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Effects of microbial inoculants combined with organic calcium protein on alfalfa
growth and soil enzyme activity
ZHANG Ying, HE Shan-mu, HE Ao-lei, LI Chang-ning, YAO Tuo’

Key Laboratory of Grass Ecosystem of Ministry of Education, College of Pratacultural Science, Gansu Agricultural University,
Lanzhou 730070, China

Abstract: To investigate the effects of the combined application of microbial inoculants and organic calcium protein
on alfalfa (Medicago sativa) growth and soil enzyme activity, three candidate strains [ Bacillus mycoides (Y1) ,
Bacillus mojavensis (LtM2) , and Pseudomonas synxantha (M1) ] were used to prepare a microbial inoculant applied
at three concentrations (10°, 10°, and 10" cfurmL '). Each inoculant concentration was paired with five
supplementation levels of organic calcium protein (2%, 4%, 6%, 8%, and 10% ) in a pot experiment. The effects
of these treatments on alfalfa growth traits, nutritional quality, root morphology, and soil enzyme activity were
evaluated. The results showed that: 1) All treatments promoted alfalfa growth. The highest dry yield in the first

crop (1.47 g+30 plants ') was achieved with treatment D, (10" cfumL ' microbial inoculant+6% organic calcium
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protein) , while treatment B; (10° cfu-mL ' microbial inoculant+8% organic calcium protein) yielded the highest in
the second crop (5.5 g+30 plants '). 2) The combined application significantly enhanced alfalfa’s total root length,
root diameter, root surface area, and root volume. At a fixed inoculant concentration, these parameters initially
increased and then decreased with increasing organic calcium protein supplementation. 3) Alfalfa plants in treatment
C; (10’ cfu-mL ™" microbial inoculant+ 8% organic calcium protein) showed the highest relative feed value (RFV=
226.56) , whereas treatment D; (10" cfurmL ' microbial inoculant+8% organic calcium protein) resulted in the
maximum total chlorophyll content. 4) Compared to the application of microbial inoculant alone, the combined treatment
significantly increased the activities of soil alkaline phosphatase , sucrase, catalase, and urease. 5) Based on the technique
for order preference by similarity to ideal solution (TOPSIS) evaluation, treatment D, not only enhanced alfalfa growth
but also improved soil enzyme activity , demonstrating high potential for practical agricultural application.
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Strain code Scientific name Host plant Growth promoting characteristic
Y1 BOR ZEIAT T Bacillus mycoides B2 Polygonum viviparum L VAR L A IR A e e 1
LrM2 BE0G 5 ZE AT B Bacillus mojavensis B Koeleria glauca Nitrogen fixation, phosphorus dissolving,
. . N secreting auxin' 17,
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Table 2 Experimental treatments

fib b ¥ 77 Ak B Ak BT i
Treatment Processing method Treatment Processing method

A, LBV A8 7722 LB liquid medium C, 10” cfus mL ™ A B3 107 efus mL ™" microbial inoculants

A, LB A8 752 3+ 2% A HLAS & 1 LB liquid medium+2% or- C, 107 cfurmL ™" A By 7+ 2% A HLESE 1107 cfusmL ! mi-
ganic calcium protein crobial inoculants—+2 % organic calcium protein

A, LB AR 953 44 % A P45 2 1 LB liquid medium+4% or- C, 10° cfu-mL'fAE S E ) 4+-4% AP E 107 cfusmL ' mi-
ganic calcium protein crobial inoculants+4 % organic calcium protein

A, LB W 55 92 3+ 6 % A HLAS 2 11 LB liquid medium+6% or- C, 10° cfu-mL A W i 0 -+ 6 %6 A HLES 2 14 10° cfumL ' mi-
ganic calcium protein crobial inoculants=+6 % organic calcium protein

A LB A 1% 7 3k 4 8 %6 A WL 45 11 LB liquid medium+8% or- Cs 10° cfu-mL A= )+ 8% A HLESE M 10” cfusmL ' mi-
ganic calcium protein crobial inoculants+8% organic calcium protein

A, LB R B 352 3 + 10 % £ ML 2 11 LB liquid medium+10% C, 10° cfumL ' AR B R+ 10% A HLESEH 107 cfu-mL ' mi-
organic calcium protein crobial inoculants+ 10% organic calcium protein

B, 10% cfu-mL"UAE ¥ A ) 10° cfu- mL ™' microbial inoculants D, 10" cfu-mL ' AE ¥ i 7 10" cfusmL ' microbial inoculants

B, 10° cfusmL ™" S AE M T30 2% A HLAS K 1 10° cfus mL ™" mi- D, 10" cfu-mL ™ AW A H-2% A HLASH 1 10" cfu-mL ™" mi-
crobial inoculants—+2 % organic calcium protein crobial inoculants—+2 % organic calcium protein

