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Effect of phosphate—solubilizing bacteria and phosphorus on non-structural
carbohydrate content and the carbon: nitrogen: phosphorus stoichiometry of alfalfa
roots

WEI Kong-qin, ZHANG Ying-ying, HUI Jin-feng, MA Chun-hui, ZHANG Qian-bing’
College of Animal Science & Technology, Shihezi University, Shihezi 832003, China

Abstract: The aim of this study was to determine the effects of phosphorus fertilizer applied with phosphate-
solubilizing bacteria on the non-structural carbohydrate content and stoichiometric characteristics of alfalfa (Medicago
sativa) roots. An experiment with a two-factor completely randomized design was established with two phosphorus
(P,O,) fertilizer levels: 0 (P,) and 100 mg-kg™' (P,); and four inoculation treatments: no inoculation (J,), single
inoculation with Bacillus mucilaginosus (J,) , single inoculation with Bacillus megaterium (J,) and mixed inoculation

(J;) , making a total of eight treatments. The root vigor, contents of soluble sugars, soluble protein, starch, and
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malondialdehyde, and the contents of carbon (C), nitrogen (N) and phosphorus (P) in the rhizosphere soil and roots
of alfalfa were determined. Two-way ANOVA showed that phosphorus application and bacterial inoculation
significantly affected the root vigor, the contents of malondialdehyde, soluble sugars, and starch in the roots,
rhizosphere soil N: P, and root C: N, C: P, and N: P (P<C0.05), but did not significantly affect the root soluble
protein content (P>>0.05). Further analyses showed that at the same level of phosphorus application, inoculation
with phosphate-solubilizing bacteria increased alfalfa root vigor, soluble sugar content, and soluble protein content
(except for I,P, and J,P,) ; increased root starch content (except for J,P,) ; increased rhizosphere soil and root C, N,
and P contents (except for root C in J,P; and root N content in J,P, and J,P,) ; and increased rhizosphere soil C: P
(except for J,P,) and N: P; but reduced the rhizosphere soil C: N and root malondialdehyde content (except for J,P,
and J,P,). Under the same inoculation treatment, phosphorus application increased root vigor and the contents of
soluble sugars, soluble protein, and starch in the roots, increased rhizosphere soil C and P and root N and P
contents, and decreased root C: N, C:P, N:P, malondialdehyde content, and rhizosphere soil N: P, compared with
their respective values in the no-phosphorus control. On the basis of these comprehensive analyses, the treatments
could be ranked, from the highest composite score to lowest, as follows: J,P,>J,P,>],P,>J P >J.P >J,P, >]J P, >
J,P,. In conclusion, phosphorus application (100 mg+kg ') and mixed inoculation with B. mucilaginosus and B.
megaterium effectively increased the nutrient content of alfalfa rhizosphere soil and increased the accumulation of non-
structural carbohydrates in alfalfa roots.

Key words: phosphate-solubilizing bacteria; phosphorus; alfalfa; non-structural carbohydrates; stoichiometry
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AR L5 F B K A W S (R S e, DR TR R TRC I T S A A AR PR R o MR R AR R AR AL AL .
1 #MR5FEE
L1 XA

B M AL T A RS YRR B el o RS A A O WL354HQ., R R IER A A TR
AR 2, BT 0. 5 om i 5 FEAT R R KA, A 1 AR AR PR APE B DL R 1, 2 M T AR 2 T A
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Table 1 Physico—chemical properties of test soils

A BB HE o R TRt R A Y
Organic matter Bulk weight Total nitrogen Total phosphorus Alkaline nitrogen  Available phosphorus ~ Available potassium
(g-kg ") (grem %) (g-kg™) (g-kg™) (mg-kg ") (mg-kg ") (mg-kg ")
23.6 1.45 1.55 0.21 69.50 17.40 134.50

R2 2HBHBEHELER

Table 2 Basic information of the two phosphate solubilizing bacteria

J¥ 5 Rank % Bk Name T Al 445 Strain No. 15 #7254 FF Medium name fi X Abbreviation
1 JBE 5 ZE AT R Bacillus mucilaginosus ACCC 10013 B 41 74 31§ Potassium bacterial agar 1
2 LR 2 J0HF B Bacillus megaterium ACCC 10245 77 T BEIR Nutrient agar 1,

TE: BN BUIR B IR T O < HERE 100 g BER A 81 0.5 g WERFEAN 0.4 g, KBRS 0.2 g, WAL 0.2 ¢, 3R 15. 0 g, 818K 1. O L. E K
BRI IR B AR 10.0 g, REH 3.0 g, W ALHH 5.0 g, g 15.0 g, Z&1HK 1.0 L,

Note: Potassium bacterial agar medium is formulated as sucrose 10.0 g, K,HPO, 0.5 g, yeast extract 0.4 g, MgSO,-7H,0 0.2 g, MgCl, 0.2 g, agar
15.0 g, distilled water 1. 0 L. Nutrient agar medium is formulated as peptone 10. 0 g, beef extract 3.0 g, sodium chloride 5.0 g, agar 15.0 g, distilled

water 1.0 L.

