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Hydraulic redistribution in plant-soil systems
LIU Mei-Zhen, SUN Jian-Xin" , JIANG Gao-Ming, DONG Ming  ( Laboratory of Quantitative Vegetation Ecology . Institute of Botany,
Chinese Academy of Sciences , Beijing 100093, China) . Acta Ecologica Sinica ,2006,26(5) :1550 ~ 1557.
Abstract;: For much of the past century, researches on water relations of plant-soil systems mostly focued on the mode and
efficiency of plant water use and water movement in soils. Although hydraulic redistribution of soil water by plant roots was first
reported as early as the late 1920 s, the importance of the process in regulating soil water and associated ecological processes was
not widely recognized by plant physiologists and ecologists until the late 1980°s. The term “hydraulic redistribution”, known also
as “hydraulic lift” as reported in many studies, refers to the phenomenon of soil water redistribution by plant roots through passive
processes of water uptake and release driven by water potential gradient in the root-soil interface. However, hydraulic lift has been
used more specifically to describe the transportation of soil water from deep wetter layers to shallow drier layers. Recent
measurements of sapflow in taproots and lateral roots of trees have demonstrated that roots can also redistribution water either
downward or laterally from moist surface soils to drier bottom soil layers. Because of the bidirectional movement of the transported
water, “hydraulic redistribution” has been proposed as a more comprehensive term than “hydraulic lift” to describe the
phenomenon .

Hydraulic redistribution usually occurs at night when transpiration has diminished sufficiently, or during periods when

transpiration is substantially reduced, to allow the water potential of the roots to exceed that of the drier parts of soil layers. To
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date, much progress has been made in understanding the role of hydraulic redistribution in maintaining water balance of plant
community under drought conditions, and in identifying the internal and external factors that regulate the occurrence and magnitude
of hydraulic redistribution. Three techniques have been commonly used in the hydraulic redistribution research: the first involves
determination of the direction and rate of sapflow in roots using heat pulse or heat dissipation sapflow measurement sytems; the
second is to measure the deuterium content of neighbor species when deuterated water is supply to deep roots of the target trees to
trace the movement of water to shallow roots of grasses; and the third is to measure changes in soil water potential and/or soil water
content. There have been more than 60 cases of hydraulic redistribution reported for plant species across diverse habitats, and it is
expected that the hydraulic redistribution is widespread wherever conditions are conductive to its occurtence. Nevertheless, more
efforts are needed in exploring the ecological function and significance of the hydraulic redistribution, especially its significance in
ecosystem restoration of degrading ecosystems in arid and semi-arid environments.

In this article we reviewed our state of knowledge on hydraulic redistribution, and examined the significance of the process in
water balance of plant-soil systems. Based on our review of literature and synthesis of existing information, we stressed the need for
further research to evaluate the contribution of hydraulic redistribution to the water balance of plant community and ecosystem
restoration in arid and semi-arid areas or in regions experiencing the stage of frequent droughts. Specific questions that should be
addressed in future research may include, but not limited to: (1) How dependent are the plants with shallow roots on hydraulic
redistribution by plants with deep roots in arid ecosystems? (2) What are the biological basis and significance of hydraulic
redistribution from perspective of plant evolution? (3) What is the significance of hydraulic redistribution to maintaining seil
microbial activities? (4) Do the mode and magnitude of hydraulic redistribution differ among different types of vegetation?
Moreover, quantitative information on the threshold of soil water potential and/or soil water content for inducing hydraulic
redistribution in different ecosystems would be useful in elucidating the plant water relations in arid and semi-arid regions.

