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C OV E R 

Symptoms typical of the advanced stages of magnesium 
deficiency on 85-day-old Pima S-l cotton plants. 

SUMMARY 
The effects of various substrate magnesium levels on symp

toms of magnesium deficiency, growth, fruiting, chloroplast 
pigments, carbohydrates and elemental composition at different 
stages were studied in American Upland (Stoneville Z-106) and 
Egyptian (Pima Sol) cottons grown in nutrient solution under 
greenhouse conditions. 

The characteristic foliage symptoms of magnesium defi
ciency appeared first in the lower leaves of Pima Sol plants 
which were more sensitive to magnesium deficiency than the 
Stoneville Z-I06 variety. Low substrate magnesium restricted 
chlorophyll and carotenoid pigment synthesis and was cor
related with foliage chlorosis. Growth, as measured by stem 
height and dry plant weight, and fruiting were positively cor
related with magnesium supply. The number of flowers, per
centage boll set and relative fruitfulness of the Stoneville Z-106 
plants increased with increasing magnesium. Magnesium de
ficiency caused a delay in flowering of the Pima Sol plants. 

Carbohydrate content and distribution as affected by 
magnesium supply were studied. At 45 days of age carbo
hydrates were inversely correlated with substrate magnesium. 
During the early stages of magnesium deficiency the distribu
tion of carbohydrates indicated that transport and utilization 
of carbohydrates are restricted more than photosynthesis by 
lack of the element. By 85 days of age, although magnesium 
deficiency had restricted carbohydrate synthesis, carbohydrate 
translocation and use were still more adversely affected. An 
inverse relation was noted between leaf carbohydrates and 
magnesium availability while carbohydrate levels of stems and 
roots were more directly correlated with the magnesium supply. 
Differences in the susceptibility of the two cottons to mag
nesium deficiency, as reflected in a greater reduction in carbo
hydrates in the Pima Sol plants at the lower levels of mag
nesium supply, were demonstrated. In addition to the reported 
effects for calcium and boron, magnesium deficiency was noted 
to restrict carbohydrate distribution. It was concluded that 
magnesium affects sugar translocation indirectly through its 
more critical functions in cellular activity, and that magnesium 
deficiency limits other phases of metabolism long before it 
limits photosynthesis through its essential role in chlorophyll. 

Magnesium content of the cotton plants reflected a posi
tive correlation with the magnesium supply on which they 
were grown. The foliage contained the highest magnesium 
content. Comparison of leaf magnesium to relative chloro
phylls showed them to be interrelated. Calcium content was 
strongly, and potassium content weakly, negatively correlated 
with magnesium supply. As a result, decreased magnesium 
accumulation at the low magnesium levels was compensated 
for largely by increased calcium and potassium accumulation. 

Leaf phosphorus was inversely related to substrate mag
nesium in both varieties while little influence of magnesium 
treatment on nitrogen content was noted in the Stoneville Z-I06 
plants. The old leaves of the magnesium deficient Pima plants 
accumulated nitrate nitrogen while a direct relation between 
total nitrogen and substrate magnesium was observed in the 
young leaves of that variety. 
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ilAGNESIUM IS ONE OF THE ESSENTIAL NUTRIENT ,I elements required by higher plants for normal 
towth and reproduction. Eisenmenger and Kucinski 
9) state that for most plants magnesium ranks third 
t fourth in importance of the essential metallic ions. 
.!though the essentiality of magnesium has been 
~cognized for nearly 100 years and the symptoms 
r deficiency have been developed and described in 
large number of plants, the specific functions and 

'"act metabolic mechanisms in which it is involved 
re not yet established fully. 

During recent years a number of plant specimens 
isplaying magnesium-like symptoms have been re

~ eived and alleged magnesium deficiency symptoms 
~ ave been observed in the field in various areas of 
. Vexas. A number of growers on the High Plains 

8 ,ave reported yield and growth responses to mag
~ lesium fertilizers applied to cotton. 

Magnesium deficiency symptoms have been well 
-haracterized in many crop plants. However, a com
·trehensive study of typical magnesium deficiency 
ymptoms in cotton has not been undertaken under 
'oOlrolled conditions of magnesium supply. Most 
_~ports describing magnesium deficiency have been 
Jeld observations noting particularly the mature or 
_Idvanced condition, with little emphasis on the 
ncipient or initial stages of magnesium deficiency. 
~ew direct studies have been conducted on the effects 

-,f magnesium on the physiology and biochemistry 
)( the cotton plant. Little is known concerning the 
nagnesium requirements of different cotton species 
)r the effects of limited supply at different develop

..neOla I stages. Therefore the present study to char-
acterize magnesium deficiency symptoms and to 
determine the effect of various levels of supply on 
the growth, fruiting and chemical composition of 
American Upland (Gossypium hirsutum L.) and 
American Egyptian (Gossypium barbadense L.) cot
tons under controlled conditions is well justified as 
a guide for field experiments. 

Review of Literature 
Bear, el al. (3) state that the magnesium content 

of crop plants usually ranges between 0.2 to 0.6 
percent of their dry weight and that the element 
tends to follow protein distribution in plant tissues. 
It accumulates particularly in the seeds in contrast 

'Respectively, former graduate student, professor, and professor 
and head, Department of Plant Physiology and Pathology. 

to calcium which accumulates mainly in the foliage. 
As plants mature, magnesium is withdrawn from the 
leaves and other vegetative parts and utilized in seed 
formation. Magnesium is more abundant in oily 
seeds like flax and cotton than in starchy seeds like 
the cereals. Loew (23) and Reed (31) consider that 
an intimate relationship exists between the presence 
of magnesium and the formation of vegetable oils. 
Bear, et ai. (3) found that oily seeds are especially 
high in magnesium and suggested a role of mag
nesium in oil synthesis. 

Although several hundred references on mag
nesium nutrition and deficiency are available, only 
a few are directly concerned with cotton. Magnesium 
deficiency symptoms in cotton were first reported by 
Garner, et ai. (12). They described the leaf symp
toms as being interveinal chlorosis which changed 
from yellow to purple-red in color as the season 
progressed. Cooper (6) noted that magnesium de
ficient cotton had reddish leaves with green veins 
and that it was difficult to distinguish between the 
color due to magnesium deficiency and that due to 
leaf maturation. In other species the most outstand
ing symptoms, but varying with the plant, include 
chlorosis, necrosis, bronzing and reddening of older 
leaves commonly followed by defoliation. The typical 
foliar symptoms first appear in the basal leaves but 
intensify and spread progressively upward to the 
younger leaves as the lack of the element becomes 
more accentuated. The deficiency becomes most 
prevalent at the end of the growing season but it 
may also appear in seedlings. The remarkable variety 
of foliage effects produced by magnesium deficiency 
in different species makes it necessary to learn the 
symptoms for each individual plant species. Eisen
menger and Kucinski (9) state that not all species 
of a family behave alike in their response to mag
nesium. 

