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B E: UEDK P 150 AR, SRAEIRBUKES T, BE TAREMNE FANE v - AR TR
(GABA) X4HIAR R LA B A FRIC 25 & s 0 . IR0 25 BRI, RAUM I N TR R A iRic
JEE (NR) EAHRRIE I (NiRD W&V 24 5, A A (NOy-NDL A (NOy-N). E& % (NH,-ND

DARARENR. 2. BAESERERN, i EtE O R B ER, FN K Ca® Mg, Zn TR
WEPK, Mn. Fe. Cu i KiEdem, MRAEKZRHEME]: (CAPHNE TARINSMNE GABA A2 Hf
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Effects of Exogenous y-aminobutyric Acid on Inorganic Nitrogen Metabolism
and Mineral Elements Contents of Melon Seedling Under Hypoxia Stress

SONG Suo-ling, LI Jing-rui, GAO Hong-bo , LI Qing-yun, YANG Li-wen, and GONG Rui-juan
(College of Horticulture, Agricultural University of Hebei, Baoding, Hebei 071001, China)

Abstract: Melon ‘Xiyu 1’ was used to investigate the effect of exogenous y-aminobutyric acid
(GABA) on the inorganic nitrogen metabolism and mineral elements contents under hypoxia stress in
hydroponics culture. The result showed that the activities of nitrate reductase (NR ), nitrite reductase (NiR)
and the contents of nitrate (NO3-N), nitrite (NO,-N), ammonium (NH4-N), glutamic acid, amino
acids, total nitrogen as well as Mn, Fe, Cu significantly increased in roots of melon seedlings under
hypoxia stress, however the contents of soluble protein and K™, Ca®", Mg®", Zn obviously decreased,
as a result the growth of roots was inhibited; Compared with hypoxia stress, the contents of NO;-N,

NO,-N, NH,'-N, glutamic acid, amino acids, soluble protein and activities of NR, NiR in roots were
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significantly increased when melon seedlings were grown in the nutrient solution of applying GABA under
hypoxia stress, meanwhile the mineral elements contents in roots such as total nitrogen, K", Ca*", Mg,
Zn were significantly increased, but the contents of Mn, Fe, Cu were significantly decreased, which
relieved the inhibition of hypoxia to roots in melon seedlings. However, exogenous GABA and sodium
tungstate application aggravated the harm of hypoxia stress to melon seedlings through inhibiting NR
activity and decreasing contents of NO3-N, NH4 -N, glutamic acid, amino acids, soluble protein, total
nitrogen and dry weight in roots. The result indicated that exogenous GABA might alleviate the damage of
melon seedlings from hypoxia stress via enhancing NR activity and improving nitrate absorption and
transformation, meanwhile increasing K, Ca™", Mg2+, Zn contents and decreasing Mn, Fe, Cu contents
in the roots.

Key words: melon; hypoxia stress; GABA; inorganic nitrogen metabolism; mineral element

RAENE Ok s el ZAEY) A P I B EE R 3 2 —, nlE Rk b A R S N,
SEEEVER 2 20H] (Gibbs & Greenway, 2003; X X ¥ 2%, 2009); i kAR 2 F1H A2k
KA, RIMARFPTR 2 FFE CEREFAR M EG, 2008; KAWL 56, 2009). BFFTUEM, KM
BRI  EEE R T A0 P AL B RR AL AL 52 B, ATP R NADP (HD A= pliasksl>, 41 i py
BEAT 4% (Fukao & Bailey-Serres, 2004); JEAUMEL 1) 2 3 8040 M SRR 1L, & BliAT 5 (1) Fe™ Al Cu™
SEARAY B B 7 B A 2 (Blokhina & Fagerstedt, 2010); A R X Fioc 2 (I AE 119859 (Huang
etal., 2003; Horchanietal., 2009); LLKFIH] NO;ACEE O, 15y Mo 1AL 35 (1 B X 52 AR, 3 ik 4 14
RA R AR (Guoetal., 1998). HE— 7Tl B AMNEAINIEZ (Shietal.,, 2008). AR (4
RIS %, 2009). Ca™ (Gaoetal., 2011) %, Hyn]3Eid wf QU R 35 SRR AEUMME R RIRR (10405 25 o

y - & TR (GABA) EFEA N Bl AF7E M —Fh IR CURE AR, e — MR NG S
73¥ (Bouche et al., 2003), it THEYAN pH E. S 5iEHERY . F2 LA A, 5
MRS B Pesk (Fait et al., 2008), {HENAMET GABA W5 HE N JCHL AR A& 0™ 5
JLE R RE M D .

