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ABSTRACT

Fertilizer trials formed an important part of a project undertaken by the
Government of the Republic of Korea with assistance from the United Nations Development
Programme (Special Fund sector) and the Food and Agriculture Organization of the
United Watlions. The general purpose of the project was to make a soil fertility
BULVEY o

From 1963 to 1970 thousands of fertilizer irials were conducted in farmers' fields
on 8ll importamt crops. Some 4 876 trials were conducted mainly on paddy but also on
rainfed rice. Other crops such ag barley, wheat, maize, potato and forage crops had a
Yotal of 1 157 trials conducted on them.

From the comsliderable amount of dets and information that have bheen collected,
a number of important contributionz have been made to fertilizer studies in Korea.
The original fertility level of the smoil, both through soil analysis data and yields
of wnfertiliszed plots, bhas besn assessed. The soils have also been classified
according to their fertility and productivity snd those soils where orop production is
Limited by factors other than scarcity of nubtrients or water have been isolated and
recoguized. Investigetions have also been made on methods of improving problem soils,
and generally recommended fertilizer levels have been formulated for the maximum and
most economic yield per crop and province.

Through the valuable experience gained and the substantial experimental evidence
that has been collected, the profitability of complete balanced fertilization has
been clearly indiceted. The need for bhetter water management, snd for the introduction
of high yielding varieties is also clear, The improvement of problem soils has been
ghown as a viable proposition.

The megnitude of the scope of various crops, so fer practically neglected, has
been shown to have future relevance for the agriculture of the country. The feasibility
of incressing the country's sgriocultural production by double cropping paddies at
present under monoculbure has also besn made evident.



iv

The Food and Agriculture Orgenization is greatly indebted to the following
organizations which assisted in the implementation of the project by providing
information, advice and facilitless

Ministry of Agriculture and Forestry,
Economic Planning Board,

Office of Rural Development,

Suwon Agricultural College,

Agency for International Developmant.



gggpter 1

Chapter 2

Chapter 3

Chapter 4

TABLE OF CONTENTS

GLOSSARY
LIST OF ABBREVIATIONS
PRICES OF COMMODITIES

AGRICULTURE IN KOREA

1 Introduction

2 Farming

3 Irrigation

4 Land Tmprovement

IMPLEMENTATION OF FERTILIZER RATES TRIALS

2.1 Selection of Bxperimental Sites, Soil
Sampling and Analysis

2.2 Objectives of the Investigation

2.3 Work Programme

2.4 Bxperimental Designs

2.5 Rangs of Crops

2.6 Reporting, Processing and Analysis of
Experimental Resgults

2.7 Beonomic Analysis

RESULTS OF FERTILIZER RATES TRIALS

Paddy
Upland Rice
Barley

Wheat

Rape Seed
Soyabean
Millet

Maize

White Potato
Sweet Potato
Forage Crops

2 & @ @ o e o 8

2

b b OO0 =0 NI P L DO -

0 L A L2 L o L2 A o o L2
>0

s o

INFLUENCE OF FACTORS OTHER THAN FERTILIZER ON RICE
PRODUCTION

4.1 Climetic Conditions

4,2 Inadequate Water Supply

4.3 Soil Cheracteristics

4.4 Improper Use of Pertilizers

4.5 Hegional Variations in Length of (rowing Period
4.6 Regional Differences in Dry Maetter Production
4.7 Regional Differences in Soil Fertillty Levels
4.8 Chemicsl Changes in Flooded Soile

4,9 NWukrients Up-teke snd Gontent in Plant Top at

Various Stages of Growth

Page

viii

ix

N MO N = -

o~

B R B R I S N

OO0 \O\ND 00—



i,

Page
Chapter 5  HECOMMENDATIONS 14
5.1 Rice 14
5.2 Other Crops 16
Appendix 1 DETATILED RESULTS OF FERTILIZER TRIALS ON VARIOUS
CROPS 57
LIST OF TABLES
1. Distribution of Cultivated Land Among Various
Crops (1966) 17
2. Utilization of Cultivebted Land (1961-67) 17
3o Targets of the Water Resources Development Plan
(1968-71) 17
4. Storage Capacity of Fertilizer Warsehouses (1964w67) 18
5. Differences in Paddy Yields According $o Irrigation
Facilities 18
6. Chemical Characteristics of Kovesn Paddy Soils 19
To Variation in the Length of the (rowing Period of
Rice 19
8. Recommended Fertilizer Levels for Rice per Soil Heries 20
Jo Recommended Fertilizer Levels for Barley, per Soil
Series, in kg/ha of Nutrients (1964/65 — 1967/68) 28
10. Recommended Fertilizer Levels for Wheat per Soil Series,
in kg/ha of Nutrients 29

11. Recommended Fertilizer Levels for Potato, per Province,
in kg/ha of Nutrients 29



1e
26

3

14@

15«9

16,
1T

vii

LIST OF FPIGURES

Paddy Yields without Fertilizers (1964-1968)

Bours of Sunshine and Temperatures During Rice Growing Season
in the North {Suwon)

Hourg of Sunshine and Temperatures During Rice Growing Season
in the South (Kwang Su)

Comparison of Paddy Tields in Jepan and Korea

Comparigon of Fertilizer Consumption for Rice in Japan and
Kores

Regional Difference in Dry Matiter Production of Rice Plant

Butriente Level and Productivity of Unfertilized Field by
Regiong and Futrients

Change in NHg-N in Scil During Growth Perdicd of Rice

Changes in FE'

Rice Growkh

*+ Content in Various Soils Flooded During

Changes in the Redox Potential (E.H.) in Soil According to
Transplanting Date of Paddy

Regional Differences in Witrogen Content of Rice Plant at
Panicle Initiation Stage and Heading Period

Regional Differences in Totel Amount of Witrogen Absorbed by
Rice at Hervesting Time

Regional Differences in Rate of Hice Nitrogen Utilization at
the Level of 100 kg/ha Witrogen (1967)

Regional Differences in Phosphate Conitent of Rice Plant at
Penicle Imitiation Stage and Heading Feriod

Bffect of Phosphate on Paddy Tield in Presence of N and X
Shige Agricultural Bxperiment Station

Available aiO? PP in Seoils of Koves

Bffect of Wollansgbonite on Rice Vield in the Presence of Different

Levels of Nitrogen (1967)

Page
31

33

35
37

37
39

41
43

45
45
471
47
49
49

51
53

55



viid

ULOSSARY
Administrative Divislons Brnglish Bouivalents
Do Province
Gun District
Hyon Couwntry, group of townships
Ri Village, +ownship
Land Measurements
Chung Bo {or Chungbo) - area eguivalent to 9 917.36 square matres(mz)
or .99 hectare (ha)
Ten Bo (or Panbo) «  prea eguivalent to  991.736 n®
(approx. 0.1 ha)
Pyong e gres sgulvalent to 3.3 m2

1088 = 310 Won (W)

Rice Plant Diseaspes

Alcioohi or "autwm decline's slackening growth of previously vigorous
plants, characterized by guick desth of Lower leaves. It is provoked
by hydrogen sulphide tomicity to rvice plant roots.

Akagare: yellowlsh; reddish-brown spots on older leaves of rice plants
ceourring in degraded impoverished soils.
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PEICES OF COMMODITIES

{end 1969)
Won/kg Ush cents/kg
Witrogen 59,22 174
Phogphorus 41,96 12.3
Potash 18,67 5eH
Rice (paddy) AT .68 14,0
Upland vrice 29,32 8.6
Barley 29,32 8.6
Wheat 51.57 15.2
Rape 50,50 1449
Soyabean 38,93 10.6
Italian millet 20,00 8.2
Maize 47.68 14,0
White potato 14,51 4e3
Sweet potato 12,00 1,8

Note:  through the report fertilizer levels are given in kg/ha and
are expressed in the following waye
1008060 (100 kg/ha of nitrogen, 80 kg/ha of phosphorus and
60 kg/h& of potash). Yields and responses are given in
ton/ha, unless stated otherwise.
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Chapter 1

AGRICULTURE IN KOHEA

IHTRODUCTION

bgricultural production in the Republic of Korea has been inadequate to meet
the increasing requirements of the country, and the yearly import of food grain
recently exceeded 1 million tons. To overcome this problem the Government is
endeavouring to achieve self-sufficiency in food by raising yields and opening new
areas to agriculture. Until the late fifties, however, no organized programme of
agricultural development existed, nor was information on land productivity and
capability available, although a considerable amount of research work weas being done.

The promising results of fertilizer trials conducted in farmers' fields during
1961 and 1962 made it clear to the Government that the assessment of fertilizer
status of the soils of the country and the improvement of methods for increasing
crop yields were feasible through expension on a countrywide scale of these kinds of
trial. In 1963, thersfore, the Government, with assistance from the United Nations
Development Programme (Special Fund Seotorg 1/ and the Food and Agriculture
Organigetion of the United Nations, began a soll fertility survey of the country.
This internationally assisted project fitted into the active government programme
for the development of agriculture, which included other UNDP projects, multilateral
snd bilateral projects and national schemes.

The main objectives of the Soil Fertility Project were the establishment of a
soil fertility survey and the implemaentation of a goil testing and fertilizer use
programme to increase crop yields. I% also included investigation and promotion of
improved agricultural praciices, proper use of insecticides and pesticides, water
control measures and the training of counterpart persomnel,

A& largs number of fertiliser trials were performed to assess the fertility status
of soils and the sttainable ylelds, and formulate recommendations and these trials
are covered in this report. Fleld experimenis were carried out over several years
to compensate for the periodic fluctuations of crop productivity and yearly variation
in weamther conditions. Trisls were also conducted in laboratories when more detailed
and accurate information was regquired to answer specific problems: the resulis
of these specisl investlgetions are presented and discussed elsewhsre “/.

2

The United Nebtidone Special Fund and $he Bxpanded Programme of Technical Assigtance
were morged to form the United Nations Development Programme on 1 January 1966,

9ee Pechniocal Report 2.
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FARMING

The peninsula of Kores is mounbainous and not well suited to agriculture which
is mainly confined to the wesbtern coastal region, where the extensive lowlands along
the lower courses and estusries of the main rivers ave found. WNot far from the western
coast, as around the river basins, there are rather extensive areas of elevated rolling
land.

Both temperate and subdbropical climates cocur in Korea, diversified by summer
breezes from the Pacific and cold winter blizmards from Siberia.

According to 1966 data, only 23 percent of the totsl land of Korea is cultivated,
and of this over 50 percent is wnder paddy. The remainder is under upland crops.
Cold weather in the norith sghortens the growing season and most of the paddy is single
cropped, while in the southern and central reglons which have a more favourable
climate, more and mors paddies are being double cropped. About 62 percent of paddies
are adeguately irrigsted in the remaining ares. To obviate to some extent the water
shortage which may be critical in dvy years, storage of waber in bounded fields is a
common practice, Upland orops are rainfed and yields wvary with precipitation.

Farm householdings number 2.6 million, moye than 50 percent of the total
5.1 million. Human labour application le excessive and out of proportion to the
output. Investment on animal power and farm machinery is low., Bxoessive demographic
pressurs leads to land fragmentetion which hinders improvement, lowers productivity
and economic return. The only possible way to increasse owtput is fo intensify
fertilization, plant protection, irrvigation and multiple cropping.

About 80 percent of farm households are rice Tarms. About two thirds of the
produce is consumed by the fermer and his family. The rest is sold and accounts for
more than balf of the farwer's annuel incoms. Areas and percentage of land under
various crops are shown in Teble 1., The increasge in arable and cultivated land and
in the percentage of double cropping in the period 1961-67 is shown in Table 2.

IRRIGATION

Adeguate and reliable water supply is & preregulsite for stable efficient
agriculture production aw paddy is the predominant type of farming. As already
mentioned, at the end of 1967, only 62 percsnt of paddy land, which covers
52 percent of the total srable land was efficiently lrrigated. Small and large
reservoirs providing more than 70 percent of waber for all irrigation, are the most
important sources.

Shortage of irrigation water im one of the mosi serious barriers to the further
agricultural development of the country. Several irrigation projects, to uiilige
underground water, to consbruct breskwsbters and small dems along major and minor river
estuaries, and the drainage of some coasbal areas and river basins are being carried
out. Table 3 shows the targeis in hectares (ha) of the Four Year Water Resources
Development Plan,

LAND IMPROVEMENT

Hegative phyesiochemioal goll characteristics, widespread over sizeable portions
of arable laend; are seriously limiting the sgriculiural production of Korea. There
are lavge sreas of ascid soils where acidity has been created or further increased by



prolonged application of heavy rates of ammonium sulphate, which only a large-scale
liming programme over several years may be able {to improve. Other areas have been
turned almost unproductive by excessive irrigetion, lack of drainage and continuous
rice farming. The configuration of the land is also an obstacle, bub recently some
400 000 ha of slope land located in the catchment areas of the ten large rivers have
been identified as convertible into farmland,
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Chapter 2

IMPLEMENTATION OF FERTILIZER RATES TRIALS

SELECTION OF BXPERIMENTAL SITES, SOIL SAMPLING AND AWALYSIS

Provinces were grouped into climatologically homogeneous areas, two %o seven
per province., Random selection of group, of villages within each group aand of
farmer fields in which experiments were to be conducted, was made sach year. 1In
each site only one replicate, or %rial, was laid oub.

Soil samples wers collected from all experimental fields and analysed at the
Central Laboratory at Sowon, Howsver, once the nine provincial soil laboratories
were established, routine analyses were performed there and only soil samples from
gpecial research experimental sites were mnalysed at the Central Laboratory.

In this way, much time was saved and the resulis were easily accessible to extension
staff and farmers as the laboratories were located in the buildings of the Office
of Rural Development (OED) provincial branches,

OBJECTIVES OF THE INVESTIGATTION

The investigation took the form of fertiliger trials whose design varied
according to the information sought. Hesponse of various crops, and within each crop
of different varieties, to increasing rates of fertilizers was studied. The best
mode of fertilizer application end the best time, in the form of split application
of nitrogen (N) only, or N and potash (K) at various stages of plant growth was
decided. Application of amendments, such ag lime or silicabte, and minor nutrients,
to various upland crops and paddy within a variety of environmental conditions, was
also of concern. MNoreover, the interaction between two or more of these factors and
the use of improved agricultural prasctices such as plant population, time of sowing
or trangplanting, depth of ploughing, plant protection measures and adequate water
control were also studied.

WORK PROGRAMME

Before each cropping season, the entire work plan was prepared at the project
headquarters in cooperation with counterpart staff. Background and purpose of the
trials were discussed in detail, snd the number and {type of trials agreed upon.

Report cards were prepared and distributed to all field staff to record the layout
of treatments and blocks of the experimental field, the data on crop, variety, soil
type, sowing and harvesting dstes etc. Detailed information on plant growth,
occurrence of pests and diseases, pH values and soil enalysis deta were recorded in
a corresponding agronomic record card,
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EXPERTMENTAL DESIGNS

During winter ﬁ963/64 the few experiments conducted had a 33 factorial design 1/.
The 27 plots were divided into three blocke each of nine plots plus control due to
the fact that each block was laid oubt in a different site. In subsequent winters
only twe blocks of six itreatments plus comtrol esch were laid out. During the first
summer, 1964, & three blocks degign with eight treatments per block was used on rice
to determine the response curves for N, phosphate (P) and K. This design, however,
was found wnsuitable for local conditions and not flexible enough for the various
kinds of information required. Consequently since summer 1965 all trisls on rice had
the complete 33 factorial design, replicated once per experimental site. Such
design was found very effective in supplying full informstion. In spite of its
complexity the lomses due to incorrect execuibion were inmignificant.

RANGE OF CROPS

Besides rice, which being the most important crop in the country received most
atbention, experiments were conducted on many other crops. Among the cereals, wheat
has recently begun to gain importance, replacing barley in some areas. Barley is
grown in uplend areas mainly under reinfed conditione snd exposed to winter blizzards,
spring pest and disease attacks and summer droughts. Response to fertiliszer and %o
improved walter and farm mansgement practices was therefore much more noticeable th
on rice, which is grown wnder highly developed management. :

Hillet and potato recelved gome attention as they are very important cash crops.
Bxperiments were also carried out on maisze, soyabean, sweet potato and fodder crops.

REPORTING, PROCESSING AND AWALYSIS OF EXPERIMENTAL RESULTS

The report cards, once completed with all relevant data, were forwarded to the
atatistic division of the project for elaboration and processing. Findings have
bean stratified first according to province, group, district and village. Afterwards,
when soil enalyeis daba became availeble, they were also stratified according to
goil type and charscteristics.

The date were snalysed with the stendard method end summarized in tables showing
the mesn value of regponse with their stendard errors.

Response curves and surfaces have been calculated for all types of experiments
including the 33 factorial design. I% has been found that the estimates of opbimum
fertilicer rates obtained from s guadratic response surface fitted o the experimental
results of a 33 design were resalistic.

BCONOMIC ANALYSIS

The profitability of Ffertilizer use depends mainly on the incresse in yield
and/or in quality, the cvops'price, the cost of the fertilisers, the additional

Three treatments each st three levels.
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expenditure for their applicetion, harvesting =nd merketing a larger crop, the value
of the straw =and the velue of the residual effect of the fertilizers applied. The net
profit has been calculated by multiplying the increase in yield, or the difference
between. the yielde of treated and untreated plots, for the crop's price. It ig in
fact compidered that the other factors may off-sel each other, in the assumpiion that
the peagant farmer used approximately {the same amount of labour. In Korea, where
alternative employment for farm human labour is practically unavailable and where

50 percent of the agriculture is at subsistance level, this assumpiion does not seem
unrealistics The findings of the economic analysis have been included in the tables
of experimental resulits. Markebt prices of both crops and fertilizers have been used
to calculate the value of the yield increases, the cost of treatments and the resulting
value cost (V/O) ratios. In the absence of response curves or surfaces, the optimum
fertilizer levels will be indicated by the highest V/C rabtio and the corresponding
high profit, In fact, while yields and gross profits tend to rise, though at a
slowing pace, un$il a certain point, the V/C ratios tend to decrease.

The V/C ratic may also be used as an indication of the profitability of one crop
versus another one,
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Chapter 3

HESULTS OF FERTILIZER RATES TRIALS l/

PADDY

The position of rice in the agriculiture of the country is predominant and
practically all aveilable lend is used to grow it. The use of fertilizers {(mainly M),
compost and insecticides on paddy rice, is commonly practised.

In the northern parte of the country, larger responses to fertilizers than in the
south were recorded, but the yields were 10-15 percent lower due to the shorter growing
season and uncertain weather conditions. The country-wise average yield of fertilized
plots was 37 percent higher than the yield of unfertilized plots.

Substential yield increases were obitained with higher levels of N, but the rate
of the increase declined sharply when P and K were not applied as well, However,
complete W P X application did not give the highest rebturn per wnit of investment in
spite of giving the largest yield increase.

Response to fertilizers seemed to be more affected by differences in climatic
conditions fthan by nature of the goil; productivity depended largely on menagement
practices and availability of irrigation water. N is almost always and everywhere the
limiting factor to the satisfaciory production of rice., Host local varieties did not
benefit from heavy application of N, Only a few high yielding varieties took full
advantage of it.

UPLAND RICE

Mainly grown in the Cheju island under rainfed conditions, upland rice yields
less than paddy. The average yield of fertilized plots was almost 120 percent higher
than that of unfertilized plots but, contrary to what bad been observed for paddy,
rainfed rice response to W was inferior than that to P and K. Response to N incrsased
with top dressing. The most effective application was to split about 60 percent of
the total ¥ into two equal doses between 15 days after transplanting and ear formation
shags.

The return per unit of invesiment was higher than 600 percent making the use of
fertilizers highly profitable.

Por detailed resulte of trials, see Appendix 1. A Table of Contents is included
for easy cross referencing.
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BARLEY

The extremely low average yields without fertilizers, about 1 ton/ha in the
north and 1.5 ton/ha in the central and southern regions, give an indication of the
low standard of management for this crop.

Response was high to P and ¥ in the north, and 4o N in the south. A positive
interaction among nutrients was observed. In fact, the total response was further
increased with ¥ P K application. In areas with higher rainfall, higher rates of §
proved effeciive, while in those areas with lower rainfall {the response to P was
higher. Use of P seemed 4o increase the resistance of the crop to both drought and
cold. BSince most of the soils in which barley is grown have pH values lower than
sixy, the effect of liming was subgtantial. Application of 4 tons/ha increased the
yield by about 55 percent. Its effect was strongly influenced by moisture of soil
and method of application. With band applications along the furrows increases
of 60 percent were obiasined. From the application of the country-wise recommended
level of 100-75-55 kilogrammes per hectare (kg/ha), an average yield of 3.35 tons/ha
could be expecied, that is aboubt 45 percent increase over the country average
yield. The Suwon varieties, with the exception of Suwon 6, were highly responsive
to fertilizers.

WHEAT

Farmers are encouragsd to grow wheat and the area under this crop is expanding
each year. Average yields without fertilizers very between 1.8 4o 1.0 ton/ha from
gouth to north.

Tield increases to the order of 90 percent in the centre and south and almost
200 percent in the north have been obiained with adeguate fertilization. The largest
response was that to N. Also P and K were very effective in the north. The regponse
t0o the additional 25 kg/ha of B from 75 to 100 was higher than from 50 to 75.
Similarly, the response to 20 additional kg/ha of ¥ was higher from 60 to 80 than
from 40 to 60,

From experimental evidence it is clear that wheat could yield more than 4 tong/ha
with adequate fertilizer application in the south, where its cultivation is highly
profitable,

RAPE SEED

Response of rape o fertilizer was substantial, in the order of ¥, Py K.
Application of Boron increased the yields by 10 percent everywhere but in the Cheju
island. Pertilizer use proved to be very profitable, giving a return per unit of
investment higher than 400 percent.

SOYABEAN

Only very small amounts of fertilizers had been applied to this crop. As
expected from a leguminosa, responses to P and K were higher then to N. In spite of
the crop's resistance to acldity, very low soil pH values may affect the yields,
Increases of 20 percent were obtained with liming slone which proved 4o be of utmost
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1mp0r%&no@“fwr the improvement of the crop. Also P and ¥ may have considerable effect
although similar results can be achieved from the regidusl effect of heavy fertilization
to the previcus crop.

MILLET

Thigncrop ig mostly grown in the uplsnds of the south under rainfed conditions.
Avargge yield without fertilizer is in the order of 2 tons/ha. Best response to N was
obbained with 60 kg/ha with evidence of additional response to increasing levels.

Beat yxeld_&md highest gross profit were obitained with a balanced and complete
formula of 100-80-80 due to positive interaction among muirients.

MATZE

Yields increased from 1.8 ton/ha without fertilizers up to 5.8 sons/ha with
adeguate and balanced applications. HResponses to ¥ and P were high and gimilar, that
to K rather smaller,

Optimum level was 150-12%-100 and proved very profitable as returns of 500 percent
per walt of investments were recorded, ,

WHITE POTATO

With sdeguate fertilimer applicabions similar yields were obtained both in uplands
and lowlands. The average yield without fertilizers was only 9 tons/ha and increases
of the order of 120 percent were realized.

With the application of 120-00-150 a gross profit of 190 000 won (US$ 613) per
hectare was obltained.

I POTATO

This crop is grown mainly in the uplande under rainfed conditions and has wide

variations on yields, per province and yesr. The average responses to 1 kg/ha of

Wy P and ¥ at the levels BO-90-210 was respectively 99, 93, 37 kg of yield., Unit
responses wepre even larger in the Cheju island, where the crop is widely cultivated.
The yields on newly recleimed soils were substantirlly lower than in older soils.
Sweet potato has proved to be one of the most profitable orops among those under
investigation. In fact yields could be raised from 16 tong/ha control to 30 tons/ha
with uge of fertilizers.

FORAGE CROPS

These crops which are the basis for the development of a livestock indusiry
deparve more attention. The very low conirol ylelds and the encouraging experimental
results obbained indicate that with proper mansgement greal improvements could be
oltained which may even produce bebter ylelds than in many developed ocountries.
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In the south, with favourable soil conditions, the dry matier production of
Italian Rye (rass can reach 12,0 *bons/ha. Good average yields of Oats were also
obtained mainly in the central region. Orchard (Grass also yielded very well in the
central region and Cheju igland. Red Clover ylelds were erratic mainly due to low
moisture and the elevated acidity of newly reclaimed soils. These conditions affected
also the production of Alfalfa and Ladino Clover.
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Ghapber 4

IVFLUENCE OF FACTORS OTPHER THAW FERTILIZER ON RICE PRODUCTION

On the basis of original soil fertility status, se determined by yield of
wnfertilized plots, Korean paddy fislds have been divided into three classes or
levels of productivitys Low, with yields between 2.5 - 3.5 tona/ha of paddy:
Hedium, with yields bebween 3.5 to 4.5 ﬁmma/h&; High, with yields from 4.5 %o
55 ﬁan&/h&e Their digtribution is shown in Figure 1. Paddy yields obtainable in
Kores are are much lower fthan those of Japan, in spite of wide use of fair amownts
of fertilisers in the recent past. This mey be due to the adverse influence of
several factors such as uwnfavourable climetic conditions during the plant growih,
inadequate walter supply at critical stages, problems concerning soils and improper
fertilization, usually excesalve In nitrogen.

CLIMATIC CONDITIONS

Hours of sunshine and temperature recorded during rice growing season in Japan
are compared with those cccurring in the nerthern and soubhern parts of Korea,
regpectively in Figures 2 and 3. As the yesvly Tainfall of sbout 1 100 millimetres (mm)
is mainly concentrated in July and bAuguet, the drought in April, May-June may delay
or altogether cancel the transplenting operations in the rainfed areas in the northern
region, which accounts for more than 17 percent of fthe total ares under rice. Horsover,
during Juiy-bugust the production of effective tillers and the panicle formation may
be seriously affected by the high temperature and heavy rainfall with l1ittle sunshine
mainliy in the norvthern reglon where, during this period; the sun seldom ghines. On
the other hand, low ftempersture snd abundant sunshine during September and Qctober
are very favourasble conditlions for the ripening of the grain unless, as in the
northern region, temperature velues becoms toc low. These growth patterns are also
shown in Filgures 2 and 3.

IHADEQUATE WATER SUPPLY

The yields obbtainable in rainfed and in partislly irrvigated sress are much lower
then those of properly irrigeted paddy fields. Table 5 shows yields and ares of
paddies according to irrigation facilities.

S0TL CHARACTERISTICS

Agriculturel soils of Korea are primarily derived from igneous rocks such as
granite and gneiss and various sedimentary materials. Their texture varies belween
cley loam and sandy loam. Hoils are highly weathered; have very low organic matier
content as well as cation exchange capacity and are generally deficient in Py K,
9ilica (81i), Megnesium (Mg) and Mangenese (Mn). These soils have 1ittle capsbiliiy
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of absorption and sitorage of the nutrients supplied through fertilizetion. Moreover,
wder the influence of the unfavourable climatic conditions seen above, rice plant
growth is initially wvigorous but slackens afterwards. Chemical characteristics of
Korean paddy soils are summarized in Table 6.

4.4  IMPROPER USE OF FERTILIZERS

Baperimental evidence made clear that the government-recommended rate of
application to paddy, 91-31-20 kg/ha, ig very low in P and K. Comparison of relative
amounts of nutrients applied to paddy aud average yields of Korea against those of
Japan in Pigures 4 and 5 confirms this statement.

4.5  REGIONAL VARIATIONS IN LENQGTH OF GROWING PERICD

The total length or duration of the rice plant growing period is influenced by
geveral factors such as variety, climete and time of transplanting which can be
performed either at an early or late date. Also, the respective length of vegetative
and reproductive growths and that of each one of the various growing stages, can vary
accordingly. Teble 7 shows the regional and varietal variations in the duration of
the growing period due to early and late transplanting.

4.6 REGIONAL DIFFERENCES IN DRY MATFER PRODUCTION

Figure 6 shows the regional differences in the dry matter production of rice
plants. Generally low during vegetative growing period, it increases during
reproductive growth. The increase is very low in the northern area, maximum in the
central ares where it rises from values similar to those of the northern area, to
values similar to those of the southern area.