Existing information indicates that magnesium is 
a part of several plant constituents and is involved 
in a number of metabolic processes including syn
thesis, transport and utilization reactions. Carbo
hydrate, protein and lipid synthesis are among the 
more important phases of anabolism influenced by 
magnesium (2,34,36). 

Since Willstatter's (40) pioneer experiments 
establishing that magnesium was an essential part 
of the chlorophyll molecule, many workers have 
reported magnesium deficiency restricts chlorophyll 
synthesis. Hinkle and Eisenmenger (17) noted that 
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magnesium deficiency also reduces the carotenoid 
content with the severity of effect being in the order 
of chlorophyll, xanthophyll and carotene. Other 
workers (3,11,16,18) have concluded that chlorophyll 
magnesium in higher plants represents only a small 
fraction of the total leaf magnesium. Distinct from 
its function as a part of chlorophyll, apparently 
magnesium affects indirectly the photosynthetic pro
ce s. Fleisher (II) found that magnesium deficiency 
in chI orella limited the rate of photosynthesis long 
before there was an appreciable reduction in chloro
phyll content. 

Because of its general participation in many 
diverse enzyme systems, it would be expected that 
a magnesium deficiency would limit not only photo
synthesis, but also carbohydrate utilization reactions. 
Burrell (5) noted a decrease in carbohydrates with 
magnesium deficiency in soybean whereas Steinberg 
(34) and Steinberg, et al. (35) stated that magnesium 
among other deficiencies causes reducing sugars and 
amino acids to accumulate in the leaves and stems 
of plants but decreases total carbohydrates. 

Magnesium is necessary for the activation of 
enzymes concerned with carbohydrate and phosphate 
metabolism in plants (7,15,16,26), and, therefore, 
functions indirectly in the respiratory and photo
synthetic mechanisms. Magnesium ions appear to be 
specific activators for a number of enzymes, includ
ing certain transphosphorylases, carboxylases and de
hydrogenases (7,15,26). 

As early as 1883, Raumer (30) suggested that 
magnesium functioned in the transfer of carbo
hydrates from the leaves to stems of plants. However, 
little experimental evidence exists to substantiate 
this belief. In fact, as pointed out by Steinberg (34), 
analytical data on the effect of magnesium on the 
carbohydrate status are extremely limited. This is 
particularly true of the cotton plant. 

Because magnesium acts as a carrier of phosphate, 
it is believed to be involved in phospholipid forma
tion and in the synthesis of nucleoproteins in plants 
according to Truog, et al. (36). 

Albert and Armstrong (1) grew cotton plants in 
nutrient solutions containing various levels of mag
nesium. Even though symptoms of magnesium de
ficiency were present in the foliage of their low 
magnesium plants, their results indicated that varia
tions in substrate magnesium had little influence on 
the rate of growth and maturation of the cotton plant. 
In a later investigation Schappell, et al. (32) demon
strated that increased substrate magnesium resulted 
in taller cotton plants. In the latter report mag
nesium supply was noted to be directly related to 
square shedding although no relation between sub
strate magnesium and boll shedding was observed. 

Olsen and Bledsoe (28) studied the uptake of 
nutrients by the cotton plant at different stages of 
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growth and showed that the proportion of magnesium 
absorbed by the cotton plant in relation to that of 
phosphorous was greatest at the start of the growing 
period. 

Mason and Phillis (25) investigated the trans
location of materials during the development of the 
the cotton plant and showed that nearly all the 
plant'S mineral supply, including magnesium is ab
sorbed during the vegetative period. With maximum 
boll set the uptake of mineral elements was checked. 
This is in opposition to the findings of Olsen and 
Bledsoe (28) who noted that most of the nutrient 
elements of the cotton plant were absorbed afteL the 
plants were 90 days of age. Cooper (6) found a 
definite relation between magnesium deficiency symp
toms in cotton and the source of nitrogen in the 
fertilizer. Magnesium deficiency was much more 
pronounced in sodium nitrate and ammonium sulfate 
plots than on those supplied ammoniated super
phosphate. Cooper (6) suggested that a relationship 
existed between phosphorus and magne ium salts 
since the nitrate, surfate and chloride salts of mag
nesium are highly soluble in water and are readily 
leached from the soil. 

Emory and Nelson (10) found by complete ash 
analysis of different plants, including cotton, that 
magnesium seemed to concentrate in the roots of 
cotton plants while in other plants it was more uni
formly distributed. 

Methods and Procedure 
The objectives of the present study were three

fold: I) to establish and characterize magnesium 
deficiency in American Upland and Egyptian cottons 
under controlled conditions using aerated solutions 
of known nutrient levels: 2) to record the effects 
of various levels of magnesium supply on the growth 
and fruiting of the two cottons; and 3) to determine 
the effects of magnesium nutrition on chloroplast 
pigment, labile carbohydrate, magnesium, calcium, 
potassium, phosphorus and nitrate and total nitrogen 
contents of the plants at various growth stages. 

Cotton seed varieties Pima Sol and the doubled 
haploid of Stoneville 2B, designated as Stoneville 
Z-106, were planted in flats containing washed creek 
sand. Two weeks after planting, the seedling roots 
were washed free of sand and six seedlings were 
transplanted into each of 40 five-gallon jars (20 per 
variety) containing the various nutrient solutions. 
The experimental design was a randomized block, 
with five replications on the greenhouse bench mak
ing a total of 10 plants to each magnesium level. 

