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ABSTRACT 

A two-year fertilizer study on a mature vineyard of Vita vinifera, 

C.V. Cabernet Sauvignon and Sauvignon blanc, has been conducted on White 

House sandy loam (fine, mixed, thermic Ustollic Haplargid), at Page Ranch, 

International Agricultural Center. Furthermore, eleven different 

vari et i es grown at Page Ranch and treated with different 1 eve 1 s of 

nitrogen fertilizer were tested for total P content in plant tissue and 

N03-N. Moreover, in another site with similar soil, a Cabernet Sauvignon 

grown at the Vina Sonoita Vineyard was treated with both soil and foliar 

applications of P fertilizer, and was tested for total P content in plant 

tissue. 

Soil phosphorus (P) fractions of the White House soil were 

determined in order to evaluate the various forms of soil P and determine 

the most important form which contributes most to the availability index. 

The objectives of this study were to study the various inorganic 

P forms of White House soil, compare two methods of extracting available 

P (Olsen and Bray P.), and examine the relationships between soil pH, 

extractable Al, Fe, Mn, and Zn with the availability index of soil P. 

Furthermore, the effect of P rates and placement on the P status of plant 

tissue, grape yield, wine quality and petiole-P to blade-P ratio had been 

investigated. Three different placements of surface, 25 and 50 cm depth 

at rates of 88 g of P and 80 g of N per vine, were app 1 i ed to both 

Cabernet Sauvignon (CS) and Sauvignon blanc (SB) and arranged in RCB deign 

in 1987. In 1988, three P rates of 0, 88, and 176 g of P and 207.5 9 N 
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per vine, and the two mentioned varieties CS and SB were arranged in RCB 

design with factorial type. The results showed that placements did not 

have a significant effect of P status in plant tissue and grape yield. 

Yet grapes showed a significant response to P fertilizer in terms of 

increasing P content in plant tissues and grape yield. Petiole P to Blade 

P ratios were calculated for the CS, and SB grown at Page Ranch, as well 

as for CS grown at Sonoita vineyard. This ratio is a good indicator for 

diagnosis of P status in a given vineyard. 

Nitrogen stress had its clear and profound effect on P content of 

grape petioles. 
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CHAPTER 1 

I NTRODUCTI ON 

Arizona has been undergoing dramatic change during the last two 

decades, most important of which are the increasing population, water 

scarcity and decreasing demand for some economically important crops with 

high water requirements, such as cotton, alfalfa, and grain sorghum. As 

a result of these changes, farmers have been increasing the proQuction of 

more profitable crops with low-water use such as grapes. Although grapes 

have been grown in Arizona for decades, (Dutt et a1. 1976), their 

production is expanding very rapidly in terms of both acreage and 

varieties. A large non-irrigated land area at moderate elevation with a 

precipitation ranging from 360 to 460 mm annually has been shown to be 

highly adapted to grapes. In some areas, plantings are being made using 

water harvesting systems in order to directly supply most of the water 

with supplemental irrigation from water generated by runoff or from wells. 

Research on grapes and other crops produced by water harvesting has 

been initiated at the University of Arizona Oracle Agricultural Center, 

formerly known as Page Ranch. The Center is located about 50 km north of 

Tucson, at an elevation of 1300 m with an average annual precipitation of 

about 370 mm. Wine grapes were selected as one of the main test crops, 

taking into consideration its high value, low water requirement, and the 

climatic condition of that area. The dominant soil in the area is White 

House sandy loam (fine, mixed, thermic Ustol1ic Hap1argid). This soil is 

similar in many respects to the "Terra Rosa" which is associated with high 
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quality wine grapes in France, Middle East and other parts of the world. 

The White House is acidic at the surface with pH values increasing with 

depth while high CaCOa and clay contents occur lower in the soil profile 

(> 80 cm). Due to the original surface soil acidity, combined with the 

use of nitrogen fertil izer and soil amendments to lower the pH for 

controlling cotton root rot (Phymatotrichum ommivorum), the soil pH has 

further decreased to highly acid in some cases. Increased exchangeable 

Al, Fe, and Mn and reduced the available P which consequently may result 

in inducing P deficiency and poor plant growth. In general, P deficiency 

in grape vineyards can slow plant growth, reduce grape yield, result in 

poor fruit setting and fewer and smaller clusters per vine, uneven and 

premature maturity, and canes will be shorter and leaves will turn yellow 

through red color. The coloration of deficient leaves in Cabernet 

Sauvignon is distinctly different where the intervinal tissue turns red 

surrounded by yellow-green veins (cited from a leaflet on plant problem 

insight published by Potash and Phosphate Institute). 

Investigation of some aspects of this suspected P deficiency of 

grapes grown on White House soil in Arizona and diagnosis of P deficiency 

by tissue testing, yield and wine quality is the topic of this 

dissertation. 

The objectives of this study were: 

1. To evaluate the phosphorus status and the various inorganic P 

forms of the White House sandy loam soil before the application of P 

fertilizer. 
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2. To further study and compare two methods of extracting 

available P, namely Olsen and Bray P1 for this particular soils. 

3. To evaluate the relationships between soil pH, available Al, 

Fe, Mn, Zn and forms of soil inorganic P with the availability index of 

soil P along the soil profile. 

4. To study the effect of P fertilizer on P status in plant tissue 

and grape yield. 

5. To compare the P level of leaf petioles and blades, and to 

examine the petiole-blade-P ratio and its validity as a guide for P 

fert il i zat ion. 

6. To evaluate the NOa-N content in leaf petioles, and its effect 

on the petiole P. 

7. To examine the effect of P fertilizer on the total acidity, pH 

and sugar content of the wine grape, and therefore, wine quality. 
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In this chapter the main focus will be on the fractionation of soil 

inorganic phosphate as a guide to soil fertility, the relationships 

between forms of soil inorganic P, available soil P, soil pH, exchangeable 

A1, Fe, Mn, Zn, and plant growth. Furthermore, the P levels in leaf 

petioles and blades will be compared and petio1e-P to b1ade-P ratios will 

be determined under conditions with phosphorus applied and not applied. 

The importance of P fertil izer for grape, P-requirement of grape and 

response of grape to P will be reviewed. 

Fractionation of Inorganic Phosphorus 

The fractionation of soil inorganic phosphorus compounds by 

sequential extraction with alkaline and acid reagents was found to measure 

the level of soil fertility, chemical weathering of the soil, forms of 

native soil phosphate and the transformation of applied phosphorus 

fertilizer in soils (Chang and Jackson, 1957; Petersen and Corey, 1966). 

Fractionation schemes for inorganic soil phosphorus are based on 

the ability of sequential extraction of different chemical reagents to 

solubilize phosphorus compounds present in the soil. The procedure was 

initiated by Dean (1939) and later modified by other investigators (Chang 

and Jackson, 1957; Petersen and Corey, 1966; Williams et a1., 1967). When 

soil is shaken with certain chemical reagents, a fractionation of soil 

inorganic P is obtained, i.e., three discrete classes of compounds, A1 and 

Fe phosphate, occluded phosphate and Ca phosphate are separated (Table I). 
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Table 1. Forms of soil inorganic P and their extracting reagents. 

Forms of soi 1 inorganic P Extracting reagent Reference 

1. Nonoccluded Al and Fe 0.1 N NaOH Olsen and Sommers, 
bound P 1982 

2. SOY'bed P by CaC03 duri ng 1.0 N NaCl + 0.3 N Olsen and Sommers. 
the preceding citrate-bicarbonate 1982 
NaOH extraction 

3. Occluded P within Fe Na-dithionate + Na- Olsen and Sommers, 
oxides and hydrous citrate 1982 
oxides 

4. Ca-P 1.0 N HCl Olsen and Sommers, 
1982 
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Each class shows a wide range in terms of plant availability depending 

on soil characteristics and the crop itself. However, the level of 

phosphate in the solution at the end of the extraction does not reflect 

exactly the total amount of inorganic phosphorus solubilized by the action 

of these reagents, since part of the released P may be removed from the 

so 1 ut ion duri ng the course of extract i on by resorpt i on on other soil 

constituents. The major forms of soil P which have been studied are 

summarized in Table 1. 

The importance of inorganic soil P fractions have been investigated 

by many researchers. Al Abbas and Barber (1964) reported that Fe-P and 

to lesser extent Al-P were more important to plant growth as a source of 

available P than the other forms for central Indiana soils. A study by 

Talati et al. (1975) on alluvial soils of India showed that Al-P was the 

most important source of available P for plant growth, and furthermore, 

Al-P concentrations correlated significantly with P-uptake by plants. In 

contrast, Susuki et al. (1963) found that Ca-P and to lesser extent Al-P 

are the most important sources for supplying phosphorus to plants in 17 

Michigan soils ranging in pH from 4.8 to 7.8. Doerge (1979) noted that 

the Al-P fraction and to a lesser degree the Fe-P fraction were the forms 

of soil inorganic P most highly correlated with P-uptake by plants in most 

of the 24 soils he investigated in southwestern Oregon. It is, therefore, 

clear that there are different forms of inorganic soil P that may be 

important to plant growth and play an important role in supp 1 yi ng the 

plant with this critical element. The variations in the supplying 

capacity of di fferent soil s and the contri but i on of vari ous forms of 
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inorganic P to the availability index can be attributed to many factors 

such as soil type, parent materials, soil reaction, environmental factors 

and soil cultivation history. 

Finally, based on the above brief background information, data from 

inorganic phosphorus fractionation could be used for many purposes, 

mainly: 

1. In conjunction with green house or field experiments to specify 

the forms of soil P most available to plants and most important to plant 

growth. 

2. To determine the fate of applied P fertilizers, their 

transformations in the soil, and to evaluate the residual effectiveness 

of P fertilizers. 

3. In soil genesis, to determine the trend of soil formation 

processes, chemical weathering, and probable soil age. 

Relationship Between Forms of Inorganic P, 
Availability Index, and Plant Growth 

Various methods and procedures have been developed for determining 

soil phosphorus concentration, its various forms, and availability indexes 

to plants. These methods and procedures are important tools in developing 

fundamental knowledge of the nature and behavior of P in soils. Since the 

first attempt of P fractionation by Dean (1938), its modification by Chang 

and Jackson (1957), and the development of availability index procedures 

for soil P, it is now possible to study the relationships between the 

above parameters. It is possible to select the best fitted soil test 

based on information about which form or forms of soil P are mostly 
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related to plant growth on a given soil. Susuki et al. (1963) found that 

Ca-P and to some extent Al-P do correlate highly with P-uptake in Michigan 

soils, while Ca-P, Al-P and Fe-P were highly correlated with P extracted 

by different soil tests in Bangladesh (Ahmad and Islam, 1975). Martens 

and Islam (1969) reported that only Al-P was well correlated with plant 

growth in Virginia soils. It is clear that Al and Fe phosphate are the 

ultimate source of plant P in acid soils and to some degree in neutral 

soils. Whereas, Ca-P is the primary source of plant P in calcareous 

soils. Therefore, any soil test that extracts Al-P and Fe-P should give 

a good measure of the plant available P in both acid and neutral soils. 

In contrast, a test that extracts surface Ca-P should give a good measure 

of plant availability index of P in calcareous soils. Furthermore, the 

most suitable soil test for predicting plant available P is the one where 

the extracted P values and plant growth parameters, which can be expressed 

as P-uptake, yield and maturity are highly correlated (Fitts and Nelson, 

1956). Of the numerous procedures for extracting soil available P, the 

Bray P1 (0.025 N HCl + 0.03 N NH4F), and the Olsen (0.5 M NaHC03 at pH 8.5) 

methods have been widely adopted and studied. The Olsen method gives 

satisfactory results for a wide range of soils. It is more effective for 

soils containing free CaC03 , high base saturation,-moderate to high content 

of Ca-P, and moderate to high cation exchange capacity (Tripathi et al., 

1970). 