B, 10° cfus mL ™ AR W R 4% AL E 1 10° cfus mL ™" mi- D, 10" cfusmL AR B +4 % A HLASE 1H 10" cfu-mL !
crobial inoculants—+4% organic calcium protein microbial inoculants+4 % organic calcium protein

B, 10° cfu-mL ™ AW +6 % A PG & H 10° cfu-mL ™ mi- D, 10" cfu-mL ' /E W B+ 6% A HLASE 1 10" cfu-mL !
crobial inoculants—+6 % organic calcium protein microbial inoculants+ 6% organic calcium protein

B, 10° cfusmL ™" AT )+ 8% A ML 4 14 10° cfu- mL ™' mi- D, 10" cfu-mL AW F 8% A HLESE 1 10" cfu-mL !
crobial inoculants+8% organic calcium protein microbial inoculants+8% organic calcium protein

B, 10° cfu-mL ' A # H+10% A HLESE A 10° clusmL ™" mi- D, 10" cfu-mL "B EH 4 10% A HLAS & 1 10" cfu-mL !
crobial inoculants—+10% organic calcium protein microbial inoculants+10% organic calcium protein

YT A BLC DI IR T AN [) v B 04 Bl A= 0 TR0 5 LB 6 11 IS BE , A P A AS T e 32 06 2 0 T ) 55 LS P A TR RCR: , X ALUBLC D LAk
HEEAT A1 25 5 P KL 38 42 AT . Given that groups A, B, C, and D were respectively treated with different concentrations of microbial inoculants
combined with organic calcium proteins, in order to evaluate the combined application effects of different concentrations of microbial inoculants and

organic calcium proteins, intra-group difference test analysis was adopted for the treatment of groups A, B, C, and D.
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Fig.1 Effects of different fertilization treatments on plant height of alfalfa
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Fig. 2 Effects of different fertilization treatments on stem diameter of alfalfa
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LA T 1,46 g- 308k, DAL BRES 2 FE e i, DAL HLES 2 T E e, B DAL BRI 5. 09% . FE 44 R G
L IR ER SN DA, 7. 10g- 30 LB 1IHETEHEREWZ DA, A 1.46 g- 308k ', 58 2 F ff i
FHR R DAL, A 10.90 g- 308k B 2HE T HE K2 BANEE 8 5.50 g+ 308k (I 3),

[ 2817 5 Dry weight of the first crop = % 1 ﬁﬁi Fresh weight of the first crop
B 2% % Dry weight of the second crop I 55276 5 Fresh weight of the second crop

o AW &
Aboveground biomass (g-30 plants ')
CRrNLWALNOTROOD © = 0 WA L O 0O

O=NWh LA \O
T T T T T T T T T T

C\ CZ C3 C-" C5 C(v Dl DE D} D-’l D5 D(v
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Fig.3 Effects of different fertilization treatments on aboveground biomass of alfalfa
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ANFEFEIEZA T EHERRZESHEARRBRE WA (F3) . A RGP ALBNE R SRK R AR
A RARRRI N B, o I AR BRER 75 50, 11% . 34. 84 % .40.00% .87. 76 % ; B Z 41 vh B A H 1Y 1 7 B
K 3 B AR R R 4 A B B4R 5 25, 35%,48. 76 % , B, A BB 15 AR KRB s C R b C b B
T MR R, B8 C A PR AR 3 15. 84 %0, C AL B B A5 AR P ¥ B AR Je i, 8 C AL B W5 4. 2306, HAHEL C 2 7 A8
W3 (P>0.05);D &5 v D AF P E T SR K i m, 8 DA B & 47, 27% , D, A0 B 15 AR 26 1 A AR AR R i
o, DA FR A B AR ) AR R o TE A RN BRI ORAR S 35 B A% B i 38 2 BLAREE, 4390 R 309. 41 em
0. 601 mm , H3 & T A7 &5 19 2 DL AR B, Ky 33. 26 em?®, AR A AR B 35 19 42 C Ab B, R 0. 456 cm’,
2.4 FRAAEMNERETEEZGY A

AZRFIM A FEEAH SRS RRS, B8 75 23mg-g LA R GES BRI, 3. 55mg-g '
BRI BAM T HEE A S ESHRS. B 175 54mg g L BABEHSGRSERM, M4 31 mg-g 5CHR
Fp C AP T B A5 M R S i 88 76,17 mg-g ', C AP M2 5 & 5k, 4 5. 38 mg-g ;D &5
DA F B A G E S R E, A8 T 7. 15 mg g DA F B4 £ & B EAE, H6.09 mg-g S 7E 44 R 4
W, B A R A DAL B BRI S AR ER (R 4)
2.5 RRAKAEMSERZERBRGY 0

