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i EAIFRINEGEAZEL) FrEmd s, AT Y HLAF BRIE. LFAFFFA.
[B¢9]) A EZERTRIZTAEX, FAARBREIEZFRILLGEE LR, [FE] HFMA & EAR
PR E3E 5 3 ik b g AR PRI A A 2 o & (Aspergillus niger) ZJ-17 % ik A S @ 7 5 BIEBEA , @
AR RIEIR R AR ARKTFTFEHE Z]-17 5EBEKAS)NGELAK. FE. &M, AR
Hbk A B3R R thHon. [£R] £ 60%. 80%Fe 100%6RKF T EWE 2J-17 5 BRI Y4
FEAREARSN AEARLT, LF 60%HF MlefefLieK-F T L E ZJ-17 @ F+BHELE(L12)
B ERE . RERARLAREE 60%IEH 3T BAEDL)N> AN B EFIRE 30.39%. 19.10%F=
23.00%, ZAACKT T ALsehn H 7] 422 (L10) A B A Z (L1189 ) & EARAARLHRIRE; 80%
JEAH A T B W & Z1-17 B )+ B IR AL T2 (L) A Mk S A AR R AR AT B AL B (LS A R & 4R 5 35.47%
F229.62%; 100%36 08K T T & 7] +E A 22 (L4) 51X 100%e et B(L1)A, SARKE ZR 5.
BLSh, L12 A3 R e A 2B . A AT A T4 L xR AL AR E IR 5 64.76%F 28.06%, F AL
HAWFSBANR, REMKAEI ST, L2 A LSABRLRPIEZNEGESR, £+ 7#52
cE e L12 &ZBRMAE, RAETNEGES ZREFREHRML, ToAE 26 476 kg/hm’ F=
178 407 CNY/hm?. [444]1 60%A AEALRE KT T 2o & ZJ-17 B H+E IR (L12)49 ) & A
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Aspergillus niger ZJ-17 combined with film mulching promotes the
growth and improves the quality of Angelica dahurica var. formosana

LIU Siqin, JIANG Meiyan, LIU Renlang, ZHANG Yurou, LIU Jie, ZHANG Jiaheng,
NONG Changguo, LIU Yanan, FENG Dongju, WU Wei"

College of Agronomy, Sichuan Agricultural University, Chengdu 611130, Sichuan, China

Abstract: [Background] Angelica dahurica var. formosana is a famous local Chinese medicinal
herb in Sichuan. The current cultivation of this herb has problems such as blind fertilization,
winter drought, and spring drought. [Objective] To promote the green cultivation model for
high-quality A. dahurica var. formosana and achieve the reduction of chemical fertilizer and the
green development of agriculture. [Methods] Aspergillus niger ZJ-17, a plant growth-promoting
fungus isolated and screened from the rhizosphere soil of A. dahurica var. formosana, was
prepared into a microbial agent, which was used in combination with mulching film. A
randomized block design was adopted to study the effects of A. niger ZJ-17 combined with
mulching film on the growth, yield, quality, plant traits, and soil nutrients of A. dahurica var.
formosana under different fertilizer levels. [Results] The combination of A. niger ZJ-17 and
mulching film at the fertilizer levels of 60%, 80%, and 100% promoted the growth and
development of A. dahurica var. formosana to different degrees. The plant height, root length,
and root diameter of A. dahurica var. formosana treated with 60% organic and chemical
fertilizer+A. niger ZJ-17+mulching film (L12) increased by 30.39%, 19.10%, and 23.00%,
respectively, compared with those in the treatment with 60% fertilizer only (L9). Under the
fertilizer level of 60%, the root diameter of A. dahurica var. formosana treated with A. niger
ZJ-17 only (L10) and mulching film only (L11) were also significantly increased. The plant
height and root length of A. dahurica var. formosana treated with 80% fertilizer+A. niger
ZJ-17+mulching film (L8) increased by 35.47% and 29.62%, respectively, compared with those
of the treatment with 80% fertilizer only (L5). The treatment of 100% fertilizer+A. niger
ZJ-17+mulching film (L4) showed a significant increase in root length compared with the
treatment with only 100% fertilizer (L1). In addition, the L12 treatment increased the available
phosphorus and available potassium in the soil by 64.76% and 28.06%, respectively, compared
with the L9 treatment, while promoting the decomposition and utilization of organic matter to
increase the nutrient content of plants. Moreover, L12 and L8 treatments improved the quality of
A. dahurica var. formosana, and the total content of 7 coumarins was the highest in the L12
treatment. The yield and economic benefits of A. dahurica var. formosana in the L12 treatment
were the highest, reaching 26 476 kg/hm? and 178 407 CNY/hm?, respectively. [Conclusion]
The combination of 60% organic and chemical fertilizer+A. niger ZJ-17+mulching film (L12)
can achieve a high yield and high quality of A. dahurica var. formosana, being recommended to
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be used in production.

