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Nitrogen Fertilization and Physiological Disorders of
Spring Kimchi Cabbage During Cold Storage
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Abstract

Ammonium (NH,"-N) and nitrate-nitrogen (NO,-N) fertilizers were spread 30 kg/10a and 60 kg/10a, respectively, as
additional fertilizers in nitrogen fertilization to investigate their effects on spring kimchi cabbage's physiological dis-
orders during cold storage. The initial weight of spring kimchi cabbage after harvesting was 3.80 kg with two-fold
NO;-N, whereas it was 3.22 kg with one-fold NO,;-N. After 90 days of cold storage, the total loss ratio became
lower as the nitrogen fertilizer ratio increased. The pH increased, reducing sugar content decrease during the storage.
Black speck occurrence became higher as the nitrogen fertilizer increased. Mid-rib brown stain and soft rot were
observed slightly in kimchi cabbage regardless of the nitrogen fertilizer ratio. Two-fold NO;-N fertilization showed
a positive effect on increasing weight and reducing kimchi cabbage loss, but it exhibited a negative effect on the
black speck. The method and content of nitrogen fertilization of spring kimchi cabbage may be adjusted according

to the usage and storage periods.
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Table 1. Additional nitrogen fertilization of spring kimchi
cabbage

Amount of nitrogen fertilization

Treatment Fertilization (kg/10a)
N NOy NH,*
Al  Ammonium nitrogen x1 - - 6.30
A2 Ammonium nitrogen x2 - - 12.60
N1  Nitrate nitrogen %1 3.81 2.06 1.75
N2 Nitrate nitrogen x2 7.62 4.13 3.49
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Table 2. GC-MS conditions of metabolic analysis in spring
kimchi cabbage

GC-MS condition

Instrument Shimadzu QP2020, Mass spectrometer
Column Silica capillary column (30 mx0.25 mm)
Inlet temperature 230°C

Oven temperature ~ 80°C 2 min, 80-230°C (15°C/min)
lonization voltage 70 eV

Carrier gas He
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Fig. 1. Changes of temperature and relative humidity during
cold storage.
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Fig. 2. Changes of O, and CO, content during cold storage
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Fig. 3. Box plot of weight changes on spring kimchi cabbage
with nitrogen fertilization. » mean weight.

Table 3. Loss ratio of spring kimchi cabbage after 90 days cold
storage with nitrogen fertilization

Weight loss Trimming loss  Total loss  Total net loss
(%) (%) (%) (%)
Al 10.6+0.8a" 21.2483a  293+4.0a 22.8+4.0a
A2 7.1+2.7 a 16.4+6.7a 227454 ab 16.1£5.6 ab
N1 10.6+4.7 a 19.2+6.1 a 303+2.6a 23.9+25a
N2 93+1.2a 11.8432b  20.0£2.0b 13.4£2.1b

All values are the mean+SD.
Y Value within a column with different superscript letters are significantly
different (p<0.05).
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Fig. 4. Black speck of spring kimchi cabbage with nitrogen fertilization after 90 days cold storage.

Table 4. Physiological disorder incidence of spring kimchi cabbage after 90 days cold storage

Black speck” Midri_b Soft rot Mold incidence Necrotic spot  Usability in_cidet}ce (%)
brown stain (%) (%) (%) (%) of kimchi

Al 1.92+0.51%*2 25.0 333 100 0 100

A2 2.82+0.60 454 0 100 0 100

N1 2.20+0.79* 40.0 0 83.3 0 100

N2 2.82+0.60 9.1 0 91.7 0 100
All values are the mean + SD.
" Black speck evaluation scale: 1, none; 2, little 3, a little; 4, much; 5, very much.
? Indicate significant differences (*p<0.1; **p<0.05).
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Fig. 5. pH and brix changes of spring kimchi cabbage during cold storage with nitrogen fertilization (o: Al, o: A2, e: N1, m: N2).

Table 5. Change of free sugar content of spring kimchi cabbage during cold storage with nitrogen fertilization (%)
Storage period 0 60 90

Glucose 0.903+0.023 aV 0.585+0.045 b 0.368+0.090 ¢
Al Fructose 0.800+0.001 a 0.579+0.052 b 0.387+0.060 ¢
Galactose 0.014£0.006 a 0.024+0.006 a 0.017+0.003 a
Glucose 0.742+0.021 a 0.511+0.058 b 0.385+0.137 b
A2 Fructose 0.698+0.009 a 0.532+0.030 b 0.407+0.147 b
Galactose 0.019+0.006 a 0.037+£0.011 a 0.039+0.011 a
Glucose 0.835+0.008 a 0.521£0.105 b 0.440+0.059 b
N1 Fructose 0.774+0.009 a 0.552+0.090 b 0.494+0.052 b
Galactose 0.020£0.007 a 0.026+0.004 a 0.021£0.010 a
Glucose 0.866+0.006 a 0.4314£0.071 b 0.300+0.053 ¢
N2 Fructose 0.779+0.002 a 0.498+0.068 b 0.363+0.047 b
Galactose 0.009+0.001 a 0.010+0.001 a 0.022+0.006 a
Glucose 0.835+0.015 a 0.512+0.070 b 0.37340.085 ¢
Mean® Fructose 0.763£0.005 a 0.540+0.060 b 0.413£0.077 ¢
can Galactose 0.016+0.005 a 0.024+0.006 a 0.025+0.008 a
Total 1.615+0.022 a 1.077£0.130 b 0.811+0.159 ¢

All values are the mean = SD.

