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INTRODUCTION 

To meet the need for methods of estimating the fertilizer 

requirements of crops, two general types of tests have been developed; 

soil tests and plant tests. Soil tests, either by chemical or bio

logical means, estimate the relative amount of a soil nutrient avail

able to the plant for grovth and can be used for estimating fertilizer 

requirements of crops. Such estimations may require careful inter

pretation in accordance with the kind of crop, the physical and 

chemical nature of the soil and the climate of the area (63). 

Plant tissue tests, on the other hand, are based on the 

premise that the amount of a given element or form of an element in 

a plant is an indication of the supply available for metabolism and 

as such is directly related to the quantity available in the soil. 

These tests indicate an integrated effect of soil, climate, plant, 

management and any other factor or factors that have influenced the 

nutrient composition of the plant prior to the time of sampling. By 

comparing the nutrient concentration found within the plant to previ

ously established critical nutrient levels, the nutrient status of 

the plant can be ascertained (62). Plants above the critical nutrient 

concentration may be considered adequately supplied with that nutrient, 

whereas plants below the critical nutrient concentration are deficient 

with respect to the nutrient. Hence, plant analyses may be used as a 
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m«ans of assessing the nutritional requirements of plants. When 

used in this sense, tissue analysis may be envisaged as a study of 

the relationship of the nutrient content of a plant to its growth. 

There are many difficulties inherent in the interpretation 

of the tissue analysis data. Some external factors at the time or 

prior to sampling may have an effect on the nutrient content of a 

plant. The supply of other nutrients also may influence the plant 

concentration of the element under study and the interpretation of 

the results. 

This investigation was limited to cotton (Gossypium 

hirsutum L.) and grain sorghum (Sorghum vulgare Pers.). The 

objectives of the study were: 

(1) To investigate the effect of external factors at the 

time of sampling on the nutrient content of different plant parts. 

(2) To study the effect of stage of plant development on 

the internal nutrient concentration. 

(3) To relate soil nutrient supply to plant nutrient 

concentration. 

(4) To study the relationship of yield to internal nutrient 

concentration and to establish critical nutrient levels or ranges 

for nitrogen and phosphorus. 



LITERATURE REVIEW 

The earLiest work on plant analysis, reported by de Saussure 

in 1804 (63), was motivated by a curiosity concerning the ash content 

of plants. He showed that the ash content of plants varied with the 

plant, its age, the plant part and the soil on which the plant crew. 

No attempts were made by him to relate the nutrient content of the 

ash to plant growth. Liebit;, in 1852 (63), advanced the view that 

if soil fertility was to be maintained, the quantities of nutrients 

removed by the crop from the soil would need to be restored. To 

apply this rule, it was necessary to know the average composition of 

the parts of crop plants harvested. 

Rapid tissue tests have usually been carried out on sap or 

on extracts of fresh material from organs consisting largely of 

conducting tiaoue; Clit theory behind this being th«t the fractions 

estimated are mainly unassimilated materials which have recently 

entered the plant and that their concentration thus represent the 

current rate of nutrient absorption. The investigators who have 

particularly been interested in such tests are: Thornton (55, 56), 

Scarseth (51, 52), Bray (6), Wolf and lchisaka (67), and Ingram et 

a 1. (28). Because of the relative speed with which these tests can 

be made they have been employed practicallv on a wide scale (67). 

3 



4 

Scarseth (51) has given a general account of the technique 

of rapid tissue tests. The technique gave information only on the 

three principal nutrients, nitrogen, phosphorus and potassium. The 

original investigations leading to the development of these tests 

were on corn. Later, other plants studied included potatoes (56, 

57), soybeans (51) and sugar beet (57). Olson (47) applied these 

tests to corn and cotton. The tests are only semi-quantitative and 

this is recognized in that the results are normally reported in terms 

of four or five values determined by a color chart. 

Interpretation of Tissue Analysis Data 

Certain difficulties are inherent in the interpretation of 

tissue analysis information. If the supply of a nutrient is progress

ively reduced, the percentage of that nutrient in the plant diminishes 

only to a certain level and then remains constant, although yield 

continues to decrease (62). In other words, the internal nutrient 

concentration tends to a constant minima1 value irrespective of the 

original supply provided that it was inadequate. Under such conditions, 

it follows that it would be impossible to distinguish, by plant 

analysis, between different levels of deficiency falling within this 

minimum zone. 

Suchting (43) found that supplying a nutrient to forest tree 

seedlings severely deficient in this nutrient increased both yield 

and the nutrient concentration within the plant. However, at less 
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severe levels of deficiency, increases in nutrient supply resulted 

in increased yield without any accompanying increase in internal 

concentration. It is clear that where such relationships result, 

diagnostic plant analysis would be useless over the range where 

nutrient content is at its maximum value. 

There is another possible way in which the plant analysis 

technique may fail to predict the fertilizer requirements of soils 

for crops. For example, after kernel formation is well advanced in 

cereals, additions of nitrogen-containing materials show no increase 

in yield, although they increase the percentage of nitrogen in the 

plant (21). Thus, it follows that the tissue analysis technique 

cannot be used successfully to evaluate the nutrient content of a 

cereal plant after kernel formation in relation to yield. 

Time of Sampling 

Certain investigators have restricted sampling for diagnostic 

analysis to a particular time of day,, For rubber, Chapman and Brown 

(11) recommended that leaf samples should be taken between 6:00 A.M. 

and 10:30 A.M. On the other hand, Mitchell and Chandler (43), in 

their studies on forest trees, preferred to sample leaves from 9:00 

A.M. to 3:00 P.M. Nightingale (45) sampled pineapple leaves between 

8:00 A.M. and 4:00 P.M. Ulrich (63) did not consider the tine of the 

day for collecting plant samples important. In one experiment in a 

field of sugar beets, relatively high in nutrients, there were no 
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large differences in the nitrate, phosphate and potassium content of 

petioles collected at tvo-hour intervals, from sunrise to sunset, 

and again at sunrise the following day (63). 

McCool (39) found a higher concentration of phosphate in the 

sap of various plants during the morning than after midday. Chapman 

and Brown (11) stated that diurnal variation in mineral content 

occurred in rubber leaves. Phi His and Hason (48) found that the per

centage content in cotton leaves of most of the mineral elements they 

studied decreased during the day, but increased during the night. 

Scarseth (52) found that a corn plant suffering from inadequate 

nitrogen supply contained virtually no nitrate in the afternoon, 

though some was present in the early morning, indicating that later 

saaplings may be preferable. 

It may be concluded from the above survey of literature that 

there is not complete agreement among various investigators as to the 

importance of time of sampling plant tissues. 

Stage of Development 

Crowther's (15) observations on cotton grown on the same 

plot in successive years show that analysis of samples taken early 

in the development of the plant may give the best indication of the 

nutritional status. Chapman (10), working with oats, found that the 

response of oats to phosphorus supply in pot culture (measured as 

total dry weight) was highly correlated with the inorganic phosphorus 



concent of different parts of the young plants. At the heading stage, 

however, the correlation was much less marked and at ripening no 

correlation was shown. Praps et al. (21) found that the correlation 

of nutrient content of oats with soil supply was better during early 

growth than as Maturity approached. 

McCollam (40, 41) found chat in grape vines, cicrus and peach 

the middle of the growing season was Che best period for taking leaf 

samples, since at early scages the mineral content was uniformly high, 

and at late stages uniformly low. 

Many investigators have avoided the selection of the most 

appropriate time of sampling by taking samples on several occasions 

throughout the season (7, 20, 22, 63). This procedure reduces the 

risk that effects of variaCions in the nutrient supply at various 

stages of growch may pass unnoticed (20). 

The influence of time, or more correctly the effect of age, 

upon the nutrient content o£ plant tissue has been discussed by 

Ulrich (63). Generally speaking, the concentrations of such nutri

ents expressed on a dry weight basis tended to follow a similar 

pattern; that is, they were higher during the early growth period of 

the plant and gradually declined thereafter as the plants developed 

to macuricy. It was concluded that part of this gradual decline was 

a reflection of che increase in the proportion of structural macerial 

to protoplasm wichin che plant (greater percentage of dry matter) and 

another part was due to the gradual decrease in supplying power of 

che soil for nucrienca. 
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Thus, the sta^e of plant development for sampling can have 

an important influence on the success of tissue analyses. For any 

given plant the magnitude of this effect must be known and appropriate 

measures taken to insure valid appraisal of the results obtained. 

Part of Plant to be Sampled 

It has often been argued that since plants consist of parts 

differing greatly in composition, the effect of variation in the pro

portion of the plant formed by the various parts will be eliminated 

by confining the analysis to a particular part (1, R, 62). Attempts 

have also been made to select single plant parts on the basis of 

certain considerations. It has been reasoned that the conducting 

tissue, since its composition is likely to be closely related to 

the current nutrient absorption by the plant, is likely to provide 

the best index of response to immediate nutrient application. It 

has also beer, argued that since the leaves are the organs of active 

assimilation, their composition must be the best basis for estimating 

the nutritional status of the whole plant. "The leaf is considered 

usually best because it is such a vital part of the plant in its 

nutritional processes. It is in the leaf that Che plant foods are 

gathered and combined for redistribution throughout the plant." (41). 

The choice of one or another plant part for diagnostic 

purposes can be made more satisfactorily when data are available on 

the variability of analytical results for different organs. The data 
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of Bartholomew et a_I. (2), for instance, showed that both the extent 

and the significance of differences in nitrogen content of tomato 

plants with varying nitrogen supply are greater in the stem than in 

the leaves. Ulrich (58) found that in the grape vine both the 

potassium and nitrate concentrations in the petioles varied more with 

varying nutritional conditions than in the leaf blades. Moreover, 

these differences were more highly significant. Hence, the petioles 

were regarded as providing more satisfactory material for diagnostic 

purposes. 

After a decision has been made as to the general type of plant 

part to sample, the specific oiorphological location should be more 

accurately specified. For example, a specific leaf may be sampled, as 

was done by Lundegardh (35), or a random sample may be taken. In the 

study of the nitrogen content of pecan leaves, Gossard (23) confirmed 

that the error of random sample of leaves was greater than that of 

samples selected on criteria of morphological position, size and age. 

On the other hand, wallihan (66) considered a random sample from the 

most accessible part of the crown to be as representative as any 

planned selection of leaves. 

Ulrich (62) found that high F values were associated with the 

old petioles of the sugar beet and the second highest with the recently 

matured petioles. The coefficients o£ variability also favored these 

plant parts. Ulrich states that under field conditions it is much 

easier to sample the recently matured petioles than the old petioles, 



and furthermore, from the plant physiological point of view the 

recently matured petioles are more important in the life of the plant 

at the time of sampling than the old petioles. Accordingly, the 

recently matured petioles were considered preferable to the old 

petioles for analysis, even though the latter appeared better from 

the statistical point of view. 

When the age of leaves or other plant parts to be sampled for 

analytical diagnosis of a particular deficiency is in question, knowledge 

of the mobility or immobility of the nutrient within the plant may be 

applied. If it is known that under conditions of deficiency an element 

is mobilized from the older parts to supply the needs of the newly 

developing organ, there is a reasonable probability that the former 

will provide a better index of deficiency (45, 46). This is true with 

both nitrogen and phosphorus which are mobile within the plant. 

