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ABSTRACT

The effect of phosphorus (P) fertilization on drip irrigated

cotton (GossTpium hirsutum L.) was studied in 1984 on a Trix clay loam

classified as fine-loamy, (calcareous), hyperthermie, Typic Torri-

fluevent.

The objectives of this study were to relate P fertilization to

the P concentration in plant tissues, P uptake and cotton yield under

drip irrigated conditions. Growth analysis data and total phosphorus in

plant tissues were obtained at specific sampling intervals from both P

and non-P fertilization treatments in a replicated field study. More-

over, flowering pattern, flower abscission and boll production were

studied.

Fertilizer treatments were arranged in a Randomized Complete

Block design with N, NP, NPK and NPKZn treatments. Rates of N, P, K and

Zn fertilizers were 175.4, 44.8, 88.6 and 2.58 kg/ha, respectively.

Application of P in this field experiment did not increase P content in

plant tissues and did not increase dry matter production, P uptake, and

cotton yield significantly, but there were consistant trends toward

increased dry matter, P uptake, and cotton yield in the P treated plots.

Soil test for P before application of P fertilizer showed enough

phosphorus was available in that particular soil for cotton production.

viii



CHAPTER 1

INITCDUCTION

Large increases in yield potential comes mostly from interaction

effects such as new varieties, fertilization practices, good management

and adaptation and development of new irrigation methods.

High yield is a very important concept for farmers all over the

world, sooner or later under increasing pressure for food and fiber they

will move to the high yield level. Another aspect which makes achieving

high yield a very important goal is that the value of agricultural land,

rent, farmer's supplies such as machinery, feed stuffs, electricity and

fuel costs are increasing. Therefore, it is necessary to adopt good

management practices such as minimum tillage, improved weed and pest

control, fertilization, salinity management, crop rotation, and

development of new irrigation methods, which can achieve higher yields

and offset the extra costs of farming.

For ages and ages, mankind has abandoned infertile land and

searched for fertile, more productive soils in order to achieve high

yield and maintain his income. This option is no longer possible in

most of the world.

Recent improvements in crop yield have resulted from new

irrigation methods such as drip irrigation, new varieties, good

management and increases in fertilizer use.

1
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The potential for high yield, which many of our soils possess,

will only be achieved by crops which receive adequate nutrition (Cooke,

1975).

The essential elements for plant growth are N, C, H, 0, P, K, Ca,

Mg, S, Fe, Mn, Zn, Cu, Cl, B, and Mo. They are obtained from air,

water, soil solids and other chemicals such as fertilizers. Some of

these elements are of prime importance and are most likely to become

limiting factors for plant growth, these nutrients are N, P, K and S.

The amount of these nutrients vary from soil to soil and according to

plant needs.

Phosphorus (P), which makes up about 0.12% of the earth's crust,

is the second element after nitrogen which usually is deficient for

plant growth. By using a fertilizer of the proper kind and amount,

plant nutrient requirements can be accomplished or plant nutrient

deficiency can be eliminated as a limiting factor for plant growth and

development.

Choice of phosphorus fertilizer depends on the method of

irrigation, plant species, availability, cost and chemical interaction

with soil components. In this experiment, superphosphoric acid (0-54-0)

which is a mixture of orthophosphoric acid and polyphosphoric acid was

used.

Objectives

The objectives of this research were:

1. To determine the rate and amount of P uptake by drip
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irrigated cotton in relation to dry matter accumulation.

2.To evaluate the relationship between total phosphorus and

acetic acid soluble phosphorus in plant petioles.

3.To determine potential yield response of cotton under drip

irrigation to phosphorus fertilizer.

4. To study the effects of P fertilizer on fruiting

characteristics and boll set of cotton.



CHAPTER 2

REVIEW OF LITERATURE

This chapter will focus on the role of phosphorus in plants, the

application of phosphorus fertilizers in agriculture, response of

various crops to phosphorus fertilizers, response of cotton to

phosphorus fertilizers, zinc-phosphorus interaction, and drip irrigation

for cotton.

The Role of Phosphorus in Plants

Phosphorus is required by all living organisms and every living

cell. It is one of the most important elements in the internal

biochemistry of plant cells, also it has a great role of transfering

energy via adenosine triphosphate (Al?) bonds which release energy for

work as it is converted to adenosine disphosphate (ADP) (VZanne, 1980).

It is required for the synthesis and breakdown of carbohydrate within

plants. Phosphorus is involved in the transfer of hereditary

characteristics and organization of cells, besides it is a major part of

the nucleus and cytoplasm of the cell. In 1859, Thomas Green Clemson,

founder of Clemson University wrote "There can be no civilization

without population, no population without food, and no food without

phosphoric acid" (Clemson, T.G. 1859. Cited by Jones, 1982).

4
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The Application of Phosphorus Fertilizers in Agriculture

Plants take up their phosphorus mainly as orthophosphate ion

-(H 2P0 34 , HPo4 -2 and PO4-3). The concentrations of these phosphate

anions in the soil solution are a result of the equilibrium that exists

between the soil solution and the different forms of phosphorus in the

soil. The amount of each ion depends on the acidity or alkalinity of

the soil solution. For example PO4-3 can be found only in a very

alkaline soil solution.

Plants vary widely in their ability to obtain sufficient P from

soils testing low in available P. The amount of plant nutrients removed

by the harvested parts of different crops varies with plant composition,

yield and other factors (Harre, German and White, 1971). As reported by

Fried and Broeshort (1967), nitrogen (N) removal ranges from 40 to 286

kg/ha, P from 2 to 40 kg/ha, and potassium (K) from 4 to over 268 kg/ha.

Malavolta, Haag, Mello and Brasil (1962) found that cotton requires

approximately 19 kg of N, 8 kg of P, 15 kg of K, 15 kg of Ca and 4 kg of

Mg for every 100 kg of fibers produced. FAO (1964) reported that an

average amount of P removed per hectar is 18 kg by corn, 11 kg by rice

and wheat, and 41 kg by cotton. Therefore, in order to replenish this P

and make sure that plants do not suffer P deficiency, many different

kinds of P fertilizers have been used such as organic sources, rock

phosphate, normal superphosphate, phosphoric acid, triple

superphosphate, ammonium phosphate, nitric phosphate, and urea-ammonium

phosphate (Follett, Murphy and Donahue, 1981). These sources of P have

been used at different rates with different crops. In the United
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States, P fertilizer use has increased continually over the past 30

years. The average rate of increase was 4.5%, but exceeded this level

in several periods (Harre, 1975). In recent years, the application rate

of P fertilizers has increased little for all major U.S. crops except

soybean (Harre and Isherwood, 1980); also they reported that in 1979-

1980 the consumption of phosphorus fertilizer was 2,213,000 metric tons

in the United States and 225,000 metric tons in Canada.

