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WE: [ BB ] WF557a HUACIE FH 0 5 8 i FH vk B o 3R aisth 52 oy #5 (€ [Astragalus membranaceus (Fisch.) Bge.
var. mongholicus (Bge.) Hsiao] YG AR . BUidie )y . PR AR AW, b o 5 b 28 AR SR & 3
MENESR G2, [ ik ] DS M AR, S A TE NS [ B B SR T o R T K IR .
R F TN ZE =K EE4eikit, MNENAYE (0). R (A). 3 MAEHIUEEHE N 0, 1200, 2400
kg/hm®, ZMlch 00, O1, 02; 3 MMM R 0. 1. 2 g/L, AAlich A0, AL, A2, JL41AL 9 -4k
L, THRHEHEMEREE 60 RIFHEIMEM ROCARCRSE. PiEEHEERMBER YR EE, THEIEK
FHORT G 120 RIFRIER R =68, A8uinmESRE R, (SR ] HET 00 43, 01, 02 A EEM
FEOLEHE (P, ZABHRE (T) MAILTIE (G) /& T 13.6%~29.2%. 17.0%~32.3%. 14.8%~21.2%,
it AL A (CAT) . BALYELEF (SOD) . ALY (POD) IEM 4 52 T 10.4%~24.0% .
9.5%~13.5%. 7.5%~29.5%, FIHEMHE (SS). AIEMHE M (SP). JZEMR (Pro) S/ AR E T 11.0%~28.8%.
22.3%~94.3%. 13.2%~61.4%, WAEFEEET 3.8%~8.1%, HERFH (AIV) ML L5 HEEHRHEHEH (C76) &
BORRE T 7.4%~19.4%. 4.5%~22.7%, Pb, Cd. As il Cu & EHI FIET 1.4%~16.0%. 5.0%~19.5%.
5.6%~9.7%. 11.5%~352%, HIHT A0 AL, Al MhEGERR THECACR . PLE BRGNS B MY
B, BITTRASEMGRN S &8, Pb., Cd. As, Hg Ml Cu S E BT 12.0%~22.2%.
6.9%~17.1%. 7.5%~13.3%. 7.1%~18.9%. 16.1%~21.9%, 2022, 2023 4E¥JLL O2A1 AL B~ & (6887,
7153 kg/hm’) B, O0A2 ALFAYF=4E (6065, 6278 kg/hm’) £, 2022, 2023 4F O1A1 ALFH A PIRN 25508 2 &
B, AIV &5 (0.144%., 0.148%) %8 O2A1 25 T 5.1%~7.2%, C7G & (0.059%. 0.060%) 3 O2A1 AL FRHE
F T 53%~13.5%. [ 4518 ] i A HUIEFLE B 0 s B nT s 5 s SR A 80E, EEHHEN
briige Sy, MMt mSEE R AR A, DUGEAAPUIE 1200 kg/hm® Bt A Wil EE R 1 ¢/L 11 BERR
FHER B S B R S TR RE ) RO Al HIRA S R E SR 15 R
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Abstract: [ Objectives ] Organic fertilizer and alginic acid have been proved of increasing the stress resistance

of crop. We studied the combinations of organic fertilizer rates and alginic acid concentrations on improving the
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photosynthetic efficiency, stress resistance, yield, and medical quality of A. mongholicus in saline-alkali land.