4.7 HEGIONAL DIFFERENCES IN SOIL FERTILITY LEVELS

The relstionship between the original soil fertilidy level of a soil and its
productivity is made evident in Pigure 7. There the nutrient levels of unfertilized
plots, expressed in kilogrammes per hectarejare siratified per region and nutrient
and compared with the corresponding yield in tons per hectare. The countyy average
of the three main nutrients contents is 71=50-102 kg/ha 1 ¢ With minimum values in
the north. Thess are highest in the south. The correlaetion coefficient heiween
nutrient level and yield has been found: for N, 0.778; for P, 0.664 and for
K3 0,566,

1/ Total N was defermined by Kjeldahe method; available P by Lancester extractant
sxchangeable K and other cations by H—ammoniuvm scetats leaching method.,
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4.8  CHBEMICAL CHANGES IN FLOODED SOILS

The NH, - N content, follows the pattern characteristic in flooded soil. Initially
high, it decreases sharply until panicle initiation stage when it is only 20 percent
of the original. Afterwards it increagses slightly end remains constant. Values are
very small in soils with low productivity and in wnfertilized plots, but significantly
higher in fertilized plots (see Figure 8).

Tron reduction takes place in flooded soil due 4o anamerobic metabolism of
bacteria. It becomes very soluble and ite concentration may reach values of toxicity
which can be avoided by liming, drainage and cautious applicetion of organic matter.
Figure 9 shows that Fe ™ content is very high end widely varying in normal soils,
while it is smell end congtant in soils with high productivity.

Redox potential is influenced by organic matter, Fe, Mn, drainage and temperature,
Figure 10 shows the variations in Redox potential according to the date of
transplanting. Only with early transplanting is the value at panicle initiation stage
still high enough 4o prevent root rot, a disease closely associated with soil reduction.
The conditions occurring with late or normal transplanting do not seem faveourable to
rice plants.

4.9 NUIRIENTS UP-TAKE AND CONTENT I PLANT TOP AT VARTIOUS STAGES OF GROWTH

The content of W inecreases until effective tillering stage and gradually decreases
afterwards. Values found in plants grown in poor soils ars much lower than in those
grown in normal soils, though the pattern is the same (see Figure 11). There is a
relationsghip between N uptake and yield. No high yield can be expected if W content
at harvesting time is lower than 1.75 percent. In Figure 12 the values of N
abgorption are given. These are high in the south, low in the north, with a country
average of 99 kg/ha, which is rather large. On the other hand, the utilization rate
iz small, being only 29 percent (see Figure 13)., The quantities of P absorbed
are smaller than N, but follow the same regional trend (see Figure 14). It is worth
mentioning that Koresn soils contain fair P amounts. The rate of K absorption is
the highest one. Korean scils are well provided with potash, and irrigation water
can supply from 20 to 40 kg/ha of KZO'
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Chepter 5

HECOMMENDATTONS

RICE

Recommended Pertilizer Levels According to Soil

The rate recommended by the Government,91-31-20 kg/ha,is based on products
availability and has proved 4o be unbalanced and sxcessive in N in respect %o P and
K. This has been proved by field experimentation resulis. Despite the presence of
fair emounts of these two nutrients (P and K)in the soils and the low rate of
absorption of phosphates, the continuous use of high rates of nitrogen leads fo a
serious decline in production as Flgure 15 mhows., In the light of experimental
results, economic retwms and rate of utilization of fertilizer nutrients, a general
recommendation of 100-45-60 kgfha can be formuiated, The optimal levels will vary
of course according to the soil. These have been siratified per province eand soil
series in Table 8,

Improved Cultural Practices

Barly trangplanting is recommended for the northern region and the Chung Chong
Nem province of $he central region so that plants may find more suitable climatic conditions
during growth. Occurrence of atrip or dwarf disease limits the use of this practice
in the central and mouthern areas.

Direct seeding can be recommended in the rainfed or poorly irrigated areas.

Application of compost or straw in addition to chemicals is necessary Lo maintain
failr fertility level. Only sbout half of the paddy area receives green manure or
compost, rice straw being usually used for other purposes. PFurther investigation
is needed to assess quantities and time of application of organic matter and the
interactions, if any, with fertiliszer rates.

Deep ploughing with upturn of subsoil is recommended mainly in those soils which
have a deep topsoil or a submoil in which the nutrients, leached down from topsoil,
have been accumulated.

The so called midsummer drainage, or the practiice of puspending irrigation and

draining the water from the fields 30-40 days before heading period, is recommended.
In such a way, roots can be oxlgenized and toxic materials removed.

fpplication of Silicate

Silica ephances in the soil the availebility of P to plants; in the plant,
resistance to lodging and diseases, and the assimilaetion functions through improvement
of photomynthetic activities of leaves and the oxidation power of roots, It appears,
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from'experimental and anslytical results, thet a minimum of 120 PePems S5i0s are
required for proper plant development and therefore 94.4 percent of sgoils in Korea
are deficient in milica, as shown in Figure 16. Application of silica gave gome |
12-14 percent yield increases in normal soils and larger in soils with low
productivity. In Pigure 17 the recommended guantities and regional effects of
wollenstonite (Ca Si Oo) are given, in the presence of different levels of N.

Best Time for Pertilizer Application

Split application of ¥ and K proved effective. Nitrogen in particular gave the
best results when split in the following ways i

50 percent as basal dressing;
25 percent as top dressing 15 days after transplanting; and
25 percent at ear formation stage.

In the mouth further splitting of the last top dressing as follows proved
effectives

50 percent as basal dressings

25 percent 15 days after transplanting:
12.% percent at ear formation stage; and
12.5 percent at heading time,

The effect of split N application is up to 180 kg/ha paddy, which is an increase
of 4 percent.

However, the best time for N application varies with locality. In Chulla Puk
best yields were obtained from plots which received all N at an early stage of growth,
while in the rest of the country extremely delayed top dressing at panicle initiation
stage gave positive effect. Generally, it cen be said that in the north ¥ has to be
applied early, in the south, the later the better. Farther investigation is howaver
gt1ill needed on this subject.

Use of Amendments and Micro-Nutrients

Crop responses to additional quantities of fertilizers, meagured in terms of
additional yield increases, begin to become insignificant from a certain level of
nutrients onward. Resulis of a large number of trisls however demonstrated that a
further yield increase of 10 percent is still possible with the application of micro-
nutrients or amendments. Iron enriched composts, menganese, wollenstonite, which
is a cheap source of lime and silica abundant in the country, have been found to
produce significant increases in paddy yields. In fact, incresses in the order of
0.5 ton/ha have heen obitained with such applications in permeable sandy soils, heavy
cley, old marine soils, leached soils and soils with a high watertable., Enriched
composts and wollanstonite, together with drainage and high ridges cultivation proved
effective also in preventing Akiochi and Akagare diseases l/. The effect of high
ridges and closer planting space has been meagsured on 0,30 ton/ha.

gelection of short stemmed and disease resistant varieties is recommended .

See Glossary.
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5.2  OTHER CROPS

(For move detailed information on these crops see Appendix 1).

5201 Barley

Barley is the second food crop and is planted both in winter and spring, either
in uplandsg or in rotation with rice. Due to its low market priceschemical fertilizer
application is not a common practice. A large number of experimental results indicate
that high vesponses and falr yields are obbteinable, with countrywise average
110=80=-50 kg/ha of nutrients, and yield 3.37 tons/ha. Liming gave significant increases
in yield, evidently not only because of its effect on raising the soil pH, but also
because it supplies calcium end magnesium to the crop. Application of compost is also
recommended, Optimum fertilizer levels and corresponding expected yields are given,
per soil series, in Table 9.

Hele? Wheat
Wheat respounse to fertilizers is fairly high. Because of the greater amount of
land used and increasing importance of the crop, meny experiments have been conducted.

The average recommended level is 100-80-60 kg/ha nutrients and in Table 10 the
optimum levels are distributed per soil series.

5+203 Soyabean

The response of this crop to fertilizer is low and so are the benefits. In cley
loam goils derived from grenite, 40-80-60 kg/ha of nutrients is recommended. In soils
derived from slluvial deposits or sedimentary rocks 40-40-60 kg/ha of nutrients is
racommended.

Bo2od Maize

Thig crop responds well to fertilizers and 150-125-110 kg/ha is recommended.

He26H Millet
On the basis of economic consideration, the level of 60-80-80 kg/ha is recommended,
although best yields have been obtained with 100-80-60 kg/ha.

56246 Rape Seed
Levels varying from 90~140-60 to 90-185-80 are recommended.

Helol Sweet Potato

In normal upland soil 80~90-120 kg/ha is recommended. In newly reclaimed soil
100-90-120 kg/ha is recommended.

50208 Potato

In normal uplend so0il 100-30~60 kg/ha in lowland in rotation with rice
140~9OI60 kg/ha is recommended. The recommended levels for the provinces are glven
in Table 11,



Table 1

DISTRIBUTION OF CULTIVATED LAND AMONG VARIOUS CROPS (1966)

Crop Area Percentage

{ha)

Grain crops 3 115 890 89.5

Vegetables 154 154 444

Mulberry 61 692 1.7

Tobacco 36 726 1ol

Other crops &8 175 2.0

Total ‘ 3 481 827 100.0
Table 2

UTILIZATION OF CULTIVATED LAND (1961-67)

Year Total arable land Cultivated land

Percentage of
{in 1 000 ha) (in 1 000 ha) double cropping
1961 2 049 3047 149
1962 2 080 V 3135 151
1963 2 097 3193 152
1964 2 189 3 389 155
1965 2 275 3 588 158
1966 2 312 3482 151
1967 2 31 3 541 152
Tsble 3

TARGETS OF THE WATER RESOURCES DEVELOPMENT PLAN (1968-71)

Year Area wndergoing

water regulabtion
(in 1 000 ha)

1968 25 000

1969 208 000

1970 127 000

1971 75 000

Total 435 000
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Table 4

STORAGE CAPACITY OF FERTILIZER WAREHOUSES (1964~67)

Year Distribution points NWumber of warehouses  Storing capacity
(tons)
1964 1116 2 241 338,661
1965 2 345 2 712 385,308
1966 2 486 2 953 400 254
1967 2 707 3417 455 545
Table 5

DIFFERENCES I PADDY YTIELDS ACCORDING TO IRRIGATION FACILITIES

Total Land Properly Partially
cultivated improvement irrigated irrigated Rainfed
area asgoclation
Area 1 191 358.3 277 278.3 418 688.1 288 575 206 T94..4
Yield
(ton/ha) 2.44 2.74 2,60 2,29 1.95
Percentage of
total
cultivated land 24,2 173
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Table 6

CHEMICAL CHARACTERISTICS OF KOREAN PADDY SOILS

ngh‘ Normal Low
pro&uctlag paddy production Average
paddy soil 801l paddy soil
pH (Hp0) 53 5.4 5.3 5.37
Organic matter 2.0 - 227 0.23
Total nitrogen 0.18 - 0.18 0,18
CoEoCo 13.5 11.8 115 11e7
Bxchangeable Ca 5T 4.8 3.99 o2
" Mg 2.0 1e32 132 1.32
" K 0.3 0,27 0,25 0.26
" Na 0.49 0.32 0.35 0.33
" H 4.6 5. 30 4.9 5018
P05 (ppm) 59 57 53 55.8
M ¥ 42 36 36.1
Soluble 8103 1544 935 946 .8
Active iron 1e6 9,09 0.91
Tields
in ton/ha 4.5 3.7 2.3 3.75
Table 7T
VARTATION IN THE LENGTH OF THE GROWING PERIOD OF RICE
Variety Transpl an= Growing Vegetative Reproductive
_— . ting period, growth, from growth, from
Frovince Mf?iﬁiv date from transplanting panicle
MEBUEANE transplanting %o panicle initiation
to harvest initiation to harvest
(days) (days) (days)
Kang Won Jim Heuns 25 May 133 53 80
Suwon W 5 June 116 47 69
Chulle Nam Nong Lim 6 25 June 113 35 78
Barly maturin
Kang Won Suwon 82 2% May 99 32 67
Suwon w 3 June 94 30 64

The influence of varletal chersclterisice and transplanting date on
length of growth may play a very important role in better fitting
the crop reguirements %o climatic conditions, and in finding the

most suitable time for fertilizer application.
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Table 8

RECOMMENDED FERTILIZER LEVELS FOd RICE PER SOIL SERIES

Kyonggl Do
Soil Fertiligzer Yield Top dressing of nitrogen 1/
Clugher Series rate ~ ke/ha Reps t/ha 1 2 3 4 5
1 Apa 100w-60-40 3 4.60 - - - - -
1 Rxa 100=60-40 4 4,57 - - - - -
1 Aph 1203040 5 6,57 - - - - -
1 A5Fh 100-30-80 8 5,15 50 0 0 50 )
1 Anb L20mB0-40 3 3,45 - - - - -
2 Apa 100-80-40 3 5,66 50 0 0 50 0
2 Apa 100-30-40 4 4.29 - S - -
2 Hxa 120.560-80 4 4037 40 30 15 1 15
2 AFB 12 0mB0--80 8 4093 - - - - -
b2 Fma 100-30-80 5 5.43 40 30 o) 30 0
| 2 Pmb 120-60~80 3 5657 40 30 0 30 ! o)
2 Fub 120--30-40 3 £.08 - - - - -
2 e L00E0-40 2 5,08 - - - -
2 Raa 1LO0E0-40 6 5,75 - - - - ] -
2 Raa 1006080 & 5,82 - - - - E -
2 Raa 1203040 1 1.67 - - - -
3 Apa 1006040 8 5,25 40 30 ) 15 15
3 Apa 100-60-40 12 5. 76 %Zg o | ol ol s
3 Rxa 100--60-80 16 5,17 - - - - -
3 4Fb 100-60--80 3 4.81 " - - - -
3 Ape 1006080 3 4,23 - - - - -
A - Apa 120-A0-80 13 5,17 40 0 0 30 30
4 e 12043040 4 579 5 0 50 0 0
4 AFD 120-30-40 1 5.49 - - - - -
4 Haa 1203040 4 4,83 40 30 30 0 J
40 30 J 30 J
5 Apa 1006040 2 5.82 - - - - -
5 hpa 100-60-40 16 5,08 40 30 0 30 N
5 Rxa 1006080 1 5,28 - - -~ - -
5 hph 1033040 2 4.76 50 0 2 50 3
5 Fma 100-80-40 11 5,87 40 30 N} 32 30
40 0 0 30 39
5 Pma 12056080 10 6,04 40 30 J 4] 30
- . . (40 30 d 30 Q1
5 b 1206080 8 5,78 (40 o 5 0 0!
5 Fmd 100m60--80 1 631 - - - - -
5 Fmd 1206040 8 5,69 - - - - -]
) Frod 100-60--80 1 6.42 - - - - -
9 Pmd 100--60-40 4 5,28 40 30 0 30 | o
g Fmd 100-60-80 A 5,24 - - - - -
5 Ana 120-60-40 1 5,68 40 30 0 0 0!
1y t

i/ 1. Basic dressing; 2. 15 days after transplanting; 3. 10 days after transplanting;

4, aniecle initistion stage:;

5.

Heading period,
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Table 8 contessene

{

! Soil Fertilizer Tield Top dressin, '
Cluster Serieg rate - kg/ha Rep. t/ha 1 2 3 4 5
1 Apb 120--30-80 2 4.97 - - - - -
1 Apb 120~60-40 2 4.92 - - - - -
1 Rva. 50 ) 50 0 0
2 Apb 100-60~40 1 5,37 - - - - -
2 APa 100-30-40 1 4.66 - - - - -
2 AFa, 100-60-40 1 4.84 - - - - -
2 APD 100-60--80 1 6,49 - - - - -
2 ARd 1006080 2 4,97 - - - - -
2 AVa 100-60--80 12 3.50 - - - - -
3 Apa 1003040 4 3.44 (40 30 0 15 15
- 40 0 0 10 30
3 AFb 1006080 9 3,80 (o 10 o 30 30
3 AFL 100--60-80 15 2,34 - - - - -
3 Ana 100~60-40 5 4.70 éég 33 g 38 %3
3 Anb 100-60-80 4 3,47 &0 42 O o) J
3 Pma 1006080 2 3.97 - - - - -
3 Pmb 100-60--80 3 3,85 - - - - -
3 , Rxa, 100w Qe 40 11 4,15 50 50 ) 2 J
! (40 30 0 30 0
4 Apa 120-60-40 12 4.24 Ezg 38 %3 53 8
(10 30 0 30 J
4 Apb 1006040 5 5,70 - - - - .
4 AFa 1006040 8 4.46 0 40 D 30 30
4 AF 1003040 18 452 0 40 0 30 30
0 40 0 30 30
4 AFDb 100-20--80 18 4.54 - - - - -
4 AFD 1006040 18 4450 - - - - -
4 ARG 120=60-80 1 6.14 - - - - -
4 Aab 1005080 4 5.65 40 30 ) 20 0
5 Apa 1203040 1 4,65 - - - - -
5 Apa 100-60--80 1 4,50 - - - - -
5 ARz 100-60-40 3 4.50 - - - - -
5 AFD 1003040 1 5,38 - - - - -
Chungchong Puk Do j
1 Apb 1203040 6 4,86 50 o} J 50 o
1 AFYD 120-30~40 4 020 - - - - -
1 Rdxa 120-60-80 3 6,74 - - - - -
1 Ana 120-30~--40 4 6.18 - - - - -
2 Apa 120-30-40 3 5.18 - - - - -
2 Apa 120-30-80 3 5.34 - - - - -
(40 30 0 30 0!
2 Apb 120-30-40 2 5425 (40 30 o 15 15
‘ J O i
2 AFD 1206040 4 6,05 éﬁg ig 3 is 1%
2 Hxa 1203080 6 4.52 - - - - -
2 dxa 120-63-40 6 4657 - - - - -
2 Haa 1203040 i 2 5.08 - - - - - 1
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Table 8 conteess

Chungchong Puk Do

Soil Pertilizer Tield Top dressing
Cluster Series rate - kg/ha Reps +/ha 1 2 3
2 Rab 120=30--40 2 5099 40 30 0
2 Apa 120-60-80 8 | 4.69 40 30 o}
2 Apa 100-60~80 8 . 4.3 - - -
3 Apa 120-30-40 4 3.98 40 30 0
3 AFDH 100-60--80 2 4.44 o - -
3 Apa 100-60--80 3 3,99 s - -
3 Apa 100-60--80 8 4,60 - - -
3 Apb 120-30--40 8 4.52 40 30 ]
4 Apa 1206080 4 4,32 40 0 #]
4 Apb 100=60~-80 2 4.53 - -
4 Apb 1203080 2 4.64 - - -
4 ARD 1203040 1 5,82 40 30 3
4 AFDL 120w60-40 1 5.87 - - -
4 Apd 120-60-80 3 6.03 - - -
4 Rab 100-60-80 3 3,96 - - -
4 AFD 100-60-80 3 4o43 - - -
4 Apa 120-30-80 4 4.00 40 30 0
4 Apa, 120--60-40 4 3.90 - - -
4 Anb 120-60-80 4 5,80 40 30 0
4 Rab 120=230=-40 4 5.47 o - e
[Chungchong Nam Do
Lo Apc 100-60-40 3 5.21 - - -
: 1 Apb 80-30--40 3 3.64 o - -
| Apd 100~80-40 6 4.711 - - N
} 1 Apa 100-60-80 9 5.01 — - -
1 Apa 120=60-40 8 6,05 50 %0 0
1 Fma 100~60-80 8 6,03 50 o) 0
2 Apa 100«-30=-50 8 5.04 40 30 3
2 Apa 100-60--80 8 5.03 - -~ -
2 Apb 1006080 4 5,67 40 30 0
3 Apa 100-60--80 6 5,77 - - -
3 Apb 120--3040 3 5,82 - - -
3 Ana 120-30-40 3 6.54 - - - -
3 Ana 100-60-80 3 6,19 - - - -
3 Pma 1003040 4 5,28 - - - -
3 Fma 100-30-80 3 5.08 - - - -
3 Pma 1006080 3 5.01 - - - -
3 Rxa 120w30-40 3 6,80 - - - -
(40 30 0
4 Apa 100=30-40 6 5455 (69 0 J
(40 30 0
4 Apa 1008040 6 5edd - - -
4 Apa 100=60-80 6 5,52 o - -
4 Apb 1203040 4 5. 70 0] 40 0
4 Apc 1008040 2 5,84 60 v J
4 Apd 1006040 2 6.10 - - -
4 AP 100w60=40 4 5,50 A0 0 J
4 AFD 100«60--80 4 5,29 40 30 30
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Table 8 conte...

S ~ -Soil Fertilizer Yield Top dressing
Cluster Series vate - ke/ha | Rep. t/ha 1 2 3 4 5
4 Apa 120w=850-80 8 5083 - - - - -
4 Apa 120w60-40 8 590 - - - - -
4 AFb 120=30-40 4 5,48 - - - - -
4 AFb 80-30-60 4 5.23 - - - - -
5 Apa 100-60-80 5 5,21 (40 30 0 15 15
40 30 0 30 0
5 Apb 100-60-40 4 4.85 (0 10 5 30 10
5 Apb 1006080 4 4.84 - - - - -
5 Apb 1203080 4 5.01 - - - -0 -
5 Ana 100-33-40 4 6.23 (40 30 0 0 2
- 40 30 0 W J
6 Ana, 120-30-40 4 8.34 (o 19 5 % | 39
6 ABg 1006040 8 5,01 40 30 30 0 0
5 AFb 120-60-80 2 5,02 40 30 0 30 b
5 Rab 1.00-30~80 3 5.56 - - - -
5 Rab B0 3040 3 5,22 - - - - -
5 Rxa 1003040 1 6,46 - - - - -
5 Rxa 120~ 0-80 1 5.00 - - - - -
5 Axa 100=-60-80 1 6.32 - - - -
6 Rab 100-60-40 1 5,42 - - - -
6 Haa 100=60~-80 3 5014 - - - - -
& Pma 100-60-80 12 5.03 - - - - -
) Apa. 1I0~-60-40 13 4.83 o - - - -
6 Fra 100-60-80 12 5.60 40 30 9] 15 15
Kyongsang Puk Do
1 Apb 1003040 12 5.79 40 3 0 30 0
1 Apb 100-60-40 12 5.75 - - - - -
1 APFD (o 40 J 30 30°
2 Apa 100~60-40 8 6.28 40 30 0 30 o)
2 AFD 120-30--40 3 5,79 - - - - -
2 Fma 120-60-40 1 6,06 - - - - -
2 Frb 100-60-40 3 5022 - - - - -
3 Apa 100-60- 0 2 5,48 - - - - .
(50 J 50 0 N
3 Apa 120-60-40 6 4.88 (40 30 N 15 15
(40 30 J 30 21
(40 30 0 0 2|
) 4 pa. 100-60~80 . 56 5,19 (40 30 N) 15 15
(40 30 0 15 % 15
{40 30 J 15 15
3 Apa, 120--30--80 56 5.31 (o 49 J 30 30
(40 30 J 15 15
0 15 15
3 Apb 100=60~40 1 544 248 28 o 30 39
3 N 3
3 Apb 100=-60--30 & 4.11 %Zg ;g 5 lg 15
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Table 8 conteseo

o Soil Fertilizer Yield Top dregsing

Cluster Serias rate - kg/ha Rep. t/ha 1 2 3 4 5
3 Ape 1203040 6 5,70 40 30 0 30 0
3 Ana 100~-30--40 4 4.88 40 30 0 15 15
AFD 120=30-40 2 3.58 Ezg gg 8 12 1;

240 30 30 9 )

. 40 30 30 0 0

3 AFDb 100~60-40 51 4.54 (40 30 5 10 5
(40 30 0 0 30

(40 30 0 30 0

3 Raa 1206080 4 6.83 (20 30 o 15 15
-5 (50 0 0 50 5

3 Rxa 100w50-30 6.01 (10 30 o 30 3
3 Maa 120=230-80 6,94 - - - - -
3 APa, 40 30 0 30 0
4 Apa 120~ 0-40 8 5,82 0 40 0 30 30
4 Apb 100-60-40 16 6.15 éﬁg gg S ig ig
gao 30 30 0 0

50 40 30 0 0 30

4 Apb 100=60-80 16 6.12 (20 o o 0 5
(40 30 30 0 0

4 Ape 100-- 0-80 20 5.35 40 30 0 30 0
4 Apc 100--30-40 20 5.38 - - - -
4 Ape 10060 0 20 5,25 - - - - -
4 Ape 100-30-80 2 549 - - - - -
4 Apg 100--30~80 1 5,11 - - - - -
4 Ana, 100-60-80 3 6,99 - - - - -
4 Anb 120-60-80 6 644 - - - - -
4 APa 100-30-40 1 5.84 40 30 0 30 J
4 APFa 100 30-80 8 4,07 - - - - -
4 AFD 120~30--40 1 6.77 - - - - -

> Apa, 50 0 50 0 0

Kyongsang Nam Do

(40 30 0 30 0

1 Apa 1006080 11 (40 30 0 15 15
(40 30 3 0 3

1 Ape 100-60~80 4 5,52 49D 30 0 15 15

i Ana 100=60-80 2 6,30 40 30 0 0 30
1 Ana 80*”30"’80 4 5 ° 15 o £ o - s
1 Anb 1006040 4 5,97 - - - -
1 Anb 100-60--80 4 5.85 - - - - -
1 ARG 100--60--40 2 5,60 - - - - -
1 APQ 100=60-80 2 5,64 - - - - -
1 Hab 100-60-40 1 6.41 - - - - -
1 Ria 1006080 4 6026 - - - - -

1 Rme 50 50 0 0 0

2 AFa 40 30 0 30 o
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Table 8 contesee

Soil Fertilizer Tield Top dressing
Cluster Seriesg raje ~ ke/ha Rep, t/ha 1 2 3 4 5
2 Apa
2 Apa, 100~60-40 9 5.54 0 40 0 30 30
2 Apa 100~-60--80 26 5,45 40 30 30 0 0
2 Apb 100-60-80 3 4.71 - - - - -
2 Apc 100--60-80 3 6,01 - - - - -
2 Ana 1003040 8 5,69 40 30 0 30 0
2 Ana, 100-60-40 8 5.67 - - - - -
2 Anb 1003040 4 5.59 40 30 0 30 0
40 0 0 30 30
2 anb 100~30-80 4 5,64 - - - - -
2 AFD 120-30-80 4 4.55 40 ) 0 30 30.
3 Apc 120~30-40 1 5,65 - - - - -
3 Apb 120-30-80 2 5.50 - - - - -
3 Apg 100-60-80 4 4.92 40 30 0 30 0!
3 Ane 120-60-40 1 5,70 - - - -
3 AFD 100~60-40 4 4,90 - - - - -
3 AFD 100=60=50 4 4.90 - - - - !
3 AFb 120-30--80 5 5,09 - - - - -
3 AFd 100-60-40 2 5,20 - - - e !
3 Fma, 130-30-40 26 4.79 (40 30 0 30 0l
: 0 40 0 30 30!
3 Fma 100-60--80 26 4«79 (10 5 5 0 | 30
3 Fmb 100-60-80 11 4.90 - - - - -
3 Fmd 100-60-40 8 5.22 Ejg 38 2 ig igé
3 Fmk 806040 8 3,28 0 40 0 30 30
3 Fmk 100--30-40 8 3,18 - - - - | -
3 Ras 100-30-40 4 4.69 Eig . S B
3 Rac 100-60--40 4 6.66 0 40 o 30 30
4 Apa 100-60--80 10 5.84 - - - 1 - -
4 Apa. 100=30-80 8 5,85 - - - - -
4 Apa 100-60-40 8 5.81 - - - i - -
4 Apb 120-60-80 2 8.78 - - - - -
4 Ana 1006040 1 5.88 - - - 1 - -
4 AFD 100-60-40 1 5,84 - - - - -
4 Rea 100-60-40 3 5.75 - - - - -
5 Apa 100~60-40 T 5.97 - - - - -
5 Apc 100-60-80 4 5,72 40 30 J 15 15,
5 Apb 100-60-40 2 5,64 40 30 0 30 0!
5 Apb 100--60-80 9 5,56 40 30 0 15 15
5 Ana 100-30-40 12 5,10 50 50 N d J
5 Ana 100--60-40 12 5,18 - - - - -
5 Apg 100-30~40 4 5.51 40 0 Q 3 30
5 Apd 100-60-40 1 5.44 - - - - -
5 Apd 1006080 1 5,46 - "o “o ;J »J
5 Anb 100:60-80 4 5,67 Egg go 0 15 15
5 APd 100~60-40 2 5,15 - - - - -
5 Fma 100-30-40 5 4.72 - - - - -
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Table 8 conteosse

