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WE: [ B ] IR TRINFESH G LIERMAEY (BREMEEREY) T8 a0 shSZEt, DIREDRREN
R R BRI E BRI, [ ek ] LER (Solanum lycopersicum) “AHGRAEY#EAT AR5, & B
TNFEFF RS G INFEFT AT AP B, FEFRARREAR)G 26 15, 30 K 45 K, M2 T Hoihish LA it . B & AR
FILA, FRAE T HIEBAE G IE . B WEERUEY) . AR Y R R S R, A TR
YRR AW AR R . [ G5ER ] BIREFHE S TSN LAY R, B8 T A A L3
MBS, M b (2R IR ) BB AN IS FE RS A AN 21.8% . 5 TCREFE XS HRALBRAR L, ASINFE AT
REPREE S T AN LA B, phoD, phoC Fl pgqC TR M f s E M =E 58, 3N T Y. BINRsFk
IR T ARG 15 RBEAMAMR ALY EMALEE, W TRAWRK, BIKTHEE 15 2] 30 RFMIRREAE
Ko B HITE 30 K3 45 K, AN . HWFEE TR, BUEWEBEREAR, 5 Meis LAY
WA S RBEG AL, BB R AR, AR, WRERREK, WRAERKS HA%E (Olsen-
P) MO E . [ 458 | WINFSFERIIARUE DS A S SR MR R AE RS, 5 W10 W il 0 B A R R il
Prxr il )3 A AL AR B PR ARG o A AT I FHCR IR W i AT A P )R R R 8 R R, (R LS 2
Mo b ARBE R A

XgEIA: AFA I WRABUEWEAE; AR, MY SRR R (EYEE

Effects of straw addition on soil microbes-root morphology governing
phosphorus-acquisition of Solanum lycopersicum

HE Yi'*’, GAO Wei", ZHU Hai-tao*’, CAI Shu-mei*’, XU Si-xin®’, ZHANG De-shan®**
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Research, Shanghai Academy of Agricultural Sciences, Shanghai 201403, China; 3 Shanghai Scientific Observing and Experimental
Station for Agricultural Environment and Land Conservation, Ministry of Agriculture and Rural Affairs/Shanghai Key Laboratory of
Protected Horticultural Technology, Shanghai 201403, China )

Abstract: [ Objectives ] The interactions between microbial phosphorus (P) mobilization and root traits govern
crop yield. Investigating the impacts of straw addition on dynamics of microbial abundance and microbial P
mobilization as well as root traits is important to reveal the mechanism of high crop P-use efficiency underlying
root-microbe interaction. [ Methods ] Tomato (Solanum lycopersicum) field experiment was conducted under
addition (+straw) and no addition of straw (—straw) conditions. At 15, 30, and 45 days of transplanting, the
shoot biomass, P content and root morphological traits of tomato were analyzed. The abundance of soil bacteria
and fungi with phosphate-solubilizing abilities and the microbial biomass P and Olsen-P content were

determined at the same time. [ Results ] The shoot P content of tomato under +straw was lower than those
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under —straw at 45 days of transplanting, and the P content in the aboveground part of tomato (leaves, stems,
and fruits) were 21.8% higher at maturing stage. Straw addition increased abundance of bacteria and phosphate-
solubilizing microbes encoding phoD, phoC and pqqC genes, and raised microbial P content in soil. At 15 days
of transplanting, tomato under +straw had smaller root/shoot ratio, lower root tissue density, larger specific root
length, and root traits were significantly correlated with soil Olsen-P. +Straw decreased tomato root elongation
during 15-30 days of transplanting. During 30—45 days after transplanting, the abundant phosphorus-
solubilizing microorganisms and the release of microbial P promoted soil P bioavailability and increased
growth of thin roots with large specific length. [ Conclusions ] The proliferation of microbes caused slow
growth of tomato roots initially after straw addition, whereas P mobilization mediated by the decline in microbial
biomass P and phosphate-solubilizing functional microorganisms promoted rapid elongation of fine roots at the
late stage. Straw return stimulated microbial P mobilization coupling with efficient root P-acquisition strategies
increased crop P uptake in tomato at maturity.

Key words: straw return; root-microbe interaction; microbial biomass P (MBP); phosphate-solubilizing microbes;
vegetable cropping system; crop phosphorus nutrition
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W 16.7 g/lkg. & 1.2 glkg. &8 0.7 g/kg. THLA
37 mg/kg. AW 9.0 mg/kg. HILH 94 mg/kg .
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Table 1 Effects of straw application on dry weight and P
uptake of tomato leaf, stem, and fruit at maturing stage

F8H5 Index A Part TeAEFF —Straw JNFSFF +Straw
TH it Leaf 1621+238 a 19224293 A
Dry weight o o 13424228 a 17544137 A
H Fruit 768+48 b 755433 B
& Total 37314318 4428+459
B - Leaf 72404 a 10.4+1.1 A*
Puptake  w giom 7.140.8a 8.6:0.8 B
2R Fruit 3.9+02b 3.4+03C
&\ Total 18.3£0.9 22.3+0. 9%

T *FoR IR AR RS FT Ak B2 8] 25 5 1 3K F3530.05. [F]%1]
Bl 5 A R R R R AR RI AL BT [R) — 8 hRrEm: . 28 5 R AL
Z 225 B3 (P<0.05).

