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mg/L.. KNO; 140 mg/L.. NH,NO; 134 mg/L.. KH,PO,
169 mg/L. KSO, 120 mg/L.. MgS0O,243 mg/L, il &
JLE M [ -CH,N (CH,COONa) CH,COO | ,Fe 30 mg/L .
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7K MnSO,. FeSO, + 7H,0. CuSO, + 5H,0. ZnSO,.
(NH4) §Mo,0,, * 4H,0 | ali 7K ¥k AR %&%"J, 18
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Beit, BPHS R RN TAEFh a8 I BEAILIX 415
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9. 00 [ Wi i 4 /K, 20194E5 A 21 H + 2 i
(RPEAK) 3dIEE MR, BENAPARA R
SRR A TIURE , R R IURE S bR, 3 IREE
IURE . AT B R S SR 7 I A T 028 A 5
BRIGUE, KA A SRR SR i TR A
FHRYR A JE BT 0 162 FL AL 7R/ (34 cm x 66
emx 5.3 em) W, WEITE K BRASTE S, —
WK, — AWt IR

B F WCRE WD ) A A KNO,. CaCly, B
NH,H,PO,. MgSO, + 7TH,0, C ¥ NiMEILE, &£
45 100 15, MR BER G35 BARKR =K e
FHEREL, £2, £3,

F 1 EFEERKFET (mg/L)
KNO, CaCl, NH,H,PO, MgSO0, + 7TH,0
(a) (b) (c) (d)
810 (1) 945 (1) 208 (1) 493 (1)
607 (2) 658 (2) 140 (2) 246 (2)
200 (3) 295 (3) 90 (3) 185 (3)

H: &5 P Aa. b, e, d4r F A8 #E KNO,, CaCl,, NH,H,PO,,
MgSO, + 7H,0; 1. 2, 3405t FK a. b, e dBIE—AKF. 0K
TR =K, &3,

*2 HMERTRERRK (mg/LL)
EmamR (47 {35
FeSO, - 7TH,0 20
Na,~EDTA 37.5
H;BO, 2.86
JGK MnSO, 1.44
ZnS0, 0.22
CuS0, * 5H,0 0.08
(NH,) ¢Mo,0,, *+ 4H,0 0.02
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S | R M R A E, 2 S T 105 C AR T 30
min, FF60°C FHEEIEE, Wl b T8
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x3 ASHEETHBEATR

o KNO, (a) CaCl, (b) NH,H,PO, (c¢) MgSO, - 7H,0 (d) EC {4 oH f N PR Cat Mg §
(mg/L) (mS/em )

I 810 (1) 945 (1) 208 (1) 493 (1) 2.77 5.73 6:1:5:6:1:1
Ii 810 (1) 658 (2) 140 (2) 246 (2) 2.20 5.92 9:1:8:6:1:1
m 810 (1) 295 (3) 90 (3) 185 (3) 1.58 6.17 13:1:12:9:1:1
v 607 (2) 945 (1) 140 (2) 185 (3) 2.39 5.74 9:1:8:1:1:1
A% 607 (2) 658 (2) 90 (3) 493 (1) 2.07 5.87 10:1:9:9:3:3
Vi 607 (2) 295 (3) 208 (1) 246 (2) 1.36 6.20 8:2:6:3:1:1
VI 200 (3) 945 (1) 90 (3) 246 (2) 2.08 5.72 4:1:3:13 :2:2
VIl 200 (3) 658 (2) 208 (1) 185 (3) 1.51 5.95 5:2:3:8:1:1
X 200 (3) 295 (3) 140 (2) 493 (1) 1.07 6.13 3:1:2:3:2:2
CK 0 0 0 0 0.04 6.91 0:0:0:0:0:0

