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A SUMMARY AND DIGEST FOR THE COTTON FAR.MER 

The Experiments 

The experiments presented in this report are an initiation of 
experiments to determine how much nitrogen, phosphorus, and potassium 
are needed to grow a crop of cotton in Arizona. One experiment was 
located on the Boswell ranch near Waddell -- late-planted cotton. The 
other was located on land farmed by Keith Taylor north of Litchfield -
early-planted cotton. In the Boswell experiment there was a yield 
increase from both nitrogen and phosphorus. In the Taylor experlment 
there was a nitrogen response but no increase from either phosphorus 
or potassium. 

Fertilizer Response 

The increase in yield of lint rrom these two experiments confirms 
our previous fertilizer experiments. That is, that the greatest 
increase in yield of lint is from added nitrogen; and in some cases an 
additional increase will be obtained from the nitrogen-phosphorus 
combination. 

Analyses of Plants 

The procedure followed was to analyze plant samples from the 
experimental fields. Whole plants were taken from the Boswell 
experiment every 15 days (30 to 150 days after planting) and from the 
Taylor experiment at 60, 90, and 135 days after planting. These plant 
samples were analyzed chemically and from the weight per plant the 
amount of plant food in the plant was calculated to a per-acre basis. 

Pounds Per Acre Plant Food 

Final tall samples from the Taylor experiment were not analyzed. 
The Boswell experiment was complete in that leaves, stalks, and bolls 
were analyzed at each sampling. There were 10 treatments in this 
experiment. The crop used 207 pounds of nitrogen, 38 pounds of 
phosphorus, and 204 pounds of potassium per acre of plants. (Average 
Boswell experiment) 

Pounds Per Acre - Leaves and Stalk 

Much of the plant food used in boll production is returned to the 
soil as plant residue -- leaf and stalk. We have determined this 
from the chemical analysis of the plant samples taken 135 days after 
planting. The table given here shows the pounds per acre nitrogen, 
phosphorus, and potassium in leaves and stalks from each of the 
experiments at this stage of growth. 
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Lbs. Nitrogen Lbs, Phosphorus Lbs. Potassium 
Per Acre Per Acre --Per Acre 

Taylor Farm not fertilized 
Taylor Farm highest-yielding 

fertilized plot 

Boswell Farm not fertilized 
Boswell Farm highest-yielding 

fertilized plot 

20 

59 

30 

135 

Date of Planting 

7 

16 

10 

23 

The late-planted cotton used more plant food than the early
planted cotton but produced less lint. The early planting was on 

114 

57 

190 

March 23 and the late planting on April 30, Both started their rapid 
period of growth about the same time; however, the long period between 
seedling emergence and rapid growth for the early-planted cotton 
apparently gave the plant a better opportunity to establish itself and 
the result was a more efficient use of its plant food in lint production. 

In other words, early-planted cotton produced more lint than late
planted cotton and did so with less fertilizer. This is an important 
observation and will be checked in additional date-of-planting 
fertilizer tests. 
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NUTRIENT REQUIREMENTS OF ARIZONA COTTON 

J. L. Abbott, W. T. McGeorge, E. L. Breazeale 

Introduction 

Many symptoms of nutritional disturbance con be recognized by plant 
behavior and particularly by specific leaf patterns. Some nutritional 
disturbances are difficult to recognize because not always do crops 
exhibit an outward manifestation of physiological disturbance when the 
nutrition is unbalanced except in severe cases. When the latter 
situation exists, plant tissue tests are useful because the nutrient 
status is usually reflected in a tissue analysis which varies with 
the fertility of the soil. 

With cotton, for example, nutrient deficiency symptoms are described 
as follows (5): Nitrogen deficiency is indicated by yellowish green 
leaves, slender plants. Phosphorus deficiency is indicated by dark 
green leaves, delayed maturity, and dwarfed plants. Potassium defici
ency, which has not been seen on cotton plants in Arizona, is indicated 
by yellow spots on the leaves between the veins. The leaves later 
change to brown, shed prematurely, and bolls develop improperly. The 
above deficiency characteristics may not always be reliable in Arizona 
cotton plants because of the effect of salinity and the irrigation program 
on growth. 

The study reported here explored the subject of cotton plant tissue 
analysis under the growing conditions existing tn Arizona for plants 
fertilized with several fertilizer combinations. The field experiments 
from which tissue samples were taken were designed to study the effect 
of nitrogen, phosphorus, and potassium on yield, and the chemical 
composition of cotton plant tissue at different stages of growth. This 
study is similar to one conducted by Olsen and Bledsoe in Georgia (2). 

During the past ten years, cotton fertilization has accounted for 
a major part of the fertilizer tonnage used in the State. Field 
fertilizer tests by the personnel of the Agricultural Experiment 
Station (1), the Agricultural Extension Service (3), and the Fertilizer 
Industry have clearly demonstrated the importance of cotton fertilization. 
With the information gained from experiments, fertilizer recommendations 
for cotton can be made with reasonable confidence. 

While conventional methods of fertilization are yielding good 
profits there is still much to be learned about the nutrient require
ments and feeding habits of the cotton plant as grown under irrigated 
conditions. That is, in a number of field experiments the yield of 
lint from nitrogen alone has been greater than from the same quantity 
of nitrogen applied in combination with phosphate; in others, phosphate 
with nitrogen has increased yield of lint over nitrogen alone. In 
general, the fertilizer experiments have shown a major response to 
nitrogen, a lesser response to pbosphorus, and no response to potassium. 
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The data presented in this report were obtained from two field 
experiments in 1953. One of these was located on the Boswell Ranch, 
near Waddell, and the other on the Keith Taylor Ranch, about six 
miles west and one mile north of Litchfield. The principal difference 
between these two tests, and one reason why these fields were selected, 
was the planting date. The Taylor test was planted March 23 and the 
Boswell test on April 30. This offered an opportunity to study 
nutrient uptake by cotton under slow and also under rapid post
emergence growth. Cotton planted March 23 developed slowly during the 
post germination state and was thinned on May 15. The Boswell cotton 
was also thinned on May 15. The following are the dates on which the 
leaves were taken for analysis, at a specified number of days 
following planting: 

Date plant 
samples taken 
Boswell Field 

May 30 
June 15 
June 30 
July 15 
July 31 
August 15 
September 1 
September 15 
September 30 

Number of 
days following 
planting 

30 
45 
60 
75 
90 

105 
120 
135 
150 

Date plant 
samples taken 
Taylor Field 

May 22 

June 23 

August 4 

Soil analysis. A partial analysis of soil samples (taken before 
planting) from each experiment is given in the following table: 

CO2 soluble phosphorus, p.p.m. Po4 
Water soluble nitrogen as p.p.m. N03 
Total soluble salt, p.p.m. 

Both soils were Mohave sandy loam. 

Fields 

Boswell Field 

8 
6 

293 

Boswell Experimental Procedure 

Taylor Field 

11 
2 

350 

This experiment comprised 7.3 acres in the south side of field 
12-0. The cropping history was: Alfalfa 1951, A-44 cotton 1952. 
The 1952 cotton was fertilized with 200 pounds per acre of 20-20-0 
and the yield was 1.86 bales per acre. 

The fertilizer treatments in this experiment compared no ferti
lizer with 3 levels of N, 3 levels of P2o5, and N plus P20~ in 
combination. The weights applied are shown in columns 1 a~d 2 of 
table 1. The plant samples and yield data were taken from the two 
inside rows on each plot. The superphosphate was applied broadcast 
before discing. The 100 pounds per acre nitrogen level was repeated 
for each of the phosphate levels and was applied as ammonium nitrate, 
side-dressed. For the 50-pound application of N the whole amount of 
ammonium nitrate was applied at the 30-day period of growth. For the 
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100- and 200-pound applications, one-half was applied at planting and 
one-half just preceding the 60-day period of growth. The super
phosphate was applied in considerable excess of crop requirement in 
hopes that this nrl.ght give some in,formation on a previously observed 
(1) yield depression from phosphate fertilizer. The applications 
given in table l represent the actual pounds P205 and N applied to 
the respective plots (see table). 

Plant Tissue Samples. Plant ti0sue samples were taken every 15 
days, beginning at the 30-day period of growth and continuing to the 
150-day period. The samples represent all parts of the plant above 
surface of the ground. The plants were dried and weighed before 
preparing them for analysis. The 30-day sample consisted of 100 plants, 
the 45-day sample 30 plants, the 60-day sample 10 plants, the 75-day 
sample 6 plants, and 4 plants were taken for the 90 to 150-day samples. 
For the 30- and 45-day samples the whole plants were analyzed as such. 
For all others, the leaf blades, stalks, and squares, or bolls, 
(identified as fruit) were separated and analyzed separately. The 
leaf petioles were included as part of the stalk sample. 

Irrigation. The irrigation dates were April 21, June 30, July 26, 
August 16, and September 3, 

NITROGEN 

The data obta i ned from the nitrogen analyses are given in tables 
1, 2, and 3, In figure 1 the comparative analyses of tissue samples 
from the 0-0 and 100-260 plots are shown. 

TABLE 1. . NITROGEN CONTENT OF WHOLE COTTON PLANTS AT DIFFERENT STAG:ES OF GROWTH 
AND ]'ROM DIFFERENTLY FERTILIZED PLOTS. EXPRESSED AS PERCENTAGE OF NITROGEN IN 
AIR-DRIED PLANTS. (1953). ARIZONA 

Fertilizer 
application 
in pounds 
per acre 

N P2o5 

Pounds 
Q 0 
0 182 
O 276 
O 455 

50 0 
100 0 
200 0 
100 260 
100 390 
100 455 

Time intervals at which samples were 
taken for analysis. 

