+0.043 4 a 7.0132+0.189 7 a 0.494 7+0.113 7 a 0.858 0+£0.067 6 a

CMR/AMB 0.565 0+0.038 1 a 7.1854+40.114 6 a 0.506 9+0.036 1 a 0.865 9+0.064 0 a

B AR PR ] — R AN R R R R 25 57 B35 (P<0.05)

2.4 FRXMESH

H1 Pearson A5G4 (55 3) Al Al AT MLAR ST 20 . 4 Pl S A (25 A OC (P<<0.01), L EmRifig
A 4 FEEE R FAHIE (P<<0.01). 4 Fi LSRR I 22 (9] S0 2 25 AHSC (P<<0.01). A iR B ME R R
fil Z [ AR SC R BGK 0.965, A HLBK-S Bl PERERR i 2 (8] 4 ¢ R B0K 0.949, HENHE -5 2 By S8 AL 2 T AH OC 3
Bk 0.948, VLW - HERR . RS REZ A SC AN B
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Table 3 Correlations analysis of soil carbon, available nitrogen and enzyme activities

E i H Lok PR It TEpE TG DAV BERR G Z AL
EERIR S 1 0.893%* 0.943%* 0.897** 0.949%* 0.808**
TRt 1 0.848%* 0.844%* 0.917** 0.835%*
i ity 1 0.949+ 0.965%* 0.871%*
FERG 1 0.931%* 0.948%**
TR P B IR it 1 0.875%*
Z A L 1

LI . **FIRTE0.0 K- (UM - B3 A

3 it h &

L RRALL, IRIEAOOT LIS e . FUR R, AT A VLR AR, IR i 41
WA, P IR AR . AAPFSE RN LIT/AMB RN, 3 BILAR F1 0 e 2205 £ 4
0 (0~40 cm 4 2 F-II(H) % LIT 20 5425 T 19.41% F1 11.80%, CMR/AMB #3034 HLAR O
R CMR 055 T 20.16% 1 13.24%, X 500 04 4N SR D % BUIRHE 0 B T ek3%
HHEAE LK . B AR SSIE B TENE R, TR S A I AR BT 2 5 R
BRERE, WaEES A ERRTEN S WA AR —E WA R, WE L ER RN, T
RGBS = T LIT A CMR o - 38 R g 30 o /K i = 398 vp ) R OB e 5 R R b 00, s .
BeRAL AR AR - SR pE R E K R A LT A U AR AR TR, RAEA ML B
- AL AR BP0 - a9 S o i AU A B T B S S R R R RN, RO R
YA DT M BRSSP R B ARG S S RS E AL A WA, o TR A 5k 2 T K
B, FRS EIERE AR M. 9T RS RN A AN, SRR ISR R SRR . BOTRP Y,
U R EL . LIRS . REREEGRT IR A vk, WREG . RO R R R A R B
ok, SAUI 80, UL R OR R R 2R 2 (8] . F A IR 4 2 ) BT P I 22 EOVE P
AT T A 4 Fh eGP B E T 3 R B Al ck (P<<0.05), HAHSCYHE MR, + 4
A PR AR R 5 4 RIS B A6 (P<<0.01). UEFATEIRIGIA R b, SRMEY A9 W 1 AR &
FRISE AR AR TR RAK, RO IR ZAN2E | AW AR RBE oA, B m R LB s, 48
I EKPRKRE ST, INITEAE - R AL R i . ORI AR R R 0 AR R RE PR UEAR R 09 . AIAR R §E
HUGE R, (1S R MR A, PR R R, (e OE R . IREEIE R, IRERE . AR
OB, PR ORI i R A 22 1 SR ARG 1, R e R A EEE R, ORI R R T R
BB AR SRRl I P 38 A - S 2 R R, SR MR R A R T AR SN A ML R A
5 TU &P SRR g 5, HIERZREY . BEBAESRR, MEWREER, HEYRRE
R SR R RN T T B BRI RN, ek YR, ORI 22, TR
AdAr 2, B SRIED, IR R BRI R, AR B REEG Y R )2 T R

IRREE T 0 A GRHMEY N 52 B R AR Y B BRI, SR AE/T 1 38 78 A RUIE I A5 1F T RIRUA
U8, RS R EWBCR HRCR,, 80 H LA R, FRACRR R R 305 e i RS . B 2/
TRA% RN 4 AR A0 /0 IR IE R R OUAR . R A i 5. IR . TR R B Bl R il T 2
S T A S A R AL R (P<<0.05), WKL 225 A3 (P>0.05). FHETHHE, 2 FPREHE
XF A LR . B AR R R RS M A R A R, AR TR AR T, EiE SRR
X HES (AT FRRLk K S i AR S Al A

4 HHELH

(1] #9552, S, EEAR, 55, MELEOR T R BAE X 25 HIREY 2 ma OIS ik Je (] vh [ vh 2528458, 2020, 45(9): 2017 —
2022.
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