Keywords: Aspergillus niger; Angelica dahurica var. formosana; film mulching; organic

fertilizer; chemical fertilizer

25 b A TE O S E B R B IE [Angelica
dahurica (Fisch. ex Hoffm) Benth. et Hook. f.]&};
¥t 1 1 [Angelica dahurica (Fisch. ex Hoffm)
Benth. et Hook. f. var. formosana (Boiss) Shan et
Yuan] i THRARM, FIRECE R . JER R
BIE . PV R, TR [
MGG R LU AL IE Sy 3, (Hid &
FAACNE O H AL ) 2 i Bl b BB Ak K™ 2 B AR
SPGB, R AR BRAE A B AR A A W R A A
PIRE R AT 55 22 MR A 1) A0l K S Y P 7
BT, e AARIFEY ALK . —REHEY
LIS RE 1 IF HIG APy i = ook il s A A
FHIT I L T 7 DO )1 3% T R A
TEHERUG, B 2-5 HR T2 RN TR
IR, FERHC, AN LHUAS Y, i 55 s
B (k2R R A G, SEIRORIE, A AT SRR Y
B, R A S A O HLER B R e,
ML HEVERIRIT, s e i,

WL R AT T R B, PR il 8% (Aspergillus
niger) ZJ-17 7£ 100%}fi IE AP T BE B .42 &)1
FITE 7 i M2 TR R Y, 1 v o B 5 4%
AR et T3 A A A (BT A ) A
KLCOPH A T I, Mgk A hE
HE . &S A R AR RS, AP s 4
T O 22 ) LA T 2R s R S A P A A2 A
R Z)-17 SRR, WS [ IE
AERKRE . TR, AR SR o
OS2I, DU EEDR . ™ B 2 o Rl A
BORTE A HR 8 T S H

1 #HRE5rZE

1.1 R HbEE R
RIS ENNEZETHHLXER 24

AR A R e+ SR YE T pH
7.69, HHLE SN 14.57 ghke, R SEN
48.24 mg/kg, AR RN 15.96 mg/kg, AL
B o 100.40 mg/kg.
1.2 Hm

A A P AR A U 1 ol R A SR B AR
WERIILE 2 S A, Y b E e
[Angelica dahurica (Fisch. ex Hoffm) Benth. et
Hook. f. var. formosana (Boiss) Shan et Yuan],

TR A R AT I 2 5 PR
gerp oy s alifb i Bl E Z2J-171,

b A 2 FBEA B R B B A 0.4 m>200 m, V1.
TEIE R EA PR\ A AR FE A (4
HE, &% N4.16%. P05 1.50%, K0 1.4%,
BT >40%) ., JRE (% N>46.4%) . i R ES (&
P,05>12%) . BRI (& K20>50%).

1.3 EFE. TERXFIFNE

Ty % 48] ) M B8 (potato  dextrose agar,
PDA)E SR BRATHA E A RBRATE R, T E
2 EF T BE s KA E LTI . AL
IR . R EE . Y H R RERRTH R,
PR AR MR A A PR A E s S AN,
RS AR AE R R A BR A A 5 ik 4l B s
NG, PEERCHIRBHE AR A

TR, H AT RS B bn
{¥, Thermo Scientific 23w ; KIGGHE T, i
KEE R A R E s 4 A SRl Wik 3 A
1, et SR ABR A |l SO AE A
1%, ByHEAF]; Agilent1100 Platisil DADC18 3,
T4 (4.6 mmx250 mm, 5 pm), ZEEREHT AR
NS
1.4 BEREHIE