H: CKONMSKARRAL, IERRBM L, (3%) TEFIEsE#,

Az AR AR E « BURER R B2 4178 A AR
RMEERAAR R R A, BfEaalr, 51
Fric, MRERTE Y REI, AR Tl AR
1L, BEJRRATT —20°CUKAE R . st A
TR D R, TR SR
RIEINAE , MR IR TTC ILE, MDA (N
TR HERAGAC L ZRENE Y, g
Bt Y SR LB E
14 BEitsrmr

iz ] Excel 2019 XHRASBHE TR, IF45 G
SPSS 19.0 X & A T4 15347 o

2 ER5HMH

2.0 EIRRIECTT A XA R R AR R
FALW, o LAy GEE T HE L BRE R

s REH AN T, 25K (043£0239 ) g,
(0.07+0.032) g, (4.68+1.828) cm, [ Hb I #F
S FENANN, KUV AR M T
T KA A, 4350k (2.37 +£0.429)
mm., (0.03+0.010) g, HXKAMAHIVI; HTFHB4>
ff 8 1 B M (0.15+£0.071) g B HI VI, Hik
FABN; AR R ME (2.96 +0.776 ) mm 40
BNV, HyChgu I, mEFAREA BEHER,
E¥ B FEETAEA (CK), 43 VIER 2R
2, WA, RUIHAE T2 T AR
e s, vk, HRLOEATHEZ
(] o 55 AH I AR 25 MR T G 2E 1 HR BB Ok R &)
HWERTUEL, . VI, TARFRZ4
Hi AT

£4 FEERRESTAS TASHEOREMR

LY I n I} v v
M ESA i () 0.43 £0.239 0.23 +0.154hc 0.29 +0.199ab 0.28 +0.199ab 0.33 +0.263ab
R (g) 0.10 + 0.073ahc 0.09 + 0.059he¢ 0.13 £ 0.086ab 0.08 = 0.056bed 0.10 = 0.075he
B (em) 4.68 +1.828a 3.46 + 1.055hc 3.91 + 1.052ab 3.79 + 0.870ab 4.11 = 1.447ab
K (em) 772 £2.235 7.13 £ 0.868 8.37 +2.100 732 £2.545 7.96 + 1.939
25t (mm) 2.48 +0.415a 2.63+0.787a 2.86 +0.612a 2.96 +0.776a 2.08 +0.791b
FAH (mm) 1.88 +0.662¢ 2.12 + 0.495abc 237 +0.429 1.97 + 0.499hc 1.45 +0.553d
i F#ATE (g) 0.07 +0.032a 0.04 +0.014¢ 0.05 +0.019ab 0.06 = 0.024ab 0.05 = 0.025ab
R TE (g) 0.02 + 0.009ab 0.02 + 0.006bc 0.03 +0.010a 0.02 + 0.010ab 0.02 + 0.008ab

bzt Vi VI VI X CK
M AR (g) 0.27 +0.169ab 0.12 +0.056d 0.15 +0.075¢d 0.30 +0.105ab 0.09 +0.033d
My FEAEE (o) 0.15+0.071a 0.10 + 0.048abc 0.07 +0.035¢d 0.13 + 0.065ab 0.05 + 0.019d
B (em) 3.76 + 1.110ahc 3.28 + 1.103hc 3.03 +0.601c 3.99 + 1.185ab 1.95 + 0.464d
A Cem) 7.01 +2.247 7.19 £2.352 7.37 £1.792 8.39 +2.583 8.49 + 1.895
252K (mm) 2.57 +0.844a 1.8 +0.473b 2.01 £0.417h 2.51 +0.704a 1.26 +0.346¢
HERL (mm ) 2.28 +0.647ab 1.82 +0.613cd 1.75 £ 0.39¢d 1.96 + 0.483bc 1.46 +0.289d
M BT (g) 0.05 +0.027he 0.02 +0.010e 0.03+0.011d 0.04 £0.011¢ 0.02 + 0.006¢
R TE (g) 0.03 + 0.014ab 0.01 + 0.006¢ 0.01 +0.007¢ 0.02 £0.011b 0.01 + 0.006¢

I BEMHAKTE «=0.05, THR/NEFHREETBE, £SFH.
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2.2 CEFRWETT LA X P S A A B A AR AR AR
Al

S IEH, XFIR4 (CK) 78] % &
Fi. MDA, FIEPERE & & B R R, RS
NEEGEMNES2, WRARE IR IMAL, X
A fig 55 0T B4 T I SR s =m0 AR K 2R 18 DL &
T X 5 iR 30 B — o AR R SN H . 9 Bl
FWE T HEAETEEEASE LRm XA
(3.81£0.145) mg/g, ‘3 (P<0.05) = T & K {H
(Vdl), R 14515 7 MDA & & LRIV