In considering which of the various petioles of a sugar beet 

plant to sample for diagnostic purposes, Brown (7) used the argument 

that since the variations in petiole composition with position in the 

crown were least in the leaves of medium age, these were considered 

the most important for sampling. Similarly, Lineberry and Collins 

(34) preferred matured leaves of strawberries to younger leaves of 

either crown or runners, because it would be difficult to elinU.nate 

the effect of age differences in the latter. Roach and Roberts (50), 

on the other hand, favored the saaipling of younger rather than older 

leaves because they would be freer from contamination which may be of 
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importance with micronutrients. They also suggested that by taking 

samples of younger leaves, at a uniform stage of development, diffi

culties arising through different ages of leaves at different times 

in the growing season could be eliminated. Thus, in this limited 

discussion of the literature, it becomes apparent that not all workers 

agree as to the part of plant that should be selected for analysis. 

Analysis for Particular Chemical Fractions 

Many investigators have claimed that those fractions of the 

nutrients within the plant which have not yet been built into its 

tissues, provide an index of the balance between current uptake of 

these nutrients and their utilization by the meristems (63). This 

gives a better index of current nutrition than the total nutrient 

content since the organic fractions present mainly in the insoluble 

part of the plant material tend to form a relatively constant pro

portion of the plant tissues (19). 

Nitrogen: 

Most of the evidence as to the relative value of the elabor

ated and unelaborated nutrient fractions in plant material as diag

nostic indices relates to nitrogen and particularly to nitrate deter

minations. Ulrich (60) compared the effect of ammonium sulfate on 

the nitrate nitrogen, total soluble nitrogen and insoluble nitrogen 

content of grape petioles and leaf blades. The nitrate content of 
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Che petioles was influenced to a greater extent than any of the other 

fractions in petioles or blades. 

Most other investigations on the subject relate only to the 

proportional changes in the various nitrogen fractions in the plant 

with different nitrogen fertilizer treatments. Cook (14) found that 

changes in nitrate content of the sap of oat plants following appli

cation of nitrogenous fertilizers, were proportionally much greater, 

in most cases, than those in the total nitrogen content of the same 

tissues. Emoert (17), in experiments on tomatoes and lettuce, found 

that the nitrate concentration in the leaves gave better indication 

of soil nutrient relations than the total nitrogen content, especially 

in tomatoes. In an experiment with cotton grown in sand culture and 

analyzed at flowering, Wadleigh (65) found that nitrogen supply 

affected the concentration of nitrate nitrogen greatly. Other 

fractions were influenced little by the treatment. 

Ulrich (63) found that in sugar beet petioles and grape 

leaves the proportional increase in soluble nitrogen content with 

increased nitrogen supply was more marked than that in insoluble 

nitrogen, at least in the earlier stages of growth. 

Much of the evidence supports the view that the content of 

soluble nitrogen fractions, particularly nitrate, varies more markedly 

with the changing nutritional conditions than that of the more fully 

elaborated fractions. However, conclusive evidence has not been 

presented to show that nitrate nitrogen provides a better index of 



expected yield increments with nitrogenous fertilizers. In fact, 

insufficient data appeal to be available which will permit a relation

ship to be made between yield increment and the content of different 

nitrogen fractions. However, in spite of the paucity of evidence, 

many investigators have chosen to determine nitrate nitrogen rather 

than total nitrogen. Bray (6) described a rapid test for nitrate in 

plant tissue. Joham (30), working with cotton plants, determined 

nitrate nitrogen rather than total nitrogen and found a good correlation 

with yield. 

In many instances it seems likely that nitrate determinations 

have been preferred because they are so easily conducted by spectro

photometry method involving the use of phenoldisulfonic acid (31). 

Phosphorus: 

Less work has been reported on phosphorus than nitrogen as 

to the various chemical forms in which phosphorus occurs in the plant 

tissues and on the relation of these fractions to the nutrition of 

the plant. Thornton (55) suggested that the content of inorganic 

phosphorus should be a more senitive index than total phosphorus 

because inorganic phosphorus accumulates in plants when absorption 

is in excess of utilization. Phi His and Mason (48), studying cotton 

plants growing at different levels of phosphorus supply, found that 

the content of soluble phosphorus in the plants increased much more 

with the level of supply than did the insoluble fractions. 
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Many investigators have confined their phosphorus analyses 

to phosphate (7, 27, 38, 59, 61). Neller (44) showed that almost 

all of the phosphorus in sap of sugar cane, sorghum and buckwheat 

was inorganic. 

Extraction Methods 

Water: 

Extraction with cold or hot water has frequently been used 

as a method of preparing diagnostic samples of plant material for 

analysis. Lineberry and Collins (34) have used extraction of the 

fresh material with boiling water. Brown (7) used water extracts of 

sugar beet petioles for the determination of the nitrate and phosphate 

status of sugar beets. Ulrich (57 to 63), Wolf and Ichisaka (67) and 

Bray (6) also used water extracts of plant tissues for evaluating the 

nitrate status of various crops. 

Two Percent Acetic Acid: 

Eramert (18) was one of the first to use 2 percent acetic acid 

for extracting nitrate, phosphate and potassium from plant tissues. 

Carolus (9) also used this extracting solution. He suggested that 

the concentration of a nutrient in such an extract represented the 

current balance between its absorption and utilization. When the 

extract from a poorly growing plant contained a low concentration, 

the absorption of the nutrient was at fault, while if the concentration 

was unduly high, its utilization was inadequate. 
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Ulrlch (59) claimed that the phosphate content of the acetic 

acid extract provided a better index of phosphorus nutrition than the 

total phosphorus content of the material. The results of Lorenz (36) 

showed that the uifferences in nutrient concentration in the acetic 

acid extract of potato petioles with nutrient supply were more marked 

than those in total nutrient content. 

Other Extracting Solutions: 

Lundegardh (35) extracted dry leaf material for spectroscopic 

analyses with dilute hydrochloric acid. 

Emert (17) used one percent sulfuric acid in the investi

gations of the phosphorus nutrition of tomato and lettuce plants 

grown in soils of varying acidity. 

Beauchamp (3) extracted potato leaves with ethanol, the extract 

being referred to as "crude chlorophyll," which was considered to 

provide a better index of the potassium nutrition of the plant than 

either the extracted residue or the whole leaf material. 

Relationships Among Fertilization, Internal Nutrient 

Concentration and Yield 

It has been shown by many investigators that as the level of 

a deficient nutrient is increased, other factors being held constant 

and favorable, both yield and internal nutrient concentration rise, 

at least in certain plant tissues and at certain stages of develop

ment. Gast (24) found the yield of pine seedlings to be linearly 
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related to the logarithm of the internal nitrogen concentration, while 

Mitchell and Chandler (43) found the relation between yield and in

ternal nutrient concentration to be linear until the maximum yield 

was reached. Macy (37) distinguished three portions of the curve 

relating yield to internal nutrient concentration: the "minimum per

centage" region where yield rises although internal concentration 

remains constant; the "poverty adjustment" region in which both yield 

and internal concentration increase; and finally a "luxury consumption" 

region in which yield remains constant with rising internal 

concentration. 

It has been reported by many investigators that application 

of fertilizers to various crops was found to induce changes in yield, 

nutrient concentrations and total nutrient uptake. For example, the 

yield of corn, and nitrogen concentrations in com, were increased ' 

by the application of nitrogen fertilizers (4). An increase in the 

phosphorus concentration of corn leaves coincident with the addition 

of nitrogen has also been observed (4). 

Gardner (22) also found an increase in the nitrogen concentra

tion of recently full grown petioles of cotton plants with nitrogen 

fertilization. The yield was found to be highly correlated with the 

internal nitrogen concentration. 

Ulrich (61) found that when phosphorus was added to the soil 

in increasing amounts the yields of tops and of beets increased 

rapidly at first and then more slowly with further additions of 
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phosphorus until the increases in yield approached a maximum. The 

soluble phosphorus concentration of the petioles and blades increased 

very slowly at first and then very rapidly. The nitrate nitrogen 

concentrations in the petioles decreased with high phosphorus appli

cations. The addition of nitrogen to the plots increased the nitrate 

concentrations of the beets in relation to the rate of nitrogen applied. 

Viets et al. (64) found increased phosphorus concentration in 

com leaves due to phosphorus fertilization. A reduction in nitrogen 

concentration in corn leaves was obtained when phosphorus was 

applied (33). 

Reichman et al. (49), working with com, found that nitrogen 

and phosphorus percentages in leaves sampled at pollination were 

highly correlated with yield and with the total nutrient uptake 

values at harvest. Partial regression analysis showed that leaf 

nitrogen was the dominant indicator of yield, but that leaf phosphorus 

was also important. The nitrogen and phosphorus percentages in the 

leaves were found to be positively correlated. 

Joham (30), working with cotton plants, found that the 

petiolea from the main stem taken from the third or fourth nodes 

from the apex most nearly satisfied the requirements of sampling. 

In plants 90 days old, positive correlations were obtained when peti

ole nitrogen, phosphorus, potassium, calcium or magnesium were cosq>ared 

with their respective concentrations in the substrate. 
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Similar results have been obtained with citrus leaves in 

sand culture experiments (32). It was found that effects of phospho

rus on the growth of trees or roots varied with nitrogen concentration 

in culture solution. The effect of phosphorus on tree growth could 

not be demonstrated unless the phosphorus supply was in a certain 

ratio with nitrogen supply. Growth was even suppressed when phospho

rus was in oversupply in relation with nitrogen. Negative correlations 

were found between nitrogen concentrations in culture solution and 

phosphorus content in leaves and also between phosphorus in solution 

and nitrogen in leaves. 

Critical Nutrient Concentration: 

The empirical approach in evaluating the nutrient status of 

crops has evolved gradually. Gilbert (25) considered that the 

soluble nutrients found in the plant served as raw materials for the 

elaboration of plant foods. The concentration of nutrients found 

within the plant at any one time was considered the balance between 

the supply from the soil and the amount utilized by the plants. 

Certain nutrient concentrations were suggested as being critical for 

the growth of the plants studied. Gilbert at al. (26) found that 

the addition of a fertilizer to the soil resulted in an increased 

content of that nutrient in the plant, and this was associated with 

an increase in yield when the nutrient levels were low in the plants. 

The critical nutrient concentration of a plant with respect 

to growth has been defined in terms of the nutrient concentration 
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that is just deficient for maximum growth, or that which is just 

adequate for maximum growth, or as the concentration separating the 

zone of deficiency from the zone of adequacy. The three definitions 

emphasize different viewpoints, but in actual practice lead to 

approximately the same critical concentration since the critical 

concentration is a narrow range rather than a point (63). According 

to Macy (37) this will be the zone separating "luxury consumption" 

and "poverty adjustment." 

Determination of the critical nutrient concentration has been 

discussed by Ulrich (62). A series of plants in pots or fields were 

supplied with an increasing amount of the nutrient under study, main

taining all other nutrients at adequate level. The plants were 

sampled and harvested when plants of some treatments were deficient 

and others were still amply supplied with the nutrients being studied. 

The critical nutrient concentration was determined for sugar beets by 

plotting yield against the amount of nutrient within the tissues. 

Nitrate Reduction in Plants 

Nitrate is readily absorbed and once taken up may be either 

stored or reduced by the plant. When rate of nitrate uptake exceeds 

rate of nitrate reduction, then nitrate accumulates in the plant (5). 