AHEFE T DA B 55 R A Vhk 1557 D93k, A4 T 2ME GABA TR
RARTCHLEACH LLAH GRS =M, R GABA 7 SN A A BEHLE, A H
GABA it 7K B 28 = ep AR A A5 ARG B DU AR PR gE Rl 22 4 4

1R

1.1 R 50

IRE T 2010 4F 12 H—2011 4F 6 AAE LAl KR hei = i dh 7. DURMICEA R 99 1) < Pk
157 HUREF GRruti Righttsg, 2005) Atk

R, fezf )G, #T3aaemrBparhEE, WEek 27~30 C, &Rk 16~18 C.
GHK R = — 0B, EEUEK RAF 5 — B b S T H Hoagland #5779 [pH (6.3 +0.1),
EC {4 2.0 ~22mS - e JRI/KEFRE b, FIAEIEH MBS WFEDm—0n, Rk s 41 (5
4120 #5), 1 T34 18 L Hoagland 7 FR I R 2 b AT LU R AR 3. (1) Jl 0 I AR IE S
M (30 min - b, HERFEIRBRAIRIE (DO) 4 8.0mg- L' /ifi; (2) /X + GABA ibH:
FEIEHA M E FRRCF RN 5 mmol - L' GABA; (3) ARSUPHAKLHE: i IR0l A 265 1) N,
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FIAELL A HTAL (Pisco DOS00 B, f[E) P72 DO R (2+£02) mg- L' (4) K&
i+ GABA 2B ZEARAEUIMA E FR TR N 5 mmol - L GABA; (5) {R4EME + GABA + 51
BRLBR, ZEARAEUME AN B SR R IR N 5 mmol - L GABA 1 40 pwmol - L™ AR 5t 411 51 771
HBIRE (NayWO, - 2H,0). GABA FIESREN (324 Sigma A rl$eft) 355 4B K — R M HE A
BRI TG 0. 2. 4. 6. 8 dIEIAN MR RUAT EHLEARM AN Foc R S Eme, it
TAbPESS 8 d KEHL 10 M4 AT AR SR IE AT bn S o f AT s I . A 3 K.

1.2 ZhEIRRZEKIBFRANE

PR AR i AR R e, ARECCAK KT 0.5 em b I ZB/KR A BRAR Rt T4, IR
IR T RIS JEFREE TR, T 115 CHAH R 15 min J5H 2 75 CHARHCT, BT s, W
10 BRI BIME R R .

1.3 FRGHE KIS FRRINZE

MAHFHER (NOs-N). &R (NH,-N) FEZSEEBMHIIE (2004) 777505 WK
A (NOy-N) Fri R SRR ZE £ e b a3l e s PRI IR (Nitrate reductase, NR) FVAHRIE
JUlf (Nitrite reductase, NiR) W10 2 Foyer 2% (1998) Fil Takahashi 2§ (2001) 775N 5E,
B R R 1 g BT R 1 h AR Raid SR NOy BB /R 3L (umol - h' - g FW)D; ZIEIR & X
IR QB AT AN E (Gao etal., 2011); AV S F & % Bradford (1976) HIJVEMNE .

14 HRITESENNE
HEZAE A 25 B 1 /K i 5 WK 480 7K 4, 105 °C R 4% 15 min, T 70 ~ 80 ‘CHLT, B&
ERLFR (30 HD JEARHL 0.1 g FEANAEZ S H, I 5 mL HNO; - HCIO, (5: 1) JRCE I #, fliff
AR AL . TR 30% HoO, i TASE N A, T 28w il 2B (048 T (035 5038 WV
1o BB F) S0 mL AR, R EZAAKCE . WIRFRG FH H L 22000 JR 700 66
MW5E Ky Ca®'s Mg® BLAIMER TG E Mn. Zn. Fe. Cu &, RS RO E Z0EI5E .
KH SASS.1 #AFASH K2 & L VA AT i Gt 4047

2 HIR5 0

2.1 SMNE GABA RS ME T E# IR R AR M

W1 Pror: Sl B + GABA AR RAK ML EE A R CE BT
R R S BT F 1 B i 2 PRI, AR R T & s 2 T, R ISP a B B ] 7
TR 2 B AR KRR R . KA + GABA AL PR R A K Fahs LUAR AR B 1 B 35 4 v, ARG B
T, TED AR 44.14%. 37.68%F1 15.38%, MR ARG /KEMFIK 16.19%, HIKHA + GABA +
PR AL IS BB TR AR T .

