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Abstract:    Experiments were carried out with citrus (Citrus reticulate) and tea (Podocarpus fleuryi Hickel.) to study the effects of 
compound fertilizers on their yields and quality. In the citrus experiment, application of compound fertilizers increased available P, 
K and Mg contents in soil but decreased alkali-hydrolyzable N contents in soil and N, P and K contents in leaves. In the tea ex-
periment, application of compound fertilizers increased available P, K and Mg contents in soil and N, P, K and Mg contents in 
leaves but decreased alkali-hydrolyzable N in soil compared with the urea treatment. Application of compound fertilizers could 
improve the quality of citrus and tea, increase their yields and enhance their economical profits significantly. Compared with the 
control, application of compound fertilizers increased citrus yields by 6.31, 12.94 and 17.69 t/ha, and those of tea by 0.51, 0.86 and 
1.30 t/ha, respectively. Correspondingly, profits were increased by 21.4% to 61.1% for citrus and by 10.0% to 15.7% for tea. 
Optimal rates of compound fertilizers were recommended for both crops. 
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INTRODUCTION 
 

Zhejiang Province lies in Southeast China where 
the monsoon climate has relatively high annual mean 
temperature and large annual mean rainfall, favors the 
mineralization of soil organic matter and minerals, 
and thus increases the risk of nutrients leaching, 
which has become one of the predominant degrada-
tion processes of soil fertility (Sun et al., 2000). Citrus 
(Citrus reticulate) and tea (Podocarpus fleuryi 
Hickel.) are two important economical crops in the 
region. Best fertilization strategies to increase yields 
and quality of these two crops are of great signifi-
cance to economical growth. Citrus is perennial and 
evergreen plant with many flowers and requires a 

large amount of nutrients. Applying proper com-
pound fertilizers has been shown to enhance the 
growth, increase yield and improve quality of citrus 
(Yu, 2000; Wen and Cai, 2001; Chen, 1990). 

Tea is a perennial evergreen shrub belonging to 
the Camellia genus of the Theaceae family (Ravi-
chandran, 2002). Tea is one of the most popular bev-
erages consumed in the world (Ohe et al., 2001). 
Green tea, which is the favorite type consumed in 
Japan and China, has been increasingly used also in 
Western countries in recent years (Majchrzak et al., 
2004). Farmers usually apply urea for tea production, 
and apply organic manures for P, K and Mg nutrition. 
In fact, tea plants need large amounts of N, P, K and 
Mg for growth. The deficiency of these nutrients 
could drastically adversely affect yield and quality 
(Zheng, 1999; Yu et al., 1997; Li and Pan, 1991). 
Nutrient deficiency in soils and poor fertilization are 
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two causations for low yield and quality of teas (Yuan 
et al., 2000). In order to study the effects of different 
nutrient ratio and fertilization methods of compound 
fertilizers on yields, quality and economical profits of 
citrus and tea, two field experiments were conducted 
from 2003 to 2004.  
 
 
MATERIALS AND METHODS  
 
Experimental materials and sites  

The compound fertilizers in the experiments 
were imported form Finland, have not yet been util-
ized in China. The citrus experiment was carried out 
in 2003 on a citrus orchard of Zhejiang Institute of 
Citrus, citrus breed was Bendizao mandarin. The soil 
type was degleyed paddy soil. The soil alkali-hy- 
drolyzable N (mg/kg), available P, K and Mg (mg/kg) 
and pH were 73.39, 53.56, 121.40, 89.19 and 8.10, 
respectively. The tea experiment was conducted on 
the experimental tea garden of Hangzhou Tea Re-
search Institute, tea breed was Longjing tea 43. The 
soil type was red soil. The soil alkali-hydrolyzable N 
(mg/kg), available P, K and Mg (mg/kg) and pH were 
172.20, 17.22, 188.90, 33.29 and 5.10, respectively.  
 