Days following planting 

30 45 

% 
3.37 
3.47 
3,73 
3.50 
3,81 
3.88~ 
3. 93 ) 
3.65 
3.77 
3,63 

% 
2 .81/ 
2.49~ 
3,18 \.\ 
3.17 ; 
3.oa· 
3,42 
3.27 
3,38 
3.22 
3.23 

Lint produced 
per acre 

Pounds 
't-6f 
705 .. 
751 . 
549 ✓-
fil&✓ 

~~ 
96-4 -
806 
645 
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TABLE 2. NITROGEN CONTENT OF COTTON LEAF BLADES AND STALKS AT DIFFERENT 
STAGES OF GROWTH AND FROM DIFFERENTLY FERTILIZED PLOTS. EXPRESSED AS 
PERCENTAGE OF NITROGEN IN AIR-DRIED SAMPLES. (1953) ARIZONA. 

Fertilizer 
Application 
Per Acre 

N P205 

Pounds 
0 0 
O 182 
0 276 
o 455 

50 0 
100 0 
200 0 
100 260 
100 390 
100 455 

0 
0 
0 
0 

50 
100 
200 
100 
100 
100 

0 
182 
276 
455 

0 
0 
0 

260 
390 
455 

Time intervals at which samples were 
taken for analysis. 

Days following planting 
60 75 90 105 120 135 150 

LEAF BLADES 

% % % % % % % 
3 . 62 3 .• 11 2 • 99 2.68 2,49 1.91 l.74 
3,93 3.74 2.89 2.63 2.42 2.03 1.72 
4.20 2.95 2.80 2.62 2.34 1.87 1.68 
4.06 3.31 3.19 2.61 2.54 1.83 1.73 
4.35 3,86 3,50 2.79 2.50 2.32 1.96 
4.42 3,783.68 3,33 3.47 3.22 2.38 
4.63 3.99 3,85 3.62 3,44 3,09 2.45 
4.31 3.77 3,67 3.50 2.84 2.24 1.83 
4.28 3.63 3,50 3,47 3.04 3,00 2.12 
4.01 3,33 3,64 3.36 2.99 2.60 1.97 

PLANT STALKS 

1.33 .90 .71 .65 ,71 .42 ,45 
1.41 1.30 ,70 .64 .51 ,51 ,53 
1.48 .84 ,74 .52 ,59 ,51 .43 
1.43 ,89 ,79 .63 .10 ,52 .48 
1.64 ,94 ,92 .68 .65 ,52 .50 
1.57 . 11 1.04 .94 ,96 • 73 ,56 
1.97 1.33 1.18 .85 .94 ,79 .54 
1.88 1,12 .85 . 74 .62 ,50 .47 
1.50 1.06 .94 ,91 .76 .82 .54 
1.47 .87 1.05 .88 .16 ,57 .54 

Lint produced 
per acre 

Pounds 
464 ,., 
705 ., 
751 V 

549 .,,,-
619 _,,,,,. 
702 , , 
697 ✓ 
964 
806 1.- " 
645 ✓ 

464 
705 
751 
549 
619 
702 
697 
964 
806 
645 

The highest nitrogen percentage in both blades and stalks 1occurred at 
60-days' growth regardless of level of fertilizer application. Beyond 
this period there was a stepwise decrease in nitrogen percentage. 

As among the three levels of nitrogen application, there was a step
wise increase in nitrogen percentage for 50, 100, and 200 pounds nitrogen 
per acre at most of the sampling periods. When fertilized with the N 
plus P combination, the N percentage was less than when fertilized with 
N alone. This was particularly so after 105 days for the blades and 90 
days for the stalks. This should be a favorable condition in that it 
should contribute to early maturity. 

When phos:()horus was applied without nitrogen, the nitrogen percentage 
vas higher at several of the sampling periods than for the plant 
sarnple1:1 from the unfertilized controls. 
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Nitrogen fertilization increased the nitrogen percentage in the 
fruit samples throughout the period of boll production. Phosphorus 
application alone produced a lower nitrogen percentage than did the 
nitrogen-phosphorus combination. The relation between nitrogen alone, 
and ~hen applied in combination with phosphorus, shows a tendency 
toward higher nitrogen percentage for the latter beginning at 60 days, 
but lower nitrogen percentage for the combination as the plant 
approached the maturity period of boll production. 

TABLE 3. NITROGEN CONTENT OF COTTON FRUIT (BOLLS) AND SEED AT DIFFERENT STAGES 

OF GROWTH AND FROM DIFFERENTLY FERTILIZED PLOTS. EXPRESSED AS PERCENTAGE OF 

NITRCGEN IN AIR-DRIED BOLLS. (1953) ARIZONA 

Fertilizer 
Application 
Per Acre 

N P205 

Pounds 

0 0 
0 182 
0 276 
0 455 

50 0 
100 0 
200 0 
100 260 
100 390 
100 455 

Time intervals at which samples were 
taken for analysis. 

Days following planting 

60 75 90 105 120 135 150 

% % % % oJo % % 
3.69 2.35 2. 72 3.19 3.17 2,76 1,99 
3.79 2.59 2.45 2,59 2.75 3.20 2.11 
4.00 2.65 2.62 2.62 3.05 3.24 2.19 
3.94 2.67 3.23 3.05 3.49 3.28 2.32 
4.58 3.05 2.99 3.46 3.36 3.11 2.36 
3.84 3.04 3.54 3,92 3.86 2.35 
4.28 3,53 3.41 3,69 3.14 2.42 
4.32 3,31 3.43 3.21 2.34 3.91 2.32 
4.00 3.17 3.00 4.oo 3.48 2.19 
3.97 2,72 3.34 3.56 3.58 4.oo 1.90 

Nin seed 
at 165 days 

% 
4.46 
4.44 
4.79 
4.60 
4.41 
4.13 
4.02 
4. 75 
5.20 
4.75 

TABLE 4. NITROGEN CONTENT OF WHOLE COTTON PLANTS AT 30 AND 45 DAY STAGES OF 

GROWTH AND FROM DIFFERENTLY FERTILIZED PLOTS EXPRESSED AS GRAiv'S NITROGEN PER 

PLANT. ( 1953) 

Fertilizer Time 
Application 
Per Acre 

N P205 
Pounds gms. 

0 0 
0 182 
0 276 
0 455 

50 0 
100 0 
200 0 
100 260 
100 390 
100 455 

intervals at which samples were 
taken for analysis 

Days following planting 

30 45 

per plant gms. per plant 

.013 .117 

.013 .122 

.015 .137 

.017 .108 

.014 .111 

.016 .129 

.016 .141 

.013 .160 

.017 .141 

.016 .134 

Lint produced 
per acre 

Founds 

464 
705 
751 
549 
619 
702 
697 
964 
806 
645 
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The nitrogen percentage in the seed, which is also a measure of 
protein, shows a stepwise decrease with increase in quantity of nitrogen 
fertilizer applied, At all the phosphate levels, the nitrogen 
percentage in seed was greater for the nitrogen-phosphorus combination than 
for either nitrogen or phosphorus alone. This gives the seed a higher 
nutrient (protein) value, The grams N per-plant-average of all 10 plots 
is shown in figure 2. 

On the basis of grams per plant (leaf, fruit, and stalk), the 
plants reached the highest nitrogen content at 135 days on plots 
getting 100 pounds nitrogen application and also on those getting 100 
pounds nitrogen plus 260 pounds P205 (tables 4 and 5). The data indicate 
that 50 pounds nitrogen was inadequate for maximum lint production, and 
that the 200-pound application was in excess of plant requirements for 
the length of season or other limiting factors. The grams nitrogen per 
plant, except for the highest phosphorus application, show that 
phosphorus enhanced nitrogen uptake because the phosphorus-fertilized 
plants were higher in nitrogen than the unfertilized controls. 

Comparing applications of 100 pounds nitrogen with 100 pounds 
nitrogen plus 260 pounds P2o

5
, (the latter being the highest lint-

yielding treatment) the former was higher in grams nitrogen per pla.nt . 
at 60 to 75 days, lower at 90 and 105 days, and higher at 120 to 150 days. 