20 (0.01+0.005) wmol/g, BF (P<0.05) KT 1.
I, VId; FEnrstp e, ARG Lixm
I AT 4 (62.38+12.663) mg/g. (111.44 +6.168)
pne/ (g-h), ¥EZFHE (P<0.05) & FHMKMAE (I
VI ), 2% A H 179, 431 4%; fEREA %
NE G & L VI (0.15+0.043) mglg, W
F (P<0.05) fm THRAME (V4 ), RH 2.14 %,
MUL EZE RSy Fr b a] LA, e AR K AR AR
(LA [, O 218 SR WRC Jy AL A AR 1Y Sk 2531
I. VI,

®5 AEEFREEAESTASHENERENIER

TRbR | Il I v A4
AEEHSE (mg/g) 2.71+0.237d 2.88 +0.508cd 2.85 +0.248cd 2.84 +0.124cd 2.62+0.711d
MDA & ( pmol/g) 0.02 + 0.003abc 0.02 + 0.002ab 0.02 + 0.001abc 0.01 + 0.005d 0.01 £ 0.001ed

AR R ( mg/g )

WHRWET [ pg/ (g-h)]

62.38 + 12.663a

111.44 + 6.168a

58.05 +2.387ab

73.24 + 13.136¢

34.78 £2.552d

91.23 + 13.667b

43.99 +4.008cd

103.03 + 6.429ab

49.56 + 6.826bc

58.57 £ 10.06cd

B EEE (melg) 0.78 +0.179 0.57+0.116 0.71 +0.163 0.60+0.114 0.53 = 0.099
H2R%E a & (mglg) 0.53 £0.13 0.37 +0.085 0.48 £0.119 0.40 + 0.085 0.33 £0.072
M2RE b o (melg) 0.25 +0.049 0.20 +0.031 0.24 +0.045 0.21 +0.03 0.20 +0.028
FE MEEE (mg/g) 0.10 + 0.028ab 0.07 + 0.03b 0.11 + 0.046ab 0.07 +0.017b 0.08 = 0.023b
Eita A VI Vil X CK

AAEHSE (mg/g) 3.23 +0.163abc 3.69 + 0.66ab 3.22 +0.309bed 3.81 +0.145ab 4.19£0.512a
MDA %4t ( pmol/g ) 0.01 £ 0.001abe 0.01 + 0.003bed 0.01 + 0.004bcd 0.01 + 0.001abed 0.02 = 0.008a
AR SR (melg) 49.52 + 5.984hc 38.33+4.371d 50.98 + 6.827hc 41.96 + 6.282cd 63.49 + 4.292a
WRAEES [ pe/ (g-h)] 66.45 + 16.963¢ 25.84 + 3.848e 47.74 + 1.866d 58.63 + 5.859¢d 46.44 + 4.5d
B RS E (mg/g) 0.81+0.162 0.58 + 0.083 0.54 +0.063 0.70 £ 0.172 0.72 +0.074
MR a 9 (mg/g) 0.54 +0.126 0.36 + 0.051 0.34 +0.056 0.47 +0.137 0.48 + 0.052
M2RZE b R (melg) 0.27 £ 0.036 0.22 +0.033 0.20 + 0.009 0.23 +0.035 0.24 +0.022
FWE MR AR (mg/g) 0.15 +0.043a 0.10+0.011ab 0.08 + 0.024h 0.11 + 0.025ab 0.14 £ 0.019a

23
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FROMEEEE . KR, HOHL. b BT EC 005, Ho

i3

PIAge 2o R A A B A AR FR AR 0 — 4k (5848
FE /X5 F8 br fe KAE ) S5 BB E B 25 G
PEO R M I A8 bR, SR JG o0 3 o0 B8 35 W BC Jr 4
B BB 5 SR F T S iR Be L g R . AR
YR AN 4 3R B A S (AL ) AL
HRIFEMBHEEER a & 0.09, AIATERE &,
S ER RS R, R Db &, K 008, MDA
it AT S . R MRS MRS
fif . ZEHH. HURERSTTECN 006, ARG, Hi L
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MDA & & Rt bR, FH2 400 46 15 50 B0
-
2.3.1 BB AL XIS Y LR A A
M FR6n] LLFE h, 9 H % W B 7 4 A &
AR RAMKEKR D T >VU>M>KX>IV>
V>T>VI>WI, Hep T, VI I 48
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x6 AREFEEFEATASHENEEES

