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Effects of exogenous hormones on the proliferation of endophytic fluorescent
labeled rhizobia in seeds and growth of the seedlings
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Abstract: The formation, development, and seedling growth of alfalfa nodules are regulated by multiple plant
hormones. The proliferation and growth promoting effects of hormones on exogenous rhizobia have been studied,
but there is relatively little research on the proliferation and growth promoting effects of hormones on endogenous
rhizobia. To address this knowledge gap, three concentrations of 3-indoleacetic acid (IAA), 6-benzylaminopurine
(6-BA), and 28-homobrassinolide (HBR) , which promote the growth of rhizobium SM12531f, were evaluated.
Alfalfa seeds containing cyan fluorescent protein labeled endophytic rhizobia SM12531f were soaked in solutions of
one of these three concentrations, and planted. The effects of the exogenous hormones on the number of endophytic

rhizobia in alfalfa plant tissue, plant nodulation, and plant growth were analyzed. The results showed that the
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optimal concentrations for promotional activity of these three hormones were 14 mg-1. 'for IAA, 18 mg-L ' for 6-
BA, and 2.97 mg-L."' for HBR. During the seedling stage, 6-BA and HBR were beneficial for the proliferation,
nodulation, and growth of endophytic rhizobia in plants, and the former had a more significant growth promotion
effect. The hormone 6-BA resulted in the highest number of endophytic rhizobia colonizing in the roots, with a colony
density of 1167 cfu-g ' at a dilution of 100 times and aboveground fresh weight of 1.99 g-plant '. 6-BA was also
beneficial to plants during the branching stage. The endophytic rhizobia formed 833 cfu-g ' in plants with an
aboveground fresh weight of 5. 03 g+plant ', when diluted 100 times in a ground root solution. Therefore, in these test
conditions, the most suitable hormone for promoting proliferation and growth of alfalfa endophytic rhizobia was 6-BA at
18 mg-L ' concentrration. These results provide a theoretical basis for the precise utilization of the nodulation nitrogen
fixation effect of endophytic rhizobia in seeds, and lays a foundation for the symbiotic breeding of alfalfa rhizobia.
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meliloti12531f(SM12531f) , H: 5 14 B bk N Ensifer meliloti 1253100 [ v B R B R B A8 b 0, 208 BAEH &
555 A0 T8 AH AR N I SR IR AR IR B ) AR AF T H R AR R 2 R AR S R G R A g =
112 fHKME FTHAME RN S-MBE LR (K E) 6-F I IES (AR R ) K 282 R R (R &
PO ) S5 BT TR T A AR A A R
1.1.3 fElAF  SEF o & POARIE N AR AR T SMI125311 Y 58 3URF . iR F A WA 4 90 0 % i
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Fig. 4 Number of endophytic rhizobia labeled in alfalfa plant tissues at seedling stage
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Fig. 5 Number of endophytic rhizobia labeled in alfalfa plant tissues at the branching stage
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G347 L 6E B LA AR M I 3R 6~ A ik 04 Ak 3 01 0 [ R0 O R (5.00X 10 pmol-g 'eh ) BB T M AL
(1.51X10 " pmol-g '~h™') K& 28- 7% il 3% & N fig 4b H 4 (1.07X10 " pmol-g '*h™") (P<C0.05) , 2 H4& 5 T
69.78% F178.53% ; Ml FE3b (& 6F ) , 67 & L M0 b 4 () W Il 20 26 (1 % 72 (0. 43 mg-g ') i & & T X id 4l
(0.18 mg-g )5 28-F M KX MBEALFEZH (0. 29 mg-g ') (P<C0.05) , 43 %4 1 57.51% F131.95% .

PRLIHG , 20 AR 46 T T 3R 67 e I S Ak 14 45 98 e ) A B R T

250 A 0.0081 g
E 2.0 £ E
= 0otk =
. g; = 0.006f E
oo sl 8~ Rl
%g = 15 g ETE im 2
R 2HE 00041 3
E2Z 1.0t 28 = oyl
g5 0 _’(_339 ™~ 8
s Z B o =
o . o)
Z =} Z
Z
0 0
6r 0.0006 [ o
2
3 2 e
=T 4t w52 0.0004F G g
g o = o £
feiie %3 ) {E{;
m ji g ==
*Zo 21 & & g | Q‘“-g
= 9 E 0.0002 =2
8~ \D:g
b g s
' 0 g0
CK 3-IAA 6-BA HBR CK 3-IAA 6-BA HBR CK 3-IAA 6-BA HBR