The Bray P1 test is a widely adopted procedure used with a wide 

range of soils, especially acid soils. Both the Bray and Olsen methods 

~~~ --~----~ . ---- ~~--~-.-----------------------
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often give satisfactory, reliable and comparable results (Tnani and 

Kannenberg, 1971). 

Relationship Between Soil Phosphorus, 
Soil pH, Exchangeable Al, Fe, Mn and Zn 

Immediately after its releases from either fertilizer materials or 

from the native soil minerals, the orthophosphate ion undergoes retention 

react ions with soi 1 constituents to create 1 ess sol ub 1 e, more stable 

materials which in turn are less available to the plants. 

The availability of P to plants in most soils is greatly influenced 

by the soil reaction indifferent ways. The pH of the soil sol ut ion 

determines the ionic forms of the phosphate ion. Within the pH range of 

5 to 7.22, H2 P04 - is the main phosphate ion. Above th is pH range HP04 -
2 

ion predominates, and in extremely alkaline soils (pH> 11), P04-
3 is the 

dominant phosphate ion. However, the activity of phosphate ions in soil 

solutions, and its availability in most soils are at maximum in the pH 

range of 6.0 to 6.5 (Tisdale et al., 1985). 

Retention of phosphate in acid soils results mainly from its re

action with Al and Fe oxides and their hydrous oxides to form quite insol

uble compounds. While in calcareous soils, phosphate ions tend to form 

with Ca and Mg, or in the presence of carbonate of these metal ions in the 

soil solution, another kind of insoluble compound is formed. It may also 

precipitate on the surface of CaC03 and MgC03 (Phillips and Webb, 1971). 

The degree of retention of phosphate ions by soils is influenced 

largely by the species and concentration of different cations in the soil 

solution, which is directly influenced by the soil reaction. Trivalent 
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and divalent cations retain large amounts of phosphorus relative to 

monova 1 ent cat ions. It has been demonstrated by Kurtz (1953) that Ca

saturated clays retain more P than Na, K or NH 4-saturated clays. Moreover, 

according to Olsen et al. (1977), acid soils high in finely divided 

sesquioxides fixed 2.17 times more P per unit surface area of soil than 

did a similar group of neutral or calcareous soils. They concluded that 

the phosphorus retained was held more tightly on the hydrous oxide mineral 

surfaces with five times more bonding energy in acid soils than in 

calcareous soils. These hydrous oxide minerals which fix phosphate ions 

may come from possibly two or more sources. They may be already present 

in the soil as a result of soil weathering, or they may appear in the 

solution as a result of soil alteration by concentrated fertilizer 

solution and irrigation water. Lindsay and Stephenson (1954a, 1959a), 

noted that concentrated fertilizer solution altered the soil constituents 

in the concentrated zone of soil-fert il i zer interphase, result i ng in 

adding large quantities of reactive cations such as Ca, Al, and Fe to the 

soil solution which increases the phosphate fixing capacity of the soil. 

They reported that banding monocalcium phosphate in acid soils induced 

appreciable concentrations of Al and Fe in the tested zone and therefore 

in the soil solution. 

The Zn-P relationship is not exactly the same as for Al, Fe, Mn and 

Ca-P. There are conflicting reports in literature with regard to Zn-P 

interaction. It may follow one of the following relationships, (i) it .' may be reciprocal, (i1) neutral relationship, (iii) or it could be 

differential to response to one element in combination with different 
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levels of the other elements applied. In response to the contradiction 

concerning Zn-P interaction, Olsen (1972) reviewed the results of many 

experiments found in the literature from 1936 to 1970. He found that the 

contradiction in these results is apparent, where some concluded that P-

fertilizer induces or aggravates Zn deficiency in plants. Others 

concluded that P-fertilizer do not have any effect on Zn uptake by plants 

or that a more soluble material was extracted as Zn 3 (P02 ) which is a good 

source of Zn fertilizer (Peck et al., 1979; Safaya, 1976; Brown et al., 

1970; Boawm et al., 1957; Thorne, 1957; and West, 1939). 

Phosphorus Level Comparison of Petioles 
and Blades of Grape Vine 

Plant tissue sampling and analysis are effective for evaluating 

the availability and amount of nutrient supplied by the soil or any 

growing medium. It has been a widely recognized method for assessing the 

fertilizer requirements and nutrient status of various crops including 

grapes (Atalay, 1978, 1988; Cook, 1978; Bertoni and Morad, 1982; Cook et 

al., 1983; Cook et al. 1984; Ulrich, 1978). Development of such plant 

ana lysi s procedures and i nterpretat i on of results has been along and 

continuous effort by many scientists. The variation in nutritional status 

during the growing season within a particular crop and for crops grown in 

different field, cultivars, and different root stocks, can be well 

i dent i fi ed and refl ected by anal ys is of pet i 01 es and blades. Lea f 

analysis is based on the concept that leaves would be the best indicator 

of the nutrient status, since they are the most vital part in the 

nutritional processes of the plant, and furthermore, they can reflect the 
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soil fertility level and growth rate. Ulrich (1978) mentioned that the 

analytical results of any set of plant samples can give an integrated 

value of all factors that have influenced the nutritional status of the 

plant up to the moment. Then by comparing the analytical results to the 

critical levels, the nutrient status of the entire crop can be identified 

for that particular moment of time. But, since that nutrient content in 

the plant can vary greatly during the growing season, and there are 

different needs for different nutrients at different growth stages, 

samples should be taken over the main part of the growing season, and 

therefore a nutritional trend can be established and evaluated for any 

particular crop at any particular time. 

Grapes, as one particular crop, have been extensively investigated 

in this regard (Atalay, 1978, 1988; Cook, 1978; Zabadal, 1979; Bertoni and 

Morad, 1982; Christensen, 1984; Cook et al., 1984; Gibson, 1986; Creekmore 

and Stroehlein, 1988; Skinner and Matthews, 1988). It has been noted by 

the above researchers that grape tissue analysis .(either petioles and/or 

blades) is the most important technique that integrates the fertilizer 

requirements and the absorption of nutrients by the root system of the 

vine, and therefore provides reliable results for assessing and monitoring 

the nutritional status of the vineyard. Cook et al. (1984) and Atalay 

(1988), pointed out the importance of petiole to blade-P ratio as the most 

reliable diagnosis for predicting P deficiency. They cited different 

researchers in this regard and established different values for the ratio 

at which P content of the petioles is equal to those of P content of the 

blades for the same leaves. Atalay (1988) reported that a value of 0.23% 

------ .. ~----
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for Thompson seedless is the one that complied with this concept (petiole

P/bl ade-P = 1), while Cook et al. (1984) found that for 27 Thompson 

vineyards, a value of 0.19% for both petiole-P and blade-P is the adequate 

level that fulfills this concept. Furthermore, all investigators cited 

establ ished val ues in the range of 0.19 to 0.30% (Cook et al., 1984; 

Atalay, 1988). Actually, this concept is based on the fact that P is a 

highly mobile element in the plant, and therefore under deficient 

conditions it moves quickly from older to younger tissues and consequently 

into the leaf blades through the petioles. When the soil is able to 

supply enough P to the plant, and the required amount of P in the blades 

is attained, P accumulation in the petioles increases to the point that 

the ratio is equal or greater than 1.0. Therefore, a ratio of petiole-P 

to blade-P less than 1.0 may mean that an inadequate P supply to plants 

exists, while in vines receiving enough P the ratio according to this 

concept should be equal to or greater than 1.0. Virtually, the value of 

1.0 seems to be a good reference to assess the P status in grape vines. 

This ratio, however, should be accompanied with a clear value of total P 

content in either petioles or leaf blades and growth stage, otherwise it 

could be a misleading value since low values for both blades and petioles 

could also equal 1.0. Furthermore, the nitrogen status should also be 

assessed since it has a great impact on the growth of the vine and 

therefore on the translocation of P from older to the younger growth. 
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Phosphorus is essent i a 1 for both pl ant growth and reproduct ion. 

But unlike other horticultural crops, the grape vine has low demand for 

nutrients and has few mineral deficiency problems. This is due to the 

fact that their ability to adapt themselves to a wide range of soil 

fertility conditions, and their large capacity to store P and other 

nutrients in their trunks, roots and wood. Moreover, the grapevine has 

the ability to redistribute that P during periods of supply shortage or 

high P demand. In fact, the root system enables it to explore the surface 

soil as well as the subsoil ina very effect i ve way, thus, it is not 

surprising that a significant response by vineyard to fertilizers is 

limited and mostly confined to nitrogen (Christensen et al., 1978). 

However, under certain conditions, deficiency of other nutrients are 

possible, yet less common. Phosphorus deficiency in grapes has only 

recently been reported due to the fact that the P requirement of grapes 

is low and the supplying power of soils of important grape-producing 

regions exceeds the removal of P by the plants. Perold (1927), reported 

that an average crop of grape removes only about 3.36 to 6.72 kg of P per 

hectare per year, assuming that all leaves and prunings are returned and 

incorporated into the soil following the harvest. Then, as early as 1944, 

Randolph conducted a fertilizer trial on grape and winter cover crops such 

as wheat,oats and barley. He concluded that 19.75 tons/ha of manure or 

a combination of P with N or K or both increased grape yield, while N 

alone did not on a sandy nonirrigated soil in north Texas. 

------------
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In recent years, P deficiency has been reported and positive 

response to P application has been recognized in newly developed land in 

West Germany, California and Arizona. Gartel, in West Germany, reported 

a significant response of grapes to P grown on a steep highly acid 