1.2 Xkt

RFRUA 2 58 A BEALBETE , BEE 2 D BRAL KT 0(P,) #1100 mg-kg ' (P,), 4 A>3 B b B A4 5 (J,) L H 4 F
M R AT B () (B T K3 U (0,) AR 478 (), 36 8 AV A B gAMb T T 10, S Ak B4, 5
MG R 10 mL 538 432 AL B, R A 4 5 mL, R (1) AL BT, VRN 10 mL 73 B 1 A6 B RS
IR A

20224F 511 3 FHF U4 A AR, B 40 F0 1O KL 78 B0 T B OR 1~2 omo 26407 B0 AT A4E A 35 B O 7524 RS
ST A6 A0 BURE 7 23 em X 15 em X 17 em( 4 F B0 XA TL 7 R ) 0 44026 B 9 7 K = o 9N 4 0 £
BA S MRS — BRI Ah T . AE 2B IBE] (202248 5 H 3 H —6 A 14 A ) 45 i J 1in 25 v 5 B 7R 0 100 mL JG B 28 6 2% [C
BIRWE. TR BEIL IS (5 110 P 7. S UT B P AL B R A ARG R R — B (P.O, 5200 \N 12, 2%0) ikt y 577
g, (7 4 (R B0 52 A 3 0 16 Pk S 5 2 VR 153 mg B9 BR 38 (N 4626) 0 44 L H 303 6 71
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22 H K 7H 30 H ,2023 4Ry BAEAE B 5 A 16 H .6 H 16 HA7 A 16 B MR BEK i AFEZE . T 20234E 9 A
23 H BEMLEE#E 3 4 16 EATHURE  REE TR BRI+ TR 547 +3E C N P E . [F] ISR 48 50 06 1 46 AR
F AT U A ] S50, — 3 4 AT R TR S I AR R C NP ST i, D — A AR T
SEMLRIE ) N e R O R
1.3 MEW/irhE 7 &

LW HHER R ERIR S H 264 W I ke, r 3 P R % D352 G — 250 e 3 , vl
VA T R P AU L €505 I, AR R0 0 R AL = R B DU R vk D o SR AR A AR PR - — MR C NP & it 43 3
SR FH B % 1 B 2 1 L PG TR RV B T LL (0 T o N R R FHRUR) &2 (BC 0025, b R R R A
BN &1 )5, S b 2 R AR ) (A 148-1-1, B i 2 A PR &) I a2
1.4 HBLESH

HJH Microsoft Excel 2021 #E47 845 2 B, F1 ] SPSS 26. 0 %F it 1 7K S 7142 1 b B 47 WUR 2 07 22 73 # , %
Duncan’s ¥ F ¢ [A] — it B K 7 TR A [ 422 B Ak 38 8% [] — 432 7 4 A [m) it i /K P R S A6 B A ARBR £ — IR C NP
FARFRE Ty N W RTVEPERE TE R M T MR S 0 B 22 R ol Origin 2022 B4R HE 4T 45 48 bR (Y
Pearson A 5 Pk 73 B S 3 L4343 A O 4

2 BERESH

2.1 FRHBABETEREERITFLAERZCNPAZTH LR

2 TR R it W b B O AR T AR S AR PR R R C NP (B K FARBR = N AR R C & i), i
WL BEAE B ERm TREAC NMP & ®E(P<0.05,%3). #EP/KFET,5IML, T LMILHREKEC NP
FTEREMACHMPHE RN ARG T 2.72%~12.57%,9.16%~18. 78% , 4. 87%~8.43%, 3. 12% ~4. 83% I
2.08%~22.18% (Kl 1) o MK, IP, JPy LP S LP MR bR+ FIR & C % & 22 5 A 35 (P>0. 05) , LP, I AR Br 1
N KR FR P& & & T JP(P<<0.05) ,L,P, K& LP AR B + P & i i 3 /5 F J.P(P<<0.05) . 7E PKFF,J,.0,
MLEREEFRRACNPEEHEFIFRLORACHE ). LPHRELC N PEHFEAMRRC LN EFEY
BT 1P (P<<0.05), fEZMAR T, P MRIE - MREAC N P&EYET P(BR I ARIR N &KLY
WARCEE), R, P ARER MR R P & &35 T P (P<<0.05),

