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1 Introduction 

Soil fertility was studied in the Great Konya Basin, as part of the study carried 
out by the Department of Tropical Soil Science of the Agricultural University at 
Wageningen. 

The purpose of the study was to find the agricultural value of prevalent soil types, 
to learn about the main factors governing fertility, and to work out fertilizer recom
mendations for dry farming in the Basin. 

Fertility research has not often been combined with systematic survey and profile 
studies, though soil scientists frequently try to correlate productivity with soil type. 
But in many cases variation in yield has proved to be due to specific properties and 
not to soil type itself (Butler, 1964). Hence the mapping of soil fertility often amounts 
to the mapping of one or a combination of more characteristics (de Vries & Dechering, 
1960; Cengiz & Basaran, 1966; Hernando, 1962). Since other combinations of proper
ties are used for the mapping of soil units, fertility maps coincide with soil maps more 
by chance than by rule. 

Nevertheless knowledge of genesis allows forecasts of soil fertility in general terms 
(Schuffelen & Koenigs, 1962). But the influence of climate, topography, kind and level 
of the prevailing agricultural system, and type of crops is usually overriding. 

One of the easiest and cheapest ways to raise yield is to apply fertilizers. The use 
of fertilizers has often proved the first step to modern agriculture (Williams & 
Couston, 1962). 

Fertilizer consumption is increasing rapidly in Turkey (Kiroglu, 1968), so that 
proper recommendations are needed. Such recommendations can be better obtained 
from integrated studies, like the present one in field, greenhouse and laboratory, than 
from innumerable replications of the same field trials. 

Field studies were carried out in the 1966-7 and the 1967-8 growing seasons. Besides 
a new technique of greenhouse trials was tried. Such trials, lasting only three weeks, 
should give semi-quantitative information on the nutrients status of soils and should 
be particularly useful where field data do not conform with chemical analysis. Most 
of the physical and chemical analysis and the greenhouse trials was done at Wage
ningen; a minor part at Ankara. 

Chapter 2 describes the Great Konya Basin, in particular the common agricultural 
system. Chapter 3 reviews literature on the subject. The design and procedure are 
discussed in Chapter 4. Since the soils have been described fully (Groneman, 1968; 
Driessen & de Meester, 1969; de Meester, 1970), this report surveys them only briefly 
in Chapter 5, with special reference to the soils used in fertility trials. The Chapters 6 
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to 8 give the results and conclusions of the fertility study. I have tried to indicate the 
influence of the most important yield factors and to correlate them with soil characte
ristics. Fertilizer recommendations are given in Chapter 9. 



2 General data 

2.1 Description of the Great Konya Basin 

This chapter has been compiled almost exclusively from the description by de 
Meester (1970), which should be consulted for extensive information. 

2.1.1 Geography 

The Great Konya Basin is in the Central Anatolian Plateau (Konya Province, 
Turkey) at a latitude of 37° and between 33° and 35° East. In it lies the provincial 
capital of Konya (160000 inhabitants); other towns of importance are Karaman 
(26000), Karapmar (13000), Eregli (40000), Bor (14000) and Çumra (11000). For 
convenience de Meester (1970) divided the Basin into 7 areas, as shown in Figure 1. 
Outside the towns, the Basin is utterly rural. Villages and yaylas (summer settlements) 
are scattered evenly over the plains and border areas. The villages are connected with 
dust roads, which are readily passable in summer, but difficult in winter. Hardly any 
village has modern conveniences such as piped water and electricity, but schools and 
medical facilities are adequate and improving. Literacy, about 50%, is near the 
national average of 48%. 

The Great Konya Basin (which will henceforth be referred to just as 'the Basin'), 
covers about 1000000 ha and is encolsed by uplands and mountains. Several rivers 
flow into the Basin. The central part is flat and consists of several plains, separated by 
elevations. The Basin is a structural basin, filled with different Tertiary and Quaternary 
sediments. Most of the sediments come from the surrounding limestone mountains. 
Tertiary rocks consisting mainly of andesite, dacite, diorite and tuff are found along 
the Basin's border, but mainly in the eastern half. 

The sediments which fill the Basin are more than 400 m thick locally and consist 
of elastics, such as clay, marl, sand, gravel and conglomerates, and hard Neogene 
freshwater limestone. The upper 10-50 m of sediments are Quaternary age. Evidently 
there was a large, rather shallow lake, Ancient Lake Konya, during the Late Pleisto
cene, which has dried up during the Wurm Period. Its dry floor, shores, and alluvial 
and colluvial sediments which spread out into the Basin, give the landscape its present 
form. 

The physiographic division of the Basin is discussed in Section 5.1. 
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2.1.2 Climate 

The Basin is one of the driest parts of Turkey. By the Koppen classification the 
climate is semi-arid (BSak), with cold moist winters and hot dry summers. Evaporation 
far exceeds total precipitation. Some important climatological data are presented in 
Table 1. 

Frost can be severe; night temperatures of —25° C are common in winter. In 
summer day temperature reaches 35° C. The frost-free period lasts almost 165 days. 

The distribution of annual precipitation in and around the Basin is shown in 
Figure 2. The centre of the Basin is the driest part (see also Çumra and Karapinar in 
Table 1). 

For crops of winter wheat, spring rain is important, but the heavy spring showers 
are unfortunately irregular in distribution and amount. Crop yields vary greatly over 
short distances because of this irregularity in spring rain. 

The relative humidity is 40-50% in summer and 70-80% in winter. 

Fig. 2. Average annual precipitation in and around the Great Konya Basin. From data of DSl 
Ankara. 

3 0 0 - —- 300 mm isohyetal 

*— boundary of Central Basin 

— boundary of Great Konya Basin 

Çekil 2. Ankara D.S.I, kayitlarina göre mm olarak Büyük Konya Havzasmda ve çevrelerinde senelik 
ortalama yagi§. 