2.2 SMNE GABA FHESEME T EH IR ZE NR A NiR 7& 4 HI 20

dE 1 A4, S + GABA ALFEIHEZ NR 1 NIR W& Pk Hook I i 25 48 s AIRAUAR B NR W& 1
FEALEE 2 ~ 8 d B W m TR I, T NiR M/ AR BE 8 d I 4 m. IR + GABA AbHF) NR
HINIR 35 1E EEAG A AL B 2 4 v, 7R AL BE 6 d I 20 5 U AR 80 AL PR AR 7 40.55% 15.56%, R4 +
GABA + H9F AN A3 NR A1 NiR 3 M ) EE AR 480 Ak R G 25 PR A
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F1 SHMEy-EETE (GABA) M{ESMETHMRAEKHENR

Table 1 Effects of exogenous y-aminobutyric acid (GABA) on the root growth of melon seedlings under hypoxia stress

Qb3 R K/em WEi R/ (g-plant™) TR/ (g-plant™  THREE/%
Treatment Root length Fresh weight of roots Dry weight of roots Dry matter content
TS0 Normoxia 25.68+0.57 a 3.64+0.19a 0.19+0.02a 522+£026b
JiS +GABA Normoxia + GABA 26.07+0.31a 376 £0.21 a 0.19+0.02a 5.05+£031b

{4, Hypoxia 14.25+0.48 ¢ 2.07+0.14 ¢ 0.13+0.01 ¢ 6.28+022a

{t% + GABA Hypoxia + GABA 20.54+£0.65b 2.85+0.16 b 0.15+£0.01b 526+£0.22b

K% + GABA + H5/R4h 18.46+0.39b 2.41+0.17 be 0.14£0.01 ¢ 5.81+0.32ab
Hypoxia + GABA + Na,WO4

FIZIA R 7 R R Z L B R KT (P <0.05),
Note: Data followed by different letters within the same column are significantly different (P <0.05) .

—o— iS4 I Normoxia —m— jiK Normoxia + GABA  —a— {£4 Hypoxia
—4— {i%4 Hypoxia + GABA —e— {{{45 Hypoxia + GABA + Na,WO,
60 r g 16 [

1.5 -
1.4
1.3
1.2
1.1
1.0
0.9
0.8

h'.g'FW)
h'.g'FW)

NR/ (umol -
NiR / (umol -

KbFERF R /d Time of stress KbFRBEFA] /d Time of stress

1 EEETINE Y- EETE (GABA) MWH/KIEZE NR F NiR M2

Fig. 1 Effects of exogenous y-aminobutyric acid (GABA) on NR and NiR activities in roots of melon seedlings under hypoxia stress

2.3 5MNR GABA RSB T /KR A NO;-N 1 NO, -N & 28I E 0

K2 ], X ALEAREL, 5 + GABA ALFE 4 d AR NOy-N S BEfm, m6~84d
E R, REALPER NOs-N S BB P 4 ~ 6 d B4, 1 8 d i B BR(%; K% + GABA 4t
EEE’J NO;-N Fr it — bty , HAEAREE 6 ~ 8 d ik /K7, MK + GABA + #5R4NALHE ) NOy N

AL YRR

A + GABA AFEH AR NO,-N 75 52 LU IR S 2 38 s (RA AR BEAE 6 F11 8 d 43 sl LU X R4 g
36.84%F 14.15%; K% + GABA AbBELUARA AL BE S 548 &, 105 S DB R B Ab B 8 2 22 5 o

—0— B I8 Normoxia —=— jiK Normoxia + GABA  —a— {4 Hypoxia
—— {ii4 Hypoxia+ GABA —*— {i{4& Hypoxia + GABA + Na,WO,