Complete Hoagland's solution! plus trace elements 
and chelated iron were used throughout this study. 
Various levels of magnesium were obtained by substi-

IHoagland's solution in millimols per liter: 5 Ca(N03)z.4 H 20, 
5 KN03, 2 MgS04·7 H 20, 1 KH2P04 • 



tuting Na!lS04.7H20 for MgS04 keeping the total 
concentration of salts uniform, t~ give the following 
treatment in regard to the magnesium concentration 
in Hoagland's solution: 

Treatment I 
Treatment II 
Treatment III 
Treatment IV 

Up to 45 days 

I x Mg (48 ppm) 
1/4 x Mg (12 ppm) 
1/ 16 x Mg (3 ppm) 
1/ 64 x Mg (0.73 ppm) 

After 45 days 

1/ 10 x Mg (4.8 ppm) 
1/ 40 x Mg (1.2 ppm) 
1/ 160 x Mg (0.3 ppm) 
1/ 640 x Mg (0.073 ppm) 

The solutions were aerated continuously and re
newed every 15 days. After the 45-day harvest, the 
solutions were renewed at 10-day intervals and all 
magnesium levels were reduced to one-tenth that 
upplied during the early growth period. The pH 

of the culture solutions was checked daily and ad
justed if necessary to pH 6.5 by the addition of 
dilute HN03 or NH40H. 

After 18 days, when the seedlings were well 
e tablished in the nutrient cultures, they were thinned 
to two per jar. The thinned plants and samples of 
the planting seed were saved for magnesium analysis. 
Forty-five days after planting, one plant from each 
jar was harvested. The roots were blotted dry of 
urface moisture and the fresh weights of roots, stems 

and leaves were determined. The two uppermost, 
fully expanded leaves from each treatment were 
placed in 80 percent acetone for chloroplast pigment 
e traction and separation according to the method 
of Loomis and Shull (24). The optical densities of 
olutions of chlorophyll and carotenoid pigments 

from equal weights of leaves were determined and 
expressed as relative chlorophyll or carotenoid con
tent. The remaining leaves, stems and roots were 
dried at 70°C. to constant weight in a forced draft 
oven. 

The remaining plant from each jar was har
ve ted at 85 days of age. The plants were fractionated 
as described [or the 45-day harvest except that growth 
of stems and leaves produced from 45 to 85 days were 
kept separate from the old growth (0-45 days). Fresh 
and dry weights, boll counts, relative chloroplast pig
ment concentrations and relative fruitfulness were 
determined. 

During the course of the experiment plant J:eight 
measurements were made at weekly intervals and 
daily flowering records were kept. All open flowers 
were tagged and the number of abscised and intact 
bolls were recorded. 

Replicated one-gram samples of the original seed 
of the two species and of the leaves, stems and roots 
from the four magnesium levels at three sampling 
dates were ashed in a muffle furnace. The ash was 
taken up to Hel, made to volume, and analyzed 
quantitatively for magnesium, calcium and potassium 
u ing the Beckman DU spectrophotometer with flame 
attachment. 

Two-gram samples of tissue which had been dried 
at 70ee. to a constant weight in a forced draft oven 

TABLE 1. DRY WEIGHT IN GRAMS OF 45-DAY OLD 
COTTON PLANTS AS INFLUENCED BY SUBSTRATE 

MAGNESIUM 

Relative magnesium level 
Tissue Variety 

Stem Pima S-I 8.5 
Stoneville Z-106 5.6 

Root Pima S-I 5.1 
Stoneville Z-106 5.5 

Leaves Pima S-I 18.3 
Stoneville Z-106 20.4 

Total Pima S-1 31.8 
Stoneville Z-106 31.5 

*Data significant to .05 level. 
**Data significant to .01 level. 

1/4 

7.7 
6.6 

5.0 
6.1 

15.8 
19.3 

28.5 
32.1 

1/16 1/64 Av. 

6.2** 4.3** 6.7* 
4.9 5.3 5.6 

5.4 3.5 4.8 
5.8 5.2 5.7* 

16.7 11.2** 15.5 
14.0** 13.6** 16.9 

28.3 19.0** 26.9 
24.7* 24.1* 28.1 

were ground to pass an 80-mesh screen and, after 
extraction with 80 percent ethanol, the sugars were 
determined by a modification of the Wildman and 
Hansen (39) method given in detail elsewhere (8). 
Starch (as glucose) was determined by the same 
method after combined diastatic and acid hydrolysis 
of the sugar-free residue. Reducing sugars, sucrose 
and starch were · expressed as the percentage of the 
dry weight and as the average of the five replicates 
in each magnesium treatment. 

Total nitrogen and phosphorus were determined 
colorimetrically by N esslerlization and the Fiske and 
Subarrow (19,29) methods, respectively, from aliquots 
prepared after wet ashing 0.5-gram tissue samples. 
One-half gram samples of the dried leaf tissue were 
extracted with 30 mls. Morgan's solution and in
organic phosphorus and nitrate nitrogen were de
termined on the cleared extract. Nitrate nitrogen 
was determined colorimetrically by a modification of 

TABLE 2. DRY WEIGHT IN GRAMS OF 85-DAY OLD 
COTTON PLANTS AS INFLUENCED BY SUBSTRATE 

MAGNESIUM 

Relative magnesium level 
Tissue Variety 

1/10 

Stems NGI PimaS-l 56.2 
Stoneville Z-106 39.4 
OG2 PimaS-l 41.0 
Stoneville Z-106 27.0 

Root Pima S-1 35.8 
Stoneville Z-106 33.2 

Leaves NG PimaS-l 89.6 
Stoneville Z-106 81.8 
OGPimaS-l 33.0 
Stoneville Z-106 18.8 

Fruit Pima S-I 13.8 
Stoneville Z-I06 67.2 

Total Pima Sol 269.4 
Stoneville Z-I06 267.4 

lGrowth made from 45-85 days. 
2Growth made from 0-45 days. 
*Data significant to .05 level. 

**Data significant to .01 level. 

1/40 

40.2 
26.8 
40.2 
22.6 

33.8 
26.8 

72.8 
70.4 
35.6 
19.8 

7.6 
39.6* 

230.2 
206.0 

1/160 1/640 Av. 

15.2** 7.8** 29.9 
15.0** 6.0** 21.8 
24.0* 13.0** 29.6 
15.0* 1l.8* 19.1 

18.8** 12-2** 25.2 
20.6* 15.8* 24.1 

39.0* 27.4** 57.2 
60.6 33.6* 61.6 
23.0 21.3* 28.3 
20.6 15.2 18.6** 

2_6 2.2 6.5** 
29.0** 12.2** 37.0 

122.6* 84.2** 176.7 
160.8* 94.6** 182.2 
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Figure 1. Accumulated stem elongation of Egyptian cotton 
(Pima S·l) as influenced by substrate magnesium. 

the brucine hydrochloride method and inorganic 
phosphorus was determined by the aminonaphthol
sulphonic acid method as used by Joham (19) . 