2.1.3 Land-use 

Four main types of land-use may be distinguished: 
1 Irrigated farming; (230000 ha) or 20% of the Basin 
2 Dry farming; (420000 ha) or 35% of the Basin 
3 Dry range 
4 Other use; mostly unsuited for any form of cropping or stocking. 

Figure 3 shows the occurrence of different land-use in the Basin. Much of the Basin 
is unsuitable for agriculture because, for instance, of steepness, stoniness, salinity and 
marshiness. Another large part is used for steppe pasture, on which sheep and goats 
commonly range. Cows, donkeys and even horses are also herded there. As generally 
in Turkey, pastures are overgrazed. More and more land, though not suitable for 
grazing, is used for it, thus increasing the danger of soil erosion (FAO, 1959). 

Most of the dry-farmed land is situated west of the line Karapinar-Akçasehir. Here 
only the cereals wheat, barley and rye can be cultivated. In Section 2.2 more attention 
will be paid on this agricultural system. 

Irrigated land forms a rather large proportion of the Basin in comparison with the 
rest of Central Anatolia (Tümertekin, 1964). This favourable situation is due to the 
geography of the Basin. In several places water coming down from the mountains can 
be caught and used for irrigation. The main water-supplying rivers are the Çarsamba 
the Meram, the Zanopa and the Ayranci (Fig. 1). 

2.2 The dry-farming system in Turkey 

The characteristic feature of the dry-farming system in Turkey is a rotation of 
cereals (mostly wheat) with fallow. 

Several studies have been made on the efficiency of this fallow year. The moisture 
storage and enrichment of soil nitrogen in the fallow year is discussed in Section 3.5. 
Sections 7.1.1 and 7.1.2 deal especially with moisture storage during the study. 

The cultivation practices of dry-farming are directed towards water conservation 
(Fig. 4). 

After harvest the land is kept under stubble till the next spring. The purposes of 
this procedure are to prevent wind erosion in summer and to hold snow in place in 
winter. The risk that the stubble and any weeds will consume soil moisture is not 
serious. After July there is no soil moisture left and from November to spring tem
peratures are too low for much évapotranspiration. 

However, the land must be ploughed in spring as early as possible. Infiltration of 
rainwater is improved, weed growth is limited and thus loss of moisture in summer is 
restricted. Early ploughing also promotes nitrification (Christiansen-Weniger, 1934). 
Trials at Ankara and Eskisehir in 1952-3 showed that the best time for ploughing waf 
March or April (Money-Kyrle, 1957). It seems to be of less importance how deep 
the ploughing is, at least trials have been inconclusive. Mostly the depth varies between 
8 and 15 cm. 
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Fig. 3. Legend. 

ES3I1 Uplands/Yûksek arazUer 

Irrigated arable/Sulu ziraat 

Dry arable/Kuru ziraat 

1 

x 
O 

Çekil3. 

Dry range/Kuru mera 

Wasteland (dunes or playas)/l§lenmeyen arazi (kumlar ve playalar) 
Local irrigation from deep wells/Derin kuyulardan mevzii sulama 
Sand dunes/Kum kümesi 

Lejant. 

After the May rains, the dried surface soil depresses evaporation of sub-soil moisture. 
Of course, after ploughing wind erosion may become detrimental, but it has been 
proved that when soil is ploughed in big clods, the damage is minor. Nevertheless 
dust storms are common. 

Before sowing, the soil may be loosened, e.g. with disk harrows. Loosening of the 
soil and sowing is often combined by hanging harrow and seed drill behind each other. 
With old-fashioned ploughs drills have sometimes been attached right behind the 
shares, so that the seed falls into the furrow. 

The best time to sow is October, as has been demonstrated in many trials, which 
are summarized in Table 2. Dewey & Nielson (1969) came to about the same con
clusions in the American Great Plains. Rohrmoser (1964) found a positive relation 
between yield and interval between sowing and beginning of winter (date when 
average day temperature falls below 6° C). 

Seeds must be placed at least 3 cm deep. Christiansen-Weniger (1970) recommends 
a depth of 4-6 cm. Deeply sown plants are in better condition to survive drought after 
germination and to resist winter killing (Dewey & Nielson, 1969). 

Sowing rates of wheat vary in practice between 150 and 180 kg per ha. 
Weather conditions in winter do not noticeably influence yields, but rainfall in 

April and May is probably the most important yield factor (Rohrmoser, 1964). 
In the Basin, stem extension of wheat occurs in mid May; flowering in June; 

J A Fig. 4. Scheme of the wheat-allow rotation. 

A J Sekil 4. Bugday nadas rotasyon çemasi. 



Table 2. Influence of sowing time on yields (expressed as relative yields). 

Time of sowing 

October 
November 
December 
January 
February 
March 
April 

Christiansen-Wenig 

1931-2 

100 
83 

78 
51 

er (1934) 

1932-3 

100 

95 
97 
89 
77 

(1970) 

1950-60 

100 
93 
85 
75 
58 
35 

Brandow (1953) 

Twelve-year average 

100 
62 
55 
40 
50 
47 
25 

Tablo 2. Ekin zamamrun mahsul uzerine etkisi (nisbi mahsul olarak ifade edilmistir). 

harvesting in July. In the south of the Basin, harvesting is two or three weeks earlier 
than in the north. 

There have been many trials on the fertilizer needs of dry-farmed wheat. They will 
be discussed in Section 3.1. Although fertilizer consumption is increasing, the average 
use per ha is still low. Nowadays problems of production and transport of fertilizers 
limit use more than the unwillingness of the farmers. 
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3 Literature review 

3.1 Fertility research in Turkey 

Soil fertility in Turkey is studied by the Soils and Fertilizers Research Institute 
(Toprak ve Gübre Arastirma Institüsü) at Ankara, by the Agricultural Faculties of 
the Turkish universities and by the sugar company (Türkiye §eker Fabriklari). 
Between 1962 and 1969 also the FAO carried out many trials and demonstrations 
within the Fertilizer Program of the Freedom From Hunger Campaign. This discus
sion deals only with dry-farmed wheat, the main crop in my research. 