6 HEHEEEKRNSEERE
Fig. 6 Nodulation capacity of alfalfa plants at seedling stage
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88 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 2

8r A 0.0151 B 2.0
E . 2
'_Eq‘_/\ 6k .‘—; £ 1.5

®2E 5 0.010 B

Eya oo pp-

£S5 g4f R=IR= g

UEL ¢ b S s 1.0

S22 £EE =%

B o3 4 - & 0005 g
2< 2 5 g 0.5
: E :

0 0 0

6 0.0020 o 8
£
£
o 2 0.0015 1 =
5E 4T #ED 418
&0 gz 8T o g
g & 27 0.0010 ug{ S
3 B g =]
2 BEE S5
Zz 2f EoE R
£= 0.0005 mé"
1 0 Q

CK 3-IAA 6-BA HBR CK 3-IAA 6BA HBR — CK 3-IAA 6-BA HBR

B7 SHEHAEEEKRNEER
Fig.7 Nodulation capacity of alfalfa plants at branching stage
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g Bk D R T HAB A (P<T0.05) , 3 %F HR 4 | 3-M5| Wk 2, 62 b B 21 Ko 6-71% 4 ik B2 s Aob T 44 43 I 4R 555 T 166. 67 %% .
166.67% K 128.57% .

HH % 2 AT, e A I, 67 2 LI Ab R A (5. 03 g+ fk ) A M I ff 7 (9 3% i 3-Ms| Wk L R AL R4 (2. 06 g+
DL K 28-F i SE R N AL BRZE (2. 97 g-®k ) (P<C0.05) , 43 % @ F 4870 7 144, 17% F169. 36 % s fE M |+ &
o AR 6- G FE IS Ah BEAL (0. 95 g+ #k 1) B3 i T 3-M[ Wk LR AL FEZH (0. 39 g Bk ") LA B 28- 1 i =% 2% P i 4 B

1 HEHAEAHFENEEEKRE E BT TFEENZ N
Table 1 The effect of different hormones on the aboveground and belowground dry and fresh weight of alfalfa plants during the

seedling stage (g-plant™)

b3 b i Wl E b i W E
Treatment Aboveground fresh weight Aboveground dry weight Underground fresh weight Underground dry weight
CK 1.7340. 08ab 0.2340.00b 0.83+0.01b 0.06=+0.00c
3-IAA 1.6240.21b 0.2940. 05ab 0.68+0.01d 0.06=+0. 00c
6-BA 1.9940. 23a 0.31£0.02a 0.73£0.01c 0.07£0.01b
HBR 1.6640. 15ab 0.2940. 03ab 1.4040. 00a 0.16+0.01a

TE - B P ARk, RIF)AR R /ANG TR 308 22 5 B35 (P<<0. 05) o CK:XJ 3 3-TAA : 3-W5| Bk £ 7R 5 6-BA : 6--F Z JE 0% s HBR : 28- 1 i 58 R A
Bio TR
Note: The values in the Table are mean+ standard error, different letters in the same column indicate significant differences (P<C0.05). CK: Control

group; 3-IAA: 3-indoleacetic acid; 6-BA: 6-benzyladenine; HBR: 28-homobrassinolide. The same below.
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K2 SBRPARHEMNEEERE E BT FHEENZ T

Table 2 Effects of different hormones during branching stage on dry and fresh weight of alfalfa plants above and below ground

(g-plant™)
Ab B BT Ho b fe Ho W FE
Treatment Aboveground dry weight Aboveground fresh weight Underground fresh weight Underground dry weight
CK 0.8040. 09ab 4.2840.47ab 2.3341.00b 0.3640.13a
3-IAA 0.3940.10c 2.06+0.48c 1.194+0.19¢ 0.2140. 12a
6-BA 0.9540.19a 5.03%1. 20a 3.91£0. 20a 0.4640.23a
HBR 0.51=£0. 20bc 2.97=+1. 0dbe 2.19+0. 14b 0.29+0.12a

21 (0.51 g+ ¥ ) (P<<0.05) ,r 3l B E#R-E T R3 HEPIEAHEIVEEERERH AR KEURRKEY
143.59% B 86.27% ; WK 6-F E LW i sl gy P
HF 6T (3. 91 g B B2 A b B (P Table 3 Effects of different hormones at seedling stage on leaf