Wi PR EE ZJ-17 R0 T PDA K5 373k, 28 °C
PRI FR 7 d R R &, INATCHEIK,
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TR AT F Bk Boroil e ok B, IR ism
JC B K B AR HR A 3.0x10% CFU/mL,
Fef 1334 Lim®, &A/IX 0.06 L, FifE 100 %
Jite FH

1.5 HEitie

R R = N R AT, 3% B8k
(A). BEME®B). JEC)X 3 MHER, HPHER
A SRR Al: 100%0ERE; A2: 80%JERE;
A3: 60%EKL; ZE B 43lh: Bl: ANEK;
B2. #E; KHE C 4510 : Cl: AHiEE; C2:
Ji T 3 12 b BE(A1B1C1 ,A1B1C2 . A1B2C1 |
A1B2C2 . A2B1C1.A2B1C2 . A2B2C1.A2B2C2,
A3BIC1. A3BIC2. A3B2Cl. A3B2C2, 4347
W4 L1-L12), 3 ANt AN 2 AN N
XFRA(LO), 3L 13 NAbER, HA 3k, /NX R
20 m? (5 mx4 m),

FERuE LAy, bEABRES FETRR A, JF
IR, 5B R E MR G AT, AT
P 40 om HEATAHE, M ATIEMRE 4-7 cm B, iF
7 1-2 WRIAIEE , BEEE 10 cm. F 05K 100%AE
B AT 75 g, IRE 14 g, oI BERES 219 g,
WREREN 24 g, 80% . 60%HE KR A% KAl |
i PRESY 3 Ui, BITEAE(12 ). LB
2 7). FIEQRA 3 ), K6 2:5:3; o
BERR S 5 R 1 40 2 Yt OIRIE . FIE), i
Feol Ry 5:5; A AUIEAE RIS o HAaak i i
Jiti 5 24 bk B R — B
1.6 NEMBRFGE

WO 3 4 B S ORI R A, I AR
Ttk KB~ @EIXHERENEY, &1
ANDREL S BRAE S I I TEAR S | AR AR & o
BAVNXIZ 6 280 e fif 5 TR A A W 7
K FH 8 RO € 35 I BRI R . SRR
R, AMATAR . ASEE . SN, A
AR A E AT R &= SR A H2S04-H, 02
HER=R 70 WL W= i w1 b N1\ 0 0 e s
AW, MERRERAWN, FREYLRERD).
EREP, PUHEILELE) . 2K, XELE

PO, 3SR E S LA pr ) 1Y
Ko BT RORFL ) U, BTk, e
TR pH (BALTHE) . YL (HEBR A &=
2. BAR R BAR Y HOR) . AR (0.5 mol/L fik
R S AR AR . AR BT L ()R U (1 mol/L
MRECIREE . SRR,
1.7 HIEAIE

K JH Excel 2016, SPSS 23.0 #ll GraphPad
Prism 8 ST ST BT FIAE AL

2 ZR5M

21 EME 72J-17 5ERBAIIIBIE
REMERKHIE N

60% LKL KT AN [a] A BT 5 1 H R A
oL, CRZFERBEYRERSE O, H
25 NMDCX0002083, IR 1 AJHl, MHEFA
WEAE XS BE , SRR EE ZJ-17 S5 R
AR B R TR R B A AR R FH (P<0.05) 0 JITFILE
FRE . K AR EARLL 60%AERKE T 2 il 5
ZJ-17 TR AL P (L12) e fd, 3R
86.28 cm. 19.66 cm F1 39.57 mm, AV 60%
HEREXT BE AR BR(L9) 2 32 5 30.39% . 19.10%F1
23.00% (P<0.05). iZJita HE A A0t i 2 i 2%
ZJ-17 TR AL PR (L 10)FIAY B B A HE (L1133 i 2%
P T AERRER . 80%)tIE K F T 2 il
B ZJ-17 TR+ R Ak (L 8) b H 1] 1 1
FEE AR N 75.33 cm 1 19.65 cm, (Y 80%
REAE X B8 Ak BE(LS) Fb 43 501 S8 3 2 R 35.47% 1
29.62%; 100%JitNEAKF- T B hd: Z1-17 w5
JEHC AL PR (LA FE S L1 SRR, R K 2
PEE
22 EME 72J-17 5ERBEAX 18R
114 R R F2 0