All over the world, the total consumption of P fertilizers

increased from 3.3 million metric tons in 1955 to 7.8 million metric

tons in 1969 (Harre et al., 1971), and it increased to 11,988,000 metric

tons by 1977-1978 according to FAO (1962-1979).

Response of Various Crops to Phosphorus Fertilizers

In order to prove the profitability of using P fertilizers, an

experiment must be carried out and some parameters should be evaluated

such as increases in yield, dry matter, eliminating deficiency symptoms,

and some other properties, then we can determine whether that fertilizer

is worth using or not.

Response of various crops to P fertilizers has been under

investigation for a long time. In general, response to P fertilizers is

directly related to crop needs, source of fertilizer, temperature and

moisture, soil available P and plant species.
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Liquid Fertilizer as a Source of Phosphorus

The increasing importance of the use of liquid H3PO4 as a

fertilizer, applied either in irrigation water or injected into the

soil, has been noted in the western states in recent years. Liquid

H3PO4 has been applied as a fertilizer in Arizona since 1940 (Ariz.

Agri. Exp. Sta. Spec. Bull, 1955). Rauschkolb, Rolstom, Miller, Carlton

and Burau (1976) showed that the application of P fertilizer through a

drip irrigation system increased the P content in seedling leaves of

tomatoes significantly compared to banded application of the same rate

of material below the seed bed at planting. Also, they concluded that

using 6.5 kg of P/ha through the drip system was as effective in

influencing maturity as the higher rate of 26 kg of P/ha applied in the

conventional manner. Tyler (1955) found that the availability of liquid

phosphorus fertilizer (H 3PO4 ) to the crop was significantly higher in

several occasions than the dry form. Keng, Scott and Lugo-Lopez (1979)

concluded that drip fertilization for green pepper can be a promising

alternative to currently used water-nutrient management.

Another advantage of using phosphoric acid is that soil crusting

can be reduced and crop stand may be increased when applied above the

seed row (Rabbins, Carter and Leggett, 1972). O'Neill, Gardner and Roth

(1979) found that injection of orthophosphoric acid as a phosphorus

fertilizer in trickle irrigation reduced labor costs and increased the

soil volume to which P was distributed compared to a spot placement of

treble superphosphate beneath each emitter. They conclude that

injection of H3PO4 should be a valuable method for adding available P
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fertilizer. Work by Rubeiz (1984) on the application of urea phosphate

through subsurface drip irrigation on calcareous soil compared to furrow

irrigation showed that the available soil P was higher under drip than

furrow treatments, and soil Ec and pH were lower under drip than furrow.

He concluded that combining subsurface drip irrigation and urea

phosphate further favors crop response and increases yield. Fuller

(1953) and Thorne and Peterson (1949) reported that absorption and

response of cotton, alfalfa, and potatoes to H3PO4 and other P sources

of fertilizers was about equal.

Temperature and Moisture

Follett and Reickman (1971), Dean and Gledhill (1956), and

Robinson (1942) found that response, absorption and availability of

phosphorus increased at optimum temperature. Follett et al., (1971),

Bullock (1963), and Robinson (1942), reported that the availability of

soil phosphorus decreases as soil temperature increases.

Moisture has a clear effect on the availability of soil

phosphorus to plants. James, Thomas and Heilman (1967) found that total

P uptake decreases as the available moisture decreased. Furthermore,

moisture content of the soil has its unquestionable effect on the rate

of solution and availability of applied P fertilizer. With moisture at

field capacity, P moves from granular fertilizer more rapidly and to a

greater distance than when the soil moisture is at a lower level

(Phillips and Webb, 1971).
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Soil

Response to phosphorus fertilizer is also affected by the soil

itself. However, when a soil test shows high available soil P no

response will be expected. Nelson et al. (1947) found that cotton did

not respond to P application when planted on soil containing a high

amount of native soil P. The same result with different crops was

obtained by Giskin, Hagin and Kafkafi (1972) and Dean et al. (1947).

However, when different crops were grown on different soils low in

available Pphosphorus, significant responses have been obtained (Giskin

et al., 1972; Kourdi, 1965; Fuller, 1953; Michelson and Hoover, 1952;

Nelson and Ware, 1932).

Another aspect related to soil P availability is soil texture.

Baldovinos and Thomas (1967) found that the amount of phosphorus

absorbed by plants at a given soil solution level increased with

increasing clay content.

Plant Species

The short season plant and plants with restricted root systems

require more phosphorus than other crops. Cabbage, sweet corn, edible

beans, head lettuce, cucumber, egg plant and sweet potato have responded

significantly to increased amount of phosphorus fertilization (Follett

et al., 1981). Yield of potatoes increases as a result of phosphorus

application in spite of high phosphorus test values (Follett et al.,

1981). Also, sugar beets responded to heavy applications of phosphorus

fertilizer (Varvel, Peterson and Anderson, 1976). Therefore, response
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of various crops to phosphorus fertilizer differs widely according to

type of P fertilizer, soil, time of application, soil temperature and

moisture, placement and plant species.

Response of Cotton to Phosphorus Fertilization

The response of cotton to phosphorus fertilization is quite

variable since it is grown on a wide variety of soils and various

climates within the warm to hot temperature zones. As discussed

earlier, many factors can influence the response of cotton to P

fertilization. A good response can be obtained on light sandy soils,

highly weathered soil having low available phosphorus, whereas slight to

no response can be obtained on the fertile alluvial soils, flood plains

and irrigated soil where phosphorus application has been practiced for a

long time.

Typically the response of cotton to phosphorus fertilizer is

expressed as increased yield. Work by Nelson (1980) has shown that an

average of 1 kg of P increased the yield of seed cotton 15.5 T 4.0 kg.