TABLE 5. NITROGEN CONTENT OF LEAF BLADES AND STALKS AT DIFFERENT STAGES OF GROWTH 
AND FROM DIFFERENTLY FERTILIZED PLOTS EXPRESSED AS GRAMS NITROGEN PER PLANT, (1953) 

Fertilizer Time intervals at which samples were Lint produced 
Application taken for analysis. per acre 
Per Acre Days following planting 

N P205 60 75 90 105 120 135 150 

LEAF BLADES AND STALKS 
Pounds % % o/o °lo % 3/o % Pounds 

0 Or· ,22 ,38 .51 .67 .81 .54 .40 464 
0 182 ,33 ,97 .69 • 77 .56 .68 .44 705 
0 276 ,38 .63 ,55 ,93 .82 .57 .66 751 
0 455 ,37 .49 .57 .45 .76 .51 .27 549 

50 0 .44 ,79 1.31 1.01 1.01 .91 .68 619 
100 0 . 73 1.56 1.76 2.27 2.63 3, 74 1.17 702 
200 0 .60 2.06 1.83 2.24 2.60 3,23 2.98 697 
100 260 ,55 1.18 2.13 2 .88 1.80 1.87 1.01 964 
100 390 ,34 .86 1.35 1.51 1.88 1.89 1.38 806 
100 455 ,30 .87 1.40 1.04 2.16 1.46 1.27 645 

FRUIT 
0 0 .019 .14 .40 • 71 1.50 1.48 ,95 464 
0 182 .025 .13 ,31 .84 1.56 1.86 1.28 705 
0 276 .033 .14 .51 . 71 1.47 1.69 1.48 751 
0 455 .037 .11 .41 .60 ,98 1.05 .66 549 

50 0 .037 .12 .65 1.39 1.35 l.45 1.09 619 
100 0 .058 .30 1.88 2.21 3,39 1.85 702 
200 0 ,038 .24 . 72 2 .59 2. 60 1.76 5.25 697 
100 260 .042 .12 1.01 2.44 2.01 5,63 2.62 964 
100 390 .028 .11 .59 2,33 1.62 1.75 806 
100 455 , .018 .20 • 73 .89 2.19 1.32 1.31 645 
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In this experiment there appeared to be two periods of active fruit 
formation, namely, 90 to 105 days, and 120 to 135 days. The latter 
period was extended to 135 to 150 days in the plot fertilized with 200 
pounds nitrogen. It is apparent that phosphorus balanced the higher 
nitrogen uptake in both the plots fertilized with 100 N and 260 P205 
and plots fertilized with 100 N and 390 P205, and thus contri"outed to 
higher lint production than nitrogen alone. The tissue analyses indicate 
that phosphorus increased nitrogen uptake at the 90-105-day period and 
at 135 days, which were the two periods of maximum fruiting. 

For the plots which were fertilized with nitrogen only, the highest 
yield of lint, by a small znargin, was for the 100-pound application. 
Despite the higher nitrogen percentage and weight of fruit per plant 
at 150 days for the 200-pounds nitrogen application, there was little 
difference in yield of li.nt between this plot and that on which 100 
pounds of nitrogen were applied. 

Nitrogen: Pounds per Acre used in Lint Production. 

As previously mentioned, the dry weight of all plant samples was 
determined. From this, and the percentage of nitrogen, the total weight 
of nitrogen per acre used by the crop was calculated, These data are 
given in table 6 together with yield of lint, pounds lint per pound of 
nitrogen by tissue analysis, and pounds nitrogen p€r bale of cotton. 

TABLE 6. 
PLANTING, 

NITROGEN TAKEN INTO BOLLS AND COTTON PLANTS BY 135 DAYS AFTER 
FERTILIZER APPLICATIONS. EXPERIMENT 1953. 

Fertilizer 
applied 
per acre 

Nitrogen per acre 

In 
plant 

In Acre 

Lint 
produced 
per acre 

Lint per pound 
nitrogen by 

analysis 

Nitrogen 
used per 
bale 

N P205 bolls total 

lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. 

0 
0 
0 
0 

50 
100 
200 
100 
100 
100 

0 
182 
276 
455 

0 
0 
0 

260 
390 
455 

30 
37 
31 
28 
50 

206 
178 
103 
104 
80 

81 
102 

93 
57 
80 

187 
97 

308 
89 

128 

111 
140 
124 
86 

130 
393 
275 
411 
194 
208 

464 
705 
751 
549 
619 
702 
697 
964 
806 
645 

4.2 
5,0 
6.o 
6.4 
4.8 
1.8 
2.5 
2.3 
4.2 
3.1 

120 
100 
83 
78 

105 
280 
197 
213 
119 
162 

Pounds nitrogen per acre in bolls and plants (blades and stalks) varied 
tremendously with plant size and with fertilization. The ratio of 
pounds lint to pounds nitrogen by tissue analysis shows that this ratio 
is lowest for the highest-yielding plots. A similar relationship is 
shown when the tissue analyses are calculated on the basis of pounds 
lint per pound of nitrogen applied as fertilizer; namely, a lower ratio 
with increase in quantity of nitrogen fertilizer. It is of interest 
that the highest ratio of pounds lint; per pounds of nitrogen, ·on the 
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basis of tissue analysis, was found in the plants which had received 
phosphate but no nitrogen. 

In the application of plant tissue analysis to nutrient diagnosis 
it is important to deterffiine the period of growth at which the analysis 
is significant. The nitrogen percentages at several stages of growth 
were plotted against po1mds lint per acre. The closest relationship 
was at the 90-day perj_od of growth and this is shown in figure 3. A 
statistical analysis showed that the correlation was not significant. 

PHOSPHORUS 

The phosphorus percentages given in tables 7, 8, and 9 for the 
blade samples at all dates are of particular interest because, in 
practically every case, the samples from the plots fertilized with 
superphosphate are higher in phosphorus percentage than those fertilized 
with nitrogen only. · It is also of particular interest that during 
the early stages of growth, 30 to 60 days, the phosphorus percentage 
for sa~ples from the plots which were fertilized with the nitrogen
phosphorus combination tends to be higher than those fertilized with 
superphosphate only. As the plants become more mature this percent-
age difference changed somewhat because the plants which were not 
fertilized with nitrogen were smaller. 

TABLE 7. PHOSPHORUS CONTENT OF WHOLE COTTON PLANTS AT 30 AND 45 DAYS GROWTH 
FROM DIFFERENTLY FERTILIZED PLOTS EXPRESSED AS PERCENTAGE P IN AIR-DRIED 
PLANTS. (1953) 

Fertilizer Tirr.e intervals at which samples were Lint Produced 
Application taken for analysis. per acre 
Per Acre 

Days following planting. 

N P205 30 45 

Pounds % Pounds 

0 0 .40 .29 464 
0 182 .40 .39 705 
0 276 .44 .42 751 
0 455 .64 .46 549 

50 0 .4◊ .33-, 619 
100 0 .4oJ .29- 702 
200 0 .38 ; .33. · 697 
100 260 

_ 1 

964 ,52 .39 
100 390 .48 .44 806 
100 h55 .52 .43 645 

The data show definite evidence of increased phosphorus uptake 
for the plants fertilized with superphosphate. Nitrogen decreased 
phosphorus percentage when applied in combination with superphosphate. 
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For the stalk samples there is little or no difference in 
phosphorus percentage after 75 days regardless of plant size or 
fertilization. The fruit samples show no consistent relatlonship to 
fertilizer applications, but the anaJyses of the seed samples, taken 
from bolls at 165 days, show a slightly higher phosphorus percentage 
for samples from the plots fertilized with both nitrogen and phosphorus 
as compared to phosphorus alone. 

TABLE 8. PHOSPHORUS CONTENT OF COTTON IEAF BLADES AND STALKS AT DIFFERENT 
STAGES OF GROWTH AND FROM DIFFERENTLY FERTILIZED PLOTS EXPRESSED AS PERCENTAGE 
P IN AIR-DRIED SAMPLES. 

Fertilizer Time intervals at which samples were Lint produced 
Application taken for analysis. per acre 
Per Acre 

Days following planting 

N P205 60 75 90 105 120 135 150 

LEAF BLADES 

Pounds % 3/o % % % 3/o % Pounds 

0 0 .41 .38 .38 .35 .33 .54 .39 464 
0 182 .47 .46 .57 .62 .68 .91 .40 705 
0 276 .40 .47 .53 .39 .46 .77 .40 751 
0 455 .41 .44 .42 .41 .39 .58 .35 549 

50 0 .43 .39 ,34 .27 .30 ,36 .20 619 
100 0 .37 .36 .29 .25 .34 .31 .17 702 
200 0 .39 .37 .32 .27 .29 .30 .17 697 
100 260 ,53 .44 .42 .37 .43 .42 .22 964 
100 390 .44 .46 .43 .32 .36 .37 .21 806 
100 455 • 55 .50 .43 .36 .39 .42 .35 645 

PLANT STALKS 

0 0 .35 .23 .22 .21 .19 .18 .13 464 
0 182 .35 .29 .27 .24 .22 .23 .16 705 
0 276 .37 .25 .28 .18 .18 .24 .16 751 
0 455 .34 .26 .24 .19 .18 ,23 .15 549 

50 0 ;30 .22 .20 .14 .17 .16 .11 619 
100 0 .2,9 .22 .17 .15 .16 .16 .13 702 
200 0 ,33 .2,4 .21 .13 .13 .14 .12 697 
100 260 .39 .29 .23 .19 .19 .16 .14 964 
100 390 ,36 .26 .23 .16 .17 .21 .13 806 
100 455 .41 .31 .24 . 18 .19 .21 .15 645 
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Beginning with the 90-day samples, the phosphorus percentage shows 
an interesting and possibly significant trend. The phosphorus 
percentage is less in the replicates which received 100 pounds nitrogen 
plus 182 to 455 pounds phosphate (P205) than those which were fertilized 
with N only. 

On the basis of grams phosphorus per plant (tables 10 and 11) the 
data are of particular interest because, on the percentage basis, 
difference in plant size may be a complicating factor; namely, larger 
plants take up more nutrient but may show a lower percentage. There is 
some evidence of reduction in yield of lint for the plots fertilized 
with 455 pounds P205 per acre. Both of the lowest phosphorus applications 
increased yield of lint when applied with nitrogen as compared with 
the unfertilized control. 

