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Changes on leaf oxalate content in buckwheat
growing under different nitrogen forms
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Abstract: Buckwheat(Fagopyrum esculentum) seedling were pretreated for 3 d with 1/5 Hoagland culture solution,
before the buckwheat seedling cultured to expanded primary leaves under hydroponic condition with ammonia nitrogen
or nitrate nitrogen as the only nitrogen source, then oxalate content was determined in leaves,roots and root exudates.
The results showed the oxalate content was very significantly decreased in buckwheat leaves when ammonia was used
as the sole nitrogen source,so was in the root and its exudating rate. This implies that the oxalate decrease by ammo-
nia results from the metabolic change rather than the change in transport to the root and in the exudating rate, The
leaves had much less some organic acids, activities of several enzymes involved in oxalate metabolism when the plant
grew under ammonia nitrogen,indicating these organic acids level involved in oxalate metabolism may be one of the
factors controlling oxalate content, Based on the present data,it is concluded that oxalate accumulation in buckwheat
leaves is closely related to some organic acids metabolism.
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1.1 Btk ara

% (Fagopyrum esculentum M. ), fh F £ B FF
B P RO B2 B/ DA IR BT A BT R4 .
1.2 FEWTESESRESF

F-FF 0. 1% HgCl, 4% 10 min, HEKK 5%
kTSR BR 24 L BB TREEEANE
REFTFHRKEEBREFVELFT(EE 15 K,
ASERBES®S.EMZEFARLTER A /5K
B Hoagland(pH6. 0) B 5355 3 d B, A F —F
ARSI E B CHMAED : 5 — 54 FRmBRERN
FUAERIRBESANERBCIESE R T
ERERE - EMTLERF,
L3 RESDIHIKE

BEMEFQO2)IHF . MEBE 1/5KE
Hoagland(pH6. 0) B F W HiE 5 3 4, A HEAE R
5HSATHERER 7 JKERIRBESE ES 1
d B £ 9 KFFIRUCE 5309 AR (/K R AR Ak AR
BTHE. 28R EKS HHRBA 150 mL §F
CaCl, 0.5 mmol/L (pH6. 0)F) ¥ 7 , 388 6 Wie 5 40 W
Y6 h, WEBZ—EL TR, WBH A 250 mL 5
e ,60 CHHBKBWEZET,AH 2 mL HCl 0.5
mol/ L ¥ YI7E % T A 8 mL ZIB/K M R¥ER, &
HEHEW, L/ R, BREELHE 7R
(2 em X 10 cm, Amberlite IR-120 PLUS), #: % A 5
mL ZEEK g, AR BB W, WL B E S W
HBETE A oL JSI ARG YRR R RBEA
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Fig.1 Ogxalate content in leaves of buckwheat
growing under different nitrogen forms
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Fig. 2 Dynamic change of oxalate content in leaves of
buckwheat growing under different nitrogen forms
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&ED.
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HIRIBHEWL

R R AR R AT ER ERRURIH
It BR 7T BE 5 A5 ) B BR Y AR 5% (Morton 4, 1964;

Franceschi, 1987; Horner %, 2000; Kostman %,
2001), AHRETARAREEEFTHFET
R EERRBHEXNEIRESE. RER,
S5WEARML, ESRBRTHA PERR ITER
UREABEITLREBEHBERRK, REERE
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Table 1 Content and exudation rate of oxalate in
buckwheat growing under different nitrogen forms

MER HEK
T H Item Nitrate Ammonia
nitrogen  nitrogen

B R4 B Oxalate content(mg/g DW)  24.7%1.44.710.87
4334 % Exudation rate(g + g!DW e+ hl) 33.0+£6.04.2140. 44

R2 FTAERESERTHRENAPESER
REBXOENRER (Bfi:mg/g DW)

Table 2 Content of some organic acids involved in
oxalate metabolism in leaves of buckwheat
growing under different nitrogen forms

BAER BER
ﬁm@ . Nitrate Ammonia
Organic acid . .

mtrogen mtrogen
¥R Citrate 0.67+0.044 0.1640.014
3R M Malate 5.75%0.17 1.3440.41
¥ R B G IR i B 0.04140.012  0.035+0.0013
Reduced ascorbate
AL R PR M AR 2.224+0.069 0.34+0.042

Oxidized ascorbate

LSARERESTHER R PEEHAFAXM
HEHHEL

A —SENARFARAREEERMFE P
ERAEAHXEEENE R, WET A PERME
KEGEN., BEREW. EWMEAML EXFERT
HAPHRER- ZBR%EEEAGAD) Sk n %
AU AAO FEHELMER >RSI T 85%,
62% ;ERMB A B (MDH) BEHERTF K BERT
BERABB(CL . HREEXNFRRILES
(PEPC){&EHE A FIFRE T 49%0.16 % (3 3),
2.6 AAARESERTHRENATHESERS
BHEL

ATHEWHEHDERABSAAMZEHRXER,
NETARARESERTHREMAPEEREE
EMMNAE. EREMEL.SWHMSEAHL, B8
KTHAFHHER . AER.NERSBRTME
FORBEWNARN 21%.75% . 62%:; HL2 AR S E
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HMERTHSR, RESAMN 4. 1145,
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HEMBEEYE (nnol JEY » min! mg ! BH )
Table 3 Activities of several enzymes probably related
to oxalate metabolism in leaves of buckwheat
growing under different nitrogen forms