Results 
Substrate magnesium had a marked influence on 

plant growth and development as measured by height, 
weight, flowering, boll set, relative chloroplast pig
ment content and chemical composition. Differences 
in the response of the two species to various levels 
of substrate magnesium were pronounced. 

VISUAL DEFICIENCY SYMPTOMS 
Twelve days after transplanting, a slight mottled 

chlorosis became apparent in the basal leaves of all 
Pima S-1 plants growing in the low magnesium solu
tion (1/64). At 21 days when the symptoms were 
well marked in plants of the low magnesium Pima 
series, the 1/ 16 Pima 5-1 series began to display the 
incipient chlorosis in the basal leaves. The first indi
ca tion of chlorosis did not appear in the Upland 
cotton until 40 days after transplanting and then 
onl y in the 1/ 64 series. 

After 45 days, when the magnesium supply of 
all treatments was dropped to 1/ 10 the original con
centrations, well-defined symptoms appeared in the 
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foliage of both species grown on the 1/ 160 and 1/ 640. 
magnesium levels. 

The leaf symptoms in cotton were characteristic 
of magnesium deficiency as described by several work
ers for other dicotyledonous plants (cover picture). 
The chlorosis originated between the larger veins in 
a mottled pattern over the entire blade with the 
veins retaining their green color. As the severity of 
the chlorosis increased, large necrotic areas developed 
between the veins. The necrotic areas increased in 
size until most of the blade area between the major 
veins had necrosed. Even under these conditions the 
major veins retained their green color. Eventually 
the vein area became chlorotic and the leaf abscised. 
The deficiency symptoms progressed acropetally from 
older to younger leaves. The characteristic red to 
purple coloration usually ascribed to magnesium de· 
ficiency in cotton did not appear in either species 
at any stage of development during this experiment. 

The foliage symptoms were more pronounced in 
the Pima 5-1 than in the Upland plants. Even the 
1/10 and 1/40 series of the former species showed 
some chlorosis in the older leaves prior to termination 
of the experiment. 

160 
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_+_ J. (I) 
110 

6/23 7/7 7/15 7/22 7/29 8/6 8/13 8/20 8127 9A 9/11 
TIME IN 'M:EKS 

Figure 2. Accumulated stem elongation of American Up· 
land cotton (Stoneville Z·106) as influenced by substrate mag
nesium. 



PLANT GROWTH 
The influence of substrate magnesium on plant 

height is shown in Figures 1 and 2. In the Pima S-l 
plants magnesium supply and plant height tended 
to be positively correlated. This trend became appar
ent in these plants 30 days after transplanting. In 
the Upland cotton the levels of magnesium employed 
for the first 45 days of the experiment had little 
influence on plant height. After 45 days, when all 
treatments were dropped to 1/ 10 of their original 
concentration, the Upland plants tended to divide 
into two groups with the critical magnesium level 
omewhere between 1/40 and 1/160 of that employed 

in Hoagland's solution. 
Fresh and dry weights were determined at 45 and 

85 days after transplanting. Although the various 
magnesium treatments had some influence on tissue 
hydration, these effects were considered minor and 
thus only the data for dry weights are recorded in 

abIes I and 2. At the 45-day harvest it was noted 
that the two varieties differed to some extent in 
their response to the various magnesium levels. The 
Pima S-l stems were heavier than those of the Stone
ville Z-I06 plants and were directly correlated with 
magnesium level while little influence of magnesium 
level was noted on the stems of the Stoneville Z-106 
plants. No significant influence of treatment was 
observed on root weights in either species; however, 
the Stoneville roots were heavier than those of the 
Pima plants. Decreasing substrate magnesium re-
ulted in reduced leaf weights of both varieties. The 

effect was evident in only the 1/ 64-magnesium treated 
Pima S-I plants while significant reductions in leaf 
weight were noted in both the 1/16 and 1/ 64-Stone
ville plants. A similar trend was evident when com
paring total plant weight with substrate magnesium. 

By 85 days the magnesium stress was more obvious 
as evidenced in the dry weight results (Table 2). 
In both species dry weights of leaves, stems and roots 
were positively correlated with substrate magnesium. 
Due to the earlier fruiting habit of the Stoneville 
pedes, the Pima S-l plants produced the greatest 

amount of vegetative growth. 

FLOWERING AND FRUITING 
Magnesium deficiency delayed flowering in Pima 

' I plants and reduced flower production in both 
varieties (Figures 3 and 4). A 10-day lag in flowering 
wa noted for the 1/640-magnesium treatment Pima 

I plants when compared to the control. 
Flowers were tagged daily only as they opened 

and records were kept of those that shed as bolls; 
thus, the data do not include square shedding. Sub-
trate magnesium was directly correlated with boll 

set and relative fruitfulness of the Stoneville Z-106 
plants (Table 3). When comparing the two varieties 
in fruiting, it must be remembered that the Stone
ville plants had passed their flowering peak while 
the Pima S-] plants were just coming into full flower 
when the experiment was terminated. 
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Figure 3. The influence of substrate magnesium on the 
flowering of Pima Sol cotton plants. 

CHLOROPLAST PIGMENT CONCENTRATION 
Relative chlorophyll and carotenoid concentra

tions were determined on the two uppermost fully 
expanded leaves at 45 and 85 days after transplanting. 
The optical densities of solutions of chlorophyll and 
carotenoid pigments from equal leaf weights were 
determined and expressed as relative pigment concen
tration (Figure 5) . 