80
~ 70
=
B 60
P50
on
2 40
~
Z 30
%“ 20
10 +
0 ‘ ‘ ‘ ‘

NO,-N/(mg - g'FW)

2 2
KbFRBEFA] /d Time of stress KbFRBEFA] /d Time of stress

2 SMNEy-EETE (GABA) M{EFMETHIRR NO-N 1 NO,-N S EMFM
Fig. 2 Effects of exogenous y-aminobutyric acid (GABA) on contents of NO3-N and NO;-N in

roots of melon seedlings under hypoxia stress
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2.4 SMNE GABA WREMIB TE/IRER NH,-N fIs SRS =M

HE 3 rLLEH, S + GABA AR IR R NH, -N FIARIR & R e T, H
REACFE ) NH, N 58K TEA + GABA 4FE, MARRS we TEA + GABA 4bFE, (K5 +
GABA AbHf) NH, N A Z IR & 7 A FE Ay 1 55 TRARAC B, i /e AR B s 3 e 5 4 v, 7
TRAEIIE 6 d I3 B U AR AEAL PRAE 5y 58.67%- 41.27%; TI{E4 + GABA + £33N AL FE(K) NH, N 1
BRMR S REAL, U & T A R AR,

—o— B I8 Normoxia —m— j@S Normoxia + GABA  —a— k4 Hypoxia
—a— {4 Hypoxia + GABA —&— {i{4& Hypoxia + GABA + Na,WO,

04 [
g —~
& ? 03 [
%0 'z, o
g é" %D Z 02
NG s
1=® &
Ka e 0.1
& &
0 L L L |
0 2 4 6 8
KbFRBEFA] /d Time of stress KbFRBEFA] /d Time of stress

3 REMBTIMNEy- EXTE (GABA) MEIIIREA NH, N IAEMABHITM

Fig.3 Effect of exogenous y-aminobutyric acid (GABA) on contents of NH,"-N and Glu in roots of melon seedlings under hypoxia stress

2.5 5MNR GABA MREME THIRA[ERINAAMEARSEMNFI

H
A 4 vT T, Sl A0 A ERAR L, ARAUAL I AR R LR & W e s ANV GABA b
P EE TR G &, JFHARE + GABA #maCREE TS + GABA AFE; MG +
GABA + 3R A B S 58 1 AT B 3 TR A A B
WA+ GABA RBEE FAR R IS A & e s, (AL EE 4 d B35 T IR (RAUe
FHUR R AT I SR B B, A R RS R T B R T, R4 + GABA
Wb T AR T AT TR R B, (S A IR A B BRI T AR R

—o— S I8 Normoxia —=— JBX Normoxia + GABA  —a— {4 Hypoxia
—a— fi{48 Hypoxia + GABA —e— {i{4f Hypoxia + GABA + Na,WO,

—~ 8 r
=
2 7
& -
A -] on
» 3 £ s
£ g =54
- =
ﬂ%g o2 3
bl LR
w o 2
. ‘L§$ 1 b
0 E‘ 0 I I I |
0 2 4 6 8 0 2 4 6 8

KbFERF R /d Time of stress KbFRBEFA] /d Time of stress

4 EEPETHNE Y- SETER (GABA) Ml MIRASERMATAEEARIENT W
Fig. 4 Effects of exogenous y-aminobutyric acid (GABA) on contents of amino acid and soluble protein in

roots of melon seedlings under hypoxia stress
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2.6 SNERE GABA X{REME THINIRAT R R EMFIT

W s fioR: B + GABA. RAEKEE MR RAE S RIS I &N, (HLLES + GABA
bR S R f K IR + GABA KbHE I 2548 i TARSAUDE NAR R AU, TS IS 1 A A 2 )
BRAG TS e MR R AR E &,

WA+ GABA A FLHR R Mg\ Zn £ & Lot G 10, 10 KT Ca®" 4 B 5 06 R 2 AN I Bk
AU FIRER Ky Ca®" Mg Al Zn & I AR RFEE D, (AR + GABA Ab BT B 1 15 0k
/b, FEMMA 8 d IHMIKA, + GABA ALBEf K'. Ca®'. Mg® Ml Zn &40 5 LIRS AL PR 5 18.22%.
15.43%. 16.59%A1 51.66%, {HAINEIRAALEENT K Ca® . Mg™ M Zn & REIA K,