AN TR) Ak BRI 78 B R S R e AR R (K 5) o Hodh CoBE R A T & e, o 13.88%0; C b BER
R 43 5 b f5 5, o 95. 00 %6 5 C, A BEORLER 1 & 4 fie i, o4 30. 57 %0 s B AR B R 8 7 A LIS W & s de i, M 2. 31 %5
Co A B v M Uk U 27 4 5 i AR A, Ry 28. 2596 5 B Ab R R 1 Uk U £F 4 & i i I, O 25. 31 % . AN AL B & & 71
RFV 2 185. 01, Horp CoAR R 45 REV dicimy , o 226. 56, B e I pY 4 31 A 16 i 100. 74 %
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Table 3 Effects of different fertilization treatments on root morphology of alfalfa

pis:l SR R H R WA AR AR
Treatment Total root length (cm) Root surface area (cm?) Average root diameter (mm) Root volume (cm?)
A, 131.184+13. 02ab 15.96+1. 86a 0.375£0. 004b 0.147+0.014c
A, 171.034-14. 13ab 15.83+1. 34a 0.436+0.017ab 0.179+0. 022bc
A, 145.22412. 25ab 19.91+1. 64a 0.482+0.025a 0.230£0. 022ab
A, 114.9945.77b 16.81+0. 83a 0.465+0. 004ab 0.195+0.010bc
As 196.92418.47a 21.52+1.08a 0.525+0.041a 0.276=+0.008a
Ay 154.90411. 29ab 17.27+1.93a 0.22740.028¢ 0.141+0.015¢
B, 246.83+2.84b 29.22+1.55ab 0.404+0.008c 0.299+0. 006ab
B, 258.93+8. 16ab 26.43+0. 90ab 0.451+0.017bc 0.236+0.020bc
B, 207.39+21.88b 32.32+1.20a 0.372+0.022¢ 0.360+0.012a
B, 210.77+22.09b 24.09+2.96b 0.390+0.011c 0.201+0.037c
B, 309.41+14. 24a 26.19+1.17ab 0.601+0. 059a 0.341+0.007a
B, 194.9646. 60b 16.40+0. 14c 0.555+0.037ab 0.227+0.014be
C, 204.56+7. 64a 18.2040. 90a 0.497+0.047a 0.456+0. 052a
C, 178.80417. 74a 21.02+2.57a 0.416+0.028a 0.241+0.034b
C, 192.114+18.62a 17.70+1.92a 0.372+0.031a 0.180+0. 024b
C, 236.96+7. 54a 24.20+3.76a 0.41140.027a 0.321+0.051ab
C; 226.22432.33a 31.26+5.13a 0.443+0.062a 0.437+0. 050a
Cq 229.44+9.05a 26.04+2. 66a 0.5184+0.039a 0.335+0.032ab
D, 178.76+22. 26¢ 21.99+1. 23ab 0.413+0.030a 0.226=+0. 005b
D, 256.41+12. 76ab 33.26+1.01a 0.4154+0. 025a 0.346+0.028a
D, 191.90+16. 97bc 23.48+1. 36ab 0.392+0.011a 0.229+0.007b
D, 263.26+16. 34a 30.9643. 69a 0.387+0.015a 0.339+0. 036a
Dy 255.12+5.42ab 16.9143.42b 0.451+0. 026a 0.188+0. 035b
Dy 247.81+9.93ab 24.02+3.03ab 0.429+0. 020a 0.255+0. 020ab

[ — 41 8] 5 A R /NG 7 B 3R OR 28 5 3% (P<C0.05), F A, Different lowercase letters in the same column of the same group show significant
difference (P<<0.05), the same below.

2.6 KRR AT I B E G YR
AN TR A BE R 4 S S M AT AR . A B, Cy Dy S B B R Al S MO 45 R A T R b C R T
A 3 e M B TR G P e R A, A 5. 58 mgeg 24 h L B Co T T 40. 67 Y0, B i i R T O R B AR A A0 B AL R
BT 58.97% (B 4A) o A, B, Cy Dyt S 1k U 16 Mk 4 R 90 vh S O 1, L vb D 2 i A Ak 338 ok 4 A U 7l 0
R, N4.92mg g 24 h LA D T T 25. 8300, B ad Ak S I M S AR A AR B AL $E S T 135, 45% (K14B) .
A B, Co D IR BT 14 £ 2 50 e A B, i B2 T A Ak B8 o DR il R SR = 9, M 0. 77 mgeg -24 h B R
FET 53,46 % , 55 IR BTG VR F I A AR BE A IR B T 124, 89 % (B 4AC) o A, B5 C, Dy REBE B IG 1 R 45 R 80 e L1,
Horp C, 2 B G Ak B vh R R TR e f i 0, 0 29. 71 mgeg 24 h LB C AR TE T 27, 18%% , e e ik v M S AR 1 b
A T 106.62% (K 4D) .
2.7 REMEBXLESIFMHLERAEICLE
2.7.1 WAGEITEAGE WS RAGE TS MR ACE (R 6) . SR BR LS AE R 6.978% 5
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R4 AEERLENELEEHTEENE N
Table 4 Effects of different fertilization treatments on chlorophyll of alfalfa (mg-g™)