Experimental design 

Each experiment on tea or citrus included four 
treatments, at equal total doses of N. Farmers’ con-
ventional fertilization was designed as the control in 
the citrus experiment, and the control in the tea ex-
periment  used  N  fertilizer  in  the  form  of  urea.  The 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

other treatments in the two experiments uniformly 
used different ratio of compound fertilizers, as shown 
in Tables 1 and 2. 

Application rate of oil-seed cake was 1.875 t/ha 
in winter fertilization in the citrus experiment, and 
2.999 t/ha oil-seed cake was applied as winter fer-
tilization in the tea experiment. The main character-
istics of oil-seed cake were as follows: total N 53.48 
g/kg, total P 6.17 g/kg, total K 10.20 g/kg and total 
Mg 3.48 g/kg. The treatments were arranged at ran-
dom in the field for citrus and replicated six times. 
The plots were 4 m×4 m in size, one plot included one 
plant. The application time was November, February 
and July, respectively. And the treatments were ar-
ranged in Latin square in the field for tea and repli-
cated four times. The plots were 4.4 m×4.5 m in size. 
The application time was February, May, June and 
October, respectively. 
 
Yields and economical profits calculation 

Citrus fruits were hand-picked after they were 
mature, and their weights were recorded for every 
plot. Spring tea leaves were picked manually, Sum-
mer and August tea leaves with machines. Weights 
were recorded for every plot. The yields of early 
Spring tea and the whole year were calculated. Eco-
nomical benefit of citrus and tea were computed from 
the cost and output of the experiments, respectively. 
 
Measurement methods 

Laboratory analyses were carried out on soil and 
leaf  sampled  on  September  9th,  2004  for  citrus  and 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Application rates of fertilizers in the treatments of the citrus (Citrus reticulate) experiment 
Treatment Winter fertilization (t/ha) Spring fertilization (t/ha) Summer fertilization (t/ha)
1 (control) 0.328 (FC)+0.125 (urea)+1.875 (oil-seed cake) 0.221 (FC)+0.094 (urea) 0.334 (FC)+0.156 (urea)

2 0.712 (15-15-15)*+1.875 (oil-seed cake) 0.509 (15-15-15) 0.814 (15-15-15) 
3 0.712 (15-15-15)+1.875 (oil-seed cake) 0.381 (20-10-10) 0.814 (15-15-15) 
4 0.712 (15-15-15)+1.875 (oil-seed cake) 0.381 (20-10-10) 0.938 (13-10-21) 

FC: Means farmers’ conventional fertilization, the doses of N, P2O5 and K2O were 154.5, 85.8 and 85.8 g/kg, respectively; There were five 
farmers that participated in the experiment; *The figures in bracket represent the percentages of N, P2O5 and K2O, respectively 

Table 2  Application rates of fertilizers in the treatments of the tea (Podocarpus fleuryi Hickel.) experiment 
Treatment Spring fertilization (t/ha) Summer fertilization (t/ha) August fertilization (t/ha) 
1 (control) 0.450 (urea) 0.450 (urea) 0.450 (urea) 

2 0.690 (15-15-15)*+0.225 (urea) 0.690 (15-15-15)+0.225 (urea) 0.690 (15-15-15)+0.225 (urea) 
3 0.828 (25-5-5-1)** 0.828 (25-5-5-1) 0.828 (25-5-5-1) 
4 1.592 (13-10-21-2) 1.035 (20-10-10) 1.035 (20-10-10) 

*The figures in bracket represent the percentages of N, P2O5 and K2O, respectively; **The figures in bracket represent the percentages of N, 
P2O5, K2O and MgO, respectively 
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April 9th for tea. Alkali-hydrolyzable N, available P, 
K and Mg contents in soil and N, P, K and Mg con-
tents in leaves were analyzed. Skin thickness of ma-
ture citrus fruits, edible percentage, dissolvable solid 
matter contents, soluble sugar contents, Vitamin C 
contents and titratable acidity were determined. 
Polyphenol contents, total amino acid contents, caf-
feine contents, soluble substance contents and water 
contents of tea leaves were determined to study the 
effects of compound fertilizers on quality of tea. 