TABLE 9. PHOSPHORUS CONTENT OF COTTON FRUIT AT DIFFERENT STAGES OF GROWTH AND 
SEED FROM DIFFERENTLY FERTILIZED PLOTS. EXPRESSED AS PERCENTAGE P IN AIR-DRY 
MATTER. (1953) 

Fertilizer 
Application 
Per Acre 

N P205 

Pounds 
0 0 
0 182 
0 276 
0 455 

50 0 
100 0 
200 0 
100 260 
100 390 
100 455 

Time intervals at which samples were 
taken for analysis. 

Days following planting 
60 75 90 105 120 135 150 

% % % % % % % 
,79 .54 .43 .61 .52 .62 .51 
.80 .68 .52 ,57 .49 ,57 .49 
,75 .66 .51 .51 .47 • 74 ,54 
.45 .60 .48 ,53 .64 .10 .52 
• 74 .60 .46 .50 ,59 ,51 .48 
.61 ,53 .46 .54 ,57 .41 
.69 .68 .48 ,59 .50 .43 
.19 .71 .60 ,55 .41 .62 .47 
. 74 .69 .51 .57 .63 .44 
.11 .63 ,53 .54 ,58 .69 .54 

P in seed 
at 165 days 

% 
.76 
,78 
.65 
• 74 
• 73 
.18 
, 75 
.80 
.80 
.16 

TABLE 10. PHOSPHORUS CONTENT OF WHOLE PIANTS AT 30 AND !±5 DAYS' GROWTH 
FROM DIFFERENTLY FERTILIZED PLOTS, EXPRESSED AS GRAMS P PER PIANT 1953. 

'. 
Fertilizer Time intervals at which samples Lint 
application taken for analysis. produced 
per acre Days following planting per acre 

N P205 30 45 
Pounds grams per plant Pounds 

0 0 .001 .012 464 
0 182 .001 .019 705 
0 276 .002 .018 751 
0 455 .002 .021 549 

50 0 .001 ~g;1;g' 619 
100 0 .002 .011 702 
200 0 .001 ._Q.J2f 697 

(100 260 .002 .018 964 
1100 390 .002 .022 806 
<.J.00 455 .002 .023 645 
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Beginning with the very first set of samples, the phoophate
feytilized plants had a higher phosphorus percentage . At the 60-day 
period of growth the percentage in stalks was only slightly less 
than in the leaf blades. Following the 60-day period of growth, 
the phosphorus percentage in the stalks decreased stepwise up to 150 
days, except at 135 days when there was a slight increase. The 
phosphorus percentage of the blades, while somewhat variable because 
of the different fertilizer treatments, remained remarkably uniform 
thr oughout the 75- to 120-day period of growth. The peak of phosphorus 
percentage in the blades was at 60 and 135 days. 

The blade analyses indicate a continuous demand and uptake of 
phosphorus throughout the 30- to 150-day period. 

The highest yield of lint was obtained from the plot which showed 
the highest phosphorus per plant at the 90- to 120-day period, but 
there was no relation between phosphorus percentage in blades or 
stalks and yield of lint for the other treatments, 

TABLE 11. PHOSPHORUS CON'IENT OF LEAF BLADES AND STALKS AND FRUIT AT DIFFERENT 
STAGES OF GROWTH AND FROM DIFFERENTLY FERTILIZED PLOTS. EXPRESSED AS GRAMS 
PER PLANT. 

Fertilizer Time intervals at which samples Lint 
application taken for analysis. produced 
per acre per acre 

Days following planting 
N P205 60 75 90 105 120 135 150 
Pounds Blades and stalks Pounds 

grams per plant 

0 0 .033 .075 .086 .118 .136 .174 464 
0 182 .049 .150 .166 .209 .181 ,306 705 
0 276 .053 .125 .1l+1 .178 .187 .247 751 
0 455 .050 ,084 .094 .088 .149 .182 549 

50 0 .053 .104 .162 .128 .163 .181 619 
100 0 • 077 --, .206 .178 .221 .309 ~ \ ._../ 702 
200 0 .063 .241 .199 .209 .258 ~ 697 
100 260 .078 .184 .336 .411 .343 • 16 964 
100 390 .046 .135 .196 .171 .278 .317 806 
100 455 .053 .173 .206 .138 .352 ,323 645 

Fruit 
0 0 ,004 .033 .063 .136 .246 ,311 .245 464 
0 182 .005 .035 .065 .184 .276 .332 .299 705 
0 276 .006 .034 .098 .137 .227 ,383 ,366 751 
0 455 .004 .026 .061 .105 .180 .224 .149 549 

50 0 .006 .024 .100 .202 .237 .237 .2·22 619 
100 0 .009 .053 .247 ,304 .501 .-324 702 
200 0 .006 .046 .105 .415 .414 .234 ,934 697 
100 260 .008 .025 .176 .418 .352 .890 ,531 9611-
100 390 .005 .024 .102 ,330 .293 ,352 806 
100 455 .003 .047 .116 .135 ,355 .400 ,370 645 
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TABLE 12 . PHOSPHORUS UPTAKE PER ACRE OF COTTON PLA NT MATERIAL, WITH 
RELATIONSHIPS OF PHOSPHORUS AND LINT PRODUUTION, FOR VARIOUS FERTILIZER 
APPLICATIONS AT BOSWELL RANCH NEAR WADDELL. (1953) 

Fert ilizer Phosphorus content per acre Lint Lint produced Phosphorus 
applied per pzr pound per bale 
per acre In blades In Total per acre phosphorus 

N 

lbs . 

0 
0 
0 
0 

50 
100 
200 
100 
100 
100 

and stalks fruit plant per acre 
P205 

lbs. lbs. J.bs. lbs. lbs. lbs. lbs. 

0 9.6 18.3 27.9 464 16.5 30.0 I 

182 16,9 18.3 35,2 705 20.0 24.9 I 

276 13.6 21.1 34,7 751 21.7 23,1 I 

455 10.0 12.4 22.4 549 24.4 20.4 
0 10.0 - 13 .1 - 23.1 ~ - 619 26.8 '- 18.6 

·,4 €'f 2.9)-0 26.9 - 27. 7 - 702 39.1 ~ 5. - -
0 21.5 - 13 .4 ,,:34-:W ""' 697 20.0 25.1 

260 22.9 49.1 72.0 964 13.4 37.3 
350 17.5 16.2 33.7 806 23,9 21.0 
455 17.8 22.1 39,9 645 16.1 31.0 

Phosphorus: Pounds per acre used in Lint Production 

The pounds phosphorus per acre in fruit, blades, stalks, and total 
plant mater ial are given in table 12, together with data showing pounds 
phosphorus required per pound of lint and per bale. The pounds 
phosphorus used by the crop in the Boswell experiment varied between 
23 and 72 pounds phosphorus per acre, and the pounds per bale between 
18 and 39. There was no relation between pounds phosphorus in plant 
~~terial and yield of lint. 

POTASSIUM, CALCIUM, MAGNESIUM, ASH 

The percentages of potassium, calcium, magnesium, and ash were 
determined in all the blade and stalk samples and in some of the fruit 
samples. There was very little difference in the percentages of these 
in the tissue samples f r om the different fertilizer treatments. In 
view of this the detailed analyses are omitted; instead, the analyses 
for the ten different plots were averaged for each sampling date and 
these are given in table 13 for the Boswell experiment. 

Potassium. There was no relation between the potassium percentage 
in the t i ssue samples and fertilizer applied nor to yield of lint. 
From the 60- to 120-day period of growth the potassium percentage 
in the stalks was higher than in the leaf blades. The maximum percent
age for stalks was at the 60-day period of growth, as it was for 
nitrogen, and from this date the percentage decreased stepwise toward 
maturity . At the 135- and 150-day periods the potassium percentage 
was less in the stalks tr~n in the leaf blades. For both phosphorus 
and nitrogen the percentages of N and P were higher in the leaf 
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TABLE 13. POTASSilJM, CALCIUM, MAGWESIUM, AND ASH IN CO'ITON PLANTS, AVERAGE 
OF TEN PLOTS. EXPRESSED AS PERCENTAGE DRY MATTER AND GRAYS PER PLANT. 

Days following planting 

3Q 45 60 75 90 105 120 135 150 

WHOLE PLANT PER CENT IN BLADES 

Calcium (Ca) 3.18 2.84 5.00 4.59 4.58 4.59 4.67 4,77 4.89 
Potassium (K) 3,76 3.87 2.38 2.27 2.19 2.39 2.11 2.36 2.18 
Magnesium (Mg) .66 .59 • 72 .63 .66 .62 .54 .53 . 72 
Aeh 16.89 15.52 18.41 17.76 17.36 17.54 17.43 18.50 18.47 

PER CENT IN STALKS 

Calcium (Ca) 1.41 1.00 1.04 .88 .95 .92 ,93 
Potassium (K) 5.00 3.51 2.82 2.53 2.19 1.82 1.72 
Magnesium (Mg) .45 .27 .33 .24 .27 .23 .21 
Ash 12.87 9.10 8.56 6.78 6.53 5.38 5.15 

PER CENT IN FRUIT 

Calcium (Ca) 2. 74 1.92 .73 
Potassium (K) 2.81 2.56 2.19 2.37 2.28 2.21 2.12 
Magnesium (Mg) .63 .50 .35 
Ash 12.12 10.94 

WHOLE PLANT GRAMS PER PLANT (LEAF AND STALK) 

Calcium (Ca) .013 .118 .478 1.86 1.54 1.92 2.15 2.63 2.22 
Potassium (K) .015 .161 .506 1.33 1.49 1.92 2.03 2.29 1.84 
Magnesium (Mg) .003 .025 .084 1.97 .28 .31 .36 .39 .43 
Ash .01 .64 2.24 5.98 7.35 8.84 10-.13 11.62 9.52 

GRAMS PER PLANT (FRUIT) 

Calcium (Ca) .023 .106 .51 
Potassium (K) .022 .144 .465 1.15 1.52 2.46 1.70 
Magnesium (Mg) .005 .028 .27 
Ash .102 .610 
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blades than stalks throughout the 60- to 150-day period, showing a 
difference in the localizetion of nitrogen, phosphorus, and potassium. 