wE wEasi  HREbAR R A R mE MRZagk  WEEbAR  MHEREAR
Treatment  Chlorophyll a Chlorophyll b Total chlorophyll || Treatment Chlorophyll a Chlorophyll b Total chlorophyll
content content content content content content
A, 1.48+0.07c 2.07£0.07¢c 3.55%+0.09d C, 2.95+0.00¢ 2.70£0.02¢ 5.65%+0.02b
A, 2.41+0.01b 2.05%£0.03c 4.46+0.03b C, 2.97=£0.00ab 2.41£0.02e 5.3840.02d
A, 1.53+0. 06¢ 2.53£0.00a 4.06=+0. 06¢ C, 2.98+0.00a 2.55+0.02d 5.53+0.03c
A, 2.89%0.00a 2.23+0.01b 5.1240.01a C, 2.96=+0. 00bc 3.14+0.03b 6.10£0.02a
A 2.89+£0.01a 2.34£0.02b 5.23£0.03a Cs 2.97£0.00ab 3.13£0.03b 6.10£0.03a
A 2.56+0.01b 2.01£0.01c 4.56+0.03b Cs 2.66+0.01d 3.51+0.03a 6.17+0.03a
B, 2.88£0.01b 2.45+0.02b 5.33£0.03b D, 2.91£0.01a 3.18£0. 0de 6.090.04d
B, 2.96=+0.00a 2.51£0.02b 5.46+0.02a D, 3.03£0.10a 3.18+0. 06e 6.22+0. 11cd
B, 2.87+0.01b 2.23+0.02d 5.1040.03d D, 2.87+0.01a 3.48+0.02d 6.34+0.03c
B, 2.86=0.00b 2.37£0.02¢ 5.23£0.03c D, 2.93£0.00a 3.73£0.02¢ 6.67+£0.02b
B, 2.59+0.01c 1.724+0.01e 4.31£0.03e D, 2.90+0.01a 4.25+0.03a 7.15+0.03a
By 2.95+0.00a 2.58+0.02a 5.54+0.02a D 2.91+£0.00a 3.88+0.03b 6.79+£0.03b
£S5 AREELENZLEEEEFMRNZME
Table 5 Effects of different fertilization treatments on nutritional quality of alfalfa
hib B A7 HLUIK 53 HEH HLIE Wi PR R AT 4R [ 3dRvRESAR: A X 5 FH A L
Treatment  Dry matter ( %) Crude ash Crude protein Crude fat Neutral detergent fi-  Acid detergent Relative feeding
(%) (%) (%) ber (%) fiber (%) value (RFV)
A, 6.57+0.03d 92.41+1.16b 18.0940.10d  1.264+0.01c 49.88=+0. 13a 36.43+0.19b 112.86+0. 23b
A, 7.02£0.13¢c 94.63+0.32a 20.93£0.83b  2.2340.07a 46.60+0. 23bc 39.64+1.20a 115.8342. 34b
A, 12.2540. 12b 94.30+0. 34a 26.14+0.20a  2.1740.07a 34.67+1.59d 27.34+0.18¢ 182.1548. 55a
A, 12.8840. 15a 94.05£0. 04a 26.84+0.27a  2.2440.10a 31.68+1. 27¢ 27.29+1.10c 199.43410. 44a
Ay 6.35+0. 14d 94.63+0.15a 18.8940.31cd  1.6940.22b 48.75+0.47ab 38.15£1.10ab  112.91+£0.86b
Ag 7.19£0. 11c 94.38+0.18a 20.09£0.29¢  1.8140.06b 45.00£0. 20c 38.40+£0.27ab  121.96£0.91b
B, 12.4640. 20c 94.16+0. 31c 28.93£0.30a  2.20£0.00a 29.28+0.12a 25.31£0.15b 219.79£1. 25a
B, 13.6740. 04a 94.65+0.02ab  28.87+0.30a  1.97+0.10a 30.56+0.55a 25.97+0.14ab  209.14+3.50ab
B, 13.8440. 15a 94.76+£0.11a 29.16£0.08a  2.00£0.11a 29.70£0. 66a 27.25+£0.27ab  212.21+£5.37ab
B, 13.0240. 19bc 94.70£0.09a 28.58£0.18ab  1.89+0. 05a 30.11+0.47a 28.2940. 54a 206.72+4.41ab
B, 13.4440. 30ab 94.68+£0.07a 27.44£0.68c  1.0540.38b 31.92+1.64a 26.14£1.28ab  200.52:£7.64b
By 13.0140. 16bc 94.20£0.11bec  27.65+0.20bc  2.31£0.10a 31.58+0.85a 27.81£1.19ab  198.48+£8.05b
C, 7.05+0.02b 95.00+0.03a 20.48+0.14b  2.0540. 06a 46.18+0. 30a 39.88+0. 22a 116.544+1. 10b
C, 12.884-0. 22a 94.42+0.22a 28.47+£0.0la  2.0640.02a 29.36+0.04b 27.80+£0. 37¢c 213.06+£1.21a
C, 7.67£0.12b 94.45+0.08a 20.43£0.49b  1.66+0.07a 45.19+0. 76a 37.02+0.42b 123.7242.78b
C, 13.4040. 44a 94.95+0.17a 30.57£0.60a  1.9540.17a 29.3841.09b 27.54+0. 38¢ 214.20£8.61a
C, 13.884-0. 16a 94.72+0.08a 29.02£0.92a  1.0940. 20b 28.2540.70b 25.89+0.29d 226.56+4.85a
Cy 13.3540. 15a 94.57+0. 16a 28.32+£0.46a  1.76+0.21a 28.8840.85b 28.01+£0. 32¢ 216.40£5. 50a
D, 13.0740. 29a 94.13+£0.07b 28.06£0.36bc  2.2740.05a 29.444+0.23a 26.82+£0.80bc  214.93+£3.11la
D, 13.044-0. 30a 94.54+0.27ab  29.95+0.47a  1.91+0. 14b 30.79+1.32a 27.88+0.33ab  203.81+9.88a
D, 13.144-0. 30a 94.27+0.12ab  28.04+0.22bc  2.08£0.06ab 30.54£0. 26a 26.49+£0.23bc  208.01+£2.28a
D, 13.2440. 10a 94.65+0.21ab  28.96+0.16b  1.55+0. 04c 30.32£0. 54a 28.69+0.56a 204.36+4.98a
D; 13.11£0. 15a 94.46+£0.08ab  27.44+0.05c  1.79=£0.04bc 31.08+0.05a 26.11£0. 18¢ 205.20£0.17a