Nearly all studies are of nitrogen, phosphorus and potassium. The success of 
nitrogen dressing depends partly on mineralization during the fallow year but mostly 
on moisture conditions, especially rainfall in April and May. If there is a positive 
response, the economic nitrogen rates are between 20 and 60 kg N per ha (Tanm 
Bakanhgi, 1957-63, 1959-63). However, responses, if any, are often negative. As yet 
it is not clear whether nitrogen should be applied in autumn or spring. The conclusion 
of some trials is that soil moisture in May should be estimated to decide on nitrogen 
dressing. 

For spring dressing ammonium nitrate seems better than ammonium sulphate; for 
autumn dressing there is little difference between the fertilizers. 

Phosphorus nearly always increases yield. According to Yurtsever (1964), 40 kg 
P2O5 is economically optimum, but FAO recommends 60 kg P2O5 per ha (Mathieu, 
1969). 

Soils in Central Anatolia are low in phosphorus (Table 3). Phosphorus fixation is 
usual and related to carbonate content (Kaçar, 1967). 

Superphosphate and triple phosphate are most frequently used. Some FAO trials 
indicate that superphosphate is more effective than triple phosphate. Trials of the 
Soils and Fertilizers Research Institute show that 8 cm deep banding of phosphorus 
fertilizers is better than mixing with soil, either from 0 to 2 cm or from 0 to 8 cm. 
Broadcasted phosphorus remains on the soil surface, because of the low rainfall. 

In Central Anatolia no response has been found to potassium fertilizers, since soils 
are rich in potassium (Ozbek, 1953; Fox & Kaçar, 1965; Christiansen-Weniger, 1970). 
Values usually vary between 70 and 240 kg K2O per dekar (Tanm Bakanhgi, 1957-63). 

Nowhere does literature mention trials with minor elements on wheat in Turkey. 
Christiansen-Weniger (1934, 1970) reports succesful trials with farmyard manure. 

Cattle dung, however, is still used as fuel by farmers, so that improvement in soil 
fertility by that method may not be expected. 

11 



Table 3. Phosphorus contents in soils of Central Anatolia. 

Reference 

Tanm Bakanhgi, 1957-63 
Yurtsever et al., 1965 
özbek et al., 1967b 

Extraction method 

0.5JVNaHCO3 
0.5 JVNaHCOj 
0.5iVNaHCO3 

0.03 WNH4F + 0.025 N HCl 

Contents 

1 - 5 
1 - 5 
2 -15 
0.1-12 

Unit 

kg P205/dekari 
kg P205/dekar 
ppm 
ppm 

1. 1 dekar = 0.1 ha 

Tablo 3. Orta Anadolu topraklarmda fosfor miktarlan. 

3.2 Interrelations between moisture and plant nutrients 

Since the effect of fertilizers depends largely on the moisture conditions, a fertility 
study is fruitless, certainly in arid regions, unless those conditions are considered. 

Relations between moisture and plant nutrients may be divided into effects of soil 
moisture on nutrient availability and of nutrients on moisture utilization by plants. 

Discussion below is focused on nitrogen and phosphorus, as those elements were 
particularly studied in the Basin. 

3.2.1 Soil moisture and nutrient availability 

The influence of soil moisture on nutrient availability can be distinguished into 
effects on the pools of nutrients and on the transport of nutrients through the soil to 
roots (Viets, 1967; Wiersum, 1969). 

Pools are nutrients dissolved in soil solution and nutrients bound in a labile form 
in or on soil particles. The distribution of nutrients among the pools is to a considerable 
extent regulated by moisture content of soil. 

As moisture increases, concentration of nitrate decreases. But when soil is saturated 
or nearly saturated with water, total amount of nitrate also decreases through 
denitrification. In dry conditions mineralization and often nitrification are advanced, 
especially when dry periods are followed by wet (Birch, 1960; Alexander, 1965; van 
Schreven, 1968). 

The total amount of dissolved phosphorus is increased under wet conditions, because 
phosphorus is hardly diluted. Its concentration depends mainly on solubility products, 
which vary with pH and temperature (Huffman, 1962; Larsen, 1967). 

Soil moisture influences transport of nutrients through soil to roots by affecting 
the transport mechanisms of mass flow and diffusion. 

For nitrate, mass flow is most important. According to Alberda et al. (1964) and 
Dilz (1964), the amount of nitrate taken up by plants at least equals the product of 
nitrate concentration and amount of water absorbed, and it often exceeds that product. 
When soil moisture decreases, nitrate concentration in the soil solution increases, but 

12 



transpiration by plants and hence dry-matter production decreases. As a consequence, 
nitrogen in the plant increases, as has been shown in numerous field trials, particularly 
in arid and semi-arid zones (Fernandez & Laird, 1959; Collwell, 1963; Johnson et al., 
1967; Terman et al., 1969). The opposite, a decrease in plant nitrogen with irrigation 
is likewise well known (Jensen & Sletten, 1965; Stone & Tucker, 1969). 

Phosphate concentration in the soil solution is too low to supply plants by mass 
flow; diffusion is the main transport mechanism (Barber, 1966). Soil moisture enhances 
diffusion rate through its effects on tortuosity, sectional area containing water and on 
concentration gradient of phosphorus (Olsen et al., 1961). As phosphorus diffusion 
varies from 1 mm to some centimetres according to different authors (Heslep & Black, 
1954; Olsen et al., 1962; Lewis & Quirk, 1967), the amount of phosphorus reaching 
plant roots depends largely on root extension. But root extension itself is also related 
to soil moisture. In dry soils, root growth is hampered directly because water is needed 
for root elongation (Peters, 1957) and indirectly by increase in mechanical resistance 
to root penetration (Maertens, 1964). So, when soil moisture decreases, less phosphorus 
reaches the root surface and is taken up (van Lieshout, 1960; Olsen et al., 1961; 
Wesley, 1965). Since dry-matter production decrease» also with drought, the change 
in plant phosphorus depends on what is reduced more: phosphorus uptake or dry-
matter production. That is why many contradicting results have been obtained; 
however, distinct relations between moisture and plant phosphorus could often be 
indicated (Mederski & Wilson, 1960; Boatwright et al., 1964; Ferguson, 1964). 