" WER  ABK
Nitrate Ammonia
Enzyme . .
nitrogen nitrogen
RiIrEMB AN 1.7340.16 0.8820.16
Isocitrate dehydrogenase
YRMBES 323.5547.16306,69+1,11
Malate dehydrogenase
Ui i MR AL RS 6.624+1.44 10,7143, 14

Ascorbate oxidase

WEM—-ZEBREEN 5.4540.087 10.0840. 20

Alanine;glyoxylate aminotransferase

BRENANRRRILE 38.394-0.48 32,1142, 32

Phosphoenolpyruvate carboxylase

®4 TRARRESEFRTHREHAPEE
SERSE (Bf1.mg/g DW)

Table 4 Free amino acid content in leaves of buckwheat
growing under different nitrogen forms

HER MAR HER
Amino acid Nitrate nitrogen Ammonia nitrogen
KIT&E®R Asp 1.17 0.56
2% Z M Ser 1.17 4.81
HBEM Pro 0.16 0.28
HER Ala 1.63 1.01
REHR lle 0. 056 0.19
BER Tyr 0.17 0. 40
AR Lys 0.19 0.72
HER Arg 1.85 11.84
Bt E M Cys 0.18 0. 32
FE K Thr 2.41 4.13
BER Glu 2.71 2.02
H#E® Gly 1.24 0.26
HE® Val 0.14 0,41
ZEK Leu 0.096 0.045
AN EM Phe 0.20 0. 65
#AE M His 0. 04 0.18
R ER Met 0.072 0.20
AEM Trp ND ND
# NH; 0.10 2,02

ND: undetectable( i # 2))

3 itib
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%,1989;Raab 4§,1994), HiL A — B Y M ES
R b — E IR AR R8RS 10K 58 % (Magalhies
%,1989; Troelstra %,1995), R FH, AHRA N
AN EYERZNN EERETREARA
pH 1% B9 1R &L 0 I B8 & 1Y 3 F (Barker %, 1966;
Goyal %,1982;Claussen %,1995), A XHHRH F
WAERBEASRA /5 |E pH6. 0 1y Hoagland B 3
BORIdEELUESA ESRAERTHAF
WEHEERRRRLZ (RO EBNRBEEHFXLT
FEMBAGEFER.

AR RA, AEMNE KGR EY
HAFEBRAE & (Libert 4,1987), I DA E M
SAMESBLEHTER KA ARERES £
EZRBAAESHALTFEN 2. ™%, MEHERT
0.3%,#H% 8 4% (Clark,1936) ; jt,5h, A E S B R
—RAFEFER(ERHRREY) SHRA AR
ERBETHR  YBRAWARA K EYALPE
BRF BRI (Libert %,1987), AXUESRN
ME—REEFRFEN, RAEKT AP ERSES
BERKWE D, #—-FHRERAEHREHEAR
BRIJBLUBESASESAER4dE A
TREREBNAEEER B EER, HERIEHF
TR FERSBAZ LA MESAELTER
ERBETR, _HZEAHEMAKE2), Hitd
BRIELHEYEESATERERESHEAERSR
%,

MEUHERANBRENERBPERWERE
LA S F KR BB B B R (Libert 4,
1987), ZXMFEFRE%ERAZEOBRRERGEHRRRE
WHTHAR BIYERMACREEN, ERXTL
WIIZEF BRANBE . BEWERE,.5IRE
REHEBE. AN EREBAREENEERS, M
ARMKEBAHYROBEBERMIE . KVERAT
EREENEYLSFBEAR TUNREERHW
BTN ERSE.

EREMYARPHKERNZZHE R 2E.
HERSWERREW, —MANERE—FHR B
By, UG R TR REES W
50 AR HAMR B RN CGEFMEE,1992). &3
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AUHRM AR ERSBENTHRES FH AP ER
FERFFERERFER W ERERAZERITE
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W. S8 BN % SR A & (Franceschi, 1987;
Horner %, 2000; Kostman %,2001), {HHBI{X A
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(Richardson %,1961; Havir, 1983), H Z BE B8 & 1k
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EZR MBS, 2004a,d), HBEHKEHE AN H
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WA, EERFRE C MY P ERNERES BT,
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B2 {8 (Zindler-Frank, 1976 ; Franceschi, 1987), X
VLEIEF R OB MR R IF R R E M ME— K.
BB 7 3 648 4 p B SR 1l BR 7T RE R BERR B BR
B A& % 81 /& ( Yang %, 1975; Franceschi, 1987;
Horner %, 2000; Kostman %8, 2001), Nuss %
(1978)3A LR I BR 7T REZE D6 F SR B il g C,/Cs
HEERER EERSERNEDIE 22% ~
SONKIRICERNAEERS , MAEMRER S BEMNM
PP, RE N~1INKELE, RUEERTARE
HYHPARES AR NRE RER. EXER
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FADLIR L BR F1 LR 55 5L 3K L BR & B 2 B R 4 1A
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