o
I
+
e
-
o
[s5)

Dy 12. 94.72+£0.08a 28.75£0.33b  1.88=+0. 14b 31.46+0.44a 26.78+£0.63bc  201.34+£4.20a
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Fig. 4 Effects of different fertilization treatments on enzyme activity of soil

2 AR R AT N 3. 767 %0, 5 1 #EZE LA AL R 3. 228 % , 4 2 #E 25 ML AL Ry 5. 596 %0, M4 3 a & B AL E Ny
2.664% MR b S EMAEN 6. 2740, MR R S HEAE N 3. 790% , 55 1 HEEE FEAREE R 4. 1940, 5 1 #
T HEARLE N 5. 053% , 45 2 FERE T AR E N 2. 810% 48 2 FE T HAALE N 4. 103 % , MAR K AYFLE 4. 460 % , 1R
FT AR AL A 10. 399 %6 MR- 3 AR AL S 2. 435 %0 MR BUALE Ry 7. 433 % , T R ALEE Ry 1. 527 % , #
IR Ay B RLEE R 6. 075 %0 ML AR 15T A BCEE Sy 4. 829 %0 , ML AR 17 i AL EE 2 3. 804 %6, Hh MR Yk I £F A AL EE 4 5. 0225,
TR P DR 4T i AL O 5. 560 %4, H i 4 bR A 5 KA o AR e TR, e/ IME R T

2.7.2 TOPSIS ¥Hr ik i1 5 45 1 25 it A0 A BRZE A PR HE P 45 R (R 1) R B AL B R D AR B (10" cfu-
mL BUAEMER 6% AP EE) 24 CALBE (107 cfu-mL BUEME R 6% AU ER) , BI5 142
AKEFR (LB WA 7256 .
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*6 WMEFRTENELERLE
Table 6 Summary of weight results calculated by entropy method