In conclusion, high soil moisture should stimulate nutrient uptake because of the 
increase in size of pools, diffusion rates of ions, extension of the root system, and 
mass flow of water. 

3.2.2 Nutrients and efficiency of water-use by plants 

In his literature review on fertilizers and efficient use of water, Viets (1962) defines 
the following concepts. The water requirement or transpiration ratio (TR) is defined as 

weight of Water absorbed by the plant during growth 
weight of dry matter produced by plant during that time 

The consumptive use or évapotranspiration (ET) is the sum of water used by 
transpiration by plants and evaporation from soil or from intercepted precipitation 
(in any specified period), usually expressed in mm or inches. 

The water-use efficiency (WUE) 

WUE = 'ky m a t t e r produced (kg/ha) 
ET (mm) 

As WUE includes also evaporation, it is not exactly reciprocal to TR. 
WUE is influenced by plant species, by the climatic conditions and by all cultural 

practices that change dry-matter production, thus also insect and weed control. TR 
depends upon plant species, moisture supply, soil fertility and weather (especially 
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light intensity and relative humidity). TR is usually considered of little value, certainly 
not as a characteristic of a plant species (Penman, 1956). In arid and sub-arid regions, 
however, Where water is limiting, TR proved to be an useful tool, as de Wit (1958) 
has clearly shown. He arrived at a relation between dry-matter production and 
relative transpiration: 

DM = mTE0-i (3) 
where 

DM = total dry matter of aerial parts (kg ha-1) 
m = constant, depending upon plant species (kg ha-1 day-1) 
E0 = free water evaporation (mm day-1) 
T = total transpiration (mm) 
For Kubanka wheat, de Wit found m = 115 kg ha-1 day-1. De Wit's formula has 

been supported by Hanks et al. (1969), who estimated values for m between 113 and 
140 kg ha-1 day-1. For Equation 3, according to de Wit, the following conditions must 
hold: a not 'too low' fertility, a not 'too high' availability of water and a not 'too 
dense' leaf mass. If these conditions are not satisfied, the value of m tends to be lower, 
i.e. water is less efficiently used. 

For a definite region and a definite season, E0 is fixed. Then TR can be calculated 
by combining equations 1 and 3 

TR = 104 E0/m 
where 1 mm water is equivalent to 104 kg water per ha. 

In nearly all trials in the literature, fertilizers decreased TR and increased WUE. 
An increase in WUE was usually caused by a decrease in both 77? and evaporation. 
Evaporation decreased because the soil surface was covered earlier by promotion of 
growth. The beneficial influence of fertilizers on TR is probably connected with the 
rise appearing in net assimilation rate, when nutrient supply is increased from (very) 
low to adequate (Watson, 1952; Bouma, 1965). 

The increment in WUE with fertilizers decreases with rate (Viets, 1962). This 
explains why fertilizers sometimes did not increase WUE significantly, namely where 
soil fertility was already high or where rather concentrated nutrient solutions were 
compared, as Chaussât (1966) did. That de Wit's (1958) condition was that fertility 
should be not 'too low' rather than 'optimum', can also be understood in this context. 

It is assumed that under arid conditions fertilizers mostly do not change ET, as all 
available water is used, either by a fertilized or an unfertilized crop. Measurements 
confirm such (Haise et al., 1960; Linscott et al., 1962; Swartz & White, 1966; de Jong & 
Rennie, 1969). This means that yield increments by fertilizers are caused by more 
efficient water use. At the beginning of the growing season, however, ET may be 
enhanced by fertilizers as shown by Linscott et al. (1962) (Fig. 5). In that situation, 
grain yield may be lowered by nitrogen fertilizer because the grain/straw ratio is 
reduced (Lehane & Staple, 1965; Luebs & Laag, 1969). According to some authors, 
nitrogen-fertilized crops could withdraw more moisture from great depths (> 1 m), 
because of deeper root penetration (Linscott et al., 1962; Ramig & Rhoades, 1963; 
Olson et al., 1964). 
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Fig. 5. Cumulative amount of water transpired by nitrogen-
fertilized maize and unfertilized maize under arid conditions. 
From Linscott et al., 1962. 

Çekil 5. Arit sartlar altinda azotla gübrelenmis ve grfibelen-
memis misirda kûmilatif olarak sarfedilen su miktan (Linscott 
ve arkadaslan 1962'den). 

3.3 Yield components as influenced by moisture, nitrogen and phosphorus 

Grain yield is the product of the yield components, number of ears, number of 
grains per ear and grain weight (1000-grain weight). 

A change in grain yield with fertilizer or water can thus be analysed into changes 
in one or more yield components. Which these components are depends on when 
water or fertilizers are supplied, because each component forms during a certain stage 
of growth. 

For an useful discussion on this matter, the growth stages must be defined. One of 
the most used scales for wheat was devised by Feekes (1941). The stages are presented 
in Figure 6. Henceforth the stages, as numbered there, will be used. The stages at 
which the different yield components form under normal field conditions are shown 
schematically in Figure 7. With this figure, intervals can be marked during which the 

Fig. 7. Periods of formation of yield components (schematic). After 
Schrimpf, 1960 and Haensel, 19S6,196S. 

grains per ear 

1000-grain weight 
harvest 

Period of 

K j - ^ ^ Q J increase 

10 102 V)A IOLSI 111 112 113 114 
growth stage 

I I I I I maximum value SJ-îSS*iJ decrease 

Çekil 7. Çematik olarak mahsul, olusum devrelerinin kisimlan (Schrimf, 
1960 ve Haensel, 196S, 1965'e göre). 
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amount or weight of a particular yield component may be influenced. Haensel (1956) 
distinguishes 'Grenz-stadien' at which a yield component has been fixed. Further 
Haensel (1956, 1965) divides development of each organ into periods of formation 
(increasing number or Weight), of maximum and of reduction, leading to the final 
value at harvest. In Figure 7 this is rather simplified; the period of reduction may 
start earlier than indicated, so curtailing the period of maximum. 