Soil Fertilizer Yield Top dressing
Gluster Series rate - kg/ha Rep. 4/ha 1 2 3 4 )
5 Fma 100~30-40 5 4.79 - - - - -
5 Rxa 100-60-80 11 4098 0 40 0 30 30
5 Fmd 120-60-40 1 6.44 - - - - -
5 Rac 100-60--80 4 6.19 - - - - -
6 Ana 120-60-40 4 6.43 0 40 0 30 30
6 Anb 100-30-80 3 6.64 . - - - -
6 Anb 100-60~40 3 6,50 - - - - -
6 AFD 100-60-80 6 5.11 - - - - -
6 APc 120-60-40 1 6.84 - - - - -
6 Fra 1.20-30-80 5 6.15 - - - -
6 Fmb 1206040 1 6.50 - - - - -
6 Fme 100-30--80 4 5.54 0 40 0 30 30
Chulla Puk Do
1 Apa 100=60--40 10 4.78 40 30 0 30 J
1 Apa 100-60-80 10 4.74 50 50 0 0 e
1 Apa 120-60-80 24 5,52 %28 0 ’g 48 2
1 Apa 120=60-40 24 5.43 40 30 30 0 J
1 Apb 100=60-40 4 5.22 40 30 0 15 15
! Apb 120-30-40 4 5.27 - - - - -
1 Apc 120-20~40 2 6,18 50 0 50 0 0
1 Rab 100~60--80 2 5,39 (.1., - - - -
, N 40 0 0 30 30
1 Pma 100~60-80 17 4.62 (50 3 50 5 5
1 Fma 120=30-40 46 5.15 60 40 ) o) J
1 Fma, 120-60-80 4 5.33 40 30 0 15 15
1 Rxa 100-60-80 1 5.14 ( - - - -
1 Fmb (60 40 o) o) N)
2 Apb 100-60-80 2 5,58 - - - - -
2 Apo 100-50-80 5 5,92 - - - - -
2 Rab 100=60-40 1 5.86 - - - - -
2 Rab 100-60-80 1 5,36 - - - -
2 Ana 100-60-40 3 5.67 50 50 o) 0 0
2 Ana 100=-60-80 4 5,60 - - - - -
2 Anb 100-60-40 4 6.18 50 50 0 ) 0
2 Anb 120--60-40 4 6.04 . - - - -
2 Rxa 50 0 50 0 0
3 Apc 100~30-80 3 5,76 - - - - -
3 Ana 1206040 3 5.75 - - - - -
3 Anb 100-30-80 3 4.88 - - - - -
4 Apa 120-30-40 7 4.73 60 40 0 0 J
4 Apa 120-30~40 7 4. 76 40 30 30 0 )
4 Ape 100-60-40 3 5,76 - - - - -
4 Apc 100-60--80 3 5.42 - - - - -
4 Apd 100-60-80 1 6.48 - - - - -
4 Ana 120-60--80 4 6.44 60 40 0 Q 0
4 Anb 120=30-40 3 5,12 - - - - -
4 AFD 100~60~80 2 5,80 - - - - -
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Table 8 conteeose

Soil Fertilizer Yield . Top dresgsin
Cluster Series rate — kg/ha Rep. t/ha 1 2 3 4 5
4 AFD 120-60-40 3 4.89 - - - - -
4 Rxa 100-60-30 1 5.68 - - - - -
4 Rxa 120~60-40 6 5.39 - - - - -
4 Rea 120-30-40 1 5633 - - - - =
[Chulla Nam Do
) (50 50 o 0 0
1 Apa 100=-60~80 15 5,01 (50 o o 50 o
1 Apb 100-60--80 2 5.79 50 50 0 0 0
1 Apb 100-60-80 15 4.84 40 30 0 0 o)
1 Apc 120-30--40 8 5.61 40 0 0 30 30
1 Apc 120-30-80 8 5042 - - - - -
1 Apg 100-60-40 4 4.65 40 30 30 0 o)
1 Apg 100-60--80 4 4e64 - - - - -
1 AFb 100-30-40 5 4,70 40 30 0 15 15
1 Ana 1006080 6 Bo32 40 30 0 1% 15
1 Anb 100-60-80 3 6.33 40 30 0 30 0
1 Anb 120-30-40 16 5.25 - - - - -
1 Fma 1003040 8 4.79 40 0 0 30 30
1 Fme 100~30-40 4 6,03 40 30 o] 15 15
2 Apa 120-60-40 12 5,13 40 30 0 30 0
(40 30 0 15 15
3 Apa. 1.00=60-40 39 4.87 (40 30 0 30 o)
(40 0 0 30 30
2 Pma. 100-30-40 3 5024 - - - - -
2 Fmd 1206040 6 6,06 - - - -
(40 30 0 30 0
3 Apb 100-30-40 12 5.19 (40 30 0 0 30
(40 30 0 15 15
3 AFD 100-30-40 8 5,00 %ig gg g 1% %2
3 AFb 120~30-40 8 5,12 - - - - -
J 0 Q
3 Fma 100-60-80 4 5.73 %28 43 9 50 9
3 Fna, 100-60~80 4 3.92 - - - - -
4 Apb 100-60~80 4 4.78 - - - - -
5 Apb 100-30~80 2 4.29 - - - - -
5 Apc 100--60-80 5 4.97 50 0 0 50 0"
5 AFd 120~30~-40 1 5.05 - - - - -
5 Anb 100-60-40 3 6.04 50 50 0 0 og
5 Fma 100-60-40 6 4.48 40 30 0 30 Sh
5 Pmad 100-30~80 5 3,99 - - - - -
5 Pmd 100-60-80 5 3,80 - - - - -
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Table 9

RECOMMENDED FERTILIZER LEVELS FOR BARLEY, PER SOIL SERIES,

IN KG/HA OF NUTRIENTS (1964/65 - 1967/68)

Soil Series ) P Expected Yield
(ton/ha)
Baeg San 130 100 80 4.72
Ban Cheon 130 80 8o 3.62
Bang Gi 130 100 40 3.80
Ban Ho T0 100 40 1.99
Ban San 110 90 80 3.33
Bong Gye 120 60 60 4a26
Bong Ryang 90 60 80 3,09
Chang Pyeong 100 60 40 3.12
Dae Gu 90 60 60 4,63
Dal Cheoen 120 60 40 3.10
Gag Hwa 100 50 60 .64
Gwang San 80 60 &0 3.38
Hag Seong 70 100 40 3015
Ho Gye 120 80 80 3.60
Ho Ham 70 80 80 3.06
Hwa Bong 90 60 60 3,24
Hwa, Dong 120 40 20 2.39
Hwang Tong 120 90 40 4,02
I Hyeon 120 60 40 3.84
I Weon 90 60 &0 4.1
Jang Weon 120 60 60 3.65
Jeon Wam 120 60 40 2.74
Nag Dong 110 T0 60 2.94
Sa Chon 120 80 80 3.51
Sam Gag 120 60 40 2.69
Seong San 90 T0 60 4.04
Seog Gye 100 5 40 3.82
34 Bye 100 60 40 544
Song Jeong 120 90 40 3,60
Su Bug 120 60 60 3.38
Tae Huwa 120 60 40 3,88
To Gye 110 100 50 2.89
Tong Cheon o0 50 40 2020
Tong Ju 120 80 T0 3633
Average 110 80 50 3.37
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Table 10

RECOMMENDED FERTILIZER LEVELS FOR WHEAT FER SOIL SERIES, IN KG/HA OF NUTRIENTS

Soil fSeries ) P ¥
Ban Cheon 118 96 &0
Bon Ryang 142 100 56
Dal Cheon 105 100 20
Deog San 113 5 60
Gag Hwa 116 85 60
Gwang Sen 130 86 60
Ho Gye 124 78 60
Ho Wam 97 87 40
Jeong Nam 119 50 40
Jeon Nam 100 78 40
Nag Dong 107 100 40
Shin Heung 123 100 40
Sin Jeong T0 50 30
51 Rye 70 121 0
Tae HWha 94 45 ™
Tong Gheon 140 140 60
Tong Ji 130 100 80
hverage 100 80 60

Recommendations per districis are shown in the Appendix.

Table 11

AEGOMMENDED FERTILIZER LEVELS FOR POTATO, PBR PROVINCE, IN KQ/HA OF NUTRIENTS

Province i) P K
Kyong gi 100 80 200
Chung puk 40 : 45 100
Chung num A0 45 10w 200
Chulla puk 100 90 100
Chullanum 15 45 100
Kyong puk 100 45 100-200
Kyong nam 40 45 200
Cheju 40-T0 45 100
Average S0 90 100
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FIG. 2

HOURS OF SUNSHINE AND TEMPERATURES

DURING RICE GROWING SEASON IN THE NORTH ( SUWON)
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FIG. 4

IN JAPAN AND KOREA
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FIG. 6

REGIONAL DIFFERENCE IN DRY MATTER PRODUCTION OF RICE PLANT
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FIG. 7

NUTRIENTS LEVEL AND PRODUCTIVITY OF UNFERTILIZED FIELD
BY REGIONS AND NUTRIENTS
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FIG. 13

REGIONAL  DIFFERENCES IN RATE OF RICE NITROGEN UTILIZATION

AT THE LEVEL OF 100 kg./ha NITROGEN (1987)
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Appendix 1

DETATIED RESULTS OF FERTILIZER TRIALS
ON VARIOUS CROPS
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The experimenial results have been stratified according to regions, provinces,
varieties, soil groups end series. The experiments were repeated for six years in
order to observe the effects of the varying weather conditions on the crop responses
to fertilizer., Greatesmt emphasis wasg given to the response to N in the presence of
P and K, in order to formulate economic recommendations to farmers on optimum
fertilizer use. In addition to the study of the variability in the responses through
the analysis of variance, response curves and surfaces were also traced,

Treatments were chosen taking into account alse the promotional aspect. Farmers,
in fact, could appreciate the promising resulis of the experiments which were
conducted in their own fields,

PADDY

eographical Differences in Yields and Responses to Fertilizers

Due to geographical differences in grain yields and responses to fertilizers,
Kores was divided in three climatologicel areas: mnorth, centre and south. The north
hag low mean temperatures during late spring and eavly autumn; the cenire is a
little warmer and drier; +the south is relatively warm in spring and asutumn but
‘temperate in summer.

In the north the growing season of rice, almost slways belonging to long duration
varieties, is reduced. As a consequence (see Table 1), in the north the average
control yield is 3,13 tons/ha$ sgaingt 3.82 and 3.96 tons/ha respectively in the
centre and souwth.

With a standard application 120-45-60 kg/ha yields increased about 43 percent
in the north, 30 percent in the centre and south.

Of the total response %o fertilizers, the response o 120 kg/ha of N alone was
86 percent in the north, 88 percent in the centre and south. It was in fact, on the
average, more than 1 ton/ha with a very high economic return. This may explain the
practice of local farmers who use N alone.

The responses to P and ¥ appeared to be rather consistent in the centre and
gouth, when higher levels of N were applied. In the north, these responses tended
to decrease with incressing levels of N, even though the magniiude of the responses
remained considerably larger than in the centre and in the south. Application of
40 kg/ha of P and 60 kg/ha of K together with 120 kg/ha of W gave an inorease of
140 kg/ha of yield in the south and 190 kg/he in the north.

Tables 1 and 2 show the responses of rice to different levels of W with and
without P and ¥ in the three reglons.
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Rasponse of Different Rice Varieties fo Fertilizers

Although responses to ¥ differed with vavietiss and locality, it can be sald
that most of the rice varieties commomly grown in Korea are not very responsive to
N, and thus cannot be defined asg high lding. Most common veriebies ares Nang Lim 6
and 25, Pal Kweng, Jin Heung and Pal dal. Among theps only Fang Lim 6 and Pal Kweng
are Tound to be reletively consigbent in thelr responges to fertilisers. The increase
over comtrol, average of several years, due to 120 kg/h& of W with adequate amounts
of P and K, was about 30 percent. With higher ¥ levels, the numbar of paniclss and
that of spikelets per panicle gtill increased giving increasing yielda., In the
other varieties, excess of N provoked reduction on the 1 000 grain welght, as well as
diseases and lodging.

This low response to N might be due to soil characteristics. Most of paddy
goile in Korea sre derived from granite snd have low cation exchange capacity and
orgenic matter conbent.

In order to improve bhe produciion of the aveilable recommended varieties other
measures can be adopbed such asi

i application of belmnced fertiliszer rates according to soily
ii% egbablishment of culibural practices ailming at the higher production of
effective $iller during early stages of growth;
1ii) proper timing of fertilizer spplication to maintain adegquate nutrients
supply to plent during reproductive stage of growth and to increase
the efficiency of W
iv) dimprovement of low productive soils with lime, wollastonite, composts
and micpro-nutrients application; and
v) appropriasie water managemend .

The locally practised density of planting (72 hill per pyong, 30 x 15 centimetres(cm) )

proved to be the best, In fact, only in the Kyonygl Province was n significent increase
in yield obtained with increased density of planting (see Table 4).

Response of Rice to Fertilizer in Different Soil Groups

Paddy lend in Kores was classified inteo 13 scoil groups recognized by a soil
survay. OFf these, nine are well represented and together account for more than
96 percent of the ares under rice. Soil groups and their characteristics are listed
in Table 5, and the responses to ¥, P and X have been siratified in Table 6. From
the observation of the two tables it appears that in all soll groups there was a
gignificant response to the 20 additional kilogrammes of N from 80-100 kg/h& with the
exception of the acid sulphate soils of group Fe¥, Bxperiments with amendments such
ag lime and wollenstonite gave congiderable incresses in yield. The addition of
20 kg of ¥ from 100 to 120 kg/ha gave resulte only in the Afa, Apb and 4pb groups.
Largest responses wers recorded in the Rac and Rxa groups. In the latiery, rice
responsge to P was the highest. Hice responss to ¥ was positive bult smaller then that
of H and P, except that in the north, applicetion of increaping levels of ¥ increased
the unit response to P {see Table 11). Similarly, increasing levels of P increased
the wnit responzs to K.

The nature of the rice response to fertilizers in different scil groups was
studied through response surfaces fitted to the respective data (see Table 7). The
observation ¢f the response surfaces in the thres mein regiong indicated the existence
of positive interactions between ¥ and P as well as between P and X (see Table 8).
However, thae magnitude of fthe interactions not gignificant.
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Responge of Rice to Fertilizers in Different Soil Seriesn

Paddy lend waeg further subdivided in some one hundred moil series,

Expgrim@n%a were conducted on shout 40 of them, including the twelve most common
ones, which account for nearly 64 percent of the total arvea., The percentage of totael
area they respectively occoupy is given, among other dsia, in Table 9.

Generally, response to N was consistent snd similar, although the magnitude of
the responses varied considerably with the locations and $he year.

Remarkable differences among responses in different places could be observed
only occasionally for N, but more freguently for P and XK.

When the highest response was that 4o 80 kgfha of Ny no significent responses

were recorded with increasing spplication of P and K. Where higher ¥ levels geve

increasing yields, relatively large snd congistent responses to P and K were obtained.

Beonomice of Pertilizer Use on Hice

The results in Table 10 show that as an average for Kores the unit response to
the additional 20 kg/ha of ¥ from 100 to 120 increased when also adequate amounts of
P and K were applied. This proved that the largest yield increases are obbtained with
a complete, balanced application. I} mey be worth noting that not always lower V/C
ratios corresponded to high fertilizer retes. Tearly results are detailed in Table 10.
The fertilizer levels underlined gave the highest return for unit of investment.

Optimum Fertiliszer Levels per Province, Hegion and Hoil Group

Por the formulation of sound plans for fertilizer distribution, the lmowledge of
the optimum N, P and K levels per province has great practical importance. Hesponse
gurface equations (see Pable 11),fitied to the data averaged over the period
196569, were used to caleulate the optimum levels given in Teble 12, Only in two
provincesg, Chulla Puk and Chulls Nam did the opbtimum ¥ level excesd the 120 kg/ha,
being, in fact, 140-88-55. Over the rest of the couniry, optimum average fertilizer
level wag 120-60-70 kg/ha.

The optimum levels given per province in Table 12 were combined together: for
regional evaluation in Table 13, and for soil groupings in Table 14. From the observation
of the tables it appeers that the reguirements of N and P are slightly higher in the
north then in the cenmtre and south., Differences, however, are small.

In all ceses the use of the ophimum rates of W, P and ¥ resulis in a congiderably
higher economic benefit than N alone as mainly uged by farmers at present. The
additional gains are shown in Tables 15, 16 and 17.

UPLAND RICHE

Upland rice is mainly grown under rainfed conditions in the Cheju island. Compared
to lowland paddy, yields end responses are much smaller. However, gubstantial responses
to W, P and K were obbained (see Tables 18 and 19), and there is evidence of a positive
interaction smong nutrients. With the use of fertilizmers, the yield can be raised from
1.07 to 2.4 tong/ha. The optimum level 1006040 kg/h& gave gross profits between
45 000 and 50 000 Won (between $145 and $161) with o v/C ratio over six.
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A% the time of application of N it had a remarkeble influence (see Table 20).
By splititing the W application into 40 percent as basal dressing, 30 percent as top
dressing 15 deys after transplanting and 30 percent al ear formation stage, yield
increases of up to 20 percent higher than with the local practice of half al
transplanting and half after 15 days, were obtained.

BARLEY

Geographical Differences in Yields and Responses to Fertilizers

The yields of combrol plots of barley, average of the periocd 1964-69, were
stratified per region in Table 21 and per province in Table 22. They are in the north
about 1 ton/ha with large annual variations due to temperature, drought and poor
productive soils. In the centre and south the yilelds were less fluctuating and at
leasgt 1.5 ton/ha, The response o N was larger in the south, those to P and K were
larger in the north (see Tables 23 and 24 and Figures 1, 2 and 3).

No additional response to increasing levels of N from 60 to 80 kg/ha was recorded
in any region, but in the centre and south, significent yleld increases were obtained
by increasing N level from 90 to 120 kg/ha.

Pogitive interaction among nuitrients, mainly between P and X in the north was
evident. Yields were always smaller in the north than in the south.

For plamming the fertilizer dismtribution scheme, the responses of barley to
Tertilization have been stretified in a provincial basis in Tables 25, 26, 27, 28 and
290

Substantial yield increases were obtained hy increasing P levels from 80 to

100 kg/ha with the exception of Chung Chang Puk province where best results were
obtained with 50 kg/ha of P, Application of ¥ gave mimilar results.

Regponge of Different Varieties of Barley 4o FPertilizers

Out of the 12 most common varieties, experiments were conducted during four years
on seven (see Table 30), which were found to be fairly responsive to fertiligzers and
rather stable in production. The Suwon varieties, with the exception of Suwon 6,
were the most responsive and gave the highest yields. The Boek-dong end Non sankwa
varieties, also responded very well, and Bang js was very stable and responsive.

On the average, these varisties would give a yield increame of 120 percent over
control with an application of 120-75-60. Suwon 18 and 31 gave average yields very
cloge to 4 tons/ha. Other varieties gave smaller and erratic responses {see Tables
30, 31, 32, 33 and 34).

Regponge of Barley to Fertilisers in Different Soil Series

The yields of conitrol and fertilized plots are shown in Tables 35, 36 and 37,
Average control yields were below 2 %ona/h&; with adequate fertilization well above
3 'i;ons/ha° Over the years, yields varied within the same series. This was probably
due o weather conditions and the highly varisble nature of upland soils.
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Responge curves were fitted to the experimental data in order to elaborste
optimum fertilizer levels in different soil meries (see Tables 38 and 39). With %he
application of the cowntrywise optimum level 105-70-55, a yield of 3.37 tons/ha could
be expected, with a yield increase of 45 percent over the present control average
{see Table 40).

Beonomics of Pertilizer Use on Barley

The economic analysis of the data showed that largest gross profiis can be obtained

in the north and centre with a 90-60-60 level (see Table 40). The use of the optimum
level 105;70m55 proved to be highly profitable with a V/O ratio over five (se@ Tables
39 and 40).

Responge of Barley to Liming

Soils on which barley is grown are generally acidic with pH lower than six.
Liming proved very effective and in some places permitted the crop growth, which
otherwise would have been impossible. Application of & tons/ha of lime increased the
yield by about 55 percent. WNo definite relation was found between chemical soil
characteristics and response to liming, which seemed to depend rather on status of
moisture and method of application. In fact, with band application to the row before
gsowing, increases of 60 percent were obtained. Best rates of application varied
between 4 and 6.5 tons/ha. Results of trials conducted in three provinces with
different guantities of lime are given in Table 41.

WHEAT

Geographical Differences in Yields and Hegponses to Fertilizery

The ares under wheat is increasing each year due to its profitability and
government encouragement (see Table 42). It is usually grown as upland crop under
rainfed conditions and yields are subject to regional as well as yearly fluctuations.
Control yields in the centre and south can be 100 percent higher than those in the
north (see Figure 4 and Table 43).

Responses of the order of 200 percent of control yield in the north and of
90 percent in the centre and south were obbained with application of optimum N levels
which were respectively 100 and 130 kg/hao In the centre and south a yield increase
over control of 1.84 and 1.94 ton/ha could be expected.

Boonomics of Fertilizer Use on Wheat

Table 44 shows that P and K were also very effective mainly in the north, and.
optimm levels were respsctively 100 - 80 in “he north, 100 — 40 in +the centre and
75 = 40 in the south. The positive interactions among wutrients made their application
at higher levels still profitable {see Tables 45, 46 and 47). Best resulis were
obtained, as already stated with higher P and K levels in the north.
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Reaponse of Different Varieties of Wheat to Fertilizers

Among the varieties of wheat commonly grown in the country, Tong Gwang and
Nong Lim Ho appeared to be the most responsive to increasing levels of fertilizers.
Tn all varieties but Tuk Sang 3, response to P wasg smaller than to N. FHesponse
to ¥ was in general small and uncertain {see Table 48), ALl verieties showed similar
potential , however they yilelded more when grown in the mouth.

Response of Wheat to Perdilisers in Different Hoil Series

Wheat responded generally better to N in most soil series at ithe level of 100
rather than at 70 kg/ha. The increase in yield due to additional 30 kg/ha, from
100 to 130, although smaller, was gtill profitables. Response to P followed the same
pattern while response to X was very small (%e& Table 49), Optimum levels per soil
gseries are given in Teble 50. However, the regponses were so erratic that the need
for further investigation is strongly felt.

Responge of Wheat to Pertilizer in Different Provinces

For digtribution planning purposes the provincial responses were studied.
Table 51 shows that in the southern provinces the orop might be very profiiable.
In fact, responses excesding 2 tons with a total yield over the 4 %ons/h& were
obtained, In the north, although the responses were of the same order, total ylelds
averaged only 3.5 tons/ha.

RAPE SEED

Geographical Differences in VYields and Responses to Pertilizers

This ollmeed crop is geining in importance and now extends from the Cheju island
into the mainland southern provinces. Table 52 shows that average control yield is
generally below 1 tan/ha but 2 tons/ha can be reached with fertilization. Yearly
response varistions are rather large. The crop responds better to W than to P and K.
The unit response to 90 kg of ¥ in the presence of 140 P and 60 ¥ was sbout 12 kg
of rape seed per kilogramme of M.

The unit responss to P at the level of 185 kg/ha was six, to K at 80 kg/ha it was
three {see Table 52).

Boonomics of Fertilizer Use on Rape

When spplied at relatively high levels fertilizers were highly profitable with
refurns of over 400 percent. Largest profits were obtained with high P levels (see
Table 53}, The most promising fertilimer levels wers 90-185=60, T0=~185~80 and
10w 18560,

Rape Hegponge to Boron Application

Ixperiments on the effectivensss of Boron application %o rape were carrvied out in
Chulla Puk and Chulla Wam provinces snd in the Cheju island., In the last mentioned,
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@he regponse was insignificent, while in Chulla Puk sud Chulla Wam 20 kg/ha of Boron
in the p;emance of 120-100~90 further increased the yleld by about 100 percent (6@@
Table 54).

SOYABBAN

Mainly grown as cash gummer crop in the uplands, soyabean is cultivated over
abouwt 300 000 ha of land. The yearly production isg about 200 000 tons of beans.
Fertilization is seldom practised and is then generally limited to the use of composb.
In spite of its elevated resisbtance to soil acidity, yields may be affected by low pH.

Sovabean Response 4o Fertilizer

Liming increased the yields by 20 percent, but the liming efficiency decreased
with § P X application (see Table 55).

Soyabean response to fertilizer was erratic, however, as expected, generally
better to P than to N. Response tec liming was higher than to both N and P, probably
pecause soil acidity limits the formation of the bacterial nodules in the root.
Liming proved effective algo in controlling the micro-nutrients deficiency symtoms
which appeared under dry weather conditions.

Beonomics of Fertilizer Use on Soyabean

As shown in Tables 56, 57 and 58, use of fertilizers was economic but, even in
the most favourable years, gross profits were small. This prevented farmers from
increasing N P K levels on the crop, since liming was more economic. The same results
of a direct application of P and K can be achieved through the residual effects of
the fertilizers applied to the previous crop, €.g. barley.

ITALIAN MILLET
This crop requires warm westher and the cultivation is therefore limited to the

well drained, fertile soils of the south which are rich in orgenic matter. Tields
were subject to wide variations according to soil and climatic conditions.

Responge of Millet to Pertilizer

Table 59 shows that high responses to N were obtained with the 60 kg/ha level,
while responses to P end K were insignificant. However, complete and. balanced
fertilizer application at the level 100-80-80 gave the highest response. Due to
the practice of applying fair amounts of compost to the crop, response to chemical
fertilizers was limited on Cheju island to about 30 percent over comtrol.

Beonomics of Fertilizer Use on Millet

Fertilizer application to millet proved highly economic with returns in some
cages being above 700 percent (mee Table 60). '"The countrywise average was however
gomewhat smaller. With $he recommended application of 100=-80-80 peturng of 387 percent
can be expected. It is also possible to decrease the P and ¥ levele without affecting
excessively the production or the profit (see Table 61).
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MAIZE

This crop, although recently introduced, is expanding st a fast pace, particularly
on the uplands and on the newly reclasimed moils of the foothills. It is mainly used
as feed for the growing poulitry industry. Tields fluctuete according to weather
conditions. Control yields are very low, with an average of only 1.77 ton/ha.

Maize Responge to Pertilizer

Respongses to W and P wers similar and higher than to K. There was no evidence
of interaction among nutrients. With adequate fertiliszation, increases of the order
of 220 percent of a total yield of 5.6 %ons/ha were possible (see Tables 62 and 63),

Beonomics of Fertilizer Use on Maize

With the optimum level of 150-125-110, returns of about 500 percent were obtained
making fertilizer use on malize very profitable.

WHITE POTATO

Thig crop is mainly grown in the provinces of Kyong Sang Puk and Kengwon and
to some extent also in Kyong Sang Wam province, While in the morth it is grown
mainly in the uplands, in the south the crop is grown also in rotation with paddy.
The area is expanding each year,

Response of Potato to Fertilizer

The country's average control yield is about 9 tona/ha, being higher in the
uplands than in paddy fields. However, with fertilizer application, the total yields
tend to sgualize around 20 tong/ha with a yield increase of about 120 percent (see
Table 64).