At the 45-day harvest no relationship was observed 
between the relative chlorophyll concentration of the 
uppermost fully expanded leaves of either species 
and substrate magnesium; however, by 85 days a 
positive correlation in the above relation was found 
to exist for both species. In all except the high 
magnesium-treated Stoneville Z-106 plants, chloro
phyll content was found to decrease with plant age. 
Relative chlorophyll content was higher in the Up
land plants than in the Pima S-l plants for all treat
ments and at both dates of sampling. At the 45-day 
harvest relative carotenoid content of the Pima S-l 
plants was found to be directly related to substrate 
magnesium and the above relation was apparent in 
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Figure 4. The influence of substrate magnesium on the 
flowering of Stoneville Z·I06 cotton plants. 
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TABLE 3. RELATIVE FRUITFULNESS AND PERCENT 
BOLL SET OF 85-DAY OLD COTTON AS INFLUENCED 

BY SUBSTRATE MAGNESIUM 

Relative Percent boll set Relative frui tfulnessl 

magnesium Stoneville Stoneville 
level Pima S-l Z-106 Pima S-l Z-106 

1/10 65.0 75.3 1.2 3.2 
1/40 69.7 73.6 0.5 2.7 
11160 60.8 48.4 0.7 1.9 
11640 64.6 54.0 0.4 1.8 
r 2 .042 .558 .449 .588 

lThe number of green bolls per 100 grams of fresh top weight. 
~r-required for significance to .05 level = 0.456. 

both varieties at the 85-day harvest. In OppOSItIOn 
to the trend observed for chlorophyll the carotenoid 
'ontent of both species increased with age. One ex

ception to the above was observed in the high mag
nesium-treated Pima S-l plants. The change in 
carotenoid content with age was most evident in the 
Sloneville Z-I06 plants. 

CARBOHYDRATES 
Stoneville Variety. Sugars and starch values at the 

two harvests on the organ and entire plant basis are 
presented in Figures 6 and 7, respectively. Old and 
new stem and leaf data at the 85-day harvest have 
been combined for presentation. It can be noted 
that at the 45-day harvest the reducing sugars and 
sucrose decreased, but starch increased in the roots 
with a decrease in substrate magnesium (Figure 6). 
In general, little trend was noted between the carbo
hydrate fractions of the leaves and stems and sub-
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Figure 5. Relative chloroplast pigment concentrations in 
American Upland (Stoneville Z-106) and Egyptian (Pima S-l) , 
cottons as influenced by substrate magnesium. . 
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strate magnesium at the first harvest. One notable 
exception to this was in the marked accumulation 
of sucrose in the stems of the 'l4 and 1/ 16-magnesium 
treated plants. 

From 45 to 85 days the sugars and starch decreased 
in the roots and stems with the decrease positively 
correlated with magnesium supply (Figure 6). The 
decrease was due primarily to a reduction in the 
sugar fractions. Conversely, all fractions tended to 
accumulate in the leaves with the increase in the 
leaves in general being accentuated by decreasing 
magnesium supply (Figure 6). 

Although the data are not given, the new growth 
leaves had much higher carbohydrates than the old 
growth leaves; whereas the old growth stems analyzed 
higher in sugars but lower in starch than the new 
growth stems. In both organs the old growth lost 
total carbohydrates from the 45 to the 85-day 
sampling. 

On the entire plant basis (Figure 7) the sum of 
sugars plus starch decreased significantly at all mag
nesium levels from the 45 to 85-day harvest. With 
the exception of the lowest magnesium level, total 
carbohydrates were inversely related to substrate 
magnesium at 45 days. In general this trend was 
maintained at the final harvest. Reducing sugars 
increased slightly from 45 to 85 days of age but 
sucrose decreased markedly during this interval; 
starch showed a rather pronounced increase from 
the first to the second harvest (Figure 7). 

Pima Variety. Carbohydrate data on the organ 
basis are shown in Figure 8 and on the total plant 
basis in Figure 9. At the 45-day harvest the carbo
hydrates of the roots were affected by magnesium 
supply in the same manner as noted for the Stone
ville variety. The sugars were decreased but starch 
was increased by magnesium deficiency (Figure 8) . 
A different pattern, however, was exhibited by stems 
and leaves. Reducing sugars and sucrose tended to 
accumulate in leaves and stems with decreased sub
strate magnesium up to the 1/ 16 level but dropped 
rapidly at the lowest level of magnesium supply. 
Starch showed a general decrease in the shoot from 
the high to the low level of magnesium supply 
(Figure 8) . 

At the 85-day sampling the carbohydrate fractions 
in the leaves were in general inversely related to 
magnesium supply while a direct relationship was 
observed in the stems and roots (Figure 8). 

The relative distribution of the carbohydrate 
fractions between the old and new growth, although 
slightly accentuated, was much the same as found in 
the Stoneville variety. 

It was only at the highest level of substrate mag
nesium that total carbohydrates on the entire plant 
basis showed a nonsignificant change from 45 to 85 
days of age; at the lower levels of supply total carbo
h ydrates of the complete plant decreased (Figure 9). 
At 45 days, total carbohydrates increased as mag-
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Figure 6. The carbohydrate content as pecentage dry 
night in roots, stems and leaves of the American Upland 
variety (Stoneville Z·I06) of cotton as influenced by substrate 
magnesium at two harvest dates. 

Figure 7. Sugars and starches as percentage of the dry 
weight per plant in the American Upland variety (Stoneville 
1-106) of cotton as influenced by substrate magnesium at two 
dates of harvest. 
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Figure 8. The carbohydrate content as percentage dry 
weight in roots, stems and leaves of the American Egyptian 
variety (Pima S·l) of cotton as influenced by substrate mag· 
nesium at two harvest dates. 

nesium supply was decreased to the 1/ 16 level. Total 
carbohydrates became directly correlated with the 
magnesium supply by 85 days; however, as noted for 
the Stoneville variety, sucrose decreased and starch 
increased significantly with age (Figure 9) . 

CATION COMPOSITION 
Triplicate l.O-gram samples of the original Upland 

and Egyptian planting seed were ashed and analyzed 
for magnesium content (Table 4). The Upland seed 
averaged 106 ppm or 43.3 m.e. (millequivalents) per 
hundred grams of seed and the Egyptian 69 ppm or 
26.2 m.e. per 100 grams of seed. The young seedlings 
thinned from the cultures 18 days after transplanting 
con tained approximately a twofold increase in 
magnesium over the entire series; the Egyptian 
plants contained consistently lower tissue magnesium 
than the Upland plants (Table 4). At the 45-day 
harvest the leaves were highest in magnesium followed 
by roots and stems. On a total plant basis the 
Egyptian series usually showed a lower magnesium 
content than the Upland plants. Tissue magnesium 
was positively correlated with magnesium supply in 
both species. At the final harvest the only fraction 
showing a significant increase in magnesium was the 
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Figure 9. Sugars and starch as percentage of the dry 
weight per plant in the American Egyptian variety (Pima S·I) 
or cotton as influenced by substrate magnesium at two dates 
of harvest. 

leaves; magnesium content increased progressively 
from roots to leaves. On a whole plant basis mag
nesium (as m.e. per 100 grams dry weight) decreased 
from 45 to 85 days throughout. The Upland plants 
consistently accumulated more magnesium than the 
Egyptian plants at all levels of supply. Although the 
old top growth consistently possessed higher tissue 
magnesium than the new growth (elaborated after 
45 days), a favorable comparison was noted between 
the concentration of magnesium in the old growth 
leaves and the leaves at 45 days. In every case the 
concentration of magnesium in the OG stems was 
less than that found in the stems at 45 days. How-

ever, this is no indication of the mobility of mag
nesium since when calculated on absolute amounts, 
the OG stems contained twice the magnesium content 
of the stems at 45 days. 