Cultural measures intended to increase yields may act either by enhancing formation 
(e.g. tillers, florets) or by limiting reduction (e.g. unheaded tillers, seed set). 

Water To understand the influence of a growth factor on yield, it is not only 
necessary to know when the several yield components are formed, but also when the 
plant or the component needs the factor most. 

Most moisture is needed around flowering (van de Paauw, 1949; Ferguson, 1965; 
Nix & Fitzpatrick, 1969), and this stage is therefore called the critical period. Around 
this stage also daily increment of dry-matter is greatest (Watson et al., 1963; Dorohov 
et al., 1968; de Vos, 1969) which make the high water need comprehensible. Any 
factor shortening the period after flowering diminishes yield, so it is essential that 
moisture supply is adequate also from then on. It increases the percentage fertilization 
of florets (seed set), and 1000 grain weight (Baier & Robertson, 1967; Campbell, 1968). 

Fig. 6. Legend. 

Stage 
1 
2 
3 

4 
5 
6 
7 
8 
9 

10 
10.1 
10.2 
10.3 
10.4 
10.5 

11.1 
11.2 
11.3 
11.4 

One shoot (number of leaves can be added) = 'brairding' 
Beginning of tillering 
Tillers formed, leaves often twisted spirally. In some varieties of winter wheats, 

plants may be 'creeping' or prostrate 
Beginning of the erection of the pseudo-stem, leaf sheaths beginning to lengthen 
Pseudo-stem (formed by sheaths of leaves) strongly erected 
First node of stem visible at base of shoot 
Second node of stem formed, next-to-last leaf just visible 
Last leaf visible, but still rolled up, ear beginning to swell 
Ligule of last leaf just visible 
Sheath of last leaf completely grown out, ear swollen but not yet visible 
First ears just visible (ear escaping through split of sheath) 
Quarter of heading process completed 
Half of heading process completed 
Three-quarters of heading process completed 
All ears out of sheath 
10.5.1 Beginning of flowering 
10.5.2 Flowering complete to top of ear 
10.5.3 Flowering over at base of ear 
10.5.4 Flowering over, kernel watery ripe 
Milky ripe 
Mealy ripe, contents of kernel soft but dry 
Kernel hard (difficult to divide by thumb-nail) 
Ripe for cutting. Straw dead. 

Tillering 

Stem 
Extension 

Heading 

Flowering 

Ripening 
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Beneficial effects on grain yield of rainfall or irrigation at flowering or the oppostie 
with water shortage are reported by many writers (van de Paauw, 1949; Chinoy, 1960; 
Lehane & Staple, 1965; Russell, 1968; Nix & Fitzpatrick, 1969; Christiansen-Weniger, 
1970). 

When moisture stress is low early in the season, many tillers are formed, but not 
all reach heading (Campbell & Read, 1968). 

If water later becomes limiting, grains/ear and 1000-grain weight fall, so that final 
grain yield falls (Storrier, 1965a; de Vos & Toussaint, 1966; Campbell, 1968). A low 
number of grains per ear is partly, seldom completely, compensated by an increased 
1000-grain weight (Taheri, 1960; Stoy, 1965; Bingham, 1967). 

A summary of the preceeding may be seen in the equation of Jensen (1968) who 
related evepotranspiration (as a measure of water use) to the actual yield of marketable 
product: 

where 
Y, Y0 = yield when moisture is limiting and not limiting, respectively 
WeX, î oc = actual use of water and use when moisture is not limiting, respectively 
A,- = relative sensitivity of the crop to water stress during stage i 
As the right side of Equation 4 is a product, it implies that yield of marketable 

product does not have to be linearly related to total water use when plants are stressed. 
For wheat, A proved to be 0.5 between stages 1 and 9,1.5 between stages 10 and 11.1 

and again 0.5 after Stage 11.1. The importance of an adequate moisture supply during 
flowering is clearly illustrated by the value of 1.5 for X at that stage. 

Nitrogen Wheat absorbes nitrogen most before flowering. Mehrotra et al. (1967) 
found that about 45% of the absorbed N was taken up between sowing and Stage 5, 
about 25% between stages 6 and 10.2 and about 30% after Stage 10.2. Fried & 
Broeshart (1967), gathering data from the literature, mention 15, 27, 42 and 16%, 
respectively, for the periods before Stage 3, at stages 3-7, at stages 7-10.5 and after 
Stage 10.5. 

On wheat, nitrogen causes an increment to leaves and a slowing down of develop
ment, so an increase in the size of the assimilatory apparatus and in the length of its 
productive period (Volke & Inostroza, 1967; Dorohov et al., 1968; Brouwer, 1969). 
In trials on very poor soils, however, increasing rates of nitrogen, applied at sowing, 
promoted initial development of spring wheat, up to an optimum (Limberg, 1964). 

Application of nitrogen before Stage 6 or 7 particularly promotes number of tillers; 
applied at Stage 6 or 7 or later, nitrogen enhances the number of grains per ear and 
1000-grain weight. Application at Stage 10.5 is mostly too late to increase yield, 
because only the 1000-grain weight is increased (Coic & Jolivet, 1953; Taheri, 1960; 
Limberg, 1964; Wood & Fox, 1965; de Jong & Jonker, 1967). 