In general, in plants which rapidly reduce nitrate, this ion is found 

in appreciable concentrations only in the root and is at low or zero 

concentration in leaves and stems (5). Thomas (54) first 
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appreciated the fact that in deciduous trees nitrate reduction takes 

place exclusively in the roots. In the apple, for example, nitrate 

reduction is confined to the small roots and amino acids formed from 

the reduced nitrogen are the form in which nitrogen is translocated 

to the other portions of the apple tree. In the case of wheat, 

Burstrom (5) has shown that both excised roots and excised leaves are 

capable of reducing nitrates and concluded that in the intact plant 

nitrate reduction is probably equally distributed between roots and 

leaves. The extent of nitrate reduction in the roots can influence 

greatly the usefulness of the measurement of this fraction in aerial 

portions of the plant. 

From the foregoing survey of literature it appears that no 

agreement exists with regard to various aspects of plant tissue 

analysis. The lack of agreement may have been due to differences 

in plant species, time of sampling, management and any other environ

mental factor or factors. Hence, to use plant tissue analysis as a 

guide for successful crop fertilization, there is a necessity for 

knowing the conditions and correlations that may be used for correct 

interpretation in a local climatic area for various plants. 



EXPERIMENTAL METHODS 

This study consisted of the effects of sampling procedure 

and stage of development or growth on internal concentrations of 

nitrogen and phosphorus in cotton and grain sorghum plants. The 

relation of yield to nutrient concentration within the plants was 

also investigated. 

Effect of Sampling Procedure on Internal 

Nutrient Concentration 

This study included the effect of such factors as time of 

sampling plant tissues, different plant parts and the soil moisture 

conditions when the samples were collected. These were considered 

to be the most probable factors affecting the internal nutrient 

concentration. 

Greenhouse Experiment with Cotton: 

A preliminary investigation was conducted to determine which 

tissue of the cotton plant should be sampled for diagnostic purposes. 

A Gila fine sandy loam soil was taken from the Campbell Avenue Farm 

of the University of Arizona for this study. 

The soil was rolled and sieved through a 20-mesh sieve before 

mixing thoroughly to insure uniformity. Three kilograms of soil were 

placed in metal cans which had previously been painted with black 
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asphalt paint. The fertilizer treatments are given in Table 1. 

Each treatment was replicated ten times. Ammonium nitrate was used 

as the source of nitrogen and treble superphosphate as the source of 

phosphorus. The fertilizers were mixed thoroughly with the soil 

before planting. Four seeds were planted in each can and thinned to 

two plants per can after seedlings were established. The above-ground 

portions of the plants were harvested three months after planting and 

the plant parts separated into the following: upper petioles, lower 

petioles and leaves. Since the plant material was limited in quantity 

the replicates of each treatment were combined to make one sample. 

The samples were dried, ground and stored for chemical analyses. 

Campbell Avenue Farm: 

An experiment was conducted at the Campbell Avenue Farm of 

the University of Arizona on a soil tentatively classified as Gila 

fine sandy loam.* The surface soil is light brown or light grayish-

brown, friable fine sandy loam. The sub-soil consists of fine-

textured stratified materials of good water-holding capaci ty. 

The purpose of this study was to determine the part of 

cotton and sorghum plants most satisfactory for diagnostic purposes. 

Investigated also were the effects of time of sampling and soil 

moisture conditions on nutrient concentration in the respective 

plants. 

*The soil description was provided by the Soil Conservation 
Service. 
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Table 1. Fertilizer Treatments with Cotton in the Greenhouse. 

Treatment N ^2^5 

Pounds Per Acre 

1 0 0 

2 200 0 

3 400 0 

4 600 C 

5 0 450 

6 200 450 

/ 400 450 

8 600 450 



The experimencal area consisted of four rows of cotton and 

four rows of sorghum the length of the border. Cotton and grain 

sorghum plots four rows wide and ?5 feet long were side-dressed with 

100 pounds of nitrogen per acre as ammonium nitrate. The remaining 

area was not fertilized. 

Various tissue samples were taken every three hours from five 

in the morning to eight at night at different stages of development. 

The samples were taken just before irrigation ana then again two or 

three days after irrigation to investigate soil moisture effects. 

Effect o£ Stage of Development on Internal 

Nutrient Concentration 

This study consisted of three field experiments; two with 

cotton and one with grain sorghum. 

Cotton: 

One experiment was located near Picacho in Pinal County, 

Arizona and will be referred to as 59H. The soil at this location 

has been classified as Eloy clay loam.* The soil is non-calcareous 

in the surface and upper sub-soil. There is a weak calcium carbonate 

accumulation in the lower sub-soil at about 48 inches. The texture 

is clay loam to sandy clay loam with a reaction that is moderately 

alkaline. It has a reddish brown color in the surface and sub-surface 

* The following soil description was provided by the Soil 

Conservation Service. 
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The second experiment was located at the Cotton Research 

Center of the University of Arizona, Tempe, Arizona and will be 

referred to as 60F. The soil at this location has been classified 

as Adelanto clay loam silted phase.* The Adelanto series is comprised 

of weakly to moderately developed red desert soils on alluvial fans 

and valley plains. Parent rocks are dominantly granitic but may 

include minor quantities of other acid and basic igneous rocks. The 

A and B horizons have been leached of lime and s textural B overlies 

a weak to prominent Cca horizon. Adelanto soils differ from Mohave 

soils in containing less clay in the B horizon. The B horizons of 

Adelanto soil usually have weak subangular blocky rather than pris

matic structure and range from sandy loam to light sandy clay loam 

in texture. The pH values of the surface and lower horizons range 

from 7.8 to 8.4, occasionally higher where affected by sodium. 

Immediately before planting, a surface sample of soil from 

each replication was taken to a depth of eight inches. Soil samples 

were analyzed for nitrate nitrogen and carbon dioxide-soluble phospho

rus.** The results are given in Table 2. 

The variety of cotton used at both locations was Acala 44. 

A three by three balanced lattice design with four replications was 

* The following soil description was provided by Professor 

H. V. Smith, Department of Agricultural Chemistry and Soils, University 

of Arizona, Tucson, Arizona. 

** U.S.D.A. Diagnosis and improvement of saline and alkali 
soils. Agr. Handbook No. 60, 1954. 
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Table 2. Selected Chemical Characteristics of the Soils Investigated. 

Replication NO-j-N CC>2-8oluble P 

Eloy Clay Loam, 59H 

Parts Per Million 

1 4.0 1.8 

2 10.0 1.6 

3 6.0 1.4 

4 16.0 1. 1 

Adelanto Clay Loam. 60F 

East* 7.8 1.3 
West 4.5 1.2 

East 13.0 1.6 
West 10.4 1.0 

East 6.0 1.2 
West 11.0 1.2 

East 6.6 1.3 
West 10.0 1.2 

* Samples represent whole plots or the East and West half of each 

border. 
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used at the Picacho location. At the Tempe location, a split-plot 

randomized block design with phosphorus as whole-plot and nitrogen as 

sub-plot treatments, with four replications, was used. The treatments 

for the Picacho location, 59H, are shown in Table 3. The first eight 

treatments apply also to the experiment at the Cotton Research Farm 

with the exception of the phosphate rate which in this case was 150 

pounds P2O5 per acre as single superphosphate applied broadcast prior 

to listing. In all other cases the fertilizer was sidedressed. The 

source of phosphorus at the Picacho location was treble superphosphate 

and potassium was applied in the form of muriate of potash. Ammonium 

nitrate was the source of nitrogen on Eloy clay loam, 59H, and an

hydrous ammonia on Adelanto clay loam, 60F. 

The plots were 50 feet in length and four rows wide on Eloy 

clay loam, 59H. The two outside rows were guard rows and were not 

used for observations or sampling purposes. The two inside rows 

were used for sampling and were also harvested for yield. 

At the Tempe location, 60F, the sub-plots were SO feet in 

length and eight rows wide. The two outside rows were guard rows and 

were not used for observation or sampling purposes. At the early 

seedling stage, two adjacent rows in each plot were designated as 

yield rows. Tissue samples were taken from the row on each side of 

the yield rows in each plot. 

Yield was determined by handpicking 80 feet of row in each 

plot. The center 40 feet from each of the two rows previously 



Table 3. Fertilizer Treatments on Eloy Clay Loam, 59H. 

Treatment N ^2^5 ^2^ 

Pounds Per Acre 

1 0 0 0 

2 50 0 0 

3 LOO 0 0 

4 200 0 0 

5 0 69 0 

6 50 69 0 

7 100 69 0 

8 200 69 0 

9 100 69 72 
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designated as yield rows were used for this purpose. This procedure 

minimized the possibility of fertilizer border effect or fertilizer 

carryover from plot to plot. 

Tissue samples were taken for chemical determinations at 

each stage of growth at the Picacho location, 59H, and every week at 

the Tempe location, 60F. The samples were dried, ground and the 

chemical determinations made by the methods of Johnson and Ulrich (31) 

and Jackson (29). Rapid tests were also conducted on the fresh 

tissues at the Picacho location, 59H. For this purpose, the tissue 

testing kit prepared by Associated Laboratories, Orange, California 

was used. 

Grain Sorghum: 

An experiment with grain sorghum was conducted at the 

University of Arizona Farm, Marana, and will be referred to as 601. 

The soil at this location has been tentatively classified as Gila 

loam.* Soils in the Gila series are composed of alluvial material 

occurring on flood plains and low terraces in the Red Desert soil 

zone. These soils consist of recent medium textured alluvial deposits 

coming from a wide variety of rocks. The surface soil of the Gila 

loam is strongly calcareous and is pale brown to dark brown in color. 

The sub-soil is also highly calcareous. These are very deep soils 

and usually take water readily and are relatively easy to maintain 

* The following soil description was provided by the Soil 

Conservation Service. 
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in good cilch. The sub-soils show medium internal drainage with 

good water-holding capacity. 

A surface soil sample was taken from the side of the rows, 

adjacent to the root zone, to a depth of eight inches from each plot 

when the plants were in seedling stage and analyzed for nitrate 

nitrogen and carbon dioxide-uoluble phosphorus. The results are given 

in Table 4. 

The variety of sorghum grown was RS610 planted on June 6, 

1960. A three by three balanced lattice design was used. The ferti

lizer treatments used in this study are given in Table 5. Anhydrous 

ammonia was the source of nitrogen, treble superphosphate furnished 

phosphorus and potassium was applied as muriate of potash. All ferti

lizers were applied as sidedressings. Phosphorus and potassium were 

applied near the root zone on June 27, 1960. Anhydrous ammonia was 

applied in the middle of the furrow on July 7, 1960 when the soil 

moisture conditions were such that there was the least possibility of 

the lo8s of aranonia by volatilization. 

The description of the plots and the method of selection of 

yield and sampling rows were similar to that previously described for 

the experiment, 60F, at the Tempe location. 

Grain sorghum plant samples included upper and lower midribs 

and middle sheath which were taken at different stages of development. 

The samples were dried, ground and stored until ready for chemical 

determine tions. 
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Table 4. Selected Chemical Characteristics of the Gila Loam Soil 

at Location 601. 