hillside soil (cited by Cook et al., 1983). In California, Cook et al. 

(1983, 1984) reported that the application of P fertilizer corrected the 

symptoms of P deficiency and increased the P content in the blades and 

petioles, pruning weight, and/or yield. Skinner et al. (1988) showed that 

blade and juice extractable phosphorus, vegetative and reproductive growth 

were significantly increased by P fertilizer. They suggested that 

reproductive development is more sensitive than vegetative development to 

P deficiency and consequently, yield is most likely to be affected by a 

short P supply. Furthermore, they demonstrated that withholding P at 

bloom and veraison caused a significant decrease in grape yield and number 

of primodia initiated, but it had little effect on vegetative development. 

They concl uded that Pis an important factor in regul at i ng vi neyard 

productivity when the soil tests low in P. 

In Arizona, Dutt et al. (1986) and Creekmore and Stroehlein (1988) 

concluded that foliar application or soil application of P fertilizer 

increases the P content in plant tissues and increased both the pruning 

weight and yield of Cabernet Sauvignon grapes grown in Sonoita vineyards 

in Arizona. 
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This study was conducted over a two-year period, 1987 through 1988, 

on mature vineyard of Vitis vinifera, CV. Cabernet sauvignon and 

Sauvignon blanc grafted on Dogridge rootstock. The location was at the 

Oracl e Agri cultura 1 Center, formerly known as the Page Ranch. The 

location is about 50 km north of Tucson at an elevation of 1300 m with an 

average annual precipitation of about 370 mm the mean annual air 

temperature being 18.0 °C and a mean minimum of about 8.9 °C for December 

and maximum of 28.5 °C for July. The dominant soil in the area is White 

House sandy loam (fine, mixed, thermic Ustollic Haplargid). The grapes 

were planted on 23 February 1987 on 122 cm wide water ways between sodium 

chloride treated catchments which are part of the water harvesting system. 

The grapes were irrigated from the concentrated runoff generated from the 

rainfall. Excess rainfall from the catchments was collected in a 

reservoir for supplemental irrigation during dry periods (Dutt and 

McCreary, 1975). During 1988, the system failed to collect enough water 

for the first time and water had to be hauled from Tucson. 

The vines were spaced 2.25 m apart in the row and 9.2 m between 

rows {catchment width). All vines were pruned to two canes on cordons 

trained to 175 cm-double wire over-head trellis system. Supplemental 

water was provided by a drip system from the reservoir as needed (Tables 

2 and 3). 
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Table 2. Irrigation schedule and precipitation at Page Ranch, 1987. 

Date Water applied Precipitation 
(L/vine) (mm) 

4-6-87 15.75 
5-11-87 9.15 
5-18-87 7.11 
5-21-87 3.00 

6-1-87 57.5 
6-5-87 117.6 
6-20-87 174.5 

7-1-87 227.0 
7-9-87 113.8 
7-17-87 113.6 
7-31-87 37.9 

8-3-87 27.94 
8-5-87 5.6 
8-7-87 20.3 
8-11-87 1.0 

Total 841.9 89.85" 

"Almost 60-80% of the precipitation is concentrated by catchments 
into the rows. Excess water runs off into the ponds. Thus, this 
alue is not a direct measure of plant available water. 
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Table 3. Irrigation schedule and precipitation at Page Ranch, 1988. 

Date Water applied Precipitation 
(L/vine) (mm) 

1-17 -88 6.86 
1-18-88 23.9 
1-19-88 4.06 

2-4-88 1.00 
2-7-88 75.8 
2-19-88 75.8 

3-2-88 1.00 

4-13-88 3.05 
4-14-88 1.00 
4-15-88 11.94 
4-16-88 14.00 
4-21-88 7.9 
4-22-88 20.07 
4-28-88 75.8 3.05 

5-30-88 

6-17-88 94.7 
6-18-88 2.03 
6-19-88 94.7 6.86 
6-24-88 
6-27-88 1.00 

7-2-88 151. 5 
7-20-88 5.08 
7-24-88 19.05 
7-30-88 1.00 
7-31-88 24.94 

---------------
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Table 3. (Continued). 

Date Water applied Preci pitat ion 
(L/vine) (mm) 

8-1-88 1.00 
8-3-88 2.03 
8-4-88 1.00 
8-10-88 1.00 
8-11-88 3.05 
8-14-88 12.95 
8-20-88 35.05 
8-21-88 6.86 
8-22-88 1.00 
8-23-88 14.00 
8-27-88 3.05 
8-28-88 3.05 
8-29-88 8.9 

Total 568.3 253.7" 

"Almost 60-80% of the precipitation is concentrated by catchments 
into the rows. Excess water runs off into the ponds. Thus, this 
value is not a direct measure of plant available water. 
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Table 4. Spray schedule and harvest date at Page Ranch, 1987 and 1988. 

Date Chemicals 

4-17-87 Paraquate on catchments 
5-22-87 Benalate + sul fur 
6-5-87 Benalate + sul fur 
6-23-87 Benalate + sulfur 
7-7-87 Benalate + sul fur 
7-15-87 Measural 
7-29-87 Measural 
3-23-88 Paraquate and surflan on catchments 
5-30-88 Benalate + sulfur 

Harvest date CS SB 

8-18-87 * 

8-19-87 * 

7-23-88 * 

8-12-88 * 

All plots were hand weeded immediately after pruning in both years 
1987 and 1988. 

------ ~-----------.-----------
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Cultural practices for insect, birds and weed control were applied 

as in Table 4. Soil samples from the selected plots and from outside 

these plots (which will be designated as untreated soil), were collected 

from different locations at different depths for preliminary soil 

analysis. Actually, 17 random locations were selected within the plots 

and outside the plots. Each location or "soil profile," consisting of 

eight samples, were collected at 15 cm intervals unless otherwise 

specified. Samples were air dried, ground, and passed through a 2.0 mm 

sieve. All samples were subjected to the following tests: pH using 

saturated paste, 0.5 m NaHC03-extractable-P, with a soil :solution ratio of 

1:20 extracted for 30 min (Olsen and Sommers, 1982), dilute acid

extractable -P or Bray P, using 0.3 N NH4F and 0.025 NHCl with a soil: 

solution ration of 1:7 and ext acted for 1 min (Olsen and Sommers, 1982), 

Fe, Mn and Zn using OTPA extraction and atomic absorption spectrophoto

metry (Lindsay et al., 1978), and IN KCl extractable Al using the Aluminon 

colorimetric technique (Barnhisel and Bertsch, 1982). Six profiles and 

45 soil samples were subjected to P fractionation as outlined by Olsen and 

Sommers (1982). 

Fertilizer Treatments 

First Year 

The two varieties, C5 and 58 were not considered as a factor in 

1987 and treated the same. Therefore, treatments cons i sted of three 

different placement depths with one rate of 454 g/vine (88 9 P) of super 

phosphate (0-45-0) and 175 g/vine of urea (80 g N) all applied during 
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dormancy on Apr"il 18, 1987. The three different pl acement depths were 

surface, 25.0 and 50.0 cm. Urea was broadcast and mixed. Vines were 

irrigated immediately after the application of fertilizers. The 

fertilizer treatments were replicated three times in a randomized complete 

block design (RCB). Each individual plot consisted of two vines. Two 

controls were established, the first one was located within the two 

treated rows, between treated vines, the second control was located in a 

different row, where no phosphorus was applied. All control vines 

received the same cultural practices as the treated vines except for P. 

The reason for establishing two controls was to determine if the plots 

were sufficiently large in order to prevent lateral uptake. Therefore, 

a phosphorus fertilizer-free row was established as Control II and further 

traced with 15N in order to keep track of lateral uptake, if any. The 15N 

enriched plot consisted of two placement depths, surface application and 

25.0 cm depth of 25 ug/vine of 15N enriched KN03 • Three vines were 

designated as adjacent vines between two treated vines. Each treatment 

was replicated three times and all vines, including the adjacent, were 

sampled and analyzed for 15N (Appendix A). 

Plant tissue analysis was conducted on petioles and blades. 

Samples consisting of about 15 leaves per plot from opposite the cluster 

were taken every 15 days. When such samples were no longer found with 

time, samples were taken from recently matured leaves. The leaves were 

washed with distilled water in order to eliminate any contamination from 

spray or dust. Petiole and blade samples were separated, oven dried at 

65°C, ground in a Wiley mill to pass a 40-mesh screen, and then stored at 

----------_._--
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room temperature until analyzed. Total P content of the petioles and 

blades was determined spectrophotometrically, using the vanadate procedure 

outlined by Grewelling (1976) after dry ashing in a muffle furnace at 

550°C for at least 5 hours. Light absor9ance was measured by a B + L 

Spectronic 20 at 440 mm. A petiole-P to blade-P ratio was calculated for 

varieties used in this experiment. 

Second Year 

In the second year, varieties were considered as a treatment, 

therefore the Cabernet Sauvignon and Sauvignon blanc were introduced as 

a factor in this experiment and three fertilizer rates as another factor. 

The three fertilizer rates were control, 454 (88 9 P) and 908 (176 9 P) 

g/vine of 0-45-0 super phosphate and 454 g/vine of Urea (207.5 9 N). All 

were placed on 7 February 1988 at about 25 cm depth, incorporated in the 

soi1 and then all vines were irrigated immediately. In this year only, 

one control was established for each variety. The previously described 

sampling and plant tissue analysis procedures were repeated the second 

year, except sampling intervals were reduced to four times for both 

petioles and blades, starting 30 April 1988 until 30 July 1988. Further

more, more emphasis was given to the petiole-P to blade-P ratios. 

Petiole and blade-P content from samples collected from Vina 

Sonoita Vineyard at pre-bloom stage (29 April 1988) were determined. 

Samples were taken from an 8-year of Cabernet Sauvignon plants established 

on White House soil and were under different fertilizer applications since 

1985 (Creekmore et al., 1988). Moreover, eleven different varieties 
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planted in the summer 1972 from a nitrogen fert il i zer study from Page 

Ranch were also studied. All these samples were described in terms of 

variety, location, soil type if different, treatment, stage of growth when 

sampled and date of sampling. All were analyzed for total P in both 

petioles and blades in order to evaluate the relationship between total 

P in both plant parts. 

Nitrate-nitrogen was analyzed so that the behavior of P in the 

plant tissue with different levels of nitrogen could be investigated. 

The experimental design was a randomized complete block (RCB) with 

a factorial type, where the varieties were considered as a factor with two 

1 eve 1 s (CS and SB) and the phosphorus fert i1 i zer rates as the second 

factor with three levels control, 454 and 908 g/vine of super phosphate 

(0-45-0) which equals 88 and 176 g P, respectively. Each individual plot 

consists of three vines, and plant samples were collected uniformly from 

each plot. 