[ Methods ] A field experiment with a two-factor-three-level complete design was conducted in saline-alkali
land for two consecutive years, using seedlings of A. mongholicus as materials. The two factors were organic
fertilizer and alginic acid, the three application levels of organic fertilizer were 0, 1200, and 2400 kg/hm’ (denoted
as 00, O1, and O2); and the three application concentration levels of alginic acid (A) were 0, 1, and 2 g/L
(denoted as A0, Al, and A2). At 60 days after the rejuvenation of A. mongholicus, the leaf photosynthetic
parameters, antioxidant enzyme activities, and osmoregulation substance contents were measured. And at 120
days, the yield, and the contentd of medicinal components and heavy metals in 4. mongholicus roots were
measured. [ Results ] Compared with 00, O1 and O2 treatment increased the leaf P,, 7,, and G, in 2022 and 2023
by 13.6%-29.2%, 17.0%—-32.3%, and 14.8%—21.2%, enhanced the activities of CAT, SOD, and POD by
10.4%—24.0%, 9.5%—13.5%, and 7.5%—29.5%, increased of soluble sugar, soluble protein, and proline contents
by 11.0%—28.8%, 22.3%—94.3%, and 13.2%—61.4%, and increased the root yields by 3.8%—8.1%, the AIV
contents by 7.4%—19.4% and C7G contents by 4.5%—22.7%, and decreased Pb, Cd, As, and Cu contents by
1.4%—-16.0%, 5.0%—19.5%, 5.6%—9.7%, and 11.5%—35.2%, respectively (P<0.05). Compared with A0, Al
treatment significantly increased all the tested photosynthesis parameter values, the activities of antioxidant
enzymes, and the contents of osmoregulation substances, significantly enhanced the root yields and medicinal
component contents, and decreased Pb, Cd, As, Hg, and Cu contents by 12.0%-22.2%, 6.9%—17.1%, 7.5%—
13.3%, 7.1%—18.9%, and 16.1%—21.9%, respectively. In both 2022 and 2023, O2A1 treatment was recorded the
highest root yield (6887, and 7153 kg/hm®) while O0A2 treatment was recorded the lowest root yield (6065, and
6278 kg/hm®). Compared with O2A1 treatment, O1A1 increased AIV content by 5.1%—7.2% and C7G content by
5.3%—13.5%. [ Conclusions ] Both organic fertilizer and alginic acid application showed obvious effect on
increasing the stress resistance, root yield and the medicinal composition contents of A. mongholicus, due to the
enhanced photosynthetic efficiencies and antioxidant enzyme activities. Satisfactory synergetic effect on yield and
quality but low heavy metal content can be obtained at combination rate of organic fertilizer 1200 kg/hm* with
1.0 g/L of alginic acid to produce A. mongholicus in saline-alkali land.

Key words: organic fertilizer; alginic acid; saline-alkali land; Astragalus mongholicus; yield; quality
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SRS AT, AL TARZ 110°20°0.024”, Jb4h
41°7'19.308", K 1357 m, 4ESEIREK R 272.7~
291.1 mm, #HFZ 2RI 1,
1.2 MR

B S i A CPMREK =32 em, FIR
FL=0.8 cm, Y EHEE 530 g), #REE 15 cm, 17l
30 cm, VAR 8~10cm, k. LA HUE N IFHITE
R AR AT A BRZA w1 AR 7 14 1 A LR R BLIR &
2=90%, N+P,0+K,0=12%), MH#:m Al A&+t
ST YU S LR A o N S B VI i A R TAE 2 %5
SET RN I B — IR o T BRR AR 52 B R
TE 30 R—IKMERGA , Va5 RRAR BRI 1 5T mpy e it
AR, IR 5 H TR AV W D AR 2R A L
1.3 Rt

I R W R =K et PR E AL
IS ot P R TR R R e VR B, 3 A ML it FH i
0. 1200, 2400 kg/hm*, 45licl 00, O1, 02;
3 ARG W E ARG 0, 1. 2 /L, HlHicH
A0, Al, A2, 3 MFEERME 3 thm?, L9 4
AbFE, RENACEE 3 REE, /NXTARA 20 m* (5 mx
4 m), FoAil R BR R R R AR R . b, PRARSE
B RFIE IR F )45 8 2022-06-10 AT 2023-06-03
14 MEMBSHZE
L4.1 HRGERESSHSE RERK 60K, T
ERI E49: 30—11: 30, 1E£/NX HBEPLIEHEL
3 BRTCHEBRERR I B, fifi ] CIRAS-3 BB A0 &
EE AL SE, ARG HERE (). 7EBH
(L), MilE CO,E (C). AT (G), ULt
KA FIH# (WUE),
1.42 W RPUAMEE B SRR SR T
R G 60 RIEA/NX LR 3 MREERE, i H ot
FR AR AR, FF7E-80°C VKA -7 . &% Liu
ARSIy g D E R B R AR [ A A A
(catalase, CAT). @A LWE L (superoxide
dismutase, SOD). & /LY (peroxidase, POD)]
TSPV B SE T Y)0 [ AT PERE (soluble sugar, SS).