Plot Code* N03-N C02-Soluble P 

Parts Per Million 

Ill 19.0 2.0 

211 5.4 1.4 

311 6.2 2.0 

411 12.2 2.2 

112 32.8 1.8 

222 5.0 1.8 

322 4.4 1.2 

422 6.8 2.0 

113 34.6 2.0 

233 6.0 1.3 

333 6.2 1.5 

433 29.0 2.2 

124 10.0 2.5 
214 5.8 1.7 

334 5.6 1.8 

424 28.8 1.9 

125 16.0 1.8 

225 10.6 1.9 

315 6.6 1.2 

435 18.2 1. 7 

126 20.0 1.9 

236 8.4 1.3 

326 5.0 1.8 

416 12.4 2.2 

137 28.4 1.8 

217 6.2 1.8 

327 6.0 1.3 

437 9.0 2.0 

138 19.2 2.1 

228 2.0 2.2 
338 6.0 1.8 

418 8.0 2.6 

139 22.0 1.4 
239 4.6 1.8 
319 9.0 1. 7 

429 14.0 2.0 

* The numbers indicate replication, block, and treatment, respectively. 
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Table 5. Fertilizer Treatments on Gila Loam at the 601 Location. 

Treatment N p2^5 K2^ 

Found8 Per Acre 

1 0 0 0 

2 60 0 0 

3 120 0 0 

4 240 0 0 

5 0 92 0 

6 60 92 0 

7 120 92 0 

8 240 92 0 

9 120 92 60 
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The yield data were obtained by harvesting the yield rows 

with a seven foot self-propelled combine and weighing the grain. 

Statistical Analysis of the Data 

Data from various experiments were analyzed statistically by 

methods as outlined in Cochran and Cox (13) and Snedecor (53). The 

New Multiple Range test (16) was used to separate treatment means. 

The 5 percent level of significance was used in all instances, unless 

otherwise stated. 



RESULTS AND DISCUSSION 

Effect of Sampling Procedure on Nitrogen and 

Phosphorus Concentrations in Plants 

To use diagnostic techniques successfully it is important to 

know what part of a plant to sample. It is also desirable to know 

the effect of environmental factors on the concentration of nutrients 

within the plant for correct interpretation of the tissue analyses 

data. The factors investigated were time of sampling and soil moisture 

conditions. 

Sampling of Plant Tissues: 

Greenhouse: The growth and appearance of the cotton plants in the 

greenhouse wee not normal relative to field-grown cotton. The entire 

cotton plant was harvested at the square stage when the plant height 

was 12 inches. The plant parts from ten replications were composited 

for analysis. The levels of nitrate nitrogen, total nitrogen and the 

acid soluble phosphorus fraction in the upper petioles, lower petioles 

and leaves of cotton are shown in Table 6. The nitrate level of peti

oles increased with the nitrogen supply, while the increase in the 

leaves cannot be determined with the same precision. Since there 

was a greater variation in the nitrate concentration of lower petioles 

than upper petioles with variation in nitrogen supply, it was 
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Table 6. Nitrate Nitrogen, Total Nitrogen and Acid Soluble Phosphorus Concentrations in Various 

Parts of Cotton Plant (Greenhouse Investigations). Each Value Represents a Composite 

of Ten Replicates. 

NO3 -N Total N Acid -Soluble P 

Treatment 

Lbs./A. 

Upper 

Petioles 

Lower 

Petioles Leaves 

Upper Lower 

Petioles Petioles Leaves 

Upper 

Petioles 

Lower 

Petioles Leaves 

N P2°5 Parts Per Million 

0 0 0 1,000 0 * * 23,121 2 , L < - 1,500 3,900 

200 0 4,000 4,000 400 16,341 16,476 24,453 600 500 2,200 

400 0 6,600 8,600 600 18,453 19,121 25,525 400 225 1,825 

600 0 1.0,000 15,000 1,050 19,990 21,006 26,990 450 225 1,700 

0 450 0 0 0 • * 21,453 2,500 2,600 4,300 

200 450 2,000 3,000 400 14,350 15,098 22,205 1,350 625 2,225 

400 450 4,000 6,000 450 16,921 16,858 22,990 650 400 1,950 

600 450 9,000 13,000 700 18,454 19,851 24,245 550 300 1,750 

* Saaple not available. 



considered preferable to sample Che lower petioles at this stage of 

growth. The leaves were not considered suitable for sampling since 

the nitrate level was low, relative to petioles, regardless of the 

amount of nitrogen present in the soil. Variability inherent in 

sampling and determination of nitrate will not permit reliable 

evaluation in this narrow range of values. 

Data in Table 6 indicate that nitrate nitrogen concentration 

in petioles gave a better indication of nitrogen supply of the soil 

than total nitrogen which varied little with the nitrogen supply. 

The concentration of total nitrogen in the leaves appeared somewhat 

higher than in the petioles. 

There was relatively little, if any, effect of phosphorus 

treatment on the acid soluble phosphorus fraction in petioles or 

leaves. The phosphorus concentration in all plant parts decreased 

with increasing rates of applied nitrogen. Thus, the plant part for 

phosphorus analysis could not be selected on the basis of the results 

from this study. Since this was a preliminary investigation, only 

apparent trends and major differences were considered. 

Campbell Avenue Farm: Cotton; The nitrate concentrations in recently 

matured petioles, lower petioles and leaves of cotton at three stages 

of development are given in Table 7. The nitrate nitrogen concentra

tion in the recently matured petioles was as high or higher than the 

lower petioles. This was contradictory to the greenhouse results in 
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Table 7. Nitrate Nitrogen Concentrations in Various Parta of 

Cotton and Sorghum Plants at Three Stages of Development. 

Means of Six Sampling Times. 

Date 

Plant 

Part of 

Plant 6/22  7/6 7/21 

Cotton 

Sorghum 

Recently 

matured 

petioles 

Lower petiole 

Leaves 

Lower 2" stem 

Lower sheath 

Lower midrib 

Middle aheath 

Middle midrib 

Upper midrib 

Upper 2" stem 

Leaf blade 

Parts Per Million 

33,100 32,200 25,500 

28,000 29,000 25,000 

1,200 800 800 

28,700 20,900 22,100 

29,600 15,400 5,500 

22,900 17,300 9,900 

24,000 8,300 2,020 

18,600 8,600 4,760 

12,100 3,200 300 

17,400 5,300 200 

700 500 200 
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Table 6. This could be due to differences in stages of development 

of cotton plants at the time of sampling and environmental factors 

in the two cases. 

That cotton leaves are not suitable for diagnostic purposes 

is again supported from the results given in Table 7. The cotton 

leaves contained a small amount of nitrate nitrogen which varied 

little as the growth of the cotton plant progressed during the season. 

Prom the above discussion, it appears that either recently 

matured or lower petioles of cotton are suitable for diagnostic 

purposes even though the lower petioles seemed to be better in certain 

cases. However, recently matured petioles were sampled in later 

studies because of the convenience in sampling. By taking samples 

of recently matured petioles which will be at a constant stage of 

development, difficulties arising through sampling different ages 

of leaves at different times in the growing season could be elimi

nated (50). It was also observed that there was less chance of 

contaminating the sample of recently matured petioles than the lower 

ones, which usually become metabolically inactive and covered with 

dust during the growing season. The stages of development represented 

by dates in Table 7 were vegetative, early square and early flower, 

respectively. 

Sorghum: The nitrate nitrogen levels in various pares of 

the sorghum plant, variety RS 610, are shown in Table 7. Of the 

various plant parts studied, leaf blades and the lower 2 inches of 
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stem were considered to be of little value for diagnostic purposes. 

The former contained a very low concentration of nitrate nitrogen 

while the latter had a very high concentration which varied little 

with the development of the plant during the growing season. The 

three stages of development represented in Table 7 by the dates were 

advanced vegetative, early heading and soft dough, respectively. 

Data for other plant parts -- lower sheath, lower midrib, middle 

sheath, middle midrib, upper midrib and upper 2 inches of stem --

appear to indicate any one of these parts may be used with equal 

success. For convenience, the midribs, upper and lower, were sampled 

in the subsequent experiment. 

Time of Sampling: 

The effect of time of sampling on the nitrate nitrogen and 

acid soluble phosphorus concentrations in cotton petioles and various 

parts of sorghum plant are given in Tables 8, 9, and 10. Some vari

ation in the nitrate and phosphorus concentrations in samples taken 

from 5:00 A.M. to 8:00 P.M. was noted, but no change occurred that 

followed a consistent pattern. Therefore, any apparent changes 

probably can be attributed to sampling error rather than to time of 

sampling. Thus, the results do not indicate any major variations 

due to time of day that is of practical importance in the evaluation 

of either nitrogen or phosphorus in cotton or sorghum. These results 

do not preclude the possibility that sampling time may be of greater 
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Table 8. Nitrate Nitrogen Concentration in Recently Matured Petioles 

of Cotton During the Day at Three Stages of Development. 

Time of Sampling 

Date 5 A.M. 8 A.M. 11 A.M. 2 P.M. 5 P.M. 8 P.M. 

Parts Per Million 

June 22 30,000 30,000 33,000 33,000 32,000 35,200 

July 6 33,400 32,200 33,000 32,200 31,200 34,200 

July 21 20,000 19,000 25,000 25,500 24,000 26,000 
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Table 9. Nitrate Nitrogen Concentrations in Various Parts of Sorghum 

Plant During the Day at Three Stages of Development. 

Date 

June 

22 

July 

6 

July 

2 1  

Part of 

Plant 5 A.M. 8 A.M. 

Time of Sampling 

11 A.M. 2 P.M. 5 P.M. 8 P.* 

Parts Per Million 

Lower 2" 30,400 28,000 30,400 29,600 27,000 27,000 

stem 

Lower 32,400 30,400 29,000 28,000 28,800 28,800 

sheath 

Lower 20,300 25,000 25,000 23,400 23,400 20,000 

midrib 

Middle - - 22,000 25,000 25,600 25,600 22,000 

sheath 

Middle 18,200 15,400 19,000 19,000 20,800 16,400 

midrib 

Upper 11,800 12,000 11,400 13,000 13,200 11,400 

midrib 

Upper 2" 18,200 19,000 17,000 18,200 19,000 13,000 

stem 

Lower 2" 21,000 21,200 23,600 21,000 20,000 18,600 

stem 

Lower 17,000 16,800 17,600 17,000 18,000 17,500 

midrib 

Middle 8,200 8,200 9,800 8,800 6,000 9,000 

sheath 

Middle 7,400 6,000 13,200 9,600 5,600 9,600 

midrib 

Upper 2" 5,200 6,200 7,000 5,000 2,600 6,000 

stem 

Lower 2" 21,100 20,800 24,000 22,000 20,000 25,000 

stem 

Lower 9,000 9,200 9,800 10,000 11,000 10,500 

midrib 

Middle 1,800 1,000 2,700 2.100 2,500 
shaath 

Middle 5,500 4,400 5,000 4,000 4,200 5,500 
midrib 

Upper 0 200 300 300 400 200 
midrib 

Upper 2" 0 0 20C 0 200 300 
stem 
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Table 10. Acid Soluble Phosphorus Concentrations in Recently Matured 

Petioles of Cotton and Various Parts of Sorghum Plant on 

June 22. 