A good response to phosphorus fertilizer had been pronounced in Syria,

as reported by FAO (1974), where 80 kg/ha of P fertilizer increased

cotton yield from 1977 to 2365 kg/ha. Also (Jeter, Smith and Whitely,

1962) found that an increase in seed yield was 168 kg/ha as a result of

application of 100 kg/ha of P fertilizer. On the other hand, many

researchers have reported that a significant cotton response to

phosphorus was correlated with low available soil phosphorus (Nelson and
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Ware, 1932; Nelson et al., 1949; Michelson and Hoover, 1952; Abbott et

al., 1955; Kourdi, 1965; Maples and Keogh, 1973). Furthermore, many

investigators reported no response by cotton to P fertilizers (Tucker,

1985, personal communication; Westerman, Johnson and Tucker, 1977;

TUcker and Westerman, 1976; Haddok, Hausenbuiller and Stanberry, 1957;

Nelson et al., 1947). Actually, when cotton is grown on good soil, it

often gets enough phosphorus from reserves in the soil.

Zinc-Phosphorus Interaction

Interaction of Zn-phosphorus may be mutual, reciprocal or it

could be a differential response to one element in combination with

different levels of the other element applied. Actually, the

interaction of Zn-P has been studied for a long time (Peck et al., 1979;

Thorne, 1957; West, 1938). Usually, the interaction is appointed as a P

induced Zn deficiency, which affects plant growth and results from

application of P fertilizer to the soil or initially high levels of

available phosphorus in the soil. As pointed out earlier, various

researchers came out with various opinions as a result of different

experiments (Peck et al., 1979; Safaya, 1976; Adraino, Paulsen and

Murphy, 1971; Louis, Boawn and Paul, 1969; Burlesom and Page, 1967;

Thorne, 1957; West, 1938) all reported that applications of P

fertilizers induced Zn deficiency in one way or another as a result of

formation of insoluble Zn3 (PO4 ) 2 in the soil, which reduces the

concentration of Zn in the soil solution to deficient level. The

solubility of Zn3(PO 4 ) 2 has been studied since then and found to be a
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good source of Zn for sorghum (Boawn et al., 1957). The effect of

different rates of phosphorus fertilizers on the solubility of Zn in

soil conducted by Brown, Krantz and Eddings (1970) has shown that the P

fertilizer is not likely to be the cause of P induced Zn deficiency in

plants. Lindsay and Nbrvell (1969) concluded that Zn3 (PO4 ) 2 would be a

good Zn and P fertilizer. In some literature, addition of both P and Zn

fertilizer gave a good response as presented by increasing corn yield

(Ellis, 1967. Cited by Follett, Murphy and Donahue, 1981).

Drip Irrigation for Cotton

Drip irrigation is the application of water slowly and precisely

through emitters at certain points along water delivery lines in order

to satisfy the growing plants needs.

In 1984, drip irrigated cotton accounted for 8505 ha in Arizona

and it is estimated the area will expand at a rapid rate by 1985

(Wilson, Ayer and Snider, 1984).

White gold has been the main cash crop of Arizona farmers. More

than one—third of the irrigated area of Arizona is planted to cotton

(Tucker, Taylor and Stroehlein, 1983). Obtaining maximum yields with

limited water supplies in Arizona made economical production a great

challenge for cotton growers. Adding to the challenge is the

"Groundwater Management Act of 1980" in Arizona which requires growers

to develop and adapt a new irrigation method to save and insure more

efficient use of irrigation water.
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Under the above situation, drip irrigation which is in limited

use on cotton in the south western United States, comes to play. Its

benefits include (1) increasing yields while using less water than

traditional furrow or flooding methods; (2) wetting the root zone only;

(3) permitting a continuous supply of nutrients to the crops; (4)

permitting better soil, conditions with regard to planting, salinity,

pest control and irrigation management. Kafkafi and Yosef (1980)

reported that application of 400 mm water, which equals 40% of

evaporation from a class "A" pan, to tomatoes on calcareous soil with EC

= 7 dS/cm gave higher fruiting yield than 640 mm, applied by a

traditional method, and reached maturity 14 to 18 days earlier.

Therefore, drip irrigation can be more convenient and profitable than

furrow or other methods. The benefits of reducing water use and

increasing yield appear greatest when soil textures are medium to

coarse, cost of pumping water is high, the climate is hot and dry, and

fields are not level.

Drip irrigation for cotton also has the potential for reducing

water application and increasing cotton yield, beside the other

management benefits. Hofmann et al. (1984) found no significant

difference between four water treatments, 60, 80, 100 and 120% of

estimated consumptive use, when applied in weekly doses in addition to

226 mm/ha of precipitation during the monsoon season. Drip irrigation

seems to be a promising technique for reducing water use up to 50% or

more and increasing cotton yield in Arizona according to Wilson, Ayer

Snider (1984).
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Asignificant increase in drip irrigated cotton yield has been

reported to the Beltwide Cotton Research Conference (1983) and cited by

Tucker, et al. (1984). They revealed that cotton yield reached 5.4

bales/A (2927 kg/ha) using 1016 mm/ha of irrigation water compared to

furrow irrigated cotton which yielded no higher than 3.5 bales/A (1897

kg/ha) using 1651 mm/ha of irrigation water. An explanation for reduced

water use was presented by Matthias, Pennington and Hofmann (1983).

They concluded that due to concentration of drip-irrigated cotton roots

near the emitters, all moisture and probably nutrients were extracted

from the surface 45 cm of soils.

Studying the requirements of crops grown under drip irrigation is

easy to justify since water used is reduced and roots are restricted to

the zone of wet soil, additional nutrients may be required in order to

meet plant demands for higher yield. In particular, phosphorus and

micronutrients, which normally are not needed for cotton production in

Arizona, need to be considered. Therefore, many researchers have

studied and evaluated the nutrient status of different crops.

Rauschkolb et al. (1976) reported that in contrast to conventional

irrigation methods, drip irrigated tomatoes responded significantly to P

fertilizer. Keng et al. (1979) concluded that drip fertilization can be

a promising alternative to currently used water-nutrient management

methods. Others found that drip irrigation leads to cyclic release of

both native and applied phosphate during each irrigation cycle which

might be as a result of amorphous iron phosphates reduction during the

anaerobic phase. They concluded that additional studies of phosphorus
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and trickle irrigation could lead to management systems with reduced

phosphorus requirements (Bacon and Davey, 1982).