N, P and K contents in plant tissues were meas-
ured with the conventional methods (Committee of 
Agrochem., Soil Sci. Soc. of China, 1983). Available 
Mg in soil was extracted by 1.0 mol/L NH4OAC and 
determined using atomic absorption spectrometer 
(AAS). Concentration of Mg in leaves was deter-
mined using AAS after ashing at 500 °C (Committee 
of Agrochem., Soil Sci. Soc. of China, 1983). 

Vitamin C (L-ascorbic acid) was determined 
according to Committee of Agrochem., Soil Sci. Soc. 
of China (1983). Soluble sugar was extracted in 
ethanol from 30 mg dry weight of samples and quan-
tified using a phenol-sulfuric assay with glucose as a 
standard (Bian et al., 2002). The content of water was 
determined by oven-drying. Tea polyphenol and 
caffeine were determined according to Pan et 
al.(2003).  Amino  acid  was  derivatized  and  then  the 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

derivatives were filtered and directly analyzed by 
electrophoresis on a plastic microchip with a 31-mm 
long separation channel with fluorescence detection 
(Kato et al., 2003). Soluble substance was extracted 
with regurgitant boiling water, then filtered, evapo-
rated and the dry weight was obtained. 
 
 
RESULTS AND DISCUSSION 
 
Influences of compound fertilizers on nutrient 
contents in soil and leaves 

As shown in Table 3, nutrient contents in soil 
and leaves did not vary regularly in the citrus ex-
periment. Application of compound fertilizers in-
creased available P, K and Mg contents in soil and Mg 
contents in leaves, while decreasing alkali-hydro- 
lyzable N contents in soil and N, P and K contents in 
leaves, compared with the contents before the ex-
periment. And in the tea experiment, compared with 
the control, available P and K contents in soil in-
creased significantly (P<0.01) with application of 
compound fertilizers, while available Mg contents 
also increased. In contrast, alkali-hydrolyzable N 
contents in soil were decreased. N, P, K and Mg 
contents in leaves were all significantly higher than 
those  of  the  control  (Table  4).  The  tea  experiment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3  Nutrient contents in soil and leaves of every treatment in the citrus experiment 
In soil (mg/kg) In leaves (g/kg) 

Treatment Alkali-hydrolyzable 
N Available P Available K Available Mg N P K Mg 

BE 73.39 c B* 53.56 b B 121.4 d D 89.19 c AB 27.1 b B 5.30 cd BC 13.20 bc BC 1.67 b B
1 (control) 63.28 a A 94.28 a A 308.5 a C 133.30 b A 23.5 a A 2.85 ab AB 5.49 a AB 2.30 a A

2 54.60 a A 88.63 a A 293.6 c AB 135.50 b A 24.1 a A 2.40 c B 5.80 a A 2.19 a A
3 53.55 b A 84.87 a A 253.9 c C 136.00 b A 23.8 a A 2.70 ab AB 5.07 ab AB 2.30 a A
4 53.90 b A 79.60 a A 335.4 a A 142.20 a A 22.8 a A 3.04 a A 5.26 ab AB 2.21 a A

BE: Means before experiment; *Means followed by the same small letter indicate no significant difference at P<0.05, and followed by the 
same capital letter indicate no significant difference at P<0.01 (Duncan’s test) 

Table 4  Nutrient contents in soil and leaves of every treatment in the tea experiment 
In soil (mg/kg) In leaves (g/kg) 