% M8 H (soluble protein, SP). JHZ MR (proline,
Pro)] & i,

1.43 MREME  TRFFE 120 X, /DXHE 12
T FRHEA T 58 B FEAR R 7 i D

144 WMANYON S MESIE S/ TIRFE 120
REL/NX N HEHLIER 3 HREERIRR, 2% (P E
28 ) OPEITA R RO [ EWT (AIV), B
SRR AT (C7G)] P48 [ 45 (Pb). 4 (Cd).
M (As). 7K (Hg). 4 (Cu)] FERIE .

1.5 HIEES 2

RIS BHE R Excel 2016 HEATANEEFIVER, fif
FH SPSS 24.0 #4777 20 #r .
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Hi % 2 R 3 AT UL, A MILAE T 2 R VAT 3 R Tt
FHH BE XS B g P T, G W G, 33945 35
(P<0.05), i PH#& Z 0] B EAERL R AT 2023 4F C A
W . M T 00 4bH, O1. O24bHEF4FEiY
P.. T.F G, 48 T 13.6%~29.2%. 17.0%~
32.3% M1 14.8%~21.2%, C, FF&T 8.6%~18.0%,
MK AR (WUE) 6 484k, Baa HLAE AT LA
AR S E M RDCEEN, B 02 A
SR . AHAS T A0 KB, A1 ARBRAR S T AR
WP, R T,, BEALT PIAERY C, XF 2022 4 00 Al O1
eI T R G A BE P ER; T A2 43
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Table 1 Chemical properties of test sols in top layers

o AR AL AL 22X ESpIN o
v ” Alkali hydrolyzed N Available P Available K Total N Organic matter pH Total salt
ear
(mg/kg) (mg/kg) (mg/kg) (gke) (ghkg) (ghke)
2022 59.13 8.24 133.84 1.03 16.37 8.3 8.21
2023 54.84 8.81 126.71 1.18 15.08 8.1 7.94
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Table 2 Photosynthetic gas exchange parameters in A. mongholicus leaves under different organic fertilizer
and alginic acid treatments (2022)

s WOLEHE R, ABMET MCOMKEC  ULREG AR (%)
Treatment [umol/(m?+s)] [umol/(m?+s)] (umol/mol) [mol/(m?-s)] Water use efficiency
00 A0 9.33b 5.03b 160.1 a 0.434b 1.86 a
Al 11.84a 5.82a 1458 b 0.523 a 2.04a
A2 8.08 ¢ 4.28¢ 167.5a 0.415b 1.89 a
-3 Mean 9.75¢ 5.04¢c 157.8a 0.458b 193 a
Ol A0 10.38b 599b 1453 a 0.488 b 1.73 a
Al 1291 a 6.83a 134.0b 0.577 a 1.89a
A2 11.10b 5.38b 137.9 ab 0.512 ab 2.08 a
SF-35 Mean 11.46 b 6.07b 139.1b 0.526 a 1.90 a
02 A0 11.93b 6.39b 141.6a 0.526 a 1.88 a
Al 13.96 a 731a 128.0b 0.560 a 1.92a
A2 11.90 b 631b 137.2 ab 0.530 a 1.90 a
344 Mean 12.60 a 6.67 a 135.6 b 0.539 a 1.90 a
T 25535t ANOVA

0 ok ok ok ok ns

A * ok o *k ns

OxA ns ns ns ns ns

H: 00, O1, O2fREA MM HO0. 1200, 2400 kg/hm?; A0, Al, A2RFRIGEMMGEFHWEE /0, 1. 2 gL, [FEFEWREARFRCER
b PR 2% F A F0.05 B EK T o WIS, ORFEAVILAEL, ARFERMAI, OxARTEEIMERN, nstCFRABRMALE, *.