Grapes were hand harvested each year at commercial maturity, when 

sugar contents were near 22° Brix, or earlier if severe Signs of birds and 

insect damage were evident. The yield for each plot was weighed, combined 

into treatments, and taken to the University of Arizona Campus 

Agricultural Center winery to be crushed and processed for wine 

production. Must samples were collected after crushing and analyzed for 

total acidity, pH and sugar (Table 5). Wines were produced by standard 

methods. Red wine is undergoing chemical analysis and sensory evaluation 

using the 20 point Davis system (Appendix B) while the white wines were 

not successfully processed due to inadequate cooling facilities. 



39 

Table 5. Must analysis for two grape varieties from Page Ranch, 1987 and 
1988. 

CS SB 
Treatment pH °Brix TA pH °Brix TA 

--------------------- 1987 ------------------------

Control I 3.46 21.5 .85 3.38 22.0 .640 

Control II 3.54 23.5 .866 3.40 21.2 .644 

o em 3.50 23.2 .866 3.42 21.0 .644 

25 em 3.54 23.1 .835 3.43 21.6 .648 

50 em 3.49 23.4 .835 3.49 21.7 .651 

--------------------- 1988 ------------------------

Control 3.36 19.0 1.04 3.19 18.1 1. 21 

450 g P/vine 3.36 18.8 1.00 3.14 16.9 1.31 

900 g P/vine 3.39 19.4 0.98 3.30 18.1 1. 21 

- -------------- ----- .. ------------ ---------
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Statistical analysis was conducted using the MSUSTAT package (Lund, 

1983). Separation of treatment means was performed using the least 

significant difference (LSD) test. The 5% level of significance was 

usedin all cases unless otherwise specified. Cultural practices, 

irrigation, precipitation and harvest dates are shown in Tables 3 and 4. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

The main focus of this chapter will be on the phosphorus forms of 

the White House soil, various aspects of response of grapes to P 

fertilizer, and the significance of petiole-P to blade-P ratio as a 

guideline for evaluating P status in plant tissue . 

. Inorganic Phosphorus Forms of 
The White House Soil 

The depth distribution of major forms of inorganic phosphorus along 

with, extractabl e P by the 01 sen and Bray P1 methods and soil pH are 

presented in Tables 6 through 11). 

The pH of the soil paste of all profiles followed the same trend, 

that is, it is aci di c at the surface and increases with depth into the 

mildly alkaline range in some profiles. The acidity of this soil is 

either inherited or due to the application of fertilizer and soil 

amendments such as elemental sulfur. 

The Ca-P and occluded-P tend to be dominant through all profiles. 

They represent the highest portion of the inorganic fraction of soil 

phosphorus with Ca-P and in most cases is more than three-fold that of 

the occluded-Po The distribution of Ca-P along the soil profile almost 

in all cases tends to increase sharply with depth, this trend is expected 

since the distribution of various inorganic fractions of soil-P tends to 

be pH-dependent and Al Fe-P is dominant in acid soils while Ca-P is 

dominant in calcareous soils (Hsu and Jackson, 1960). 



Table 6. 

Depth 

(cm) 

0- 15 

15- 30 

30- 45 

45- 60 

60- 75 

75- 90 

90-105 

105-120 

* 

Soil RH, P availability*index, and inorganic fractions of soil P of White House 
soil, Page Ranch, 1987. 

Total 
pH Bray PI Olsen Al Fe-P Res-P Occluded-P Ca-P inorganic-P 

------------------------------------ ug/g ------------------------------

5.7 13.0 7.5 21 9 70 328 428 

6.7 11.0 5.0 11 6 110 300 427 

6.5 9.0 4.0 13 8 110 338 469 

6.8 9.0 5.0 8 7 140 438 593 

7.2 12.5 7.0 7 10 120 513 650 

7.3 15.0 5.0 8 10 110 688 816 

7.4 16.0 5.0 3 9 leO 688 800 

7.4 13.0 7.0 3 24 100 775 902 

Tables 6 through 10 represent different profiles sampled from the catchment area. 

.;:. 
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Table 7. 

Depth 

(cm) 

0- 15 

15- 30 

30- 45 

45- 60 

60- 75 

75- 90 

90-105 

105-120 

$oi1 pH, P availability index, and inorganic fractions of soil P of White House 
soil, Page Ranch, 1987. 

Total 
pH Bray PI Olsen A1 Fe-P Res-P Occ1uded-P Ca-P inorganic-P 

------------------------------------ ug/g ------------------------------

5.4 19.0 13.5 29 10 70 319 428 

5.6 16.0 13.0 16 7 110 300 433 

0.0 24.5 16.0 17 7 150 450 624 

5.9 24.5 14.0 16 10 120 619 765 

6.3 29.0 12.0 11 8 135 575 729 

6.5 55.0 10.5 4 3 110 763 879 

6.6 60.0 9.0 4 4 110 713 849 

7.3 50.0 6.0 1 2 120 988 1111 

""" w 



Table 8. 

Depth 

(cm) 

0- 15 

15- 30 

30- 45 

45- 60 

60- 75 

75- 90 

90-105 

105-120 

Soil pH, P availability index, and inorganic fractions of soil P of White House 
soil, Page Ranch, 1987. 

Total 
pH Bray PI Olsen Al Fe-P Res-P Occluded-P Ca-P inorganic-P 

------------------------------------ ug/g ------------------------------

5.6 15.0 9.0 16 5 15 375 411 

6.1 12.0 11.0 16 9 85 438 548 

6.1 17.0 9.0 21 8 80 625 734 

6.5 17 .5 11.0 16 7 110 600 733 

6.5 12.0 7.5 13 7 55 500 574 

6.5 10.0 7.5 13 7 65 775 860 

6.8 3.0 3.0 3 4 60 438 505 

7.2 2.5 2.5 3 6 60 450 519 

~ 
~ 



Table 9. 

Depth 

(cm) 

0- 15 

15- 30 

30- 45 

45- 60 

60- 75 

75- 90 

90-105 

105-120 

Soil pH, P availability index, and inorganic fractions of soil P of White House 
soil, Page Ranch, 1987. 

Total 
pH Bray PI Olsen Al Fe-P Res-P Occluded-P Ca-P inorganic-P 

------------------------~---------~~ ug/g ------------------------------

5.5 20.0 11.0 26 7 70 375 478 

5.9 20.0 12.5 25 7 130 388 550 

6.3 31.0 20.0 36 22 162 328 548 

6.4 14.5 7.5 17 7 110 625 759 

6.9 5.5 4.0 7 7 100 681 795 

7.0 6.0 4.0 4 2 100 575 681 

7.2 4.5 4.0 3 15 93 562 673 

7.3 6.0 4.0 3 7 80 475 565 

.;:. 
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Table 10. Soil pH, P availability index, and inorganic fractions of soil P of White House 
soil, Page Ranch, 1987. 

Total 
Depth pH Bray PI Olsen A1 Fe-P Res-P Occ1 uded-P Ca-P inorganic-P 

(cm) - - -- - -- - - - -- - -- -- --- - -:...-- - -: - - --..:- - --.: -- ug/g - - - - - - - - - --- - - - -- - - -- - -- - - - ---

0- 15 5.2 38.0 26.0 58 23 93 438 611 

15- 30 5.6 24.5 16.0 29 22 110 338 498 

30- 45 5.9 17.0 14.0 25 18 130 300 473 

45- 60 6.0 20.0 14.0 23 15 100 406 544 

60- 75 6.2 25.0 15.0 17 11 163 431 621 

75- 90 6.5 26.5 13.0 14 9 120 431 574 

90-105 6.5 24.5 10.5 13 8 80 325 426 

105-120 6.7 23.5 10.5 9 9 110 563 690 

.;:. 
m 



Table 11. Soil pH, P availability index, and inorganic fractions of soil P of White House 
soil "untreted plot", Page Ranch, 1987. 

Total 
Depth pH Bray PI Olsen Al Fe-P Res-P Occluded-P Ca-P inorganic-P 

(cm) - - - - - - - - - - - ---= - ... -:. -=-- ... --::- =--=-:.. -=-= ... -=-: ... --:-:,-ug! g - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

0- 25 5.6 26.5 16.0 38 16 93 319 466 

25- 38 6.0 6.0 7.0 7 3 120 300 430 

38- 45 6.2 4.0 6.0 4 7 105 375 491 

45- 60 6.5 4.5 6.0 3 5 100 456 564 

60- 70 6.6 5.5 6.0 4 4 65 562 635 

~ 
-.....a 
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The occluded-P which is the second most abundant fraction of 

inorganic-P, had no clear trend in its distribution with depth, but 

followed the clay distribution along the soil profile (Ghenniwa, 1985). 

The abundance of this fraction is expected since it is usually increased 

with weathering and soil maturity, which is the case of this old well

developed soil (Haplargids). 

Non-occluded Al+Fe-P is present is relatively very small quantities 

as compared to Ca-P. This fraction followed a clear trend throughout the 

soil profile, where it decreased sharply with depth. Actually, the change 

in non-occluded Al + Fe-P showed a close relationship with soil pH, where 

an increase in soil pH is associated with a decrease in non-occluded Al+ 

Fe-P, which shows the pH dependancy of this fraction. 

The CaC03 sorbed-P (Res-P), although present in very small amounts, 

showed a trend similar to that of non-occluded Al+Fe-P with few 

exceptions. 

Total inorganic-P ranged from 411 to 1,111 ppm for all profiles 

with 51.1% of the samples having less than 600 ppm as total extractable 

phosphorus and 48.9% ppm have more than 600 ppm. This fraction is the sum 

of all other inorganic fractions of soil-P, and since Ca-P and reductant

P are· the most dominant fractions of the total inorganic-P, and therefore 

total inorganic should follow the same trend as these two components. 

To give an idea about the relative abundance of both Al+Fe-P and 

Ca-P to that of total inorganic soil phosphorus for this particular soil, 

when expressed in terms of percentage, the Al+Fe-P accounted for 0.09 to 

9% while Ca-P accounted for 60 to 89%. Therefore, there is no doubt about 
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Ca-P being the most abundant fraction in all sections and in all profiles 

with the tendency of increasing with depth. 

The availability indexes represented by the Bray P, and Olsen tests 

have the same general trends as Res-P and Al+Fe-P with higher values for 

these indexes being measured on the top soil, and generally decreased with 

depth. Moreover, the availability index by the Bray P, method was higher 

than the Olsen index down in the soil profile which could be attributed 

to the dissolution of Ca-P by the acid component of the Bray P, extracting 

solution, and to the previous treatments of this field with different 

kinds of fertilizers. Furthermore, the value of these two tests for all 

profiles, as well as within profiles, range from low, medium to high. 

More discussion about these two parameters will be presented later in this 

chapter. 

Correlation Between P Availability 
Indexes and Forms of Inorganic Soil Phosphorus 

A linear correlation between Bray P, and Olsen test is shown in 

Figure 1, and the linear correlations giving the relation of these avail

ability indexes to the various amounts of some inorganic forms of soil 

phosphorus for all soil samples, are also presented in Figures 2 through 

9. The availability index of the Olsen test was significantly corre-lated 

with the availability index of the Bray P, test for all soil samples tested 

in this experiment with an r value of 0.90. This positive correla-tion 

and high r value indicate that both methods could prove to be useful for 

estimating the availability indexes of this soil. The overall ratio of 

Olsen index to Bray P, index value was about 1:1.7 or 0.59 and the 

~-~ ~-~-------~-~~ -~-~-----------~~----------------
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regression equation was 

Y = 1.3935 + 0.5248 X 

where: 

y the estimated Olsen value 

X Bray P, value 

1.393 intercept 

0.5248 = slope 

The Al+Fe-P fraction was positively and significantly correlated 

with Olsen and Bray P, test values, with the Olsen tests having higher r 

value than the Bray P, test. The r values for Olsen and Bray P, vs. Al+ 

Fe-P were 0.87 and 0.76, respectively. The results are in agreement with 

other investigators (Doerge, 1979; Tripath et al., 1970; Cholitkul et al., 

1971). They reported that the Olsen test correlated best with Al + Fe-P 