In moist regions early dressed nitrogen may be leached out before later stages; in 
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arid zones, the consequence is mostly too a rapid exhaustion of soil moisture (Fig. 5), 
so reducing number of headed tillers, grains per ear and 1000-grain weight (Storrier, 
1965b; Volke & Inostroza, 1967). In very dry years, grain yield of nitrogen-fertilized 
wheat may be even lower, the greater the mass of dry matter produced at about 
Stage 10.2 (Fischer & Kohn, 1966). 

Phosphorus The effect of phosphorus on yield components has received rather 
little attention. In general phosphorus seems to shorten growth stages, especially 
ripening (Volke & Inostroza, 1967; Dorohov et al., 1968). 

According to Smith (1965), 47% of the total absorbed phosphorus is taken up 
before Stage 6 or 7 and 79% before Stage 10.2. Fried & Broeshart (1967) gave 7, 23, 
49 and 21% for the periods before Stage 3, at stages 3-7, at stages 7-10.5 and after 
Stage 10.5, respectively. 

Taheri (1960) found a positive influence of phosphorus on number of grains per 
ear, when phosphorus was applied at about Stage 4. Other yield components were 
not much affected by phosphorus, regardless of the time of application (seeding, 
Stage 2 and Stage 4 in his trials), but the number of ears was not counted in his study. 
According to Volke & Inostroza (1967) phosphorus increased the number of tillers 
and 1000-grain weight, but decreased the number of grains per ear. Gilles (1969) 
found that tillering was promoted by phosphorus more when applied at sowing than 
at tillering; Smith (1965) and Fuehring (1969a) mention even an excessive tillering so 
that phosphorus had a negative effect on grain yield. Pathak (1965) found an increase 
in number of ears, but no change in 1000-grain weight. 

3.4 The relation between chemical composition of wheat and nutritional status 

The chemical composition of wheat grains is only rarely used as a tool in the study 
of soil fertility. The reasons are firstly that any conclusions are of course of no profit 
for the very crop analysed and secondly that the content of a nutrient in wheat grain 
may be the same in crops which are very different in yield (Steenberg, 1966). The 
first difficulty is avoided when plants are analysed at a young stage. The results of 
such an analysis may support the decision whether top dressing should be applied 
(Kostic et al., 1967; Fuehring, 1969b; Melsted et al., 1969). The second difficulty holds 
too for young plants. The nutrient content in the plant depends on many factors: 
supply from soil, availability of other nutrients, moisture conditions, time of fertilizer 
application and varietal characteristics. Time of sampling and part of plant also have 
much influence on the results of the analysis. 

Nitrogen fertilizers may change grain yield as well as nitrogen content of grain. 
Depending on grain nitrogen of unfertilized Wheat, wheat may response in three ways 
(Table 4). 

Trials by (among others) Collwell (1963), Russell (1963), Mehrotra et al. (1967), 
and Beech et al. (1968) show clearly that yield increments, brought about by nitrogen, 
fall as grain nitrogen increases. If grain nitrogen exceeds 3% or sometimes even 2%, 
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Table 4. Relations between grain nitrogen of unfertilized wheat and change in 
grain yield and grain nitrogen with nitrogen fertilizers (simplified from Russell, 
1964). 

Grain N Influence of N fertilizer 

grain yield grain N 

low, < 1.9% 
medium, 1.9-2.5% 
high, > 2.5% 

greatly increased 
increased 
not affected or decreased 

little affected, may decrease 
increased 
(greatly) increased 

Tablo 4. Gübrelenmemis bugday tanelerinde bulunan azot ve azotlu gübrelerle 
tane mahsul ve tane azotunda meydana gelen de|i$iklikler arasmdaki ilgiler 
(Russell 1964'ten sadelestirilmistir). 

yield increments cannot be expected. 
Figure 8 shows some results of Steenbjerg (1954), Russell (1964) and Terman et al. 

(1969). Grain nitrogen sometimes decreases at low fertilizer rates; the same has been 
observed by other investigators (Fernandez & Laird, 1959; Beech et al., 1968). 

Graphs like Figure 8 were not found for phosphorus in the literature, since yield 
responses to phosphorus are hardly, if at all, related to grain phosphorus. A distinction 
into types of yield response to phosphorus, such as shown in Table 4 for nitrogen, 
cannot be made, nor is there a value for grain phosphorus, above which no yield 
increment can be expected. 

Figures for grain phosphorus vary between 0.17 and 0.48%. Goodall & Gregory 
(1947) give some critical values. Straw phosphorus, less than 0.03%, is too low, 
whereas 0.07% should be sufficient. 

Lower boundaries for potassium in straw are 0.56 and 0.83% according to different 
sources. 

The different features of the relations for nitrogen and phosphorus are caused by 
the divergent influence of soil moisture on nitrogen and phosphorus (Section 3.2.1). 
High plant nitrogen, often together with low yields, is found under dry conditions 
where high plant phosphorus occurs more frequently under moist conditions, mostly 
independently of yield. 

yield (ton/ha) 

J 
3o" « 

Fig. 8. Effects of nitrogen fertilizer on yield 
and nitrogen content. 

4\\ -*-* 

• Terman et al. 1969*1 crop: 
Russell 1964 /wheat 

o unfert i l ized 

f ca 25 kg/N ha 

* ca 50 kg/N ha 

• X D ^ Steenbjerg 1954 
rates not known 
crop: t imothy grass, 

leav.es* straw 

M r 
grain N (%) 

Çekil 8. Azotlu gübrelerin mahsul ve nitrojen 
miktan üzerine olan etkileri. 
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3.5 The significance of the fallow year 

In most arid and subarid regions, a fallow period is used, varying in length between 
4 and 21 months. Where precipitation occurs mainly during a rather mild winter and 
the growing season is dry and warm, as in Central Anatolia, the fallow period com
monly lasts 14-15 months and the best adapted crop is winter wheat (Taylor, 1960). 

The purposes of the fallow period are accumulation of moisture and nitrogen, and 
control of weeds. 

