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Alleviated Environmental Stresses by Hydrogen-rich Water in
Alfalfa: Research Situation and Possibility Application

CUI Wei-t1, XIE Yan-jie, SHEN Wen-biao
(College of Life Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Alfalfa is one of the high quality forage grasses in most range of growth. However, its
production and quality are suffering of threats under the environment. Taking advantage of the biological
regulatory of the hydrogen gas, the cell processes including anti-oxidative capacity were regulated by treating
with hydrogen-rich water, which further resulted to the alleviation of environmental stresses. The
physiological effects of hydrogen gas in plants, especially alleviation of the environmental stresses are
reviewed in this paper. The prospects of research directions and further usage in forage grass production are
forecast at the same time.
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1 B R 3 R B AL B B

TR TS A R PR S A i AR A P SR A . DL RIS e LS e . TR e . R
hia. AR HATRBE IR, RO B A Ml r L g BRI B RS RO
X IBARE . REPTAN RS UALERFE IR0 R FESE (Clemens et al., 2002, Trends Plant Sci.;
Sharma and Dietz, 2009, Trends Plant Sci.). 2 3030855 iliE &6 -5 8 A5 5 A 58, 1V 2 I8 tiE L2 ff 4
A7 35 ) IS A3 e 3 S5O ) 300 450 A T 12 1) 4 5

MR Le L FE AT DL AZ BR )40 i A AE 1) — 2815 5 20 TS5 5 — FAE(NO) . —F Uik (COD.
A 2 (HoS ) 55 IR % o A — U B RE /D /KR Fr ) 4R 25 1% (Hse et al., 2004, Plant Growth Regul.).
— MRS T S PR R IO KNG R S5 B A R4 A R 5 S IR A5 (Han et
al., 2008, New Phytol.). itk S AbFE T 42w ATP B Jek /b 40 W ISOR BRI SR 10 35 S 22 A4 i At

(Muhammad et al., 2012, J. Hazard. Mater.) .

2 SRE—MEEEYMEKETT

N

2 (hydrogen gas, Hy) Z2—Fif. k. ZRRKISE N1, fEKPEMEIRIC. Shirahata
551997 UKL, A mIER Ha B HERKA REBTA ) BB (SOD-like) 1k, REWIERETEIE
A H HFELLERY DNA G2 il s AIWBEN BA A S, AP, PURIE. BT
Z/EH (Huang et al., 2010, Free Radical Res. ).

AR B P A s S R N I S U AR IRGE, E AT IR, HERAHLHEEATE . AR
SRR A AR A R, TN AR PR AR T RORIT TEAE LA A28 51 AT TH
Dol I E H KB N K SR E 2K (hydrogen-rich water, HRW), AATTAILIL AT DLEE &
WE T KFE & NI SREF YR PUER DA . R PRE A SN IRE ) (Kie et al., 2013, PLoS One; Xu
etal., 2013, Plant Soil; Su et al., 2014, J. Agri. Food Chem.; Wu et al., 2015, J. Plant Physiol.), Jfr]fEF11H
VI EA7AE HAF (Zeng et al., 2013, PLoS One). XfHLHARC A ARG 50+, EACH T2 XA
RS THRESR:, 20 - UEERE, DA ERPIIRE.