R AR RN 430.05, 0.012E K,

Note: 00, O1, and O2 represent organic fertilizer application amount 0, 1200, and 2400 kg/hm?; A0, A1, and A2 represent alginic acid application

concentration 0, 1, and 2 g/L. Different small letters after data in the same column represent significant difference among treatments at 0.05 levels. In

the ANOVA, O, and A represent organic fertilizer and alginic acid treatments, and OXA represents the interaction effect, ns indicates no significant

effect, * and ** indicate the effect at 0.05 and 0.01 significant levels, respectively.

02 LbFWGAE) CAT. SOD. POD & ME4Mldt e T
10.4%~24.0%. 9.5%~13.5%. 7.5%~29.5%, SS.
SP. Pro &8/ 42 E T 11.0%~28.8% . 22.3%~
94.3%. 13.2%~61.4%, VLEIAHUIEA] DL 4 w52
RPN RE S, H 02 b T 4R i SO B hn
o FHECT A0 ALEE, ARG, Al AbFR R
PEE T PIAERY CAT 1 SOD 15 LL & 00 Fil O1 Ab#
1 T POD 3, [RIEE X BI4EAY SP Al Pro %
. 2022 4F SS F LA 2023 4F 00 Fll O1 kbR &
T SS Frith A A WA A2 AP E R
THAE 00 BT Y SP & & . 2022 4F 00 Al
Ol ZEFRSAF 1Y SS Fl Pro Fri LA K 02 AbIRAAETR
() SP ik, ULHE SRt T DL 4 o 58 B
Puiife Sy, H A1 ACEAGR TSR A 8
23 BHREMEEERN RO RERATENF
L1 AT UL, AT A AL T s e Ak 38 %) 5ty

W A WA, E R R X A TG
FYEHAER . O1, 02 AbFRPHAEAR Z 7= 48 00 4k
PRI T 3.8%~8.1%, WA HLIEMEHA R +5
W SRR, NS A VR R, Al 4
PRWAE = B Y 3 T A2 Ab B, H AL
O2A1 KB = Hfe i, 2022 A1 2023 4454
6887 il 7153 kg/hm?, HIL O1A1 AbFREEE T 1.7%~
4.2%, OO0A2 KbFR[) =153k 6065, 6278 kg/hm?,
U W BV B Y R A R TR S B
B A AILIE it ) 2 mT 0 — 2 4 T 3 R ) 3
24 AHREMEERNRHTRERAAGUMSF
EERAENEMN

A& 2 AT UL, A HUAE it B X 2 4R 58l B AR
ZEE R EH AT (C7G) &R 2022 4F i 1
T (ALV) E g W R, T 0 Rt FH e i X 41
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Table 3 Photosynthetic gas exchange parameters in A. mongholicus leaves as affected by organic fertilizer
and alginic acid treatments (2023)
4t oL AR P, EMEE T, FCOMIEC  AILRIEG, ARSI (%)
Treatment [umol/(m?+s)] [umol/(m?+s)] (umol/mol) [mol/(m?-s)] Water use efficiency
00 A0 8.98Db 445b 143.2b 0.395 ab 2.03a
Al 10.22 a 5.16a 132.0c 0.438 a 1.98 a
A2 8.44 b 4.16b 159.1a 0.359b 2.03a
-3 Mean 9.22b 4590 1448 a 0.397b 20l a
Ol A0 9.86 b 5.11b 135.7a 0451 a 1.95a
Al 1181 a 585a 122.0b 0.497 a 2.03a
A2 9.73b 5.17b 1392 a 0433 a 1.89 a
-1 Mean 10.47 a 537a 132.3b 0.460 a 1.96 a
02 A0 10.31b 5.34b 1255a 0.457 a 1.95a
Al 1226 a 596 a 109.6 b 0.518 a 2.06 a
A2 11.13b 5.40 ab 121.0a 0.469 a 2.07a
S Mean 11.23 a 5.56a 1187 ¢ 0.481 a 2.03a
J5 225381 ANOVA

0 sk o sk ok s

A ok . ok * s

OxA ns ns * ns ns

H: 00, O1, O2fREA MM HO0. 1200, 2400 kg/hm?; A0, Al, A2RFRIGEMMGEFHWEE /0, 1. 2 gL, [FEFEWREARFRCER
b PR 2% F A F0.05 B EK T o WIS, ORFEAVILAEL, ARFERMAI, OxARTEEIMERN, nstCFRABRMALE, *.

