24 BE 5 4 & 2 iz Vol. 214,No. 5
2004 £ 5 H ACTA ECOLOGEJA SINICA B May, 2004

T — —— m — =

=

R-THEKSBIEMRURERE

MRt A 47,k FL F KRR

(1. =M REEMPLER.ZM 730000y 2. M RFRBRUPECER HREREBHESR, ZM 730020

WE MR- LFERSESEATETROBE AAEER TRAESFLEMKBREEEE X2 E X CTHEAH A H
Ko RIS, R Y- KK ERERIEHRETESERE ORSFRN)FHT THEANRR XK 2SRRI HAFR
FEBETTHT N AREAHERAREHET TREA.

XA R-LHE KB E Ko BT EBEREE LGN RS

The present situation and prospect of researches on hydraulic redistribution

between the interface of root and soil
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Abstract: Based on our own research work, the following aspects of hydraulic redistribution (HR ) between the interface of roots
and soil are discussed.

HR usually occurs at night when transpiration has diminished sufficiently to allow the roots’ water potential to exceed the
drier soil water potential (¥, )in the soil profile. Although the direction of water movement in the process of root HR is typically
upward, towards drier, more shallow soil layers, recent measurements of sap flow in taproots and lateral roors of trees have
demonstrated that roots can also redistribute water either downward or laterally from moist surface soils to drier regions of
soil. “Hydraulic redistribution” has been proposed as a more comprehensive term than “hydraulic lift” to describe this
phenomenon in considering that it can be bi-directional and is apparently passive. Water released from roots into drier soil
layers may be reabsorbed when transpiration exceeds water up-take by deep roots only, Redistribution of soil water through
root systems has been demonstrated in greenhouses. laboratories and field experiments. The first strong evidence for HI.
occurring in the field was observation of diurnal fluctuations in ¥, that gradually increased at night and sharply declined during
the day, associated with the shrub Arzemisia tridentata. Qur own observations of HL in the hali-shrub Gutierrezia sarothrae
with a shallow roots system indicates that the HL improved water uptake during the day when evaporation is high and less
water 15 available in the topsoil,

So far HR has been reported in forty -three woody and sixteen herbaceous species distributed over different climatic
regions, which indicates that the phenomenon of HR is not restricted to only arid and semiarid environments.

The quantities of water redistributed by roots were affected by many factors, such as daily evapotranspiration ( ET ) and
root length densities. A considerable amount of water is lifted by roots each night. Estimates of hydraulically lifted water range
from 14% of daily ET for the suffrutescent shrub G. sarothrae to roughly one-third of daily ET for the shrub A. tridentata.

From 3% to 60% of the redistributed water can be utilized by neighboring plants, as many of these species are in close

proximity to one another. In addition, the reoccurrence of HR over significant periods of time in dry upper soil layers has
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several implications for rhizosphere processes and plant nutrient acquisition. These include prolonging the activity and life span
of fine roots, improving nutrient ion mability. and potentially smoothing spatial heterogeneity of nutrients. HR can facilitate
water movement in the soil-plant-atmosphere system by improving ET for plants. The root plasticitally adapting itself towards
very dry soil or sand below its depth might be facilitated by the water tranafer from the moist surface soil to dry deep soil
following a precipitation event. The process of water moving from upper to lower drier soil layers along an inverted water
potentia] gradient in the soil profile was termed “inverse hydraulic lift .

Although much progress in research on HR has been made, there are still some contradicting points of views about HR.
There are a few reports on alfalfa and cotton which show that roots of some species largely prevent reverse water flow. Some
studies have concluded that the gquantities of water redisiuributed by this process are minute.

Three methods to measure HR were tested, but measuring the changes of soil water content and soil water potential (¥,)
around plant rhizosphere proved to be the most convenient. In addition, the reduction in transpiration can serve as an indirect
measurement of the quantity of hydraulically lifted water.

Though several challenging studies on HR have been conducted, further investigation into the effects of HI. on the water
balance of neighboring plants and the influcnce of HR on water movement in the soil-plant-atmosphere system needs to be
done.

We propose further studies on HR based on the above discussion: the magnitude of HR in perennial and annual crop
systems is still not well known, but if HR is present, it would have implications for irrigation, fertilization practices. and
intercropping. Further field experimentation to investigate the contribution of HR in community level phenomena such as plant
population dynamics. facilitation of neighboring species, ET, nutrient acquisition, and biogeochemical processes needs to be
done. Additionally, further research work will focus on species-specific, tree-size specific, seasonal, and substrate-related
differences in the magnitude of HR of soil water across climatic gradients.