Calcium analyses at 45 and 85 days are given in 
Table 5. The Upland plants at 45 days of age usually 
accumulated more calcium in leaves and roots but 
les,s in stems than did the Egyptian plants. The 
amounts of calcium accumulated by the two species 
did not vary greatly on a total plant basis. The 
difference in calcium content with magnesium treat· 
ment was statistically significant for leaves and stems 
but not roots. On a total plant basis there was a 
general tendency towards increased calcium accumu
lation as the magnesium supply in the substrate was 
decreased. At the final harvest the old leaves con
tained the highest amount of calcium, the old stems 
the least. The Stoneville plants contained more 
calcium than the Pima plants in all fractions. The 
total calcium content was negatively correlated with 
the magnesium supply. In general the calcium con
tent of 85-day plants increased approximately 25 to 
50 percent over plants 45 days of age. 

Potassium composition is summarized in Table 6. 
Potassium content in the 45-day-old samples was 
fairly uniform throughout. There were no significant 
differences in treatments, species or replications. The 
Upland plants usually contained slightly more potas
sium than the Egyptian plants. At the final harvest, 
old leaves were slightly higher in potassium than 
other fractions, although the K content of all frac
tions was fairly uniform. The differences in the K 
content of the new growth leaves and old growth was 
significant. Tissue potassium tended to increase in 
both cottons as the magnesium supply in the sub· 

TABLE 4. THE INFLUENCE OF SUBSTRATE MAGNESIUM ON THE MAGNESIUM CONTENT OF EGYPTIAN (PIMA 
S·I) AND UPLAND (STONEVILLE Z·106) COTTONS HARVESTED AT THREE SAMPLING DATES. RESULTS EXPRESSED 

IN M.E. PER 100 GRAMS DRY WEIGHT 

Magnesium level in substrate L.S.D. 
Plant 1/1 (1/10) 1/4 (1/40) 1116 (1/160) 1/64 (1/640) for fraction 

Egyptian Upland Egyptian Upland Egyptian Upland Egyptian Upland treatment 

IS days of age 
Entire plant 63.4 67.2 51.0 51.S 40.6 44.3 30.3 34.1 14.92(.05) 

45 days of age 
Leaves 54.1 71.5 40.0 62.1 36.5 39.6 31.0 35.1 12.81(.01) 
Stem 37.2 39.5 33.S 31.5 28.8 24.0 19.4 21.1 8.74( .01) 
Roots 44.0 44.4 39.8 40.2 33.9 34.0 32.0 37.2 8.88(.01) 
Total plant 47.S 60.4 3S.4 51.7 34.2 35.2 28.6 32.8 

S5 days of age 
Old growth 

leaves 55.6 63.6 41.6 51.3 37.7 39.9 34.8 38.3 6.91(.01) 
New growth 

leaves 33.5 41.6 30.3 32.3 26.7 2S.4 23.4 23.9 6.13(.01) 
Old growth 

stems 17.5 18.0 IS.3 17.4 16.3 17.3 16.2 16.9 - N.S. 
New growth 

stems 19.0 21.1 21.3 20.0 16.9 21.9 19.1 23.2 - N.S. 
Roots 33.5 32.6 30.9 31.4 30.0 30.2 30.0 32.0 - N.S. 
Total plant 30.5 34.7 28.4 30.4 22.3 27.7 25.9 27.0 
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BLE 5. INFLUENCE OF MAGNESIUM SUPPLY ON AVERAGE CALCIUM CONTENT IN M.E. PER 100 GRAMS DRY 
WEIGHT AT TWO SAMPLING DATES IN EGYPTIAN (PIMA S-I) AND UPLAND (STONEVILLE Z-Ioo) COTTONS 

Magnesium level in substrate 
L.S.D. 

Plant 1/1 (1/10) 1/4 (1/40) 1/16 (1/160) 1/64 (1/640) for 
fraction treatment 

Egyptian Upland Egyptian Upland Egyptian Upland Egyptian Upland 

45 days of age 
89.3 105.8 110.4 115.9 116.9 119.6 123.6 127.6 20.58(.01) 
60.1 19.9 30.9 25.9 35.0 30.9 39.0 32.9 7.58(.01) 
33.4 52.3 54.3 61.1 42.8 46.1 62.3 53.1 - N.S. 
72.1 79.6 79.2 87.0 83.3 84.7 94.3 88.9 

85 days of age 
Old gro~th 

leaves 189.0 211.7 182.7 208.8 
ewgrowth 
leaves 91.1 135.4 98.6 119.6 

Old growth 
tern 25.2 21.9 33.0 27.3 

ewgrowth 
terns 24.8 29.4 37.6 37.9 

Roots 84.1 98.2 93.5 95.2 
otal plant 77.5 98.9 86.6 100.6 

tate was decreased. Potassium content increased 
approximately 50 percent from 45 to 85 days of age. 

ea + Mg 
The ratios computed as m.e. per 100 

K 
grams dry weiglH, total plant basis, are given in 

able 7. 

NITROGEN AND PHOSPHORUS COMPOSITION 
Total nitrogen content of both varieties is given 

in Table 8. \Vhen compared on a total plant basis, 
the Pima S-I plants contained slightly more nitrogen 
than did the Stoneville Z-106 variety. This was due 
to the higher content of leaf nitrogen in the former 
variety. Nitrogen content and substrate magnesium 
varied inversely in the old growth stems of both 
varieties while a direct relation of those factors was 

183.7 200.3 159.2 176.6 26.74(.05) 

91.8 126.9 107.9 127.4 - N.S. 

