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The cause of nitrate accumulation in leafy vegetables
WANG Zhao-Hui, TIAN XiaO*Hong ,LI1 Sheng*Xiu (College of resources and Environmental Sciences,

Northwestern Science and Technology University of Agriculture and Forestry,Yangling ,Shaanxi, 712100,China)
Abstract; Field and pot experiments were carried out to study nitrate accumulation in leafy vegetables. N
application rates at 0,90,180,270kg N/hm?® were used in the field experiments with Chinese cabbage (Bras-
sica Chinensis var. Oleifera Makino et Nenoto) ,green cabbage (Brassica Chinensis L. ) sspinach (Spinacia ol-
eracea L.)and repe (Brassica campestris 1.. )as vegetables,and winter wheat (Triticusp aestvum L.)as a
comparison crop. and they were planted on a vegetable field. The N rates of 0,0.20,0.40,0. 60 and 0. 80g
N/kg soil were adopted for the pot experiments,using Chinese cabbage ,spinach and rape as indicators.and
the pots were placed in agreenhouse.

The field experiment results showed that the nitrate accumulation was a very common phenomenon
for all crops in the experiments,especially at their seedling stages. The nitrate concentrations of the 4 leafy
vegetable species ranged from 367. 8 to 1413. 4 pg/g,while those in winter wheat ranged from 730. 1 to
807. 4p1g/g at the early stages. For comparison of species differences in nitrate accumulation,a mean value
of different N rates were calculated for each crop. The data showed that the concentration in winter wheat
was 16. 4% lower than that in Chinese cabbage,14. 6% lower than that in green cabbage and 39. 9% lower
than that in rape,while 59. 2% higher than that in spinach. It is difficult to distinguish the crop more prone
to accumulate nitrates between leafy vegetables and winter wheat at their early stage. However,with plant
growth, the nitrate concentrations in the leafy vegetables increased.whereas those in winter wheat de-
creased in a fluctuating way. The average concentrations of the entire growing stage were significantly
higher for the vegetables than those for wheat. It was 1069. 3pg/g in Chinese cabbage, 452. 6p/g in
spinach,while only 338. 7pg/g in winter wheat. Obviously,as a whole,the leafy vegetables had higher abili-
ties to accumulate nitrate than winter wheat did.

Pot experiments showed that application of N fertilizer increased the vegetable growth at lower N

rates,but inhabited it at higher N rates. Chinese cabbage reached its highest yield at 0. 60g N/kg soil ,and
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rape and spinach at 0. 40g N/kg soil. When the N rates were increased to 0. 80g N/kg soil,the yields of all
vegetables were significantly decreased. Different from the yields,the nitrate-N concentrations in the leafy
vegetables were in continuous increase as the N rates increased. Compared with that without N fertiliza-
tion,nitrate-N concentrations were increased 5. 4 to 79. 7 times for Chinese cabbage,3. 4 to 104. 4 times for
rape,and 12.1 to 126. 4 times for spinach. The nitrate-N concentrations were positively correlated with the
N rates,the coefficients ranging from 0. 933 to 0. 957,significant at 0. 01 level. Obviously,the N fertilizers
added to soil were the major source for vegetables having high nitrate accumulation,being able to account
for 87.0% to 91. 6% of the nitrate accumulated in the 3 lealy vegetables.

With the increase of nitrate-N concentration,nitrate reductase activities were obviously increased. The
activities of the nitrate reductase reached 1.19pg NaNO,/g « h. for Chinese cabbage and rape.and 1. 97pg
NaNO, /g « h. for spinach at 0. 60g N/kg soil,while the corresponding values were only 0. 16,0. 21,and
0.10 pg NaNO,/g * h. at 0. 20g N/kg soil. The nitrate reductase is a key enzyme for plants to reduce ni-
trate sand high activities of the enzyme usually mean high nitrate reduction abilities. However.in this exper-
iment the high activities did not lead to reduction of the nitrate in the leafy vegetables to a low concentra-
tion. The reason for this phenomenon may be related with the physiological characteristics of the nitrate re-
ductase. The nitrate reductase is a substrate-inducible enzyme and its activities closely depend on supply of
the substrates :the more nitrate in the medium.the higher activity of the enzyme will be. With the increase
of N rates,the vegetables took up more nitrate that stimulated the activities of the nitrate reductase in
plant tissues. However,the increase of nitrate reduction ability might not be as much as the increase of the
nitrate uptake amount caused by over-fertilization of N. The unbalance between nitrate absorption and re-
duction may be the principal cause for such occurrence of nitrate accumulation.

Further comparison was made between the vegetable growth and the nitrate accumulation. The results
showed that with the increase of N rates.both the total amounts of nitrate in the leafy vegetables and their
yields were increased. However, their increased magnitudes were different: the total nitrate always in-
creased more than did the yields. For Chinese cabbage.as commpared with that without N fertilization,the
total nitrate increased 33.7,205.5,367. 6 and 327. 4 times respectively at 0. 20,0. 40,0. 60 adn 0. 80g N/kg
soil,while their yields only correspondingly increased4. 2,4. 4. 4,4. 9 and 3. 1 times. This trend was also ob-
served in rape and spinach. This phenomenon indicatied that faster enrichment of total nitrate over yields
accelerated the increase of the nitrate-N concentration in the vegetables.

