Heg 4l R 23R Journal of South China Agricultural University 2019, 40(5): 186-194 DOI: 10.7671/j.issn.1001-411X.201905067

ZEIRIK, MR IR, Bk, 5. SRMEYIE MR YE IR IR0 MR R e ) (0], AR R 2], 2019, 40(5): 186-194.
LI Xinxin, YANG Yongqing, ZHONG Yongjia, et al. Genetic improvement for nutrient efficient roots of leguminous crops adapted to acidic soils[J]. Journal
of South China Agricultural University, 2019, 40(5): 186-194.

ERMENENER IR TSR RIEE MR

FR, MAK, #AE, B 4
CGRFERAR RS AR A5 AP S F IR 5 AR, 487 4 M 350002)

VE

FEE: 5 LI 40% BIBHE L EONIRIE, T80 BERR AR LRGP B EZ R R R AR YRR 73 K 7>
M EZARE, Y S TR AR 0 B . $2 40 MR RN 3SR I WRSCRIA P (38 A% 785 0 e AR B 3 i A )
2R R B T R A B v AR A7 B YR/ A IS Qe AR T S R A B LN . BhAh, ERMEY) SRR A B [ E I R R R AR
WAEZS RGP AN BARRTE VB, R SR e 3R U E A R R . ASCRUREOAE, REGAS TR L%,
EARMEM IR W ROR R B AE R RAR SARPR A L AR SR 77 20 2R A L IR R (B FUd o e Ak, ASSCEREE 1N H
FrI3 v ROK St S B R ORI BT 5 K TR TR AR B AR AR, SR EYI IR 0 e s A 25 R e HE B LA
BIES > 28 inIVAEEE St i F NI E SR

KR R 3 TRMED; BUE R s R0 m A R R AR BRI s AR B (R AE
FE 55 AS: S184 RAFRRSAD: A XERS: 1001-411X(2019)05-0186-09

Genetic improvement for nutrient efficient roots of leguminous
crops adapted to acidic soils

LI Xinxin, YANG Yonggqing, ZHONG Yongjia, LIAO Hong
(Root Biology Center/College of Resources and Environment, Fujian Agriculture and
Forestry University, Fuzhou 350002, China)

Abstract: Over 40% of the arable lands in the world are acidic soils, where low nutrient availability is the major
limiting factor for crop production. Root is not only the main organ for nutrient and water acquisition but also the
primary interface for communication interactions between plants and soil microorganisms. Exploring the genetic
potentials in roots for nutrient acquisition and utilization, as well as improving the composition and activity of
microbes in the rhizosphere, have become the important strategies for increasing crop yield while reducing
environmental pollution and promoting soil health. Moreover, nitrogen (N) fixed by legumes in symbiosis with
rhizobia provides an irreplaceable clean N source in agro-ecosystems, and the symbiosis is also an important factor
influencing rhizo-microbiome. Here, we took soybean as an example to summarize the progress of genetic
improvement for nutrient efficiency in the roots of leguminous crops in adaptation to acidic soils, and the
interactions between roots and rhizo-microorganisms to improve crop nutrient efficiency and soil health.
Furthermore, we overviewed the ecological benefits through intercropping nutrient-efficient soybean varieties with
maize and tea plants, and thereby provided the theoretical basis and successful examples for genetic improvement

of nutrient efficiency in legumes, and its application in sustainable agriculture systems.
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The physiological mechanisms of improving nutrient efficiency in legumes mainly include: MImproving the absorption of soil nutrients forleguminous crops

through regulating the root architecture modifications; @ Activating the insoluble complexes of phosphate (Pi) in soils through increasing the root
exudation;®Improving the adaptation of legumes to acidic soils through phosphorus (P)-aluminum (Al) interactions; @ and & Improving nutrient efficiency
via arbuscular mycorrhizal fungi (AMF) and rhizobium biological nitrogen fixation(BNF). APase: acid phosphatase; R-COO: organic acid
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Fig.1 Physiological mechanism of improving nutrient efficiency, and regulation of rhizobacterial community in leguminous crops
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Root architecture related QTLs, such as QTLs for root surface area (RSA), root dry weight (RDW), root length (RL) and root extent (RE) and phosphorus
efficiency related QTLs, such as QTLs for plant P content (PPC), shoot P content (SPC) and root P content (RPC) as well as biological nitrogen fixation (BNF)
related QTLs, such as QTLs for nodule number (NN) and nodule size (NS) were co-localized on chromosome 11 (B1)
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Fig.2 Cloning of QTL:s for root architecture, P efficiency and BNF traits and localization of some related genes in soybean
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