Beonomics of Fertiligzer on Potato

With the application of the opiimum level of 120-90-150, returns in the order
of 1 500 percent can be obltained, thus making fertiliszation extremely profitable
(see Table 65). Wide areas at present under less economic crops in the northern

uplands could be used for potato farming to the great economic advantage of the local
farmers.

SWEET POTATO

This crop is also mainly grown in uplands under rainfed conditions., The average
control yield is 16 %ons/ha and varies between provinces end years according to
weather conditions.

Hesponge of Sweet Potato to Fertilizer

The responses to all three nutrients wers very large, mainly to N and P, which
increased with increasing levels of application (see Tables 66 to T1). A% the
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level 80~90-210 the average unit responses were respectively 99y 93 and 37 per W

P oand K. Highest responses were recorded on - Gheju 1 land Qh@ygﬁ &b %hw mam@@&@V@l
unit response became 144, 130 and 50 respectively. In the southern provinces,where !
control yields were higher, the magnitude of the responses was smeller, ’

Sweel Potato Response to Fertilizer in Newly Reclaimed and Older Unland Soils

Both yields and responses were lower in newly reclaimed soils than in older
soils (see Table T2, 75 and 76). It was in fact necessary to increase the levels
of application of N and P to obitain from newly reclaimed soilg yields comparable
t0 those of the other soils.

Heonomlcs of Fertilizer Use on Sweet Potato

Among all crops under experimentation, sweet potato gave the highest returns.
Gross profits were also very large (see Tables 73 to 76). With the applicetion of
the recommended level, yield increases in the order of 6 tong/ha, corresponding to
raturns above 900 percent, can be expected.

FORAGE CROPS

A large number of experiments were carried out on several forage crops such as
Ttalian rye grass, ladino and red clover, alfelfa, cate and orchard grass, to
identify the areas most suitable for thelr farming. The growing of these crops is
ghtrongly encourasged by the Governmment in view of the expansion of the livestock
industry. Bxperimental resulits, in berms of dry mabtter production, indicate that
gome areas are more sultable than others.

Ttalian Ave (rass

The resulte in Table 77 sghow that, while in the north fthe dry mabter production
was only 5 t@ms/haﬁ in the mouth it was above 10 tons/ha. Yielde were extremely
affected by weather conditions, meinly by the amount and distribution of precipitation.

Ladino Clover

This clover reguires somewhat better soil than the common white clover, therefore,
in the newly reclaimed soils where the experiments were performed, yields were very
low, Alsgc response to fertilizer wes disappointing, being barely noticesble as
regards N, while being nil to P and K (see Table 78).

Alfalfa

Dry hot climate and deep, fairly productive, well dralned, nonexcessively alkaline
goils were Tound to favour the growih of alfalfa. Newly reclaimed soils on which
experiments were located proved unsuiteble. Yields were generally Llow and only in
the Kyong Sang Puk province reached the 5 ﬁmmﬁfhm (see Table 79) The crop responded
well to applicstion of ¥, with a unit response of 135. Responses to P and K were
negligible,
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Qats

The cultivation of this crop is very limited and practised only in the central
and northern provinces. The grain is used for fodder, and the siraw for litter,
mainly for ceitle and hogs. Resulis in Table 80 show that in the central provinces
yields of 15 ﬁons/ha can be achieved while in the warmer south yields are very low.
Response %o fertilizers was maximum at levels of 200l 030,

Qrchard (rass

This forage crop proved suiteble fto almost all kinds of soils and resistant 4o
drought. In some cases even four cubtings were possible and the dry malier
production rose from 3 to 13 tons/ha.

High responses to N were obbtained by raising the level from 150 to 300 kg/hao
Smaller but significant responses were also obltained by increasing the levels of P
from 150 to 200 and those of K from 200 to 300 kg/ha (see Table 81),

In the northern part of the Cheju island, where weather conditions are more
moderate than in the mainland, the yields were 50 percent higher. The highest dry
matter production was achieved with the rate of 300-200-400 kg/ha.

Red Clover

Most suitable areas for red clover farming were those with abundant rainfall
and moderate temperatures both in winter and summer. It can be grown successfully
in all soils in which malze can grow, that is mainly on rather heavy, well drained,
deep productive moil, rich in lime and organic matter. Soil moisture conditions
are also very important. Imported seed did not glve satisfactory ylelds,probably due
to lack of acclimatization. ¥Yields varisd very greatly between places with the
highest yields being recorded in Chung Chong Nam province (see Table 82).

However, the experimentation on forage crops has been carried out only during
one year and the results need further confirmation.,



Table 1

RESPONSE OF RICE TO N, P AND X PER REGION

Hegion Levels of P and K Control i)
(kg/ha) (kg/ha)
80 100 120
North Fo P and ¥ 3.13 3.92 1/ 4.19 4.29
45 P + 60K 4,23 4.44 4,48
Regponse to P + K 0.31 0,25 0,19
Cenire Ho P and K 3.82 4.57 4.80 480
45 P+ 60 K 4.68 4.87 4.94
Response o P + ¥ 0.11 G.07 0.14
South Ho P and K 3.96 4.74 4.94 5,00
45 P+ 60K 4.88 5.07 5.14
Response t0 P + K 0.14 0.13 O.14

j/ Ton/ha,
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Table 2

UNIT RESPONSE OF RICE AT VARIOUS LEVELS OF
W, P AND ¥, PER REGION

N P K Horth Centre South
(kg/ha) (kg) (xg) (kg)
80 i O 50586 1»906 20754
80 had 40 4.893 1 0948 20794
80 - 80 4,200 2,018 2.834
100 o 0 5,363 1.826 2554
100 - 40 4,670 1,882 2.594
100 - 80 3.977 1.938 2,634
120 - 0 5,140 1,746 2354
120 e 40 4447 1.802 2.394
120 e 80 3.754 1,858 2.4.34
80 0 - 2,295 0,775 1539
80 30 - 1775 0.817 1.569
80 60 e 1255 0.859 1.599
100 O - 20065 00875 1 0639
100 30 e 1:545 0,917 1,669
100 60 e 1,025 0,959 1.699
120 0 P 1,835 0.975 1739
120 30 o 1315 1,017 1.769
120 60 - 0.795 1,059 1799
- - 0 44,765 36.695 33.274
- - 40 44.,305 36.905 33.483
= - 80 43.845 37.115 33.692
- 30 0 A4 o429 36,569 32.983
= 30 40 43,969 36,779 33.192
- 30 80 43,509 36,989 33.400
- 60 0 244,093 36.443 32.692
- 60 40 43633 36,653 32,901
- 60 80 43.173 36,863 33.109

Relative cost of nutrients in terms of rices

1 ke W m 1,24 kg rice
1kgP =  0.88 kg rice
0.39 kg rice

<l
0]

]

g
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Table 3

YIELD AND RESPONSE OF RICE VARIETIES TO N, F ARD ¥

Variety Year ¥o 1/ Yield i) P X
control {kg/ha) (ke2/ha) (kg/ha) SeEe
100 120 30 60 40 80 2/
80 80 80 0 0 0 0 0 0
()3 T ®iy ® O ® ® T ® ®
Paldal 1965 26 3.43 4.24 0.15 0.28 443 =0.10 -0.05 4633 0,08 0.08 0.033
1966 53 3.23 4.20  0.25 0,17 429 0,04 0.10 4,30 0,03 0.08 0.018
1967 6 3.32 4,27 0.07 0,29 4.25 0,23 0,18 4.36 0,10 =0.02 0.099
1968 1 3.29 4,03 0.12 0,10 4,16 0.03 -0.20 4,09 0,06 -0.02 0.079
Average 86 3.30 4,22  0.20 0,21 4033 0.01 0,06 4,31 0.05 0,07 0.029
Jin Heung 1965 24 3.98 5,51 0.45 0.87 5.82  0.17 0.23 591 0.04 0.09 0.039
1966 41 2.28 3.79 0,06 0.08 3.61  0.30  0.38 3.75 0.11 0.16 0.030
1967 24 3.10 444 0.3 0.57 4,52 0,15 0.21 4.56 0.10 0.14 0,008
1968 38 3.36 4,60 0.22 0.19 4.76  0.02 0.08 4.77 0,04 0,03 0,006
1969 20 3.25 4.75  0.25 0.51 4.87  0.14 Q.25 4685 016 0.30 9.010
Average 147 3.25 4,52 0,23 0,37 4.58 0,16 0,23 4.65 0,08 0.13 0,019
Nong Lim 6 1965 36 4.37 5.19  0.12 0.22 5.31 =0.01 =0.01 5.29  <0.02 0.05 0,032
1965 95 3.95 4.50  0.35 Q.44 4.84 0.00 0.02 4.83 0.01 0,03 0.017
1966 78 3.79 4,75  0.19 0.36 4.88  0.06 0.09 4.92 0.04 0.00 0.025
1966 42 4,27 5.27 0.07 ~0,01 5.27  0.01  0.07 5.26 0.04 0,06 0.018
1967 4 3.29 4.49 0,30 0.3 4.63  0.11  0.09 4.60 0.17 0.11 0.061
1967 36 3.94 4.89  0.19 0.30 4,99 0,07 0.2 5,00 0.06 0.10 ©.040
1967 36 4,34 5,57 0413 0,13 5.63 0.03 0.04 5,61 0.08 0.06 0,027
1968 16 2.99 50 0439 0.64 4.67 0,30  0.40 4.79 0.07 0.09 0.0
1968 32 3.05 3.93  0.25 0.3 4,05 0.09 0.19 4.09 0,02 0,05 0,020
1968 56 3.31 4.42 0,01 -0.04 4,37 0.06 0,07 441 0.00 0.01 0.023
1969 84 3.68 4.18  0.37 0.52 4.36  0.14 0.22 446 0.02 0,04 0.022
Average 519 3.80 4,65 0,22 0,30 479 0.06 0,09 4,82 0.03 0,04 0.024
1/ Humber of replications. 3/ Yield in ton/ha.
_?_/ Standard ervor of difference. g/ Resgponse in “ten/hae ea/ce




Table 3 (Cont'd)

78

Variety Year Wol/  TYield ¥ P X

conkrol (kg/ha) (kg/ha) {xg/ha) S.B.

700 120 30 0 70 80 2/

80 80 80 0 0 0 0 0 0
(¥) 3/ (¥) (®)4/ (R} (1) (r) (») ) (® (R)

Pal Kweng 1965 99 3.93 464 0.25 0.45 4:84 0,03 0,07 4.85 0,01 0.04 0.014
1966 42 3.68 4.51 0.50  0.91 4.83 0.16  0.29 4.92 0,07 0.11 0.014

1966 17 4.48 5.26  0.29 0,47 5.46 0.08 0.09 5,48 0,04 0.06 0.013

1966 24 4.62 5.43 0,16 0.09 5.45 0.11 0,09 5.42 0,13 0.16  0.025

1967 24 3.21 24.35 0.41 0.67 4.52 0.23  0.34 4.67 0.06 0.06 0,025

1967 59 3.82 4.55  0.07 0.01 4.54 0,04 0,08 4,56 0.03 0.01 0.030

1967 16 4.31 5.10  0.14 0.04 5.10 0.06 0.13 5,08 0.14 0,09 0.023

1968 4 2.94 4.26  0.79 0.96 4.66 0.08 0.46 4.88 0,05 -0.06 0.06

1968 64 3.64 4.60  0.17 0,13 4.67 0.02 0.07 4.68 0.04 ©0.02 0,028

1969 80 3.94 4.71  0.15  0.19 4.76 0.08 0.11 4.80 0.04 0.03 0.041

Average 28 3,95 6 0.23  0.34 4.88 0.07 0.12 4.92 0,04 0.05 0,023
Jae Kun 1966 12 3.51 4,68 <0,02 —=0.06 4,67 =0.03 =0,03 4.67 =0.03 =0.03  0.025
1967 12 3.92 4.66  0.15 0.34 4.86 0.01 =0.12 4.85 ~0.02 =0.06 0.037

1967 1 3.42 4.06  =0.11 =0.18 4,07 =0,30 =0,02 4.13 0,05 =0.46 0,208

1968 16 2.75 4.01  0.23  0.52 4.29 =0,07 -0.02 4,22 0.06 0.05 0.052

1969 24 3.33 4.20 0.07T 0.00 4.14 0.12 0,13 £.22 0,02 -0.01 0.012

Average 85 3,33 4.33 0,10 0.16 4.40 0,02 0,02 4.42 0,01 =0.02 0.032
Nong Lim 25 1966 30 4430 5.22  0.06 0.03 5.25 =0.01 0,02 5,24 0,02 0,06 0.030
1968 24 3,92 5,08 0,03 =0.10 5.06 0,01 =0,02 4.98 0.10 0.12 0.010
1969 30 - 4.3 0.15 =0,02 2.37 0.03 0.01 4.37 0.00 0.04 0.032

Average 84 4.13 4.87  0.08 ~0,03 1,88 0.01 0,00 4.85 0,02 0,07 0.02
Shin 2 Ho 1966 12 2.44 3.04  0.28  0.45 3.20 0.10  0.15 3.10 0.16 0.38 0.054
1969 12 3.74 5,40 0,05 =0.15 .31 0.01  0.05 5,32 0,04 0.00 0,060
Average 24 3.0 4,22 0,12 0,15 .26 0,06 0. 4.21 0,10 0,19 0.057

aoi/aet
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Table 3 {Cont'd)

Variety Year Ho 1 Yield ) P : i

control (kg/ha) (xg/ha) (kg/ha) S.E.
100 120 30 60 40 80 2/

80 80 80 0 0 0 0 0 0

(¥) 3/ (¥) (R) 4/ (R) (1) (r) (®) (¥) (r)  (B)
Hong Kwang 1968 8 3.72 5.12  0.23  0.44  5.24 0,13 0.18 5.27 0.10 0,12 0.017
1969 8 4.01 5.18  0.14 0.33  5.26 0.07 0.17 5.27 0.08 0.12 0.212
Average 16 3.86 5.15 0.18 0.28 5,25 0,10 0,18  5.27 0.09 0.12 0.114
Yuk Woo 132 1965 5 3,01 4.10  0.32  0.23  4.15 0.06 0.34 4.27 0.14 0.00 0,100
Su Won 118 1965 2 2.56 3.91  0.00  0.27 3.82  0.40 0.58 4.04 0.25 0,07 0.161
Shin Poong 1965 9 3.40 4,63  0.22 0.35  4.69 0.15 0.23 4.82 0.01 -0,02 0.133
Ho Kwang 1965 9 4.61 517 0633 0.49 5.41 0,05 0.06 5.44 -0.02 0,04 0.031
Baek Keum 1967 20 2.90 3.89 0.8  0.27 3.99 0.06 0,08 4.03 0.01 0.09 0.037
Kusabue 1967 20 4.30 5.24 0,25 0,16  5.35 0.06 0.02 5.31 0.06 0.13 0.038
Su Sung 1967 1 3.33 446 0,17 =0.14  4.33 0.24 0.20 4.46 =0.17 0.19 0,127
Poong Ok 1967 1 3.73 4.58  0.19  0.46  4.49  0.47 0.46  4.95 -0.03 =0.30 0.242
Su Won 150 1968 3 3.46 4,64 =0.,06 ~0.20  4.56 0.05 =0.07 4.51 0.10 0,03 0.129
China 31 1969 32 3.73 4,82 0.20 0,39  4.97 0.05 0.08 4.98 0.04 0.07 0.013
Keum Nam Pung 1969 8 - 5,10 0,05 0014 5021 =0.02 «0.12 5,18 =0.05 0.00 0,068

Kibiygshi 1969 24 - 4,94 <0.,05 0,00  4.97 =0.06 =0.08 4.93 0.01 =0.02 0.050




Bo

Table 4

AVERAGE YIELDS OF RICE WITH INCREASING
DENSITIES OF PLANTING PER PROVINCE

Province Wumber of Hills per Pyong 1/ S8
12 110 144

Tield

(ton/ha)
Ky@ng Gi 3-32 3661 3@72 @oafi?
Chung Chong Puk 4.25 4024 4.26 0,057
Chung Chong Hem 5.29 5.16 5.26 0.096
Chulla Puk 5017 5.02 4.92 0.058
Evong Sang Puk 4.93 4.81 4.73 0,088
Kyong Bang Ham 517 5:13 4.98 0,042
Kang Won 3.50 3.60 3.59 0,066

1/ Pyong

= 3.3 square metres {mz)a
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Table 5

RICE SOILS CHARACTERISTICS

Symbol Soil Texture Drainags
Alluvial Plains
Apa Allwuvial low-humic gley Fine loam %o clay Imperfect %o poor
&pb Red-yellow podzolic Fine leoam to clay Hoderately well 40 well
Apo Alluvial Gravel loam Imperfect to well
Apd Alluvial Gravelly loam %o coarse loam Well drained
Biver Hash Floodplains
ifa Alluvial Goarse loam Hoderstely well %o well
&b Alluvial Goarze Yo sandy loam Imperfect 4o poor
Afd Alluvial Gravel mand %o coarsse loam Hoderate to exceszive
Complex of Scils, Harrow Valleys
éna Alluvial and low-humic gley Gravel fine loam to clay Hoderately well ic poor
Anb £lluvial and low-humic glsy (ravel cosrse loam Hodsrately well 1o
imperfect
Fluvio-larine Plaius
Fas £11wuvial low=humic gley Pine loam %o clay Imperfect to poor
Pk Acidsolphate Fine loam to clay Imperfect to poor
Older Pediplanes, Red-iellow Podzolic Soils 'Silic%ous Crystalline MHaterials
Raa Tndifferentiated alluvial and Clay Imperfect o moderately
residusl material well
Rza Aliwuvial and low-humic gley Imperfect to moderately

Fine loem to clay

well
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Iable &

YIELD AND RESPUHSE OF RICE TO ¥, P AND ¥ PER SOIL GROUP

Soil Series

Pertiliger -

levels Afa AfDb Afd Ana Andb Apa Apb Apc Apd Fma Fmk Raa Bxa

(kg/ha)
Hgo (T)1/ 4.66  4.39 4.15 4.98  4.67 4.65 4.81 4.98  4.25 4.66  3.83  4.T5 4.58
Fio0 = Fgp (R)2/ 0.15  0.22 0.23  0.13  0.22 0,18 0.8  0.19  0.08 0.22 =0.12  0.28 0.26
Hyog = Hgg (R) .13 0.32 0.34  0.22 0,32 0.26 0.19  0.31 =0.29 0.31 =0.19  0.57 0.40
P, () 4.73 451 418 5.05 4,79 4.T5  4.88  5.10 4.23 4.76  3.72 497  4.67
Pig - Py (r) 0.03  0.07 0.20 0.04 0.08 0.06  0.07 0.05 =0.08 0.09 0.03 0.10  0.15
Pgo = Py (r) 0,03  0.11 0.28  0.10  0.10 0.09 0.09 0.09 -0.08 0.14 0,00  0.09 0.24
Eq (1) 474 454 4.22 505 484 4T 491 5.09  4.20 4.79 375 5.01  4.71T
Ey0 - Kp (r) 0.01 0.04 0.21 0.07 0,00 0.04 0.05 0,07 -0.05 0.06 =0.02  0.00 0.03
Kgo - K, (r) 0.02 0,05 0.15 0.07 0.03 0,05 0,03 0.09 =0.01 0.08 =0.04  0.07 0.05
Bumber of

replications 65 207 14 83 73 463 169 68 ) 190 16 17 78
S.B. 0.024 0,015 0.089 0,020 0.034 0,008 0.014 0.132 0.075 0.014 0.056 0.065 0.027

1/ 7Yield in ton/ha.

g/ Response in %on/hag
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Table T

RESPONSE SURFACES OF EXPERIMENTS ON RICE
PER SOIL GROUP (1965-69) IN TCH/HA

Soil Ho Regresgion (oefficients

group bo b, by by b4y oo P33 b0 by Pa3
Afa 65 4.8200  0.0644  0.0133 0.0111 =0.0833  =0,0200 0.0000  =0,075  =0,0183 =0.0233
AfD 207 4.6256  0.1589  0.0561 0.0239 ~0s0533 =0,0083  =0,0217  =0.0083  0.0058 =0,0050
Afd 14 4.5048  0.1689  0.1406 0,0728  ~0.0544 =000628  —=0s1294  =0,0908 =0,0492 =0,0658
Ana 83 5,1296  0.1083  0.0494 0.0361 =0.0239  0.0061  ~0.0305  =0.0067  0.0108 -0.0092
Anb 73 4.9004  0.1572  0.0517 0.0167 =0.0627 ~0.0261 0.0156  =0,0158 -0.0258 0,0167
Apa 463 4.8500  0.1288  0.0466 0,0205 —0.0533 =0.0167  -0.0083  =0.0008 ~0.0025 -0.0025
Apb 169 5,0304  0.0967  0.0483 0.0150  ~0,0811 -0.0261  -0.0361 0.0033  0.0142 -0.0050
Apc 68 5.1915  0.1567  0.0417 0.0478 -0.0345 -0.0061  -0.0278  -0.0208  0.0217 -0,0192
Fma 190 4.9040  0.1561  0.0733 0.0417 =0.0605 =0.0222  ~0.0172 0.0050 =0.0025 0.0175
Raa 17 5,0463  0.2883  0.0428 0.0361  0.0028 =0,0572 0.0361  -0.0383  0.,0208 —-0.0008
Rxe 8 4.8611  0.1994  0.1183 0.0294 ~0,0583 ~0.0283  -0.0083  -0.0025  0.0033 0.,0017
Korea 1575 4.8689  0.1306  0.0572 0.0250 =0,0516 =0.0117  =0.0083  =0.0067  0.0067 -0.0050

ymbo+%m%'+%bgg+%bm xij b, = level of yisld of rice at 100-30-40 kg/ha.

ij=1
i/3
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Table 8

RESPONSE SURFACES OF EXPERIMEWTS ON RICE PER REGION

?ﬁig;iii:ﬁt ‘ Horth GCentre South Korea
bo 403867 408511 5«04—70 409015
b1 0.1294 0.1356 00,1361 0.1344
b2 00,0933 0,0328 0.0528 00,0494
b3 0.0450 0,0311 00,0217 0.0283
b11 =0 ,0750 «() , 0600 (), 0528 =) ,0578
b22 =0,0234 «=0,0116 -0,0128 -0,0128
b33 -0 ,0084 =0 ,0033 «(),0228 =0 0161
b1 2 "000067 "‘"000025 -O m0058 "‘0.0025
b13 «{),0092 00,0042 0,0042 0,0033
b23 =), 0208 00,0017 0,0008 =), 0025

2 2 2
y = bo 4 b1n 3 b2p 4 b3k + b11n + b22p 4 b33k 4 b12np

4 b13nk b b23pko

by = yield of rice at 100-30-40 kg/ha.




Table O
RESPONSE OF RICE TO ¥, P AND X PER S0IL SERIES

Soil Ho Gontrol " P K S.E.
zeries 1/ ka/ha) kz/ha) (kz/ha)
100 120 30 60 40 80
80 80 80 8] 0O 0 O O 0O
(x) 2/ &3] )3/ (R) (T) (rR) (®) @ ® (R)
Basg CGu 2 3.64 4.96 0.31 0.52 5.15 0.09 0.16 513 0.13 0,19 0.085
Ban Cheon 4 2.55 3.90 0.45 0.85 4,20 0.16  0.23 4.26 0.10 U012 0041
4 4.50 560 5,02 .08 5.61 0.05 0.1 5.62 0,08 0.06 0.036
Bang (1 8 3.66 4.56 0.19 0.42 4.74 80.03  G.05 A4.72 0.02 0.12 0.047
Bong Ryang & « 37 4,31 0.16 0,22 de34 8,10 0.19 4.47 0.04 005 0,083
g 3.30 452 0.26 0.39 4.76 .03 Q.00 4.69 0,06 0.07 0.062
Bu Yong §/ 9 433 5633 0.02 0,02 5.32 =0.04 0,04 5.48 =0.13 =0.30 0.142
10 4a11 5.27 0.16 0,19 5533 G.06 0.10 5.34 0,06 0.09 0.041
22 3.78 4,582 0.25 0,24 495 0,07 0.14 5.00 0.06 G.04 0.025
Cheong 8im 4 3:.24 3.52 ~0.24 ~0.47 3.17 0.13 0.21 3.27 0,01 0.02 0.069
38@ ‘faﬁg 4 3038 Selig “Qe?? "’0037 3“3?}3 “"QaG? 3@918 3929 “"@oi? =~{3e92 69663
Deog Ha 5 3.59 4.80 .17 0.42 4.97 =0.05 0,12 4.89 0.19 0,13 0.069
Deung Gu A 3.25 3.59 -0.21 ~0.43 3.28 G.11 0.07 3,37 0.07 0.00 0£.094
Gang Dong 20 3.95 513 0.32 0.45 5:29 O.12 Q.17 5.34 (.06 0.08 0.041
2 2,62 3.79 0,36 0.62 4.08 G.09 Q.02 414 =011 0.03 0.061
Geug Rag 31 3,67 4.76 03.20 G40 4.91% 0.06 0.09 4.92 0,06 0,05 0.027
Gim Hae A 2.4 2.83 0.03 =0.14 2.82 <0.04 =0.07 2.82 =0.07 =0.05% 0,059
Gi@ 33@ f} 30?& 4643 Qeés st}g 4e§9 GQBQ 9:35 éc?B Ga‘?E Ocjo 69854
Gong Dsog 4 315 4.03 0.03 0.15 4.12  =0.01 =0.10 4,08 0,02 0.00 0.053
Gong Seong 4 2.39 2.98 0.17 0.23 2.02 Q.12 017 3.03 0.09 G.17 0.042
Guang Bwal 4 4,06 519 0.15 0.08 5,26 0.03 =0.01 Bedd G002 0,05 0,088
gﬁﬂ .é,.m 12 3088 5603 0016 0912 50’;0 0008 ‘39381 5@04 0906 0319 0.060
4 3039 4016 "GeG'I "90908 4620 "‘0310 "’0071 49?3 “'9601 0-00 60046
1/ Humber of replications. 4/ Stendard error of difference.
g/ Tield in icn/hae if Percentage of total land area of the 12 main soil series.