Key words; interface of root and soil; hydraulic redistribution ; hydraulic lifts significance of physiological ecology; present
situation ; prospect
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tridentata (R 2. 2m)M) O, EBERE FESH (A S QOXEK), A vridentata 7 Y THM L] (—5. 0 MPORE# T
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Bt AL LMK H 2 — 3. AMPa(H 7k #0h —8. IIMPO R E AR XA H R, X G. sarothrae KA RARAWEE/RETY
WAL R R EW WEE TR 8 F .
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Table 1 Some species exhibiting hydraulic redistribution

ot s # £ER Z# ik
Family Genus Species Life form Reference
¥+ Al Pinaceae FAM Pinus Pinus ponderosa Dougl. ex Laws FAR Tree 7]
W15 8 Pseudotsuga Pseudotsuga menziesii {Mirb. )Franco " 7R Tree [7]
AR Cupressaceae B AW Sabina A (CUF B #) Sabina vulgaris Ant. A Shrub [35]}
7 34 $l Fagaceae R Quercus BB Quercus douglasii Hook. et Arn. TFAR Tree [20]
E#H Leguminosae HIEM Medicago WIETE Medicagoe sativa L. & 4E 4 B A D [ 11]
Bk € 8 Bl Myrtaceae ¥ B Eucalyptus Eucalyptus viminalis AR Tree [3]
¥ H Zypophyllaceae Larrea B E PR Larrea tridentata K Shrub [3]
{l; A ¥F Cactaceae b A %R Opuntia 1B fill A % Opuntia ficus-indica (L. YMill. # A& Shrub [37]
AMF Solanaceae E iR Lycopersicon FBn Lycopersicon esculentun Mill, LEEEREERD [3]
% # Compositae M Artemisia B0 Artemisia ordosica Kraschen. AW AR [35]
R Artemisia =15 Artemisia tridentata # A& Shrub [2.427
Guttierrezia EEIERE Gutierrezia sarothrae H MK [30.31]
FFH Gramineae EHER Zea EX Zea mays L. 1 EEHE X [3]
| 3] oF 16 & Cynodon ) 7 B Cynodon dactylon (L. )Pars. EESL B (3]
KE K Agropyron Wi KB Agropyron desertorum (Fisch. YGaertn. EEFELFXEX F3]
YWERFE MR Setaria H F (Millet)Setaria italica (L. YBeauv. 1EEEER [38~41]

‘ (1) Perennial herb; (@ Annual herb; @ Subshrub
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BREBIRKBHNECZLEHEREMR SN EEANKBERREBEDHXEC . MA L MBS KEN XSk
ETFREEEY ., ZHHPFRE DI LY BRER-LREESROKBRYTH. L A, ridentata BAKKBEYTE ET
8 1/3%), Brooks I Meinzer" ek X A E R E M4 1 Fb ¥ 2 (Pseudotsuga menziesit (Mirb. }Franco ) #/ 1 I > (Pinus
ponderosa Dougl. ex Laws)7E 8 A 2 A MTEBA AR ERF AR S HB RFBKE LB 4 91 2 35%H 28% .
Emerman #l Dawson'™*1 5 3 i B4 18, CAcer saccharum) WA FHHR A KSR 102454 LAY FH A R K B 2590,
Ludwig #1 Dawson™ it 1 8 Acacia tortilis 1 T 7 BIKBZA K 70~235 L, HEHEI4EY G, sarothrae BABMKEAEAYTF
B ETH 14%.,
4 ﬂ"iﬁﬁ*ﬁﬁﬁﬁmiﬂiiﬁﬁﬁ;f{
4.1 {ZBEAESHEBRAKS |
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TE V)77 FE RN 0 7 93 0 7 (8] 2K 43 35 40240 7 HL X 7K 43 25 % 0998 FE 30T T RE 3 4> (ND B B S 120461 THERZKYBMTRE. R
H B2 B 2K 4 B8 1 A R ), B T R RE 2 40 B AR 1K O B B+ SR R A R 0 Y, R T B R R R RS IR R 2 +
KT ELBRBRREARKEEDW L TREX K568, B, KA e R R BRI A KA TR phes,
W-LABKFEIENFRBALEKI B ENEBEBEBRT —MBE, NERCIEREEY A, rridentata HE WA 2 7 35 = -+ R
ﬁﬁﬁﬂ‘?}(ﬁﬁﬁﬂﬁ:ﬁﬁ%ijﬁ:Ef&ﬂﬁ‘]?kﬁ‘ﬁfﬁ*ﬁﬂ 1. 3m WA KB (Agropyron desertorun (Fisch. YGaertn ) R L .
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2B BT K 40 3 R AR B4 K 4 B W06 A 2 T EL X A S AR 7 B T3 Uk 40 F 4 AR BB A TR R R
HATEE T8 FE AT AL . ARSI R F B4 Bk 4T B BAEFER R AT A BT A AR Y - 1 050 b 48 29 S £ 0 F AH <R
1) LUK 5304 L BT PR 596~ 6094 . B |- 3050 5 B8 AL -0 2 ) 71 BT 2 £ BB 2B FR CHORE K 44 38 %) AT
1 T R A PR AR AR R A B A A B S R e,