R AR RN 430.05, 0.012E K,

Note: 00, O1, and O2 represent organic fertilizer application amount 0, 1200, and 2400 kg/hm?; A0, A1, and A2 represent alginic acid application

concentration 0, 1, and 2 g/L. Different small letters after data in the same column represent significant difference among treatments at 0.05 levels. In

the ANOVA, O, and A represent organic fertilizer and alginic acid treatments, and OXA represents the interaction effect, ns indicates no significant

effect, * and ** indicate the effect at 0.05 and 0.01 significant levels, respectively.

) ATV Fl C7G & ¥4 B3 %m0, (243 HLAC i &
TR 58 T it FH 0 3 X A9 ATV I C7G S e o
FVEAZE RN, T 00 ZbFE, 01, 02 AbFEPI4E
) ATV F1 C7G & =40 nl4 & 7 7.4%~19.4% #
4.5%~22.7%, FET O1 kbFE, O2 ALFRAY ALV FI
C7G &R TFHET 1.6%~3.0% 1 3.6%~14.8%,
U W it P A7 WL E B8 A ) T e 5ty o T T 2
Y. MIET A0 AREE, PHAEAY A1 ALFE G4 R
T AIV M CTG &, 4rl4em T 8.4%~19.4%
1 13.3%~40.2%, HMAELL O1A1 Zb3A) 2y
OB & R, ALV i 2022 Fi1 2023 4E 5 518
0.144% 1 0.148%, C7G FH43%1M 0.059% Fi
0.060%, H AIV &FHE% O2A1 B E T 5.1%~
7.2%, C7G &5 O2A1 AHHEE T 5.3%~13.5%,
Ui W PV B 04 B R A AR A ML FH = e 52
T EE 2GR RO A

H22 6 I UL, AL H & X 2022 4F Pb, Cd.
As. Cu FiEfl1 2023 4 Cd, Hg, Cu A BEN
SO, AR PR N M B XS ARG S MR &R S Y
AW, TP Z 8 TAERON AU 2023 4
Pb A R EMRN , HBT 00 4B, A ML
HEJG, U6 2022 4F Hg & et ToEPERZ M, AR
Pb, Cd. As Fl Cu S HHI TRET 1.4%~16.0%.
5.0%~19.5%. 5.6%~9.7% Fl 11.5%~35.2%, 1]
AHEAR TRMESZTEERRESBN S, H
BT A0 L, M EERE, AL APER) Pb. Cd.
As. Hg il Cu & &3 R T 12.0%~22.2% .
6.9%~17.1%. 7.5%~13.3%. 7.1%~18.9% .
16.1%~21.9%, Al Fl A2 Ab3H 5 EFEAK T P AR Y
Pb i Al ACFREE AL T WA O0 A FR 254 Al
2022 4F O1 AbFRAET Cd Frit, A2 b3 I 2 A%
T 2023 4F 00 1 O1 ZhHLZAMF T Cd & Al b
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Table 4 Antioxidant enzyme activities in A. mongholicus leaves under different organic fertilizer and alginic acid treatments