—o— B I/ Normoxia —=— j@S Normoxia + GABA  —a— {ik4 Hypoxia
—&— {4 Hypoxia + GABA —¢— {i{4& Hypoxia + GABA + Na,WO,

60 [
o 50 f
x .
o 0 = 40
22 s
2E 230
I E £ |
B 2 < 2
0 +
< 10
0
3.0
—~ ~ 251
= = *=
& = 20
oo %0
) on
%D \E/ 1.5
< 10T
4, Lo
© 2 05 r
0
3 e
oo o
& &0
50
s g
§ ~
=
N
0
Z 3
&0 &
50
g g
~ S~
£ 10t 8
0 0
0 2 4 6 8 0 2 4 6 8
KbFERF R /d Time of stress KbFRBEFA] /d Time of stress

5 EEMETHINEy- EETE (GABA) MHMNRAT RTER=EHYM
Fig. 5 Effects of exogenous y-aminobutyric acid (GABA) on contents of mineral elements in roots of melon

seedlings under hypoxia stress
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X AR AR LG, 1A + GABA AL E FRK THR R Mn &8, 1% Feu Cu A K;
AR AL B E SR R Mny Fe. Cu Srs NMEEEs, JERZE & TAG AR + GABA AFEIRAR
Mn. Fe. Cu F®EmiliEm b, 7eia 8 d il lARAALH R B 26.99%. 12.25%. 7.28%, fH
VRIS RAN AL B Mn. Fe. Cu & & 5EMA K,

3 e

RECMYERKINE LIRS ICE, FN S B NS BUR TR BIRRY], 5
FAET S M)A AT LRGSR 25 7 (NOyD 1A K TS24, dl it — R4 1) A 3 A AR 8 s Y
LI W B G AR AR AU e s R B0 55 Cpidkde 5%, 2004; Bailey-Serres & Voesenek, 2008). NR &
MR FAGS R P B oGk, 7EACAUE R, FR R M NR #0805, NOsAUE O, i 2
P, AELORLAFI 40 I NADH 4840245 B NAD LML L1, 56 NAD #h 78 R AR IR 1R, fRIE
PHRE R AR AT, AR X Bl (Allegre et al., 2004). HH# (Stoimenova et al., 2003).
Wk GOAIE 2%, 20100 SAEMINIGE: [RNF NR IR m ek T P06 NOs I ORIE i,
B & NH, &R 5 2L A (Datta & Sharma, 1999). AGREG 45 B LW, MRAMA MR R
NR Al NiR 3t & 38 m, [ NOy-N. NOy-N. NH,-N AR IR, 250 BA &=
I, MR O E R R, RRAEKZ B EANE], R NE 7 S TR R AR R
A, TEHLEAREIE R NOy-N WMFER IR, R v 1 mbefd, SR RAEKEE .

BE— SR FOIE N, CSAUPHE PRI B S IO I0, T LS GAD BTG, L L -
B IN GABA HHAL, Ibid B v 2 ARG AEU P 18 3 e I 4 e R Ak (Crawford et al., 1994), iy H.
A0 AR 21 GABA 1] LUl GABA 3% TCA fEIRIEN, NADH FIBEHIRRSE e WY, thal L
TENRN ZEZS 5/ MM S5, e PiYitt (Kinnersley & Turano, 2000).