4.2 {LiEmbRTE )

FAAREEETMEE KSRBHTE. FHNRABESEYRGERATIRETE L ERFRARHEE™. B,
T 28 T 1512 8 708 3R 30 18 . K 43 T8 4 A 86 8 oL 18 8 40 1R X 35 4 B IR A, DA T 4R B 3R 2 B iR IR
KAEAREERARMBENSHHERT SEMELNMEDCNEROWIEE ™. A ridentata R BEHIAREH TR
o FTREEFRBURIVESUSHEFAAXIE XS, K2BRAAFRTHEBSEHREE REREBAHE K, XFHMEH
B SREE A NH T BEEAMAR K EREFgxE,

4.3 RiFTHW-HEHY-KIEARKDT &R

EEMRET . FHEAMEYESKSRA B SHMASENZREEY R ET. EIFEEM EXTT T EM (TAESI76 1
P3223)HIX TR YR (P22 KSR A#ATHHXEZN . W TEMH LI EEARKESEGOAHMAL, i T RERHANREY 4
pysg o', BAH TR TKASRAEEESL L KINERE., FARERBERTHRTEHSH T AT EASHEBNY

0,
 EEREMTHRS KT ET B E BRI T AT B AR H I 005 4 20R R TR MERE R
ARBEKDEBHRERBREKERRTREH AAFEHMEFWAKSAY FLIFHY 2ah HEBT K. KSEFAEY
REEDTEOKSFAER BT R-BH- KRR K TOER .
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BA-BAAHELYEMARSUIE L REE SOem MBEEZA HERMHEERET R EAERTEEI4M
BFILFR 68m (£ T R K9 Kalahari #E)¥ 1, £ Kalahari ¥, 0 F 300mm B /KRR L ERBHEBKE K L. R B DM
ERRAFEU THATRERPEATERERE T A BEST TREEHN KT . E0TF R L P RHARLE KL EE
ARFEMNBEKERERELTRIFTE T WAFIKRSIERE. EEHIFAETHERCERELEAXSITARHE FEI TR FE
f 38 [ §& Ft (inverse hydraalic LfOB %R, K4EEEARY ¢ ELEERQIEEE TH TR LI Z kLR ERE fn (i
FIJE ) 4 1 8 IR A 2K o3 0 e 4R 7 B - R R g BT

ETRRBESRE R F2 AHBRKDUKSFRNEN  NEXMERE MAOSH - P EELS R HEY BANEY
RYBEIRAL B R TR — - WM 2 5 & B8 Bk o (R B BT i K - SR R A R R Rk nh RSP IR R B R Ak ) il ok T
REH . W SmithUS A3, i of 0 1 £ 8RB 300 1 4 FH A9 7K 4 6T o A4 H IR RK 20 9 2626 3 + K 43 - 7= 2 SE AR PE B I
A, K EREAEEDESRENAREELERENRBR . AHEYN TEHEN —MEVESE, B ER%
FPHRAREM MTERTFETIENED ERAKIEAARFREFLSTLIE" ITHERRRALHERZAWHUHY. i,
THAMREBERTEBEEL PSS ERBR —MEY (Acacia greggi VB R ESETAEETONRETRABEE BE
ERETRELBFE—SERNGERERRF LIRS T BAFHN R A greged REKBIE LB LRATA S 0 TR
TREIBGEST T#RMEE Ok BmBEFAR) MK S ERA R RAEH A gregeii REMEEKRTD.
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MAGHIENSN FREASEHRESVHMRRIEASFZHYAER -+ R EAEESEM YR 60K, W28
HEMT R EAEREGERERIXEARNMARKERAESER ANEMN KO BIEEETEREE LRI E XS
MRAEFWZF., b, FHRIE AN EFC R IED — 2o Fb i # 2 BH 1k 7k 40380 F 3 3D 83 00 8 R BB R 2R K A4 F T B FE 4
BRI B G OR BES. SFKS AR T B A A EHAIR L I Burgess"UREIA K A0 1 B T R T BB S A 7E K S B B SR py b
TP AR EERNR I ZERBERBEKEREWER »>TRE T, hEFRSIRAETFHEASRI F B TFHRIE+
WMEERRTHRAE. Caldwell"IE - RKIBBPAEZNSHEA A, tridentata HANMME TR KE A, desertorum fER A A.
tridentata AP KR HEFKEARE T A desertorum HEEBHENRE mHHEB SFEERA KD, EXFIFEZ T REEXHE A+
2K S B R P E B,