Time of Sampling 

11 A.M. 2 P.M. 5 P.M. 8 P.M. 

Part of 

Plant Plant 

Cotton 

Recently 

matured 

petioles 

Sorghum 

Lower 2" 

stem 

Lower 

sheath 

Lower 

midrib 

Middle 

sheath 

Middle 

midrib 

Upper 

midrib 

Upper 2" 

stem 

5 A.M. 8 A.M. 

1,850 1,850 

1,650 1,850 

800 

1,000 850 

1,000 

1,800 1,500 

2,400 2,200 

2,350 1,900 

Parts Per Million 

2,050 1,800 

1,900 2,050 

900 1,050 

950 1,350 

1,350 1,200 

1,800 1,600 

2,150 2 ,100 

2,200 2,200 

1,600 1,650 

1,700 1,900 

700 800 

800 1,000 

1,150 1,050 

1,400 1,600 

1,900 2,200 

2,100 2,200 
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importance when plants are growing under lower levels of substrate 

nitrogen. 

Soil Moisture Condition: 

The data showing the effect of soil moisture condition on 

the nitrate nitrogen concentration in various parts of cotton and 

sorghum plants are given in Table 11. It appeared that the petioles 

of cotton from the fertilized plots contained a higher concentration 

of nitrate when the soil was wet than when it was dry. Consistent 

effects of moisture were not evident for the control plots. In the 

various parts of sorghum plant the concentration of nitrate did not 

vary consistently in either direction with the soil moisture conditions. 

With the maximum variations encountered, the moisture effect would 

not affect the usefulness of the technique for diagnostic purposes 

for either crop. 

Suitability of Rapid Tissue Tests for Cotton 

The laboratory nitrate data, calculated on a dry weight basis, 

versus quick tissue test levels, are plotted in Figure 1. The line is 

a visual fit to the points. The broken line indicates a region of 

uncertainty. Above 9,000 ppm. nitrate by the latoratory determination, 

the quick test consistently indicated a value of 4. The line indicat

ing the trend in the upper range is probably not meaningful. 

There appeared to be a linear relationship between the two 

methods of tissue testing in a range of zero to 2,500 ppm. nitrate 



Table 11. Nitrate Nitrogen Concentration* in Various Parts of Cotton and Sorghum Plants 

Under Varying Soil Moisture Conditions. 

Date and Soil Moisture 

Plant Part Treatment 6/20 6/22 7/6 7/8 7/19 7/21 

Dry Wet Dry Wet Dry Wet 

Parts Per Million 

Cotton 

Recently Control 35,000 33,100 33,200 34,200 25,000 24,000 

matured Fertilized 37,000 40,000 38,200 40,200 27,000 30,000 

petioles 

Lower Control 30,000 28,000 29,000 31,600 24,000 20,000 

petioles Fertilized 26,000 32,000 33,600 39,000 25,000 28,000 

Sorghum 

Lower 2" Control 27,000 28,000 20,000 21,200 22,000 24,000 

stem Fertilized 29,100 30,000 21,000 19,400 19,000 16,600 

Lower Control 27,000 25,000 17,600 13,200 9,800 10,800 

midrib Fertilized 20,500 20,000 13,000 12,000 8,000 9,500 

Upper Control 14,000 12,000 3,200 4,000 300 300 

midrib Fertilized 15,000 11,000 4,200 4,000 600 300 

Upper 2" Control 18,600 19,600 2,600 3,000 500 0 

stem Fertilized 15,200 16,600 2,000 1,600 600 300 
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nitrogen calculated on a dry weight basis. On the quick tissue test 

scale, a good relationship between the two methods holds to a value 

of 3. Beyond this level the quick tissue test cannot be related to 

laboratory analysis. The level 1 on the quick tissue test scale 

indicates less than 1,000 ppm. nitrate nitrogen, while level 2 

indicates slightly less than 2,000 ppm. The quick test will not 

differentiate between nitrate levels greater than 2,500 to/or 3,000 

ppm. and much higher values. 

From the above discussion it follows that the quick tissue 

testing kit of the Associated Laboratories, Orange, California can 

be used when the maximum nitrate nitrogen level in the plants is 

about 3,000 ppm. or less on the dry weight basis. When a greater 

range of measurements is required a laboratory analysis must be used 

or the quick test must be modified to extend the range. 

Effect of Nutrient Supply on Internal Nitrogen and Phosphorus 

Concentrations at Various Stages of Plant Development 

In this study an attempt was made to investigate the effect 

of nitrogen and phosphorus nutrition on the concentration of these 

two nutrients in various parts of cotton and sorghum plants. The 

study consisted of two field experiments with cotton and one with 

grain sorghum. 
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Cotton: 

The experiments with cotton were conducted on Eloy clay loam 

and Adelanto clay loam in 1959 and I960, respectively. 

Eloy Clay Loam; Nitrogen: The effect of nitrogen supply on the con

centration of nitrate nitrogen in leaves is given in Table 12. The 

nitrate concentration in leaves varied little with amount of nitrogen 

applied to the soil. Thus, the earlier interpretation of the results 

from the greenhouse study that cotton leaves are unsuitable for diag

nostic purposes is supported by field results. The results indicate 

that the nitrate translocated to the leaves is reduced rapidly in the 

leaf blade, since an appreciable differential was shown between peti

oles in Table 13 and leaves. 

The effect of nitrogen supply on nitrate nitrogen concentration 

in petioles is shown by the data in Table 13. This table also gives 

the correlation coefficients for the relationship between nitrogen 

supply with and without phosphorus and the petiole nitrate concentra

tion. The nitrate values of petioles increased with an increase in 

the amount of nitrogen applied to the soil on all dates except 

August 15. The lowest nitrate values were associated with the un

treated plots, whereas the highest values were found with the highest 

additions of nitrogen. Significant positive correlations were obtained 

between petiole nitrate nitrogen and nitrogen supply on all dates 

except August 15. The highest correlation coefficients resulted from 

this association on June 25, July 9 and July 23. 
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Table 12. Nitrate Nitrogen Concentration for the July 23 Sampling 

of Cotton Leaves on Eloy Clay Loam, 59H. Means of Four 

Replicates. 

Treatment NO^-N 

N P2°5 

lbs./A. 

K2O ppm 

0 0 0 850 

50 0 0 840 

100 0 0 830 

200 0 0 860 

0 69 0 845 

50 69 0 845 

100 69 0 870 

200 69 0 850 

100 69 72 850 
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Table 13. Mean Nitrate Nitrogen Concentration in Cotton Petioles on 

Eloy Clay Loam, 59H, and Related Correlation Coefficients. 

Treatment 6/13 6/25 

Sampling Date 

7/9 7/23 8/15 8/29 

N P2°5 K2O Parts Per Million 

lbs. /A. 

0 0 0 7,900 1,842 506 337 12,050 2,075 

50 0 0 13,750 8,775 3,312 819 8,087 2,600 

100 0 0 16,150 12,475 4,425 1,900 7,387 4,100 

200 0 0 11,200 19,000 8,225 3,950 8,175 6,825 

R^> 0.619* 0.922** 0.945** 0.973** -0.462 0.831** 

0 69 0 7,200 712 556 275 12,850 1,150 

50 69 0 12,600 4,500 2,237 1,292 9,975 5,100 

100 69 0 13,950 12,250 4,600 2,625 8,262 5, 125 

200 69 0 14,800 15,500 7,700 4,175 7,525 6,850 

r<l> 0. 708** 0.932** 0.948** 0.925** -0.725** 0. 793** 

100 69 72 12,150 13,700 3,175 1,850 8,912 4,575 

(1) r indicates correlation coefficients for the relationship between 

nitrate nitrogen concentration in the petioles and rates of 

applied nitrogen based on 4 treatments and 4 replications in 

each case. 

* Significant at 0.05 level. 

** Significant at 0.01 level. 
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The lowest nitrate nitrogen values were observed for cotton 

which did not receive any nitrogen application on all dates except 

August 15. In general, the nitrate concentration in all petioles 

sampled on June 25 decreased markedly over those sampled on June 13. 

The 100 pound nitrogen rate with phosphorus and the 200 pound treat

ments were exceptions. Another decrease occurred on July 9 and, sub

sequently on July 23, until August 15 when the level increased tre

mendously. The decline in nitrate with advancing stage of growth 

was less marked with the higher rates of nitrogen application. 

A possible explanation for a general decrease in nitrate 

concentration in June and July and then an increase in the month of 

August is given by Wadleigh (65). He suggested that during heavy 

fruiting, in June and July, reduced movement of carbohydrate occurred 

and thereby limited root performance as to nutrient uptake, even 

though nutrients were abundantly available at this time. However, 

during the month of August, as the fruit reached maturity, an increase 

in nitrate nitrogen occurred due to translocation of carbohydrates to 

the roots. 

During the period of heavy fruiting the cotton plant has a 

great demand for nitrogen and thus the nitrate in the plants is 

reduced to organic forms rapidly. However, during the month of 

August, after the fruit is mature, the demand for nitrogen decreases 

which results in its accumulation within the plant in nitrate form. 

This is a second possibility that may account for a general decrease 
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in petiole nitrate nitrogen concentration during the months of June 

and July and then an increase in August. 

A third possibility for the observed effect is that just 

prior to petiole sampling in August there was a heavy rain which may 

have leached the nitrates from the soil surface to the root zone 

where they were absorbed by the plant roots. This leaching probably 

could not have been possible with ordinary irrigations because of 

the position of soil nitrates in relation to water movement. 

Phosphorus: The effect of nitrogen and phosphorus supply on 

the acid soluble phosphorus concentration in petioles at various 

stages of development is shown in Table 14. There was little, if 

any, relationship between phosphorus supply and phosphorus concentra

tion in petioles. However, there were significant negative corre

lations between phosphorus concentration in petioles and nitrogen 

supply. The phosphorus concentration varied during the development 

of the cotton plant. The phosphorus concentration in petioles was 

lowest on June 13 and July 23 and highest on June 25. This variation 

in petiole phosphorus concentration during the growing season may 

have been more due to variation of nitrogen concentration in petioles 

than due to the stage of development of the cotton plant. The general 

decline in phosphorus from June 25 to July 23 coincides with flowering 

and boll development. A rapid utilization of inorganic phosphorus 

during this period could account for the decreased concentration 

noted. 
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Table 14. Mean Acid Soluble Phosphorus Concentration in Cotton 

Petioles on Eloy Clay Loam, 59H, and Related Correlation 

Coefficients. 

Treatment 6/13 

Sampling 

6/25 

Date 

7/9 7/23 

N P 0 
2 5 

K2O Parts Per Million 

lbs./A. 

0 0 0 1,375 2, 737 3,350 2,037 

50 0 0 1,294 2,362 1,900 1,350 

100 0 0 1,556 2,08 7 1,550 1, 300 

200 0 0 1,669 1,975 1,500 1,037 

r<l> 0. 390 -0.818** -0.762** -0.639** 

0 69 0 1,600 2, 775 3,200 2,037 

50 69 0 1,712 2,512 2,062 1,437 

100 69 0 1,681 1,937 1,825 1,175 

200 69 0 1,587 1,950 1,762 1,287 

r^) -0.213 -0.717** -0.756** -0.481 

100 69 72 1,612 2,400 2,025 1,362 

(1) r indicates correlation coefficients for the relationship 

betveen acid soluble phosphorus concentration in the petioles 

and rates of applied nitrogen besed on 4 treatments and 4 

replications in each case. 