415 I Il ] v A4
LR 0.661 = 0.022aA 0.525 + 0.067hbcAB 0.628 = 0.076abA 0.580 + 0.058abAB 0.527 + 0.077bcAB
415 Vi Vi Vi IX
LA 0.649 = 0.081aA 0.475 +0.022cB 0.470 = 0.056¢B 0.599 + 0.026abAB

e RFEVNGSRE (P<0.05) . ARIKGFEHRE (P<0.01) it RER B E,

232 ERWETAE LA 5 WIERL S
Bl

M T LIEH, WEME RS FERR 4 FA
ZH EWIFFFRICH b>a>e>d, {H7725 B3 Sig B
N, a R BE KR P29 51550 B
AE (P<0.05) B2, b RZREBEE KM
XFFS LR AR AR EE (P<0.01) B,
RINZIRIS ) E TS, CaCl XMHPFS4 AR
KR, HACH KNO,,

R7 AEYEEAENEXERDN

FEREE HEFRK Pk
H#%E  WZEER FE
Sig iy HE
a 0.090 5.849 0.011
b 0.118 9.149 0.002
b>a>c>d 1311

c 0.050 1.650 0.220

d 0.046 1.550 0.239
Vs Sig fREBEPERESIME, B P a. by oo d4HBIRE KNO,,
CaCl,, NH,H,PO,. MgSO, + 7H,0,

MET AT LLAE S, a. ¢ INER 3 AR5
R/ IMKIR R 15253, b RIZEE 3 DK MER
MR 35152, d IR 3 D /KFHEAS 5 E R/ IMK
WHh 15352, Hifra [HE 1K FEREE (P<0.01) &
F3KF, b HE 3K EE (P<0.01) FmT 2K
o WU BTl A5 88 E AR IR B SRR T 4l &
4 alb3cldl,

0.65 -

i

2 0.60 FON_ aAB aA

&

"E:J aA aAG\Q aA(\a/O

ﬁ 0.55 1 aAB aA

= aA @A

R aA

T 50| bB

& bB

&K
S
045 al a2 a3 bl b2 b3 cl ¢2 ¢3 dl d2 d3

SR FEARIKFE

B 1 FEEARKEEEESSHELRYE
: FPRRRVNG FRE (P<005). KEFEE (P<001) A ERESBE

3 e

T+ HHEFRW— R KT R At TR 4
W, Hh SR Z A ER AR Y
X} 4% G R MR MOE A £ S RSORT B SR, PRI
AN TG R AR AN L B A A K B KRR
M, A RKAEPR A I AR, BRI oo R
AR A e 25 oy A A8 AR i B . DI 25 1 ok
B, A5 1 X 200 B ot KAR, nThEs
HARX & N K E s S a4 K
JEHA K, X S5EHRE XS E R R
—3, TIHRE DY LHLE M N, PR A B
M SHEFRER, ERKEEFEMNBRT, 1
AT O, Mdl, XeTae5HAEN N, PHEAA
K ARV FFZSH R AR A ], TR 53
XS PR EA S, X SEEES T W —
., BRSSP RHN, P K XS R
 N>K>P, H.22 H. &% NP>NK>PK, AR 56 A 78
NH,H,PO, S5 ML T, 4153 VIEA A& R KNO,
Jiti FH 2 P RE S HASCR U S R A

TP A B A AR bR RE RS R A AR AR 1L,
T 3 26 P 3B 120 18 A B AN TR AN AR 25 Aot R, N
S, P, Mg rillEEm A, iR, 4R ML
TLEZ—, KEREEWNBEYRZ—, Ca i
OB A KWL ITE, WRIBER S (5
TERYDCEERI P LB B . < BA M
THYBIERE ., AN S 5HYOLEER. i’
PRSI RE 2 MIRERAE ok E, 419 1
FTE B PS4 B 5w 0 TS R AR R TR
J1, XATREE A N, PREGE T, Al fE
JETE NH,H,PO, ST, T 415 VI4 Vil
XTH, KNOfEA N, K 42, 11,
BT AN, KRS, S5 B
— B FEBEE N, K s 3 m, ]
T2 I —E AR VIETE RISk
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S MR EERE, XARESA—ERENClA
S0 R, 7R Cl A —En, Wl RE S N,
P, K SEERA O, X SR R DY G R
5450 ~ 8g N, 0 ~ 12 gP,05. 0 ~ 12 g K,0 47l
FIN, B N P K it 5 038 in B 0% £ 1E 2
B MRS RMBNRE R -8 a0 IEsCSs
RN, REERWA KA, CaCl, XS4
FIA R K, HK R KNO;, HMZEE 1550k
BN RYMEREREORE, CaCl, BEE WK FFH5
VIS, X RPN CaCl, YIS TR
FEATRE K 295 me/L KBS T — e, o]
REPH A Ca Bifi 25 00 A5 VAR B (R 3G I T PES 40 1
Ak, B 658 me/L B, i Ca nRE AL E] T
SR ER, X 5T BESE T X MDA
SRS —BG WwaRe S Gl e
EFBEA L. MNKNOWRIEBERE, L6195
Bl e B BT BT, SRIIEARAES PS4
XF KNO; 7 SRIFA IR B