3/ Response in ton/ha. oo es




Table 9 {Cont'd)

8o0il Ho Gontrol H S.B.
series (kg/ha)

100 80

80 80 0 0 0 0

(xY) (¥) (R) (¥) (R) (¥) (R)
Has Checg 4 3.04 4.29 =0.09 doid 0.08 4429 0.06  0.151
Hag Sen 8 3.04 4051 0.01 4.54 (3,02 4.42 0.11 0.106
Hag Seong 11 4.17 5.12 0.29 5,28 0.05 5,28 0.06 0,040
Ham Chang 12 3.16 4.04 0.50 445 =001 4.45 0.02 0.036
Ho Gye 5 3.84 4.89 0.4 5,06 0,17 5.13 0.02 0,065
2 4.12 545 0,08 5,42 0.34 5,75 0.25 0,106
Ho Hem 77 4,02 5.04 0.24 5,16 0.10 5,20 0.03 0,020
HEwa Bong 9 3.30 4021 0.34 4.46 -0,02 448 G.01 0,052
2 3.50 4e31 0.03 4642 0.01 44T 0.02 0.143
Hwa Dong 29 4.58 5.20 Oo11 516 0,10 523 =007 0.039
14 3.52 4.50 0.2% 4.58 0,20 A.66 0.08 0.041
Hyo Cheon 13 4029 5.21 G.20 5432 0.06 5.37 ~0.04 0.045
T Hyeon 24 4.24 5.14 0.11 5.21 =0.04 5,16 G.01 0.064
Jeon Puk 21 3.65 4473 0.15 481 0.08 A.79 .10 0,028
Ji San 34 3,90 5,00 ©.10 5.10 0.18 5012 0.09 0.030
1 4.78 5.83  =0.07 5.83 ~0.01 5 .66 G.32 0,164
Jung Dong 4 3.94 3.96 0,19 0.4 3.90 0.26 LY ~0.16 0.090
Han Gyeong 19 3.31 4.58 0.29 0,38 4069 0.18 4.72 0.12 0,023
Men Seong 8 3.68 4667 0.21 040 4.84 0,02 4.88 0 o0 0.070
Hag Dong 10 3.43 4663 0.16 0,27 4.66 0.24 4.73 0.04 0.048
Sam Am 14 4,54 5.37 0,13 =0.01 5.36 0.08 5434 G.11 0.031
Seog Gye 8 4.22 5.03 0,06 0.04 5,04 0.02 4.96 0.18 0.062
2in Dab 42 3.42 4.58 0.09 0.16 4,61 0.06 4.62 0.02 0,020
4 3.19 5.08 0.57 0.83 536 0.29 5,50 210 0,101
Shin Heung 67 3038 446 0.17 0.28 4.52 0.05 4.56 0.08 0,021
Su Bug 6 3.19 4,92 0.55 0.83 5.22 0.28 5,32 0.12 0.075
6 4.54 5.20 0,12 0.24 5,24 0.12 5.14 0.30 0,063

eee/eae
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Pable 9 (Cont'd)

Soil Ho Gontrol H P ‘ X S.B.
series (xg/ha) (kg/he) (kg/ha)
100 120 30 60 40 80
80 80 80 0 0 0 Q 0 0
(1) (¥) (R) (R) T (B (R) (I) (R) (®)
Su Gye 15 3.85 4,58  0.15 0,20 4,67 0.02 0,06 4.70  0.00 0.00 0.027
5 4.28 5.59 0.02 047 5.80 =0.02 =0.11 5.70  0.11 0.06 0.134
Tong Cheon 20 3,92 4.77 0.28 0,36 4.90 0.13 0.09 4.94  0.06 0.05 0.039
Tong San 8 3.04 4.517  0.01 =0,01 A.54 «0,08 0,02 4,42 0.16 0.11 G.106
Tong Ji 8 3.14 4.26 0.55 .17 4.64 0,17 0.41 4.80  0.04 0.06 0.063
Tu Ga 5 3,61 4.55 0,08 =0.30 450 =0.15 «=0.07 442 0,07 =0.06 0.057
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Table 10

ECOHOMICS OF FERTILIZER USE
(Averages for Korea - 1965-69)

1965 [ Value of Cost of Gross Value/
..K__ugfl__ﬁli_ (309) [ 1966 | 1967 | 1968 | 1969 [1965-69|Response | Response | Fertilizer | Profit | _ Cost
_(kg/na) | 1 (411) 1(260) | (262) | (333) 1(1575) | (%/ha) (1000 ®) | (°000 M) (*000 ®) | Ratio (%)
O 0 0] 3.93 | 32.8L | 3.76] 3.38 | 3.42 3.6 - = - = -
80 0 0] 4.73 | 4.58 | 4.60 | 4.42 | 4.46 45 0.89 42.44 4.74 37.70 895
8 30 & 4.80 4.78 4.80 3.51 4.61 4.71 1.04 49.59 T.49 42,10 662
80 60 40 4.78 4.80 4.81 4.53 4,63 4.T72 1.05 50.07 8.00 42,07 626
100 0 & 4.89 4.93 4.86 4.58 4,68 4.81 1.14 54,36 T.42 46,94 733
106 30 40 4.93 4.95 4.96 4,66 4.79 4.86 1.19 56.T4 7.93 48.81 716
100 60 0 4.95 4.95 4,90 472 4.75 4.86 1.19 50,74 8,44 48,30 672
120 o 40 5,15 4.99 497 4.68 4.79. 4.92 1.25 59,61 7.85 51.76 759
120 30 e 5.14 4.99 4.95 4.68 4.83 4.93 1.26 60.08 8.36 51.72 719
120 60 8o 5.22 5,11 5,06 4.72 4.91 5,02 1.35 64,37 11,12 53,25 579
80 0 40 4.72 4.67 4.T0 4047 4.52 4.62 0.95 45,30 5,48 39.82 B27
8 30 o 4.73 4.73 4.72 4.47 4,58 4.65 0.98 46.73 5,00 48,73 179
8 &0 80 4.81 4.80 4.76 4.55 4.63 4.72 1.05 50,07 8.75 41.32 | 572
100 o 0 4,93 4.81 4.83 4.60 4,66 4,77 1.10 52.45 5,92 46.53 886
100 30 8 5.02 4.97 4,96 4.69 4.70 4.8% 1.22 58,18 8.67 49.50 671
100 60 40 5.05 4£.56 4.97 4,70 4,81 4.90 1.23 58,65 9,19 49.46 638
120 o 8 5.10 4.98 4.94 4.64 4.81 4,90 1,23 58,65 8.60 50,05 682
120 30 40 5.11 5.04 5.00 4,69 4.83 4,94 1.27 60.56 9,11 51.45 665
120 60 ) 5,12 5.03 5.00 4.67 4.85 4.95 1.28 61.02 9,62 51,42 634
80 o 80 4.79 4.67 4.67 4.44 4.53 4.63 0,96 45.78 6.23 39.55 135
8 30 40 4.8C 4.77 4.76 4.50 4.57 4.69 1,02 48.64 6.74 41,90 722
80 60 0 4.82 4.75 4.76 4.50 4.60 4.T6 1.09 51.98 7.26 44,72 716
100 o 40 4.94 4.89 4.86 4.60 4,71 4.81 1.14 5436 6.67 47.69 815
100 30 o 4.97 4.91 4.92 4.60 4.75 4.84 1.17 55.79 7.18 48.61 777
100 60 80 5,02 5.07 5.00 4.74 4.89 4.96 1.29 61.51 9.93 51.58 619
120 0 0 5.03 4.91 4.85 4.53 4eT1 4.82 1.15 54.84 T.11 4773 771
120 30 8 5.10 5.04 4.97 4.70 4.87 4.95 1.28 61.04 9,86 51,18 619
120 60 40 5012 5.10 5.02 4,69 4.91 4.98 1.31 62,47 10.37 52,10 602
S.Ee 0.020 | 0.018 | 0.02 0,045 | 0,018 0.009! 0,013 0.62 0,62

;/ Pigures in brackets give the number of replications.
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Table 11

RESPONSE SURFACES OF EXPERIMENTS ON RICE PER PROVINCE

Province Yo 1/ Regression Coefficients
o P 2Py Py P22 P33 Py P13 P23

Kyong Gi 164 4.8770 0.1788 0.0827 0.0500 -0.0878 -0,0061 -0.0044 -0,0117 -0.0083 =0.0142
Keng Won 158 4.3704  0.0611 0.0967 0.0567 -0.0578 -0.0411 -0.0278 0,0167 0.0008 0.0025
Chung Puk 64 4.4567 0.0906 0.0100 =0.0022 -0.0183 -0.0133 -0.0166 0.0125 0.0000 0.0125
Chung Ham 146 5.0985 0.0317 0.0050 0.0356 =-0.0905 ~0.0105 0.0145 0.0025  0.0083 -0.0067
Chun Puk 157 4.8689 0.3506 0.1361 0.0311 -0.0817 =0.0284 -0.0200 -0.0075 0.0075 0.0133
Chun Hem 255 4.6937 0.1700 0.0483 0.0133 =0.0345 -0.0195 -0.0078 0.0008 -0.0008 0.0058
Eyong Puk 339 5.0019  0.1272 0.0383 0.0172 -0.0506 -0.0139 -0.0206 -0.0042 0.0017 ~0.0017
Eyong Ham 292 5.1452  0.0478 0,0189 0.0294 -0.0389 -0.0056 -0.0206 -0.0083 0.0117 ~0.0092
Kores 1575 4.8689 0.1306 0.0572 0.0250 -0.0516 -0.0117 -0.0083 -0,0067 0.0067 =0.0050

1/ Fumber of replications.




90

Table 12

OPTIMUM LEVELS OF N, P AND K FOR RICE PER PROVINCE

Province Fumber of Optimum Levels Expected
replications (xg/ha) yield
N P X (ton/ha)
Kyong Gi 164 100 60 80 5.00
Kang Hon 158 106 55 69 44T
Chung Chong Puk 64 136 12 16 4.54
Chung Chong Ham 146 100 0 13 5,08
Chulla Puk 157 140 88 55 5439
Chulla Ham 255 142 46 34 4.92
Kyong Sang Puk 339 120 43 41 5.09
Kyong Seng Fam 292 106 10 53 517

Kores 1.575 2o 69 62 500
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Table 13
OPTIMUM LEVELS OF N, P AND ¥ FOR RICE PER REGION

Region Optimum Levels Bxpected
(kg/ha) yield
N P K (ton/ha)

North 128 68 16 4.51

Centre 120 42 80 5.00

South 120 54 50 5.17

Korea 119 53 57 5,02

(average)

Table 14
OPTIMUM LEVELS OF N, P AND K FOR RICE PER SOIL GROUP
(1965-69)
Soil Number of Optimum Levels Bxpected
group replications (kg/ha) yield
] P K (ton/ha)

Afa 65 104 21 80 4.86
Afb 207 125 83 47 4.8C
Afd 14 126 57 48 4.58
Ana 83 135 60+ 53 §5e22
Anb 73 121 44 8o 5.03
Apa 463 119 48 52 4495
Apb 169 108 42 40 5.07
Apc 68 138 67 63 5039
Fina. 190 121 61 70 50,09
Rxa 78 129 18 13 5.16
Average 1575 19 68 61 5200
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Table 15

ECOHOHICS OF FERTILIZER USE OF RICE AT CPTIMUM LEVEL IN COMPARISON TO
100 KG/HA ¥ ALONE, PER PROVIKCE

Additional Value of

Cost of

Province Humber of Yield at Optoe Gross v/C
replications 100 ha § level regponse  response additiomal  profit ratio SeBs
(ton/ha) (ton/ha) (%on/ha) (1 000 Won ) fertilizer (1 000 Won ) (%)
at opbimam
level
(1 000 ¥Won )
Kyong Gi 164 4.69 500 0,31 14,78 4,01 10,77 268 0,020
K&ﬁg Hon 158 é-n?? 46@7 9038 §é631 3‘95 16@36 262 60666
Chung Chong Puk 64 445 4,54 0.09 429 2.93 1.36 46 0.009
Chung Chong Fam 146 5.05 5,08 0.03 1.43 0.24 1419 496 0,030
Chulla Puk 157 4.67 539 0.72 3433 7.09 27.24 384 0.028
Chulla Ham 255 4.64 4.92 0.28 1335 5.05 8.30 164 0.023
Eyong Sang Puk 339 4.93 5.09 0.16 T.63 3.75 3.88 103 0.017
Kyong Sang Nam 292 5.06 517 0.11 5.24 1.76 3.48 198 0.034
Korea 1575 4,71 5,00 0.23 10,97 5,24 573 109 0.006




Tabla 16

ECONOMICS OF FERTILIZER USE OF RICE AT OPTIMUM LEVEL IN COMPARISON TO
80 XG/HA N ALONE, PER SOIL GROUP

: 3 c
Soil Optimum Level Tield at Tield at Response at  Value of Cost of Gross ?Zv
S L AN A s profit ratio
group {kz/ba) optimum 80 kg/ha ¥ optimum response additional ., , R
- e, e FDC AN b (1 000 Won } (%)
i P K level {(ton/ha) level {1 000 Yon ) fertilizer
(ton/ha) {$on/ha) ot optimum
level
{1 000 Won )
Afa 04 27 B0 4.86 4.57 0.29 13.83 3.79 10.04 365
4fh 125 B3 47 4,80 4031 0,49 23.36 9.63 13.73 242
AfS 126 57 48 4458 3.40 1.18 56.27 6.01 50,26 916
ing 135 60+ 53 5.22 4.86 G.26 17.17 5.76 10.41 284
Anb 121 44 80 5.032 4.:55 .48 22.89 5.76 1713 397
Apa 119 48 52 4.95 4,56 .35 18,60 5.29 13.3% 351
&pb 108 42 40 5.07 4.74 0,33 18.74 4.6 11.58 378
fﬁ?@ ?3«8 5? 63 5@39 4@8{} Qaf}% 25@?_% ?942 2{}@?% 33?%
Fna 121 61 70 5.09 4.52 0.57 27.18 6.29 20,89 432
ey 129 18 13 5.16 4.34 0.82 35.10 1-53 3157 519
é‘é’%?gﬁ @ i}g é_{i éj_ g{%% £ apé gféfﬁi 2@@98 éaéﬁ-g 1d s 6 ig.;{.
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Teble 17

ECOKOHICS OF FERTILIZER USE ON RICE AT OPTIMUM LEVEL IN COMPARISON TO

100 KG/HA N ALONE, PER SOIL GROUP

Scil Optimum Level Yield at Yield at Response at Value of Cost of Gross V/C
group ke/ha optimum 100 kg/ha ¥ opbtimum response additional profit ratio
X P K level (ton/ha) level (1 000 Won ) fertilizer (1 000 Won ) (%)
(ton/ha) ton/ha) &t optimum
level
{1 000 Won )
Afa 104 21 80 4.86 4.81 0,05 2.38 2.61 =023 91
Afb 125 83 47 4.80 4.49 0.31 14.78 8.45 8.33 175
Afd 126 57 48 4.58 431 0.27 12.87 4.83 8.04 266
&na 135 60 53 522 5.06 0.16 T7.63 5.58 2,05 137
Anb 121 44 8o 5.03 4.84 C.19 .06 4.58 4,48 198
bpe 119 48 52 4.95 4.76 0.19 9.06 4.11 4,95 220
&pb 108 42 40 5.07 4.92 0.15 715 2.98 417 240
kpe 138 67 63 539 5.10 0.29 13.83 6.24 T+59 222
Fma 121 61 TO 5.09 A.T4 0.35 16,69 5¢11 11.58 326
Rxa 129 18 13 5416 4.67 0.49 23,36 6435 17,01 368
Average 119 68 61 500 4.77 0,23 10.97 524 5073 209
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Table 18

YIELD OF UPLAND RICE WITH W,

CHEJU ISLAFD
(in ton/ha grain)

P AND X OH

. Hean

60 1/ Fgo ¥100 Ko 10 X0
Py 1.61 1.79 1071 1.70 1.48 1.82 1.84
Py 1954 2,02 2.00 1.95 1.88 1.98 2.00
P, 1.87 1.94 2,26 2.03 1,93 2.02 2,12
Hean 1.77 - 1,92 1.99 {1.89) 1.76 o 1.94 1.98 -
KG 1.66 1.78 1.84 176
ngo 1.78 2.00 2.03 1.94 Gonbrols  1.07
Kgq 1,88 1,97 2,09 1.98 S.E. (Body of table) = +0.04

S.E. (Marginal means)= +0,02

gj Rates of fertilizers in kg/hag'
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Table 19

ECONOMICS OF FERTILIZER USE ON UPLAND RICE (N CHEJU ISLAND

i P X Tield Response Value of Qost of Gross v/c
(kg/ha) (ton/ha) response fertilizer profit ratio
(1 000 Won .) (1 00O Won) (1 000 Wen ) (%)
0 0 ] 1.07
60 0 0 137 0,30 13.92 3.55 1037 392
60 30 8o 1.88 0.81 37.58 6,31 3127 595
60 60 40 1.80 0.73 33.86 6.82 27.04 496
80 o 80 1.90 0.83 38,50 6023 32,27 618
80 30 40 2.07 1,00 46,39 6.74 39.65 688
80 60 0 1.79 0,72 33.40 T.26 26.14 460
100 0 40 1.87 0.80 3711 6.67 30.44 556
100 30 0 1.88 0.81 37.58 7.18 30,40 523
100 60 8o 2,40 1033 61,70 9.93 51.77 621
60 0 40 167 0,60 27.83 4,30 23.53 647
60 30 0 1.76 0,69 32.01 4,81 27.20 665
60 60 80 1,96 0.89 41.29 7.56 33,73 546
80 0 0 1.55 0.48 22.27 4.74 1753 470
80 30 80 2.00 0,93 43.14 749 35.65 576
80 60 40 2,02 0.95 44,07 8,00 36,07 551
100 0 80 1.74 0.67 31,08 7.42 23.66 419
100 30 40 2.00 0.93 43.14 T7.93 35421 544
100 60 0 2.14 1.07 49.64 8.44 41,20 588
60 0 8o 1.80 0,73 33.86 5,05 28,81 670
60 30 40 1.87 0.80 37.11 5,56 31.55 667
60 60 0 1.85 0.78 36,18 6.07 30.11 596
80 0 40 1,92 0.87 40,36 5.48 35.12 736
80 30 0 2,00 0.93 43,14 6,00 37.14 719
80 60 80 2,00 0,93 43.14 875 34.39 493
100 0 0 1.51 0.44 20.41 5.92 14..49 345
100 30 80 2012 1,05 48.71 8.67 40,04 562
100 60 40 2,23 1.16 53.81 9.19 44,62 585
8B, 0.06 0.09 4.18 - 4.18
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Table 20

EFFECT OF TOP-DRESSING OF N ON UPLAND RICB

AT DIFTFERENT STAGES OF (ROWTH

Treatments (¥ in kg/ha)
C D

Time of top-dressing A B G
Basal dressing 40 40 40 40 40 40 0
15 days after transplanting 60 0 30 30 30 30 40
30 days after transplanting 0 0 30 0 0 0 0
At ear formation stage 0 30 & 30 0 15 30
At heading stage 0 30 0 0 30 15 30
Yield (ton/ha) 2,06 2,10 2,18 2.46 2,06 2.14 2.47
SaEa = Qai?
Table 27
COETROL YIELDS OF BARLEY I¥ THE YBARS 1964-6S, PER REGION
Region %%ééféi ?’jéi!f%é ‘%?66;{67 ‘i?é’,’;’ég 19 G Aversge
Foxrth 1.37 1/ (28)2/  0.81 (80)  0.86 (52) 1.77 {36) 1.09 {6) 1.07 {198)
Centre .51 (54) 1.41 (217) 1.66 (227) 1.81 (94) 1.56 (28) 1.58 {620)
South 1,88 (65) 1.64 {239} 1.64 (291) 1.79 {185) 2,06 (94) 1.73 87@5
Average 1.65 {143) 1.42 {536) 1.58 (570) 1.79 {315) 1.90 {128) 1.60 (1 692)

gj Ton/ha.

©

Pigures in brackeis glve the number of replicetions.
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Table 22

CONTROL YTELDS OF BARLEY IN THE YEARS 1964-69, PER PROVINCE

Province 1964/65 1965/ 66 1966/ 617 1966/67 1/  1967/68 1968/69
Kyong Gi 1.58 2/ (24) 3/ 1.30 (66) 1.30 (59) 1.30 (18) 1.64 {24) -
Kang Won 1.34  (12) 0.79 (65) 0.83 (66) 0,89 (22) 2,04 (12)  1.09 (6)
Chung Puk 1.76 (14) 1.16 (44) 1.96 (50) 1.86 (17) 1.20 (16) -
Chung Nam 1.54 (17) 1.30 (52) 1.75 (54) 177 (18) 1.56 (21) 1.54 {16)-
Chulla Puk .34 (24) 1.23 (54) 1.33 (54) 1.22 (18) 1.26 (36)  1.58 (12)
Chulla Nam 1.97 (12) 1.66 {80) 1.80(108) 1.60 (36) 2.38 (36) 1.71 (24)
Kyong Puk 1,22 (11) 1.81 (99) 1.74(101) 1.63 (35) 1.75 (78)  2.17 (48)
Kyong Ham 2.15 (29) 1.70 (76) 1.61 (78) 1.82 (30) 2,12 (56) 2,20 (22)
Che Ju 1.12 (6) 0.82 (15) 1.68 (12) 2,36 {4) 0.89 (12) -
Average 1.63  (149) 1.41(551) 1.56(582) 1.55(198) 1.76(291)  1.90(128)
SeEe 0.02 0.02 0.02 0.04 0,03 0.04
CeDo 0.09 0.07 0.05 0.10 0,08 0.10

c/v (%) 12.36 19.91 14017 1770 15.65 12,69

_1_/ Parallel series of itrials using the Box design.

;_?/ Ton/ha.

_3‘/ Pigures in brackets give the number of replications.
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Table 23

UNIT RESPONSES OF BARLEY TO W, P AWD K, PER REGION

Worth Centre South

¥ at 90 kg/ha 15.33 17,22 17.33

P205 at 60 w 20017 17083 14017

K50 at 60 ® 12,00 10,17 6467
Iable 24

YTIELD AND RESPONSE OF BARLEY TO W, P AND K, FER REGION 1/

Horth Genire South
W o () 2/ .24 1.85 2,00
(kg/ha) 0 (r) 3/ 0.56 0.60 0.58
60 R) 1.00 1,05 1,06
90 R) 1,38 1,55 1.56
120 ®) 1038 1,61 1.70

Mean (R) 1,08 1,20 1.2

P o (¥) 1.41 2.33 2.71
(xg/ha) 20 (R 0.62 0.57 0.45
40 (R 0.90 0.80 0.58
60 (R 1.21 1.07 0.85
80 (R 1416 1,03 0.90
Mean (R) 0,97 0,87 0,70
K 0 T 1.90 2,79 3.16
(kg/he) 20 (R) 0.35 0,37 0.17
40 R) 0.38 0.45 0.28
60 R) 0.72 0.61 0.40
a0 R) 0.61 0.47 0.34
Mean (R) Q.22 0.48 0-30

‘ l/ Response to W, in the presence of 60 kg/ha of P and K3
P in the presence of 90 and 60 kg/ha of N and Kj and
to ¥ in the presence of 90 and 60 kg/ha of N and P
regpectively.

2/ Yield in ton/ha.

Q/ Response in ton/haa
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Table 25
YIELD AND RESPONSE OF BARLEY TO N, P AND K, PER PROVINCE
(1964/65)
Province No GControl i S.E, P K SeBe
74 (xg/ha) (+) _ (xg/ne) : (xz/he) (+)
90 120 100 100
60 60 60 0 0 0 0
() 2/ T ®Y ® EYS (®) %ﬂ (®)
Kyong Gi 24 1.58 2.86 0.43 0.91 0,04 3.22 0.18 3.28 0.05 0.03
Eang Hon 12 1.34 2.3 0,16 0.21 0.08 2,39 0.14 2.39 0.14 0.07
Chung Puk 14 1.76 2.98 0.53 0.95 0.07 3.37 0.21 3.44 0.07 0.06
Chung Nam 17 1.54 2.66 0,31 0.70 0.07 2,90 0.19 2.94 0.12 0.06
Chulla Puk 24 1.34 2.62 0.50 0,92 0.05 3.01 0.18 3.05 0.10 0.04
Chulla Ham 12 1.97 3.70 0.50 0.81 0.08 4,02 0.23 4015  =0.03 0.06
Kyong Puk 11 1.22 2.03 0.15 0.28 0.08 2.17 0.01 2.08 0.18 0.06
Kyong Nam 29 2.5 31.58 0.35 0.39 0.06 3.74 0.18 3.86  -0.07 0.05
Cheju 6 1.12 2.614 0,44 0.93 0,07 2.95 0.23 3,01 0.11 .06
Korsa 149 1.6 2,90 0.39 0.68 0.02 3.1 0.17 3.23 0,06 0.02

R

Humber of replications.

Tield in ‘bon/hao

Response in ton/ha.
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Iable 26
YIELD AND RESPONSE OF BARLEY TO N, P AND K, PER PROVINCE
{1965/66)
Province Kyong Keng Chung Chong Chuila Chulla Kyvong Kyong Cheju Korea
Gi Hon Puk Ham Puk Wam Puk Nam

Control (x)1/ 1.20 0.79 1.16 1.30 1.23 1.66 1.81 1.70 0.82  1.41
i1 o (1) 1.88 1.09 1.60 1.73 1.50 1.92 2,28 2.14 1.00 1.80
(kg/ha) 30 (R)2/ 0©.T5 0.55 0.64 0,56 0.48 0.60 0.32 0.63 0.55  0.59
60 (R) 1.28 0.95 1.10 0.95 0.93 1.06 1.04 1.04 1,08 1.05
30 (R) 1,74 1041 1.64 1.24 1,66 1.54 161 1.40 1,62 1.54
120 (R) 1.88 152 1.26 1.40 1.82 1.81 1.57 1.52 1.79 1.62
P o (1) 2,28 1.47 2.19 2.00 2,25 2.84 2,66 2.74 1.73 2,35
(xg/na) 20 (R) 0.64 0.61 0.54 .56 0.34 0.40 0.56 0.52 0.63 0.52
40 (R) 1.10 0.717 0.72 0.83 0.57 0.42 0.75 0.65 0.81 0.72
60 (R) 1.34 1,03 1.05 0.97 0.91 0.62 1.23 0.80 0.89 0.99
8o (m) 1.46 0.95 0.86 0.86 1.02 0.68 1.14 0.86 0.91 0,98
¥ o (1) 3.00 1.75 2.61 2.54 2.72 3.21 3.16 3.13 2.40 2,81
{(xg/ha) 20 (®) 0.24 0.44 0.25 0.42 0.11 0.07 0.43 0.22 03,04 0,27
40 (R) 0.45 0.44 0.26 0.42 0.37 0.11 0.49 0.36 0.09  0.36
60 () 0.62 0.75 0.63 0.43 0.44 0.25 0.73 C.41 0.22 0.53
80 (r) 0.56 0,61 0:36 0.36 0,52 0.17 0.52 0,36 0.20 0.43
SeBo (+) 0.07 0.07 0.09 0.08 0.06 0.07 0.06 0.07 0.09 0,03

Humber of

replications 66 5] 4 22 24 80 29 16 i) 221

i/ Yield in ton/ha.

g/ Hesponse in ton/ha.
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Table 27
YIELD AND RESPONSE OF BARLEY TO N AND P, PER PROVINCE
(1966/67)
Province No Control i) SeBe SeEe
1/ (kg/ha) {kg/na)
80 110 100
50 50 50 60 60
(¥) 2/ (¥) (R)Y  (R) (%) (R)
KEyong Gi 59 1.20 2,77 0.39 0.67 0.04 3.04 0.17 £5.03
Kang Won 66 0.83 1.95 033 0.56 0.04 2.16 G.18 0,04
Chung Puk 50 1.96 3.03 0.33 0.42 0.08 3,24 0.07 0.07
Chung Nam 54 1.7 2.94 0.31 0.51 0,06 3,16 0.10 0.04
Chulla Puk 54 1033 2.30 0.39 0.69 0.03 2.60 0.12 0.03
Chulla Fam 108 1.80 2.80 0.15 0630 0.04 2.91 0.09 0.03
Kyong Puk 101 1.74 2,69 0.18 0.15 0.04 2.74 0.12 0.04
Kyong Ham 78 1.61 2.74 0.23 0.41 .04 2.90 0.10 0.03
Ch@&ﬂ 12 1368 2:74 Ood? 0‘86 0.11 3018 0,00 0.10
Korea 582 1.56 2.66 0.2 0.43 0.02 2.84 0.11 0.01

L/ Humber of replications.

2/ TYield in ton/ha.

;/ Hesponse in ton/hae
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Table 26
YIELD AND RESPONSE OF BARLEY TO ¥, P AND X, PER PROVINCE
(1967/68)
Province Wo Control ¥ P S.B. X SeBs
1/ (kg/ha) (kg/ha) {1zg/ha}
100 130 75 100 10 60 80
70 70 70 50 .50 50 0 0. 9] O
(1)2/ ) ®3 ®) (r; (& ([®) vy ® @& ®
Kyong Gi 24 1.64 2.72 G.35 0.52 2.87 0.11 0.30 3,07 2.86 0.24 0.15 0.37 0.12
Kang Won 12 2.04 Aol 0.43 0.61 4,36 0.07 0.21 0.09 4.09 0.25 0.40 0.77 0.16
Chung Puk 16 1.20 1.93 0,30 0.55 2.26 0,04 Q.01 0.06 2,34 0.01 «0.14 ~0.06 0,11
Chung Ham 21 1.56 2.86 0.25 0,36 2,90 0,18 0,31 0,08 2,82 0.17 0.39 0.26 0.14
Chulls Puk 24 1,26 2.40 G.7 .95 2:.77 0.25 0,33 G.05 2.67 0.31 0.55 0.58 0,09
Chulls Fam 26 2.38 1,30 Q.28 0.43 3.47 0.9% 0.10 0,06 3.63 -0,19 0.0 =305 Q.11
Kyong Puk 78 175 2.44 0,03 0,16 244 0.07 0.11 G.04 2,40 0.19 0.11 0.12 0.07
Kyong Fam 56 2.12 3.49 0.16 0.28 3.52 0.18 0.16 0,05 3.64 0.13 0.09 0.11 0.08
Cheju 12 0.89 2.67 .34 G.57 2,83 0.16 0.26 0.09 2e85 0.22 0.11 0.35 0.15
Korsa 291 1»{6 2.85 0.26 Q.41 2.97 0,13 0.18 0,02 2,98 0,14 0.16 0.20 0.04

1/
2/
Y

Humber of replications.
Yield in ton/ha.