** Significant at 0.01 level. 
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The data in Table 15 shov the effect of nitrogen and phospho

rus nutrition on the acid soluble phosphorus fraction expressed as 

percent of total phosphorus in cotton petioles and leaves. The 

level of acid soluble phosphorus in petioles as a function of total 

phosphorus reached a maximum value when nitrate nitrogen was lowest 

in the petioles on July 9. Little variation due to fertiliser treat

ment was shown by the July 23 data. The lower nitrate nitrogen in 

the petioles on July 23 as compared with July 9 probably accounts for 

the limited variation in inorganic phosphorus on July 23. The data 

showing the inorganic phosphorus fraction in leaves did not follow 

a consistent pattern. 

Adelanto Clay Loam; Nitrogen: The effect of stage of development on 

total nitrogen concentration in cotton petioles is shown in Table 16. 

Figure 2 illustrates the data for treatments 1, 4, 5 and 8. The 

cotton petioles contained a high concentration of total nitrogen at 

early stages of development which declined gradually at later stages. 

With one exception, highly significant positive correlations were 

obtained between total nitrogen concentration in petioles and 

nitrogen supply with and without phosphorus at all stages of growth. 

There was a tendency for phosphorus supply to suppress the total 

nitrogen concentration in petioles when nitrogen was not applied. 

The influence of nitrogen and phosphorus nutrition on the 

level of nitrate nitrogen in petioles at various stages of development 
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Table 15. Effect of Nitrogen and Phosphorus Fertilization on the 

Percentage of Total Phosphorus Soluble in Acetic Acid 

in Petioles and Leaves of Cotton on Eloy Clay Loam, 59H. 

Means of Four Replicates. 

Petioles Leaves 

Treatment Adjusted Treatment Adjusted Treat-

Mean ment Mean 

7/9 7/23 7/23 

N ^2^5 ^2^ Percent 

lbs./A. 

0 0 0 /5. 50 a* 59.46 ab 77.62 a 

50 0 0 61.00 c 5 7.06 b 69.45 ab 

100 0 0 56. 17 d 59.65 ab 68.83 ab 

200 0 0 62.44 be 58.85 ab 76.42 a 

0 69 0 74.01 a 61. 79 a 72.62 ab 

50 69 0 64.15 b 60. 12 ab 71.92 ab 

100 69 0 64.15 b 59.04 ab 70.16 ab 

200 69 0 57.35 d 59.97 ab 66.16 b 

100 69 72 64.25 b 59.23 ab 68.49 ab 

Standard 1 error 0. 771 1. 176 2. 727 

* Means with the same letter belong to the same population in any 

column. 
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Table 16. Mean Total Nitrogen Concentration in Cotton Petioles as 

Affected by Nitrogen and Phosphorus Treatment on Adelanto 

Clay Loam, 60F, and Related Correlation Coefficients. 

Sampling Dates 

Treatment 7/1 7/22 8/12 8/26 

N P2°5 Parts Per Million 

lbs. /A. 

0 0 18,144 12,369 8,223 7,379 

50 0 19,959 14,33 7 9,488 8, 7 58 

100 0 19,830 15,461 12,206 10,120 

200 0 19,467 16,867 14,025 12,046 

r(D 0.256 0.760** 0.926** 0.892** 

0 150 16,375 10,893 7,309 6,478 

50 150 19,928 12,369 8,293 7, 737 

100 150 20,451 15,672 13,236 10,612 

200 150 20,170 17,026 13,861 11,104 

r(l) 0.645** 0.871** 0.862** 0.865** 

(1) r indicates correlation coefficients for the relationship 

between the concentration of total nitrogen in the petioles 

and rates of applied nitrogen based on 4 treatments and 

4 replications in each case. 

** Significant at 0.01 level. 
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is shown in Tables 17 and 18. Figures 3 and 4 illustrate the data 

given in Table 17. It can be seen from the results in Table 17 that 

in most cases significant positive correlations were obtained between 

nitrate nitrogen concentrations in petioles and nitrogen supply with 

and without phosphorus. There tended to be a higher nitrate concen

tration in petioles at early stages of development which progress

ively declined with time. 

It can be seen from Table 18 that the petioles from plots 

where no nitrogen was applied had significantly lower nitrate concen

tration than the petioles from nitrogen treated plots. The petioles 

from plot« treated with the highest nitrogen rates were highest in 

nitrate at the later sampling dates. The data also indicate that 

the petioles from phosphorus treated plots had a lower nitrate 

nitrogen concentration than the petioles from plots which did not 

receive phosphorus. This may have been due to the suppression of 

nitrate uptake by plant roots when phosphorus is present in excess 

as has been reported (32). However, this could also have been due 

to the soil variation in this experimental area. 

It was shown in Tables 16 and 17 that significant positive 

correlations were obtained between both total and nitrate nitrogen 

in petioles and nitrogen supply. Similar correlations were shown 

for nitrate nitrogen with cotton petioles on Eloy clay loam. In 

some cases the correlation coefficients were as high as 0.95 at 

some stages of plant development. This indicates that as much as 



Table 17. Mean Nitrate Nitrogen Content of Petiolea as Influenced by Nitrogen and Phosphorus 

Nutrition on Adelanto Clay Loam, 60F, and Related Correlation Coefficients. 

Treatment 6/24 7/1 7/8 

Sampling Date 

7/15 7/22 8/4 8/12 8/19 8/26 

N P2°5 Parts Per Million 

lbs./A. 

0 0 10,050 13,175 4,225 4,000 1,350 800 850 525 625 

50 0 12,150 13,200 7,425 11,825 5,100 2,575 1,000 1,350 1,150 

100 0 12,650 13,650 9,450 7,900 7,675 4,350 2,123 2,175 1,487 

200 0 12,750 14,175 11,100 14,625 10,125 5,125 2,125 3,175 2,775 

r<L> 0.367 0.469 0.822** 0.634** 0.762** 0.614* 0.528* 0.637** 0.694** 

0 150 7,350 4,850 1,150 975 700 500 475 625 400 

50 150 9,750 9,750 5,750 5,925 3,250 1,475 650 800 745 

100 150 11,025 10,050 7,225 7,225 5,475 2,675 1,175 1,500 1,175 

200 150 10,725 11,375 9,375 11,125 7,475 2,225 1,312 2,600 2,150 

r<1> 0.619* 0. 724** 0.824** 0.870** 0.859** 0.434 0.371 0.803** 

1
 

00 r-
. 00 o
 

(1) r indicates correlation coefficients for the relationship between the concentration of 

nitrate nitrogen in the petioles and rates of applied nitrogen based on 4 treatments 

and 4 replications. 

* Significant at 0.05 level. 

** Significant at 0.01 level. 
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Table 18. Nitrate Nitrogen Content of Cotton Petioles as Influenced 

by Nitrogen and Phosphorus Treatment on Adelanto Clay 

Loam, 60F. 

Treatment 6/24 7/1 

Sampling 

7/15 

Date 

8/4 8/26 

Parts Per Mi llion 

(1) 

P - 0 11,900 12,925 9, 58 7 3,212 1,509 

P - 150 9,719 9,000 6,312 1,719 1,118 

Standard 

error 

N.S. 

499.5 

* 

479.4 

** 

283. 7 

N.S. 

456.5 

N.S. 

239.8 

(2) 

N - 0 8,700 

(3) 

b 7,762 b 2,48 7 c 650 c 512 c 

N - 50 10,950 a 11,475 a 8,875 b 2,025 b 949 be 

N - 100 11,850 a 11,837 a 7,562 b 3,512 a 1,331 b 

N-200 11,737 a 12,775 a 12,875 a 3,675 a 2,462 a 

Standard 

error 

• 

657.8 

** 

644.9 1,074. 9 

** 

444.3 

** 

186.9 

(1) Phosphorus values are means ovecdill N rates. 

(2) Nitrogen values are means overall P rates. 

(3) Means with the same letter belong to the same population in 
any column. 

* Significant at 0.05 level. 

** Significant at 0.01 level. 

N.S. Not significant at 0.05 level. 
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90 percent of the variation in petiole nitrogen concentration was 

associated with variation in nitrogen supply. Evidence for the 

high degree of association between total and nitrate nitrogen concen

trations in petioles is indicated in Table 19. A high degree of 

correlation was found at both levels of phosphorus supply at all 

dates. Thus, by analyzing petioles for nitrate nitrogen or total 

nitrogen, at certain stages of plant development, an evaluation of 

the soil nitrate status can be made. However, nitrate nitrogen 

determinations are preferable due to the convenience and time involved 

in the determinations. 

Phosphorus: The effect of nitrogen and phosphorus ferti

lization on acid soluble phosphorus concentration in petioles is 

shown in Tables 20 and 21. The phosphorus supply had little, if 

any, effect on phosphorus concentration in petioles. However, sig

nificant negative correlations were noted between phosphorus concen

trations in petioles and nitrogen supply in most cases which is in 

agreement with the results of analysis oi cotton petioles from Eloy 

clay loam. The petioles from plots receiving no nitrogen had sig

nificantly higher acid soluble phosphorus concentration than thoce 

from nitrogen treated plots at all stages of growth which is indicated 

by the data in Table 21. Since the level of phosphorus in cotton 

petioles was not affected markedly by phosphorus, but was influenced 

by nitrogen treatment, it appears that the soil phosphorus status 

probably cannot be evaluated through petiole analysis. 
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Table 19. Correlation Coefficients for the Relationship Between 

Nitrate Nitrogen and Total Nitrogen Concentrations in 

Petioles of Cotton on Adelanto Clay Loam, 60F. 

Sampling Date 

Degrees of 

Treatment Freedom 7/1 7/22 8/12 8/26 

P-0 14 0.715** 0.942** 0.669** 0.779** 

P-150 14 0.811** 0.819** 0.766** 0.650** 

** Significant at 0.01 level. 
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Table 20. Mean Acid Soluble Phosphorus Concentration in Petioles 

as Influenced by Nitrogen and Phosphorus Nutrition on 

Adelanto Clay Loam, 60F, and Related Correlation 

Coefficients. 

Treatment 7/1 

Sampling 

7/15 

Date 

8/4 8/26 

N P2°5 

lbs./A. 

Parts Per Mi llion 

0 0 1,519 1,425 1,887 1,712 

50 0 1,275 1,162 1,062 1,275 

100 0 1,319 1,400 956 1,050 

200 0 1,212 1,137 906 1,069 

r < D  -0.569* -0.129 -0.592* -0.453 

0 150 

o
 

o
 

1-
^ 

1,975 2,325 2,181 

50 150 1,437 1,331 1,394 1,444 

100 150 1,419 1,244 1,025 1,237 

200 150 1,450 1,112 931 1,106 

r< L >  -0.354 -0.588* -0.655** -0.617* 

(1) r indicates correlation coefficients for the relationship 

between the concentration of acid soluble phosphorus and rates 

of applied nitrogen based on 4 treatments and 4 replications. 

* Significant at 0.05 level. 

** Significant at 0.01 level. 
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Table 21. Acid Soluble Phosphorus Level in Cotton Petioles as 

Influenced by Nitrogen and Phosphorus Treatment on 

Adelanto Clay Loam, 60F. 

Treatment 7/1 

Sampling 

7/15 

Date 

8/4 8/26 

(0 
P - 0 L, 331 

Parts Per 

1,281 

Million 

1,203 1,276 

P - 150 1, 501 1,416 1,418 1,492 

Standard 

error 

N.S. 