KOFFENFRFERERFN BHNEAKIFIENFEIETIN . QU EHREAFE LSS KEN L MARNT
Rt QAR RN EHGRERAASEE AR LK P ERERCEWED,Q RS Sk T aEne
MK EORNY. RFPAG . BR-+tREAKDESENELRAE | L. UTRE | e 5T HTEN.
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A A B bR T R . KA R E M K S & 0. 08~0 MPa 2 ], B L3R T < —0. 05 MPa i)
L HEAHE L HT A SRERTUENNE. REEABEEH+BELITH L RAGERETNE  FEEFTRE MR
BEvE 3T F R 38 (<< —0. 2 MPO R R

WARER KD EYHBEKRS A FRAEER FRASHBZERRAES AN, MM T KSESHMED . EREP
2 B A4 B LSRR F X R T S (LA A S SR £ R K 4 T A AT R S L s b T e K A P A R EEE S 7R
FITDR Wi MpF L M E KB . B FHILET TODR WHBHAETRAY TDR FABMMEERELRE AR T AR
K4+ & &% TDR EHEWMAHBREE N EFH TDRANFIEEHRRBAKSEERPELEATRE.ZP¥XBTL
oo,

THRPEMRIARERYN ER K2 EARFIENEEEA X T AKSHEE B a X 8K 0 HERE MRS K
BB #hFEAK B LEROK BB E . LMK INFEL TR TR, Bl RTREEMX I RBRITBIKES
MEE ETRK BT MR LK BN SRR ET SIE LMK ENAR TR, B— - FEH
— ST RIS,

fEA—FsE i EBRERTUE—TERMNER- TR EK>BFSRAMEEERES . ARKEEERRTRS A
tridentate JCIR @B FRHSIAFEMELEZEKGRA(C, EFIEART) EHKAD A tridentata BHENRBILLETEEHTE
BREVRB D 252 ~50% . MBRLIGEEH A, eridentata FEMBEFIEXBDUEFRETKFEA K HHEBERIEHE
RIKF. HTREFEHER FKSEAMNEE AU TERAOBEFTRATEBEANKS.

AAMR- LA EAXSBIEARRET —CH B HETHEFENHE A FTINE.

LD AREDPHBR(EEZ<2mmd M M-HEREBRAKEROFTEE LR RRAF B B E B (foraging
strategies)"* "M M B4 L BOKGEEARE RN EARMERFEAZER AT SRR BES @G E EYSE, 84
& .57 B (niche separation) ", i AR R F Z WK T HSEAEEB L ILET, Mk 25088 (Mojave) YL 4 Tkl
X Ephedra nevadensis, Lycium pallidum .Ambrosia dumosa H Larrea tridentate LRI K 3R R B IERBIFBHBEHES
£ (niche) % A 53 B, Xt 4 S0 B AR 5 B4 B0 A % (icrosite) REBUR Bl (9 RR 5 6%  LUKBL A S T BB AR ETY. B4 ARH0
RARESEATEE KSESEETRAERE. AR EERERERAELRNOERRE.

(2) ERMHEAEEABTEA SO AQESER. WREARAKGEFTT LR NEFRANKS T B HELHY
. AWETRFEEEXN K EADFEEEN, B BRI R Z A,

EAMONMEERAE K TFHERNERARZAERS BAFEAN LB-EAY- ASBEERK T EGHTRELSZR
HES, AREEERAY HATRIE 60 MM A KA RO R H M AR AT AK 4 T 4 B R A FR 4K 4 A5 Ak 9 B 0
BHel,

(4) HTFHEYHEMHAUNEREIS R METEENZ KRBV DB SERGR, BNES 3 585K R K
BAXERIBETRBHERE .

HRBEZHAXRIEERZAKSESREHYREN B R RAR . HEEEM I EEFEYRIEFOFREEDHER . E
EREMFFAHARIBELBI FLEEHIRFTH-SFERKFIEIEEDREREE KB/ EHASHEDK
o FI R L B A R S B, R R A RA YRS EENHENES R AR EENEWER . E R A
AMANEEEEARSCERET B AGBIMEMERE HYNME(ER XD BF TR 4 S F S ML
#H'. SEREH -SREAFBRR-TREAKSESEGILEF IR,
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