3 BRKEMEULERLEREME

3.1 ZMEE EAEG| AL BACHE

HEA (paraquat, PQ) A& VZ A HIIBRELNZ —, ARV s gl i ) 2 (L A SR AR BE,  %F A
B TR R A 2 . SO AR A 1 5 D B RS AR AE KA RN 5 e S e, (R R R B B A
AR R R E T WIREA A S BN, I &% /K (hydrogen-rich water, HRW) AbFAEAH i 8 S
MIER, I HRW AbFERELEAE PQ 5l FIARAKANHI AR Pt Efb . 3 — P ESE, & /Kb B
W TR ERBEN RS, MR NTEEEACPRREEE] . EARFm R b g R, SR8
PAER T Re S M0 2 I8l — B ORRA 5. Ash, B EUKTI R RER RS IE E g T2 B
AEMIA (Jin et al., 2013, Plant Cell Environ.) .
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3.2 ZE4RRhi
I 10% A 1) E SUK TR, 5 E /D4 (cadmium, Cd) %liﬁﬁ%fﬁ%*ﬂ“ﬁ?@ﬁlﬁ%ﬂ%fﬁ%
FEFEMITN [ (TBARS) &5, WIRZEMA 145N AKM IS 32— 25X Hr e e BeE v 1l e
R, HRW TiabH 4 & 1 A B Eg (SOD). 4Ll (POD). ?}Lﬂﬁﬁ@ﬁz SEACIBE (APX)
*ﬂ/ﬁﬂﬁlﬁﬁﬂki;/ﬁ%%ﬁ (GPX) WyiEtE, JEE R IR RIRIE, IR 2/ D IR 5 ST (ROS)
P AL, HRW TRACBRISHE & 1R JR RIS Db H IR & &, Z2MF 140 51 G i 4 M S Ak 58 S5 2R A
JX_ETHa%LLUﬁi‘ﬁifﬁ\ﬂﬁﬁ'ﬂkAﬁkﬁ.%1_7K$5|€%5J” [, By HRW TiiAb# 2 s 1 y-@?&@?ﬁ:ﬁﬁfn
MR &l (ECS). At H kG il (GS) MAMH KL Rl (GR) A . HRW TiAL#iL
BﬂEET‘%“?EEP%*E*BE’J’EF&Q%,15;3\12137%% LANE A o I O SR A5 M (confocal laser scanning
microscope) WMELEIR, HRW TRALIE B FAK 188 51 B R4 i DNA v BiAk, SGam4nfys 77 [
¥ DNA laddering HRLIK 7 HT o HARRI A5 o DL RS IREEW], HRW Tk FLE i 42 mdu AL e o
/DRI FEAEE DNA 4528 % 1 8aWpiE (Cui et al., 2013, J. Hazard. Mater. ).
33 ZMRME
S, HFEFIERZK (mercury, Hg) RN 51 TSR AN T o 10%BAER S Z KT
AbFE 12 /NI RE B R AR G I B E A B BN, 1S RIEE ok 2 R S R B2, )
R A R B A K. HRW FiAb 2 [F) FE 42 T%KTEP%*E“B SOD. POD #l APX &t M FEHRIA,
HEMRAD> TG, B T R AR I A A B BV o R I = OB (s I E K I, HRW Tildb 2
g SRR E I R RS R H K Chomoglutathione ) ﬁﬂfmﬂﬁ[ﬂﬁmiy PEm T 4IRIL e /1 (Cui
et al., 2014, Ecotoxicl. Environ. Safe.).
34 ZfE4aRria
R Caluminum, AD 2 —F e 62 F , SRR /R VR FE 1Y) AP R RE XS AR AR 1 A6 4K 51 ke ™ 5 g 4 1
T FEHEY T BUE TR ETL. — BB R PR IRE S0 T, CATEZHI AR RS R
B R AR A K INH] . I8 E ST B A I, 50% M0 B (1Y) & SUK Be 1 BH 2 22 ff g0 0 5 18 8 78 i AR
KR4, IFB S8 DR 40 2 & F ) — S B AR B (SNPD FIE R cPTIO AL LI,
HRW X} Al 5] R AetE 4 SNP BLHL, FH4% cPTIO BHNT, 1 HRW Z2AgAR A=K Al m G id
% NO 5 SR H o ik — Dl WOk 3 R A A i ki LR B R Celectron paramagnetic resonance )
RIL, HRW AP GE (4R35 TE N NO A8, ETZem 1 ol S48 B A& iAE K 14| (Chen et al.,
2014, J. Hazard. Mater.) .
3.5 G
¥ (chromium, Cr) 1EA—MEEE, SHERMER SN FAEKBIG . & ZUKUEEE FFE
3l 7 4% SOD. POD 1 APX 7E N NHUAAEE R Se, o8 148 5] kD BRI A o MSds P A i i 804
G181, B EUK T AL FEA B FRAIC 1 SR AR N IR
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{HiE, HM 2007 £ HREESE (Nature Medicine) Ohsawad 251 — s C & RIEA S B AE MDA
IR LA, W AR RS BT 5052 BIOR R 22 (1) 2V . EZh R N AV 2 i e ifiE SR E
JEE S RGE T BE R S5 I R R Bt A . s B G fBni T 56 /EH (Zheng et al., 2011, Clin.
Exp. Pharm. Acol. P.), {FJ2H BEARRI/ERVIIEANE . XT3N a7 RRR, Hnc®a
BN EE RSN (FABINE, WG — B DR BIE R AL, A E
YA LA S (Kajiya et al., 2009, Biochem. Biophysi. Res. Commun.). H4k, FIFH AL /N &4
RNV R, SRR s Sk mT AR i 2 Flom e JF 58 = e 77

YT, RTAEBRAT IR A WIS, SCEARE 2 40T ARG A raE i
EM . HuEY) S RI SR b TR KI5 R BB B, AT FAE F 0 2 L Jan 2 £E
o RRIBIFTE, R T S ANUE A A% AR F 7 ORI A5 07 THI B F0Ks 2 R B 90 i 8 SR 1o
HEh, BAREIREEA LhEE —SE AR R ARG T RGERER, X A i ks AR K
. WMVERR . OSSN AR R EA AR,

BIRCEHASAEAED AT FIAE LR, RIS AR WIH RN i . AR
RN IR TR B EE . 2 —: T RE S SKME&J7%, HaraE Sl 2 H g K ris,
T LA 2R RS, (HREH & KRN EEUK, B MEE LEAERARER; B KT
sty BAREASBMRERD, BEUKMZeh k8, A2 RO BRAUE, EHlRE
UK 2 REAAERE, & FE S LB RET: B= KT EZUKMMER, Brras
SRR, AREMYRNEUTE ST, BAEERR A, XIFAR LRGSR L —f#
REEFP O A = 0 . H2, HVFEZ MG R sR S i b, SARRA . THEERHE
S, TR, A A B RIEFART R . kDL EaX s/, 58— 0w FA
NBEFF R — B R = 0, SRk$E R s EUK I RCR RN R R AZTE I A 8. BHE R R HB A 5, HEA
AW R AEA 2T 2 A AR P B R e A A AR =, IR B 1 6
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