. . e number, plant height and root length of alfalfa plant
0.05) , X BAZH  3-5| Wk 212 b 141 K 28~ Tl 32 2

b 3 LR /Ui 5 K
Py R Ak A O i 4 r% T 67.81% . 228.57%% 0 Treatment Leaf number per plant Plant height (cm) Root length (c¢m)
78.53% ; fE MR T b, X BR 41 H il b B 4] 25 CK 16. 002, 00b 31.66+2.15ab  19.1040.30a
ANEFEP>0.05), 3-TAA 19.00-+1. 73ab 29.02+3.21b 14.80+1. 10b
T BT FE A bR 4 1 L 2 6= 0 6 I 4 kb T 2 6-BA 20.00+1.73a 32.62-+2.31a 18.8040. 80a
E"Jﬁﬁk ﬂf}#%ﬁ((zo. OO)E%‘%}:FXTJL H 40 (16.00) HBR 19. 334 1. 53ab 29. 644 1. 09ab 18.5040. 70a

(P<<0.05), B EHE T 25.00%, 5 & 3-m|K: 2,

e . T4 HEPAEARENEEEKEKRMTEFH . KSUERREKS
i Ab TR ) R 28185 Tl 35 22 I S AL B4 25 BOR "

A1)

(P=0.05) ; # 3 6- 7 &0k W e 40 39 41 19 #k Table 4 Effects of different hormones at branching stage on
(32.62 cm) 2 & & T i 2% 3-m| W 2 e A4k 33 41 leaf number, plant height and root length of alfalfa plant
(29.02 cm) (P<<0.05), .3\ T 12.41%0, 5 %) hb R bkt B ] Rk
A 2 1 28- 125 1 52 2 P G b B 4 2 B OR i (P> Treatment Leal number per plant Plant height (cm)  Root length (cm)
CK 64.00+21. 28 32.46+2.51 19.13%£0.95
0.05) s ZEAR it , k3 6-7F S SL WS b 31 41 (18. 80 ‘ o .
O B X - 3-IAA 33.67+5.13b 35.04+2.05a 19.23+3.02a
em) 28~k TR 3% P RRAL AL (18. 50 em) Bh JX 1 6-BA 53.33+9. 24ab 35.52+45.81a  20.1340.67a
41(19. 10 em) 3 8.3 & T R 3-151 b £ 1R b 21 41 HBR 62.67+2. 08a 34.1043.90a  20.20+3.45a

(14.80 em) (P<<0.05) , 2 5#E 5 27. 02% .25.00%
F129.05%(%3).

16 8 FE AR 0 B ), 6-F & LIS (53, 33) LA K 28- 1 il 38 2 N R AL BR A1 (62. 67) (19 B bk - F 0 5 X FE 4]
(64.00) 2% F A B3 (P>>0.05), 1M 3-W| M 2 R A FH2H (33. 67) B L T X 24H (P<<0.05) , FEAIR T 47. 39% ; £ B
A RARK T I, X IR S5 A0 22 ROR 5 (P>0.05,%4),

2 FRTIb 3R 6-7 S SR RN X A A AR A AR K B R E .

3 itig

MY MEENEDNERET . LAY EAERRE RS RE RERS, ENE-YEA LG
i B ]l ST AR SLRE AR B AR Y . A R SRR Y A AR K R B R AR A 9 Y AR R Y
JE

A KR B HER E A 1 iy DL N B B AE A W A8 B R R R AR AR Y, A A A K R AR e R TR A AR
HiRYo i SR e P A B 2 B H W AR KR BB A A B B MR T B K R B B
SRS R IBUE I 5T K B S| W 2, TR RE 5 B v A TRARL IR T E S AR A 25 N G E B B E R G P A AR RS T A AR
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b T RCE o AT ST R I 35| Wk IR O R X PN A AR JRE TR TE A A AR 2H 2 Y 3 R 3 AR VR D, DT S 2 3-
W] W 2 TR o Xof PN A AR IR TR R 7 40 ) 8 R 1 A B B AR L S KB i SR A R — B IR HAE R E ¥
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YRR, i — 20000 1 A A bR 1% 11 801 R Bl 553, DA T 3 380 3P| Wt 2 T AR XoF 1 70 L ke ) 2 RS 3 2 kA H o