Key words: hydraulic redistribution; water balance; roots; ecosystem restoration
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A 20 42 90 £ 1L, Burgess 4 A1 78 7 KA H PSR KR B BK b B 5 B X 4B #E ( Grevillea
robusta ) M #5¥& ( Eucalyptus camaldulensis )R Z PR RMM B MG M #H1T T MR, RAE L2 EBH K
BHETHRHUEAT . KFSEERFE LB EWEE Rk M [ 24, 7 2 B LA “hydraulic redistribution”
BUR “hydraulic lift”» [F]— B3, Schulze %5 A" 76 3 B 89 F HI#4 B (Kalahari ) ¥ 8 4 2% BR ok 0 7 3 K
Acacia haematoxylon /3T A 5% BE B ( Acacia erioloba ) f1 3 F & 4F 4 B & 45 ¥ ( Stipagrostis amabilis, Stipagrostis
obtuse , Centropodium glauca )R RWWBOK X, FERNB L RE L HBHEHBRAE KL HEREZH K
R, XRBRTRAMKFBEENE, ME 1 in, X—RAFKGBESEHARERT - HHEH, BE
KRARKSBORMEBRERER HRELEFESVEBESE T BER, M BE BKS BB
BRAMNIER. BM¥ARRE XA @A T LA “hydravlic redistribution” B AL “ hydraulic lift” & 8 3272,
“Hydraulic redistribution” , Bp “7K 53 F-2-BL” , 8 2 “hydraulic lift” F Z WM F FH B RED W EZ X +HAK 406
HIREER
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R ZEMEE L HTROEEBRE™ , BkEe, KA BLEEATEE AR EY L RFEN —F
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ERRACERRR, XEBTHRESHR . REAEDS
RGEAEFNT, KB BRYES RN S RELRT
s RAHE 2,

2.1 XL EAKSHIRETIES Hi1 S#EATEIRRENFE ERABERRBEA LR, K2

B AWK R B E RS T RE AR Ry FRENERERRARRE

R AR PR FBRIE T P 4 s i ke
ARLIUKS WX T REERBER L, KB BET B gy phmmannm: 4, 22+ M THTHE RSB, %
FILER™ . 3K, CMTEHB B L E P KD 24908 1 552 + T The arrow indicates water movement. A,
NHTHENEABEFERAMBEMRDXRE TP, F It water moves from tap-root through lateral roots when the shallow soil layers are
ﬁ%ﬁij@KlﬁligE% ZI‘ET] 7&5}:@;@“ ng:_%@ﬁ , Eﬁ B4J drier than the deep layers; B, water moves from lateral roots to the tap-root
B3t AR 25 B K 4 T4 T FEI 6 - 8 2 7K A5 o hem the shallow soil Layers are weter than the decp layers
WA, Indb 3 B AL ( Pseudotsuga menziesii ) B & F1 &
[ # ¥ ( Pinus ponderosa ) B 75 ,2m W+ B F 2 54E 28% 1 35% KK AR B AL BHE"™ . koEL
BCYE A AI f Sebania rostrata MM RTE— R ABKEIRE L% 22.5¢ AN EHEAESHEHET dNTT
B3 1.5m MEEY AWK AKSCHEER LR PUESERE LR TRNFIEAYH KRR, HHEM
M RERTEAKSBEARMEAT RS PEFEEAEENERD Y, REFEMAAIKSELE
MBEEN, HAS¥ERARRED EXMEL RS XK SRS BRI MR A E A X,
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Hydraulic redistribution
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BEESRAEETN
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B2 KOBAEESEHENBEXRE
Fig.2 Schematic diagram illustrating the ecological function of hydraulic redistribution

2.2 XA E L R

TEAEKENRTEELWHYWREAEREMEEER, AHEEXABRINELATHEREE, K
SESEERATUANTARLEZRNN LIRS KE, DR REELMEKSUEAEH T RBFEK, BRARE
SEAKSWEYEE BEREOH FKS SALSEMM YR SHFM, Caldwell & Richards'" FE X = 5 #
KOBAEMEANHRFRR, MBEELTVRBEIETK>ESIREANEE BSBEBEETHE 25% ~
50% B KSILEGETHE TR ~47% ., A, ZHERRNKSBIELOEENSSMOHRELES, EKL
YR A R A ], XS R L PR E T R YR AR R A EREE 3.5%, AT 5 205%™,
5848 (Acer saccharum) H4ABEIIRIB RAEWE O REBHFEMNKIF 0% XK EBBBRRKSBELIE™ . A
KOBSRIMENHEYBRR, ETFTAFRKENLETMEHPTHRE N FHINWEBEKTFE, TLLARE
MY EMNFEDR#LNER, KOBSRERAA T EE XN A SN AR EREER, MAT
DMESAHS RN AR ERB RN ERE RPN TEMREKGFAXRER T ORAEEEEL, B
METEREGEKRERRT NEBHEAKSBSREANERRAYHAARF KBS EREAGERER
YR HEST A EER,
2.3 XWEEFHRBEMHER