Treatment Alkali-hydrolyzable 
N Available P Available K Available Mg N P K Mg 

1 (control) 266.05 a A* 17.72 c C 189.02 d D 36.96 b A 48.90 b B 4.84 c C 16.30 d D 1.02 c C
2 201.10 b B 34.50 a A 325.20 b B 37.27 b A 51.00 a A 5.13 ab AB 17.00 c C 1.12 b BC
3 263.40 a A 24.82 b B 251.00 c C 42.11 a A 50.60 a AB 5.01 b BC 18.30 b B 1.22 a A
4 216.60 b AB 28.18 b B 488.10 a A 37.93 b A 51.60 a A 5.25 a A 19.10 a A 1.15 b AB

*Means followed by the same small letter indicate no significant difference at P<0.05, and followed by the same capital letter indicate no 
significant difference at P<0.01 (Duncan’s test) 
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results indicated that application of compound fertil-
izers not only increased available P, K and Mg con-
tents in soil and enhanced P, K and Mg absorption by 
plant, but also improved greatly N absorption by plant, 
which was advantageous to tea plant growth. 
 
Quality of citrus and tea as affected by compound 
fertilizers supply 

Fruit quality is one of the important factors af-
fecting China’s export of citrus (Deng, 1996). It can 
be seen from Table 5 that application of compound 
fertilizers enhanced fruit quality of citrus significantly. 
Compared with the control, fruit weight, dissolvable 
solid matter contents, soluble sugar contents and Vi-
tamin C contents in citrus fruits universally rose sig-
nificantly. According to Li et al.(2002), the soluble 
sugar content in citrus consumed largely in America 
was 8.37%, which was much lower than that in 
Treatments 2, 3 and 4. The Vitamin C contents in 
Treatments 3 and 4 both exceeded that in the Califor-
nia citrus (Vanderslice et al., 1990). Vitamin C is the 
most important vitamin in fruits and vegetables for 
human nutrition (Lee and Kader, 2000). As an anti-
oxidant, it reportedly reduces the risk of arterioscle-
rosis, cardiovascular diseases and some forms of 
cancer (Harris, 1996). However, edible rate and ti-
tratable acidity did not vary apparently. It was found 
that not only the S/A ratio (the ratio of sugar content 
to titratable acidity) of citrus fruits rose, but also the 
flavor  became  better,  and  the  shape  became  more 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

beautiful when compound fertilizers are used. Ap-
plication of compound fertilizers can really improve 
citrus fruit quality. 

In the tea experiment, total amino acid contents, 
soluble substance contents and tea polyphenol con-
tents were all higher than those of the control, which 
indicated the quality of tea leaves was enhanced. Tea 
polyphenol has significant antioxidant activity due to 
its ability to scavenge reactive oxygen species and 
chelate metal ions (Morel et al., 1993), which is 
beneficial for human health. The same variation trend 
of caffeine contents is shown in Table 6. However, 
water contents and the P/A ratio (ratio of tea poly-
phenol content to total amino acid content) declined 
in comparison with those of the control (Table 6). The 
decline of the P/A ratio indicated that the palatability 
of tea leaves was enhanced, which favors the pro-
duction of green tea (Wang et al., 1997). The increase 
of caffeine contents can also enhance the palatability 
of tea leaves (Werkhoven, 1975). And it was known 
that lower water content in tea leaves was beneficial 
for the maintenance of good quality of tea leaves 
(Werkhoven, 1975). The quality of tea leaves in 
Treatment 3 was especially good, which may be due 
to Mg supplied from compound fertilizers. It can be 
seen from Table 4 that Mg contents in soil and leaves 
in Treatment 3 were both higher than other treatments. 
The general point of view presented was that Mg is 
the fourth essential nutrient for tea plant growth, is 
important  to  the  composition  of  chlorophyll,  and 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5  Effects of compound fertilizers on quality of citrus fruits 

Treatment Fruit weight 
(g) 

Thickness of 
fruit skin (cm) 

Edible rate
(%) 

Dissolvable solid 
matter content (%)

Soluble sugar 
content (%)

Titratable 
acidity (%) 

Vitamin C 
content (g/kg)