fraction with an r value of > 0.90 in most cases, while the same fraction 

had an r value of > 0.70 with the Bray P, test. 

The Ca-P, which is the dominant fraction, did not significantly 

correlate with the two mentioned tests employed in this experiment, namely 

Olsen and Bray P, tests. Actually, this fraction showed negative but non

significant relationships for both methods with r values of -0.33 and 

-0.17, respectively. The explanation for this low contribution of Ca-P 

to the availability index compared to Al+Fe-P fraction was due in part to 

the surface area or specific activity. Chang and Chu (1961) reported that 

Ca-P has a very low specific activity while Al+Fe-P has higher specific 

activity which makes it more available than Ca-P. Furthermore, they also 
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they also concluded that Ca-P was more abundant in the silt-sized fraction 

compared to Al Fe-P which was highly dominated in the clay-sized fraction. 

The occluded-P fraction, as well as the total inorganic-P, did not 

significantly correlate with Olsen and Bray Pi tests. The correlation 

coefficients r were 0.36, 0.40, -0.16 and 0.002, respectively (Figs 6-9). 

From this correlation study, correlation coefficients, and the 

literature, it can be concluded that Al Fe-P fraction is the major and the 

most significant contributor to the soil available-phosphorus in spite of 

the fact that it is the 1 east abundant (except for the res i dual P) 

fraction of various inorganic forms of soil P. 

Relationship Between Soil Depth, Soil pH, 
Extractable Al, Fe, Mn, Zn and Available Soil-P 

Table 12 shows the relationships between soil depth, soil pH, 

extractable Al, and extractable Fe, Mn, Zn and available-P, for 17 soil 

profiles at 8 different sampling depths. The parameter, which followed 

a consistent trend is the soil pH, which clearly increased with depth. 

Extractabl e A 1 had almost the inverse trend, or in other words, it 

decreased sharply with increasing soil pH and depth. However, some 

exceptions can be seen along the soil profile, where a sudden decrease in 

soil pH triggered the exceptional increase in the extractable Al. This 

could be explained by the fact that previous addition of ammonium 

fertilizer and elemental sulfur promoted the acidification process and 

enhanced the formation of extractrable Al. 

Extractable Fe, Mn and Zn did not show a clear trend; they in fact 

fluctuated up and down along the soil profile. The concentration of 
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Table 12. Relationship between soil depth, soil pH, extractable Al, Fe, 
Mn, Zn, and available P for 12 to 17 profiles at different 
sampling depth, their means and standard deviation. 

Soil 
Profi 1 e Soil depth Soil Availability indexes g9,L9 
Number cm pH Al Fe Mn Zn NaHC03 - P Bray P1 

1 0-15 5.5 1.8 19.6 29.2 0.78 11. 0 20.0 
2 0-15 5.7 1.3 12.3 19.2 0.60 9.0 18.0 
3 0-15 5.7 2.3 15.0 20.3 0.50 10.0 18.0 
4 0-15 5.7 1.3 18.2 24.5 0.80 7.5 13.0 
5 0-15 3.8 170.0 98.1 3.7 0.38 80.0 103.0 
6 0-15 5.5 215.0 15.7 19.7 0.88 17.5 23.0 
7 0-15 5.6 7.6 6.7 0.16 9.0 15.0 
8 0-15 4.6 79.0 32.2 29.0 0.32 47.5 70.0 
9 0-15 4.6 65.0 100.3 4.8 0.50 62.: 63.0 

10 0-15 5.3 3.0 19.0 11.0 0.30 20.0 40.0 
11 0-15 5.4 1.0 12.2 11.5 1.00 13.5 19.0 
12 0-15 5.2 1.8 25.7 23.4 0.68 26.0 38.0 

*13 0-25 5.6 0.3 14.5 18.1 0.60 16.0 26.5 
*14 0-18 5.6 0.5 19.3 17.5 0.64 15.0 24.5 
*15 0-20 4.3 4.5 2.8 3.5 0.13 10.0 14.0 
*16 0-20 5.6 1.5 2.1 1.6 0.27 7.0 11.0 
*17 0-20 5.9 1.3 2.0 2.5 0.12 7.0 9.0 

Mean 5.3 32.3 24.5 14.5 0.51 21.7 30.9 
Sd 0.59 65.1 29.2 9.5 0.27 21.3 25.4 

*Samples collected from untreated, uncultivated ~rea of Page Ranch. 
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Table 12. (Continued). 

Soil 
Profile Soil depth Soil Availabilit~ indexes 19[9 
Number cm pH Al Fe Mn Zn NaHC03-P Bray P1 

1 15-30 5.9 2.5 14.4 36.9 0.20 12.5 20.0 
2 15-30 6.7 1.0 12.4 26.9 0.22 5.0 11.0 
3 15-30 6.2 1.0 9.7 26.3 0.20 5.0 11.0 
4 15-30 5.0 2.3 12.4 23.0 0.22 4.0 5.0 
5 15-30 4.2 125.0 32.9 74.2 0.22 51.0 52.5 
6 15-30 4.8 7.3 31.1 62.4 0.22 23.0 38.0 
7 15-30 6.1 5.5 8.6 0.10 11.0 12.0 
8 15-30 5.9 13.8 28.8 0.14 13.0 20.0 
9 15-30 6.2 0.5 11.4 22.8 0.14 23.0 41.0 

10 15-30 4.4 93.0 90.9 2.0 0.32 77 .0 80.0 
11 15-30 5.6 0.5 11.3 19.2 0.24 13.0 16.0 
12 15-30 5.6 15.0 22.3 0.26 16.0 24.5 

*13 25-38 6.0 0.3 10.6 12.3 0.20 7.0 6.0 
*14 18-33 6.2 9.2 17.0 0.32 6.0 4.5 
*15 20-41 5.5 1.5 0.6 2.1 0.10 26.0 34.0 
*16 20-41 6.0 0.8 1.4 1.2 0.14 12.0 16.0 
*17 29-41 6.3 0.5 3.7 2.2 0.20 8.0 12.5 

Mean 5.74 13.9 16.8 22.8 0.20 18.4 23.8 
Sd 0.68 36.3 20.9 20.3 0.06 19.0 20.0 

*Samples collected from untreated, uncultivated area at Page Ranch. 
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Table 12. (Continued). 

Soil 
Profile Soil depth Soil Availabilit~ indexes (!9L9 
Number cm pH Al Fe Mn Zn NaHC03 -P Bray PI 

1 30-45 6.3 1.4 10.0 23.4 0.20 20.0 31.0 
2 30-45 6.5 3.4 9.6 15.8 0.03 4.0 6.0 
3 30-45 6.3 2.0 12.2 22.4 0.26 13.0 22.5 
4 30-45 6.5 0.5 10.9 28.0 0.20 4.0 9.0 
5 30-45 3.8 215.0 90.0 4.0 0.62 92.0 111.0 
6 30-45 6.0 0.5 12.4 19.7 0.16 12.5 23.0 
7 30-45 6.1 6.7 7.0 0.08 9.0 17 .0 
8 30-45 6.1 13.2 12.3 0.22 9.0 9.0 
9 30-45 5.4 16.2 34.4 0.14 18.0 29.0 

10 30-45 6.2 10.8 14.0 0.14 20.0 28.0 
11 30-45 6.0 0.5 8.4 15.1 0.18 16.0 24.5 
12 30-45 5.9 13.1 23.5 0.18 14.0 17 .0 

*13 36-41 6.2 8.3 14.6 0.14 6.0 4.0 
*14 33-43 6.4 6.2 10.4 0.12 5.0 3.5 

Mean 6.0 20.0 16.3 17 .5 0.19 17 .3 23.9 
Sd 0.70 57.3 21.4 8.3 0.14 22.2 26.9 

*Samples collected from untreated, uncultivated area at Page Ranch. 
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Table 12. (Continued). 

Soil 
Profile Soil depth Soil Availabilit~ indexes ~gLg 
Number cm pH Al Fe Mn Zn NaHC03-P Bray PI 

1 45-60 6.8 1.0 10.4 13.9 0.28 5.0 9.0 
2 45-60 6.4 1.5 9.6 13.9 0.20 7.5 14.5 
3 45-60 6.5 1.0 9.2 19.0 0.22 13.0 24.0 
4 45-60 6.6 1.7 8.4 12.9 0.20 5.0 9.5 
5 45-60 6.5 0.8 11.1 17.3 0.18 17.0 30.0 
6 45-60 5.8 2.5 13.0 34.7 0.36 16.5 24.0 
"7 45-60 6.2 1.8 13.2 14.4 0.18 14.0 24.0 I 

8 45-60 6.7 1.3 11.7 11.1 0.22 5.0 4.0 
.. 9 45-60 3.9 250.0 42.8 16.3 0.52 90.0 120.0 
10 45-60 6.5 6.8 6.6 0.08 11.0 17.5 
11 45-60 5.9 7.3 11.9 0.20 14.0 24.5 
12 45-60 6.0 12.5 15.5 0.14 14.0 20.0 

*13 41-58 6.5 0.3 7.2 9.1 0.12 6.0 4.5 
*14 48-53 6.5 1.0 8.6 6.3 0.16 5.0 3.5 
*15 41-61 6.4 0.5 1.8 1.5 0.09 7.0 10.5 
*16 41-61 6.7 2.0 2.5 0.20 8.0 12.5 

Mean 6.24 16.5 11.0 12.9 0.21 14.9 22.0 
Sd 0.69 62.3 9.14 7.7 0.11 20.5 27.4 

*Samples collected from untreated, uncultivated area at Page Ranch. 

---.~-.. -. 
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Table 12. (Continued). 

Soil 
Profil e Soil depth Soil Availabilit~ indexes ~gLg 
Number cm pH Al Fe Mn Zn NaHC03-P Bray P1 

1 60-75 6.9 5.0 9.7 12.7 0.14 4.0 5.5 
2 60-75 6.9 0.8 7.5 9.5 0.10 5.0 10.0 
3 60-75 6.5 7.0 20.6 0.18 7.5 17.0 
4 60-75 7.2 0.3 8.5 15.0 0.16 7.5 12.5 
5 60-75 6.6 2.5 9.7 17.3 0.16 7.0 10.0 
6 60-75 7.3 1.6 9.5 8.2 0.20 5.0 5.0 
7 60-75 4.5 135.0 19.7 53.3 0.16 36.0 49.0 
8 60-75 6.3 0.8 8.4 8.5 0.14 11.0 21.0 
9 60-75 6.5 5.7 6.6 0.08 7.5 12.0 

10 60-75 6.0 13.9 9.2 21.00 17.0 17.0 
II 60-75 6.3 7.0 11.1 0.16 12.0 29.0 
12 60-75 6.2 9.0 9.8 0.12 15.0 25.0 

*13 58-69 6.6 1.0 6.0 8.0 0.10 6.0 5.5 
*14 53-69 6.7 6.5 8.7 0.30 3.0 4.5 
*15 69-84 6.8 5.7 5.6 0.68 3.0 4.5 

Mean 6.5 9.8 8.9 13.6 1.6 9.8 15.2 
Sd 0.66 35.0 3.7 11.7 5.4 8.4 12.1 

*Samples collected from untreated, uncultivated area at Page Ranch. 
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Table 12. (Continued). 

Soil 
Profile Soil depth Soil Availabilit~ indexes L!9L9 
Number em pH Al Fe Mn Zn NaHC03 -P Bray P1 

1 75-90 7.0 0.8 9.4 11.9 0.12 4.0 6.0 
2 75-90 7.3 0.6 8.3 10.2 0.38 5.0 15.0 
3 7S-90 7.3 1-0 6.9 7.7 0.12 5.0 11.0 
4 7!5-90 6.8 1.1 6.6 19.2 0.18 7.5 19.0 
5 75-90 6.8 2.2 10.2 14.9 0.14 5.0 7.5 
6 7!5-90 6.4 0.9 11.9 13.2 0.20 13.0 12.5 
7 75-90 7.3 0.5 6.8 4.2 0.16 9.0 11.0 
8 75-90 6.5 0.4 7.4 7.5 0.14 7.5 10.0 
9 75-90 4.8 7.3 17.0 25.6 0.14 21.0 26.0 

10 75-90 6.5 5.3 9.9 0.10 7.0 9.0 
11 75-90 6.5 5.6 8.7 0.12 10.5 55.0 
12 75-90 6.5 7.4 6.4 0.10 13.0 26.5 

Mean 6.64 1.2 8.6 11.6 0.16 9.0 17.4 
Sd 0.67 2.0 3.3 6.0 0.08 4.9 13.6 



67 

Table 12. (Continued). 

Soil 
Profile Soil depth Soil Availabilit~ indexes 19[9 
Number cm pH Al Fe Mn Zn NaHC03-P Bray P1 

1 90-105 7.2 2.1 8.5 8.0 0.16 4.0 4.5 
2 90-105 7.4 2.0 8.1 14.3 0.14 5.0 16.0 
3 90-105 7.1 0.8 8.7 11.9 0.10 4.0 12 0 
4 90-105 7.0 0.6 6.5 17.2 0.20 4.0 26.0 
5 90-105 6.8 1.0 8.9 13.4 0.18 4.0 4.0 
6 90-105 6.8 2.5 12.0 20.8 0.20 5.0 10.0 
7 90-105 6.8 0.8 3.3 4.5 0.10 3.0 3.0 
8 90-105 6.7 9.1 7.0 0.14 7.5 7.5 
9 90-105 7.5 6.2 3.1 0.12 5.0 6.0 

10 90-105 6.6 1.8 12.0 13.1 0.20 13.0 18.0 
11 90-105 6.6 5.7 6.9 0.12 9.0 60.0 
12 90-105 6.5 7.5 6.0 0.20 10.5 24.5 

*13 84-97 7.1 5.3 5.0 0.10 5.0 5.5 
*14 97-109 7.6 5.6 4.4 0.16 5.5 16.5 

Mean 7.0 0.83 7.7 9.7 0.15 6.0 15.3 
Sd 0.35 0.92 2.5 5.4 0.04 2.9 14.9 

*Samples collected from untreated, uncultivated area at Page Ranch. 
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Table 12. (Continued). 

Soil 
Profile Soil depth Soil Availability indexes ~gLg 
Number cm pH Al Fe Mn Zn NaHCOa-P Bray P1 

1 105-120 7.4 0.6 8.4 18.6 0.16 7.0 13.0 
2 105-120 7.3 1.3 7.0 8.5 0.18 4.0 9.0 
3 105-120 7.4 0.8 4.4 12.5 0.14 4.0 17.5 
4 105-120 7.3 0.8 8.9 21.3 0.16 4.0 6.0 
5 105-120 5.3 1.3 11.2 26.6 0.20 9.0 11.0 
6 105-120 7.2 4.9 3.0 0.30 2.5 2.5 
7 105-120 6.8 4.3 7.0 0.12 7.5 17.5 
8 105-120 7.0 6.3 6.3 0.12 4.0 6.0 
9 105-120 6.8 6.1 6.1 0.08 5.0 5.0 

10 105-120 7.3 5.0 4.2 0.18 6.0 50.0 
11 105-120 6.7 0.3 7.1 5.9 0.12 10.5 23.5 

*12 109-120 7.6 5.2 4.1 0.10 5.5 30.5 
*13 120-130 8.2 3.7 2.1 0.12 7.0 1.5 

Mean 7.1 0.4 6.4 9.7 0.15 5.9 14.9 
Sd 0.67 0.51 2.2 7.7 0.06 2.3 13.6 

* Samples collected from untreated, uncultivated area at Page Ranch. 
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extractable Fe and Mn reached more than 100 and 74 ppm, respectively. 

This again could be due to the effect of the previous acidification 

mentioned above. Available Zn fell within the range of 0.08 to ].02 ppm 

with the mean concentration of 0.23 ppm, with an exception of one soil 

sample when Zn exceeded 21.0 ppm. The optimum level of 0.5 ppm for soil 

available Zn was established by Brown and DeBoer (1976); this means that 

a Zn deficiency at different sites and depths could be feasible for this 

particular soil, if their levels hold true for grapes. 

The availability index for soil phosphorus varies with depth and 

1 ocat ion. The White House soil of Page Ranch in Ari zona is an 01 d and 

well-developed Haplargid, formed from alluvium derived from nearby 

mountain ranges (Ghenniwa, 1985). The chemical analysis of this soil 

showed air acidic surface with the soil pH increasing with depth gradually 

to slightly alkaline in some cases down in the soil profile below 80 cm. 

The available phosphorus of this soil is high in the top 25 cm, but is 

below the critical level lower in the soil profile, as shown Table 11 for 

