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Manmagement of Soil and Fertilizer Application
Meeting Needs of Various Vegetables and Soil
Fertility of Vegetable fields in Hokkaido.

by

Satoru Souma

The production of vegetables in Hokkaido has been selectively developed. Recently, the
enlargement and relocation of vegetable producing centers, particularly for specific vegetables,
has brought about the coexistence of both old and new producing centers as well as a diversifica-
tion of soil conditions. Therefore, soil conditions have been affected by an accumulation of
nutrients. The existing standards for fertilizer application and present management practices
have both been indiscriminately designed, depending on the district and type of soil.

The problems associated with soil chemical property, as indicated by nutrient accumulation,
and improvements in soil properties are peculiar to soils cultivated for vegetables. These pro-
blems should be investigated separately from the problems of physical soil property and soil im-
provement, which are dealt in common with other problems of soils in ordinary fields.

1. Nutrient Accumulations of Soils Cultivated for Vegetables and Manuring Practices.

In surveying the nutrient accumulations of various soils, the nutrient accumulation in soils
cultivated for vegetable was found to be controlled by human factors such as decision to rotate
crops as well as by differences in fertility inherent to the soils. In spite of the type of soil, it
was observed that P accumulation decreased in the following order: greenhouse > onion fields
= soft vegetable fields > ordinary vegetable fields > asparagus fields > ordinary fields. Ca-
tion accumulation, indicated as the degree of cation saturation, was in the following order:
greenhouse soils > soft vegetable fields = onion fields > ordinary vegetable fields > ordinary
fields > asparagus fields. The difference in soil nutrient accumulations was observed in or-
dinary fields and ordinary vegetable fields both of which were low in the accumulation of
nutrients, and was not observed in soft vegetable fields and in greenhouse soils, both of which
were high in nutrient accumulation. Therefore, it can be said that soils cultivated for
vegetables are affected by human factors.

The factor which had the greatest influence on nutrient accumulation in soils cultivated for
vegetables was the extensive use of manure. In addition, management practices such as the ap-
plication of soil conditioning materials and crop rotation according to P and cation accumula-
tion, was reflected in the amounts of fertilizers or soil conditioning materials applied. When
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the same management practice (i.e. Crop rotation) and rate of fertilizer application were used,
nutrient accumulation increased with the increases in the cultivation period or the period after
installation of a greenhouse. And it was also demonstrated that the existing management prac-
tice and method of fertilizer application resulted in vegetables containing excessive amounts of
nutrients.

The introduction of cover crops and the prolongation of their growing period have brought
about not only an increase in nutrient accumulation, but also changes in the quality of nutrient
accumulation. N accumulation was observed to be markedly increased in greenhouse soils, as
were P and cation accumulations, in open vegetable fields. The cation accumulation was par-
ticularly observed in open vegetable fields in Hokkaido. This may have been caused by low
rainfall rates in comparison with other districts and, also by a reduction in exposure to rainfall
due to the use of mulching materials, which were applied as thermal insulation for vegetable
fields in this cold district.

2. Effect of the Increase in Nutrient Accumulations on the Chemical Properties of Soils.

In terms of the effect of the increase in nutrient accumulations on the chemical properties of
soils, P accumulation was greatly influenced by the degree of P fixation inherent in the soil in or-
dinary fields, or in asparagus fields which have a low level of P accumulation. However, the
available P in the soil was reduced as the P absorption coefficient inherent to the soil increased;
i.e. the fixation ratio of the applied P increased as the P absorption coefficient. In onion fields
or in greenhouse soils where P accumulation increased, the P absorption coefficient exerted on-
ly a slight influence; the fixation ratio of the applied amount of P was reduced according to in-
creases in P accumulation and amount of P applied.

The increase in total P in soils brought about an increase in available P and water —soluble P,
as well as a reduction in soluble Al and soluble Fe. Consequently, the P absorption coefficient
was lowered and K, Zn and other minor nutrients were made insoluble. The degree of in-
crease in available P (Truog—P), accompanied with the increase in total P, varied according to
the type of soil: it was high in alluvial soils and low in volcanic soils which have a greater P ab-
sorption coefficient.

Cation accumulation, greatly influenced by the cation exchange capacity (CEC) inherent to
the soil, was also directly influenced by the application of cationic materials. As the cation ac-
cumulation in the soil increased, the degree of cation saturation increased. When the degree
of apparent saturation exceeded 100%, water—soluble cations markedly increased; the ex-
istence of sulfanates, as well as exchangeable cations, was observed; and the existence of car-
bonates, nitrates, and phosphates was suggested. Therefore, it is considered that CEC varies
according to the increase in cation accumulation.