Response in ton/ha.
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Table 29
YIBLD AND RESPONSE OF BARLEY TO N, P AND X, PER PROVINCE
(1968/69)
Province o Control " 24 SeBe ¥ SeBe
i/ (kz/ha) (kg/ha) (kg/ha)
100 130 75 100 AQ 60 2o
TG T0 T0 50 50 50 0 O O O
(¥) 2/ @) ®y @ @ @& @ @ ® ® ®
Kyong Gi - - - - - - - - - - - - - -
Kang Hon 6 109 2.49 G.41 0.58 2.80 0.13 =0.07 0.16 2.46 0.51 0.21 0.33 G.29
Chung Puk - - - - - - - - - - - - - -
Chung Ham 16 154 267 0. 39 J0.53 2.90 0,13 0.10 0.07 3.07 0.02 0.12 0,01 0.13
GChulla Puk 12 7558 2.47 0.95 1637 2.97 0.30 Q.46 ¢.04 3.17 0.14 0.35 0.52 0.08
Chulla Ham 24 171 2.84 0.24 0.36 3.06 0.0 =0.05 0.07 2.95 G.03 0.18 0.10 0.12
Eyong Puk 48 2.17 3.59 0.26 0.35 3. 74 0.09 0.07 0.05 3.73 0.02 0.13 0.16 0.08
Eyong Ham 22 2.20 3.42 .01 011 340 0.06 0.12 0,06 340 0.16 -0.02 0.03 0.11
Cheju 4 1691 4.16 0.29 G.45 4,49 «=0.,05 =0.19 0.19 4.10 0.31 0.53 O34 0.32
Kores g_g 1.90 3.18 0.30 0.43 3.37 0.09 0.08 0.07 3,36 0.09 0.15 0.16 0.12

1/ Humber of replications.
2/ Tield in ton/ha.

;/ Response in ton/ha.
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Table 30

YIELD AND RESPONSE OF MAIN BARLEY VARIETIES TO N, P AND K

Treatment Tear Variety of Barley
Suwon Suwon Suwon Suwon Baek Hon San Bang

4 6 18 31 Dong Kwa Ju
Comtrol 120-75-75 (¥)1/ 1.52 - 1.75 2,29 1.43 1.34 1,97
Response to N P X (R)2/ 1964/65 1.36 - 2.20 2,77 2.04 2,20 2.54
Ho. of replications 6 - 20 5 20 24 12
Control $20~60-60 gz) 0.79 1.56 1,60 1.90 1.26 0.86 1.66
Response to R P X (R)  1965/66 1.86 1.79 2.08 1.98 2.06 2.04 2.07
Ho. of replications 65 28 145 45 57 26 80
Control 110-80-50  (¥) - 115 1.97 2.11 1.34 1430 1.80
Response to N P X (BR)  1966/67 - 1.49 1.97 1.37 1,60 1.88 1.30
Ho. of replications - 123 88 14 42 12 108
Control 130-75-60  (¥) 2,04 1.17 1.46 - 1430 1.63 2.34
Response to N P K (R) 1967/68 2,68 <09 1647 - 2.03 1069 1.37
Fo. of replications 12 6 40 - 45 12 44
Control 120-75-80 gz} 1.95 1.22 1.70 1.98 1.31 1.31 1.86
Response to B P X ") hverage 1.94 153 1.97 1.91 1.93 2.01 1.63
Ho. of replications 83 157 293 64 164 14 244

L/ Yield in ton/ha.

g/ Response in ‘ton/hae
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Teble 31
YIELD AND RESPONSE OF BARLEY VARIETIES TO N, P AWND K
(1964/65)
Variety Ho Control N SeFe P K PO
1/ (kg/ha) (kz/ha) (kg/ha)
30 120 100 100
60 60 60 50 50 0 0 B
(x)2/ (¥) (rR)3/  (®) (¥) (R) ¥ R

Suwon 4 4 1.52 2.40 0.36 0.48 0.12 2.64 0.08 2.65 0.07 0.09
Suwon 18 20 1.75 2.99 0.50 .96 0.06 3.38 0.20 3.45 0.06 0.08
Suwon 31 5 2.29 4.35 0.53 C.T1 0.11 464 0.24 4.73 0.05 0.09
Chil Bo 18 1.53 2.80 0.44 0.89 0.04 3.15 0.19 3,22 0,04 0.03
Bagk Dong 20 143 2,70 0.33 0.77 0.04 2.97 0.19 2.98 0.17 0,05
Hon Sen Kwa

) 24 1.34 2.62 0.50 0.92 0,06 3.01 0.18 3.05 0.10 0.05
Bang Ju 12 1.97 3.70 0.50 0.81 0.10 4,02 0.23 4,15  ~0.03 0.08
Che Chwn 5 11 1.22 2.03 0.15 0,28 0.08 2,17 0.09 2.08 0.18 0.05
Boo Heung 3 142 2.35 0.2 0.65 0.24 2.54 0.28 2.77 ~0.18 0.20
Chong Mask 6 2.15 3.46 0.17 0.03 0.09 3.53 ~0.01 3.53 ~0,01 0.07
Tong Hol

6 Gag 6 1:16 2.26 =0,02 ~0,04 0.11 2.4 0.21 2.13 0.22 0.09
Kwan Chui

Gi 1 18 2.11 3.41 0.36 0.42 0.08 3.56 0.22 3.73 =0412 0.07

1/ Humber of replications.

2/ Yield in ton/ha.
}/ Hesponse in \%on/ha.
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Table 32
YIELD AND RESPONSE OF BARLEY VARIETIES TO W, P AND K
(1965/66)
Variety o Gontrol " ) P X .8,
1/ (ke/na) (lce/ha) ke/ha)
90 120 60 80 &0 80
60 60 60 40 40 40 40 40 40
(ty2/ &3 ®)3/ R) ) (®) () 1) K) R)
Suwon 4 65 0.79 2.04 0.46 0.61 .24 0.26 0.18 2.19 C.31  0.18 0. 10
Suwon § 28 1.56 2,88 0,46 .47 2.84 0.50 0.51 3,01 0.33  0.44 0.12
Suwon 18 145 1.60 3.18 0.60 0.50 3.42 0.36 0.18 3.54 0.24 -0,02 0,07
Suwon 31 a5 1.90 3043 0.33 0.45 3.66 .10 0.22 3.66 - 0,10 0,492 0.12
Chil Bo 40 1.15 3,14 0,34 0.40 .20 0.28 0,48 3.37 0.11  0.10 0.10
Bask Dong 57 1.26 2.52 0.43 0.70 2.78 0.47 0,29 2.88 0.07T  0.21 0,09
Hon San Kwa
1 - 6 26 0.86 2.05 0.67 .85 2.38 0.34 0.46 2.66 0.06 0.12 0.12
Bang Ju Bo 1.66 2.98 0.48 .75 3,26 0.20 0.26 3.32 O.14  0.06 0.09
Do Hen 24 1637 2.89 0.39 0.46 2.88 0,32 0.32 3.10 0.10 -0.02 .16
¥wan Chui
i 1 7 153 2,82 0.46 0.81 3.38 ~0.10  =D.19 3.67  ~0.39 -0,60 0.45
Xyong Fam Dae
89 19 1.78 3.32 0,39 0,36 3.34 0.37 0.39 3.69 0.02 -0.09 0,16
Jook Ha 15 0.82 2,08 0.54 C.T1 2.54 0.08 0.10 2,49 0.13 0.1 0.12

1/ Humber of replications.

g/ Tield in ton/hae

3/ Response in ton/ha.
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Table 33
YIELD AND RESPONSE OF BARLEY VARIETIES TO N AWND P
(1966/67)
Variety Ho Control i) SeBe P SeBe
Y (kg/ha) (kg/ha)
80 110 100
50 50 50 60 60
() 2/ - (Y) (R) 3/ (R) (¥) (R)
Suwon 6 123 115 2.23 G.27 Ged1 0.04 2.38 0.16 0.03
Suwon 18 88 197 3.34 041 0.60 0,06 3.62 0.11 0.05
Suwon 31 14 2.1 3.10 0.06 0.38 C.14 3.16 0.17 011
Chil Bo 47 1.20 247 G.31 0.54 G.04 2.6% 0.17 G.03
Bask Dong 42 134 2,28 0.35 0.66 G.05 2.56 0.12 G.04
Hon San Kwa
= 6 12 1.30 2.35 0.55 0.83 0.07 2. 74 0.15 0.06
Baﬂg 3@ ?SS 1@80 2.81 .14 0629 6394 2@9? 0699 0063
Che Chun §5 60 181 2.78 0,18 G.20 0.05 2.88 0.06 0.04
Boo Heung 12 162 2.16 0.04 =0.18 0.09 2.03 .17 0.07
Chong Hask 46 151 2:52 0.19 0.30 G.05 2.66 0.04 0.04
Do Hon 18 1.44 3.01 G.47 0.74 0.06 3632 0.19 G.05
Golden Helon 12 1.68 2.74 0.47 0.86 0.10 3.18 0.00 0.08

1/ Humber of replications,

2/ Yield in ton/ha.

3/ Response in ton/ha.




109

Table 34
TIELD AND RESPOHSE OF BARLEY VARTETIES TO N, P AWD X
(1967/68)
Variety Ho Gontrol k) P SeEe K SeBs
1/ {kg/ha) (xg/ha) ke/ha)
100 130 75 100 60 80
_ 70 70 10 50 50 50 40 40 40
(T)2/ T) R)Y (B ) (R} (R) o & ®
Suwon 4 12 2.04 A-11 0.43  0.61 4,36 0,07 0,21 0.09 4.34 0.15 0.52 Q.16
Suﬁeﬁ 6 6 ?e‘?'_f 1098 0922 6528 2@‘37 90.011 "‘Gegs 0310 232? ‘*‘Ge@é Oe’i(} 0917
Suwon 18 AD 1.46 2.40  0.37 0.53 2.62 0.06 0.19  0.06 2,80 ~D,11 G.00 (.10
Baek Dong 45 1.30 247 0.66 0.86 2,78 0.21 0,32  0.05 2.97 0.17 G.18 0.08
Hon San Kwa
1 -6 12 1.63 2,93 0.3 0,38 2.95 0.31 0,33 0.11 3.05 0.28  0.19 0,20
Bang Ju 44 2.34 2.30 030 Q.41 3.46 0.12 G.12  0.05 3.49  0.16  0.15 0.10
Ghe Chun 5 36 2,22 2.89 =0.02 0.05 2,86 0.06 0.06 0.06 2:93 =0.,04 =0.04 G.10
Boo Heung 68 1,88 2.95 0,08  0.29 2,96 0.16 0.19 0.05 3.25 =010 =0.15% 0.08
Chong Hask 16 14l 2.69  0.06 0.1 2.68 0.12 0.09 0.08 2.68  0.01 0,23 0,15
Goldem Helon 12 0.89 2.67 0.34  0.57 2.83 0.16 0.26 0.08 2,07 =0.11 G.13 0.15

1/ Humber of replications.
2/ TYield in ton/ha.

3/ Response in ton/ha.
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Toble 35
YIBLD AND RESPONSE OF BARLEY TO N, P AND X, PER SOIL SERIES
: (1964/65}
Soil ¥o Control H Se B P ' 4 SeBe
series i/ kg/ha) (kg/ha) (kg/ha)
g0 120 100 1
50 50 &0 50 50 50 50
(T)2/ 1) R) 3/ (R [69) (r) (¥) (R)
Bancheon 5 1.48 2,22 0,52 0.97 0.12 2.68 0.07 2.66 011 0.08
B&Iiggi '3 ‘ie}i 2:’?4 0017 0364— - 29,)3 9376 2036 0010 -
Banszan 3 1.42 2.35 0.3 0.65 .23 2.54 0,28 2.77 ~0.18 0.18
Chang Pyeong 1 1.06 2.74 0.19 0.50 - 2,96 0.02 3,02 0,09 -
Ho Gye 4 1697 3.54 0.37 0,75 G.18 3.86 .11 3.74 0.35 0.25
Jeon Ham 1 C.66 1.83 0.15 0.53 - 1,96 0.20 2.02 0.08 -
Yong Ji 2 3.50 3,12 ~0.23 0,21 0.31 2.83 0.57 2.97 0.29 0.25

1/ Humber of replications.
2/ Tield in ton/ha.

3/ Response in ton/ha.
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Table 36

YIELD AND RESPONSE OF BARLEY TO W, P AWD X, PER SOIL SERIES
(1965/663

Seil Ho Control H P Fd

series 1/ (kg/ha (kg/ha) (kg/ba)
90 120 60 80 [ 80
60 60 60 40 40 0 0 40 40
(1)2/ ) )3 R) 61 (®) (R () R B)
Ban Cheon 7 2.57 3.58  0.52 0.71 3.64  0.46 0.44 3.97 0.13 -0.01
Bang Ol 1 0.60 139 0.13 0.14 1.47  0.05  ~0,03 2,96 =1.44 =144
Ban San 26 1,27 2.45  0.27 0.86 2,58  0.14 0.46 2.80  -0.08 0,21
Bong Gye 2 2.34 2,96  0.96 1.30 3011 0.81 0.91 3.54 «38  =0,02
Bong Ryang 7 1413 2.65 0,55 0,44 2.74  0.46 0.37 2.91 0.29 0,80
Chang Pyeong 3 3.01 4.69  0.31 0,25 4.26  0.74 0.20 4495 0,05 =0,32
Dae Gu 8 1.61 3.19 147 139 3.48 1.18 1.03 3.82 0.84  0.33
Dal Cheon 6 1.13 2.49  0.46 0.61 2.53 Gl.42 0.05 3,47 =0.22 =0.47
Deog San 2 1.21 2,64  2.38 2.26 3.96 1.06 0.82 4.22 0.80  0.51
Gag Hwa 10 1.17 .14 0450 0.46 3.61 0.03  -0.08 3.34 0.30 -=0,21
Gwang Ju 1 3.14 6.12  =0.,02  =1.25 5.40 0.70 =0.61 5,18 0.92  0.5%
Gwang San 18 1.50 3.21  0.17 .03 3.16  0.22 0.08 3.20 0.18 ~0.08
Ho Gye 26 1.58 2,62  0.48 0.87 3,03 0.07 .15 3.2 =0.02  0.11
Hwa Bong 15 1.48 2,99  0.25 0.21 3,00 0.24 0,20 3.13 0.11  0.14
Hwa Dong 3 140 1,78 0.12 0461 2,12 =0.22 0.07 2.05  =0.15 -0,03
Hwang Yong 1 1.68 3.18  0.62 0.84 3.62  0.18 0.28 3.94  =0.14 0.06
1 Hyson 11 1.34 2.97  0.71 0.87 3.50 0.18 0.01 3.58 0.10 =0.31
I Weon 7 1.93 3.5 0.61 0.50 3.73 0.38 0.10 4,01 0.10 =0.15
Jang Weon 4 1.36 2,67  0.68 0.98 2,97  0.38  =0.11 3.11 0,24 =0.20
Jeon Ham 14 1.68 2.83  0.55 0.51 2,98 0.40 0,29 1,07 0.31 0.12
Nag Dong 5 1.84 2.77  0.18 0.02 2.91  0.04  -0.25 3,15 =0,20 =0.17
Sa Chon i 1425 2,28  1.06 1233 2.84  0.50 0.65 3.28 0.06 0.16
Sam Gag 8 1214 1,95 Q.74 0.64 2.3 0.35 0.33 2.61 0.08 0.08
Seong San 3 1.94 3.57 =0.42  =0.73 3.08  0.07 0.31 3,88 =0.73 ~1,08
Si Rye 6 2.25 4.70 0,74 0.49 5.15 0,29 0.23 5.69  =0.15 =0.41
Song Jeong 3 0.82 2,28 1.31 1.04 3.01 0.58 0.06 3.32 0.27 -0.56
Su Bug 1 1215 2,02 1.12 1036 2.79  0.35 0.42 3.02 0.12  0.20
Tae Hwa 9 1,62 3.04 0,53 0.84 .47  0.10  =0.13 3.79 =0.22 -0.36

1/ Number of replications. 2/ Yield in ton/he. 3/ Response in ton/ha.
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Table 31
YIELD AND RESPONSE OF BARLEY TO N, P AWD ¥, PER SOIL SERIES
(1967/68]
Soil Ho Gontrol H P SeEe K SeEe
series i/ kg/ha) {kg/ha) {(kg/na)

100 130 75 100 60 80

10 19 10 50 50 50 40 40 40

(T)2/ Ty ®3y &) x) & (R ) @) (R}
Basg Sen 12 2.04 4.11 0.43  0.61 4.36  0.07T 0.21 0.09 4.34 015 0.52 .15
Ban Cheon 33 1.58 2.76 .39 0.62 2.94 0.2 0.26 0.07 3.17 -0.01 0.05 .12
Bang Gi 24 2.29 3.40 0.23  0.40 Ado1d 0,21 037 0,08 372 ~0.02 G007 C.12
Ban Ho 12 1638 199  =0.17 0.0t 1.89 -0.01 0.16 0.12 2,10 =0.31 =0.27 020
Ban San 12 1.58 3.14 0.43 0.54 340 0.07  0.13 0.07 3.40 0.14 017 013
Bong Yeng 24 2.18 3.22 0.14 0,01 3.i4  0.10  0.28 0.08 3.40 =0.09 0,30 0.15
Cheng Pyeong 24 174 2.26 0.40 0.63 2.48  0.15 0.22 0,08 2,63  0.15 0,08 C.14
Hag Beong 12 1.68 2.81  =0.02 =0.01 2,40  C.46  0.75  0.06 2.78 0.04 0.05 0.08
Ho Ham 6 1.87 3.06 0.02 0.02 2.3  0.29 C.14 G.14 3.00  0.02 0.27 0.25
I Hyeon 20 1.33 2.36 0.12  0.26 239  0.14  G.15  0.07 2.66 =0.10 =0.08 G.13
Jeon Ham 10 0.99 1.63 0.41 0.84 2.08  0.05 =0.11 0.07 2.08 =0.07 0.00 0.13
Hag Dong 22 140 2.72 0.21  0.29 2.76  0.1T 0.2%1 0.08 2.79 0.16 0.21 O.14
Seong San 12 2.49 3.29 0.50 0.92 3.64  0.21  0.15  0.08 3.48 0.44 0.27 014
Seog CGye 20 2.31 345 0.05 0.10 3.46 0,15 0.05 0.10 3.82  0.01  =0.41 0.16
Song Jeong 12 1.88 3.22 0.28 0.65 341 0.15 0.22 0.07 3.46  O.12 0.25 G.12
To Gye 6 1.56 2:43 0.39 0.07 2:64 =0,29 0.13 0.21 2.79 =0.26 =0.48 0.37
Tong CGheon 6 1617 1.98 0,22 0,28 2,17 «0.04 =003 0.10 2.27 -D.06 0.10 0.16
Average 279 17 2.81 0.24 0.37 2,95 0.12 0.19 0.03 1,05 0.02 0.05 0.04
j/ Humber of replications. g/ Tield in ton/hae ;/ Response in ton/haa
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Table 36

OPTINUM LEVELS OF ¥, P AMD K FOR BARLEY, FER S0IL SERTES

(1964/65 1o 1967/68)

Soil ) P 8 Buapected YTield
series (kg/ha) (ton/ha)
Baeg San 130 100 80 4472
Ban Cheon 130 80 80 3,62
Bang Gi 130 100 40 3,80
Ban Ho TO 100 40 1.99
Ban San 110 90 80 3.33
Bong Gye 120 60 60 4,26
Bong Ryang 90 60 80 3.09
Cheng Pyeong 100 &0 40 3,12
Dae Gu 90 60 60 4.63
Dal Cheon 120 60 40 3,10
Gag Hwa 100 50 60 3.64
Gwang San 80 60 60 3.38
Hag Seong 70 100 40 315
Ho Gye 120 80 80 3.60
Ho Nam T0 80 80 3.06
Hwa Bong 90 60 60 3.24
Hwa Dong 120 40 20 2439
Hwang Yong 120 90 40 4,02
I Hyeoun 120 60 AD 3.84
I Weon 90 60 60 411
Jang Weon 120 60 60 3,65
Jeon Nam 120 60 40 2,74
Nag Dong 110 ¢ 60 2.94
Sa Chon 120 80 80 351
Sam Gag 120 60 A0 2.69
Seong San 90 70 60 4.04
Secg Gye 100 5 40 3,82
Si Rye 100 60 40 5o 44
Song Jeong 120 90 40 3.60
Su Bug 120 60 60 3.38
Tae Hwa 120 60 A0 3.88
To Gye 110 100 50 2.81
Tong Cheon Q0 50 40 2.20
Yong Ju 120 80 70 3.33
Average 105 10 55 3.3
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Tebls 39

RESPOESE CF BARLEY TO ¥, P AND K - COST ANALYSIS

NORTH CENTRE SOUTE
Treatment Cost of Tield Response Value Groess Tield Response Valus Gross Yield Response  Value— Greas
fart. (ten/pa)  {ton/hz) (1 000 ¥on ) profit (ton/ba)  (ton/ba) (1 000 Won )  profit (ton/ba)  (ton/ha) (1 000 Won )  profit
(1 000 Hon ) (1000 Won ) (1 000 Won ) (1 000 Won )
k) 8] - t.24 - - - 1.85 - - - 2.00 - - -
(¥g/ba) 20 1.78 1.80 0.56 16.42 14.46 2.45 0.60 17.59 15.81 2.58 0.58 17.00 15.22
60 3.55 2.24 1.00 29.32 25.717 2.90 1.05 30.79 27.24 3.06 1.06 31.08 27.53
90 5.33 2.62 1.38 40.46 35.13 3.40 1.55 45.45 40.12 3.56 1.56 45.74 40.41
120 7.11 2.62 1.38 40.46 33.35 3.46 1.61 47.20 40.09 3.70 1.70 49.84 42.73
S.E. 0.07 2.05 6.05 1.47 0.05 1.47
P o - 1.41 - - - 2.33 - - - 2.Mm - - -
{kg/na) 20 0.84 2.03 0.62 18.18 17.34 2.90 0.57 16.71 15.87 3.16 0.45 13.19 12.35
40 1.68 2.31 0.90 26.39 24.71 3.13 0.80 23.46 21.78 3.29 0.58 17.00 15.32
80 2.52 2.62 1.29 35.48 32.96 3.40 1.07 31.37 28.85 3.56 0.85 24.92 22.40
8o 3.36 2.57 1.16 34.01 30.65 3.36 1.03 30.20 26.84 3.61 0.90 26.39 23.03
S.E. 0.07 2.05 0.05 1.47 0.05 1.47
K o] - 1.90 - - - 2.79 - - - 3.16 - - ~
(kg/pa) 20 0.37 2.25 0.35 10.26 9.89 3.16 0.37 10.85 10.48 3.33 0.17 4.98 4.61
40 0.7% 2.28 0.38 11.14 10.39 3.24 0.45 13.19 12.44 3.44 0.28 8.21 7.46
60 1.12 2.62 0.72 21.11 19.99 3.40 0.61 17.88 16.76 3.56 0.40 11.73 10.61
80 1.49 2.51 .61 17.88 16.39 31.26 0.47 13.78 12.29 3.50 0.34 9.97 8.48
S.EB. 0.07 2.05 0.05 1.47 0.05 1.47
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Table 40
ECONOMICS OF FERTILIZER USE ON BARLEY AT OPTIMUM LEVEL

N P K Yield Response Value of Cost of Gross V/C
{kg/ha) {(ton/ha) responae fertilizer profit ratio
(1 000 Won ) (1 000 Won ) (1 000 Won ) (%)
0 ¢ 0 1.60 - - - — -
105 10 55 3.37 177 51.9 10.2 41,7 509
Table 41
RESPONSE OF BARLEY TO LIME
(ton/na)
Province Lime {ton/ha)
0 1.5 2.5 4,0 6.5
Chung Nam 0,76 1.61 1.67 1.84 2.10
Chulla Puk 1451 1.95 2,02 2,07 2.19
Kyong Nam 2.04 2.6 2,76 2,93 3.07
Average 1.50 o 11 2019 2032 2,49
Response over no lime 0.61 0,69 0.82 0.99
Percentage increase over
no lime 40 46 55 66
Table 42
AREA, PRODUCTION AND YIELD OF WHEAT IN THE YEARS 1963-68
Tear Area Production Tield
(ha) (ton) (ton/ha)
1963 138 075 227 787 1.65
1964 147 290 309 303 2,10
1965 152 860 299 871 1.96
1966 154 223 315 333 2,05
1967 152 901 309 843 2.03
1968 158 141 344 977 2.17




YTELD OF WHEAT WITHOUT AND WITH N, PER REGION
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Table 43

Region Year Gontrol ]
(kz/ha)
70 100 130
Horth 1964/65 0.94 1/ 1,20 142 1.49
1966/67 0.87 1.61 1.82 1.49
1967/68 0.83 1.79 1.92 1.97
1968/69 0.80 1.39 1.78 2.07
Average 0.86 1.50 1.7 176
Gentre 1964/65 150 1.37 1.88 2.25
1966/67 1.78 1.43 1.65 1.74
1967/68 2.10 0.92 1.17 1.23
1968/69 141 1.58 1.93 2,03
Average 1.70 1.33 1.66 181
South 1964/65 1.97 1,52 1,80 2,05
1966/67 1.68 1.30 1,52 1.60
1967/68 1.69 1645 1,62 1.69
1968/69 2.00 1.95 2.29 2.42
hverage 1.84 1.56 181 1.94

1/ Ton/ha.