33.5 34.3 37.7 39.2 8.69(.01) 

32.7 56.1 45.1 67.8 15.69(.01) 
78.2 95.2 87.6 98.8 - N.S. 
75.5 114.8 101.5 115.7 

observed in the new growth leaves of the Pima S-l 
plants. 

Nitrate content of the old growth leaves of the 
Pima Sol plants was inversely related to substrate 
magnesium level while no influence of magnesium 
treatment could be observed on the nitrale content 
of the Stoneville Z-106 leaves (Table 9) . 

Total phosphorus content of both varieties varied 
inversely with magnesium treatment due in large to 
the trends observed in leaf phosphorus (Table 10) . 
The roots of the Stoneville plants contained higher 
amounts of phosphorus while the stems contained 
less phosphorus than similar tissues of the Pima S-l 
variety. The inorganic phosphorus content of the 
leaves of both varieties varied inversely with mag
nesium treatment (Table 9) . 

T BLE 6. INFLUENCE OF MAGNESIUM SUPPLY ON AVERAGE POTASSIUM CONTENT IN M.E. PER 100 GRAMS DRY 
WEIGHT AT TWO SAMPLING DATES IN EGYPTIAN (PIMA S-I) AND UPLAND (STONEVILLE Z-loo) COTTONS 

Plant 
fraction 

ave 
terns 

Roots 
olal plant 

Old growth 
leaves 
ewgrowth 
leaves 

Old growth 
terns 

e"'growth 
stem 

Roots 
Total plant 

1/1 (1/10) 

Egyptian Upland 

61.9 61.4 
57.9 61.8 
17.1 57.3 
60.0 60.7 

59.0 61.7 

53.1 56.6 

32.4 45.6 

43.2 42.3 
39.8 44.6 
46.4 50.6 

Magnesium level in substrate 

1/4 (1/40) 1/16 (1/160) 

Egyptian Upland Egyptian Upland 

45 days of age 
62.5 60.6 63.2 63.9 
54.8 60.5 49.4 62.5 
56.1 56.7 58.4 54.6 
59.2 59.8 59.0 61.5 

85 days of age 

67.3 59.6 68.0 65.0 

58.7 56.9 61.1 59.6 

36.2 43.9 32.8 45.7 

45.5 48.4 48.3 49.7 
44.3 50.0 44.6 44.8 
51.4 53.0 45.1 55.4 

1/64 (1/640) 

Egyptian Upland 

70.4 56.0 
63.0 61.0 
56.7 54.7 
66.4 56.7 

70.9 67.4 

62.1 61.3 

43.7 49.4 

54.2 55.2 
46.1 47.2 
58.4 57.6 

L.S.D. 
for 

treatment 

- N.S. 
- N.S. 
- N.S. 

10.04(.01 ) 

5.26(.01) 

7.21 (.01) 

9.23(.01) 
- N.S. 
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Ca + Mg 
TABLE 7. INFLUENCE OF MAGNESIUM SUPPLY TO ---- RATION IN M.E. PER 100 GRAMS DRY WEIGHT (TO· 

K 
TAL PLANT BASIS AT 45 AND 85 DAYS OF AGE) IN EGYPTIAN (PIMA S-l) AND UPLAND (STONEVILLE l-106) COTTONS 

Magnesium level in substrate 

Days of age 1/1 (1/10) 1/4 (1;40) 1/16 (1/160) 1/64 (1/640) 

Egyptian Upland Egyptian Upland Egyptian Upland Egyptian Upland 

45 2.00 2.31 1.99 

85 2.32 2.64 2.23 

Discussion and Conclusions 
The critical level of magnesium supply that re

sults in visual symptoms of magnesium deficiency in 
the cotton plant is not clearly established by pub
Ii hed research. The results of the present study 
show that the appearance and severity of deficiency 
symptoms depend not only on the level of magnesium 
In the substrate and the age of the plants but also 
on the species of cotton involved. It is not unlikely 
that even varietal differences exist within the same 
species. The Pima Sol Egyptian variety was much 
more sensitive to magnesium deficiency than the 
American Upland variety Stoneville Z-106. This con
firms the statement of Eisenmenger and Kucinski (9) 
that not all species of a genus behave alike in their 
respon e to magnesium. 

It appears that the difference in response between 
the two cottons is primarily genetical. The Pima 
seed were from cotton grown at Sacaton, Arizona, and 
the Stoneville seed from plants grown at Stoneville, 
Mississippi. The difference in the magnesium content 
of the seed does not reflect differences in magnesium 
In the soils where the plants were grown as more 
magnesium occurs at Sacaton. Even though the Up
land variety averaged 43.3 m.e. per 100 grams of seed 
compared to 26.3 for Egyptian, the difference in Mg 
in the seeds cannot account entirely for the differen-

2.17 1.99 1.95 1.85 2.44 

2.47 2.12 2.57 2.19 2.48 

tial response of the cottons to varying Mg supply. 
On a per seed basis the seed content would contribute 
far less than 1/ 10 the Mg found in the plants at 
45 days. 

The visual symptoms of magnesium deficiency in 
cotton are similar to those described by Wallace (38) 
for other dicotyledons. Interveinal mottling in the 
basal leaves followed by marked chlorosis and necrotic 
patches with eventual leaf abcission are the char· 
acteristic symptoms of the deficiency. The red inter
veinal coloration described in text books and by 
Garner, et al. (12), Cooper (6), and others was not 
observed in this experiment. Anthocyanin pigmen
tation may be a secondary effect and more indicative 
of senescence and maturity or a response to an en
vironmental factor such as low temperature rather 
than a primary magnesium deficiency symptom in 
cotton. However, the lack of "reddening" in the 
greenhouse may be due to the filtering effect of 
glass on the ultra violet radiation. The visual symp
toms of magnesium deficiency were more pronounced 
in the Pima S-l plants than in the Stoneville Z-106; 
however, at the 45-day harvest no definite trend 
existed between substrate magnesium and chlorophyll 
content in the upper mature leaves in either variety. 
Since magnesium is an essential constitutent of the 
chlorophyll molecule, a deficiency of magnesium 
would be expected to limit chlorophyll synthesis. 

TABLE 8. TOTAL NITROGEN CONTENT OF 85·DAY OLD EGYPTIAN AND UPLAND COTTON PLANTS AS INFLU· 
ENCED BY SUBSTRATE MAGNESIUM. RESULTS EXPRESSED AS PERCENT N ON DRY WEIGHT BASIS 

Magnesium treatment Mean L.S.D. 