56.3 

N.S. 

40. 1 

N.S. 

77.8 

N.S. 

93.8 

(2) 

N - 0 1,609 

(3) 

a 1,700 a 2,106 a 1,947 a 

N - 50 1,356 b 1,247 b 1,228 b 1,359 b 

N - 100 1,368 b 1,322 b 991 b 1,144 b 

N - 200 1,331 b 1,125 b 919 b 1,08 7 b 

Standard 

error 

** 

49.3 

** 

104.2 

** 

107. 5 

** 

109.6 

(1) Phosphorus values are meansovers11 N rates. 

(2) Nitrogen values are means overall P rates. 

(3) Means with the same letter belong to the same population in 

any column. 

** Significant at 0.01 level. 

N.S. Not significant at 0.05 level. 



Interrelationships Between Nitrogen and Phosphorus: In general, the 

concentration of an element in a plant depends upon the specific 

relation of the nutrient to the growth process, the rate of uptake 

and the rate of utilization. In most cases, significant negative 

correlations were shown between nitrogen supply and phosphorus concen

tration within the plants, whereas in some cases nitrogen concentra

tion was reduced by phosphorus application. Data in Table 22 indicate 

significant negative correlations, at various stages of plant develop

ment, between nitrate nitrogen and acid soluble phosphorus concentra

tions in cotton petioles. The fact that the correlation was not sig

nificant for the June 13 date at the Eloy clay loam site was a result 

of uniformly high nitrate levels in all petiole samples on this date. 

These relationships could result from a suppression of 

phosphorus uptake from the soil by plant roots when the amount of 

nitrogen in the soil is high. The rate of plant metabolism as 

affected by nitrate level may also influence the rate of inorganic 

phosphorus utilization in the plant. This probably can be explained 

on the basis of the roles of nitrogen and phosphorus in plant metabo

lism, particularly in amino acid synthesis which influences the 

meristematic activity and other growth processes to a large extent 

when other factors are favorable. Thus, with nitrogen deficiency, 

growth is retarded, but the uptake of other elements, such as 

phosphorus, does not cease and therefore, may accumulate in 

relatively high concentrations in the tissues. 
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Table 22. Correlation Coefficients at Various Stages of Development 

for the Relationship Between Nitrate Nitrogen and Acid 

Soluble Phosphorus Levels in Cotton Petioles. 

Eloy Clay Loam, 59H 

Correlation Coefficients 

Phosphorus Degrees of Sampling Date 

Treatment Freedom 6/13 6/25 7/9 7/23 

P - 0 14 -0.393 -0.903** -0.812** -0.575* 

P- 69 18 0.052 -0.694** -0.767** -0.484* 

Overall 34 -0.221 -0.789** -0.788** -0.521** 

Adelanto Clay Loam, 60F 

Correlation Coefficients 

Phosphorus Degrees of Sampling Date 

Treatment Freedom 7/1 7/15 8/4 8/26 

P - 0 14 -0.367 -0.489 -0.602* -0.484 

P - 150 14 -0.592* -0.789** -0.621* -0.634** 

Overall 30 -0.576** -0.627** -0.577** -0.429* 

* Significant at 0.05 level. 

** Significant at 0.01 level. 
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On the other hand, an abundant nitrogen supply may promote rapid 

plant growth and may hasten the utilization of inorganic phosphorus, 

thus preventing appreciable accumulation. 

From the foregoing discussion the suggestion may be made 

that the accumulation of nutrient ions within the plant is complicated 

by interrelationships between these ions. A high concentration of a 

particular ion in the plant does not necessarily indicate an excess 

of this ion in the soil, but it may be associated with a deficiency 

of some other essential element. A knowledge of these interrelation

ships is imperative for the correct interpretation of tissue analyses 

data. 

Grain Sorghum: 

The experiment with grain sorghum, designed to study the 

effect of nitrogen and phosphorus fertilization on internal nitrogen 

and phosphorus concentrations, was conducted on a Gila loam soil in 

1960. 

Nitrogen: Data in Table 23 show the concentrations of nitrate nitrogen 

in the midribs and middle sheath of grain sorghum. The nitrate con

centration in various parts of the sorghum plant was very low and 

varied little, if any, with nitrogen applied to the soil. On the 

other hand, data in Table 24 show that total nitrogen concentrations 

in the lower midribs were significantly higher from nitrogen treated 

plots than from plots not receiving nitrogen. However, no significant 
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Table 23. Mean Nitrate Nitrogen Concentrations in Various Parts of 

Sorghum Plants as Influenced by Nitrogen and Phosphorus 

Treatment on Gila Loam, 601. 

Treatment 

7/13 

Middle 

Sheath 

7/20 

Upper 

Midrib 

Sampliok 

7/27 

Lower 

Midrib 

Date 

8/10 

Lower 

Midrib 

8/10 

Upper 

Midrib 

N P 0 
2 5 

K2° Parts Per Million 

lbs. /A.. 

0 0 0 300 130 320 200 250 

60 0 0 500 260 310 180 190 

120 0 0 550 130 450 150 160 

240 0 0 550 208 420 130 130 

0 92 0 250 130 440 130 150 

60 92 0 390 260 320 150 130 

120 92 0 650 182 350 150 180 

240 92 0 550 520 280 250 220 

120 92 60 450 130 250 300 200 
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Table 24, Total Nitrogen Concentration in Various Parts of Sorghum 

Plants as Influenced by Nitrogen and Phosphorus Treatment 

on Gila Loam, 601. Means of Four Replicates, 

Lower Midrib 
Upper 

Midrib 

Treatment 7/7 7/27 8/3 8/10 8/10 

N P2°5 K2O Parts Per Million 

lbs./A. 

0 0 0 6,864 a* 5,191 b 4,205 b 4, 750 b 5,890 b 

60 0 0 7. 588 a 8,199 a 6,812 a 7,110 a 8,690 ab 

120 0 0 6,289 a 7,814 a 5,951 a 6,550 a 7,550 ab 

240 0 0 6,696 a 7,699 a 7,158 a 7,590 a 8,780 a 

0 92 0 7,546 a 4,394 b 4,066 b 4,130 b 6,070 b 

60 92 0 6,935 a 7, 794 a 6,471 a 7,620 a 9,460 a 

120 92 0 6,542 a 8,279 a 6,842 a 6,960 a 8,170 ab 

240 92 0 6,602 a 8,068 a 6,661 a 7,470 a 8,420 ab 

120 92 60 6,094 a 7,747 a 7,017 a 8,360 a 9,370 a 

Standard error 458.3 441.0 385. 7 554.4 808. 1 

* Means with the same letter belong to the same population in any 

coluan. 
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differences in total nitrogen in lower midribs were detected as a 

result of rate of nitrogen application. The samples on July 7 were 

collected immediately preceding the application of nitrogen ferti

lizer. Therefore, the variability in the results for this date 

probably was the result of soil variation and the initial soil nitrate 

data in Table 4 supports this assumption. 

Total nitrogen data for the upper midribs followed the same 

pattern as for the lower midribs but significance of the differences 

could not be ascertained with the same degree of precision. The 

difficulty of identifying the most recently maturs) leaf for the 

selection of the upper midrib may have resulted in greater sample 

variation than in the collection of samples of lower midribs. There

fore, the degree of maturity may have influenced the total nitrogen 

in the upper midribs and may account for the increased variability. 

The differences encountered between cotton and sorghum may 

suggest that the fraction of any nutrient extracted from a plant to 

evaluate its nutrient status will depend on the family and perhaps 

also on the genus or species of plants. In grain sorghum, deter

minations of total nitrogen concentration in the midribs will 

probably provide a better indication of the plant nitrogen status at 

late vegetative, heading and soft dough stages of growth than nitrate 

nitrogen. The lower midribs appear more desirable than upper midribs. 

The probable explanation for the differences in plants, with 

respect to nitrogen form present, is in the sites of nitrate reduction. 
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The suggestion may be made that reduction of nitrates to amino acids 

occurs in the roots of the sorghum plant and the amino acids, thus 

formed, are translocated to the above-ground parts. Evidence for 

the reduction of nitrates in the roots of apple trees and some plants 

belonging to the grass family has been reviewed by Bonner (5). Thus, 

if this contention is true, variations in nitrate concentration in 

the above-ground parts will not be related to nitrogen supply, however, 

differences would be expected in total nitrogen concentrations. 

Another explanation was suggested by Wadleigh (65) for cotton, 

which may also apply to sorghum and, thus, explain the differences in 

total nitrogen concentrations in the midribs without variation in 

nitrate nitrogen. Wadleigh proposed that during the reproductive 

stages of plant development, reduction in the translocation of carbo

hydrates from leaves to roots occurs and thereby limits root perform

ance in nitrate uptake. This explanation does not appear plausible 

for grain sorghum in view of the total nitrogen concentrations at 

late stages of growth shown in Table 24. If nitrate uptake was 

reduced during fruit development the total nitrogen should have also 

declined, but this did not occur. 

Phosphorus: Data in Table 25 show the acid soluble phosphorus con

centrations in various parts of the sorghum plant. Phosphorus or 

nitrogen supply had little, if any, consistent effect on the phospho

rus concentrations in various plant parts although variations in 

phosphorus concentrations occurred. 
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Table 25. Acid Soluble Phosphorus Contenc of Various Tissues of 

Sorghum Plants on Gila Loam, 601. Means of Four 

Replicates. 

Sampling Date 

7/7 7/13 7/20 7/27 

Upper 

Treat- Lower Middle Upper Middle Middle Mid- Lower Middle 

raent 2" Stem Sheath Midrib Sheath Sheath rib Midrib Sheath 

N ^2^5 ^2^ Parts Per Million 

lbs./A. 

0 0 0 1,350 425 1,150 325 275 L ,200 475 500 

60 0 0 1,425 375 1,225 350 400 1,200 875 650 

120 0 0 1,300 425 1,100 300 275 1,150 625 375 

240 0 0 1,650 475 1,075 300 225 1,525 1,000 475 

0 92 0 1,550 350 1,075 275 475 900 600 525 

60 92 0 1,700 300 1,150 300 625 1,525 1,150 675 

120 92 0 1,700 350 1,250 350 300 1,150 1,050 625 

240 92 0 1,475 425 1,150 325 425 1,225 925 550 

120 92 60 1,475 300 775 225 375 1,150 675 500 
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Effect of Nitrogen and Phosphorus 

Nutrition on Yield 

It is important to know the amount of available nutrients 

present in the soil and the nutrient requirement of the crop to 

establish a fertilizer program for a given crop. The fact that the 

nutrient content of a plant varies with stage of growth is well known. 

The relationship must be established between yield and a particular 

fraction of a nutrient in a specific plant part at various stages of 

plant growth in order to effectively utilize tissue analysis. With 

sufficient data for a given crop in a given climatic area, yield could 

possibly be predicted with some reliability. However, it is of greater 

practical value to develop techniques that will allow diagnosis of 

plant nutrient status as the crop grows. The correction of nutritional 

deficiencies in the crop would then be possible resulting in little, if 

any, reduction in yield. A knowledge of the nutritional status of the 

current crop can also be used in planning a fertilizer program for the 

following year. When the approximate yield possibility is known for 

the crop in question, an equation relating yield to tissue analysis 

data can be used to predict the degree of sufficiency of the nutrient 

supply. 