the uncultivated, untreated site. Tables 6 through 12 show a great 

variability of soil available P. These variations with depth and 

locations are mainly due to previous fertilizer applications and/or soil 

amendments. To give an example of this variability in available 

phosphorus, it has been found in this study that the average (Olsen and 

Bray P1 ) extractable P levels for 117 soil samples collected from different 

locations and different depths are 13.35 and 19.80 ppm, respectively. The 

standard deviation for both tests are 17.4 and 18.5 ppm, respectively. 

Thirty-four samples have an Olsen P level of 5.0 ppm or less and 24 

---_ .. __ .. -._ ... 
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samples have a Bray P1 level of less than 7.0 ppm which is considered 

inadequate for normal plant growth (Olsen and Sommers, 1982). Thirteen 

samples have a P level more or equal to 20 ppm by Olsen and ~ 40 ppm by 

the Bray P1 test. These wide variations indicate that some soil samples 

were collected from previously fertilized locations. Soils collected from 

untreated, uncultivated areas on the ranch support this assumption, where 

the average soil available P is 7.3 ppm by Olsen test with a standard 

deviation of 3.6 ppm, and 11.2 ppm by Bray P1 test, with a standard 

deviation of 8.85 ppm. (These soil samples are indicated by an asterisk.) 

These values suggest that the avail abil ity index of soil Pis below 

critical level for normal growth, of cultivated crops where the critical 

level for different plants are 10.0 and 25.0 ppm for both Olsen and Bray 

P1 methods, respectively (Kamprath and Watson, 1980). 

Phosphorus in Petioles and Blades 

1987 Experiment 

Sampling time has an effect on location of mobilized P in the plant 

and thus affects i nterpretat i on and assessment of P 1 eve 1 for grapes 

(Skinner et al., 1987). Therefore, four plant phenological growth stages 

will be used during the course of this discussion, namely, pre-bloom, 

fruit setting, veraison, and pre-harvest stage; these stages are 

represented approximately by the following dates 1 May, 1 June, 1 July, 

and 1 August 1987, respectively. 

Figures 10 through 12 show P concentration during the growing 

season and the effect of time on P status in plant tissue, namely petioles 
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and blades. F:gures 10 and 11 show P concentration in petioles at 7 and 

4 sampling dates, respectively, including controls I and II. In general, 

they show considerable differencE in petiole-P level between controls and 

the treated vines at almost all sampling dates. Actually, P content in 

petioles increased significantly for all three placement depths in 

contrast to controls I and II. Moreover, analyses of all plant petioles 

at pre-bloom stage indicate that total content of petiole P was much 

higher than the critical level and a sl ight difference between all 

treatments and controls were found. At the fruit setting stage, a 

significant separation of tissue P levels between treatments and controls 

was found with a relatively large difference in P content between controls 

and the other treatments, in contrast to the pre-bloom stage. As the 

growing season advanced, the petiole P decreased in all treatments and 

cont ro 1 s) but rema i ned well above the crit i ca 1 1 eve 1 of 0.15% for the 

treated plots, which has been established for other regions (Cook and 

Wheeler, 1976). The it fell below the established critical level 

immediately at the fruit setting stage for both controls which suggests 

that the phosphorus pool was depleted without applied P which might have 

its effect on grape growth in the current and the following year. The P 

content of petioles decreased between fruit setting and harvest which 

suggest that P was translocated from plant tissue to fruit. Although the 

decrease in P level in petioles during the growing season for all 

treatments, including the two controls, was statistically significant with 

the pre-bloom stage, showing the highest P content, and the other three 

stages were the lowest which suggests that sampling date takes on added 
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P CONCENTRATION 1987 
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Fig. 10. Relationship between P content in grape petiole, sampling date 
and P fertilizer placement, Page Ranch, 1987. 
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Fig. 11. Relationship between P content in grape petiole, 4 sampling 
dates and P fertilizer placement, Page Ranch, 1987. 
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Fig. 12. Relationship between P content in grape blade, sampling date 
and P fertilizer placement, Page Ranch, 1987. 
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importance to evaluate and assess vineyard P nutrition. No significant 

difference between the three placement depths were shown, but a 

significant difference between the three placement depths and the two 

controls did exist (Tables 13 and 14). As a result,it appears that P was 

mobilized from plant tissue to fruit, and then it fluctuates during the 

growi ng season. Therefore, thi s suggests that grapes have di fferent P 

requirements at various growth stages, and only by testing during the 

growing season can this nutrient level be evaluated as an upward or 

downward swing, and the best times to determine the P status of vineyards 

are at fruit set and pre-harvest. The reason for pin pointing these two 

stages is that both stages show where the vineyard stands with regard to 

the critical level at the most critical stage (fruit setting) and before 

dormancy (preharvest). The petiole analysis in this experiment are in 

agreement with Creekmore and Stroehlein (1988) and Skinner et al. (1987). 

Results of blade analysis showed a trend toward increasing P levels 

in blades with all P placements and all remained within a range of 1500 

to 4000 ppm; the control was slightly below 1500 ppm by the end of the 

growing season. In general, trends in blade-P were the same as petiole

P, but blade levels tended to be lower than that of petiole levels at all 

sampl~ng date, and moreover, wide differences in P level among petioles 

has been seen during the growing season, while blade-P showed much less 

fluctuation during the same period. In fact, there was little change from 

fruit setting to the pre-harvest stage in both plant parts, though the 

blade levels showed much less differences among treatments than petiole 

levels (Fig. 12). 
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Table 13. Summary of statistical analysis of total P content in grape 
petioles and blades, treated vs. control I, Page Ranch, 1987. 

Item 

*p content 
in petiole 

!P content 
in blades 

*Changes in 
P content 
in petiole 
during the 
growing 
season 

Control I 

2155a 

2208a 

5/1 5/15 

5261b 2807a 

Treatments 

Surface 
Placement 

2854b 

2464ab 

ppm 

25 cm 
Placement 

2812b 

2514b 

SamRling Dates 

6/1 6/15 7/1 

1906a 2086a 2123a 

50 cm 
Placement 

2607b 

2352ab 

7/15 8/1 

1968a 2098a 

Means not followed by the same letter within row are not statistically 
different at 0.05 level of confidence according to the LSD test. 

* Means based on the average of 7 sampling dates 
! Means based on the average of 4 sampling dates 
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Table 14. Summary of statistical analysis of total P content in grape 
petioles treated vs. control II, Page Ranch, 1987. 

Item 

*P content 
in petiole 

*Changes in 
P content 
in petioles 
during the 
growing 
season 

Control II 

2490a 

5/1 

5436b 

Treatments 

Surface 
Placement 

3152b 

ppm 

SamQling 

6/1 

2032a 

25 cm 
Placement 

2987ab 

Dates 

7/1 

2112a 

50 em 
Placement 

2846ab 

8/1 

1895a 

Means not followed by the same letter within row are not statistically 
different at 0.05 level of confidence according to the LSD test. 

*Means based on the average of 4 sampling dates. 
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Grape yields (Table 15) showed no significant response to P 

fertilizer in terms of placement between the treated vines and the first 

control (Control I), almost 50% reduction in grape yield occurred for the 

second control (Control II), which was located in the no P row in 

comparison to the other treated rows (Fig. 13). However, the results can 

be explained as mentioned earlier by the projected lateral uptake of P 

from the treated adjacent vines which is in agreement for both parameters, 

P content in plant tissue and grape yi e 1 d. The results are also in 

agreement with results obtained by Stroehlein et al. (1987); Stroehlein 

and Creekmore (1986) and Skinner et al. (1987). 

1988 Experiment 

In the second year experiment, as mentioned earlier, varieties were 

introduced as another variable. Therefore, the variables were two 

varieties, Cabernet Sauvignon (CS) and Sauvignon Blanc (SB), and three 

different rates of P fertilizers which were 0, 454, and 908 g/vine of 0-

45-0 super phosphate (88 and 176 g/P). The same sampl ing and analysi s 

procedures were used as in 1987. Vines were sampled at the same 

phenological stages, and the results of petiole-P and blade-P are shown 

in Figures 14 through 17. Figure 14 shows the phosphorus concentration 

in petioles and blades for both varieties at three rates of P fertili

zation. According to P analysis of petioles collected during the pre

bloom stage (30 April 1988), the P content did not increase in proportion 

to the phosphorus fertilizer rates, and was higher at 88 g/vine, and then 

decreased at 176 g/vine, while the lowest was at 0 rate for the CS 

.1. 

---- -------------------
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Table 15. Summary of statistical analysis of grape Yield, Page Ranch, 
1987 and 1988. 

Item 

Grape 
yield 
kg/vine 

Control 
I I 

2.98a 

P-applied g/vine 

Grape 
yield 
kg/vine 

Variety 

Yield 
kg/vine 

o 

Control 
I 

4.98b 

4.98a 

CS 

6.40a 

Treatments 

Surface 
Placement 

25 cm 50 cm 
Placement Placement 

1987 ---------------

4.40b 

1988 

88 

9.30b 

4.04b 

S8 

8.83b 

4.40b 

176 

8.60b 

Means not followed by the same letter within row are not statistically 
different at 0.05 level of confidence according to the LSD test. 



, , , , 

, 
, , 
, 

GRAPE YIELD 1987 

, , 
, , 

, , , 
, 
, , 
, 

TRE~TED 

- - - _. UNTREATED 

,'CONTROL I I 

TREATMENT DEPTH 

80 

Fig. 13. Effect of P fertilizer placement on grape yield, Page Ranch, 
1987. 
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Fig. 14. Effect of P fertil izer rate and grape variety on total P 
content in grape petioles and blades at pre-bloom stage, 30 
April, 1988. 
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P LEVELS 30 JUNE 1988 
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variety. However, the P content of the petioles for the second variety 

(S8) increased proportionally to the P fertilizer rates. 8lade-P during 

the same phenological stage increased also in the same manner as the 