The succes of storing moisture depends on many factors. For a fallow period, the 
water balance may be written as: 

AW=P — E — Tw — D± 0± Sd (5) 
where 

A W = change in water stored within the root zone 
P = precipitation 
E = evaporation 
Tw = moisture transpired by weeds 
D = deep drainage below the root zone 
O — run-off 
Sd = snow drifting 
A decrease in any term right of P increases fallow efficiency, i.e. the ratio à W/P. 

Usually it amounts to 10-30% (Waring et al., 1958; Mathews & Army, 1960; Staple, 
1960; Michalyna & Hedlin, 1961, Ferguson, 1963; özbek et al., 1967a). 

It has often been observed in arid regions that soil properties are of minor importance 
for A W. Factors of some influence are depth of the root zone, water-holding capacity 
and ease of infiltration. Waring et al. (1958) could not find a correlation between clay 
content and amount of moisture stored. Lehane & Staple (1953, 1965) and Taylor 
(1960) ascribe the greater drought resistance of crops on fine-textured soils to the 
fact that available moisture in those soils is held under greater stress than is moisture 
in lighter soils. This fact prevents luxury growth initially and rapid exhaustion of soil 
moisture. Because of the lower capillary conductivity, also the evaporation from clay 
soils is less than from lighter soils, so that more moisture is available during filling 
and maturing stages of the crop (Section 3.3). 

Plants may extract water from somewhat greater depths than the root zone because 
of capillary rise of subsoil moisture. In general the soil dries more in the top 100 cm 
than at greater depths (Dewey & Nielsen, 1969). According to Stanberry & Lowrey 
(1965), average values for moisture extration by crops were 42, 31, 18 and 9% from 
the layers 0-30,30-60,60-90 and 90-120 cm (irrigated and unirrigated plots). Willits & 
Erickson (1956) sum up their results with the remark that water is removed from the 
horizon where it is most abundant. 

Waring et al. (1958) found that there was no correlation between total rainfall 
during fallow and the amount of moisture stored, which was due to differences in 
rainfall distribution and intensity. Showers less than 13 mm (0.5 inch) did not enter 
the soil. In Saskatchewan (Canada) single showers had to exceed 10 mm for any 
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moisture to be conserved after 10 days (Hopkins, cited by Staple, 1960). A single 
heavy shower is more effective in moisture storage than several small showers with 
the same amount of precipitation. However, heavier rainfall promotes run-off, thus 
lowering the amount of water stored (Evans & Lemon, 1957). 

A clean fallow field is necessary to avoid losses by weed transpiration (Tw in Eq. 5). 
Evans & Lemon (1957) mention trials in which weedy fields stored only 40% as much 
moisture as weed-free fields. Christiansen-Weniger (1934) reports that yield of wheat 
after a weed-free fallow was about three times as high as yield after fallow where 
weeds had not been controlled. 

Deep drainage (D in Eq. 5) generally does not occur in regions where fallow is 
needed (Cole & Mathews, 1939); when precipitation exceeds 500 mm, some water 
drains down, depending on rooting depth and water retention of the soil. 

Run-off {O in Eq. 5) is enhanced by fallow, especially after ploughing the stubble 
field. 

Snow drifting {Sd in Eq. 5) is limited when land is under stubble (Staple, 1960; 
Bond et al., 1961). Weeds also inhibit snow drifting. The low fallow efficiency in 21 
months fallow is often caused by the small gain or even loss of water during the second 
winter when land is not longer under stubble. 

For nitrate accumulation during the fallow year, the source of organic matter must 
be suitable and moisture content, soil temperature and aeration must be adequate 
(Staple, 1960). The amount of nitrate that is accumulated during the fallow period is, 
according to different authors, 30 to 150 kg nitrate nitrogen per ha (Christiansen-
Weniger, 1934; Waring & Teakle, 1960; Michalyna & Hedlin, 1961; Wetselaar, 1967). 
In many trials crops did not respond to nitrogen after a fallow period, thus the level 
of soil nitrogen was high enough under the (still) limiting moistuie conditions. In 
other cases, nitrogen fertilizers could replace the fallow year, indicating that it was 
nitrogen, sometimes also other nutrients, and not moisture for which the fallow was 
necessary (Littlejohn, 1946; Hernando et al., 1955; Evliyar, 1958; Michalyna & Hedlin, 
1961; Ferguson, 1963). 

A mutual effect has often been found too. By fallow not only the quantity of 
available moisture is enlarged, but the plants use the water more efficiently as the soil 
fertility has increased (Section 3.2.2) (Christiansen-Weniger, 1934; Ferguson, 1963). 
Another aspect is the promotion of the response to fertilizers by the increased moisture 
supply (Ramig, 1960). However, the extra supply of nitrogen obtained by fallow may 
cause depletion of moisture earlier (Kohn et al., 1966). For nitrate accumulation, it 
is also important to have weed-free fallow land, as weeds may to a large extent take 
up the nitrate formed (Wetselaar & Beech, 1968; Dew, 1968; Christiansen-Weniger, 
1970). 

The disadvantages of fallow are obvious. The low frequency of land utilization and 
the low fallow efficiency are thorns in the flesh to many investigators. Further the loss 
of soil by wind and water erosion are tremendous. Fallow must be justified by yields. 
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If the net yield after fallow is twice that of annual wheat the fallow has been justified. 
But as fallow is also an assurance of crops in dry years, as cropping costs over two 
years in an annual system are higher and as seed rate cannot be ignored with such 
low yields, the stipulation can be relaxed somewhat. 

Russell (1959) says that in the Great Plains of the United States at least 200 mm 
precipitation is required to produce any grain; in Canada it was found that 125-150 
mm water had to be stored, to produce a minimum yield of 70-140 kg grain per ha. 

Figures on yield increments per 10 mm stored moisture vary between 70 and 105 kg 
wheat grain per ha (Russell, 1959; Staple, 1960; Johnson, 1964). Lehane & Staple 
(1965) found that moisture stored in the upper 30 cm had no influence on yield, but 
yields were increased markedly by moisture stored deeper. 