m & 2 Al SRR FT A A v R
ANFEIFEEE R . B 2A AJAL, 100%/JER 51
A A A ZI-17 BAI(L2) . AUE L),
Jit T+ 2 ML E T Ab B (L4) 4 g B 2 B 5+ pH
(P<0.05). Fi&l 2B AT, g TR X R AL
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1 EE 2J-17 5BEEAXMNBERZHROENE A & B: K ¢ AR, Lo: A&
BiAE; L1: 100%AE4:; L2: 100%AER+-REHE 23-17 Bl L3: 100%AER+EI; L. 100%AE8 2 i
B ZJ-17 WL LS. 80%JIEHKE; L6: 80%IER+ Rl e ZJ-17 W55 L7: 80%MEKI+EIK; L8: 80%
HERPR AR ZI-17 RSB L9: 60%AEk; L10: 60%AER-iE ZJ-17 B, L11: 60%HEk+7
s L12: 60%A0RHRME: 2I-17 WA+E B . A /NG FRER /R AP R 22 7 8 3% (P<0.05), T IAl,
Figure 1 Effect of combined use of Aspergillus niger ZJ-17 and mulching film on the agronomic traits of
Angelica dahurica var. formosana. A: Plant height; B: Root length; C: Root diameter. LO: No fertilizer; L1:
100% fertilizer; L2: 100% fertilizer+A. niger ZJ-17; L3: 100% fertilizer+mulching film; L4: 100% fertilizer+
A. niger ZJ-17+mulching film; L5: 80% fertilizer; L6: 80% fertilizertA. niger ZJ-17; L7: 80%
fertilizer+mulching film; L8: 80% fertilizer+A. niger ZJ-17+mulching film; L9: 60% fertilizer; L10: 60%
fertilizer+A. niger ZJ-17; L11: 60% fertilizer+mulching film; L12: 60% fertilizer+A. niger ZJ-17+mulching
film. Different lowercase letters indicate significant differences between treatments (P<0.05), the same below.

L, 60%H1 100%tEAK-T M EE Z1-17 Fifl+
TR FH(L12 A1 LA PR A HLUR & =34 5
FREAR(P<0.05). MK 2C—2E wIA1, e[ AE
KT TR 700 R 7 S P 2 B A i 1 B 3 SR 4y
FHE, 60%itIE K- T AR EE Z2J-17 BRI+ Ak
FRL12) AR . AU ik 16.66 mg/kg
1 133.57 mg/kg, 8 L9 X B Ab B3 5] B 2545 5

64.76%7F11 28.06% ; 80%ifi HE /K F- T B i 25 ZJ-17
R 770+ 7 AL PR (L 8) Yy - S A L . A AU 5
A 57.28 mg/kg F1 16.63 mg/kg, ¥ L5 X} BR AL}
B FHREE; 100%])56E 8K T R iE Z1-17
I+ AL B (L4) - 8 Rl 5 m i L1 X HEAb
PR R, RIS AU R (L2) R4
AR T A $p S R (P<0.05)
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B2 RHEZ2J-17 SERKAMNDREEERNSEmM A 18 pH; B: AHLE; C: WEA; D:

AR E: AR
Figure 2  Effect of combined use of Aspergillus niger ZJ-17 and mulching film on soil physicochemical properties.
A: Soil pH; B: Organic matter; C: Alkali hydrolyzed nitrogen; D: Available phosphorus; E: Available potassium.

23 EHMEZJ-175BEBAXIALE  MEGER, HET 60%IER X A FLLY),
Ry BN K T B 2317 R+ AR (L 12)
K 3A-3C ARANFR (M ERRAA e MERS R EERE 26.63% (P<0.05), 2B
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S RERARE, BMIER(L10)., EHELLD)
X bR S ETC R E R ; 80%F1 100%
HERF 46 B EE Z23-17 T8 7+ 7 R FH A0 34
(L8 Al LHN FE oy . S8 &
S HAER X REAL P, WL R EER