KBS RAIAEFAREERE LB KB M, BT Y0 KSR 55 R UK EKBIRESFER, 15
FREMBEBTENFESERBEAEENENL, SUHRERAKSHSEREAASELTRELETHOR.
B S S TENIER AN RB R B H T R IRy St B A A
FHOMNTEPREHBTRE™ , KBS RATRFLETR I EFARMOESE, ERABVWYHF o, ks
MESEBWEE L EPRISED, ERKKD0AEF FRAEWRES . R, Ko HEH M EE+
BHAEYMESHEENERELSAER BENIERITENRKFAAMESREET INTAREEZR? X
sy mEBEART,
2.4 THYBERENER

A RARHAHYBEEHESIRENBREEREZ ", EFSEDSRET GEREASEBE
Mo A, XRARFESEENBENL, KB REEAREYN—MEFILH, REERERAMKER
REAHDEGHYENFEATE Y, YTEYRIEH, RBRAYFTTEROKIFELHRBREYHK
SEABRERARBLE ., TREW, ETEPWRE, BEMFENEERRBRANBIOK S MHEN/E
M, ZEBERRARBKS  FEBRUFHBEHASS , EFHRFR A FELNHE F, Byrsonima
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crassa il Styrax ferrugineus H MR 7E 5 K R I 9 M + P R Mok 4, W ZE B8] ) + 3 R BB Bk K 43, EARTE 24h Y
SR ABEBKS ; 75— Y # Dalbergia miscolobium, A AR E MR R, BRI T I A M+ 88 g dig k
5o W Blepharocalix salicifolius B@ﬁﬂﬁﬁlﬂéﬁﬁﬂi%*ﬁﬁk*%,iﬁﬂﬂﬁﬂlﬂaﬂ&lﬁtmﬁm o TRER —FE
FOAREDRHREKSIBLERERE —ENER, ENREERRRB KK, ENZEEE—FIETREHN
FREFRKSGFBOHE ATMAERBRESREFT UM BHEEMBERE .

3 MmASBSREFHHAR

RETERERERAT , KGBABRERATURE, BREARA P, EZAFLHEEZORE, =
WRBEFRANMT

(DK KOBIRERKBTLEKEE, AELBFBATLEZEEE —ERKEE, kK5
BHARARARBERAED . MEIKENBLS T RBEFVHL, BE TEERBHEROTLBEER
RARA , Sakuratani % A" R BTER W] 24 b 2 1 K £ BEMEE - 0.3MPa B, Sebania rostrata KB & Bk
5+ P ST BCAE R s T7E Richards&Caldwell BB 1, % + K HME T - 0.5MPa B, S B EA R EKSE
SEAEF; B FHRHRKSBSEERY L HKEET - 10.0MPa B A BT LARI BT, B WA AR, RE
KOABSRERRELETRERAMHT R4E, BLHKERERE, KB SEN, TLHMENSREBEREPKS
W EY T KD BEAENES L RAKBROA/NEERELXR, 54T 10mn WEEKE, BEAREK
FTESEHNEREBER 10% ~ 15% ; T S MK MB] 22mm B, KA BEARMNEBEORXEBEKN 30% ~
60% ™ . B MAFER W, KPESREBEEN IR RKERSKEERETBERRE RENSELR, T
T — BT