petiole-P of CS variety. Furthermore, the CS variety showed higher 

concentration in both petioles and blades than S8 at this phenolo9,ical 

stage where, P content in both petioles and blades ranged from 4900 to 

5750 ppm and 3350 to 3800 ppm, respectively, for CS and from 3900 to 4500 

ppm and 3150 to 3300 ppm, respectively for S8 (Fig. 14). In the fruit 

setting stage, although the total P content decreased in plant tissue in 

comparison to the pre-bloom stage. Moreover, the P application still had 

its profound effect on the P content which increased in the same manner 

as in the previous growth stage with an exception that the S8 variety 

accumulated more P than CS in both plant parts (Fig. 15). In the third 

phenological stage on 30 June (Fig. 16), P content followed the same trend 

as in the second stage, but P content in pet i 01 es for CS decreased 

considerably at 0 and 176 g/vine rates. This effect might be explained 

by the fact that the pool of inorganic P was depleted at the 0 rate and 

salt injury (from fertil izer appl ication) at the highest rate for CS, 

while the S8 variety seemed to better be able to stand both conditions. 

No considerable change took place by the fourth phenological stage 30 July 

(Fig. 17), except the fact that the summer precipitation may have 

corrected the salt effect and therefore, the P level in petioles at the 

176 g/vine increased and showed signs of recovery. In general, the 88 

g/vine rate seemed to maintain tissue P levels for both varieties and 

moreover, increased the grape yi e 1 ds by almost 45% for both CS and S8 
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(Table 15). Furthermore, S8 yielded better than CS at the same fertilizer 

rates and reached maturity by almost three weeks earlier (Fig. 18). 

The statistical analysis for petiole-P and blade-P at the three 

phosphorus levels, two varieties and the effect of these parameters on 

grape yields are presented in Tables 16 through 19. The interactions of 

P rates and varieties on P content in petioles at all phenological stages 

and on grape yields are presented in Figures 19 through 23. Finally, from 

the data presented during the course of the discussion, a general trend 

can be observed, that is, 454 g/vine )88 g P)of phosphorus as super 

phosphate fertilizer (0-45-0) is an ideal rate for the existing 

conditions, furthermore, grape varieties have different fertilizer 

requirements, and in order to evaluate the P status in plant tissue, a 

sampling procedure at different phenological stages should be established 

and the behavior of P in plant tissue should be monitored carefully at 

each phenological stage. Then, taking into consideration the fact that 

the difference between plant parts (namely petioles and blades) in regard 

to P level are reflected clearly by the wide difference in P level in 

petioles than in blades, therefore, the choice of plant parts to be 

sampled and studied should be carefully considered. 
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Fig. 18. Response of two grape varieties to different rates of P 
fer~ilizer, Page Ranch, 1988. 
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Table 16. Summary of statistical analysis of total P content in grape 
petioles and blades at three P fertilizer rates and two 
varieties at pre-bloom stage, Page Ranch, 1988. 

Phenological stage I2re-bloom (4-30-88} 
Treatments 

Item o g P/vine 88 g P/vine 176 g P/vine 

--------------- ------ ppm -------- ----------------

P-level in 4437a 4989a 4906a 
petioles-

P-level in 3271a 3667a 3625a 
blades-

CS* SB* 
Varieties 

Mean P- 5361b 4194a 
1 evel in 
petioles-

Mean P- 3750b 3292a 
level in 
blades-

Means not followed by the same letter within row are not statistically 
different at 0.05 level of confidence according to the LSD test. 

*CS: Cabernet Sauvignon 
SB: Sauvignon Blanc 
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Table 17. Summary of statistical analysis of total P content in grape 
petioles and blades at three P fertilizer rates and two 
varieties at fruit setting stage, Page Ranch, 1988. 

Phenological stage fruit setting {5-30-88} 
Treatments 

Item o g P/vine 88 g P/vine 176 g P/vine 

---------------- ----- ppm --------- ---------------

P-level in 2771a 3458a 3479a 
petioles-

P-l evel in 1948a 1979a 2135a 
blades-

CS* SB* 
Varieties 

Mean P- 3083a 3389a 
level in 
petioles-

Mean P- 2007a 2035a 
1 evel in 
blades-

Means not followed by the same letter within row are not statistically 
different at 0.05 level of confidence according to the LSD test. 

*CS: Cabernet Sauvignon 
SB: Sauvignon Blanc 
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Table 18. Summary of statistical analysis of total P content in grape 
petioles and blades at three P fertilizer rates and two 
varieties at veraison stage, Page Ranch, 1988. 

Phenological stage veraison {6-30-88} 
Treatments 

Item o g P/vine 88 g P/vine 176 g P/vine 

--------------- ------ ppm ------ ------------------

P-level in 1579a 2500b 2696b 
petioles-

P-level in 1604a 1754a 2062a 
blades-

CS* SB* 
Varieties 

Mean P- 1699a 2818b 
level in 
petioles-

Mean P- 1711a 1903a 
1 evel in 
blades-

Means not followed by the same letter within row are not statistically 
different at 0.05 level of confidence according to the LSD test. 

*CS: Cabernet Sauvignon 
SB: Sauvignon Bl?nc 
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Table 19. Summary of statistical analysis of total P content in grape 
petioles and blades at three P fertilizer rates and two 
varieties at pre-harvest stage, Page Ranch, 1988. 

Phenological stage ure-harvest {7-30-88} 
Treatments 

Item o g P/vine 88 g P/vine 176 g P/vine 

---------------- - -- -- ppm --------- ---------------

P-level in 1385a 2083a 3135b 
petioles-

P-level in 1417a 1500ab 1854b 
blades-

CS* SB* 
Varieties 

Mean P- 1826a 2576a 
level in 
petioles-

Mean P- 1458a 1722a 
level in 
blades-

Means not followed by the same letter within row are not statistically 
different at 0.05 level of confidence according to the LSD test. 

*CS: Cabernet Sauvignon 
SB: Sauvignon Blanc 
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P LEVELS IN PETIOLE 30 APRIL 1988 

Fig. 19. Interaction of P rates and grape varieties on the P content of 
the petioles at pre-bloom stage. 
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P LEVELS IN PETIOLE 30 MAY 1988 

Fig. 20. Interaction of P rates and grape varieties on the P content of 
the petioles at fruit setting stage. 
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P LEVELS IN PETIOLE JULY 30 1988 

Fig. 22. Interaction of P rates and grape varieties on the P content of 
the petioles at pre-harvest stage. 
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GRAPE YIELD (Kg/VINE) 1988 

Fig. 23. Grape yield as a function of P rates and grape varieties. 



Petiole-P and 8lade-P Ratio as an Indicator 
of P Status in CS and S8 Grapes 
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Tabl es 20 and 21 show the mean phosphorus content of the 1 eaf 

petioles against the corresponding mean P content of the leaf blades 

andthe ratio of petiole-P to blade-P at all four growth stages for the 

1987 and 1988 years with and without the application of P fertilizer. In 

1987,the ratio of petiole-P to blade~P ranged from 0.65 at fruit setting 

to 1.36 at pre-bloom for nontreated vines. In contrast the ratio ranged 

from 1.09 at fruit setting to 1.5 at pre-harvest. With the exception of 

the pre-bloom stage, P levels of the blades were always higher than those 

P levels of the petioles for the controls or in other words, where P was 

not applied in 1987. In contrast, P levels of the petioles were always 

higher than the corresponding levels of the blades for the P treated vines 

in the same year. Furthermore, the ratios for the untreated vines were 

0.76 and 0.82 for veraison and pre-harvest, respectively, while for the 

treated vines these ratios were 1.36 and 1.5, respectively. In 1988, 

almost the same trend was observed where the ratios for non-treated vines 

ranged from 1.36 to 0.86 at the pre-bloom and pre-harvest stages, 

respectively, and 1.34 and 0.98 at the fruit setting and veraison stages, 

respectively. The ratios in 1988 were higher in most cases than the 

corresponding ratios in 1987, the explanation for that might be the effect 

of cold weather during the spring of 1988 which delayed the blooming stage 

and therefore the transformation of P from the plant tissue pool to the 

fruit. Also, this may have been due to the residual effect of P 

fertilizer, where one of the control plots in 1988 had received P 



Table 20. Mean P content of petioles and blades and corresponding ratios for P treated and 
untreated vines, Page Ranch, 1987. 

Treatment o g P/vine 88 g P/vine 
- ----- - ---- -- •.. - --- -------------------------------- ------------------------------
Plant tissue Petio1e-P B1 ade-P Petio1e-P B1ade-P 
Phenological stage ------- ppm --------- Ratio -------- ppm ------- Ratio 

Pre-bloom 5199 3762 1.36 5448 4090 1.33 
5-1-87 

Fruit setting 1464 2262 0.65 2686 2460 1.09 
6-1-87 

Veraison 1347 1767 0.76 2817 2070 1.36 
7-1-87 

Per-harvest 1176 1432 0.82 2517 1724 1.50 
8-1-87 

\0 
co 



Table 21. Mean P content of petioles and blades and corresponding ratios for P treated and 
untreated vines, Page Ranch, 1988. 

Treatment o g P/vine 88 g P/vine 
------------------- -------------------------------- ------------------------------
Plant tissue Petiole-P Blade-P Petiole-P Blade-P 
Phenological stage -------- ppm -------- Ratio -------- ppm ------- Ratio 

Pre-bloom 4438 3271 1.36 4948 3646 1.36 
4-30-88 

Fruit setting 2604 1948 1.34 3469 2057 1.69 
5-30-88 

Veraison 1579 1604 0.98 2681 1908 1.41 
6-30-88 

Per-harvest 1219 1417 0.86 2594 1677 1.55 
7-30-88 

\0 
\0 
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fertilizer in the previous year. Nevertheless, this ratio appears to hold 

as a good indicator of P status for the diagnosis of P deficiency and P 

status in grape tissue. This was fully confirmed by Atalay {1978, 1988} 

and Cook and Kishaba (1956). 

Tables 22 and 23 show the correlation coefficients (r), the 

regression equations an d the levels at which the P contents of the 

petioles (x) are equal to those corresponding levels of the leaf blades 

(y). A significant relationship was found between petiole-P and blade-P 

in almost all cases with r values ranging from 0.68 to 0.96 in 1987 and 

from 0.31 to 0.97 in 1988. The important finding in this study is that 

the level of P in plant tissue at a ratio of one is varied within the 

treatment by the sampling time and calculated as follows: 

1987 treated plots 

x = y at 2404 ppm at fruiting setting 

x = y at 2233 ppm at pre-blooming 

x = y at 1725 ppm at veraison 

x = y at 1285 ppm at pre-harvest 

1987 control 

x = y at 2740 ppm at fruit setting 

x = y at 1959 ppm at veraison 

x = y at 1881 ppm at pre-blooming 

x = y at 1805 at pre-harvest 

1988 treated plots 