2022 2023
kb3 S ALY LA W E A TREALYE AL W E ALY
Treatment Catalase Superoxide dismutase Peroxidase Catalase Superoxide dismutase Peroxidase
[U/(g-min)] (Ulg) [U/(mg-min)] [UA(g-min)] (Ulg) [U/(mg min)]
00 A0 36.3b 157.6b 153b 320b 137.6b 129b
Al 40.8 a 169.7 a 17.8 a 35.8a 160.6 a 144 a
A2 33.1b 1458 ¢ 14.6b 30.5b 150.6 a 113 ¢
1) Mean 36.7b 157.7b 159b 32.8¢ 149.6 b 129b
01 A0 39.1¢c 169.1b 17.0b 357b 159.0b 155b
Al 47.0a 182.2a 18.7a 38.6a 1773 a 174 a
A2 42.7b 166.8 b 15.6b 3430 166.2 ab 15.6b
F-#4 Mean 42.9a 1727 a 17.1a 36.2b 167.5a 162 a
02 A0 443D 17530 17.7 a 38.6b 161.4b 16.1a
Al 48.8a 188.5a 185a 419a 174.6 a 16.7 a
A2 4340 173.0b 16.8 a 37.4b 167.2 ab 172a
S35 Mean 455a 179.0 a 17.7a 393 a 167.8 a 16.7a
Ji2E53Ht ANOVA
O ek k3 sk ek & ek
A sk sk sk sk ke sk
OxA ns ns ns ns ns *

. 00, 01, O2RFAMUILIEHE 0. 1200, 2400 kg/hm?; A0, Al, ARFHEFEIRMEHWEIE R0, 1. 2 g/L, FFEEE AR TR
FEME ] 25 A F00.05 8 F K 22y, OREAENICAL I, AREEEEIRALTE, OxACEKEAERN, nsfCRAZTRN A WE,

* R RIRRAS AN A F0.05 ., 0.01 K-,

Note: 00, O1, and O2 represent organic fertilizer application amount 0, 1200, and 2400 kg/hm?; A0, A1, and A2 represent alginic acid application

concentration 0, 1, and 2 g/L. Different small letters after data in the same column represent significant difference among treatments at 0.05 levels. In

the ANOVA, O, and A represent organic fertilizer and alginic acid treatments, and OxA represents the interaction effect, ns indicates no significant

effect, * and ** indicate the effect at 0.05 and 0.01 significant levels, respectively.

EEAR T PI4E O0 Ml O1 AL B As &2,
A2 Rh PR S FEAR T 2023 4 00 f1 O2 AbHE A4
As Ty Al ABFRE RN T 2023 4F O1 Fil O2 b3
ZAF T 2022 4F Heg i, A2 AbPRE EFRALT M
AE 00 F1 O2 Wb HAF T He Frid; Al AbFE I ERET
THAE Cu i, A2 AbHLE SRR T 2023 4F 02 4k
R AN 2022 4F Cu i, Uk BH IR S R AT PRI
SFHEKESE S EIEN.

3 g

el 2 ] T S A R R, IS
FWIA BIUIE AT LA S 6 e b, - 198 7% 25 o R L B B 45
PIBRah e, RTHPHR IR A, R SR
T 1 R S A B R A 2 T RE Ty, S A Y
AU S i I 77 A B A LR 25 ) S5 m] A AR AR

B pH! A T EE R 1Y) I A T LG i el
ol b, - S %) Fl A= W AV 5 ) i — 2 1 - SR g,
s AR, — e R AT DR
AR i O

T I ORI 9T F B 2250 kg/hm? AT HLAE AT LA
N NS EAW AT D e (RN B0 UL A WA 11N
VAR T=TAN i P I SR & FAR BB SANI )
£ A FNLZS X AP 280 o f s 7 FER AR
W55 i A MRS, KRS F b Cd Al Pb &%
HEERL; HE LB R, BTG ET
DATE— @ FEEE T QR i 7% AF A 25 A ) 8 #H AR
RELSESTENRE, AR EWEHAVIES,
ST RO A E R AP e ) I g, R
P,. T.. G,. CAT %, SOD it . POD ifith. SS
. SP E M Pro ML U] g
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x5 TEBANEMEERLETRHEEMHASERATYRISE
Table 5 Osmoregulation substance contents in A. mongholicus leaves under different organic fertilizer
and alginic acid treatments

