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7  
(Table 7  Experimental design of the Latin Square: factor A, soil 

amendment; factor B, N rate; factor C, zeolite rate .) 
 

 1  2  3  4  

A
 

A1  
50 /ha) 
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8 /ha) 
A3

6 t/ha) A4  

B  B1  B2  B3 2  B4 3  
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C3  
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Z 1999 4 2000 2003 2  

 

    
1 2 3 4 

A4B1C1 A1B2C1 A2B3C1 A3B4C1 

5 6 7 8 
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9 10 11 12 

A2B1C3 A3B2C3 A1B3C3 A4B4C3 

13 14 15 16 

A3B1C4 A2B2C4 A4B3C4 A1B4C4 

  
Fig 8  Experimental design of the Latin Square .
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Fig 9 Vertical and horizontal positions utilized for digging in the 
investigation of root quantity.
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(Table 21 Effect of soil amendment and nitrogen fertilizer application on 
fine-root growth and respiration.) 

  g g g  molO2/dw.g/h 

A:  

103.8 33.1 137.0  18.5 
95.7 34.7 130.4  16.2 
89.4 38.6 128.0  16.5 
51.3 17.8 69.1  15.2 

B:  

92.4ab 34.2 126.6  17.2 
122.9a 37.9 160.8  17.3 
71.2ab 23.5 94.8  16.4 
53.6 b 28.7 82.3  15.3 

C:
 

81.0 22.9 103.9  17.0  
71.7 28.1 99.8  15.3 
99.6 45.3 144.9  18.2 
87.9 27.9 115.8  15.8 

n.s. n.s.  n.s. 
n.s. n.s.  n.s 

n.s. n.s. n.s. n.s. 
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Summary

Changes in the mineral content of leaves of 
annual-bearing, farmed Satsuma Mandarin were 
monitored over an 11-year period. The relationship 
between alternate bearing and starch content 
in roots was investigated. Nitrate nitrogen 
concentration and starch content were analyzed 
using simple and rapid methods. Through an 
examination of the nutritional status of young 
citrus ‘Shiranuhi’ trees, the most effective nitrogen 
fertilizer application rate and soil amendments 
for optimal tree growth and fruit quality were 
determined. Starch content in roots of Satsuma 
Mandarin during winter was also investigated to 

1. Examination and measurement of alternate 

bearing based on nutritional status, in 

Satsuma Mandarin

The nutritional status of ‘Aoshima Unshu’ 
Satsuma Mandarin was monitored over an 11-year 
period in a representative orchard in Shizuoka 
Prefecture, Japan. 

Nitrogen, phosphorus, and potassium contents 
in leaves varied between the diagnostic criteria for 
optimal plant nutrition (N 28 33mg g-1, P  
1.0 1.8 mg g-1, K 6 15 mg g-1) (Table 2). 
Calcium, magnesium, and zinc contents in leaves 
changed in the bottom of the diagnostic criteria 
(Ca 30 mg g-1, Mg 3.0 mg g-1, Zn 30 mg
Kg-1), and there was one year where the contents 
were lower than the diagnostic criteria (Table 2). 
Manganese content in leaves fluctuated between 
the diagnosis criteria (Table 2). From these results, 
fertilizers containing nitrogen, phosphoric acid, and 
potassium required a standard rate of application 
(N 300 kg ha-1, P2O5 120 kg ha-1, K2O 240 
kg ha-1), and an optimum application rate of 
dolomite was also required to ensure good soil 
conditions.

Negative correlations were found between 

starch content in roots and fruit yield (Fig.1 and 
2). Changes in annual starch contents in annual-
bearing orchards were small (Fig.2). 

2. Determination of nutritional nitrogen 

in Satsuma Mandarin - nitrate nitrogen 

concentration in petiole juice

In order to determine nutritional nitrogen in 
Satsuma Mandarin simply and quickly in situ from 
the concentration of nitrate nitrogen in petiole 
juice, different sampling conditions were studied. 
The utility of a small and simple reflectometer  

Nitrate nitrogen concentration in petiole juice 
of Satsuma Mandarin was approximately 11 to 
17 times higher than that in leaf juice (Table 5). 
Because nitrate nitrogen concentration in petiole 

application, it was considered to be indicative of 
the nutritional status, and therefore could be used 
to determine the required fertilizer application 
rate. The best months for sampling and measuring 
petiole juice were July through September (Fig.4).

Negative correlations were found between the 
analysis date of nitrate nitrogen concentration 
using the reflectometer and the analysis date 
using the ion chromatograph (Fig.7). The 
nutritional status of Satsuma Mandarin in situ 
could be determined rapidly and simply with the 

From these results, the following analysis was 
designed and carried out.
1) One gram of petioles was sampled from spring 
leaves that were picked during the period July 
to September (Fig.24 and 25). The petioles were 
sliced (Fig.26) and 19 mL of distilled water was 
added. Then, the petiole mixture was triturated in 
a mortar and pestle (Fig.27). 
2) Nitrate nitrogen concentrations of samples were 

(Fig.28 and 29).