XS B ST B, A0 A 43 54 R TR AE AR R B A 3 LA R VR O LA A S 2 R R AR R A T
W 0 AR Y B — A R E T B AR R A A 2 E A S A E S LS. Nandwal 2770 5% % BL40 i
3 458 X i SN [ AU RE O B R R e VR R 0% 4 i 3 S 2R A 3T AR R S D AR R I AR R e
I TT L B R IR Xt 40 3 2 3R 0 T SR AT — R B Y AR O R BT EOVR B 11 6% S I X T A R
(1 285 90 B8 ) HAT BRURRVE L 3X 5 Mens 55 1 B 58 285 AL . LT ‘B0 VR 32 174 400 0 4 54 28 ] D 0 4 v 55 6 1 7 1 L
CASIN A NS o T Wiah T N 1 v AT & 70 0N SE =89 b GRS o 7 S N3 A -
T CERRR I R R DL SRS Ty T LA A AR T D R A R R Y A L0 2 R AT R R Y B Y
I3k ZER R DL SR G AR R A

I3 2 P TR X AR R & I R A A A 1, B AU i S T AR R e A ST 2 R AS TR U ) 28- 1 il
KRNEREME /N 5 (Polygala tatarinowii) WA S K0 /0, 5 A S, T 24-3 03 2 N TR AL 3 98 & Fh -, 7]
S BN R e AR i R T DA R 1 G R 3, 4 BH A [R] A 2SS (R B A T SR 2R PN [ TS (R AE 4 7 A
AN TR S L AR5 e B 28- 15 i S 2K D TR E 4 v A S B G I T R AR I S5 b RO R IR B UEE L
Ferguson % [ BIF 58 45 AR o 35 ‘B VR B 1) 901550 2R A9 [T 2 ] LA PR A 88 b 52 i) F T 2B G AR AR e R ek R
FER A AT B R S AR AR S h 28-S N R AE M I R EE M R T Ak B bk
DL KR T 18T A AR 2 4 FHAIR T 671 2 R4, JHC D DRI T B8 oA 28- 1 11 36 25 74 I %o PN 2B AR R T ) 3 A AR IR T 67
GABEWENS | T — 0 (0 AR R Y [ UM B RS L DA TS B 28- 151 T 2 2K N IR X B A AR R 2R A AR BE A TS K 6-R
GRS

T B0, AP IR S 0 B v B2 A o B 2R DL R S OGS P A AR E MR TR FR AR &R 1) R BB 2R DL Ef s
7 Lo B HA BRARAE T, OF BA AT A8 I 2Ot hR 1 ML I 7 AR R ) T AR R R B AR AR
SEFE o AT P 3R 67 Bk IR X A R AR A N I A I PN A AR TR SMI1253 11 HLAT IR A AR L I 28~ T SR
R NTE FAE e BRIy v 3-15] e £, T A 43 s A T A A R 9 PN A ARRE TR SMUL253 1R AE s R4l i 1, B
FR6-7 e W I 07 R R %) 4598 e 0 A BB ), TR A3 A AT, 6-7% 2 R N 0 AR YRR Y L I 21 4 1 A 3 AR A
FH LT 2815 11 2% 25 P T AN 3-15] W 2, 182 A X 5 A MR 11 245 988 8 T ke B4 EVE T o T BH PECYOBIE O & B VR GE B
We LRI IR R RN SO0 B A Al L M T T S DL R T E AR A,
3P AN IR U Z TE T A A AR A ) T, 67 24 SR RE S AR O B I I DR, 6 T A A R N AR AR R R A 5
FA) AN 4 Do P A A R B R AR L R

4 it

FEQ ] 2. 97 mg- L' 1Y 28- 51 i 3 3R P9 I Xk 56 46 B 7 AR AR A 30 A 2B AR TR SMIL 253 LE 3 7 L K A 450
[ A A KA R AR RORAR T 18 mg- L 'Y 6= U B 0% 5 HL4Jy 87 301 0 43 A 300 X 58 46 1 7 A bk b 18 PN A B8
B SM12531f 34 58 LA K B A& 4598 L 18 0M A K 39T 2 O TR W B 18 mg- LAY 6-"F L RS o PRtk , 7E &)
RO BT B A PN A AR R 0 B DA B A AR R RS 0 18 mg- LY 6 A BRI
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