3. Changes in the Soul Chemical Properties and the Production of Vegetables.

The influence of changes in the chemical properties of soils caused by nutrient accumulation,
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on the production of vegetables, was investigated: the investigation concentrated on P and ca-
tions. It was observed that excess P accumulation caused growth—retardation as well as a
reduction in the production of most types of vegetables. The vegetables were divided into
three groups according to the degree of damage with the approximate range of available P were
respectively determined as follows:
(1) Low range (Truog—P less than 50mg P,0,/100g soil) ~ mid range (Truog—P 50— 100mg
P,0,/100g soil) vegetables—corn, soybeans, carrots, turnips, Japanese radishes;
(2) Mid range — high range (Truog—P 100—200mg P,0;/100g soil) vegetable — spinach,
chrysanthemum coronarium, lettuce, Chinese cabbage, onions;
(3) Wide range vegetables — Brassica Repa var. pervidis, tomatoes, cucumbers.
The vegetables can be further divided in terms of nutritional physiology.

(1) Low — Mid range vegetables

(a) Vegetable growth — generative growth complete conversion vegetables which are con-
verted from the vegetative growth in terms of elongation of stems and leaves, to
generative growth such as enlargement and development of grains: corn, soybeans;

(b) vegetable growth — generative growth pseudo — conversion vegetables which are con-
verted to precursors of generative growth by development of roots: carrots, Japanese
radishes, turnips;

(2) Mid — high range vegetables

{a) vegetative growth — generative growth pseudo — conversion vegetables which are con-
verted to precusors of generative growth by head formation: direct head formation—type
onions, lettuce and Chinese cabbage with indirect herd formation; crysanthemum cor-
onorium and lettuce of the composite type and Chinese cabbage of the cruciferae type are
described below ((3)wide range vegetable group) and were subjected to heavy N manur-
ing;

(3) Wide range vegetables

(a) vegetative growth vegetables; Brassica Rapa var. permidis,

(b) vegetative growth — generative growth simultaneous development vegetables which
enlarge and develop fruit, simultaneously elongate stems and leaves, and are consecutive-
ly harvested: fruit vegetables — tomatoes and cucumbers.

It is felt that growth inhibition caused by the increase in P accumulation in soils was revealed
by the following factors: (1) The degree of insolubility of K, Zn, Mn, Fe, and other minor
nutrients and a lowering of their concentration in the soil solution, caused by an increase in the
amount of exchangable Ca accompanying the P accumulation; (2) absorption inhibition of a
specified nutrient caused by nutrient antagonism existing in the soil; (3) change in reaction to
N fertilizer application, i.e., inhibition of N absorption; (4) an abnormal increase in P contained
in plants (vegetable), i.e., excess P absorption, which reflected the increase in concentration of
P in the soil solution; (5) activation inhibition of vegetable and crops caused by dilution of com-
ponents in the plants themselves, accompanied by an increase in growth.
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Regarding cation accumulation, growth inhibition and yield reduction caused by excess ca-
tion accumulation in soils were considered, and saturation limits of respective cations and a
total cations are summarized as follows:

(1) Vegetative growth vegetables such as spinach, Chrysanthemum coronarium, and other
leafy vegetables: the saturation limit of exchangeable CaO is 90 —100%, MgO approximate-
ly 20%,K,0 10—15%, and the total cations 120—130%;

(2) Pseudo — conversion vegetables such as lettuce, Chinese cabbage, and other head forma-
tion—type leafy vegetables: the saturation limit of exchangeable CaO is 70—80%, MgO 20
%, K20 10—15%, and the total cations 100—115%;

(3) simultaneous development vegetables such as tomatoes cucumbers and other fruity
vegetables: the saturation limit of exchangeable CaO is 70—80%, MgO 10%, and the total
cations 100—110%.

The degree of cation accumulation in the soil was used in combination with existing stan-
dards (appropriate ranges according to CEC) to defime the following ranges: (1) a deficiency
range which is under the appropriate range according to CEC, (2) an appropriate range, (3)
an excess range which exceeds the appropriate range up to the saturation limit, and (4) an in-
hibition range which is over the saturation limit. The respective remedies were then determin-
ed as follows:

(1) defficiency range fields—soil conditioning materials should be applied up to the mean of
the appropriate range,

(2) appropriate range fields—the standards of fertilizer application established for Hokkaido
should be applied,

(3) excess range fields—fertilizer application should be reduced, and

(4) 1inhibition range fields—application of soil conditioning materials should be reduced.

It was demonstrated that the factors causing growth inhibition which accompanied the excess
cation accumulation in soils were (1) insolubility of Mn, B, Fe, and other minor nutrients caus-
ed by an increase in soil pH, (2) inhibition of nutrient absorption due to cation antagonism ex-
isting in the soil solution, (3) growth inhibition caused by ionic specifics, (4) salt damage caus-
ed by an increase in ECE when a great amount of fertilizer was applied, and (5) nitrate reduc-
tion retardation caused by decrease in the activity of soil microorganisms.