1 (control) 60.46 c C* 0.211 c C 76.7 a A   9.72 b B 8.75 b B 0.705 a A 0.537 b A 
2 69.42 a AB 0.294 a A 75.6 a A 10.92 a A 9.81 a AB 0.759 a A 0.630 a A 
3 71.79 a A 0.282 ab AB 76.2 a A 10.48 ab AB 9.44 ab AB 0.756 a A 0.856 ab A
4 72.96 a A 0.268 b AB 76.2 a A 10.97 a A 9.45 ab AB 0.730 a A 0.807 ab A

*Means followed by the same small letter indicate no significant difference at P<0.05, and followed by the same capital letter indicate no 
significant difference at P<0.01 (Duncan’s test) 

Table 6  Effects of compound fertilizers on quality of tea leaves 

Treatment Soluble substance 
content (%) 

Tea polyphenol 
content (%) 

Total amino acid 
content (%) 

Caffeine content
(%) 

Water content 
(g/kg) P/A ratio

1 (control)  39.47 c C* 25.36 b B  2.13 b B 4.17 c B 775.10 11.9 
2 42.50 b B 26.46 a A 2.51 a A 4.21 c B 768.00 10.5 
3 43.48 a A 26.50 a A 2.59 a A 4.54 a A 773.00 10.3 
4 42.38 b B 25.67 b B 2.23 b B 4.42 b A 770.80 11.5 

*Means followed by the same small letter indicate no significant difference at P<0.05, and followed by the same capital letter indicate no 
significant difference at P<0.01  (Duncan’s test) 
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relates closely with the quality of tea leaves (Wu, 
1997; Fei and Zhang, 1991). Generally, it was known 
that the critical value of available Mg content in soil 
of tea garden is 40 mg/kg (Zhu and Chen, 2000; Ruan 
et al., 1997). 
 
Effects of compound fertilizers on yields and eco-
nomical profits of citrus and tea 

The yields of citrus and tea increased signifi-
cantly with application of compound fertilizers (Ta-
bles 7 and 8). The increased amounts of yields com-
pared with those of the control were 6.31 to 17.69, 
0.21 to 0.27 and 0.51 to 1.30 t/ha for citrus, early 
Spring tea and whole year tea, respectively. With 
application of compound fertilizers, the economical 
profits of citrus ranged from RMB 186.72 to RMB 
247.75 Yuan/plot, being 21.4% to 61.1% higher than 
that of the control, and the economical profits of tea 
varied from RMB 79.97 to RMB 84.13 Yuan/plot, 
being 10.0% to 15.7% higher than that of the control. 
The application methods in Treatment 4 for citrus 
(Table 1) and Treatment 3 for tea (Table 2) were very 
effective in increasing economical profits of citrus 
and tea, respectively. In the tea experiment, though 
the yield in Treatment 4 was highest, due to the rela-
tively large cost on fertilizers, the economical profit 
was lower than that in Treatment 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSION 
 

In the citrus experiment, application of compound 
fertilizers increased available P, K and Mg contents in 
soil and Mg contents in leaves, while decreasing al-
kali-hydrolyzable N contents in soil and N, P and K 
contents in leaves as compared with those before ex-
periment. In the tea experiment, available P, K and Mg 
contents in soil and N, P, K and Mg contents in leaves 
rose with application of compound fertilizers, in con-
trast, alkali-hydrolyzable N contents in soil declined. 