2022 2023

Trﬁim AAMERE (mg/g)  TAMEERM (mg/g)  HEME (ng/e)  TTAMERE (mglg)  THAMEEM (mglg) AR (ug/g)
Soluble sugar (SS)  Soluble protein (SP) Proline (Pro) Soluble sugar (SS)  Soluble protein (SP) Proline (Pro)
00 A0 152¢ 530b 1102 ¢ 13.6b 3.70b 93.6b
Al 193 a 741 a 139.6 a 15.6a 526a 1262 a
A2 17.3b 6.51a 128.7b 14.5 ab 4.76 a 108.7 b
SF-45 Mean 17.3b 6.41c 1262 b 14.6 b 457 ¢ 109.5¢
)] A0 17.4b 7.16 b 131.5b 16.4b 7.71b 131.8b
Al 20.8a 8.40a 1519a 18.6a 9.21a 1509 a
A2 19.5a 7.97 ab 1449 a 17.4 ab 8.06 b 144.5 ab
-4 Mean 192a 7.84b 1428 a 17.5a 8.33b 1424 b
02 A0 18.8b 8.12b 138.0b 18.7a 7.78 b 165.0 b
Al 20.5a 9.70 a 1533 a 19.0a 9.58a 186.3 a
A2 20.1 ab 9.36a 146.2 ab 188 a 929 a 178.8 ab
SF-35 Mean 19.8 a 9.06 a 145.8 a 18.8a 8.88a 176.7a
Jr 2530 ANOVA
0 *% *% *% *x *x *%
A sk sk ek B3 sk sk
OxA ns ns ns ns ns ns

F: 00, O1, OARFAHULMHIHH0. 1200, 2400 kg/hm?; A0, Al, AZRFRIGHBIGHIKEE R0, 1. 2 g/l FSEHREARFRAUEER
Ab PR 25 55 F00.05 B E K. NN, OREAVUIELH, ARFIEHRLIE, OXARKRIIEMN, nsfCRAEBBNALE, *,
w4 RFRAE RPN K FN0.05, 0.01 BFEKT-

Note: 00, O1, and O2 represent organic fertilizer application amount 0, 1200, and 2400 kg/hm?; A0, A1, and A2 represent alginic acid application
concentration 0, 1, and 2 g/L. Different small letters after data in the same column represent significant difference among treatments at 0.05 levels. In
the ANOVA, O, and A represent organic fertilizer and alginic acid treatments, and OxA represents the interaction effect, ns indicates no significant

effect, * and ** indicate the effect at 0.05 and 0.01 significant levels, respectively.

7300 12022 0: #* A:#% OxA: ns 7300 19023 0: #* A:** OxA:ns a
a _I_ b
7000 | a ab _]:_ b 7000 a b
& a b b _}
£ 2 R JF s B EF
£ 6500 6500 | ¢
j=2 b b
=
[}
6000 6000
!
% ss00 | 5500 |
sooo L4 Lt L4 LA T B BT T T so00 ALl L4 L1 T4 L1 LT T 1
A0|A1|A2 A0|A1|A2 A0|A1|A2 A0|A1|A2 A0|A1|A2 AOlA]lAZ
00 01 02 00 01 02
Qb #H Treatment

1 FEANEFGERLETERERRRESE
Fig. 1 Root yield of A. mongholicus under different organic fertilizer and alginic acid treatments
TE: 00, Ol. 02 RFEAHAMMEEN 0. 1200, 2400 kg/hm®s A0, Al. A2 fOFRMFHMMIAHE N 0. 1. 2 /L. O REA VLA,
A RFIFIEIRAE I, OxA ARREAER . *. 5 HIARAB RN TE 5% F1 1% KR, ns (RERARZE .
Note: 00, O1, and O2 represent organic fertilizer application amount 0, 1200, and 2400 kg/hm*; A0, A1, and A2 represent alginic acid application
concentration 0, 1, and 2 g/L. O, and A represents organic fertilizer, and alginic acid treatment, and OxA represents interaction effect, * and **

