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A Preliminary Study on Why It Is Difficult to Reduce
Nitrate Spinach Petiole

LIU Zhong'?, WANG Zhao-hui', LI Sheng-xiu'

(‘College of Resources and Environmental Science, Northwest Sci-Tech University of Agriculture and Forestry, Yangling 712100;
2 Guangxi Academy of Agricultural Sciences, Nanning 530007)

Abstract: [Objective] Over-accumulation of nitrate in leafy vegetables has resulted in detrimental impact on human heath.
Since petiole is the major organ for nitrate accumulation, an understanding of the cause for nitrate accumulation in this organ may be
the key step to solve the problem. [Method] A pot experiment was carried out to study the nitrate accumulation, distribution and
allocation, as well as its reduction in the vegetable petioles, using three spinach (Spinacia oleracea L.) cultivars obviously different
in nitrate concentration as test plants. Nitrogen fertilizer was applied at two rates, 0.1 and 0.3 g N-kg"'  soil on the basal application
of 0.3 gP,05'kg™ soil. Determinations were performed for the petiole nitrate concentration, the in vivo and in vitro nitrate reductase
activity (NRA) of the petiole tissue, and the nitrate metabolic pool size (NMPS) and storage pool size (NSPS) of the petiole cell. The
velocity of nitrite formation in the petiole tissue was also determined after the nitrate reductase extracted from the leaf blade was
added to the incubation solution. [Result] The obtained results showed that the nitrate concentration of the petiole had no direct
relationship with its NRA over different cultivars, but had a negative correlation with the ratio of in vivo to in vitro NRA. The NMPS
in the petiole cell was not related, while the NSPS was positively correlated with the nitrate concentration in petioles over the tested
cultivars. When the nitrate reductase extracted from leaf blades was added to the solution for incubation of petiole tissue, the
formation rate of nitrite by petiole tissue was all increased for the three spinach cultivars, and it was obviously higher for cultivars
with relatively lower petiole nitrate concentration. [ Conclusion] This indicated that the expressing degrees of the potential NRA in
the petiole tissue, the NSPS of the petiole cell, and the capacity for the cell transporting nitrate from its storage pool (the vacuole) to
metabolic pool (the plasma) were the main reason why it is difficult for nitrate to be reduced in petiole. Nitrate concentrations in the
petiole were different over spinach cultivars.
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Table 1 Nitrate concentration in the petiole of 3 spinach

cultivars at 2 sampling times

SRR 8] dh Al ARG
Sampling Cultivars Nitrate concentration (mgN-kg™)
date 0.1 gkg 0.3 g-kg”
Nov. 20 S19 871 1087

S20 884 1094

S1 1018 1135
LSD 05 51 62
Dec. 5 S19 383 705

S20 434 909

S1 527 985
LSDy 05 90 76

2.2 AREIERMMMHAAIA. INRHERIEREEE T

XF 3 AP RFI AR . AN R L S5 BR
WE 5 RFW] (R 2D, I =, AE2 LA,
W SE NGRS IR SR B 1, 35 S AR S R e
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F2 IMERMMHARIA . SNRHERITREEE ML
Table 2 In vivo and in vitro NRA in the petiole of the 3

spinach cultivars

it A IHH AP PR D Pl Vi PRI/ AR
N rates Cultivars NRA in petiole In vivo /In vitro
(gkg?) (g NOy g 'FW-h')
MY AR
In vivo In vitro
Nov. 20
0.1 S19 3.07 3.55 86.5
S20 2.88 4.90 58.7
S1 2.88 4.68 61.5
LSDy .05 0.5 0.6
0.3 S19 4.03 4.66 86.4
S20 3.97 5.02 79.2
S1 3.94 5.17 76.1
LSDy .05 0.2 0.45
Dec. 5
0.1 S19 3.54 6.44 54.9
S20 3.82 7.36 51.9
S1 4.06 13.27 30.6
LSDy .05 0.58 2.49
0.3 S19 8.66 10.79 80.3
S20 8.08 15.63 51.7
S1 6.64 13.27 50.0
LSDy .05 3.99 1.55
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Table 3 Nitrate metabolic and storage pool size in the petiole

cell of 3 spinach cultivars

R Ly AR P 5 A )R
N Rates Cultivars NMPS and NSPS (mg N-kg™)
(gkgh il i MPS I AZI% SPS
Nov. 20
0.1 S19 4 867
S20 4 880
S1 4 1014
LSDg.0s 0.3 0.34
0.3 S19 4 1082
S20 5 1089
S1 5 1131
LSDo.0s 0.2 021
Dec. 5
0.1 S19 2 382
S20 2 432
S1 1 525
LSDy .05 0.4 0.37
0.3 S19 5 701
S20 5 904
S1 4 982
LSDy 05 0.3 0.26

MO P S i A A U A kR ok, A
JEMA 0.1 gkg!, B 0.3 gkg” (IALFR, $4J2E FhFl
S19 ffEs S20 k2 S1 Hefike X LM ASA S &
{1 B AT S o i A 225 S0 ER L 3 N 4 o ke
o, WIASASESBIEIE, AR s
R2Z, M.
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Table 4 Formation rate of nitrite by petiole tissue after

addition of nitrate reductase extracted from leaf

blade of spinach
iR Al il P AR E B
N rates Cultivars Rate of reducing nitrate to nitrite
(gke™) (ng NOy-g FW-h')
TN VN
No reductase Addition of
addition reductase
0.1 S19 4.01 5.00
S20 3.89 4.55
S1 2.98 3.68
LSDy 05 0.68 0.51
0.3 S19 5.62 6.48
S20 537 5.86
S1 4.59 5.41
LSDy 05 0.74 0.53

SKAEIF ] % 2003 45 12 H 5 H - Sampling: December 5, 2003
3 g
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