Fi4b, AR GABA 1E N R FEIR A FR AR T DA A AR R B, T80 (2 35 48 s R AR 20 A
R (Beuve, 2004), #EmtEM AN PUAALEEG M, GEFER s et ER, Miides 7 Y
XIS IE P PThE CRb el toe, 2004; PR 45, 2011), 1f] GABA 2 B il 71 &k 2% PRI
T GABA XFISEHE R T 45, 20110, AR, 4MNE GABA ACFEZEAR T KA
BT RIETRR R 2B K A mEI/E AT, 10 FLNRL NiR 36 PELL K NO3 N NO,-N. NH,-N. #B&]R. &
BEWR . TR R IR RS ) W e TR AU AR B TS A R A PR S AR R NR VETE R
BEA, BT NiR #EHEF] NOy-N. NH-N. B2, @AM, v sEam. A EARR TR
TR ERC. XA PR SAT R, A GABA AP IS5 5 NR WP TR s, (e3k T fiHITR
FF NOs-N (W, 3@ =25 3 2 () NAD 4k RFRE A IE 5 1 A AR ohag, 1o HAE ¥ NO, N f
DAFE NiR 1B F AR NH, N, Gl A 8 2 (A S IR E 2% TIPS nl ¥k 25 15 11 23 i ok e,
NI 22 A 1 AR AR A K TR R 368 B P00 55 A R P A 0 340 1 i R s D g i 12 S 25 AL
T GABA MIZEMRVER, UFPIANE GABA 3wt Rl iy i A E I BE 0 5 NR S5 13 DL RS R
SRR e Ak 2 D) AH G

FRBRAEEEZ FEUHYAR R0 ATP & 2, S8kl 8o o s s 5. B
WO AR R BT ok, ARSEUWHE R 405 pH EFEAC, BRI & PR IE R HoS, F8UBE. 4.
BTG AT AR IR LAY, T 25 B {% (Mustroph & Albercht, 2003); [FlE, A HRE %)
YRt e B A A O, WARIAEY) (EEUE Ma*) 1N 2 il T2 Ak, 1
pH by 5 ZEA 8, AR O, VBN ML T2 AR M AR Bk >, AU K 3 d REAT 80 AL g
Mn sk B S e FH KT M K B Fe A 4wy, MEAE IR IGE & Fe 1852 Fe i
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BEE (FER 4, 20060, PRI B HED) A A ] S50 B0 7R 0 5= RIS % . IFFT R B4R
RSB KL RN Ca® F BT, Ca® RN EM g4, R ZiE N, Py K 1
W, KRB ZEIEM (Atwell & Steer, 1990); R4 #5000 T 20t KT, 1EH A
KAF TR R X R Kl A 30 pmol - cm? - s, {KALF 4 h KW EEA 5 pmol - em™ - s
(Mancuso & Marras, 2006); [CAUMME 2 E 6] T BRI AR, BARAN (RER. 2. B2t
D KT Ca’t. M SR BERRAL (EK S &, 20100, 3 BRIIENMRANNA R, HY
WL JE ) GABA SCERAR, 18 Ik PRARAN M 2 2 w5 T 3= (M (Bouche & Fromm, 2004).
WFFTRIL 5 mmol - L' GABA AbFE G y7 HE LA KB IN 2 ~ 3 4%, FFHAFBEA T 0 2 A WRc 189
(Alan & Fang, 2000); A EEth4 FECER KL 1585 Na & 3 & K'/Na b,
ANIRAR N 10 mmol - L' GABA AbEJF 1 134> Na™ & s e Bk, K/Na" FeAt g Brsdon O,
2004). AR EERLH, (RAPHAEHIFIIRAR Ky Ca®'s Mg™', Zn SR EFEHK, 1M Mn,
Fe. Cu & KIS FIRANER I GABA A PRZER TARSAMHA FRTAR R K. Ca™'s Mg™. Zn
PRI TR LA Mny Fe. Cu & B RIS mMRE, TS INES R AN A B ™ 5t 76 28 (R W WSO8 i) R R
B AT ANE GABA T JBTc 3 & s i /N TIRAEUMA AL PE . XA BE A TSP E TR A
U5 GABA BAHDIWM S, I (2R R AS R Sh WSO R, S TR RERT K, SR T 4R
FREIMRAL, AR FOT R A, ket KT ca’ Mg¥'. Zn (W, ZEf# Mn. Fe. Cu
MREFAE, 22 T ARSMEXTET TRR R 14

AT 25 TR W], AREUME 52 T TR 3R DB B R = ARSI Besg i, $0i T FEARAR 510
ERAERKKE . AT, SMNE GABA [fjit ik 755 NR &P RI$e sy, A 800t T IR £h ¥k
WORIEAY, SR R AR & B L T R ARk, 1 HEm T K ca®'s Mg™'s Zn
IR > T Mny Fey Cu WE, A ITITZEAR TSP a0 TR & 14055
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