4 iR

FEA G0 v 52 P12 ) 1 AR A B PR 3R 4 E IR
435} CaCl,>KNO,>NH,H,PO,>MgSO0, + 7H,0.
A PS4l A K BB SR 5 2H A 21 )
I (KNO, 810 mg/L : CaCl, 948 mg/L : NH,H,PO,
208 mg/L : MgSO, - 7H,0 493 mg/L) . A5V
(KNO, 607 mg/L : CaCl,295 mg/L. : NH,H,PO, 208
mg/L : MgS0, + TH,0 246 mg/L.) , iE&FIS At
K e 78 R BUK - 41454 KNO; 810 mg/L : CaCl,
295 mg/L : NH,H,PO, 208 mg/L : MgSO, + 7H,0 493
mg/L,

SE Wk
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Screening and optimization of nutrient solution for soilless seedling raising of Salvia miltiorrhiza

WANG Kai', GU Yu-chen', SHENG Ye-long’, SHEN Xi-kun®, HAN Yun’, SU Shu-lan', WANG Yuan-yuan', HUI
Xi-ke', GU Wei'", CHAO Jian-guo' (1. School of Pharmacy, Nanjing University of Traditional Chinese Medicine, Nanjing
Jiangsu 210023; 2. Changzhou Menghe Shuangfeng Chinese Herbal Medicine Co. Ltd, Changzhou Jiangsu 213000; 3.
Suzhou TCM Hospital Affiliated to Nanjing University of Chinese Medicine, Suzhou Jiangsu 215000)

Abstract: In order to provide technical support for industrialized seedling raising of Salvia miltiorrhiza and screen
the optimum formula of nutrient solution for soilless seedling raising of Salvia miltiorrhiza, the representative formula
combination of nutrient solution ( I ~1X ) was selected through L, (3*) orthogonal experiment to treat Salvia miltiorrhiza
seedlings, and pure water treatment was used as control group ( CK ), in order to cultivate the agronomic shape, physiology
and biochemistry of Salvia miltiorrhiza. Indicators and comprehensive scores were used as the criteria for judging, and
the optimal combination of high quality formula and orthogonal results of nutrient solution in nutrient solution formulation
combination were analyzed. The results showed that the fresh weight and dry weight, plant height, soluble sugar content and
root activity of the above ground part of Salvia miltiorrhiza seedlings were higher when the nutrient solution of group [ was
applied, and the fresh weight and dry weight, root diameter and carotenoids of the underground part of Salvia miltiorrhiza
seedlings were higher when the nutrient solution of group VI was applied. The highest score was group 1, followed by
group VI. The orthogonal test showed that the optimal nutrient solution level combination was KNO,; 810 mg/L : CaCl, 295
mg/L. : NH,H,PO, 208 mg/L : MgSO, + 7H,0 493 mg/L.. In conclusion, the optimal nutrient solution formulation for Salvia
miltiorrhiza seedling growth was group I ( KNO, 810 mg/L: CaCl, 948 mg/L: NH,H,PO, 208 mg/L:MgSO, + 7H,0 493 mg/L. )
and group VI (KNO; 607 mg/L: CaCl, 295 mg/L.: NH,H,PO, 208 mg/L.: MgSO, - 7H,0 246 mg/L ). The optimum nutrient
solution combination for the growth of Salvia miltiorrhiza seedlings was KNO; 810 mg/L : CaCl, 295 mg/L. : NH,H,PO, 208
mg/L: MgSO, + 7H,0 493 mg/L.

Key words: soilless seedling raising of Salvia miltiorrhiza ; nutrient solution; orthogonal test; comprehensive evaluation
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