Application of compound fertilizers improved 
the fruit quality of citrus by increasing fruit weight, 
Vitamin C content and the S/A ratio (the ratio of sugar 
content to titratable acidity) of citrus fruits. The 
quality of tea was also improved by application of 
compound fertilizers through increasing tea poly-
phenol contents, total amino acid contents and soluble 
substance contents, as well as caffeine contents, while 
reducing water contents and the P/A ratio (ratio of tea 
polyphenol content to total amino acid content) of tea 
leaves. Furthermore, application of compound fertil-
izers increased the yields and economical profits of 
citrus and tea greatly. In conclusion, in experimental 
sites, the Treatment 4 for citrus (Table 1) and Treat-
ment 3 for tea (Table 2) were more effective than the 
other treatments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 7  Yield and economical profits of every treatment of citrus 

Treatment Yield (t/ha) Economical benefit (RMB Yuan/plot) Increasing (RMB Yuan/plot) 

1 (control)  29.75 c B* 153.79 0 

2 42.69 b A 222.23 68.44 

3 36.06 b A 186.72 32.93 

4 47.44 a A 247.75 93.96 
*Means followed by the same small letter indicate no significant difference at P<0.05, and followed by the same capital letter indicate no 
significant difference at P<0.01 (Duncan’s test) 

Table 8  Yield and economical benefit of every treatment of tea 

Treatment Yield of early Spring tea 
(t/ha) 

Total yield 
(t/ha) 

Economical benefit 
(RMB Yuan/plot) 

Increasing 
(RMB Yuan/plot) 

1 (control) 1.02 c* 9.32 c 72.70 0 

2 1.23 b 9.83 b 79.97 7.27 

3 1.27 ab 10.18 b 84.13 11.43 

4 1.29 a 10.62 a 80.26 7.56 
*Means followed by the same small letter indicate no significant difference at P<0.05 (Duncan’s test) 



Wang et al. / J Zhejiang Univ SCIENCE B   2006 7(9):696-701 701

References 
Bian, H.W., Wang, J.H., Lin, W.Q., Han, N., Zhu, M.Y., 2002. 

Accumulation of soluble sugars, heat-stable proteins and 
dehydrins in cryopreservation of protocorm-like bodies of 
Dendrobium candidum by the air-drying method. J. Plant 
Physiol., 159(10):1139-1145.  [doi:10.1078/0176-1617- 
00824] 

Chen, W.W., 1990. Studies of different ratio N, P and K on 
citrus. Fertilizer Industry, 2(2):9-15 (in Chinese). 

Committee of Agrochem., Soil Sci. Soc. of China, 1983. Rou-
tine Analytic Methods of Soil and Agrochemistry. Sci-
ence Press, Beijing, p.450-508 (in Chinese). 

Deng, X.X., 1996. Report on the eighth international convo-
cation of citrus. Fruits Science, 13(4):265 (in Chinese). 

Fei, D.Y., Zhang, W.Y., 1991. Effects of Mg fertilizer on 
quality of tea. Tea Report, 13(2):15-18 (in Chinese). 

Harris, J.R., 1996. Subcellular Biochemistry, Ascorbic Acid: 
Biochemistry and Biomedical Cell Biology. Plenum, 
New York, p.9780-9800. 

Kato, M., Gyoten, Y., Sakai-Kato, K., Toyo’oka, T., 2003. 
Rapid analysis of amino acids in Japanese green tea by 
microchip electrophoresis using plastic microchip and 
fluorescence detection. Journal of Chromatography A, 
1013(1-2):183-189.  [doi:10.1016/S0021-9673(03)01037-9] 

Lee, S.K., Kader, A.A., 2000. Preharvest and postharvest 
factors influencing vitamin C content of horticultural 
crops. Postharvest Biology and Technology, 20(3): 
207-220.  [doi:10.1016/S0925-5214(00)00133-2] 

Li, C.J., Pan, G.S., 1991. Fertilization and nutrition analysis on 
tea plant. Tea, 17(6):17-21 (in Chinese). 