it H fHE FRA AR it [ 5 & R BER
Item PERIER JHAE Weight Item E JHME Weight
Informa-  Informa- coeffi- Informa-  Informa- coeffi-
tion en-  tion utility cient tionen-  tion utility cient
tropy (e) value (d)  (w,%) tropy (e)  value (d)  (w,%)
55 17 ## The plant height of the first crop 0.929 0.071 6.978 || AR Total root length 0.954 0. 046 4. 460
95 27K B The plant height of the second crop 0. 962 0.038 3.767 || MR FE T FL Root surface area 0.894 0.106 10. 399
%5 1 #2540 Stem diameter of the first crop 0.967 0.033 3.228 || MRV H A% Average root diameter 0.975 0.025 2.435
55 241 2541 Stem diameter of the second crop 0.943 0.057 5.596 |[#R4&FH Root volume 0.924 0.076 7.433
2§ % a 7 it Chlorophyll a content 0.973 0.027 2.664 || T#1J5 Dry matter 0.984 0.016 1.527
45 % b & i Chlorophyll b content 0.936 0. 064 6.274 || HLJK ¥ Crude ash 0.938 0.062 6.075
S5 2R B i Total chlorophyll content 0.961 0.039 3.790 || ML# A T Crude protein 0.951 0. 049 4. 829
55 1 #E & T Fresh weight of the first crop 0.957 0.043 4.194 || #LAE M Crude fat 0.961 0.039 3.804
%5 1#£ T & Dry weight of the first crop 0.948 0.052 5.053 || VR IR £F 2 Neutral detergent fiber 0. 949 0.051 5.022
55 2 4 fif H Fresh weight of the second crop 0.971 0.029 2.810 || BRPEVEM LT 4E Acid detergent fiber 0.943 0.057 5. 560
45 248+ & Dry weight of the second crop 0.958 0.042 4.103

%7 TOPSISHEMItELER
Table 7 TOPSIS evaluation results

i [ IEMALARIE R UAUERIE R MR R HER AR RRE| BRI IR URAURIE R MR R HER R
Item Positive ideal so-  Negative ideal Relative Sorting Item Positive ideal so-  Negative ideal Relative Sorting
lution distance  solution distance  proximity result lution distance  solution distance ~ proximity result
(D7) (D7) (C) (D7) (D7) (C)
A, 0.945 0.108 0.102 24 C, 0.655 0.506 0.436 19
A, 0.736 0.408 0. 356 22 C, 0.482 0.618 0.562 13
A, 0.549 0.571 0.510 17 Cy 0.662 0.453 0.406 21
A, 0.596 0.581 0.493 18 C, 0.304 0.777 0.719 2
A 0.744 0.359 0.325 23 Cs 0. 387 0.777 0.667 4
Ay 0.697 0.496 0.416 20 Cq 0.453 0.674 0.598 10
B, 0.494 0. 640 0. 565 12 D, 0.503 0.617 0.551 15
B, 0.471 0.658 0.583 11 D, 0.318 0.760 0.705 3
B, 0.419 0.713 0.630 6 D, 0.406 0.713 0.637 5
B, 0.447 0.666 0.599 8 D, 0.289 0.779 0.729 1
B 0.463 0.755 0.620 7 D, 0. 480 0.715 0.598 9
B, 0.564 0.614 0.521 16 Dy 0.519 0.645 0.554 14
3 itig

3.1 BADRAANESANSREGRESH FEKGH "

R R ZERELRI A e A S PP R R A ORI 1 R B R AT A ALY AE KPP ML H B A B 52 A
WS ARHEIE A W R S A ALIE 0 SRR S 2 e R O 4R R T O R SR AR R AR K -
PRI AR T o AR T B TR A T A 0 ) G R T 0 [ 2800, BB AS T A T R P A ) A K i AR . R
Y1.LrM2 F M1 f R 2 8 Bl R 0 0 AE K 3R AR AR A R P 2 R AR ] G rh p ok ML B SR VA B R ), bR Y L 43
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WK R R, B R LeM2 Tt 8 68 77 &0, HL B Ak M1 AT Y 12 ] 4 i 5 B (Hordewn vulgare var. nudum) )
AER I