& 3D-3F M ANEALER) I (1T R4 B
AR E, 60%IERHEIhE Z2J-17 B+
A F(L12) I R A . &S
Sk 20.23 mg/g Fll 1.97 mg/g, B 60%AE A} ab B
(L9435 i 2 55 22.42%F1 10.19% (P<0.05),
A7 B AL B (L11) R BE B S 42 o 3 58 4 4 i
s 80%AEKRI KT Bl A ZI-17 B 77+ i
ALFR(L8)HL T HB oA . AW & LS X idab
PO ) 2 25 4R 30.57%F1 16.98% (P<0.05); A
BT L1 XTHRARER, 100%AE RS54 F 7 i A 3
(L3) T 51+ BRI FH (L4 Ao T 3 70 L 5 1
¥R E 5 (P<0.05), 450k 2021 mg/g Ml
18.39 mg/g. AT AEARLXT HEALHE, 3 Rl e K
RN Z3-17 DR R B AR 3 T
o BN TR EER
24 BHE 72J17 5EEREEAXIIBRIE
BYR ST EEHFEN

& 4A. 4B AJH1, BRETEHZR SaDL 80%
FIE R 452 0 T 300 (L) B 1R 5 SRR
RO aoh L12 ¥R, O 1.26 mg/g, ATt
KN R EE ZI-17 TR 7 - R Ak LX) BRI ) 25
FISERRATHA 2 & e W B2 . MK 4C4F
ATET, 60%AER ST 2 ZI-17 TR 55+ s
SEFR(LI2)) AR 2 . S, B
PR AN 25U 2R B w4 alak 2015, 1.24, 0.19
1035 mg/g, % L9 AbBRY B 4 E, R
KRR (L10) , BB (L 1) A A AL T 2%
A 24 05 o 5 8 25 S 398 B 35 AHAR T LS X AR
AE 3, 80% AL A5 14 T R T 2 ZJ-17 T 5 A A
AL N AR E . A, A
MIHRFUKE AR R SR B ER, Z%
Jiti A K S T Bf g 7 Ak R (L 7)o RE (2 2 B R AR
R R . ASHRRKEE LRI RS &,

FEET L1 RFREALFE, 100% 008 5514 T M ih 25
ZJ-17 @R A B (L4), fOKE AT =R
SEEERS, M 0.78 mg/g (B 4G).

& 4H ATHT, AR TR HEAE(LO)AR 3, i
FARRRARENAE 7 MESREASEHR
FHRE(P<0.05). LI 60%AERLA AT 1 77 +78 i
REFR(L12) 5, N 7.99 mg/g, 510 60%AE A%}
HEALFH(L9) HE 2 2 42 5 18.89% (P<0.05), H
JEFE(L10) ., AP (LI 22 AR 525 80%
NER ST BB 2017 TR+ AL BE(L8) 5
L5 PR L, NI AERE R AR ERS
(P<0.05), & 6.82 mg/g; 100%JtiIE /KT — %
BCRI(L4)5 L1 X REAb B HL U] 22 oK i 2
2.5 EMEZ7J-17 5BEEKAIIBIEST
EMZFUEAFZ N

MR 1 ATA, FHAS AN XS B, &b B
T I 2R )1 7 5 (P<0.05) o (HAS W] jifi e
AOET, MEIBA T L R R 1 7]+ ARSI P Ak 3
PEFN A RN A TANFE . 75 60%ERK
VT, BhdE ZI-17 WRHE A PR 12))1] FIE
PR, Tik 26 476 kg/hm?, S5V 60% A8k}
REFR(LO) M B 4R 45.25%, (L1 AiE R
Ak FL(L10) 1] A 77 5 0 43 Sl 2 5 29.76% Al
14.73% (P<0.05); 7E 80%AEEIKE T, 2 iliE: 2J-17
PRI RS FR(L8) NN T 50 24 637 kg/hm?,
Ej R RA(LS) b i 2 4 v, B A JRE AR (L) | it
JNER R AL B (o)t e B 2 4 = )1 (™ aE,
20 835 kg/hm? Fll 15 743 kg/hm?; 7E 100%JE K}
KT, BhEE Z3-17 T+ AL P (L4) F
ARFR(L3) 5 L1 XL, 77 o0 i o 2 5 5 61.11%
F137.80%, N 25 427 kg/hm? 1 21 749 kg/hm?,
LR, At hn 7 551 b 3#L(L2) % 7 15 TG
i