Li, B.W., Andrews, K.W., Pehrsson, P.R., 2002. Individual 
sugars, soluble, and insoluble dietary fiber contents of 70 
high consumption foods. Journal of Food Composition 
and Analysis, 15(6):715-723.  [doi:10.1006/jfca.2002. 
1096] 

Majchrzak, D., Mitter, S., Elmadfa, I., 2004. The effect of 
ascorbic acid on total antioxidant activity of black and 
green teas. Food Chemistry, 88(3):447-451.  [doi:10.1016/ 
j.foodchem.2004.01.058] 

Morel, I., Lescoat, G., Cogrel, P., Sergent, O., Pasdeloup, N., 
Brissot, P., Cillard, P., Cillard, J., 1993. Antioxidant and 
iron-chelating activities of the flavonoids catechin, 
quercetin and diosmetin on iron-loaded rat hepatocyte 
cultures. Biochemical Pharmacology, 45(1):13-19.  
[doi:10.1016/0006-2952(93)90371-3] 

Ohe, T., Marutani, K., Nakase, S., 2001. Catechins are not 
major components responsible for anti-genotoxic effects 

 
 
 
 
 
 
 
 
 
 
 

 
of tea extracts against nitroarenes. Mutation Research, 
496(16):75-81. 

Pan, X.J., Niu, G.G., Liu, H.Z., 2003. Microwave-assisted 
extraction of tea polyphenols and tea caffeine from green 
tea leaves. Chemical Engineering and Processing, 
42(2):129-133.  [doi:10.1016/S0255-2701(02)00037-5] 

Ravichandran, R., 2002. Carotenoid composition, distribution 
and degradation to flavour volatiles during black tea 
manufacture and the effect of carotenoid supplementation 
on tea quality and aroma. Food Chemistry, 78(1):23-28.  
[doi:10.1016/S0308-8146(01)00303-X] 

Ruan, J.Y., Wu, X., Hardter, R., 1997. Effects of potassium 
and magnesium on yield and quality of oolong tea. Tea 
Science, 17(4):9-13 (in Chinese). 

Sun, B., Zhang, T.L., Zhao, Q.G., 2000. Leaching and redis-
tribution of nutrients in surface layer of red soils in 
southeast China. Pedosphere, 10(2):135-142. 

Vanderslice, J.T., Higgs, D.J., Hayes, J.M., Block, G., 1990. 
Ascorbic acid and dehydroascorbic acid content of 
foods-aseaten. J. Food Compos. Anal., 3(2):105-118.  
[doi:10.1016/0889-1575(90)90018-H] 

Wang, Y., Li, C.H., Zhao, K.Y., Yang, J.C., Yang, L.C., 1997. 
Effect of processing technology on the quality of famous 
teas of various appearances. Tea Science, 17(3):59-64 (in 
Chinese). 

Wen, S.X., Cai, Z.J., 2001. Effects of K fertilizer on growth 
and quality of citrus. Fujian Fruits, 4(1):15-16 (in Chi-
nese). 

Werkhoven, J., 1975. Tea Processing. Royal Tropical Institute 
Press, Amsterdam, p.24-25. 

Wu, X., 1997. The adjustment of Ca and Mg nutrition in tea 
garden soil. Tea Science, 23(4):16-18 (in Chinese). 

Yu, L.D., 2000. Fertilization Techniques on Citrus. Jindun 
Press, Beijing, p.1-3 (in Chinese). 

Yu, Z.J., Yang, X.C., Wei, C.L., 1997. The effects of N, P and 
K compound fertilizer on growth and yield of treetops of 
Spring tea in tea garden. Tea, 23(4):16-18 (in Chinese). 

Yuan, L., Wang, S.S., Wang, Z.H., Huang, J.G., 2000. 
Tea-grown soils and tea quality in Sichuan and 
Chongqing, China. Pedosphere, 10(1):45-52. 

Zheng, N.F., 1999. The Utilitarian Techniques on Tea Planta-
tion. Nanjing University Press, Nanjing, p.5-10 (in Chi-
nese). 

Zhu, Y.X., Chen, F.X., 2000. The magnesium nutrition of tea 
garden on hilly red soil of southern China. Tea Science, 
20(2):95-100 (in Chinese). 

 