CHAPTER 3

MATERIALS AND METHODS

A fertilizer experiment with surface drip irrigation was

established and conducted on a Trix clay loam (mixed, calcareous

hyperthermic Typic Torrifluvent), at the Dennis Nowlin farm near

Stanfield, Arizona with cotton (Cossypium hirsutium L.). The cultivar

Deltapine90 (DPL 90) was planted on 28 April 1984. Initial saturated

paste pH, EC of the saturation extract, water soluble NO3 -N and NaHCO3

extractable P were 7.5, 1.3 dSm -1 , 33 ppm, and 20 ppm, respectively.

The experiment consisted of four replicates of four fertilizer treatment

combinations (N, NP, NPK, and NPKZn), in a randomized complete plot

design. Rates of N, P,K and Zn were 175.4, 44.8, 89.65 and 2.57 kg/ha,

respectively. Nitrogen was applied as urea-ammonium nitrate solution

(32-0-0) at intervals starting on 3 July 1984 and ending 10 August 1984

(Table 1). Phosphorus was applied as superphosphoric acid (0-54-0) on 9

July 1984 to the respective plots. Potassium was applied as KC1 (0 -0 -

60) made into solution on 9 July 1984 and 17 July 1984, to the

respective plots. Finally Zn was applied to the respective plots as

polyglutarate (12.5% Zn) on 23 July 1984. All fertilizers were injected

through the drip irrigation system during the growing season.

Drip irrigation was scheduled according to consumptive use and

delivered through a surface drip system which consisted of one line for

16
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two rows with emitters one meter apart. The total amount of irrigation

water was 770 mm and an additional 226 mm of rainfall was recorded. The

rainfall was mostly during late July through August, although one rain

in April caused some germination and seedling emergence problems. Row

spacing was 96.5 - 157.5 - 96.5 cm with the drip line placed between the

narrow rows. Plots were 8 rows wide and 146 m long.

Whole plant samples from N treatment (zero phosphorus treatment)

and from NP, NPK and NPKZn which represents phosphorus treatment were

collected on 7 to 19 day intervals from 21 June until 19 September 1984.

Each sample consisted of 5 plants. They were separated before drying

into eight parts as follows: petioles, leaves, small stems, large

stems, flowers, burrs, seeds and lint. Also petioles and leaves from

selected treatments were collected on 3- to 6-day intervals starting on

21 June until 1 September 1984. All plant tissues were dried at 60°C
and samples from the whole plants were weighted for dry matter

determination, then ground to pass a 40-mesh screen.

Total phosphorus concentration of the whole plant samples was

determined using the vanadate procedure (Grewelling, 1976) after dry

ashing in a muffle furnace at 550°C for 5 to 12 hours. The
molybdovanadophosphoric acid procedure was used to develop the yellow

color and light absorbance was measured by a B+L Spectromic 20 at 440

nm. The petioles were analyzed for both total phosphorus by the method

described above and for extractable P by 2% acetic acid, extractable P

was determined by the ammonium molybdate in sulfuric acid and stannous

chloride procedure (Johnson and Ulrich, 1959).
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Two subplots, each 213 cm long, were established in each main

plot, one was thinned to 34600 plants per hectare, and the other was

unthinned with a population of about 74100 plants per hectare.

Flowering pattern parameters in each subplot, total number of

flowers, drop off, and boll set were determined by tagging flowers using

coded plastic tags on 3 and 4 day intervals from first flower, 22 June,

until 8 September 1984. This allowed us to gather detailed information

on flowering and fruiting behavior.

Cotton yields were established through two procedures. Seed

cotton from the subplots was hand-picked, ginned and used to determine

"gin turn out." Tags were recorded from mature and immature bolls.

The second yield estimate was obtained by machine harvesting the

four center rows of each plot for the entire length of the field and

then "gin turn out" was determined.

Data from this field experiment were analyzed statistically by

the method outlined in Lund (1983). Separation of treatment means was

performed using the Student Newman Keuls (SNK) test. The 5% level of

significance was used in all cases.

A correlation and regression study was conducted on the total

number of flowers vs. drop off and boll set, and a correlation study

between total phosphorus in petioles and acetic acid soluble P in

petioles was also performed. Therefore we can study the relationship and

the closeness and nature of this relationship between those parameters.



Table 1. Fertilizer Injection Schedule, Stanfield, 1984.

Injection Date

Treatment (Arcunt actual N applied, kg/ha)

NP NPKZn4

3 July 36.5 36.5 36.5 36.5
6 July 16.8 16.8 16.8 16.8

16 July 7.9 7.9 7.9 7.9
20 July 15.0 15.0 15.0 15.0
23 July 39.7 39.7 39.7 39.7
27 July 19.8 19.8 19.8 19.8
7 August 19.8 19.8 19.8 19.8

10 August 19.8 19.8 19.8 19.8

Dotal N applied
kg/ha 175.4 175.4 175.4 175.4

P - injected to the respective treatments on 7/9/84.
K - injected to the respective treatments on 7/9 and 7/19/84.
Zn- injected to the respective treatment on 7/23/84.

19
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The analysis of variance (ANCVA), for leaves, petioles, dry

matter production, P uptake, flower, boll set, and yield data was

performed in accordance with procedures outlined by Lund (1983) using

MSUSTAT, A & B software.



CHAPTER 4

RESULTS AND DISCUSSION

In this chapter, the focus will be on phosphorus concentration in

petioles and leaves, the correlation between total phosphorus vs. acetic

acid soluble phosphorus in petioles, dry matter production, P uptake

with time, P distribution in the plant, flowering pattern and boll set,

and finally the effect of fertilizers on the cotton yield.

Leaf and Petiole Phosphorus Concentration

Results of chemical and statistical analysis of mean concentra-

tion of total phosphorus in petioles and leaves for all treatments

before and after fertilization are shown in Tables 2, 3 and 4.

Table 2 shows total phosphorus concentration in plant petioles

and leaves before the addition of fertilizers. Although the number of

samples is limited, it is difficult to explain the fluctuation in P

concentration with time and location for both petioles and leaves. It

is assumed that this is the result of natural variation of soil and

plants in the field. Some error is also assumed in the laboratory work

since these samples were not ran in duplicate.

Total P concentrations in petioles and leaves after the

application of fertilizer are shown in Figures 1 and 2.

