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Abstract: Nitrate and oxalate are two major quality-related compounds present in high quantities in some vegetables such
as spinach and deteriorate the nutritional quality of food. Oxalate could lead to the formation of calcium oxalate kidney
stones and reduce the bioavailability of calcium, iron and other minerals. Oxalate forms in vegetables have different
effects on human health, but previous studies have focused mainly on the total oxalate in vegetables. Little is known
about how N source can influence content and accumulation of different oxalate forms in vegetable. A hydroponic experi-
ment was carried out to study the effects of nitrate/ammonium ratio in nutrient solution on accumulation of nitrate and ox-
alates in the edible parts of spinach shoots. Results showed that biomass of spinach increased firstly as ammonium propor-
tion was increased from 0 to 50% then drastically decreased with the proportion of ammonium further increased . Nitrate
content and amounts of nitrate accumulation in leaves and shoots reduced markedly with the increase of the ammonium
proportion; Nitrate content in petioles decreased with the proportion of ammonium increased while amounts of nitrate ac-
cumulation in petioles elevated firstly then markedly reduced. Leaf was the major oxalate-accumulating tissue of spinach,
the amounts of soluble oxalate and total oxalate accumulation in leaves constituted 56.3%—89.8% and 76.6%—
87.4% of those in shoots, respectively. Soluble oxalate was the predominant form of oxalate of spinach, which in leaves,
petioles and shoots occupied 36.7%—83.5% , 79.0%—93.3% and 50.0% ~ 83.0% of total oxalate. The content
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and accumulation amounts of soluble oxalate, insoluble oxalate and total oxalate in leaves, petioles and shoots decreased

drastically when the proportion of ammonium was elevated. The extent of reduction of oxalate content and the amounts of
sxalate accumulation in leaves and shoots was higher than that in petioles. These results indicate that higher nutritional

quality of spinach with lower nitrate and oxalate content and accumulation in edible parts could be achieved by manipulat-

ing the ratios of nitrate to ammonium in nutrient solution. Appropriate ratio of nitrate to ammonium is 50/50, at which

nitrate and oxalate content and accumulation can be markedly reduced without depressing plant growth.
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Table 1 Effects of nitrate/ammonium ratio in nutrient solution on concentrations of different oxalate forms in leaves,

petioles and shoots of spinach plants

WA BB Soluble oxalate MEIR A BB Insoluble oxalate BB S & Total oxalate
oSN B T T e mem sA wm WLE | WA R miE
NOF /NH{ ratio  p ¢ Petiole Shoot Leaf Petiole Shoot Leaf Petiole Shoot

100/0 8.337a 2.782a 6.621a 2.584a 0.758a 2.019a 107438 3.456a  8.491a
75,25 6.232b  1.925b  4.627b  2.466a 0.304b 1.683b  8.658b 1.976b  6.235 b
50/50 5.418c  1.086c 3.84c  L1I8b  0.296b 0.819c 6.484c 1.368c  4.625c
25,75 3.432d  1.351c  2.653d  1.53%b  0.18bc 0.921c 4.968d 1.55c  3.683 d
0/100 0.855e 1.328c  1.013e¢ 1.411b 0.065¢ 0.962c 2263 ¢ 1.348c  1.958 e

R2 WER/ERSALOXNH AN EBFRESEHRERBLOFM (mg/plant, FW)

Table 2 Effects of nitrate/ammonium ratio in solution culture on the accumulation of oxalates of different forms in leaves,

petioles and shoots of spinach plants

) . Al A B Soluble oxalate MEVE A BR Insoluble oxalate ER B E Total oxalate
oSN BT e mem WHE iR BLH | R TR BLE
NO;' /NH," ratio Leaf Petiole Shoot Leaf Petiole Shoot Leaf Petiole Shoot

100/0 67.4 a 10.1 a 77.5 a 209 a 2.7a 23.6a 86.8 a 12.5 a 99.3 a
75725 48.9 b 8.1b 57.0b 19.4 5 1.4b 20.8 a 67.9b 8.8b 76.7b
©50/50 43.0 ¢ 49¢ 479 ¢ 89b 1.3b 10.2 b 51.5¢ 6.2¢ 57.7 ¢
25/75 21.1d 50c¢ 26.1d 8.4b 0.7¢ 9.1b 30.6 d 57¢c 36.3d
0/100 1.8e¢ 1.44d 3.2e 30¢ 0.1d 3.1¢ 4.9e¢ 1.5d 6.4 e
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