AT LA IR ZH 7 93 75 28 F) 3 R AR A T Ay A 30 TR AR R o) RSEAS ) e SR AR R 8 TR A W TR L LR HEAS [ R R
[E1) F9 AH B DI RE 3 0 2 BE B AD SO, AT A4 A RS R ) B BE DA P LA R it P il ik B BF 5 L 5 A LA 4 G e
X AL E G AR A IS o AT A R R BT A [ VA B A A 0 R R R A A R R S ) B R R 2% S b DL Ak
FEC10" cfu-mL A W B R 46 00 A AILES 5 ) 78 5 YON rp 2 32 B0 G 3 A £ 2R AAOR L 58 1 R bk v ZERLRN
ff T A b FE (LB AT 3755 ) 43 4 5 62. 0820 ,49. 9926 .262. 57 % Al 331. 76 % , 45 2 Hivr , i AL BB 55
SRR T EE A A AL A B4R 67,0294 .30. 17 % .68. 76 %6 1 20. 02 %4 , & B R KUk 3 19 B 75 AT fE DAL 6 2B 0 B
AR ME LR R 58 00 A W 0] SR ) A A s T e o e R A T R AT RE S BRI Wy 18] B U S A B SO AR )
ARG AE M RIAE R o 10" cfu-mL " B T AR v 2R G 38 B B AR S AR AR KR R W R T, S KR T
AP R E AT T o AR S 1SR AR I KR A AR ] A g — DR T DAL BRCR iRkt . X 5
BH 222 3L it A BT A R b AR e T 790 P LA 4R v 55 A 1 0 e v R L FE AR A 0 el A W R S R AT D
FUCEEY A KGO ZE R 2B B0 UE T AR ) — A ALIE P ) SR s R R W A 7 b i 3

W28 RIS A W) AT O 1E A DB 5T, G £ 3 A 0 2 S WA ) G R G A 80, i 2K 1 3 A ek
B AE 0E A 1E R L T T AR RS 3 R E T R R B AT R T R e R R IZ R AU R
TR R R 5 E G R AR BRI A) A7 A e A3 TC IXC T B Ry i R 5 A VA R R it P A T AR A
X5 B 2O T A W B R X N (Trriticum aestivum ) W M4 28 & AR T BB 5T ok F 5 R BB AR W
3G 5 22 4 A B 22 B (Lolium perenne) St -G B8 1 1 R AR BLERAIE | DL F A 93 35 3 W] 30 A= ) R0 A 4 H A ) i 2 R
i W SROCA VR Iy 0 B M ROV . A R R O A LS AR L AR AR S AR T AR BEAUR
TE DAL IR B 4 28 3 s 0T BUA b R 5 87. 89 06, HL S BlA HILAT AR 1 AR in 2 3G n i S T R R . X —
SE0L 5 TR A R A ) 5 A T R 4R R T AR 3 30 20~50%0 B S5 W AH M R, HE— 2B TE SE TR R 5
JE Rk 6 5 2 C ot 2 9 A0 AEL 0 01 G AR T B A RO S
3.2 MAMAMNLEAISEGRAN Y ERAEAYEHH 0

R BR A Ry 5k AE 0 N A 45 A P %) O B X3, LAl B 45 1) 722 A X T AR ) R R 1) A K e T LA B e ) R A ) fdt e
ARV EA P Mg m L ARG AR K AR SR A AR 38 B MR R B AR RO SRR, v AN R 4
AR R AE KRS MO REFRETE . DA SR K AR R A R H EAAR ORRB R A LB S 100.69% .
93.98% .3.20% .130. 61 % o & 5 H (A A [7] T Ak T 7E AR B T2 2 8 B4 A9 B0 A W0 I ¥, — 7 T3 40 DAL D R
Vs S M AR 5 o3 A ZH ARG AL, ) — T TG o 30 I RO bR G 0k 3R o AL e ) R IR R AR EE XS
2% B A 3 o R A 3 B R IE S IR A TR T A 4 WA | Bk £ R (indole-3-acetic acid , IAA ) 55 4 4 18 K 289 I {12
EHE 78 M & (Avena sativa) K (45 F— B0, X SR 0F 58 K B, A 90 1 57 RE R 2E 7K A8 (Oryza sativa) 3
TR R PR R . 0 1E 550 R BURA: W T R A8 B8 3 A BE VS 81 2 ( Cucurbita pepo) RIS A4 R 5 R0
FEAE AL o SR 10 0 35 4G 0 R R A 5 S RURE A 5 S T AR O DT i i X K A R R A B IR SRR . R
f18) AR 2 TR g R o B A i Bt T B 2 4 B 7 A5 A R B A A S R R R R B A R R
DAL, N 45 4 B A B R GAAEE R R GE A H T K o3 MR 3 R B B s B e AR R A1 0
RO W AR A KRR 55K AR BUR & R R % T 2 AR R A1 SRR S A AF 5% 4 FUK 43 ZE SR S A B Dy
A4 A — 2 1 % b TR R e B T AR R T A I B e T, SR A I S AR HE R AR R AR b . Mk
Rl 7] 24 5 A AR T, G X6 - S PR 1 ek s A A B, T A A8 AR R A B R0 I B S, A AR R
Jeil [ 2 B ok R o RT R AR R S A R 4 BRI, B A S I R A RIAR R A K R BUE AR RIEEEIR T
RS BRI, AR A R ) A0 B AR R B —E B S  RSR A 25 A W 3 o i S B TR SO T R R
Oy oI Z R A AR T, AR AR R ASHE AR W BT TN S A AL AR A it O R R A 3 Y B )
RGO L WE ST B B A A AL 2R 1 S 0 B S0, AR R IR S A SCHR AR S T B EL . B T RE SR I o A
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BUES B A B & A 8 0 E F2 0000 BB AR R A K AR e n W o S . 8 2 1 05 (48 107 A B T 4 3 AR R 40
14 1E 5 25 K RN D) B8 , 4 108 40 i 1Y) 43 S A
3.3 MAMAMNSAIASE GBI Y R E MO Y 0