On the basis of grams potassium per plant, the tissue analyses 
show that the plant.1 s greatest demand for this K was between the 90-
and 105-day period of growth, which was the first active period of 
boll production, and at 135 days. This is shown best in figure 6. 
On a per-acre-of-plant-material basis this crop used 204 pounds 
potassium (K). While the daily requirement was less after 105 days, 
the demand for this nutrient increased again at 135 days. 

CalciU!ll.. There was no correlation between the calcium percentage 
in blades or stalks and yield of lint or kind of fertilizer applied. 
The relation between calcium and potassium is of interest, particularly 
the analyses of the whole plant samples at 30 and 45 days and the 
later plant samples where stalks and blades were analyzed separately. 
Calcium maintained a higher percentage in the blades while the potassium 
percentage was higher in the stalks. For the stalk, the potassium 
percentage was higher than the calcium and the former showed a step
wise reduction with age of the plant while the calcium re~Bined quite 
uniform. 

In the fruit samples, nitrogen fertilization appears to have 
increased the calcium percentage and grams calcium per plant. This is 
evident from a comparison between the unfertilized plants and those 
fertilized with nitrogen, as well as between phosphorus fertilization 
and phosphorus plus nitrogen. 

Magnesium. During the growth of the plant, magnesium varied the 
least in percentage of the nutrients examined in this study. For the 
blade analyses, the magnesium percentage was essentially the same at 
all sampling dates between 30 and 150 days. Magnesium in the stalks 
was lower in percentage than in the blades and decreased steadily during 
growth. 

Ash. The ash represents the total mineral matter present in the 
plant:-The data show a stepwise decrease in the stalks while the 
percentage in the leaf blades remained quite uniform regardless of 
fertilizer treatment or yield of lint. On the basis of grams per 
plant the highest ash value was found in plants 135 days from planting. 
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Taylor Fields Experimental Proced1ire. This test was cooperative 
with the Maricopa County Agricultural Ageilt. The field was selected 
b3cause of the early planting date and because its fertilization 
made possible a test for potassium as well as for phosphorus and 
nitrogen. 

The field is in the northwest corner of Section 22, six miles 
west and one mile north of Litchfield. The land was ill desert in 
1951. In 1952, it was cropped to cotton and produced about 2 bales 
per acre. The 1952 cotton crop was fertilized with 200 pounds 
amrncnium sulfate and 100 pounds treble superphosphate at planting, 
and 100 pounds urea as a sidedressing in June. 

Plan of Taylor Experiment 

Pounds per Acre 

Al 8 rows, check 
A2 8 rows, 100 lbs. N, 100-0-0 
A3 8 rows, 50 lbs. P205, 0-50-0 
A4 8 rows, 100 lbs. K20, 0-0-100 
A5 8 rows, 100 lbs. N, 50 lbs. P205, 100-50-0 
A6 8 rows, 100 lbs. N, 50 lbs. P205, 100 lbs. K20, 100-50-100 
A7 8 rows, 100 lbs. N, 100 lbs. K20, 100-0-100 

For this 1953 experiment, the potassium was applied as muriate and 
the phosphorus as superphosphate. They were broadcast on March 15 
after the land had been plowed. The land was then listed, preplant irri
gated, harrowed, and planted with 20 pounds A-33 seed per acre. The 
nitrogen was applied as anhydrous ammonia, by injection, at the rate of 
50 pounds N per acre. One half of the nitrogen was applied on April 10 
and the other half on June 19. 

Following is the cultural program beginning March 23: 

March 23, planted 
April 30, first irrigation 
May 15, mechanically thinned 
~ay 26, second irrigation 
June 12, third irrigation 
June 23, second half of nitrogen applied in furrow 
June 25, fourth irrigation 
Hereafter irrigation on an 8-day schedule in every other furrow 
Sept. 29, late irrigation 
Nov, 10, defoliated 
Sept. 4-12, first picking - hand 
Oct, 30-31, second picking - machine 

Plant tissue samples representing the whole above-ground part of 
the plant were taken as follows: 

At 60 days' growth •.•• 30 plants per sample 
At 90 days' growth •••• 12 plants per sample 
At 135 days' growth •••• 4 plants per sample 
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The leaf blades, stalks, and squares (bolls) were separated and 
the three plant parts analyzed for ash, calcium, magnesium, 
potassium, phosphorus, and nitrogen. 

NITROGEN 

The nitrogen analyses of the plants from the Taylor experiment 
are given in Table 14; also the pounds lint per acre. 

TABLE 14. NITROGEN CONTENT OF COTTON LEAF BLADES, STALKS, AND FRUIT OF 
PLANTS GROWN ON THE TAYLOR FIELD PLOTS FOR VARIOUS INTERVALS OF GROWTH 
AND VARIOUS FERTILIZE81 TREATMENTS. (1953) STATED IN PERCENTAGES NITROGEN 
OF AIR-DRIED PLANT .MATTER, AND IN GRAfv'.!S OF NITROGEN PER PLANT. 

Fertilizer 
treatment 
per acre 
N P205 K20 

Pounds 

0 0 0 
100 0 0 

0 50 0 
0 0 100 

100 50 0 
100 50 100 
100 0 100 

0 0 0 
100 0 0 

0 50 0 
0 0 100 

100 50 0 
100 50 100 
100 0 100 

0 0 0 
100 0 0 

0 50 0 
0 0 100 

100 50 0 
100 50 100 
100 0 100 

Days after planting on which plant 
samples were taken for analysis. 

60 90 135 60 90 135 
Percentage Grams per plant 

.. 

LE AF B L A D E S 
3.76 3.26 1.81 .031 .287 .317 
4.13 3.42 2.01 .041 .320 .854 
3.74 3.13 2.07 .030 .149 .382 
3.91 4.19 2.24 .026 .174 .281 
4,15 3 .29 2,35 ,041 .433 1.198 
4.16 3.61 2.25 ,044 .512 1,750 
4,02 3,62 2.13 .030 .435 .970 

STALKS 

2.05 1.28 o.45 .009 .096 .083 
1.65 1.29 0.55 .008 .101 .316 
2.62 1.22 0.50 .007 ,070 .082 
2.24 1.25 o.48 .006 .061 .060 
2.24 1.19 0.53 .011 .184 .378 
2.26 1.22 o.47 .011 ,234 .345 
1.82 1.13 o.46 .006 .142 .309 

FRUIT 

3.00 .085 
3.00 .131 
2.80 .058 
3.00 .049 
3.27 .126 
3.36 ,098 
3,40 .104 

Lint 
per 
acre 

Pounds 

996 
1306 

719 
755 

l:?24 
1207 
1183 

996 
1306 

719 
755 

1224 
1207 
1183 

996 
1306 

719 
755 

1224 
1207 
1183 
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The percentage nitrogen in both blades and stalk decreased as 
the plants matured. At 60 days, the nitrogen percentage was highest 
for the leaf blades from plants which had been fertilized with 
nitrogen, but this dces not hold true for the stalks. The relation 
between N percentage and yield of lint is shown in figure 3. At 
135 days, the nitrogen percentage was highest when both nitrogen 
and phosphorus had been applied. The plants from the nitrogen
fertilized and the unfertilized plots are greatly different in 
weight at this stage of growth and this affects the percentage. 

The four highest yields of lint were from the plots which showed 
the highest nitrogen percentage in the blades at 60 and 90 days. 

On the basis of grams nitrogen per plant, the greatest uptake 
of nitrogen was from the nitrogen-fertilized plots because the 
plants were larger. 

The tissue analyses show a definite nitrogen deficiency in this 
soil and are in agreement with the soil ana lye is which also shows a 
nitrogen deficiency. In this Taylor field experiment the only profit 
and response were from added nitrogen. The plots that were fertilized 
with N-P and N-P-K produced less lint than those fertilized with 
nitrogen alone; and those fertilized with P and K (without nitrogen) 
produced less lint than the unfertilized plots. 

PHOSPHORUS 

The phosphorus data are given in table 15 as per cent and as 
grams per plant. The respective yields of lint are given in the 
last column of the table. 

The percentage phosphorus in both blades and stalks decreased as 
the plants matured (See table 15). There is no correlation between 
phosphorus percentage in blades or stalks and yield of lint. Neither 
is there any relation between phosphorus percentage in plant tissue 
and phosphate fertilization. In this experiment highest yield of 
lint was from plants fertilized solely with nitrogen, indicating 
that phosphorus was not a limiting factor in this experiment. 

The phosphorus percentage in blades and stalks was considerably 
higher at both the 60- and 90-day period than in the Boswell 
experiment. This may explain the lack o~ any correlation between 
phosphorus percentage in the tissue and phosphorus fertilization in 
this test. This indicates that, with early planting and resulting 
slower early growth, (1) the cotton plant has a better opportunity 
to build up a good phosphorus reserve, (2) the plant makes more 
efficient use of phosphorus, and (3) this may be reflected in a 
greater yield of lint. At 135 days the phosphorus percentage in 
blades and stalk showed less difference between the two experiments. 