21
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Table 2. Total Phosphorus Concentration in Petioles and Leaves Before
the Application of Fertilizers, Stanfield, 1984.

6/21	 6/28 7/2 7/5

Days after planting	 54	 61 65 68

Location
in Field P Concentration 41210

Petioles

East 1900	 2350 2150 2850

Center 2450	 2600 2350 2500

West 2500	 3000 2250 2750

Leaves

East 2700	 3150 3150

Center 3000	 3600 3000

West 3150	 3950 3600
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Table 3. Total Phosphorus Content in Cotton Petioles for All Treatments
After All P Fertilizer Was Applied, Stanfield, 1984.

Days
After
Planting

Fertilizer Treatments

NP NPR NPKZn

75 0.23 0.21 0.22 0.24

79 0.22 0.22 0.24 0.25

82 0.23 0.25 0.29 0.28

86 0.28 0.28 0.26 0.25

89 0.28 0.26 0.25 0.25

93 0.37 0.35 0.35 0.35

96 0.33 0.33 0.31 0.26

100 0.23 0.24 0.24 0.22

103 0.23 0.23 0.23 0.20

107 0.20 0.20 0.19 0.16

110 0.23 0.22 0.22 0.21

114 0.20 0.22 0.21 0.20

123 0.17 0.20 0.19 0.13

P was injected 72 days after planting.
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Table 4. Summary of Statistical Analysis of P Content in Cotton
Petioles and Leaves, Stanfield, 1984.

Item
Fertilizer Treatment

NP NPK NPKZn

P content
in petioles
44110

P content
in leaves

(Plan)

2458 b

3446a

2476 b

3596 b

2457 b

3633 b

2306a

3385a

Means not followed by the same letter within row are not statistically
different at 0.05% level of confidence according to the SNK test.
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Figure 1 shows the average total concentration of phosphorus in

cotton petioles at 13 sampling dates after application of four different

fertilizer treatments, while Figure 2 shows the average total

concentration of phosphorus in cotton leaves at 8 sampling dates after

application of four different fertilizer treatments.

Total P concentration in the petioles (Fig. 1) was above the

sufficient range (> 2000 ppm) when P fertilizer was injected, which took

place 72 days after planting. The recommended phosphorus content in

petioles should be in the range of 1500 to 2000 ppm (Bassett and

Mackenzie, undated), and a level of 1000 ppm until after peak bloom

(Bassett and Mikkelsen, 1962).

After P fertilizer was injected, P content in petioles increased

slightly until it reached its peak after mid season or 95 days after

planting. However, the increase in P content in petioles was not due to

the application of P fertilizer, since the plants which did not receive

phosphorus increased in P content at almost the same rate, therefore,

this increase could be attributed to the high content of original soil

phosphorus and due to higher activity of plant growth during this

period. The P content started decreasing as the growing season

proceeded, and at about 100 days after planting the P contents were

about the same for all treatments which was almost 50% or less P than

its maximum during the growing season. The same results were found by

Bhatt, Ramanujam and Appukuttan (1974).

A statistical analysis of P content in petioles (Table 4)

indicates no significant difference between N, NP and NPR treatments,
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while a significant decrease was observed with NPRZn treatment at the 5%

level of confidence by the SNK test.

Many ambiguous reasons are behind the depression of P content in

cotton petioles for NPRZn treatment, one being that this particular

treatment may have received less water and N fertilizer than the others

due to technical difficulties and low pressure in the drip line.

Another reason for lower P content in petioles could be due to the

interaction of P and Zn in the soil, although a recent study shows that

Zn3 (PO4 ) 2 is not likely to be insoluble in the soil (Brown, Krantz and

Endings, 1972). Table 3 shows P percentage in cotton petioles with time

for all treatments.

The same analogy can be applied to P content in cotton leaves for

all treatments with the exception that the statistical analysis

indicated that no significant difference exists between N and NPKZn, but

they differ significantly from both NP and NPR where the overall P

content is higher. Table 4 summarizes the statistical analysis of P

content in petioles and leaves. Some investigators found that cotton

petioles do not appear to be as good an indicator of the phosphorus

status of the plant as does the leaf blade (Tucker, 1965). He found

that P level in petioles is influenced by the amount of N fertilization,

and actual P content is often inversely related to nitrate content. He

recommended that leaf blade be sampled rather than petioles and, total P

in the blades should be approximately 0.35% of dry matter or more for

most of the season.
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A statistical analysis of acetic acid soluble P in petioles shows

systematic trends similar to total phosphorus in the same cotton

petioles (Fig. 3). The highest variation in this correlation was at the

lowest and highest P content, while in the range of 2000 to 2700 ppm of

total P, a good correlation was found with (r) value of 0.855. Overall,

the ratio of total P to acetic acid soluble P was about 2:1 and a high

correlation was found between the two procedures (r = 0.855) and the

regression equation was

y = 381.5 + 0.33 x

where y: estimated acetic acid soluble P in petioles

x: total P in petioles.

Phosphorus Uptake

Data presented in Figures 4 and 5 show dry matter production and

accumulated P uptake at several intervals from 79 to 143 days after

planting. They show some similarity and slight variation depending upon

the type of fertilizer applied.

The dry matter production in the N only plots started with an

initial period of slow growth, then followed by sharp increase in the

period between 79 and 89 days. This is followed by a slight increase of

only about 4% for an unknown reason (it could be the effect of water

stress of that time), in the period between 89 to 101 days after

planting. Again as the growing season proceeded the rate of dry matter

production increased rapidly until it reached its maximum at 125 days
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after planting. Then after this period, until the end of the growing

season, reduction in dry matter production was observed.

The same results were obtained for phoshporus treated plots (te)

with difference in percentage increase and the maximum dry matter

production was at the end of the growing season, while for N treatment,

the maximum dry matter production was observed at 125 days after

planting (Fig. 4 and Table 5).

With one exception, the pattern of P uptake was very similar to

dry matter production, the same results were obtained by Bhatt et al.

(1971) and Bassett et al. (1970). The only difference was that the

maximum P uptake for N treatment was at the end of the growing season

while the maximum dry matter production was at 125 days after planting.