R3 BREALEMEBSKENEEFEZEMHFTESN

Table 3 Analysis of variance of the effects of inoculation treatments and phosphorus application levels on the factors

7 S R R H PR + Rhizosphere soil #2 Root
Source of WC AN WP i C AN WP
variation
F P F P F P F P F P F P
J 5.164 0.011 7.722 0. 002 6.467 0.004 6.235 0. 005 33. 650 <20. 001 10. 818 <20. 001
P 5.937 0.027 3.610 0.076 73.533 <20. 001 0. 848 0.371 66. 381 <20. 001 115. 144 <20. 001
JXP 1.854 0.178 1.053 0. 396 0.833 0.495 4.619 0.016 5.763 0. 007 4.623 0.016

TE TR BRI AL B, P RIR T B K-, TP 37 12 B Ak S /K P 9 22 6L, R ).
Note: J denotes inoculation treatment, P denotes phosphorus application level, J>X P indicates the interaction of inoculation treatment with phosphorus

application level, the same below.

2.2 AEHBAETEREERRLEARZALF T ZHAENG T
FE AL FE S TS E PR - N/P AR ZE C/NL.C/PHIN/P(P<C0. 05) , it fl 4b ¥ 5 35 52 mi AR B + K2
& C/N.C/PHN/P(BEM PR+ C/N,P<<0.05), & & BAEFHXARBR + L R C/N . C/P HIN/P 5 WA i &
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(P>0.05,%4), TEPAKFETF I LA MMRER 2 C/N &I IR C/P K& N/PHART I, 1 T, T, T B4R bR
T N/PHIT LR ER + C/P &I L AR R C/NE T I(E 2) o TR ER 4 C/N.C/PFIN/P LR FK C/N 5T,
T T, 8] 22 8 3% (P>0.05) . FEPUKF T, I MBS+ C/Nw T 1, LM 1,1 C/P X N/PAKT 1, LM I,. I,
LM AR C/N K& T M LR & C/P FIN/P BE T T AEAH R H2 8 2540 F L PR AR PR - AR & C/P F1N/P (B TR
br+ ) C/P) KA &R C/N BT Py, (H P AT P AR bR + C/NLC/P I N/P Z 8] 22 58 1 35 (B T i MR Br + C/P,
P>0.05), M F& C/P Z A 2 5 . % (P<<0.05) .

x4 BREALEMEBSKEXNUZITELLE W TE DR

Table 4 Analysis of variance of the effect of inoculation treatments and phosphorus application levels on stoichiometric ratios

AR SRR HPr + Rhizosphere soil # Root
Source of vari- A b C/N WL C/P RWELL N/P WAL C/N ew L C/P AW N/P
ation
F P F P F P F P F P F P
J 0.762 0.532 1.655 0.217 5. 158 0.011 5.285 0.010 8. 344 0.001 16. 181 <<0.001
P 0.028 0. 868 7.395 0.015 10. 618 0.005 23.008 <20.001 63. 950 <20.001 33. 266 <20.001
JXP 0.128 0.942 1.626 0.223 1.219 0.335 2.667 0.083 0.773 0.526 2.944 0.065
2.3 AR WEBALETRILBEERREN AR BESTH I

J22 TR Aub 2RIt 9 K T B HC 38 AR P B e 5 A B LR TG ) O R B (P<<0..05, 3 5) o 7E P& MF
FLLRAE DR E R T I AL LN SR RER T LA IL(P<0.05) . fEPALET, LA LR RE S
BERBTILMIIAN EERES L, ZHAZFEE(P<0.05), LMLEAFT, PRRAREHEERET P(P<
0.05)0 JoJFILANEER P Ay T8 1 & 1 o AT P (P<<0. 05, &1 3) .
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Table 5 Analysis of variance of the effects of inoculation treatment and phosphorus application level on root physiological index

A5 SRR &1 JJ Root activity 9 % Malondialdehyde 7] ¥ B Soluble sugar il ¥ #:2E 11 Soluble protein UE By Starch
Source of variation F P F P Ia P F P F P
J 218.751 <20. 001 21.612 <20. 001 40. 824 <20. 001 3.067 0.058 7.402 0.003
P 166. 668 <20. 001 98. 983 <20. 001 26.717 <20. 001 2.678 0.121 32.372 <<0.001
JXP 73.885 <20. 001 6.397 0. 005 2.120 0.138 0.154 0.926 1.442 0.268
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Fig.3 Root vigour and malondialdehyde content of alfalfa under inoculation treatment and phosphorus application level
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IR A A e T T, B RN 22 59 3% (P<<0.05) . I LA LM Se T, LML), 2538
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