Note: * indicates significant difference between with and without straw
treatments at 0.05 level.Values followed by different letters in a column
indicate significant difference among leaf, stem, and fruit for the same

index under the same treatment (P<0.05).
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T U5 Shoot P content (kg/hm?)
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%5 KEL Days after transplanting

1 MERFREF A E A KCHIE At AR Y E R IR 2 A2
Fig. 1 Effects of straw application on shoot biomass and P uptake of tomato at different growth stages
e A RRARR RBOMFEFEAICAS b2 8] 22 5 i 2 (P<0.05); ns o AH R REOUMAEFFFIAS IR FFAL ) 22 7oA 2 (P<0.05), A BA
IR /NG BRI Zm IAS FF RS NS AT AL B [ R $ca] 22 5 .25 (P<0.05).

Note: * indicates significant difference between with and without straw treatments on the same day (P<0.05); ns indicates no significant difference

between with and without straw treatments on the same day (P<0.05). Different capital and lowercase letters above the bars indicate significant

difference among different days under +straw and —straw treatments, respectively (P<0.05).
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Fig. 2 Effects of straw application on root biomass and morphological traits of tomato at different growth stages
Heox e e R R BN FE A RS IS FFALERIEI AR 0.05 . 0.01., 0.001 K P25 B3 ns FomsAHRI R BONFEFTFAS AL FFAL 2 ] 22
FARE (P<0.05); HEEARFERS | /NG FREIMNFRRAREFT AR AT b BEA ) KA 0] 2 5 2.3 (P<0.05).

Note: *, ** and *** indicate the significant difference between +straw and —straw treatments on the same day at 0.05, 0.01 and 0.001 levels,

respectively. ns indicates no significant difference between with and without straw treatments on the same day (P<0.05). Different capital and

lowercase letters above the bars indicate significant difference among days under +straw and —straw treatments, respectively (P<0.05).
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Fig. 3 Effects of straw application on soil microbial biomass P (MBP) and Olsen-P content
T R AR R EOMFS AT FTCR AT AL BRI 7E 0.001 K2R B L EARIKRE | /NG FREMNFRINFEFF AL BERTCRE AT A B ] K

i) 2 5 2 (P<0.05).

Note: *** indicates significant difference between +straw and —straw treatments on the same day at 0.001 level. Different capital and lowercase

letters above the bars denote the significant difference among days under +straw and —straw treatments, respectively (P<0.05).
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Fig. 4 Effects of straw application on soil gene abundance of 165 and I7S encoding bacterial and fungal microbes
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R 22 53 i 3 (P<0.05),

Note: *** indicates significant difference between +straw and —straw treatments on the same day at 0.001 level. Different capital and lowercase

letters above the bars indicate significant difference among days under +straw and —straw treatments, respectively (P<0.05).
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Fig. 5 Effects of straw application on gene abundance of phosphate-solubilizing functional microbes

encoding phoD, phoC, and pqqC genes
e oo RO AR R R EUMFSFE AR AL BE B 7E 0.001 KF BEFERE . E EARKE | /NG FREG IR INFSFF AL BLAITCRE 1A SEA 7] %

Hlm] 2% 5 .3 (P<0.05).

Note: *** indicates significant difference between +straw and —straw treatments on the same day at 0.001 level. Different capital and lowercase

letters above the bars indicate significant difference among days under +straw and —straw treatments, respectively (P<0.05).
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Fig. 6 Redundancy analysis of the effects of soil microbial
traits and Olsen-P content on root traits of tomato

TE: RB—RAEAYE; RSR—RELL; RLD—RKHESE; RD—
WA EA; SRL—ILARK; RTD—RAILI%E; MBP—4:
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phoD FEHERE; phoC—phoC IHHEE ; pgqgC—pqqC FHFE
JE. D15, D30 #1 D45 7SR BA)E 15, 30 F1 45 K.

Note: RB—Root biomass; RSR—Root/shoot ratio; RLD—Root length
density; RD—Average root diameter; SRL—Specific root length; RTD—
Root tissue density; MBP—Microbial biomass P; /6S—Abundance of
bacteria; /7S—Abundance of fungi; phoD—Abundance of phoD;
phoC—Abundance of phoC; pqqgC—Abundance of pgqC. D15, D30,
D45 indicate 15, 30, 45 days after transplanting, respectively.
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Table 2 Correlations between soil microbial traits as well as Olsen-P content with root traits of tomato

1645 Index ALY 7 RB HIEE L RSR A Z E RLD R ZR E# RD MR HL % RTD IR SRL
168 —0.398 —0.172 —0.199 —0.122 —0.602"" 0.358
ITS —0.479" 0.848™ -0.531™ -0.032 0.408" —0.432"
phoD -0.171 —0.411° 0.153 0.335 0.14 —0.263
phoC —0.285 —0.305 0.175 0.514" 0.355 —0.435"
pgqC -0.104 —0.530™ 0.393 0.425" 0215 —0.194
MBP -0.731" 0.431" —0.646™ -0.114 0.101 —0.268
Olsen-P —0.806" 0.623" —0.741* 0.073 0.086 —0.449"

T 16S—EAER TR ITS—HEHEF T, *—P<0.05; **—P<0.01,
Note: /6S—Abundance of bacteria; /7S—Abundance of fungi. RB—Root biomass; RSR—Root/shoot ratio; RLD—Root length density;
RD—Average root diameter; RTD—Root tissue density; SRL—Specific root length. *—P<0.05; **—P< 0.01.
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