For NP treatment no difference was observed in both dry matter

production and P uptake (Table 5). However, the proportion of dry

matter production and P uptake differ for both treatments, that is,

greater proportion of dry matter production and P uptake was observed in

the mid growing season for N treatment, 42 and 45%, respectively, while

the proportion of dry matter production and P uptake for P treatment was

only 31 and 30%, respectively (Table 5).

From Table 5, the percentage increase of dry matter production

and P uptake are very similar for each treatment and they are in good

agreement with results obtained by Bassett et al. (1970).

A comprehensive study on the seasonal uptake of P and dry matter

production in the various plant tissues of the cotton plant are

presented in Tables 6 and 7, which shows a continuous uptake of P and
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Table 6. Uptake and Distribution of P in the Various Tissues of the
Cotton Plant, Stanfield, 1984.

Days After Planting
78 88 100	 109 125 143

Plant_Part
g/5 plants
(+P)#

Petioles 0.046 0.075 0.026 0.045 0.046 0.040

Leaves 0.187 0.275 0.236 0.425 0.337 0.307

Flowers 0.129 0.386 0.285 0.472 0.496 0.279
& Burrs

L. stems 0.069 0.078 0.071 0.122 0.199 0.177

S. stems 0.044 0.034 0.067 0.098 0.067

Seeds 0.202 0.655 0.864 1.430

Total 0.431 0.858 0.854 1.786 2.040 2.300

(-P)*
Petioles 0.094 0.084 0.031 0.046 0.048 0.031

Leaves 0.246 0.346 0.243 0.417 0.419 0.257

Flowers 0.138 0.402 0.233 0.467 0.573 0.227
& Burrs

L. stems 0.099 0.106 0.100 0.141 0.173 0.144

S. stems 0.050 0.033 0.066 0.073 0.053

Seeds 0.150 0.451 0.754 1.053

Total 0.541 0.988 0.79 1.588 2.040 1.765

# +P: represents average of NP, NPK and NPKZn treatments.

* -P: represents N treatments only.
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Table 7. Dry Matter Production in the Various Tissues of the Cotton
Plant, Stanfield, 1984.

Days After Planting
78 88 100 109 125 143

Plant Part
g/5 plants
(÷P)4

Petioles 22.6 40.3 23.0 42.6 39.7 36.8

Leaves 64.3 106.7 105.0 176.3 165.8 175.4

Flowers 32.2 94.4 87.3 142.4 149.9 200.3
& Burrs

L. stems 38.2 51.2 71.4 134.6 174.4 209.7

S. stems -- 29.2 31.0 63.0 76.4 68.6

Seeds -- 46.8 122.9 162.8 358.8

Total 154.4 321.8 365.0 681.8 769.0 1049.6

(-P) *
Petioles 30.7 43.8 28.9 39.4 43.2 28.0

Leaves 78.4 121.8 115.4 167.7 186.0 137.6

Flowers 31.0 91.1 77.4 134.8 188.0 131.0
& Burrs

L. stems 50.9 63.8 99.8 142.4 202.2 130.0

S. stems -- 35.3 31.0 59.2 73.6 48.0

Seeds -- 38.8 91.7 152.4 236.8

Total 190.5 355.8 391.3 635.2 845.9 711.4

4 +P: represents NP, NPK and NPKZn treatments.

* -P: represents N treatments only.
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dry matter production during the growing season. Also Table 6 shows the

extent of P translocation at maturity from petioles, leaves, small and

large stems, and flowers and burrs to the more metabolically active

region of seed formation. Also we can see that the uptake of P in

various tissues of cotton plant is different and changes with time. The

greatest changes in P uptake occurred between 78 and 125 days after

planting for all plant parts except petioles and seeds. For seeds the

greatest increase occurred between 100 and 143 days after planting,

while for petioles it fluctuated during the growing season. The

increases in P uptake varied from a relatively moderate rate in the case

of leaves which was about twofold and about fourfold in the case of

flowers and burrs at 125 days after planting to a sharp increase in

seeds which was about sevenfold during these 43 days.

The pattern for P uptake by cotton can be outlined as an

initially relatively slow uptake until 100 days after planting, followed

by a rapid increase in P uptake during maturity, and in general the

largest portion of P can be seen in the reproductive parts at maturity.

Finally, if we look at P uptake distribution (Table 6), we can

see two peaks. The first peak is represented by an 88-day period after

planting, after which is followed by a slight lag at the 100-day period.

Then the second peak appears on the 125-day period. Apparently, the lag

following the initial rapid uptake of phosphorus, is caused by the

maturity of the first flowers which can be seed at the 100-day period

where the first seed samples were collected. During this period,
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phosphorus goes into fruit production causing a temporary lowering of P

concentration in the other plant parts.

Flowering Pattern

Average weekly flowering, shedding and boll production for each

213 cm sub-plot of the fertilizer treatments including the two sub-sets,

"Thinned and Unthinned" are illustrated in Figures 6 to 11. For the

sake of simplicity, and to avoid repetition, it is noted that all counts

were made on 3- and 4-day intervals during the two and one-half month

flowering period, and then these enumerations were grouped by weeks.

Figure 6 shows the total number of flowers for all non-thinned

treatments. Where the counts were made in the very early part of the

blooming stage, all treatments were similar with a low rate of

flowering. Then as the growing season proceeded, the total number of

flowers increased quickly and reached the blooming peak on 12 July, and

then decreased slightly by 19 July. On 19 July, peak, total number of

flowers can be grouped into three categories (Fig. 6).

A - The highest count was observed for N treatment.

B - The lowest count was observed for NPK treatment.

C - In between NP and NPKZn behaved alike.

The variation in the flowering pattern during this period cannot

be attributed totally to the fertilizer treatments, since all plots at

that particular time received the same amounts of N, and since the Zn

had not yet been injected. Three out of four treatments had recently

received the total amount of P. Therefore, some variation could be
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contributed to human error, since a number of people were involved in

tagging and counting. Also, it should be remembered that every point in

Figure 6 represent an average of four replicates which should reduce

field and the environmental variations.

A sharp rise on 19 July to 9 August let to the second flowering

peak mainly for the N treatment, then followed( by a gradual decline

phase for 10 August to the end of the growing season, with exception of

N and NP treatments, which showed a late slight increase in number of

flowers on 16 August. This was not a true "Two Peak" flowering pattern,

which is a common phenomenon with long-season cotton grown in warm

climates, which has been observed and discussed by Mezainis (1985) and

Gardner (1963) for irrigation cotton in Arizona. A second true peak

could have been shown by extending the tagging flowers for a few more

weeks. It is likely that the second peak would have been delayed by the

ample supplies of water and nitrogen as shown by Mezainis (1985).