AR T A it I X6 BE(LO), 4% Tl b 341 44 7] 5
FARE I AL R E N2 B R 3% (P<0.05) . )1
HIE S EME Tz L 60% K54 T
BihdE ZJ-17 WA+ EBEA I (L12) &, &
198 570 CNY/hm? Fl 178 407 CNY/hm?, 5% 60%
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3 EHE 7J17 5BERBMIBEFSSEMEME  A: b B2 E S E; B: b B2k
T C: MBS D R e SR B NS F MR R e S R
Figure 3 Effect of combined use of Aspergillus niger ZJ-17 and mulching film on the nutrient content of
Angelica dahurica var. formosana. A: The TN content of aboveground part; B: The TP content of
aboveground part; C: The TK content of aboveground part; D: The TN content of underground part; E: The
TP content of underground part; F: The TK content of underground part.
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4 BHE 7)-17 SEEKAXIAESTEZIENEW A BRETWIER; B: REATHER; C: A
ERTEAZ ;s D: F4AMK; E: SFHNER; F: AR5 G KMEMRATHER; H: LMEFER.

Figure 4 Effect of combined use of Aspergillus niger ZJ-17 and mulching film on the content of coumarin of
Angelica dahurica var. formosana. A: Imperatorin; B: Isoimperatorin; C: Oxypeucedanin; D: Byak-angelicol;

E: Bergapten; F: Byak-angelicin; G: Oxypeucedanin hydrate; H: Coumarins.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2688 WA

IR R Microbiol. China

F=1 FBREM)IBIEFEMZEFUEHIF M
Table 1

The yield and economic benefit of Angelica dahurica var. formosana under different treatment

b3 Faa s BEAA Input cost (CNY/hm?) e A Income (CNY/hm?)
Treatment  Vield (ke/hm?) ik BREMA  HWBERA  EERA s RAG
Fertilizer Weed cost Mulch cost  Bacterial cost Total output Economic
cost value benefits
LO 9607g 0 33350 0 0 72 053¢ 38 703h
L1 15 782¢ 4984 33 350 0 0 118 365¢ 85 015f
L2 17 191de 4984 33350 0 566 128 933de 90 033ef
L3 21 749¢ 4984 0 16 608 0 163 118¢ 141 526¢
L4 25 427ab 4984 0 16 608 566 190 703ab 168 545ab
L5 13 748f 3987 33350 0 0 103 110f 65 773¢g
L6 15 743¢ 3987 33350 0 566 118 073¢e 80 170f
L7 20 835¢ 3987 0 16 608 0 156 263¢ 135 668¢
L8 24 637ab 3987 0 16 608 566 184 778ab 163 617b
L9 18 228d 2989 33350 0 0 136 710d 100 371e
L10 20913c¢ 2 989 33350 0 566 156 848c 119 943d
L1l 23 653b 2989 0 16 608 0 177 398b 157 801b
L12 26 476a 2989 0 16 608 566 198 570a 178 407a

WAL RE . A BERRAS . BRI MR AR 3. 1.9, 0.7 Fl 4 CNY/kg, BiEAi AL IEE I S5 sA, Bihd 21-17
il 28 A4 566 CNY/hm? 1145, S {64 7.5 CNY/kg 5 Hi it 5 .

The prices of oil cake, urea, calcium superphosphate and potassium sulfate are 3, 1.9, 0.7 and 4 CNY/kg, respectively. The cost

of weed control fabric includes the costs of film mulching and film removal. The preparation cost of A. niger ZJ-17 is
calculated at 566 CNY/hm?, and the total output value is calculated based on the market price of 7.5 CNY/kg for fresh goods.
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A
¥k Plant height

HE: Root length

HI 42 Root diameter

Mo 3543 Dry weight of aboveground parts

1 34T Dry weight of underground parts
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BRIR SRR IA . RN ZEF M, P<0.01; *FRZERLEFE, P<0.05,

Figure 5 Heat map of correlation analysis of various determination indexes. A: Heat map of correlation
between agronomic traits and yield of A. dahurica var. formosana; B: Heat map of correlation between soil
physicochemical properties and yield and quality of A. dahurica var. formosana; C: Heat map of correlation
between plant nutrient contents and yield and quality of A. dahurica var. formosana, D: Heat map of
correlation between soil physicochemical properties and plant nutrient contents. ** indicates that the
difference is extremely significant, P<0.01; * indicates that the difference is significant, P<0.05.
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