On the basis of grams per plant the tissue analyses again show 
no correlation between phosphorus content per plant and phosphorus 
fertilization. They do, however, show a good correlation between 
nitrogen fertilization and phosphorus uptake in that it was 
stimulated by nitrogen. 
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TABLE 15. PHOSPHORUS CON'rnNT OF CO'TTON LE.AF BLADES, STALKS, AND FRUIT (BOLLS) 
FOR SEVERAL GROWTH STAGES AND VJl.RIATIOIJS OF FERTILIZER TREATMENT, TAYLOR 
EXPERIMENT. (1953) PERCENTAGES CALCUUdED ON AIR-DRY MATERIAL. 

Lint 
Fertilizer Days a:fter planting on which plant per 
treatment samples were taken :for analysis. acre 
per acre 
N 

0 
100 

0 
0 

100 
100 
100 

0 
100 

0 
0 

100 
100 
100 

0 
100 

0 
0 

100 
:oo 
:oo 

P205 K20 60 90 135 60 90 135 
Pounds Percentage Grams ~r plant Pounds 

LEAF BLADES 

0 0 .65 .63 .58 .0064 .054 .102 996 
0 0 .68 .58 .45 .0065 .057 .200 1306 

50 0 1.00 .88 .86 .0072 .040 .158 719 
0 100 1.14 .90 .61 .0076 .049 .081 755 

50 0 .77 .53 .34 .0070 .068 .165 1224 
50 100 .69 .46 .36 .0072 .061 .270 1207 

0 100 .71 .52 .34 .0054 .062 .155 1183 

STALKS 

0 0 .44 .35 .21 .0023 .028 .037 996 
0 0 .56 .35 .19 .0027 .037 .114 1306 

50 0 -.66 .45 .26 .0022 .023 .042 719 
0 100 .66 .44 .28 .0018 .022 .035 755 

50 0 .56 .32 .17 .0025 .048 .116 1224 
50 100 .52 .30 ,.17 .0026 .055 .103 1207 

0 100 -..56 .33 .14 .0018 .042 .091 1183 

FRUIT 

0 0 .35 .010 996 
0 0 .35 .015 1306 

50 0 .45 .009 719 
0 100 .45 .008 755 

50 0 ,32 .013 1224 
50 100 .30 .009 1207 

0 100 ,33 .010 1183 

POTASSIUM 

The percentage of potassium in both blades and stalks decreased 
with age of the plant. (See table 16). There is no correlation 
between potassium percentage and kind of fertilizer applied, either 
for the blades or stalks, even for the plants which were fertilized 
with potassium. The potassium percentage is higher in the stalks 
than in the blades. There is no relation between potassium percentage 
in the tissue and yield of lint. The experiment shows that this soil 
is well supplied with available forms of potassium. 
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TABLE 16. POTASSIUM CONTENT IN COTTON LEAF BLADES, STALKS, FRUIT ( BOLLS ) 
FOR SEVERAL GROWTH STAGES AND VARIED F'EF:Tii.IZER TREATMENTS. (1953). 
(PERCENTAGES CALCULATED ON AIB-DRY .MATERIAL) 

Fertilizer Days after planting on which plant Lint 
treatment samples were taken for analysis per 
per acre acre 
N p K 60 90 135 60 90 135 

Pouads Percentage Grams per plant Pounds 

LEAF BLADES 

0 0 0 2.41 2.18 1.70 .029 .195 .296 996 
100 0 0 2.66 2.34 1.55 .027 .238 .551 1306 

0 50 0 2.31 2.42 1.72 .020 .117 .319 719 
0 0 100 2.89 2.29 1.74 .019 .124 .224 755 

100 50 0 2.87 2.33 1.74 .029 .301 .879 1224 
100 50 100 2. 73 2.22 1.68 .028 .308 1.292 1207 
100 0 100 2.69 2.22 1.62 .020 .267 .741 1183 

STALKS 

0 0 0 5.20 3.88 2.55 .021 .340 .463 996 
100 0 0 4.84 4.11 2.88 .022 .455 1.690 1306 

0 50 0 5.39 4.58 2.81 .019 .226 .462 719 
0 0 100 5.25 4.70 2.77 .015 .227 ,345 755 

100 50 0 5.31 4.27 2.79 .024 .649 1.977 1224 
100 50 100 5.50 3.99 2.41 .028 .744 1.519 1207 
100 0 100 5.58 4.12 2.47 .019 .518 1.663 1183 

FRUIT 

0 0 0 2.68 .079 996 
100 0 0 2.76 .120 1306 

0 50 0 2.92 .064 719 
0 0 100 3.16 .052 755 

100 50 0 2.28 .111 1224 
100 50 100 2.84 .082 1207 
100 0 100 2.84 .090 1183 



- 22 -

The relation between pounds po4;essium per acre used by this crop 
and yield of lint or type of fertiJizcr is of little or no significance. 
On the basis of the amount of potassi:;m in the plants from the higher
yielding plots, as compared with the ]ewer-yielding plots, there is 
further evidence of an abundant supply of available potassium in this 
soil. 

At 90 days the potassium percentage in blades is similar in both 
the Taylor and Boswell experiments. It is higher in the plant tissue 
from the Boswell experiment at 60 and 135 days. In the stalks, the 
potassium percentage is higher for the Taylor plants at 60, 90 and 
135 days. 

At both 60 and 90 days the potassium in grams per plant is much 
lower in the Taylor experiment, but not much different at 135 days. 
This is in agreement with the comparison of nitrogen and phosphorus 
in the tissue samples from these two experiments. During the early 
stages of growth there is a major difference in the tissue samples 
from these two experiments, but at maturity they are in quite close 
agreement. 

It is of particular interest that in the stalks the potassium 
percentage at all three sampling dates is higher than in the blades, 
while for the Boswell experiment this'is not true at 120 and 135 
days. Whether it is due to difference in planting date or application 
of potassium fertilizer in the Taylor experiment cannot be stated at 
this time. 

CALCIUM - MAGNESIUM - ASH 

Since there was no relationship and little or no difference in 
calcium, magnesium, and ash with respect to tissue analysis or yield 
of lint, the analyses from the tissue samples for each sampling date 
are presented as an average. 

Calcium. Very little attention is given to calcium as a plant 
nutrient in the growth of crops on Arizona soil because it is 
usually abundant. Most of the irrigated lands are calcareous so 
there should be no calcium deficiency. Our interest was primarily 
in the effect of the fertilizer treatments on calcium uptake. 

The percentage calcium in the stalks decreased with the age 
of the plants, just as did nitrogen, phosphorus, and potassium 
(See table 17). In the blades, there was an increase between the 
60-day and the 135-day samples. There is no relation between 
calcium percentage and type of fertilizer to yield of lint. The 
calcium requirement of cotton is apparently somewhat similar to 
that for potassium. 
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TABLE 17. CALCIUM, MAGNESIUM, AND ASR CON'I'ENT OF COTTON PLANTS, LEAF 
BLADES, STALKS, AND FRUIT (BOLLS) AT GK/1.PAL GROW'IB INTERVALS. FIGURES 
ARE AVERAGES OF 7 SAMPLES FROM PLOTS Oli' V,1RIOUS FERTILIZER TRE:P,TivIB;NTS. 
1953. (PERCENTAGES CALCULATED ON AIH-D:HY W.TERIAL) 

Fertilizer 
treatment 

Days after planting on which plant 
samples were taken for analysis. 

________ 6_o_..,,,._. 90 135 60 90 135 
Perce~tage Grams per plant 

Calcium (Ca) 
Magnesium (Mg) 
Ash 

Calcium (Ca) 
Magnesium (Mg) 
Ash 

Calcium (Ca) 
Magnesium (Mg) 
Ash 

3.75 
.67 

18.90 

1.71 
.57 

16.38 

4.67 
.70 

::.8.20 

1.33 
.40 

11.07 

2.26 
.50 

11.80 

LEAF BLADES 

4.82 
.50 

17.80 

STALKS 

1.09 
.25 

7.49 

FRUIT 

.030 

.005 

.164 

.007 

.002 

.065 

.486 

.069 
1.79 

.141 

.043 
1.173 

.066 

.014 
2.65 

1.83 
.22 

6. 72 

.430 

.104 
3.134 

The calcium percentage was higher in the Boswell test at 60 
days than in the Taylor test, and about the same in both at 135 
days. In the stalks, the calcium percentage was higher in the 
tissue samples from the Taylor experiment at 60, 90, and 135 days. 
In this way it is similar to potassium. On the basis of grams 
per plant the calcium levels for the Taylor experiment (at 60 days) 
are about the same as at 30-45 d6ys in the Boswell experiment. 
At 90 days the Taylor level is similar to 60 days of the Boswell, 
but at 135 days it is only slightly less than for the Boswell 
experiment. 

:r,J.Bgnesium. Magnesium is another nutrient element which is 
important in plant nutrition but appears to be abundantly available 
in Arizona soils. The data on this element are given in table 17. 

The percentage magnesium in stalks, like the calcium, decreased 
with age of the plant, but unlike calcium it decreased in the leaves 
after the 90-day period of growth. Nitrogen fertilization very 
definitely increased the amount of n~gnesium taken up by the crop. 
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Ash. On a percentage basis, there was some variation in ash 
but norelation to fertilizer trea+.m~nt for the blades. In the 
stalks the ash percentage decreased with the age of the plant 
(See table 17). 