Finally, the total number of blooms set during the flowering

period can be arranged in the following order according to fertilizer

treatment: N > NP > NPK > NPKZn, although the statistical analysis

indicated no significant difference between these treatments (Table 8).

Figure 7 illustrates the shedding of flowers for the non-thinned

subplots, as determined by the difference between total flowers and the

total number of bolls developed on a weekly basis. The degree of drop

off over the season from each treatment shows that where the most blooms

were found, a larger number of flowers dropped off.
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Finally, the boll set pattern (Figure 8), shows a trend similar

to that of the total flower pattern (Figure 6). The fruiting

efficiency, calculated from the ratio of total numbers of bolls

set/total number of flowers, was 0.51, 0.53, 0.55 and 0.55 for N, NP,

NPR and NPKZn, respectively. The percentage of bolls that developed

from the total number of flowers appeared to be higher for the NTK and

NPKZn treatments, and the lowest percentage was for N treatment.

However, total number of flowers, drop off and boll set for all

treatments, and their statistical analyses are summarized in Table 8.

Figures 9, 10 and 11 show flowering, shedding and boll setting

patterns for all thinned treatments. It seems obvious that thinned and

unthinned subplots had almost the same 'two peak" flowering patterns,

but with a slight difference in the counts. However, the highest total

number of flowers was found to be associated with NP treatment, the

highest shedding was associated with N treatment, and the overall total

number of blooms and boll set ranked in the following order: NP > N >

NPKZn > NPK. The drop off ranked in the following order: N > NP > NPK

> NPKZn. The fruiting efficiency was in favor of P treated plots, and

rated as follows for N, NP, NPK and NPKZn, respectively; 0.54, 0.59,

0.56 and 5.8 but as stated previously, was not significantly different.

These results support the previous results for unthinned treatments

which found that N treatment tended to have the lowest fruiting

efficiency.

The statistical analysis shows that a significant difference does

not exist between total flowers, and boll set for both thinned and
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unthinned treatments while there was a significant difference in drop

off for the thinned treatment (Table 8).

As shown in Table 8, the fruiting efficiency was increased for P

treated plots and also by thinning. The fruiting efficiency gives a

good indication about earliness according toWarmor (1926). In this

study, the highest fruiting efficiency for P treated plots and thinned

plants means that there was an earliness in these plots which might be

considered as a response. Warmor (1926) wrote "one bloom during the

first two weeks of blooming is worth five to ten late in season.

Therefore, any practice that will increase the earliness of the crop and

hasten its maturity is to be regarded with favor, provided total yield

and quality are not sacrificed."

Correlation Between Total Flowers vs Drop Off and Boll Set

The cumulative means of total flowers, drop off and boll set,

during the growing season are presented in Tables 9, 10, 11 and 12.

Linear regression was performed on the total number of flowers,

drop off and boll set for all treatments including the two sub-sets

"thinned and Unthinned." The regression equations and the correlation

coefficient (r), for total number of flowers as an independent variable

(4, drop off and boll set as dependent variables (y) are shown in Table

13. For all equations, a significant linear increase of drop off can be

seen as the total number of flowers increases which agrees with results

in Figures 6, 7, 9 and 10. Also as shown in Table 13, a higher r value

means that the rate of drop off and boll set is constant and gives a
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Table 9. Cumulative Means of Total Flowers, Drop Off and Boll Set for
N Treatment, Stanfield, 1984.

Days

After

Planting

61

68

75

82

89

96

103

110

117

126

134

Not Thinned

Total
Flowers Drop Off Boll Set

	number per

	5 	 1	 4

	

30	 13	 17

	

97	 40	 57

	

159	 63	 95

	

268	 116	 151

	

360	 170	 190

	

433	 198	 236

	

527	 250	 277

587	 280	 297

	

636	 311	 325

666	 324	 342

Thinned

Total
Flowers I Drop Off

213 cm row

	2 	 0

	

22	 8

	

66	 19

	

117	 32

	

230	 83

	

316	 133

	

394	 164

	

463	 198

	

535	 248

	

577	 267

	

605	 276

Boll Set

2

15

47

85

147

183

230

265

287

310

328

*28 June correspond to 61 days after planting, and 10
September correspond to 134 days after planting.
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Table 10. Cumulative Means of Total Flowers, Drop Off and Boll Set for
NP Treatment, Stanfield, 1984.

ThinnedDays

After

Planting

Not Thinned

Drop Off  Boll Set        
Total
Flowers

Total I
Flowers( Drop Off Boll Set

Number per 213 cm row

61

68

75

82

89

96

103

110

117

126

134

	7 	 2	 5	 4

	

34	 8	 26	 26

	

90	 31	 59	 67

	

140	 52	 88	 126

	

225	 88	 138	 238

	

302	 133	 169	 318

	

371	 164	 207	 385

	

441	 199	 242	 478

	

496	 234	 263	 544

	

534	 248	 287	 590

	

563	 263	 300	 617

1

7

23

41

80

118

3

19

45

85

158

200

143	 241

185	 293

225	 I 319

245 	I 345

253	 364
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Table 11. Cumulative Means of Total Flowers, Drop Off and Boll Set for
NPK Treatment, Stanfield, 1984.

Total
Flowers

Total 1
Boll Set Flowers! Drop Off

Number per 213 cm row-

Days

After

Planting

Not Thinned Thinned   

Drop Off Boll Set

61

68

75

82

89

96

103

110

117

126

134

	4 	1	 3	 9	 2	 7

	

26	 7	 19	 29	 7	 22

	

70	 19	 51	 70	 17	 53

	

115	 39	 77	 107	 27	 81

	

201	 70	 131	 199	 54	 145

	

282	 115	 167	 266	 93	 173

	

347	 142	 205	 329	 126	 203

	

404	 176	 228	 374	 156	 218

	

451	 205	 247	 400	 176	 223

	

478	 218	 260	 411	 181	 230

	

499	 224	 275	 422	 185	 237
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Table 12. Cumulative Means of Total Flowers, Drop Off and Boll Set for
NPE2n Treatment, Stanfield, 1984.