indicate effect significance at the 5% and 1% levels, respectively, while ns represents no significant effect.
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Fig. 2 Astragaloside IV (AIV) and calycosin-7-glucoside (C7G) content in A. mongholicus roots under different organic
fertilizer and alginic acid treatments
: 00, O1. O2 {UEAHILHEHE R 0. 1200, 2400 kg/hm®; A0, Al. A2 fURIGEBRIGHWE RN 0. 1. 2 ¢g/L. OfUEAIICLHE,
A RFFEFRAE I, OxA AR EAER , *. 5 BRI RN 5% F1 1% KV B3, ns (RFABE
Note: 00, O1, and O2 represent organic fertilizer application amount 0, 1200, and 2400 kg/hm?; A0, A1, and A2 represent alginic acid application

concentration 0, 1, and 2 g/L. O, and A represents organic fertilizer, and alginic acid treatment, and OXA represents interaction effect, * and **

indicate effect significance at the 5% and 1% levels, respectively, while ns represents no significant effect.
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Table 6 Heavy metal content in A. mongholicus roots under different organic fertilizer and alginic acid treatments

Y Pb (mg/kg) 4 Cd (ng/kg) fift As (mg/kg) R Hg (ug/kg) i Cu (mg/kg)
0y S o o o - -
Year  Treatment Ry Ty At -y At -1 G -1 G Ty
Content ~ Average Content ~ Average Content ~ Average Content ~ Average Content ~ Average
2022 O0 A0 0916a 0.799 a 70.6 a 65.1a 0425 a 0.410 a 22.0a 19.7 a 922a 8.20a
Al 0.771b 61.7b 0373 b 182b 7.67b
A2 0.711b 62.9 ab 0.431 a 18.8 b 770 b
Ol A0 0823a 0.700 b 62.0a 559b 0.400 a 0.374 b 21.1a 199a 771 a 6.75b
Al 0.654b 5140 0.349b 18.6b 6.47b
A2 0.623b 54.4 ab 0.374ab 19.9 ab 6.05b
02 A0 0745a 0.671b 55.7a 52.4b 0.398 a 0.376 b 19.6 a 183 a 6.68 a 531c
Al 0.631b 50.3a 0354 a 17.7b 522b
A2 0.637b 512a 0378 a 17.5b 4.02¢
2023 00 A0 1.163a 0951 a 82.7a 74.1a 0.564 a 0.518 a 26.6a 245a 11.59a 10.65 a
Al 0.905b 703 b 0.489 b 247 a 9.70 b
A2 0.785¢ 69.2b 0.502 b 22.1b 10.66 ab
Ol A0 1.045a 0.938 a 763 a 704 a 0514 a 0.489ab 26.0a 248 a 10.40 a 9.42b
Al 0.870b 69.9 ab 0.467 b 23.7b 8.63b
A2 0.897b 649b 0.486ab 24.6 ab 9.24 ab
02 A0 0902a 0.824 b 67.7a 64.4b 0.496 a 0.468 b 21.7a 18.6b 924a 823 ¢
Al 0.794b 63.0a 0.459ab 17.6b 7.59b
A2 0.776 b 62.6a 0.448 b 16.5b 7.85b
Ji 253 ANOVA
2022 (6} * ** ** ns ok
A *x *% *% *% *k
OxA ns ns ns ns ns
2023 (6} ns * ns *x ok
A *% *% *% *% *x
OxA wox ns ns ns ns

E: 00, O1, OAREAHUALHI A E A0, 1200, 2400 kg/hm?; A0, A1, A2RFIFEMIE AW R0, 1. 2 ¢/L. ORFHHLILLH, AR
RIGFHERAL I, OxAEREARRL. *. #HRERLEERONTES% %K B3, nsfURARFE .
Note: 00, O1, and O2 represent organic fertilizer application amount 0, 1200, and 2400 kg/hm?; A0, A1, and A2 represent alginic acid application

concentration 0, 1, and 2 g/L. O, and A represents organic fertilizer, and alginic acid treatment, and OxA represents interaction effect, * and **

indicate effect significance at the 5% and 1% levels, respectively, while ns represents no significant effect.
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