QOHEYH ER-4EFRZEP. FARAHEYHFRKIBIEVNEEFEEER. 9T A (Frovinus
velutina ) FIK 3B BB 0~ 120 g-h™ ', MHE KRG T, FERAHBERN KIS BEIERRAE 0~ 18
grh P RAREBES B RELEFHT T WK BB SRR R E ., AT E L
KOBEAENBERBETHEREE FNRXDBERENKIFENHAAMYRBAER" . A—HEYHEBRR
FEROBOLT, KBRS ED EEBEEEREN A, BNREENEKERS BRIHBLEBY, BE
HRFKERK, KT BEIENEEERNEZENE D, HENERUESERKIBIBEEANEERK
N RRRE K BT ERARE D R A KR (RN R B R R R &k 2R
BEERARBE)VEHKSBESEEAMRE, MPRIE, BERNRERAL K> BLEER,BEFE
HREMURBGE, KBS EARRAEFEL, AT MYHERRNENERNKSBEIEERER
ZEEmW. KM, BEMALE, XTRAFERHAELEPHAHB N KGBLSEEROTRENEREBSA .

() J|EEH ERBIH4AHBX, T HPELZERERE. BAHEYWRATUFESHED L5
RE, MARIEYHBRRASHESGREU L. SRBEZERGRE LT HEKkEE, KHBLEERR
BERAM, TRETEMRNYFE RN EAEERARS, MALHHEYREZIHRES ™, 0HH Tk
SESBRERRE. AXTFLEBENBERKSBESEEREZHEOFREE D, XEE RS E K BSEE
RAFRBTHZ—.

TS RU LM FERTHA . CARMETE-ERELXWEKIBIRNEE, BRERKHE
W, — R YT AR A £ R R OK 5, OB LR, N H b BT AR, X R AT N R — E A
ek, WHERXPAMEYZEA L R EIE R M. B M AE Y2 G i M BE R R K 4 8 5 BCAE A
WRRRX —FHEFANWERERE,

4 KSBIEOMRTE

KaBAENNENLEZERBRIIREHNEFIEENE, AR BB TRRWHS, BHX T KSE
SENTRTECES R, B/ KHTENAT, FBEFIFMHTE:

(1) A P 25 3 35 (sapflow) MR ZER MR A R LA EWE ZRQG A Bk, BF
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BEPBFZISHONEYE, SEFRRUEAFRME, WERRERENFTR - DMBF LM LT AR
Bk, B WMEMPRE LR BELWBEE STERBERE, AT E S —~EHRAMEBRRE . B%
8 I B9 K vh i (heat pulse)m'&'m Y BB (heat dissipation)m’és] o HTFRY BEMBRIERRE AR, E
EILER BT R BRI R A,

(2) F) F [} 1% F 7R B B (isotope tracing method) , I E K (D,0) EEFEHEAYNH IR E  REWMEHER K
RAPHYHB R e EBA ARZSALEF DFREHHRS NMERITEKSIBIREMNE, RE
MHEERAMTRZ—. FARERRBEMHRERMRREENZRESESEM, MEEYRRNTE
KERA AR,

G)MBERRAE RS KEAKEEL O HEENE ETKBOBREL , X & AT
HHAREMHHEYEELE KBS EER FREKSBESRENTEERKR, BRA R, B ATELFREES
MRS HFAMK RS KBREEN S KR, FERESKEY , WREEARANEREE 4R
BEmMA BRI
5 MRRHE

EHEY BRI KRR ES ML ZIHRNEASHRER RHEYEHEERPOERNR, H
YREN L FKGBLSEAREE T EZEPREBTREEHE, KEFRRIET KT HIEERAESR
REUEBREFHERE,FHEITT X — 3B E B EIH RSB MR E KT PEREw., EKTEST
RHE—-HRENZFUMAE, XHFEMSFNURTRHTHRITIENARMSBEMRAERNOESR  NAFRE
REVESR T KB BC/E A2 S A RWEMHLWZWFTE . BFKSHIEREHEREEIR, N AE
GEHMARERRNERTONTE:(1) ETERRTHRATRERA T, M — SRR REY M EIRRZEY K
4y P 5T ECAE P IR SRR B 5 (2) WA W k4L B9 F B SR MR K S B e AR A AR 22 R AR G (3)
KAy Sy BN MM AR LI ; (4) RASANTEEREM, T RIERE, FHE LEMRARESR
THARMBELEMEKGHSEEANERSESFIIR, KITARESRERUSTEI KT BELREMA R
AR KB EKERFEKD,
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