YIELD OF WHEAT WITH P AND X, PER REGION
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Table 44

Region Year P SeE. X SeBEe
{kg/ha) kg/ha)
50 75 100 0 40 ) )

Horth 1967/68 2.54 1/ 2.70 2.93 0,08 2.42 2.65  2.62 2.87 0.13
1968/69 2.49 2.46 2.70 0.07 2,46 2,24 2.33 2.59 0.12

Average 2.51 2.58 2,62 0.07 2.44 2.44  2.48 2.73 0.12
Centre 1967/68 3.12 3,20 3.29 0,04 3.16 3.26  3.24 3.27 0.06
1968/69 3.09 3.31 3.36 ¢.03 3,25 3,30 3.46 3.36 0.05

Average 3.10 3.25 3.39 0.03 3,20 3.28  3.35 3.31 0,05
South 1967/68 3.22 3032 3,28 0.03 3.29 3.31 3l 3.37 0.05
1968/69 4.07 4,23 4.35 0.02 4,20 4,31 4.26 4,31 0.04

Average 3.64 3.77 3.81 0,02 3.74 3.81 3.84 3.84 0,04

1/ Ton/ha.
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Table 45
ECCHOMIGS OF FERTILIZER USE OF WHEAY (E%@RTEEP&? R’EE”‘:ION)

k] P ¥ Tield Response Value of Cost of Grogs v/c
kg/ha (ton/ha) (ton/ha) response fertilizer profit ratio
{1 000 Won ) (1 000 Won ) (1 000 Won ) (%)
0 0 0 0.81 - - - - -
10 50 60 2,22 1.41 41.34 6.25 35.09 661
70 75 60 2.38 1.57 46.03 8.42 37.61 547
70 100 &0 2.60 1.79 52.48 S.47 43.01 554
100 50 60 2.62 1.81 53.07 9.14 43.93 581
100 75 60 2.48 1.67 48.96 10.19 38.77 480
100 100 60 2,90 2.09 61.28 11.24 50,04 545
130 50 60 2.69 1.88 55.12 10.92 44,20 505
130 75 60 2.87 2.06 60.40 11.97 48.43 504
130 100 60 2.94 2.13 62.45 13.02 49.43 480
o 75 60 1.00 0.19 557 4.27 1.30 130
100 0 60 143 0.62 18.18 7.04 11.14 258
100 75 O 2.44 1.63 47.79 9.07 38.72 527
060 5 40 244 1:63 47.79 3.82 37.97 487
100 75 80 2.73 1.92 56.29 10.56 45.73 533
130 100 8o 3.19 2.38 69,78 13.39 56,39 521
Prices: Wheat = 29.32 W/kg
I = 59.22 H/kg
P = 41.96 ke

18,67 W/kg




ECONOMICS OF FERTILIZER USE ON WHEAT (CENTRAL REGION)

119

Table 46

" P 4 Tield Hegponse Value of Cost of Gross V/C
(kg/ha) (ton/ha) {ton/ha) response fertilizer profii ratio
(1 000 HWon ) (41 000 ¥Won ) {1 00O ¥Won ) (%)
o} 0 0 1.T1 - - - - -
70 50 60 2.86 115 33.72 6.25 27-47 540
T0 75 &0 3.00 1.29 37.82 8.42 28.40 449
70 100 60 3.15 144 42.22 9.47 32.75 446
100 50 é0 3.22 1.51 44.27 9.14 35.13 484
100 75 60 3.36 165 48.38 10.19 38.19 475
100 100 60 3.35 1.64 48.08 11.24 36.84 428
130 50 €0 3.24 153 44..86 10.92 33.94 411
120 15 60 3.44 173 50.72 1197 38.75 424
130 100 60 3.48 177 51090 13.02 38.88 399
4] 75 60 1.92 0.2% 6.16 4.27 1.89 144
100 0 60 2.74 1.03 30,20 7.04 23.16 429
100 15 0 3.21 1.50 43.98 9.07 34.91 485
100 75 4G 3.28 357 46,03 g.82 36.21 469
100 75 80 3,32 1.61 47.20 10.56 46,14 447
130 100 8o 3.49 1.78 52.19 13.39 38.80 390
Prices: Wheat = 29.32 #H/kg
¥ = 59.22 W/kg
P = 41.96 ®/kg
K = 18.67 H/ke
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Table 47

ECONOMICS OF FERTILIZER USE OF WHEAT (SOUTHERN REGION)

: o Cost of Gross v/c
N ; N X
oa (vonfns)  (tomfna)  responee (ilises | profiy o xgtio
(1 000 Won ) © L on
0 o ) 1.85 - - - - -
70 50 &0 343 1.58 46.32 6,25 40,07 741
7 15 60 3.59 1.74 51.02 8.42 42 .60 606
70 100 &0 3.68 1.83 53.66 9.47 44,19 567
100 50 60 3.74 1.80 55.41 9.14 46,27 606
100 5 60 3.86 2.01 58.93 10.19 48.74 578
100 100 &0 3.88 2.03 53.52 11,24 48,28 530
130 50 60 3.85 2.00 58.64 10.92 A7.72 537
130 75 60 3.95 2.10 61.57 11.97 49,60 514
130 100 60 3.98 2.13 62.45 13,02 49.43 480
o 15 60 2.17 G.32 g.38 4.27 5011 220
100 0 60 337 1.52 44.57 704 37-53 633
100 75 0 3.77 1.92 56.29 3.07 47.22 621
100 75 40 3.84 1.99 58.35 9.82 48.53 594
100 75 80 3.87 2.02 59.23 10.56 48.67 561
130 100 80 3.96 2.11 61.86 13.39 4847 462
Pricess Wheat = 29.32 §/kg
N = 59.22 ¥/kg
P = 41.96 ¥/kg
K = 18.67 ¥/kg
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Table

8

Tong Gwang Jang (Quang Jin Gwang Eong Lik 4 Ho Tuk Song 3

Tield at O-75-60  (T)1/ 1.67 1.57 1.64 2,03 0.82
Responss Lo %,gg 2/ {r)3/ 1030 1236 1.30 1621 1637
# .00 (r) 1.47 1.44 1443 0.32 Q.76
# H, 30 {Rr) 159 1243 1.42 0.42 2.0%
3.B. 0.034 0.049 0.051 0.030 0,098
Yield at 100- 0=60 (%) 2.38 2-73 2.75 3.05 1.45
Bespouse %o ?ﬁﬁ () 0.48 =004 0,06 0,15 1.04
® ??5 (r) .81 .31 0.35 0.35 1.0%
" P00 (») 5.94 0.49 0.42 0.39 1.24
el 0.034 0.049 0.051 0.030 0,098
Yield &t 100=-T5~ O {x} 3.04 2.92 3.12 3,34 2.46

< = '%@ E%g {%} Ge(}é 06?? "'Se()-é- Ge@? w@,g?_
= Ko (») Q.14 0.18 0.07 0.05 =013
= Kgq {r) .18 0.15 =0,03 0.08 0,13
8.8, 0.058 0.086 0,089 0.052 0,120

1/ Tield in ton/ha.
2/ Hg/ha.

3/ Response in ton/ha.
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YIELD OF WHEAT WITH N, P AND X, PER SOIL SERIES

BeEe

Soil Humber of Fo fer— ¥ P SeBe K
series replications tilizer (kz/ha) (kz/ha) (xg/ha)
70 100 130 50 75 100 0 40 60 80

Ban Cheon 1 1.01 1/ 3.11  3.50 3.5%9 3.04 3.51 3.66  0.05  3.16 3.49 3.61  3.59 0.09
Bon Hyang 24 1.18 2.68 3.12 3.36 2.87 3.04 3.25 0.04 2.82 3.03 3.06 3.23 0.08
Dal Cheon 12 1.T1 2.66 2.84 2.84 2.66 2.77 2.91 6.B0 2.78 16 2.79 2.72 012
Deocg San 12 1.23 2.56 3.03 3.01 2.78 2.98 2.85 0.05 3.02 3.06 3.25 2.98 0.05
Gag Bua 12 117 2,86 3.38 3.46 3.08  3.30 3,32 004 3.19 3.35 3.42 3.30 Q.07
Gwang San 12 .42 3.27  3.70 4.05 3.56  3.72 375 0.06 3043 3.73 36T 3.75 Ge11
Ho CGyve 36 2.08 3.83  4.19 4.32 4£.07 4.18 4.09 0,07 4.28 4.17 4.35  4.23 0.2
Ho Fam 12 2.45 4.72 4.2z 4.22  3.92 4.3 4.34 G.04  4.15 4.35 4.33 4.44 0.07
Jeong Ham 8 1.22 3.29  3.77 3.8 3.68 3.66 353 0.08  3.77 4.02 4.00 3.85 G.14
Jeon Ham 46 1.92 340 3.55 3.64  3.45 3.5% 3.56 0.04  3.62 3.6% 3,72 3.61 G.i2
Fag Dong 36 1.81 3.25  3.43 3.45  3.34 3.32 3.48 0.06  3.43 3.39 3.34  3.42 .10
2in Heung 24 1.92 4o 44T 4.61 4.12  4.38 4.74 G604  4.15 4.31 4.31 440 9.08
Sin Jeong 12 2.91 3.93  3.84 3.75 3.82  3.82 3.88 0.09 3.78 4.19 3.80 3.85 0.16
31 Eye 12 2,37 4.0 4.03 413 3.97 4.10 4.19 006 4.14 4.10 3.95  4.19 0.10
Tas Hwa 11 2,26 2.73  2.89 2.73 2.78 2.80 2.76 ©.06 2.85 2.66 2,83 2.88 011
Tong CGheon 12 Te21 2.90 3.24 3.43 3.07 3.20 3.30 0.04 3.02 3.06 3.33  3.29 0.06
Tong Ji 12 C.80 2.19 2.58 2.87 2.49 2.46 2,70 0.07 2.46 2.24 2.33 2.59 O.12

i/ Ton/ha.
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Table 50

OPTIMUN LEVELS OF N, P AND X FOR WHBAT, PER SOIL SERIES

Soil series

Optimum levels

W P K
Tka/7a)

Ban Cheon 118 96 60
Bon Ryang 142 100 56
Dal Cheon 105 100 20
Deog San 113 5 60
Gag Hwa 116 85 60
Gwang San 130 86 60
Ho Qye 124 78 60
Ho Nam 97 87 40
Jeong Nam 119 50 40
Jeon Nam 100 78 40
Nag Dong 107 100 40
Shin Heung 123 100 40
Sin Jeong 0 50 30
Si Rye 70 121 0
Pae Hwa 94 45 5
Tong Cheon 140 140 60
Yong Ji 130 100 80
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Table 51
YIELD OF WHEAT WITH APPLICATION OF H, P WD K, PER PROVECE

Province i) P SeEe K SeEs
(kg/ha) (xz/na) (kg/ha)
0 70 100 130 50 75 100 0 40 .60 80
Eyong Gi 1.321/ 2.87 3.43 3.72 3,12 3.38 3.52 0.06 3.16 3.33  3.48  3.51 0.07
Eang Hon 0.82 2.41 2.66 2.84 2.51  2.58 2.82 0.08 2.44 2.44 2.48 2.73 0.12
Chung Puk 1.67 2.82 3.04 3.09 2.89  2.99 3.07 0.07 3.06 2.96 3.00 2.98 0.11
Chung Ham 1014 2.48 2.82 2.92 2,74 2.77 2.72 0.06 2.81 2.92 2.96 2.86 0.10
Chulla Puk 1.42  3.27 3.7 4.05 3.56  3.72 3.75 0.06 3.43 3.73 3.67 3.75 0.11
Chulla Ham 1.34 2.82 3.17 3.24 2.98  3.13  3.12 0.05 3.14 3.10  3.24 3.14 0.08
Kyong Puk 2.24  3.50 3.81 3.84 3.65  3.74 3.76 0.05 3.77 3.95 3.94 3.81 0.08
Eyong Hem 2.22  4.24 4,38 4.44 4.24 4.42 4.38 0.05 4.35 4.36 4.48 447 0.09
Eorea 1.73 .27 3,53 3.64 3.37  3.50 3.56  0.02 3.46 3.52 56 3.56 0.0

_}j Ton/ha.
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Table /2
YIELD OF RAPE WITH N, P AND K, PER REGION
{1965-68)
Locstion Sonbtrel E ¥ X
T (kcg/ha) gg&{h&} Eg/ha)
o 100 0 €0 0
Cheju
1964/65  Forth  0.32 1/ 0.44 1.10 0.64 0.90 0,70 0.8
South  0.73 0.87 .33 1.01  1.20 1.05 1.16
i} P K
(kg/ha) (kg/ha kg/ha
I S) 80 120 ) 30 66 90 ) 30 60 90
1965/66  Borth 0.48 1.05 1.27 1.46 1000 127  1.40 1.46  1.40 1.34 1.47  1.46
South 0.43 1,19  1.57 2.10 1.38  1.61  1.86 2.10  1.70 1.72  1.98 2,10
Sontrol {kj ) P
ha kgliha
60 35 130 €0 100
1966/67  Horth  0.84 1.52 1,72 1.84 1.66 1.73
E SeBs P SeE.
kg/ha) ha
130 180 0 120
1967/68  Forth 1.58  1.84 1.90 0.05 1.74 1.81 10.04
South 1.83  1.96 2,10 0.05 1.95 1.98 0.04
Control ¥ P HsBe £ 5. B,
{(kg/ha) ke/ha) {xg/ha)
50 70 90 95 140 185 0 40 60 80
1968/69  Horth 1024 2,08  2.29 2.36 2,14 2.21 2,39 0.08 2,04 2.11  2.25 2.30 0.18
_1/ ‘fcnfha.
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Table 53
BCOONOHICGS OF FERTILIZER USE O RAFE

g P E Tield Hesponse Value of Cogt of Gross v/c
(kg/ha) (ton/na) (ton/ha) response fertilizer profit ratio
{1 000 HWon ) {1 000 Won )} (1 000 Won } (%)
3] O o 124 - - - - -
50 95 60 1.98 0.74 3B.16 8.07 .09 473
50 140 ] 2.12 .88 45.38 9.96 35.42 456
5¢ 188 60 2.16 0.92 AT 44 11.84 45 .60 401
70 95 60 2015 0.91 46.93 9.25 37.68 507
70 140 60 2.25 1.01 52.09 11.14 40.95 4868
7¢ 185 60 2.48 124 63.95 13.03 50.92 491
90 95 60 2.30 106 54.66 10.44 44..22 523
90 140 &0 2.26 1.02 52,60 12.32 40,28 427
90 185 &0 254 1630 67.04 14.21 52.83 472
0 140 60 1.60 0.36 18.57 6.99 11.58 266
70 o €0 197 C.13 37.65 5.26 32639 716
70 140 o 2.04 0.80 47.26 10.02 3ie24 412
70 140 40 2011 .87 4487 10.77 3430 417
70 140 80 2.30 1.06 54 .66 1151 43.15 475
76 165 80 2.50 1.26 64.98 13.40 5%.58 485
SeBe 0.14 0.20 1031 - 10431

Pricess Rape = 51.57 @fkg
¥ = 59.22 ¥/kg
P = 41.96 H/kg
X = 18.67 W/kg
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Table 54
HESPOESE OF BAPE 7O BOROE, P AED X

120-100-90 120-100-90 120-100-90  120-100-90  120-100-0  120-0-90
B5 B10 320 B10 B10 SoEe
Ireatment o0 V/ 120 20 K20 Hi20 Fio0
Pioo Pi00 Fi00 Pio0 P00 Koo
K50 Kyo Koo Koo B0 Bo
Bs 210 Bao
Chulla Puk Province 1.69 2/ 1.73 1.84 1.93 1.80 1.76 0,022
Chulla Nam Province 0.97 1.11 1.0 1,05 1.08 1,04  0.032
Cheju Province 1.72 1,88 1.91 1.82 177 1.55  0.076
4 eég 151 4 Qgié 4 061 Te éé 3 04-9 03626

Y,
2/

Kgﬁ/hm

i‘%ﬂ;’ ha.
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Table 55
YIFLD OF SOYAERAN WITHOUT AWD WITH LINE AWD W, P AND X

I P K Lxperiments Average
kg/ha _ I iT it iv
0O 0 O Ho lime 0,97 1/ 0474 1.35 0496 1,00
0 0 O Lime 2/ 1027 090 1440 1425 1,20
30 40 40 No lime 094 0.99 1438 1011 110
30 40 40"‘ Lime 1 058 i w08 1 w71 1,01 134
30 40 80 No lime 1013 1,07 1,42 1,05 117
30 40 80+ Lime 1,01 1012 1,46 1.31 1,22
30 40 120 No lime 1,29 0,91 126 0,93 1010
30 40 120+ Lime 1.14 1,23 145 1441 1031
30 80 40 No lime 1413 0.74 1034 0.93 1204
30 80 40+ Lime 1,05 1,07 1.33 1,08 1413
30 80 80 o lime 1031 0.75 149 1,00 1014
30 80 80+ Lime 1039 0.80 1452 1.18 122
30 80 120 No lime 1,04 0,79 1.41 0,93 1.04
30 80 120+ Lime 0.92 0.83 1,56 1.45 1,19
Average Ho lime 1098 0.86 1038 0,99 1,08
Lime 1,20 1,00 1449 1.24 1.23
1/ Ton/ha.

g/ Lime was applied at the rate of 3 tons/ha or more depending on the exchangeable
acldity of the soil,
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Table 56
EGOHCHICS OF FERTILIZER USE OH SOTAEEAY
{1966)
Yield Hegponse Value of Jogt of Gross %’,fﬁ
{ton/ha)} (ton/ha) response fertiliser . profit ratio
{1 000 Won ) {1 000 ¥Won ) (1 000 Won ) (%)
G g O 0,67 - - - - -
g 40 o G.73 .06 3003 1.68 135 160
O 8o o 0. T7 0.10 5.05 3.36 1.69 150
0 o &0 0.76 0.09 4.54 1.12 3.42 405
0 4C 60 0.63 0.16 8,07 2.80 5.27 288
0 80 &0 0.84 0.17 8.58 4.48 4,10 192
40 0 O .72 0.05 2.52 2:37 .15 106
40 40 0 0.76 G.09 4.54 4.05 0.49 112
40 80 0 0.79 0.12 6.06 5.73 0.33 106
40 o 60 0.75 0.08 4.04 3.49 0.55 116
40 40 60 0.79 0.12 6.06 5.17 0.89 117
0 80 60 0.81 0.14 7.06 6.85 0.21 103

8. Eo 0.012 0.017 0,86 0.86
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Table 57
ECONOMICS OF FERTILIZER USE ON SOYABEAN
(1967)
i} P K Tield Response Value of Gost of Gross v/c
T (kg/ha) (ton/ha) (ton/ha) response fertilizer profit ratio
{1 000 Won } {1 000 Won ) {1 000 Hon ) (%)
0 0 0 0.97 - - - - -
0 40 30 1.05 0.08 4404 2.24 1.80 180
o 80 60 1011 0.14 7.06 4.48 2.58 157
40 o} o 1.05 0.08 4.04 2,37 1.67 170
40 o 30 1,07 0,10 5.05 2.93 2,12 172
40 0 60 112 0.15 7+57 3.49 4.08 217
40 40 0 1.08 0.11 5455 4.05 150 137
40 40 30 1.16 019 9.59 4..61 4,98 208
40 40 60 1.16 0.19 9459 5.17 4.42 185
40 8o 0 1.14 0.17 8.58 5073 2.85 150
40 80 30 1.16 0.19 9.59 6.29 3.30 152
40 80 1.18 0.21 10,60 6.85 375 155
SeBe 0,012 0.017 0.86 0.86
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Tabls 58
ECONOMICS OF FERTILIZER USE ON SOYABEAN
(1968)
¥ P Tield Responsse Value of Cost of Gross v/
kg/he {ton/nea) {ton/ha) response fertilizer profit ratio
{1 000 Won ) {1 000 ¥Won ) {1 000 ¥Won ) (%)
0 ) 0 1.21 - - - - -
40 0 0 1.38 G.17 8.58 2.37 6.21 362
AD 0 40 1045 0.24 12.11 3.12 8.99 388
40 o 8o 1.46 0.25 12.62 - 3.86 8.76 327
40 30 0 148 0.27 13.62 3.63 9.99 375
40 30 40 1.50 0.29 14.63 4.38 10.25 334
40 30 80 1452 0.31 15.64 5.12 10,52 305
40 60 0 155 0.34 17.16 4.89 12.27 351
40 60 40 157 0.36 18.16 5.63 12.53 322
40 60 80 1.58 0.37 18.67 6.38 12,29 293
SeBe 8.012 0.017 .86 0.86
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Table 59

RESPONEE OF TTALIAW MILLET TO0 W, P AWD K

Treatment '

) lcP o X Chulle Nam Kyoug Puk Cheju Average

0o 80 80 2.39 1/ 1.57 2455 2,22 2,28

60 80 80 2,60 177 3.06 2.70 2.64
8o 80 80 2,65 1,96 3.59 2,71 2.80
100 80 80 2.75 2,08 3.9 2,82 3,04
100 0 8o 2,71 2,21 4.12 2445 2,85
100 40 80 2,68 2,21 4,04 2.58 2,92
100 60 80 2,75 2,22 4416 2,65 2,96
100 80 0O 2,517 2,10 413 2,42 2.83
100 80 40 2,68 2.12 4413 2,68 2,95
100 80 60 2,73 2,12 4416 2,68 2.99
SeBe + 0,060 + 04052 #0109 & 0,091 + 0,05

1/ Ton/ha.
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Pable G0
BCONONICS OF FERTILIZER USB OF ITALIAN MILLEP
(CHEIU I8LANR)
¥ P X Tield Reaponse Value of Cost of Gross v/c
(kg/ha) (ton/ba) response fertiliser profit raéio
(1 000 Wen ) (1 000 Won' } (1 000 Wen ) (%)
0 0 o 2,70 - - - - -
40 0 0 3021 0.51 19,40 2,37 17.03 818
4-0 O 4.0 3038 0068 24043 3.12 . 21031 783
A0 80 © 3,50 0,80 28,74 5,72 23,02 502
40 80 40 356 0.86 30,90 647 24043 4717
60 0 0 3451 0,81 29,10 3,55 25,55 820
SoBe 0.08 0,11 3,95 3,95
Pricess Italian millet =  35.93 W/kg
.} = 59,22 W/kg
P = 41.96 ¥/kg
K w 18,67 W/kg
Table 61
RCONOMICS OF FERTILIZER USE ON ITALIAN MILLET
(Average on Growing Areas)
¥ P X Tield Response Value of Cost of Grows v/
(ikg/ha) {ﬁom/h&i PUBPONBE fextiliser profit ratio
(1 000 Won ) (1 000 Won' ) (1 000 Won ) (%)
O 0 O 1@88 an ol el bl el
0 80 80 2,28 0.40 14,37 4.85 9,52 296
60 80 80 2,64 0.76 27031 8,40 1891 325
8o 80 80 2,80 0.92 33.05 9.59 23.46 45
100 80 80 3.04 1016 41.68 10,71 30,91 387
100 0 80 2,85 0.97 34,85 Te42 27.43 470
100 40 80 2,92 1,04 37.67 9,09 28,58 414
100 60 B0 2,96 1,08 38,80 9,93 28,87 391
100 80 © 2.83 0.95 3413 9,28 24..85 368
100 80 40 2.95 1.07 38.44 10,03 28.41 383
100 80 60 2,99 1011 39.88 10.40 29.48 383
oo 0,05 0.0 2.52 - 2,52
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Table 62

TIELD OF HAZE VITH E, P 485D ¥

Ngo I/ Hi20 160 Hosn Xo

70 140

Py 3.98 2/ 4235 4.56 4.30 4.25 4.38 4.26
?8{} éeaz §a2§ §932 Ea‘; g é}@?g 5625 5¢3§
P60 4487 5.46 5.52 5,28 5622 525 5.39 .
§3a@ ie éé Pfegz é.‘ié s 5 o? @ 6 EQGG
K, 4,42 4.83 5,01
10 4459 5.12 517 Gontrols 1.77
.0 4,65 5.11 5.23 S.E. (for body of table) = 0.09

4 9. Bs ifsz' marginal meansg)= 0,05

Optimum levels of ¥

P

K

1/ EXg/ha.
2/ won/ha.

148 kg/ha
125 kg/ha
110 kg/ha




BoCEonIcs oF

) P ) 4 Tield Hesponse Value of Boat of Grosn v/¢
kgl ha, tom?hmg POBPONEG fertiliser prollt ratio
{1 000 Won ) (1 000 Won' J (1 000 Won ) (%)
0 0 0 177 - - - - -
80 0 0 3,90 2.13 59 .64 4074 54..90 1 258
80 80 140 4,98 3e29 89.88 10,71 7917 839
80 160 70 4,68 2,91 81.48 12.76 68.72 639
120 0 140 Ae33 2.56 71,68 9,72 61.96 737
120 80 70 5041 3.64 101.92 11.77 90,15 866
120 160 0 5036 3.59 100,52 13.82 86.70 727
160 o 70 4,58 2.81 78.68 10.78 67.90 730
160 80 0 5603 3,26 91.28 12.83 78.45 T11
160 160 140 5o 60 3,83 107.24 18.80 88,44 570
80 0 70 4.08 2437 64,68 6.04 58.64 1071
80 80 0 4446 2.69 75.32 8.09 67.23 931
80 160 140 5,02 3425 91,00 14..06 76.94 647
120 0 0 424 2.47 69.16 To14 62.05 973
120 80 140 5.46 3.69 103.32 13,08 90,24 790
120 160 70 5,48 3.T1 103,88 1543 88,75 687
160 0 140 4,50 2.73 76 .44 12.09 64035 632
8o 70 5033 3.56 99,68 1414 85.54 105
160 0 5038 3.61 101.08 16.19 84.89 624
80 0 140 3«96 2&?9 6”?«:32 W’a?&ﬁ 5309’? 834
80 70 5.02 3.25 91.00 9.40 81.60 968
160 0 4491 314 87.92 11.45 1647 768
120 0o 70 4.47 2,70 75 .60 8.41 6719 899
80 o 4.89 3412 87.236 10,46 76,90 815
160 140 554 377 108,56 16,43 89,13 64.3
160 0 0 461 2,84 79.52 9,48 70.04 839
80 140 5460 3.83 107.24 1545 9179 694
160 70 5659 3.82 106,96 17,50 89.46 611
Bolle 0,15 0.21 5,88 - 5,88 -
Prices: Maize = 28,00 W/kg
W = 59.22 Wkg
P @ 41,96 ¥fkg
K w 18,67 ¥/kg
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Table 64
TIBLD OF WHITE POTATO WITH W, P AND X IN UPLAND AND PADDY FIELDS

" P K | Upland Pad

kg/ha Yield Tield
(ton/ha) (ton/ha)

0 90 140 1079 To36
60 90 140 13.98 12,87
100 90 140 15678 13.93
140 90 140 14,90 14 .41
140 0 140 1433 8.75
140 30 140 16.38 12,08
140 60 140 15610 13.42
140 90 140 1490 14 .41
140 90 0 14,95 1215
140 90 6D 16,09 14.59
140 90 100 15,38 13,88
140 140 140 1490 14«41
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Table 65

BCONOMICS OF FERTILIZER USE ON WHITE POTATO

1 S Tield Responge Value of Comt of (ross v/c
kg/ha (% on/ h&)‘&.—“ TEBPONBe fertilinger profit ratlo
(1 000 Won ') (1 000 Wem ') (1 00O Won ) (%)

0 0 0 8.71 - - - - -
60 0 50 1459 5,82 84445 4,48 79.97 1 885
60 45 150 15.12 6435 92.14 8.24 83.90 1118
60 90 100 18.91 10.14 147.13 9,20 13793 1 599
90 0 150 18.69 9,92 143.94 8.13 135.81 1770
90 4% 100 20,64 11.87 172,23 9.09 163.14 1 895
90 90 50 17.90 9613 132,48 10.04 122.44 1 320
120 0 100 16,34 T+57 109,84 8.98 100.86 1223
120 45 50 17.95 9.18 133,20 9.93 123,27 1 341
120 90 150 22,82 14,05 203,86 13.69 19017 1 489
90 45 0 20,00 1123 162,95 T.28 155,73 2 257
60 0 100 1536 6.59 95,62 5,42 90,20 1 764
60 45 50 16,08 Te31 106,07 6.37 99.70 1 665
60 90 150 1795 9.18 133,20 1013 123,07 1315
90 0 50 14017 5040 78435 6.26 72.09 1 252
90 45 150 16,60 7.83 11361 10.02 103.59 1134
90 90 100 20,71 11.94 173425 10,98 162,27 1 578
120 0 150 16.51 Te74 112431 9.91 102,40 1133
120 4% 100 18,58 9.81 142034 10.87 131.47 1 309
120 90 50 1750 873 126,67 11.82 114,85 1 072
90 45 200 18.85 10,08 146.26 10,95 135631 1 336
60 0 150 15 .44 6.67 96,78 6635 90,43 1 524
60 45 100 16,24 T4T 108.39 T34 101,08 1 483
90 90 50 16.52 7475 112445 8.26 104,19 1 361
90 0 100 15.51 6o74 93,88 720 86,68 1 304
90 45 %0 17.00 8.23 119.42 8.15 111,27 1 465
90 90 150 20,35 11.58 168,03 11.91 156,12 1 4M
120 0 50 15,97 7020 10447 8.04 96043 1 299
120 45 150 16037 9,60 139.30 11.80 127.50 1180
120 90 100 20,61 11.84 171.80 12,76 159 .04 1 346
SOEQ Qo 0 M M el 8021
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Table 66
YIELD AND RESPONSE OF SWEET POPATO TO N, P AND K, PER PROVINCE
{1966)
N P75 1/, Kaa0 H9o, X240 Y90, P75 :
Province i ) 7 S.E.
) 30 0 30 0 25 50 5 0 80 160 240
Mz ®Y @ (®) Ty (@) (7} (r) Ty (®) (r) ()
Eyong Gi 20.66 3.96  7.22 9.88 20.51 4.82  7.29 10.03  19.62 4.78 B.48 10.92  0.44
Chulla Puk 9.77 4.00  T.37 10.30 11.88  3.90  6.12 8,19  16.73 1.29  2.75  3.34  0.42
Kyong Ham 18.56 ~0.07  0.20 - 0.07 17.73  0.61 2.18  0.76  16.06 1.46 1.76  2.43  0.58
Cheju 22,53  1.26 1.61 2.4 23,89  0.39  1.03  0.98  21.71 1.12  3.25  3.i6  0.82
17 2.2 4.0 . 18.56 2.42 .4 .96 18.54 2.1 .08 .98  0.40

1/ Fertilizer rates in kg/ha.