BCRE R 1 ORI T vl P A A R R M O AR A A O R PO O O R Y AR A I X 5 R
Tt A S B OGRS R BT SRR, B AR A 18 IR R A A e FLAR AL B S & Ol 1 T RS R R % 1)
FAOGM S AR 558 A A W TR R 5 A LS B PR AT R T SR A I R L X — R R A
Rt ST 4 i A SR s B A T BRI AR o e FH R 0 TR T A A R SR T R R ISOR e A S v T A e O
A AR A R R E A R AC R BRI S B A B T Ca P LSRR I 43 8
Xf BRZH S IN 16. 406 (14,196 11,900 4. 206, BRPEVE VR T AE AN vh PEVE PR 7 4 & i P R FE 10. 90 F1 7. 705,
ARHFRAERG Z @ B8 ARG, B AE 0y AR X A 8 B A LS S5 S I E RRAR 4 B ) v A i A e
Z M4, [R50 46 B 45 (0 b PR VR VR 27 2 R ME VR VR 27 2 & AT TR AR . DB T4 B KK 53 RLER 14 RDRL G 1D
BA AL PRAE 101,520 .2.42%6.60. 0926 .23, 0204 , Hh P Tk % 21 4 F0RR 1 Uk % 2F 4 & B P 2 T IR 39. 2104 AN
21.25% o 3X—G5 FALIRAE T AR W A1 00 00 AR 0 78 3% ol B 0 ) 2 08 g SE B R T A AL B 1 AE DI ) 1 80 Y 0%
SRR . A LS AR F b A BILR A T AR R A W B VR L RO A IR A A 0 B v A K B (AR AR
PR 55 A 38 T B S KA £ A RV o X S R R S AR KRR LR E R B A S R
FE X 5 Zhang 2505 A9 s A 0 T AR 5 B A T 42 75 7 0 (Solanum Lycopersicum) fib TS5 I, i — A5 5 UE
TR Wy — 3 43 Wb R) R AR A i B0 A
3.4 BAMARN L5 ANAE G EES LHHE LG YA

SR O b AR W e R B AR TR AR S R G R R O E BT A M Y AR AR o
{1 IE 3 WK 08 LA B A 0 A KR BB AR R TR B AR A A R B D R AR X B — %) A S R e

SR R A TG R R B 2 B R A, A% A W 22 )T iR TR P G g R R A W AR I S RE 2 AR X
e S A A T v H S E AR o AN RIS A B, A R S A LA R X R T R R S A A
PR o b, DAk P8 S 6501 0 19 i o Sk ST UK T RO R O 00 ) AR AL AR B 5 240300 ,100. 544
107.96% .9. 885 . 0 WS 45 W 50 it 38 F VA BE 1) 60 A 0 R R T o B SR B W RIS TR 2 R, B AR
S8 TR T RVl P T O P R A AR IR B0, B AR N R B, AR ISR A R S IS WA . AR
S5 ORI e AR A 0 TR ARG T Xk S ek A S DR R I R A A 4R S O BOR . He SEUVIR R R UUE Y
Bl 791 -5 A A A IE 5 e P A, XoF T e S R 23 DA K I P 405 W KT BRI P, AR RS AR 5 2 2R X SRR
Wy W ) 5 A HILE B TG G SR DA 5% K A B R o WIS R AT g R S R A OB AR LAl A 7 A

SRS ARG YR 5 B AT B N T o ROR BT AT — B IR AR TS R RUE W RN A R R T [
VAR A5 HAt AT HUAE B BRIV T, LD AL b S A 25 PR 5, 48 v AR A 9 7 A o
4 %Ki

TA= 1 1 R0 55 A BILAS 2 1 TC e 0 5 A Al A OR B 3, ELSR 1 FEAR AR ROCRIE T4 2 9. I M BR Bk 2R
PP S5 R, DAL B (10" efu-mL B WU TE 0] £ 6 20 A HLESE 1) M X 5806 8 8 A MR IR BTE S VB IR i
SR AR RO T HAGE AL 77 58, BRI T R EEEE R . P, 107 cfus mL RAR B R+ 6 06 A HLES Bl LA
N AT A 1Y B AR L A1)
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