D Value within a row with different superscript letters are significantly different (p<0.05).

2 Mean of A1, A2, N1, and N2.
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Fig. 6 Partial Least Squares Discriminant Analysis (PLS-DA) plots derived from the GC-MS profile on nitrogen fertilization (A) and
storage period (B).

Table 6. Metabolite composition of spring kimchi cabbage with different nitrogen fertilization

Intensity
Metabolites

Al A2 N1 N2 Mean?
Fructose 1.035%D 0.932%® 0.908¢ 1.048° 0.981
Mannose 0.788° 0.681° 0.675¢ 0.793° 0.734
Glucose 0.142° 0.120° 0.119% 0.144° 0.131
Pyroglutamic acid 0.125° 0.131° 0.071° 0.074° 0.100
Valine 0.029° 0.025° 0.020° 0.026° 0.025
Alanine 0.029° 0.033° 0.020° 0.027° 0.027
Glycerol 0.023° 0.024° 0.014¢ 0.016° 0.019
Malic acid 0.023° 0.023° 0.013¢ 0.014¢ 0.018
Aspartic acid 0.021% 0.046° 0.016° 0.018¢ 0.025
Inositol 0.019°Y 0.015¢ 0.013¢ 0.021° 0.017
Isoleucine 0.014° 0.012° 0.009°¢ 0.012° 0.012
Ribose 0.014% 0.019° 0.013% 0.012¢ 0.015
Glycine 0.012% 0.013¢ 0.011%® 0.010° 0.012
Maleic acid 0.011% 0.014° 0.010° 0.010° 0.011
Leucine 0.010° 0.009® 0.007¢ 0.008 % 0.009
Glutamic acid 0.009* 0.028° 0.010° 0.009*¢ 0.014
Citric acid 0.005° 0.006° 0.004 ¢ 0.007¢ 0.006
Fumaric acid 0.004° 0.004° 0.002¢ 0.002¢ 0.003
Succinic acid 0.003° 0.003 ¢ 0.002¢ 0.002¢ 0.003
Putrescine 0.002° 0.003 ¢ 0.002° 0.002¢ 0.002
Uracil 0.001° 0.002 ¢ 0.001° 0.000° 0.001
Lactitol 0.001° 0.001° 0.001° 0.001° 0.001

" Value within a row with different superscript letters are significantly different (p<0.05).
? Mean of A1, A2, N1, and N2.
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Table 7. Metabolites and their changes of spring kimchi cabbage during cold storage
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0d 60d 90 d
Metabolites Intensity Intensity 0 dT7 l6l()) d VIP value Intensity 60 dT_/) l90 4 VIP value
Ornithine 0.0005 0.0104 1 k) 1.56 0.0066 * 1.09
Phosphate 0.1213 0.0556 J ek 1.48 0.0307 1 e 1.30
Melibiose 0.0009 0.0002 J ek 1.46 0.0001 NS? -
Glyceric acid 0.0038 0.0019 J ek 1.46 0.0012 | ** 1.20
Threonic acid 0.0020 0.0005 J ek 1.46 0.0002 NS -
2-Dehydro-D-gluconate 0.6310 0.3495 | ook 1.41 0.3012 NS -
Maleic acid 0.0114 0.0304 1 ek 1.39 0.0179 | ** 1.27
Glucose 0.1312 0.0710 J ek 1.39 0.0596 NS -
Pyruvate 0.0002 0.0008 1 ek 1.37 0.0005 NS -
Asparagine 0.0012 0.0001 J ek 1.37 0.0001 NS -
Glutamine 0.0079 0.0013 J ek 1.34 0.0010 NS -
Malic acid 0.0820 0.0474 J ek 1.33 0.0396 NS -
Glutamic acid 0.0140 0.0362 1 sk 1.32 0.0244 NS -
Fructose 0.9810 0.6093 J ek 1.32 0.5048 NS -
Uracil 0.0008 0.0020 1 ek 1.27 0.0016 NS -
Malonic acid 0.0008 0.0012 1 1.22 0.0011 NS -
Inositol 0.0172 0.0115 | ** 1.20 0.0089 * 1.01
Glycyl-Glycine 0.0000 0.0015 1 1.17 0.0010 NS -
Pipecolic acid 0.0046 0.0033 } 1.15 0.0024 NS -
Tyramine 0.0005 0.0028 1 1.15 0.0020 NS -
Phenylalanine 0.0025 0.0034 1 1.09 0.0029 NS -
Glycolic acid 0.0155 0.0125 } ** 1.04 0.0088 | ** 1.24

" The vertical arrow ( | and 1) represent a decrease or increase in metabolic levels .

2 * indicate significant differences (*p<0.05; **p<0.01; ***p<0.001).
9NS, not significant different.
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