For Turkey recommendations are conflicting. Evliyar (1948) recommended annual 
cropping, together with the use of fertilizers. Gerek (1967) showed that continuous 
growing of wheat is impossible. Çagatay (1954) suggested the use of moisture content 
in the upper 10 cm of soil at seed time for spring wheat as a criterion whether to sow 
or fallow the land. 

3.6 Fate of sou nitrogen under arid conditions 

Soil organic matter is the main source of nitrogen. In arid regions, its content does 
not commonly exceed 2%. If C/N quotient is 10 and weight of the plough layer 
3 million kg per ha, nitrogen in the plough layer may be 3500 kg per ha. According 
to Bremner (1965), the plough layer of most cultivated soils contains 0.08-0.4% 
nitrogen (2400-12000 kg nitrogen per ha), commonly more than 90% organic nitrogen. 
Each year a fraction of this nitrogen is mineralized (5% according to Wetselaar, 1967, 
1.5-2% according to Kortleven, 1963). 

The fate of mobile nitrogen, which is largely nitrate, is connected with the move
ments of soil moisture. When evaporation exceeds rainfall, nitrogen does not leach 
out. In the opposite situation, nitrogen can move downwards. Whether it is lost for 
plants depends on root depth, water-holding capacity, and infiltration and percolation 
rates. Downward nitrogen displacement varied from 45 cm per 100 mm rainfall in 
sandy soils to 20 cm per 100 mm rainfall for heavy clay soils, when soil is around 
field capacity (Harmsen & Kolenbrander, 1965). Wetselaar (1962a) gives an average 
value of 11 cm per 100 mm rainfall. Others found that rainfalls between 175 and 
250 mm are required to leach nitrate from the surface 15 cm of clay-loam soils 
(Storrier, 1965b). As long as the surface soil is not saturated, downward movement 
of water and nitrate is slow and occurs only across short distances. From field trials, 
Levin (1964) deduced for saturated soils the formula: 

d = 100 a\Ps (6) 
where 

d = soil depth (cm) at which the maximum amount of nitrates will accumulate 
a = amount of leaching water (cm) 
Py = field capacity (% V/V). 
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Fox et al. (1970) say that Equation 6 predicted well the depth of maximum nitrate 
accumulation in Anatolian soils. 

The conclusion for regions with precipitations between 250 and 350 mm per year 
(as the Basin) is that leaching of nitrate is very restricted. Moreover as plants can 
absorb nitrogen also from greater depths, a displacement to 80 cm does not mean 
that nitrate has been lost (Waring & Teakle, 1960; Storrier, 1965b). 

In the dry season nitrate moves upward by capillary rise of water and often accu
mulates just below the surface crust (1-5 cm), where the physical continuity of the 
soil is broken. This upward movement, however, is usually restricted to the upper 
45 cm; nitrate that has been leached deeper cannot be recovered to the surface soil 
by capillary movement (Wetselaar, 1961a, b; 1962a, b). In Turkey nitrate content 
has often proved higher between 10-20 cm than in the top 10 cm (Tanm Bakanhgi, 
1957-63). 

From the foregoing it may be expected that in arid regions the nitrate content of 
the soil is rather high. Often about 100 kg nitrate nitrogen has been found per hectare, 
which is amply sufficient for cereal crops (Waring & Teakle, 1960; Wetselaar, 1961b; 
Skyring, 1962; Hamid et al., 1963; Tanm Bakanhgi, 1957-63; Soper & Huang, 1963; 
Smika et al., 1969; Fox et al., 1970). 
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4 Design and methods 

4.1 Field work 

4.1.1 Fertilizer trials 

As dry farming will remain the predominant form of land-use, despite the extension 
of irrigation, only the dry-farmed parts of the Basin have been studied.1 

The choice of Wheat as test crop was obvious, because wheat is the mainstay of 
Turkish food production.2 On account of the results of the field trials in the first year 
I decided to work in the second year also with rye in the trials on Marl soils. 

The wheat variety used (111/33, Triticum vulgare) is resistant to drought and cold 
and responds well to fertilizers. The rye variety used is the only tetraploïd variety 
bred at the Plant Growing and Breeding Department of the Faculty of Agriculture 
of Ankara University. 

Because of the results of Turkish trials (Section 3.1), nitrogen, phosphorus and 
potassium were included in the trials. Nitrogen and phosphorus were tested in a 32 

factorial design with rates of 0,30 and 60 kg N and 0 and 0,40 and 80 kg P205 per ha. 
The rates of 60 kg N and 80 kg P2O5 were assumed to exceed optimum. Only one 
treatment with potassium was included, just as a check (60 kg N, 80 kg P2O5, 60 kg 
K2O). So one replicate consisted of 32 + 1 = 10 treatments, and each trial field had 
three replicates. 

Because of the results in the first season (Janssen, 1969), potassium was omitted 
in the second year. The rates were extended to 0, 40, 80 and 120 kg P205 per ha, 
to 0, 30, 60 and 90 kg N per ha on Bajada soils and on other soils to 0, 20, 40 and 
60 kg N per ha. A triplication of this 42 scheme would contain 48 treatments. As this 
number seemed too large to handle in one day, of each replicate four treatments have 
been dropped out in the way shown in Table 5. 

Ammonium sulphate (21% N) was chosen as nitrogen fertilizer. Because ammonium 
is adsorbed by the clay minerals, leaching is limited in winter (as far as leaching occurs 
in the Basin). The acid reaction of (NH4)2S04 is probably unimportant in these highly 
calcareous soils, although some trials showed a distinct influence (Tanm Bakanligi, 
1957-63). 

1. The research stations at Çumra and Karaaslan study the fertilizer requirements of irrigated crops. 
2. With its share of 2.8% of total wheat production, Turkey is the ninth wheat-producing country 
in the world. During the years 1967 to 1969 the year production amounted to 10 millions metric tons 
(International wheat council, 1969). 
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