Nitrate accumulated in the vegetables originates from the nitrate existing in soil,and application of N
fertilizers either in organic or inorganic forms further increased its amounts .making the dryland soil having
a high nitrate contents and resulting in much more nitrate uptake by crops. In the field experiments ,the ni-
trate-N concentrations in the leafy vegetables had reached Pollution Level 3(NO 5 -N>>325pg/g)at no N
fertilization ,and continuously increased with the N rate from 90 to 180 kg/hm?. Different from the field re-
sults,the pot experiments showed that the yields of the 3 vegetables at low N rates (0. 20g N/kg soil )were
of no significant difference with the highest ones,which were obtained at higher N rates,while their ni-
trate-N concentrations were significantly lowed,ranging from 43. 0 to 72. 1pg/g,much less than Pollution
Level 1(NO; -N<C98ug/g). Therefore,the key measures for regulating nitrate accumulation in vegetables
lie in reasonable N fertilizer management.
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Table 1 Nitrate N contents in above-ground parts of young seedlings of vegetables and winter wheat
(nng/g FW)Nitrate N content
N rate -
(kg/hm?)
Chinese cabbage Green cabbage Rape Spinach Winter wheat
0.0 779.1 804.7 1146.0 367.8 730.1
90. 0 937.8 855. 4 1335.1 493. 6 766. 4
180.0 1010.7 888. 9 1413. 4 549. 3 807. 4
270.0 982.8 1081.5 1265.4 537.2 796. 3
(Mean) 927.6 907. 6 1290. 0 487.0 775.1
1994 11 24~28 Sampled from Nov. 24 to 28, 1994.
180kg s R s 1
s s s (4 ~5 )
s ; s (6 ) o
s . 1069. 3pg, 452. 6pg s
338. Tpgs 3.16 1.34 ,
2 9
_ 30000 _o /NEZE Chinese cabbage
’ ’ ° 502500 —m—g F Spinach
2.2 ;_-f s000b R - & /NFF Winter wheat
% '%"' 1500
&5 1000
C D g
) = 500
3.4 ( =325pg/g), 0
A B C D E F
) o 2 ’ SRBEE] 1 Sampling date
b
5.4~79.7 3.4~104.4 |
12.1~126.4 2 20
’ Fig. 1 The changes of nitrate N content in the
o 0.957" ", above ground-part of Chinese cabbage,spinach and
0.955" ", 0.933" ", , winter wheat during their growing periods.

2.3

(Sampling date, A:1994-11-24 ~ 28; B:1995-03-10 ~
145 C:1995-04-17~19;D:1995-05-06 ~07; E:1995-
05-24; F:1995-05-26 (wheat:1995\[06-03)
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Table 2 Effects of N rates on nitrate N
contents in the vegetables
(NOj -N pg/g. FW) ,
Nitrate N contents
N rate s 3
kg ,soil . .
(g/kg.soil) Chinese cabbage Rape Spinach s
0.0 11.2 9.8 4.9 ey ’
0.2 72.1 43.0 64.0
0.4 425.5 448. 1 400. 7
0.6 692.9 772.5 514.7 ’ °
0.8 903. 4 1032. 6 624.3
* 1995 11 28 ~12 3 12 s o s
4~9 . Sampled from Nov. 28 to Dec. 3 and from Dec. 4 .
to 9, 1995 o
3 2. 4
Table 3 Effects of N rates on the activity of nitrate
reductase in leaf blades of the vegetables C b ,
(g NaNO,/g FW « h) ,
N rate Nitrate reductase activity ;
kg soil o 3
(g /kg soiD) Chinese cabbage Rape Spinach ’ ’
0.2 0.16 0.21 0.10 ’
0.6 1.19 1.19 1.97 0.6 gN/kg , ;
2 Sampling date as indicated in Table 2 0. 4gN/kg ’ ’
b o
4
Table 4 Effects of N rates on fresh weights of vegetables ( s
(g FW/plant) s .
N rate Fresh weights , ¢ 5.
(g /kg soil) 0.2,0.4,0.6 0.8z N/kg
g /kg soi Chinese cabbage Rape Spinach ’
0.0 13.7d 11. 1c 7. 0c ’ 33.7,
0.2 71. 8b 65. 9b 17. 9ab 205.5,367.6  327.4
0.4 74. lab 78. 7a 21. 4a 4.2,4.4,4.9,3.1 ,
0.6 81. 4a 75. 8a 21. Oa
0.8 55. 6¢ 69. 5ab 14. 4b

s
2. Letters after fresh weights are the results of

variance analysis. Sampling date as indicated in Table 2

, 20%  25%
19.4%~29.7%.
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Table 5 Folds of NO; -N and fresh weight increased by addition of different N rates to the vegetables
as compared with those without N
N rat Increased folds of accumulated NO3 -N Increased folds of fresh weights
N rate
(g /kg soil)
g /kg soi Chinese cabbage Rape Spinach Chinese cabbage Rape Spinach
0.2 33.7 26.0 33.4 4.2 4.9 1.6
0.4 205.5 324.2 250.0 4.4 6.1 2.1
0.6 367.6 538.3 315.1 4.9 5.8 2.0
0.8 327.4 659. 7 262. 1 3.1 5.3 1.1
3
b 9 o
9 9 o
s s N
b b 9
: ) 1380~ 1800kg/hm”.
C D s , . . 3 (
>325pg/g PR (N)90~180kg . ,
s o C 2, D s
0.2g N/kg s , 3 43.0
~72.1pg/g , 1 ( <98ug/g YT, . . o
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