Development of Simple Nutritional Diagnosis Method and Studies of
Annual Stable Bearing and Enrichment on Vigor of Citrus Tree



3. Effect of nitrogen fertilizer application 

rates and soil amendments on tree growth, 

root growth of citrus ‘Shiranuhi’ trees

A study was carried out to determine the most 
effective nitrogen fertilizer application rate for 
optimal tree growth,fruit quality,leaf mineral 
content and fine root growth of the young citrus  
‘Shiranuhi’ [‘Kiyomi’ (Citrus unshiu Marc. × C. 
sinensis Osb.) × C. reticulata Bla] trees over a 
period of four years (April 1999 to March 2003), 
which shows weak vigor. Fruit yield increased 
with increasing nitrogen fertilizer application 
rate up to twice the standard application rate 
(448 kgN ha-1 for 7-year-old trees) (Table 9). 
Fruit quality was also influenced by nitrogen 
fertilizer application rate (Table 10). An increase in 
application rate enhanced the peel percentage in 

2001 and 2003. The concentration of soluble solids 
(Brix) increased with increasing nitrogen fertilizer 
application rate in 2003, whereas the citric 
acid level in the fruit decreased with increasing 
nitrogen fertilizer application rate in 2002. Total 
nitrogen concentration in the leaves increased with 
increasing nitrogen fertilizer application rate up 
to twice the standard application rate (Fig.8 and 
Table 12). However,no further increase in leaf total 
nitrogen concentration was observed by increasing 
the rate to three times the standard rate (Fig.8).
Lowering the nitrogen fertilizer application rate to 
half the standard rate resulted in leaf total nitrogen 
concentration that was below the diagnosis criteria 
for optimal plant nutrition (Table 12).

Effects of applying soil amendments and the 
rate of nitrogen fertilizer application on tree and 

amendments (bark manure, peat-moss, perlite) 
were applied to improve the physical condition 
of the soil and to increase the number of fine 
roots (Table 16 and 21). Excess supply of nitrogen 
suppressed fine root development.The effect of 
an excess supply of nitrogen was about twice as 
strong as those obtained from the application of soil 
amendments (Table 22).

From this study, the optimal annual nitrogen 
fertilizer application rate for 7-year-old ‘Shiranuhi’ 
trees appears to be between 224 kgN ha-1 and 448 
kgN ha-1. Applications of soil amendments and the 
conventional amount of fertilizer were necessary to 

.  

4. Simple and rapid analysis of starch content 

in root and shoot of Satsuma Mandarin to 

determine nutritional status, by colorimetry 

A simple analytical system with which starch 
contents in the roots and shoots of Satsuma 
Mandarin could be measured without using special 
chemicals or analytical equipment is indicated as 
follows.
1) Samples of roots and shoots were washed, dried 

at 80 , and crushed. 
2) Ten mL of distilled water was added to 0.10 g of 

crushed sample (Fig.31, 32, 33) and the mixture 
was boiled for 30 minutes, during which the 
starch component of the sample gelatinized 
(Fig.34). 

3) The boiled mixture was filtered through filter 
paper to separate the dissolved starch from the 
sediment (Fig.35). The dissolved starch was put 

4) Three drops of 6 mol L-1 hydrochloric acid and 2 
mL of 0.05 mol L-1 iodine solution were added to 

mL mark. 
5) The absorbance of the sample solution was 

measured spectrophotometrically at 660 nm 
(Fig.37).

6) Starch content of the sample was calculated from 
the absorbance of a calibration curve that was 
made from known concentrations of standard 
starch solutions  (soluble potato) (Fig.12).
Using   this   simple   analytical   method, 

measurement time per sample was shortened 
from around 9 hours to 1 hour. Thus, it was 
possible to analyze more than one hundred 
samples per day. 



5. Seasonal changes in starch content and 

forecasts of the amount of blossom based on 

the content of starch in the root of Satsuma 

Mandarin cv.‘Aoshima Unshu’trees .

Seasonal changes in the starch content of 
leaves,shoots and roots,and the photosynthetic rate 
of the alternate-bearing ‘Aoshima Unshu’ Satsuma 
mandarin from fall to spring were investigated. Off-
year trees had higher starch levels in leaves,shoots 
and roots from fall to spring than on-year trees 
(Fig.17 and 18). Accumulations of starch in roots 
were observed earlier than in other organs.
The starch content of the roots of off-year trees 
increased from November and the starch content of 
on-year trees increased from January in Shizuoka 
(Fig.19). The organs which showed the strongest 
concentrations of starch were the roots,and the 
months were November to February.

The photosynthetic activity of Satsuma mandarin 
was observed in winter (Table 25). This must 
indicate that photosynthesis by the leaves plays a 
role in the accumulation of starch in the roots in 
winter.

Relationships of negative correlation were found 
between the starch content of the roots in December 
and the numbers of flowers (number of leaves/
number of flowers) the following spring (Fig.22). 
These results show that the numbers of flowers 
can be forecast from the content of roots that were 
collected in the winter of the same season.
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