In this study, an attempt was made to relate yield and nitrogen 

concentration in plants at different stages of development. Phosphorus 

concentration in plants could not be correlated with yield since a nega 

tive interrelationship with nitrogen concentration was shown, Table 19. 
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CotCon: 

Eloy Clay Loam: The mean yields for treatments at this location are 

given in Table 26. Significant differences were not deCected among 

treatmenCs probably due to soil variability. From visual observations 

of che planes in Che field it appeared that variation wichin replication 

was marked. The soil test data in Table 2 indicate considerable vari

ation among replications. The replication mean square in the analysis 

of variance of yields was significant when tested with the error mean 

square. This gives an indication of the general variability of the 

soil. No significant correlations were obtained beCween yield and 

nitrate levels in pecioles at any sampling date. 

Adelanto Clay Loam: The mean yields for treatments are given in 

Table 27. Scaciscically significant increases in yield resulted 

from Che application of nitrogen. However, rates of applied nitrogen 

did not significantly influence yield. The apparent reduction in 

yield resulting from phosphorus application was not considered to be 

a phosphorus effect, but rather a result of soil variation. A sig-

nificanc nitrogen-phosphorus inCeraction was not found. 

The relationship between yield and nitrate levels in petioles 

at different stages of growth is shown in Figure 5. The correlation 

coefficients were highly significant for the sampling dates of 

June 24, July 1, and July 15. However, the degree of association was 

noc significant for sampling dates later than July 15. It is also 
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Table 26. Yield of Seed Cotton Grown on Eloy Clay Loam, 59H, Under 

Varying Nitrogen and Phosphorus Nutrition. Means of 

Four Replicates. 

Treatment First Picking Second Picking Total 

N P 2°5 K2O Pounds Per Plot 

lbs ./A. 

0 0 0 10.25* 7.90* 18.15* 

50 0 0 12.60 7.57 20. 17 

100 0 0 12.63 7. 50 20. 13 

200 0 0 12.03 7.95 19.98 

0 69 0 9.33 9.27 18.60 

50 69 0 12. 75 8.62 21.37 

100 69 0 12.93 8.45 21.38 

200 69 0 13. 70 5. 70 19.40 

100 69 72 12.88 8. 52 21.40 

Coefficient 

variation 

of 

21.27. 17.77. 14.81 

*None of the differences were significant. 
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Tabic 27. Yield of S«ed Cotton Grown on Adclanto Clay Loam, Under 

Varying Nitrogen and Phosphorus Nutrition. Means of 

Four Replicates. 

P-0 P-150 N Means 

Pounds Per Plot 

N - 0 13.58 13.08 13.33 b * 

N - 50 17.45 14.33 15.89 a 

N - 100 18.13 16.55 17.34 a 

N - 200 17.50 15.80 16.65 a 

P means 16.66 14.94 

Standard errors for testing: 

Nitrogen treatment means -

Phosphorus treatment means 

* Means with the same letter 

0. 747 

- 0.320 

belong to the same population. 
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indicated in Figure 5 that the degree to which variations in yield was 

associated with variations in nitrate decreased from July 1 to July 15. 

However, only about 39 percent of the variation in yield was associated 

with variation in nitrate levels in petioles on July 1. 

The regression coefficients of yield on petioles nitrate 

nitrogen concentrations for the three sampling dates were tested for 

homogeneity by the methods outlined in Snedecor (53). No significant 

differences were found among the regression coefficients. Since diag

nosis of plant nutrient status is of greater interest than yield pre

diction, it appears that sampling petioles in early stages of plant 

development results in a better estimate of plant nitrogen in relation 

to final yield than later samplings. Data illustrated in Figures 3 

and 4 support this suggestion. With the exception of treatment 1 (N-0) 

on July 1, petioles from treatments 4 and 8 (N-200) had higher levels 

of nitrate nitrogen than treatments 1 and 5 (N-0) on all dates. The 

higher concentration of nitrate nitrogen in petioles from treatment 1 

as compared to treatments 5 and 8 may have been due to soil differences. 

During the period from July 1 to July 8 a rapid decrease occurred in 

nitrate nitrogen concentration in petioles from treatments 1 and 5. 

However, this decrease was not so abrupt for treatments receiving 

nitrogen applications. 

The plants were flowering heavily and setting bolls during the 

period from July 1 to July 8 and the nitrate in the plant tissues was 

being utilized more rapidly. Due to a lower level of nitrate in the 



petioles, the fruiting was restricted on plants on treatments 1 and 5 

more than on treatments receiving nitrogen. Thus, the yield of seed 

cotton from treatments 1 and 5 was significantly lower than the treat

ments which received nitrogen applications. The need for adequate 

nitrogen in the plant at early stages of development is indicated and 

agrees with the results reported by Gardner (22). The nitrate levels 

at early stages of growth probably determined the potential of the 

plant for vegetative growth prior to fruiting and subsequent fruit set. 

Grain Sorghum: 

The effect of nitrogen and phosphorus nutrition on grain 

sorghum yield is shorn in Table 28. Significant increases in yield 

were obtained by nitrogen applications, although no significant 

differences were shown among rates of applied nitrogen. Phosphorus 

application did not significantly influence yield. 

Grain sorghum yield was not significantly related to nitrate 

levels in various parts of sorghum plants at any date. This relation

ship was expected from the data for nitrate nitrogen concentration in 

the plant parts as related to nitrogen supply, Table 23. 

The relationship between yield and total nitrogen concentrations 

in the lower and upper midribs was significant as shown in Figure 6. 

Highly significant correlation coefficients were obtained for all dates. 

The degree of association between yield and total nitrogen concentra

tion in lower midribs was greatest on July 27 when the plants were in 
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Table 28. Yield of Grain Sorghua on Gila Loam, 601, Under Varying 

Nitrogen and Phosphorus Nutrition. Means of Four 

Replicates. 

Treatment Grain Sorghua Yield 

N P2°5 K2O lbs./plot 

lbs./A. 

0 0 0 49.71 b* 

60 0 0 62.10 a 

120 0 0 60.70 a 

240 0 0 64.50 a 

0 92 0 50.41 b 

60 92 0 60.37 a 

120 92 0 65.08 a 

240 92 0 66.64 a 

120 92 60 67.11 a 

Standard error of mean • 2.047 

* Means with the sane letter belong to the sane population. 



o 
-J 
CL 

ac 
LU 
CL 

1. 7/27, Lower mid--rib; Y = 3 1.47 + 0.00396 X; r = 0.792 

2. 8/3 , Lower mid- rib ; 
A 
Y = 33.82 + 0.00433X, T = 0.781 

3. 8/10; Lower mid-•rib ; 
A  
Y = 35.87 + 0.00364X; T = 0. 716 

4. 8/10; Upper mid -rib, 
A  
Y s 42.18 + 0.00226 X, r s 0 .62 * «« 

40 50 60 70 80 90 100 I 10 

TOTAL NITROGEN, ppm. x 100 
Fig 6 -  Regression of yield of groin sorghum on total nitrogen in lower and 

upper mid- ribs. 

00 
ro 



83 

advanced vegetative and fruiting stages. This degree of association 

tended to decrease as the kernels reached the soft dough stage. On 

August 10, the yield appeared to be better correlated with total 

nitrogen concentration in the lower than in the upper midribs. 

The tests for homogeneity of regression coefficients of yield 

on total nitrogen levels in the lower midribs on three dates and the 

upper midrib on August 10, were conducted by the methods outlined in 

Snedecor (53). No significant differences were noted among the 

regression coefficients for the three sampling dates of lower midribs. 

However, the regression coefficient for the upper midribs was signifi

cantly lower than the regression coefficients for the lower midribs. 

This indicates that An analysis of the lower midribs for total nitrogen 

at a single date between late vegetative to soft dough stages would be 

satisfactory for estimating grain sorghum yield. It is also suggested 

that on August 10, the total nitrogen level in the lower midribs gives 

a better prediction of yield than the upper midribs of the same cu te. 

For diagnostic purposes, it appears from the data in Table 24 that the 

total nitrogen concentration in the lower midrib should be at least 

6,000 ppm. to maintain satisfactory growth from the vegetative to the 

soft dough stage. 

T 



SUMMARY AND CONCLUSIONS 

The effects of gamp ling procedure and atage of plant develop

ment on the nitrogen and phosphorus concentrations in cotton and grain 

sorghum were investigated. An attempt was also made to relate yield 

and concentration of a specific nutrient fraction in a particular 

plant part. The study has disclosed the following: 

1. Recently matured petioles were the most satisfactory plant 

part for indicating the nitrogen status of cotton, whereas leaves were 

unsuitable. 

2. The lower sheath, lower midrib, middle sheath, middle mid

rib, upper midrib and upper two inches of stem appeared suitable for 

determining the nitrogen status of grain sorghum plants in preliminary 

studies. The lower two inches of stem and leaf blades were unsuitable 

for diagnostic purposes. The upper and lower midribs were sampled in 

later studies for convenience. 

3. The phosphorus concentration in any tissue of cotton or 

sorghum plants could not be used to indicate the phosphorus status of 

the plant or soil phosphorus supply. 

4. Sampling cotton end grain sorghum plants at different times 

of day or at different soil moisture conditions did not result in 

appreciable changes in the concentration of nitrate nitrogen or 

phosphorus. 

84 
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5. A quick tissue test was suitable for measuring nitrate 

nitrogen when the concentration was 2,500 ppm. or less on the dry 

weight basis. 

6. The total and nitrate nitrogen concentrations in cotton 

petioles were high at early stages of development, but declined as the 

plants approached maturity. Nitrate and total nitrogen in petioles 

were highly correlated at all sampling dates. 

7. Nitrate nitrogen in cotton petioles was correlated with 

nitrogen supply, reflecting the increase in nitrogen uptake from 

increased rates of application. Yield was also correlated with nitrate 

in the petioles when nitrogen application increased yield. The highest 

degree of correlation was shown for the July 1 sampling date with no 

significant relationships at dates after July 15. 

8. Phosphorus concentration in cotton petioles was not sig

nificantly related to phosphorus supply. Significant negative corre

lations were found between nitrate nitrogen and acid soluble phospho

rus concentrations in cotton petioles. This may have resulted from 

the effect of nitrate level on the rate of plant metabolism which would 

influence the rate of inorganic phosphorus utilization. 

9. Nitrate nitrogen in sorghum plants was not related to 

nitrogen supply or grain yield. However, total nitrogen in upper and 

lower midribs was related significantly to nitrogen supply and yield. 

10. The estimation of grain sorghum yields from total nitrogen 

in lower midribs can be made with equal precision from late vegetative 

to early dough stages. 
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It may be concluded char, tissue analysis can be used for 

evaluating the nitrogen status of cotton and sorghum plants as well 

as soil nitrogen supply. The results reported support earlier work 

showing the value of the nitrate nitrogen analysis of cotton petioles. 

The failure of the nitrate fraction in the sorghum plant to give useful 

information and the value of the total nitrogen analysis of the mid

ribs has been shown. This knowledge provides valuable information 

that can be used in the diagnosis of nitrogen needs in ;.;rain soryhum. 

Tissue analysis for phosphorus in these plants does net appear feasible. 
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