x = y at 2182 ppm at pre-blooming 

x = y at 1591 ppm at veraison 
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Table 22. Regression equations of P content in petioles and blades and 
their correlation coefficients for treated and untreated vines 
at all phenological growth stages, Page Ranch, 1987. 

Growth stage Date Regression equation X = Y r 

Treated Plots 

Pre-bloom 5-1-87 y = 986.9 + 0.558 x 2233 0.70 

Fruit setting 6-1-87 y = 2081 + 0.1342 x 2404 0.68 

Veraison 7-1-87 y = 1179 + 0.3165 x 1725 0.84 

Pre-harvest 8-1-87 y = 826.7 + 0.3566 x 1285 0.89 

Control Plots 

Pre-bloom 5-1-87 y = 862 + 0.542 x 1881 0.70 

Fruit setting 6-1-87 Y = 1734 + 0.3672 x 2740 0.96 

Veraison 7-1-87 Y = 1339 + 0.3165 x 1959 0.86 

Pre-harvest 8-1-87 Y = 734 + 0.5933 x 1805 0.86 
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Table 23. Regression equations oi- P content in petioles and blades and 
their correlation coefficients for treated and untreated vines 
at all phenological growth stages, Page Ranch, 1988. 

Growth stage Date Regression equation X = Y r 

Treated Plots 

Pre-bloom 4-30-88 y = 1027 + 0.5293 x 2182 0.94 

Fruit setting 5-30-88 y = 1103 + 0.275 x 1521.4 0.81 

Veraison 6-30-88 y = 1128 + 0.2909 x 1591 0.78 

Pre-harvest 7-30-88 y = 833.4 + 0.3253 x 1235 0.88 

Control Plots 

Pre-bloom 4-30-88 Y = 1878 + 0.314 x 2738 0.87 

Fruit setting 5-30-88 Y = 1698 + 0.09613 x 1879 0.31 

Veraison 6-30-88 Y = 1321 + 0.1795 x 1610 0.97 

Pre-harvest 7-30-88 Y = 884 + 0.4372 x 1570.4 0.86 



x = y at 1521 ppm at fruiting setting 

x = y at 1235 ppm at pre-harvest 

1988 control 

x = y at 2738 ppm at pre-bloom 

x = y at 1879 ppm at fruit setting 

x = y at 1610 ppm at veraison 

x = y at 1570 ppm at pre-harvest 
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The vari at ions between these values mi ght be caused by growth 

stage, field variations, environmental factors, as well as fertilizer 

treatments. Nevertheless, these limits especially at fruit setting and 

veraison are within the range established by Cook and Kishaba (1956) and 

Atalay (1978,1988). 

Data collected from Vina Sonoita Vineyard near Elgin, from samples 

taken on 29 Apri 1 1988 at pre-bloom stage showed simil ar trend to the 

finding from Page Ranch. Samples were taken from 8-year old Cabernet 

Sauvignon plants established on White House soil similar tv trIa+' of Page 

Ranch at an elevation of 1600 m and annual precipitc.tion of 430 mm. 

Samples were collected from different plots, which were under different 

P fertil izer appl ications since 1985 (Creekmore et al., 1988). The 

petiole-P to blade-P ratio was 1.15 at thls phenological stage, 

unfortunately, no further data are available at this time from the rest 

of the growth stages. The relationships between P content in petiole and 

P content in blade, regression equation and correlation coefficient are 

presented in Figure 24. 
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Effect of Nitrogen Fertilizer 
on P Content of Grapes 
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Eleven varieties grm";-J at Page Ranch have been fertilized with 

three different rates of nitrogen fertilizer for several years, (Urea) 0, 

340 (155 g N) and 681 g/vine (310 g N), and tested for both N03 - and total 

P in petioles in 1988. These valieties are: 

1) Sauvignon Blanc 
2) Gamay 
3) Chardonnay 
4) Zinfandel 
5) Cabernet Sauvignon 
6) Chenin Blanc 
7) Barbera 
8) White Riesling 
9) Ruby Cabernet 

10) Sylvaner 
11) French Colombard 

Treatments are replicated two times and were sampled two times on 

13 May and 13 June 1988. Nitrate analysis was conducted on the first 

sample, while total P was determined on both samples. The results of N03 -

N and total P analysis are shown in Table 24. The N03 -N results for both 

high and medium doses of nitrogen fertilizer fell within the adequate to 

excessive category according to Christensen et al. (1982), while N03 -N 

content in the petiole for the low nitrogen treatment fell within the 

deficient to questionable range according to the same source. 

Nevertheless, nitrogen fertilizer has a profound effect on P status in 

petioles of gr~~es. Under the given circumstances of different nitrop~n 

levels, presented in Table 24, it seems clear that petiol",-P tends to 

accumulate in relatively large amounts in grape petioles under condition 



Table 24. 

Variety 

SB 
G 
Ch 
Zn 
CS 
CB 
B 
WR 
RC 
S 
FC 

Influence of nitrogen fertilizer on petiole nitrate and petiole phosphorus for 
eleven varieties of grapes, Page Ranch, 1988. 

NITROGEN TREATMENTS 
High Nitrogen Medium Nitrogen Low Nitrogen 

------------------------- ------------------------- ------------------------
5-13-88 6-13-88 5-13-88 6-13-88 5-13-88 6-13-88 

N03-N Total-P Total-P N03-N Total-P Total-P N03-N Total-P Total-P 

------------------------------------ ppm ---------------------------------------

1626 2187 1625 1400 5625 3800 324 7063 5375 
3828 1500 1000 2757 2250 1688 315 5563 5000 
1278 3750 2625 665 4875 2969 245 5438 5500 
2555 2750 1125 1803 4750 3375 411 5563 3688 
1908 6688 3464 2240 5875 2339 455 7188 4688 
2940 4125 3375 2817 3563 1500 350 6500 6500 

1733 2688 2463 1409 2875 1250 315 4125 4780 
1470 5438 3438 1400 4625 3375 438 6688 5218 

3284 3563 1500 1672 3750 1312 386 5625 4688 
2380 2750 1375 1532 4343 2969 298 6000 6000 

2013 6375 3375 1821 3813 1688 525 6188 5750 

t
o 
0'1 
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of nitrogen stress. This phenomenon could be attributed to the reduced 

metabolism, plant growth and yields which prevents the P from b~ing 

assimilated into organic P in the new growth and consequently accumulates 

in such large quantities in petioles. On the other hand, when nitrogen 

supply was adequate, P content in the petioles was in the sufficient range 

in contrast to the nitrogen stressed plots. This again can be explained 

by the fact that under adequate levels of nitrogen, P is mobilized and 

assimilated in the new growth and fruit. 
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CHAPTER 5 

SUMMARY AND CONCLUSION 

Fractionation of inorganic soil P of White House soil, which is 

characteri zed by an aci d surface hori zon, hi gh cl ay content of the B 

hori zon, i ncreas i ng CaC03 content in the lower Band low in P, Nand 

probably Zn, showed the following results. 

1. Ca-P and occluded-P are the most dominant forms of inorganic P. 

2. The proportion of Ca-P increased sharply with depth, while non

occluded A1 Fe-P did not. 

3. A1+Fe-P was highly correlated with the availability indexes of 

01 sen and Bray P, and therefore, most probably contri bute most to the 

availability indexes. 

4. A corre 1 at i on study showed that the overa 11 rat i 0 of 01 sen 

index to Bray P, index was about 1:1.7, and the positive correlation and 

high r value indicate that both methods could prove to be useful for 

estimating the availability indexes of this soil. 

Soil application of different rates of P fertilizer increased the 

total P of plant tissues and produced higher petiole-P to b1ade-P ratio 

which proved to be a good gUide for diagnosis of P status of vineyards. 

Moreover, the application of P fertilizer increased grape yields by almost 

50% in some cases. 

Different fertilizer placements did not have a significant impact 

on grape yields, but resulted in slight differences in P content in plant 

tissues. Furthermore, the variation between the two varieties studied in 
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this experiment in terms of their response to P f~rtilizer suggest that 

varieties vary in their nutrient requirements, even when grown under the 

same conditions. 

Finally, it has been found that N03 -N should be monitored during the 

growing season and should be associated with analysis of P in plant tissue 

since under nitrogen stress, growth tends to slow down dramatically and 

therefore P translocation into the youngest growth ceases and tends to 

accumul ate in 1 arge amounts in the 01 der 1 eaves. Thus, under some 

conditions, P analysis of grape leaves could be misleading and give a 

false indication of the P status of the plant. 



APPENDIX A 

15N EXPERIMENT 

PAGE RANCH, 1987 

--- --------

110 
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Layout of one replicate of the 15N trail, Page Ranch, 1987. 

Adjacent vines Adjacent vines 

15N Surface 1 2 3 15N 25.0 1 2 3 
application application 
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Table Al shows the percentage of 15N enrichment in the application 

points and the adjacent vines at four sampling dates. The results reveal 

that although the trend is not consistent, lateral uptake by the adjacent 

vines is clear. This trend might explain the difference between P content 

in plant tissue and grape yield for control I and control II. Control I, 

which is located within the P treated row, showed higher P content in 

plant tissue and higher grape yield which now can be explained by the 

lateral uptake of P fertilizer by control I. 



Table AI. Percentage of 15N enrichment in the application pOints and adjacent vines, Page 
Ranch, 1987. 

Sampling 15N adjacent 15N adjacent 
dates o cm 1 2 3 25 cm 1 2 3 

--------------- percentage of 15N enrichment ---------------

5-1-87 0.026 0.01 0.008 0.018 0.014 0.005 0.01 0.017 

6-1-87 0.0134 0.004 0.002 0.011 0.015 0.015 0.005 0.005 

7-1-87 0.0084 0.014 0.017 0.013 0.062 0.046 0.004 0.007 

8-1-87 0.022 0.017 0.008 0.036 0.05 0.02 0.015 0.022 

All dates presented in this table are based on the mean of thrl~ replicarSs of each two 
treatments, which are placement depth, surface application of N, and N applied and 
incorporated at 25 cm depth. 

..... ..... 
w 
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APPENDIX B 

WINE ANALYSIS, 1978 AND 1988 



* Red wine analysis Page Ranch, 1987. 

Treatment 
Placement 

Depth pH TA 
Volatile 
acidity 

Reduced Free Color intensity 
Alcohol % sugar" S02 420 mm 520 mm 

r---------------------------------------------------------------------------------------, 
, ---- g/100 ml ---- mg/L , , , 
,Control 3.82 .52 .03 11.8 0.3 34.5 .39 .54 , , , , , 
,Surface , 
,Application 3.88 .48 .04 12.4 .15 38.6 .42 .57 , , , , , 
,25 cm , 
,Depth 3.96 .46 .02 12.6 .15 42.5 .47 .57 , , , 
L _______________________________________________________________________________________ J 

* Cabernet Sauvignon 

...... ...... 
(J1 



* Red wine analysis Page Ranch, 1988. 

Treatment 
Prate pH TA 

Volatile 
acidity 

Reduced Free Color intensity 
Alcohol % sugar S02 420 mm 520 mm 

r---------------------------------------------------------------------------------------, 
Ig/vine ---- g/100 ml ---- mg/L I 
I I 
I 0 3.58 .57 .03 8.7 .15 23.7 .33 .49 I 
I I 
I I 
I I 
I 88 3.63 .51 .04 8.9 .15 34.5 .25 .33 I 
I I 
I I 
I I 
I 176 3.84 .45 .03 8.8 .4 26.1 .33 .42 I 
I I L _______________________________________________________________________________________ J 

* Cabernet Sauvignon 

.... ..... 
en 
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