DATE OF PLANTING 

One reason for selecting the Taylor crop for comparison with 
the Boswell crop was the 38-day difference in planting dates, the 
Taylor being the earlier. In figures 7, 8 and 9 the percentage 
of nitrogen, phosphorus, and potassium in leaf blades and stalks 
is shown en the basis of calendar dates and number of days after 
planting. These curves represent the average of all treatments in 
the two experiments. 

Nitrogen. The nitrogen percentages in leaf blades are in close 
agreement throughout the 6O-to 135-day after planting period, while 
the nitrogen percentage in stalks is considerably higher in the 
early-planted cotton for the 6O-to 1O5-day period of growth. This 
indicates an uptake of nitrogen in excess of the immediate need and 
storage for subsequent use in the stalk. These curves show the 
very rapid uptake of nitrogen in the late-planted cotton but, judging 
from the yields of lint, a less efficient utilization in boll 
production. 

Phosphorus. The nitrogen percentage difference between early 
and late-planted cotton is probably not significant. The phosphorus 
percentage is probably significant up to the 135-day samples. At 
135 days after planting, the phosphorus percentage in leaf blades 
and stalks is about the same. 

In the Taylor test there was no yield increase from phosphorus 
fertilizer, while there was a definite increase in the late-planted 
Boswell test. The reason for this is evident in the higher phosphorus 
percentages in the tissue samples from the early-planted cotton. 

There was little or no difference in the CO2 soluble phosphorus 
in the two soils. There is a strong indication that early planting 
and slow early post-emergence growth promoted an early uptake of 
phosphorus and a more efficient utilization in boll production. This 
is further indicated in the next section dealing with dry-weight 
diffe~ences between the plants in the two experiments; that is, the 
plants in the Boswell experiment (late-planted), which made more 
rapid growth during the post-emergence stage, produced far less lint 
per acre dry-weight of plants. The relationship between this and 
the lower phosphorus percentage in both the leaf blades and stalks 
may offer an explanation of the reason for this. 

Potassium. The potassium percentage differences in the stalk 
samples from the Boswell and Taylor experiments are similar to the 
phosphorus differences already noted, but there is little or no 
difference in the potassium percentages for the leaf blades. This 
potassium difference explained in sentences following this may 
indicate a significant relationship between early planting, slow 
post-emergence growth, and potassium utilization by the plant. As 
shown in figure 9, the potassium is more abundant in the stalks, 
where this element is localized during active growth, of the Taylor 
experiment which gave a higher yield of cotton lint. 
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DRY-WEIGHT OF PLANTS --- -·---•···· -· ---
In an experiment of this kind, it is important to know something 

of the total dry-veight of plant material on a per-acre basis and its 
relation to the weight of lint produced. As already mentioned, the 
dry-weight of the plant samples was determined before prepari.ng them 
for chemical analysis. These weights were calculated to a per-plant 
basis. The total dry-weights as pounds per acre, leaf blades, stalks, 
and fruit, are given in table 18 for the Boswell experiment on the 
basis cf a plant population of 25,000 per acre. In table 19, the dry 
plant weights for the Taylor experiment are given on the basis of 
23,000 plants per acre. 

TABLE 18. AMOUNT OF COTTON PLANT MATERIAL, AIR-DRY BASIS, GROWN PER ACRE FROM 
COTTON PLANTS, CALCULATED FOR LEAF BLADES, STALKS, FRUIT, OPEN BOLLS. BOSWELL 
FIELD. 1953. PRESEN:l'ED AS POUNDS PER ACRE AT VARIOUS GROWTH STAGES AND BY 
SEVERAL FERTILIZER 'IREATMENTS. 

Fertilizer Number of sampling intervals in days after 
application planting. All values in pounds per acre. 
per acre in 
pounds 

N P205 30 45 60 75 90 105 120 135 150 

WHOLE PLANT BLADES 

0 0 21.5 230 261 640 734 1049 1325 1148 883 
0 182 21.0 271 374 994 1016 1231 966 1369 928 
0 276 22.6 237 371 872 701 1821 1352 1159 1490 
0 455 27.0 188 387 618 795 690 1187 1082 596 

50 0 21.0 199 1~27 867 1617 1574 1562 1546 1225 
100 0 23.7 208 699 1844 1943 2776 2980 4626 1618 
200 0 22.1 237 540 2059 1921 2583 3024 4101 4775 
100 260 19.3 261 533 1275 2429 3450 2612 3390 1932 
100 390 25.4 241 339 971 1728 1546 2484 2346 2512 
100 455 24.3 228 316 1109 1562 1269 2926 2208 2374 

STALKS 

0 0 215 762 911 1369 1672 1905 1573 
0 182 265 1281 1253 1628 1546 1932 1546 
0 276 386 1115 1463 2280 2274 1971 2611 
0 455 349 751 784 1065 1683 1612 1021 

50 0 366 1087 1717 2114 2560 2771 2749 
100 0 586 2164 2473 3510 4350 7920 4637 
200 0 419 238~ 2296 3549 4209 6596 7424 
100 260 387 1568 3384 5216 4085 5454 4361 
100 j90 301 1159 1490 2114 3770 4206 4240 
100 455 286 1308 1948 1700 4211 4074 4378 
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TABLE 18. CONTINUED 

Fertilizer Number of sampling intervals in days after 
application planting. All values in pounds per acre. 
per acre in 
pounds 

N P205 30 45 60 75 90 105 120 135 150 

FRUIT 

0 0 28 345 814 1231 883 1076 1187 
0 182 37 287 690 1783 1198 773 707 
0 276 46 287 1065 3218 949 635 872 
0 455 53 237 701 1093 375 442 486 

50 0 45 222 1198 2224 1242 1281 828 
100 0 83 552 1170 2942 1600 2169 2732 
200 0 50 377 1181 3891 3367 2997 5780 
100 260 54 199 1615 4195 4035 4005 1562 
100 390 38 192 1093 1490 2622 1297 2420 
100 455 26 414 1214 1380 2473 1203 2335 

OPEN BOLLS 

0 0 1728 1877 1463 
0 182 1926 2445 2666 
0 276 1722 2236 2860 
0 455 1175 1325 1093 

50 0 977 1281 1728 
100 0 1507 2677 1628 
200 0 1203 3135 6210 
100 260 706 3891 4682 
100 390 1386 1270 2004 
100 455 911 1998 1445 

TABLE 19. COTTON PLANT MATERIAL PRODUCED PER ACRE, AIR-DRY BASIS, TAYLOR 
FIELD NEAR LI'ICHFIEI.J), ARIZONA. 1953. PRESENTED AS TOTAL POUNDS PER ACRE 
AT VARIOUS GROWTH STAGES AND FOR VARIED FERTILIZER TREATMENTS. 

Fertilizer Intervals in days from planting when plant samples taken 
application 
per acre BLADES STALKS FRUIT 

N P205 K 60 90 135 60 90 135 60 90 135 

0 0 0 41.6 447 894 20.3 417 924 147 3338 
100 0 0 50.8 528 2118 23.9 559 3043 192 2616 

0 50 0 40.6 244 940 17.8 295 782 113 1925 
0 0 100 33.5 274 650 13.7 249 635 81 1285 

100 50 0 48.8 655 2570 22.9 772 3571 203 4475 
100 50 100 53.3 711 3876 25.9 945 3195 147 4216 
100 0 100 38.1 610 2317 17.3 640 3408 158 3729 
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In the Boswell experiment, the dry-weight at 135 days varied 
among plots between 4,461 pounds to 17,391 pounds per acre, or an 
average of 9,942 pounds. In the Tay~.or experiment, the weights varied 
between 2,570 pounds and 11,287 pounds per acre, with an average of 
7,201. This wide variation is related to the fertilizer treatments. 
For comparison a similar type of experiment in Georgia (2) may be 
cited which produced 6,176 pounds, and an experiment in the Imperial 
Valley (4) where weight of dry-plant material was 12,000 pounds. The 
late-planted cotton in the Boswell experiment produced more plant 
material per acre than the early-planted cotton in the Taylor experi
ment but produced less lint. 

A correlation between yield of lint and dry-weight of plants at 
90-days' growth is highly significant for the Boswell experiment. 
(See figure 10). This is interesting because there is a good, but 
not significant, correlation between nitrogen percentage in the leaf 
blades and pounds lint per acre, at 90 days' growth. The 90-day 
period of growth was the only one which showed a close correlation 
between yield of lint and dry-weight and nitrogen percentage. 

The rate of dry-plant material production is shown in figure 11 
on the basis of equivalent calendar dates. Here it is shown that 
the weights were about the same on May 30; that is, very little 
growth of plants in either experiment. On July 1, the plants were 
larger in leaf blades, stalks, and squares for the early-planted 
cotton. On August 15, the weight of squares in the early-planted 
cotton was 750 pounds per acre greater than for the late-planted 
cotton. The plants in the Taylor (early-planted) field at 60, 90, 
and 135 days were closely equivalent in weight to those in the Boswell 
(late-planted) field at 30, 60, and 105 days. Growth is clearly 
dependent upon the proper weather conditions rather than planting 
date. 