4 . Fertilizer Application Based on the Soil Fertility of Nitrogen and Phosphorus.

Based on these results, the techniques for fertilizer application and management practices
were combined according to soil fertility—as determined by the nutrient accumulation
level—and to the nutritional physiological properties of the vegetables.

In regards to spinach, a representative vegetative growth vegetable, appropriate applications
of the three nutrients were determined in relation to the P and N levels of the soil. The N level
of the soil was measured as hydrothermally extractive N, and the P level was measured as
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Truog—P. Unless the activity of vegetative growth vegetables is maintained until harvest,

yellowing of the leaves occurs, the quality deteriorates, and the yield is reduced. At least 5mg

of residual inorganic N/100g of soil at harvest is required to maintain activity. This minimum

requirement is defined as the compensation point for maintaining plant activity. Application

of cations is markedly effective for spinach, the following method is used:

{1) in newly prepared fields, the application is carried out in autumn, maximum application
rate is 200—300kg Ca0/10a /single application, and

(2) inlong-term yielding fields which lack nutrients, the application is conducted in spring, ap-
plication rate 50kg Ca0/10a /single application.

For direct head formation—type onions in terms of vegetative growth generative growth
pseudo— conversion vegetables, appropriate application of the three nutrients were determin-
ed, corresponding to the P and N levels of the soil. In general, the N application rate is decreas-
ed as N fertility increases and increased as P fertility is increased, while the P application rate is
reduced as P fertility increases. It was observed that bulb development was greatly inhibited
when P accumulation was lacking in the soil. Inhibition also occurred when the N content in
onions increased to more than 3.0—3.3% in the late stage of growth due to the application of ex-
cess N or by applying additional N. Therefore, all fertilizers should be applied initially.

Chinese cabbage, with indirect head formation, was adaptable to a wide range of P accumula-
tion brought about by heavy N manuring —and growth inhibition or yield reduction caused by
excess P accumulation in the soil was not observed. Therefore, as opposed to midhigh range
vegetables such as spinach and onions, which showed damage caused by excess P accumula-
tion, the effect of an increase in N accumulation accompanied by the increase in P fertility of the
soil was not clearly observed. In addition, N application rates were reduced as the N fertility
of the soil increased as were the P application rates when the P fertility of the soil increased.
Additional applications were markedly effective, but additional excessive N application lowered
the ratio of head formation, and the yield was reduced. Therefore, it is suggested that the op-
timum amount of N applied prior to head formation is 5—10kg N/10a in soils with low N levels,
and 5kg/10a in soils with high N levels.

For tomatoes — representative of vegetative — generative siumultaneous development
vegetables — the appropriate application of N was investigated. The suggested application of
N was determined for seedings because their character determines the subsequent growth of
tomatoes. For optimumtype seedlings and old seedlings, the initial N application rate is 20
kgN/10a for irrigated plants, and 15kgN/10a for non-irrigated plants. An additional single ap-
plication of 10kgN/10a single application for irrigated plants, and 5—10kgN/10a for nonirrigated
plants is recommended. For young seedlings, which have great rooting ability after planting
and a great capacity for the absorption of nutrients and water, the initial application should be
limited to 5—10kgN/10a.
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For simultaneous development vegetables such as tomatoes and cucumbers, where leaves
and the stems elongate and fruits develop and enlarge continuosly plant activity must be main-
tained until the harvest is completed. The consecutive application of nutrients (N fertilizer) re-
quired to maintain a constant level of inorganic N in the soil, was found to produce a satisfactory
tomato yield. For cucumbers, a similar result was achieved. Cucumber yield was reduced
when the amount of inorganic N in the soil was less than 10mgN/100g at the end of harvest, 30
days after planting.

The recommended application of N for each type of vegetable can be summarized as follows:
(1) vegetative growth vegetables — an initial application of fertilizer is required, and a residue

of at least 5mg of inorganic N/100g in the soil is necessary at harvest;

(2) direct head formation —type onions of the vegetative growth—generative growth complete
conversion vegetable group—fertilizers should be applied initially, and the amount of
residual N approximately 90days after planting should be 4—5mg/100g. However excess
N causes inhibition of bulb development and residual N is not required at harvest;

(3) indirect head formation—type Chinese cabbage belonging to the onion group —a combina-
tion of initial and additional applications of fertilizer is recommended because an adequate
supply of nutrients is required for development of the head precursor prior to head forma-
tion. However, excess N supply results in inhibition of head formation and in reduction of
yield;

(4) vegetative growth—generative growth simultaneous development vegetables—an initial
application of fertilizer is necessary to maintain initial growth, and a consecutive supply of
N is required to maintain plant activity.