2/ Yield in ton/ha.

3/ Response in ton/ha.
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Teble 67
TIELD AFD RESPONSE OF SHEET POTATO TO N, P AND X, PER PROVINCE
(1967)
Province Tield hi) P X 3o Be
(ton/ha) kz/ha) (kz/ba) (kg/ha)
40 70 100 0 45 90 0 100 200
Average response Average responsse Average Temponse
(ton/ha) {(ton/na) {ton/ha)
Eyong Gi 9.24 3.19 555 8.56 5.15 5.86 6.29 5.35 5.89 6.14 0.20
Oh\lﬂg Puk 19097 4—921 36‘36 2968 2;71 3057 3018 2053 303? 3637 0335
Chlmg Ham 16006 6039 59853‘ 5048 i094 6080 5998 4923 6015 7033 9555
Chulle Puk 11.55 4.43 6,13 748 5.19  6.11 6.73 5.88  6.14 6.01 0.13
Ghulla Ham 12.67 0.80 1.02 0.95 0.77 0.98 1.03 0.43 1.21 113 0.32
Eyong Puk 15.56 3.03  4.19 4.58 3.76  4.08 3.97 325  4.07  4.48 0.37
Eyong Ham 14.29 2.90 2.55 1.98 1.98 2,47 2.99 0.74 2.57 4.12 Q.24
Cheju 10.30 2.30 2.40 2,40 2.40 2.50 2.30 1.60 2.70 2,80 0.54

Eorea 13.61 3.44 4.06 4.48 3:53  4.19 4.27 3.24 4.16 4.55 0,13
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Table 69
URIT HESPUUHE OF SHEERT POTATC AT DIirFaEm

¥, P AND K, PER PROVINCE

LEVELS OF

(19686)

Province E P E

ha kg/ha) kg/ha)
30 €0 90 25 50 75 0 160 240
Kyong Gi 132.0 120.3 109.8 192.8 145 .8 133.7 59.8 53.0 45,5
Chulla Puk 133.3 122.8 114.4 15640 122.4 109.2 161 17.2 13.9
Eyong Ham -263 3.3 0.8 24.4 43,6 1044 18.2 11.0 10,1
Cheju 42.0 26.8 26.0 15.6 20,6 1341 14..0 20.3 13.2
Average 5.1 67.8 61.9 96.8 82.8 66,1 2721 25.5 20.8
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Table 10

UNLT RESPCNSE OF SWEET POTATO AT DIFFERENT LEVELS OF
H, P AND K, FER PROVINCE

(1967)
Provincs H P j 4
(kg/ha) _(ka/na) kg/ha
40 70 100 45 90 100 200
Kyong Gi 79.8 793 85.6 130.2  69.9 58,1  30.7
Chung Puk 105.2 4541 20.8 79.3  35.3 3301 16,6
Chung ¥am 159.8 83.4 54.8 151.1 6644 6145 3647
Chulla Puk 110.8 87.6 74.8 135.8 74..8 61.4 30.0
Chulla Nam 20.0 14.6 9.5 21.8 114 12.1 5.6
Kyong Puk 75.8 59.8 5.8 90.7 441 40.7 2244
Kyong Ham 72.5 36.4 19.8 54.9  33.2 25,7 20.6
Cheju 57.5 34.3 24,0 55.6  25.6 27.0 14.0

86.0 58.0 44.8 93.1  AT.d 41,6 23.0




Table 71

URIT REESPONSE OF SHEST POTATO AT DIFFERENT LEVELS OF
H, P 28D K, PER PROVINCE

(1968}
Province " P
kz/ha (kz/ha

40 4] 45 g0
Chung Nam 108,.2 45.5 59.8 36.8
Chulla Hanm 16,2 Ged T3 1.1
Kgsﬂg Puk ?262 Eﬁeé ?308 3797
Cheju 238.5 143.6 204 .9 125.8

Average 177.8 99.1 155.8 92.9
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Pable T2
WESPONSE OF SWEET POTATO PO ¥, P AND K IN HEWLY HECLAIMED AWD CLDER UPLAND SOILS

Level

(xg/ha) Newly reclaimed Older upland

Control 14.09 1/ 16,57 17.80 21.89 22.14 21.09

10 1246 3.21 1.83 0.31 0.33 0432

20 2.42 3.99 20711 0.60 0.73 ~0 610

30 3633 4.71 2,38 0.86 1,07 0.32

40 4419 5635 2.64 1.08 T34 0.52

60 5.76 6.43 3.4 1043 1.67 0.89

80 To12 7023 3.60 164 1.73 1.23

100 8.29 T:T75 4,03 1.72 1.51 1.53

120 9.26 7.98 442 1.66 1.81

140 10.03 Te94 4,78 2.04

160 10,60 510 2.25

180 10.96 5439 2.42

200 1113 5,64 2.56

220 11,10 5 .86 2.67

240 10.87 6,04 2074

1/ Ton/ha.

Table 73
BOONOMICES OF FERTILIZER USE ON SWEET POTATO
(1966)
¥ P K Tield Hesponse Value of Cost of Gross v/¢
(kg/ha) (ton/ha) (ton/ha) response fertiliser profit ratio
(1 000 Won ) (1 000 Won )} (1 000 Won ) (%)

0 15 240 1795 - - - - B
075 240 20,22 2.27 29.06 1.78 27.28 1 636
60 15 240 22,02 4,07 52,10 3055 48.55 1 466
90 75 240 23.52 5457 T1.30 533 65.97 1 338
90 0 240 18,56 - - - - -
90 25 240 20,98 2.48. 30.98 1.05 29,93 2 953
90 50 240 22,70 4o14 H2+.99 2410 50.89 2 526
90 75 240 23.52 4.96 63.49 3015 60,34 2 017
90 75 0 18.54 - - - - -
90 ip) 80 20,71 217 27.78 1.49 26.29 1 859
90 75 160 22,62 4,08 52.22 2.99 49.23 1 748
90 75 240 23.52 4,98 63.74 4.48 59.26 1423
8eBe 0,28 0.40 5412 - 5,12
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Pable T4
ECONOMICS OF FERTILIZER USE ON SWEET POTATO
(1967)

P K Yield Response Velue of Cost of Gross v/c

kg/ha, (ton/ha)  (tou/ha) Tesponse fertilizer profit ratio
‘ (1 000 Won ) (1 000 Won )} (1 000 Won ) (%)
o 0 o0 13.61 - - - - -
40 0 0 15455 1.94 24.83 2.37 22.46 1 048
40 45 200 17.95 4.34 55.55 .99 47.56 695
40 90 100 17.78 4.17 53.38 8.01 45,36 666
70 0 200 18.09 4,48 57.34 7.88 49.46 728
70 45 100 18.11 450 57.60 7.90 48,80 729
70 90 0 16.95 3.34 42.75 T.92 34.83 540
100 0 100 1760 3.99 51.07 7.79 43028 656
100 45 ) 17.84 4.23 54.14 7.81 46,33 694

100 90 200 18.57 4..96 63.49 13.43 50,06 473
40 0 100 16,90 3429 4211 Ao24 37.88 994
40 45 0 16.64 3.03 38,78 4.26 3453 911
40 90 200 18,35 474 60.67 9,88 50.79 614
70 0 0 16,30 2.69 34.43 4.14 30.29 830
70 45 200 18.06 445 56,96 9.77 47.28 583
70 90 100 18.32 471 60.29 9.79 50450 616
100 0 200 18,30 4,69 60,03 9,66 50,38 622
100 45 100 18.32 471 60.29 9,68 50.61 623
100 90 0 17.67 4.06 51.97 9.70 42.27 536
40 0 200 16,85 3024 41.47 6,10 35437 680
40 45 100 17.15 3.54 45.32 6.12 39.20 740
40 90 0 16,29 2.68 34,30 6.14 28,16 558
70 0 100 17.46 3.85 49.28 6,01 48.27 820
70 45 0 1716 355 45 .44 6,03 39.41 753
70 90 200 18.63 5,02 64.26 11,66 52460 551
100 0 O 17.22 3664 46,21 5.92 40.29 780
100 45 200 18.99 5,38 68.86 11.54 57432 597
100 90 100 18,32 4.7 60,29 11.56 48.72 521

SoBe Q.27 0.38 4.86 - 4,86
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Table 15
BOUHONICH OF PUaTILIZER USR O POTATO
(Wewly reclaimed solls - 1968)

X Tisld Rosponse  Value of Cost of (roes v/c

kg/ha (ton/ha)  (ton/ha) response fertiliner profit ratio

(1 000 Won ) (1 OO0 Won ) (1 000 ¥on ) (%)
0o 0 0 16.45 - - - - -
40 ¢ 70 1757 112 14034 3.6 10.66 390
40 45 210 19,51 3.06 39.17 8.18 30.99 479
40 90 140 20,30 3.8% 49.28 8.76 40.52 562

T0 O 210 2039 3.94 B0.43 8,07 4237 625
70 45 140 21.48 503 64,38 8,65 BEeT3 145
0 90 70 22.25 5080 T4 o 24 G.23 65,01 804
100 O 140 21.27 4.82 61.69 B.54 53.15 T3
00 45 70 22,37 5.92 7578 9,12 66 .66 831
100 90 210 24,34 7.89 10099 13.62 B7.37 T4.2
70 90 ] 1942 297 38,02 Te92 20,10 480
40 0 140 18,34 1.89 24,19 4,98 19621 485
40 45 T0 18.11 166 271.25 5,56 15 .69 age
A0 90 210 2041 2,96 50 .69 10,07 40,62 503
70 o 70 19.14 2.69 3443 545 2B.98 632
70 45 210 2177 5.32 68,10 9,95 58,15 684
70 90 140 22,22 577 T3.86 1054 63,32 TOq
100 G 210 2127 4.82 61.70 9,84 51,86 627
100 45 140 22,22 577 73.86 10,42 £3.44 709
100 90 TO 22,11 5,66 T2.45 11.00 61045 658
70 90 280 24 .61 8.16 104 .45 13.15 91,30 194
40 0 210 17.96 1651 19.33 £.29 13,04 anT
40 45 140 19.52 307 38,30 6.87 32.43 572
40 90 70 1994 3.49 A4 67 745 322 599
10 G 140 19.93 348 44 .54 £.76 3778 659
045 70 20.94 4.49 BTe47 To34 50,13 783
70 90 240 22.96 6,51 83.33 11.84 71649 T04
100 g 70 20,71 4.26 5453 T.23 47.30 154
100 4% 210 23,00 6,55 83,84 173 T2.11 715
100 90 140 23,69 T.24 92,67 12+ 31 80.36 54

BuBe 0,36 0,51 6.53 o 6.53
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Table 76

(Older upland soils — 1968)

¥ P )4 Tield Besponge  Valus of Gost of Grows v/c
(kg/he) (ton/ha)  (ton/ha) response fertilizer profit ratio
(1 000 Won } (1 000 Won ) (1 00O Wom ) (4)
O 0 0 22.42 o - - . e
0 o 70 24,05 1.63 20.86 1o 31 19.56 1 596
O 45 210 28.08 5 .66 1245 5,81 66,64 1247
0 90 140 28,04 5.62 T1.94 6.39 65.55 1 126
40 0 210 28.75 6533 81.02 6029 T4.73 1 288
40 4% 140 28.90 6.48 82.94 6.87 76,07 1 207
40 90 70 29 .45 T.03 89,98 Te45 82.54 1 208
80 O 140 27.60 5.18 66,30 T.35 58.95 902
80 45 70 28.51 6.09 T7.95 1683 10.02 983 .
80 90 210 31.57 9.15 117.12 12.43 104,68 942
Q 0 140 26,78 4.36 55 .89 2461 53:19 2 138
O 45 70 26,98 4.56 58,37 3.20 5517 1 827
0 90 210 30.84 8.42 107.78 770 100.08 1 404
40 0 70 26.86 4044, 56.83 3.68 53.15 1 546
40 45 210 30,08 T.66 98,05 B.18 Ba.B7 1199
40 90 140 3154 9a12 116,74 8.76 107.98 1 333
80 o 210 29,90 7048 95 . T4 8,66 87.08 1 106
80 45 140 30,86 8.44 108,03 Q.24 28.79 1169
g0 90 70 31.03 8.61 110.21 9.82 100.39 1 122
0 o 210 27045 5.03 64..38 3.92 60,46 1 642
0 45 140 29.47 T.05 90 .24 4650 85.T4 2 004
¢ 80 70 30,03 o614 9T .41 5,08 92.33 1 916
40 O 140 28.48 6.06 TT5T 4.93 T2.59 1 8557
40 45 70 29.57 Te15 91.52 5456 85.96 1645
40 90 210 32.17 975 124.80 10.07 TM4.T3 1 2%0
80 o 70 28,88 6.6 82.69 6.04 T6 .64 1 368
80 4% 210 32,46 10.04 128.51 10.55 117.96 1 218
80 90 140 32034 9.92 126,98 1113 115,85 1 141
SeEe 0:61  0.86  11.00 - 11.00




Table 77

ITALIAR RYE GRASS - DRY HATTER FPRODUCTION
WITH THCHEASINC FERTILIZER LEVELS

Province Gun " P X S.E.
kg/ha) (kxg/ha) (kg/ha)
150 225 300 150 215 280 170 255 340

Kyong Gi Pyong Taek I 1/ 1.06 2/ 1.28 1.02 0.81  1.41 1,02 0.98 1.14 1,02
iz 333 3.66  4.55 4..01 3.70 4,55 4.23 435 4,55

Sum 4o 4.94  5.57 4,82 5¢21 557 521  5.49 557 0.34
Chulla Puk Xim Je I 3.51 4.31  5.26 4.77 5.50 5,26 5,00 5.50 5,26
I 2.08 2,30  2.73 2.82 2.78 2.73 2.58 2.82 2,73

Sum 5,59 6.61 .99 7.59 8,28 7.9 7.58  8.32 7.99 0.27
Chulla Fam Kwang Ju I 3.58 4.T8  4.55 4.09 4.84 4.55 4.89 5,10 4.55
1T 4.09 3.66 4.48 4e34 3.86 4,48 4.38  4.13 4.48

Sum  T.67 8.44 9.03 8.43 8,70 9,03 9,27 9.23 9.03 O,

Ewang San I 2.46 2.39 3.06 154 3.14 3.06 2.76  2.92 3.06
EI éo?é 4—085 4552 4060 4;85 4942 ‘i°54‘ 4‘943 5“4‘2
IIT  4.26 456 5.41 4,90 5,00 5.41 5.46  4.98 5.41

Sum  11.48 11.83 12.89 11.04 12,99 12.8 12,76 1243 12,89 0.24
Eyong Puk  ¥Wel Sung I 1.99 2.55 2.74 2.69 3,05 2.74 2.55 2.93 2.74
Iz 2,18 2,70  2.90 3.03 3.17 2,90 3.16  3.06 2.90
III  0.80 0.94 1.09 0.87 1.01 1.09 0.96 0.97 1.09

Sum  4.97 6.29  6.73 6.59 7.23 6.73 6.67 6,96 6.73 0,22
Dal Sung I 2.50 2.98 3.44 3,04 2.94 3.44 3012 3.10 3.44
Iz 1.89 2,27 2.60 2,29 2.50 2.60 2,37 2,60 2,60
IIx 1.80 1.96 2.26 2,00 2.04 2.26 2,23 2.29 2.26

Sum 6.1 7.21 8.30 7623 7.48 8.20 7.72  T.99 8.30 0.16
Eyong Bam  Wul Ju I 3.49 4.01  4.60 4.58  4.39 4.60 4.93  4.89 4.60
II 4.05 4.13  4.TT 4.88  5.12  4.77 540  5.62 4.77
IIT 0.65 0.82 0.76 0.99 0.75 0.76 0.80 0.92 0.76

isﬁ_ﬁ}_ 891? 8926 10a?3 19045 1$'26 10513 §1913 ?104;3 1(}‘13 0968
Cheju Borth T 3.00 3.91  3.73 2.85 3.04 3.73 2.86  3.46 3.73
I 2.80 2,78  2.83 2.62 3.25 2.83 2,70 2.74 2.83
IIT 2.00 2.58 2.38 3.17 3.43 2.38 2.50 2,52 2,38

Sum  7.80 9,27 8.94 8.64 9.72 8.94 8.06 8.72 8.94 0.61

Korea (Average) 6.53 7.43 8.32 7.75 8.20 8.32 8.11 8.44 8.32 0.14

1/ Humber of cutting. 2/ Ton/ha dry matter.
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Table 18
LADTHO CLOVER DEY HATTER PRODUCTION ¥WiITH IHCHEBASING FERTILIZER LEVELS

Provincs Gun " i34 ¥ SeBe
ke/ha) {xz/ha) kg/ha)

50 100 150 150 200 250 250 375 500

Kyong Gi Pyong Task I 0.86 1,32 1.80 174 1.61 1.80 186 1.49 1.80 0,16
Chulla Nam  Kwang San I 0.61 0.54 0.60 0.62  0.60 0.60  ©0.50 0.61 0,60
II 0.55 0.58 0.66 0.60  0.62 0.66  0.61 0.60  0.66

Sum 1.16  1.12  1.26 1,22 1.22 1.26 111 1.21 1,26 0.17
Kwang Ju I 1.75  2.04  1.91 1.90 1.94 1.91 1.80  2.02 1,91
I 0.93 0.98  1.0% 1.06 1,03 1.01 0.90 1,08 1.01
IIT 0.63  0.73 0.72 0,71 0.71 0.72  0.73 0.73  0.72

Sum 3,31 3.75  3.64 3.67  3.68 3,64 3.44 3.83 3.64 0,17
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Tatile 79
ALFALYFA DEY HATTER PRODUCTION ¥WITH DHCHEASIHC FERTILIZER LEVELS

Province Gun H P i 4 S.8.
ke/ha kg/ha) ke/ha)
45 S0 135 180 240 300 225 337.5 450
gé’sﬁg Gi ?}?‘é‘)‘ﬁg Pask I Q@? Gagé ?@62 e 2 ie}sé 1@52 1%%2 1&352- 1552 ﬁ:‘}@é’i
Eyong Puk Wal Sung I 0.43 0.53 0.70 .62 0.52  0.70 0.73 0.54 0.70
IT 0.51 4.52  0.75 0.71 0.75 0.75 0.85 0.63 0.75
Sum G, 1,08 1.45 1.33 1,27 1.4 1.58 1.17 145 0.15
“Ef% {Eh%;ga E @sz ?egg ?&Ts ?e}% ?93? ?e’i} ?%’%? ﬁééf@.} ié?g
IT  1.03 1.57 2.10 1.87 2.07 2,10 2.03 2.02 2,10
ITT 1.01 1.50 2.35 2,16 2.24 2.35 2.2 2.21 2.35
;S;E& 29?6 ”gegi o 8 Qé_‘i% F‘s?{é Fq-:’g 3:5%.8 %eé ?9 333‘ {}g%%
Eyong Ham il Tang I 1.13 1.61  1.T8 1.61 1.65 .71 1.89 1.80 171
IT 2,52 2.79  2.70 2.48 2.70  2.70 2,70 2.67 2.70
Sum 1.6 A0 441 210 .35 o4 4.59 447 4.41 0,08
Hal Ju I 0.62 0.78  0.93 .89 0.78  0.93 0.85 0.84 .93
1T 6.40 0.4%  0.6% 0.60 0.58  0.61 0.50 .48 0.61
Sum  1.02 1.21  1.54 1 o4l 136 1.5 1235 1.32 154 0.72
Fable 80
OATS DREY HATTER PRODUCTION WITH INCREASING FERTILIZER LEVELS
Provincs Gun " ’ P ¥ 3.8
ke/hs {1z/ha) kg/hal B
135,0 202.5 270.0 30 AD 50 20 30 40
Chung Ham 10,17 13.33 11.70  11.63 15.07 11.63 12.08 14.80 11.70 0.88

¥yong Ham Hil Yang 4.9 5.10 87 218 .36 5,87 5.26 4483 87 0. 26
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Table 81

URCEARD (GRASS DEY MATIER PRODUCTION
{3 FERTILIZER LEVELS

v 5 X G, 1
(kg/ha kg/ha) (kg/ba) one
150 225 300 150 200 250 200 300 400
Chung Puk I 0.72 0.96 0,71 0.99  1.50 0,71 0.89  1.45 0.7
Jin Chon 1T 1.00 1.88 1.69 1.92 2,12 1.69 1.79 2.3 1.69
FIT 170 2,20 2.95 2,68 2,43 2,95 2.67 2,92 2,95
w 1“76 Bu@é@ jaOé 3@18 3925 3’«»06 3«38 3)@68 3@06
fum  5.18 8,07 8,47 8.7 9,30  B,41 B.73 10.39  8.41 0,359
Chung Wam I 2.51% 284 3,23 2.51 2.80 3,23 2.98  3.40  3.23
Chun Won I 3.80 A.16 4,60 4.27 A55  4.60 4.53  4.03  4.60
IIT  1.69 314 341 3,08 3.21  3.41 3036 3,07 3.4
Sum  8.00 10,14 1124 .86 10,56 11.24 10,87 10.50 11.24 Q.811
Chulla Puk T 1.74 3,22 4293 4,88  4.37  4.93 4.66 4419 4£.93
Eim Je IE 0.59 .94 T.04 1220 1417 1.84 1,13 112 1.24
TIT 0.52 .78 0.97 087 1.08  0.97 0.97 1.20  0.97 ,
ﬁ% 2&85 4&:9 ?w?t‘ 6&95 ﬁaéz ?@14. 6976 6»31 7@14» 0»24]
Kyong Puk T 1.39 1.76 2,00 1.78  2.09 2,02 2.08 2,24 2,02
Wol Song T 1.74 1o T4 2,32 2,36 2,32 2.32 2,31 Z.14 2.32
TIL 1.64 188 2.33 2,54 2,04 2,33 2,07  2.44 233
v .22 1.76 2,13 1,93 2.11 2413 1.80 2.41 2413
Sum 599 714 8,80 8.61 8,56 8,80 8,26 9,23 8,80 0.173
Dal Sung T 1.80 240 2,70 2,30 2,50  2.70 2,60 2,70 2.70
T 1.30 1.60 1,90 1.80 1,90 1,90 1,90  2.10  1.90
IIE .70 210 2,60 2,40 2.70 2,60 2,70 2.60  2.60
Sum 4,80 6,10 7,90 6,50 TL.10  T.20 TL20  T.AD0  T.20 0.09%
Kyong Nam T2.,32 2,68 3,04 2.68 2.80 3.04  2.81 3,40 3.04
Wl Ju IT 1.64 253 2,90 2.73  3.92  2.90 245 3,02 2.90
ITL 1.64 2.24 2650 2.76 2,70 2.50 2,26 2,55 2,50
Sum 5,60 Tod5 844 8,17 8.62 8.44 7.52 8,97 8.44 0,439
Cheju
Horth Cheju I 2.4 346 4.07 3,36 3.88 4,07 3.88  3.77T  4.07
1T 2.04 2637 2,67 2.11 3,02 2.67 151 1.59 2,67
TIT  3.9%2 3,77 4,28 1,82 4.12  4.28 3.50 3,76 4.28
IV 1.53 1.89 2,00 1,88 2.2 2.00 1,52  1.94 2.00
Sum  9.63  11.49 13,02 11.17 13.14 13.02  10.41 11.06 13,08 D.383
Average 6,01 0 90 0,18 8,88 9,13 9,18 8,54 9,15  9.18 D.133
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Table 82

RED CLOVER DRY MATTER PRODUCTION WITH INCEEASING FERTILIZER LEVELS

W P K S.B
(kg/ha) (kg/ha) (kg/ha) oe
50 160 150 150 200 250 250 375 500
Chung Pulk
Jin Chon T 0.44 101 1.11 0.86 0.64 1.1 0,99 0.74 1.1
IT 0.12 0.49  0.31 0.34 0.45 0.3 0.3 0.68 0.3
Sum 0,53 150  1.42 1.20 1,09 142 1030 1,42 1.42 0,255
Chung Wam
Chon Won I 0»61 0096 Ou73 0018 004-1 0373 0071 0w88 0073
I 7.68 8.66 T+19 3.56 472 T+19 5.25 6,99 T.19
IIT  3.88 3.85 3,96 2.56 2,37  3.96 3.72 4.32 3,96
m 12@17 13047 11w88 6&30 7050 1088 9.68 12019 11088 10715
Chulla Puk
Kim Je T 0.75 110 1.94 1.81 174  1.94 1.89 1.73 1.94
IT 0.19 0.3 0.48 0.42 0.47 0.48 0.45 0.50 0.48
Sum 0.94 144 2,42 202 2,21 2.42 Do 34, 2,23 2,42 0.152
Chulla Nam
Kwaﬂg Ju I 1.30 2.00 2»06 1631 1-»94 2006 1055 2@18 2006
1T 1.16 1.20 1,26 1021 1.04  1.26 1014 1.22 1,26
IIT 0.78 0.84 0,91 0.94 0.82 0,91 0.89 0.88 0,91
Sum 3,24 4,04 4,23 340 3,80  4.23 3,58 4.28 4,23 0.331
Kwang San I 1.29 0.63 1,49 1.13 0.60  1.49 1.20 0.54 1049
IT 1.13 0.76  1.17 0,96 0.65 1,17 1.25 0,70 1.17
III 0.86 0.76 1.10 0.92 0,96  1.10 1.08 0.77T 1.10
Sum 3.28 2,15 3,76 3,01 2,21 3,76 3,53 2,01 3,76 0,570
Kyong Puk
Mil Yang I 2.04 2,32 2,36 2.26 2,34 2,36 237 2,51 2436
1/ I 3.44  4.01 4.4 374 4.26 4414 412 4.21 4414
Sum 5,48 6432 6,50 6,00 6,60 6,50 6.49 6,72 6,50 0,233
Wul Ju I 0.34 0.78  1.15 1.01 1,24 1.15 1036 134 115
2/ 1T 0.62 117 4.35 1.13 1.48  1.35 1.52 125  1.35
11T 0.60 0.84 1,27 1.08 1,03 1,27 1,03 1.19  1.27
Sum  1.56 2:79 371 3.22 315 3.71 391 3.78 3.77 0.320
Wul Ju I 1.13 1247  1.59 1230 1.60  1.59 1.56 1.38  1.59
1/ IT 1.12 1,29 1,42 1,70 154 1.42 170 10,39 1.42
Sum  2.25 2,70 3,01 3,01 3,14 3,01 3,26 2,77 3.01 0.193
Cheju
¥orth Cheju I 2.12 2.37  3.86 2.60 2.68  3.86 3.82 3.88 3,86
IT 1.04 119 1,15 1.16 1.12  1.14 1.19 1.06 1,15
_S\__l{_ﬂ“ ,3016 3056 5.01 3.76 3080 5»01 5001 4094- 5001 00539

R

Bown in aspring.

Sown in auwbumn,
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Fig. 1
RESPONSE CURVES OF BARLEY TO N PFR REGION (1965 - 66)
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RESPONSE CURVES OF BARLEY TO P PER REGION (1965-68)
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RESPONSE CURVES OF BARLEY TO K PER REGION (1965-66)
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