Days

After

Planting

61

68

75

82

89

96

103

110

117

126

134

Not Thinned

Total
Flowers Drop Off Boll Set

	 Number per

4	 1	 3

	

31	 8	 23

	

88	 23	 65

	

137	 36	 101

	

226	 73	 153

	

313	 121	 192

	

382	 156	 226

	

434	 182	 253

	

465	 205	 260

	

485	 217	 268

	

493	 221	 272

Thinned

Total
Flowersi Drop Off

213 cm row—

7

25

61

101

183

233

300

364

414

432

435

2

5

17

28

58

83

104

135

172

183

184

5

20

44

74

125

150

185

230

242

249

251

Boll Set
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Table 13. Regression Equations of Total Flowers (TT), vs Drop Off
(D O), and Boll Set (BS) and Their Correlation Coefficient
(r) for All Treatments Including the Two Sub Sets, Thinned
and Unthinned, Stanfield, 1984.

Treatment Item

Unthinned Thinned

Regression
Equation

Regression
Equation

TTvsD*0

TTvsB•S

.88+0. 49x

y2=8.07+0.505x

0.99

0.99

y1=-12.39+0.47x

y2=12.73+0.53x

0.99

0.99

TTvgD*0 y1=-10.93+0.48x 0.99 171=-8.53+0.42x 0.99
NT

TTvsB•S y2=10.94+0.52x 0.99 y2= 8.81+0.58x 0.99

T'FvsD*0 y1=-11.19+0.47x 0.99 171=-15.4+0.46x 0.99
NPK

TTvsB'S y2=11.34+0.53x 0.99 y2=15.7+0.54x 0.99

TTvSD'O .46+0 .46x 0.99 y1=-10.97+0.43x 0.99
NPKZn

T•PvsB•S .43+0 .54x 0.99 .01+0 .57x 0.99
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good indication for predicting the drop off or boll set from the total

number of flowers, which finally can be related to the cotton yield.

The high r values also provide support to the accuracy of the counts of

flower, boll and drop off tags, indicating that the various personnel

who performed the work were consistent and reliable in their work.

Yield

Yield data for each treatment in this experiment was gathered by

hand picking the 2.13 in single row subplots and machine picking the

entire length (146 m) of the four center rows of each plot. Means of

the four replications of each treatment were calculated in kilograms of

seed cotton per hectare.

Unthinned subplot seed cotton yields ranged from 4282 to 5696

kg/ha. Thinned subplots ranged from 4142 to 5446 kg/ha, while whole

plot yields ranged from 4841 to 5805 kg/ha (Table 14).

A summary of statistical analysis of cotton yield for the whole

plots with various fertilizer treatments is presented in Table 14. The

statistical analysis indicated that no significant differences existed

between the fertilizer treatments with the exception to NPKZn where a

depression in yield was found. However, a consistent trend toward

increasing the cotton yield by NP and NPK was found. The lint yield

behaved slightly differently than cotton yield, where a significant

difference exists between N and NP treatment.

Finally, cotton response to P fertilizer is is rare in Arizona



Treatment

Thinned
Unthinned

NP
Thinned
Unthinned

NPR
Thinned
Unthinned

NPKZn
Thinned
Unthinned

Subplots Field

Seed cotton yield

—kg/ha-

5446
5696

5169
4723

4403
4862

4142
4282

5805 b

34.8

33.8

33.0

5626 b

4841a

Seed cotton yield

5536 b

35.9

Turnout

- - % - -

Lint Yield

--kg/ha-

1927 b

2084c

1902 b

1598a

55

Table 14. Seed Cotton Yield, Gin Turn Out, and Lint Yield With Various
Fertilizers Applied and Thinning Treatments for Subplot and
Whole Plot, Stanfield, 1984.

Means not followed by the same letter within columns are significantly
different at 5% level according to the SNK test.
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which means that these results are in agreement with other results as

mentioned in the literature review.

Summary and Conclusion

Phosphorus nutrition of drip irrigated cotton was investigated in

a field near Stanfield using four fertilizer combinations, N, NP, NPK

and NPKZn. Parameters measured included total P content in petioles and

leaves, dry matter production, seasonal plant phosphorus uptake,

phosphorus distribution in the plants, seasonal flowering patterns and

the yields of seed cotton. The following summarizes the results of this

investigation:

1. Total phosphorus content in petioles did not increase with P

fertilizer application, but total P content in leaves

increased slightly.

2. Although significant differences for dry matter production

and P uptake did not exist, there was a trend of increasing

the overall dry matter production and P uptake by application

of P fertilizer.

3. Phosphorus fertilizer did not significantly affect the

overall number of flowers and boll production.

4. There was a trend of increased fruiting efficiency with the

application of P fertilizer.

5. Although significant differences for seed cotton yield with P

fertilizer addition did not exist, there was a trend of

increased lint yield.



APPENDIX A

Sketch of Field Site Shows the Location

of Soil Sciiiiples Before Planting
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APPENDIX B

Selected Chemical Characteristics of

22 Soil Samples, Stanfield, 1984
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Soil Analysis of Samples Taken

From Plots With and Without

Phosphorus Fertilizer
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Figure Cl. Location of Soil Samples Taken After Harvesting Drip
Irrigated Cotton, Stanfield, 1984
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Table Cl. Soil Analysis of Samples Taken After Harvesting From Plots
With and Without P Fertilizer, Stanfield, 1984.

Sample With P Without P

Nurrber

1

2

3

4

5

6

7

8

9

10

11

12

13

14

ECe
ds/m

2.6

1.15

0.60

0.50

2.10

2.0

0.95

0.50

1.20

0.90

0.50

0.50

2.90

0.50

(gm)

17.5

5

5

5

9

6

5

6

27

9

13.5

4

48

5

pH

7.5

7.4

7.7

7.5

7.5

7.6

7.7

7.7

7.4

7.6

7.5

7.6

7.4

7.5

Me.
ds7m

1.20

0.50

0.80

0.95

1.80

0.90

0.95

0.75

1.55

1.0

1.30

0.75

1.75

0.85

(PPra) 

4

12.5

6

3

11

4

18

3

18.5

5

5

3

28

11.5

PH

7.6

7.6

7.8

7.8

7.5

7.6

7.7

7.8

7.3

7.5

7.7

7.8

7.3

7.8
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