Figure 12 shows the rate of growth for leaf and stalk production 
for the unfertilized cotton and for the cotton fertilized with 
nitrogen and phosphate in the Boswell and Taylor experiments at 30 to 
150 days after planting. A similar curve drawn from data on Georgia
grown cotton (2) is also given for comparison. These curves clearly 
show the greater amount of plant material produced and the more rapid 
growth of the late-planted cotton. The curve for the Georgia-grown 
cotton closely follows that of the early-planted Taylor cotton, but 
growth drops off at 120 days for the Georgia plants. The respective 
yields of lint are shown in parenthesee. 

Figure 13 shows the rate of growth for the unfertilized and 
N-P2o5 fertilized cotton by calendar dates for the two experiments. 
This figure shows that the plants in both the early- and late-planted 
cotton started rapid growth at about the same calendar date and, 
thereafter;grew at about the same rate so far as leaf and stalk pro
duction was concerned; however, the final lint yield was greatly 
different in the two experiments. 

There is evidence in these data that time of planting, within 
certain limits, does not greatly influence the rate of vegetative 
growth after the proper growing weather arrives but it does greatly 
influence the fruiting -· the y-ield of ·lint. 
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DISCUSSION Al'ID CONCLUSIONS 

Data are presented showing the dry-weight production, nutrient 
uptake at several intervals from 30 to 150 days' period of growth, 
and total nutrient uptake for early- and late-planted cotton. They 
show a wide variation depending upon the type of fertilizer applied 
and date of planting. 

In the late-planted cotton, the lowest yielding plot (the 
unfertilized cotton), had a total of 6,006 pounds dry-plant material 
per acre at 135 days. The highest-yielding plot, which was fertilized 
with 100 pounds of nitrogen and 260 pounds of phosphate (P205), produced 
16,740 pounds of dry matter. 

In early-planted cott~n, the unfertilized plot had 5,156 pounds of 
dry matter per acre and the highest-yielding fertilized plot 7,777 
pounds of dry matter at 135 days. The late-planted fertilized cotton 
produced the largest quantity of dry matter. 

Average of all plots in the Boswell experiment was 10.3 pounds 
dry matter for each pound of lint produced. In the Taylor experiment 
there were only 6.8 pounds dry matter for each pound of lint, average 
of all plots. 

For the highest-yielding fertilized plot in the Boswell field there 
were produced 17.3 pounds of dry matter to one pound of lint; and only 
5.9 pounds of dry matter per pound of lint for the highest-producing 
fertilized plot in the Taylor field. These data are for the 135-day 
period of growth. The relation between dry-plant material and lint 
production at 90 days is illustrated in figure 10. The data indicate 
that early-planted cotton produced lint much more efficiently than 
late-planted cotton. It also strongly suggests need for further research 
on date of planting as well as date of fertilizer application. 

Of the dry matter in the Boswell experiment, at 150 days, 26.4 per 
cent was bolls and 73.6 per cent leaves, stalks, and squares. These 
data show the quantity of organic and inorganic plant residue left in 
the field exclusive of roots -- namely, an average of about 3½ tons. 

On the basis of many fertilizer tests with cotton in the Southwest, 
it is now recognized that the major fertilizer response is to nitrogen. 
The data obtained from our tissue analyses confirm this. It is the 
only nutrient element that showed any relationship between percentage 
in the plant tissue and yield of lint -- namely, at the 90-day period 
of growth. 

The data showing the relation between pounds of nitrogen and yield 
of lint, on a percentage basis, are widely variable, as shown in table 
3, but are in close correlation with the total dry matter per acre. The 
efficiency of nitrogen in lint production is also in the same relation 
as dry matter to lint production. 

Some of the specific examples are: In the Boswell experiment there 
was a stepwise increase in pounds of nitrogen used by the plant to 
produce one pound of lint for 50, 100, and 200 pounds nitrogen applied 
as fertilizer; the highest production of lint per pound of nitrogen, 
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on the basis of plant tissue analysis, was for the plants which were 
not fertilized with nitrogen. It ia of interest to note that in the 
late-planted cotton, which was ft::rtilizcd with the nitrogen-phosphate 
combination, phosphorus definitely increased the pounds of lint per 
pound of nitrogen applied Ei.s fertilizer. 

The effect of nitrogen fertilizer in lint production can be 
illustrated in another way, using the data for the 135-day samples. 
In the Boswell experiment, 112 pounds of nitrogen were used by the 
unfertilized plants in producing 464 pounds of lint, and in the 
fertilized plots (100 pounds nitrogen plus 260 pounds P2o5) 411 pounds 
of nitrogen were used in producing 964 pounds of lint. 

Similar data are not available for the Taylor experiment because 
only one set of fruit samples (90 days) was analyzed; however, we can 
make a comparison of the pounds of nitrogen in leaves and stalks for 
the two experiments at 135 days. In the late·-planted cotton, the 
pounds of nitroge_n in leaves and stalks at 135 days was 30 pounds 
per acre for the unfertilized cotton and 103 pounds per acre for the 
highest-yielding fertilized plot. On the Taylor field of early-
planted cotton, it was 20 pounds and 59 pounds of nitrogen, respectively, 
135 days following p1anting. This again indicates that nitrogen makes 
a more efficient contribution to lint production in early-planted 
cotton than it does in late-planted cotton. 

The nitrogen used by the cotton crop is well in excess of that 
applied as fertilizer and this is in agreement with data obtained 
in similar experiments in Georgia (2). The Georgia cotton used 134 
pounds of nitrogen per acre. 

The tissue analyses show a high percentage of phosphorus in the 
plants from the phosphorus-fertilized plots in the late-planted cotton 
but not for the early-planted cotton. This finding may be of particular 
interest because the soil analyses show a close agreement between 
available phosphorus, carbon· dioxide soluble, for the two soils and 
both experiments were located in the same section of the Salt River 
Valley, 

In the late-planted field, the check (unfertilized) plants used 
28 pounds of phosphorus and the highest-yielding plants used 72 pounds 
of phosphorus per acre. On the basis of leaves and stalks only, for 
comparison with the early-planted plots, the late-planted cotton used 
10 pounds of phosphorus per acre for the unfertilized and 23 pounds 
per acre for the highest-yielding fertilized plants. For the Taylor 
(early-planted) experiment it was 7 pounds and 16 pounds of phosphorus, 
respectively. Here, again, less phosphorus was used by the early
planted cotton despite the higher percentage in the tissue, and it 
produced more lint. In the Georgia experiment (2) 24 pounds of 
phosphorus were used per acre of dry-plant material. 

The tissue analyses for potassium show a very high potassium 
requirement for cotton, and also show the large quantity of available 
potassium in these two soils. There was no increase in potassium 
percentage of the tissue in the Taylor experiment where 100 pounds 
½O per acre were applied. Also, there was no relation between 
potassium percentage in tissue and yield of lint in either experiment. 
Neither was there any relation between potassium percentage in the 
plant and the quantity of nitrogen or phosphorus fertilizer used. 
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For the Boswell (late-planted) experlment, the plants in the 
unfertilized plots used 122 pounds potussium. (K) per acre; and for 
the highest-yielding fertilized plots the plants used 395 pounds 
per acre. Blades and stalks used 57 pounds of potassium per acre 
for the unfertilized plots and 190 pounds per acre for the highest
yielding fertilized plots. 

In the Taylor plots, 38 pounds and 114 pounda of potassium 
were taken into the plants of the unfertilized and highest-yielding 
fertilized plots, respectively. Most of the potassium was located 
in the stalks. 

There is little need for additional comment on calcium and 
magnesium because there has been no evidence that they are of parti
cular importance at this time. The cotton plant has a high calcium 
requirement and a much lower requirement for magnesium. The ratio 
between Ca and Mg is about 6: 1 during the early stage of growth 
and about 4 : 1 during the mature stage of growth. The ratio is 
slightly less in the stalks as is also the percentage. The Arizona 
soils where cotton is grown are well supplied with calcium and 
magnesium. 

The uptake of nutrient varies a great deal with respect to date 
of planting, both as to the total and the rate of uptake. The first 
rapid uptake approxirrRtes the 75-dey period of growth, after which 
there is a lag followed by another increaE>e in uptake prior to the 
sampling at 105 days. This observation is in agreement with results 
obtained in a similar study of cotton nutrition in Georgia (2). 
Apparently, the lag following the initial rapid uptake of nutrients 
is caused by an early production of squares; nutrients going into 
fruit production caused a temporary slowing up in nutrient uptake 
as measured by percentage in leaves and stalks. 

This report is a publication of progress. The investigation 
suggests further work on the relation of time of planting to rate and 
total uptake of nutrients, a study of the relation of time of plant
ing to phosphate response, and the effect of late phosphate side 
dressings on yield of lint. The problem of factors which influence 
the efficiency of nitrogen fertilizers on lint production is also 
deserving of further study. 
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Figure 11. Comparing pounds per acre dry matter in leaf blades, stalks, squares, and bolls from 
Boswell (B) and Taylor (T) experiments, calendar dates. 
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Figure 12. Comparing pounds per acre, leaves pl us stalks, with various fertilizer applications, at 
Taylor and Boswell fields, and a Georgia trial. Numbers in parentheses are pounds lint 
per acre. First number following each curve is nitrogen application in pounds per acre; 
second number is P20, application in pounds per acre. 
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Figure 13. Comparison of weight of plants per acre, in pounds. Plant here is taken as leaves plus 
stalks. First number following each curve is nitrogen application in pounds per acre; 
second number is P 20• application in pounds per acre. 
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