Tissue 1/1 (1/10) 1/4 (1/40) 1/16 (1/160) 1/64 (1/640) Treatment Variety 

PSP SZ106" PSI Sl106 PSI Sl106 PSI Sl106 PSI Sl106 .05 .01 .05 .01 

Root 1.68 1.62 1.72 2.19 1.84 1.76 1.78 1.88 1.75 1.87 N.S. N.S. 
Old growth 

stem .73 .61 .74 . 66 .92 .95** .97* 1.05** .84 .82 .21 .29 N.S . 
New growth 

stem 1.04 .87 1.51 1.04 1.18 1.26 1.17 1.18 1.23 1.08 N.S. N.S. 
Old growth 

leaves 1.90 2.06 2.14 1.87 2.17 1.89 2.36 2.03 2.13 1.95* N.S. .15 .20 
New growth 

leaves 3.28 2.59 3.24 - 2.56 3.09 2.33 2.70** 2.41 3.08** 2.47 .29 .39 .21 .28 
Total plant 1.97 1.77 2.07 1.90 2.04 1.89 2.05 1.95 2.03** 1.88 N.S. .11 .15 

IPima S-1. 
~Stoneville l·106. 

*Data significant to the .05 level. 
**Data significant to the .01 level. 
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TABLE 9. SOLUBLE PHOSPHORUS AND NITRATE NITROGEN OF LEAVES OF 85-DAY OLD EGYPTIAN AND UPLAND 
COTTON PLANTS AS INFLUENCED BY SUBSTRATE MAGNESIUM LEVEL. RESULTS EXPRESSED AS MILLIGRAMS 

ELEMENT PER GRAM DRY WEIGHT 

Magnesium treatment Mean L.S.D. 

Ti ue 1/1 (1 / 10) 1/4: (1/40) 1/16 (1/160) l/64 (1/640) Treatment Variety 

PSP SZ1062 PSI SZI06 PSI SZI06 PSI SZI06 PSI SZI06 .05 .01 .05 .01 

- - - - Soluble P - - - - - - - - - - - - - - - - - - - - - - -
ew growth 
leaves 3.54 2.86 4.27 3.98 5.89'!: 5.51* 5.14 6.35** 4.71 4.68 1.91 2.74 N.S. 

Old growth 
leaves 4.26 3.17 3.21 3.83 5.46 4.93 6.50* 6.42** 4.88 4.59 2.05 2.88 N.S. 

- - - - Nitrate N - - - - - - - - - - - - - - - - - - - - - - -
ewgrowth 
leaves 2.72 4.14 3.31 

Old growth 
leaves 2.66 4.50 3.57 

IPima S-1. 
, loneville Z-106. 
*Data significant to the .05 level. 

- Data significant to the .01 level. 

4.73 3.01 4.17 

3.83 5.72 4.70 

lthough visual deficiency symptoms were observed 
in both species prior to the 45-day harvest, the 
chlorosis was confined to the lower leaves. Chloro
plast pigment analyses were limited to the two upper
most fully expanded leaves in an attempt to detect 
the influence o( substrate magnesium on the pigment 
content of leaves which did not appear chlorotic. No 
consistent relation existed between magnesium supply 
and chlorophyll content of either variety at the 45-day 
harvest; however, a positive correlation between mag
ne ium supply and carotenoid content of the Pima 

I leaves was found at that harvest. Significant 
reductions in growth were observed for the Stoneville 
plants growing in the 1/ 16-magnesium level at 45 
days although deficiency symptoms in those plants 
were not observed at that time. Thus it is apparent 
that limited growth may result from magnesium levels 
within the plant which initially have little influence 
on chlorophyll synthesis. By the 85-day harvest, de
ficiency symptoms were severe in both species and a 

3.45 3.24 3.12 4.07* N.S. .93 1.26 

7.07* 4.55 4.74 4.40 3.39 4.88 N.S. 

more direct relation was evident between chlorophyll 
content and growth. 

The genetical difference between the two cottons 
was reflected in their relative chlorophyll contents. 
vVith age the chlorophyll content of both varieties 
decreased. This cannot be explained fully by the 
apparent competition between the fruiting forms and 
foliage for the available magnesium since this de
crease in chlorophyll content was more pronounced 
in the slower fruiting Pima Sol plants. Hinkle and 
Eisenmenger (17) determined the effect of magnesium 
deficiency on chloroplast pigments of several plants. 
Hibiscus, tomato and tobacco exhibited a positive 
correlation between pigments and substrate mag
nesium; the loss of 20 parts chlorophyll was accom
panied by a loss of 3 parts of the carotenoid pigments. 
In the present study, both chlorophyll and carotenoids 
decreased with decreasing substrate magnesium but 
not in the ratio reported above. 

T BLE ]0. THE TOTAL PHOSUHORUS CONTENT OF 83-DAY OLD EGYPTIAN AND UPLAND COTTON PLANTS AS 
INFLUENCED BY SUBSTRATE MAGNESIUM. RESULTS EXPRESSED AS PERCENT P ON DRY WEIGHT BASIS. 

Magnesium treatment Mean L.S.D. 

Tissue 1;1 (l/10) 1/4 (1/40) 1/16 (1/160) 1/64 (1/640) Treatment Variety 

PSP SZI062 PSI SZ106 PSI SZI06 PSI SZI06 PSI SZI06 .05 .01 .05 .01 

R.oot 2.47 3.07 2.49 2.77 2.32 3.07 2.17 2.75 2.37 2.91 N.S. .28 .38 
Old growth 

tern .19 .16 . 21 .17 .22 .15 .26 .17 .22 ~::i: .16 N.S . .04 .05 
ewgrowth 
tern .28 .17 .36 .19 .35 .21 .29 .19 .34** . 19 N.S . .04 .06 

Old growth 
leaves .48 .45 .50 .48 .73* .60 .83** .77** .64 .58 .24 . 32 N.S . 
ewgrowth 
leaves .54 .50 .58 .59 .70 .69* .59 .86** .60 .66 .18 . 24 N.S . 

Total plant .69 .80 .75 .82 .84 .93 .91* 1.07** .79 .90** .19 .26 .10 .13 

IPima S-1. 
tone,ille Z·106. 
*Data significant to the .05 level. 

- Data significant to the .01 level. 
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The growth of cotton as measured by stem height 
and weight production was found to be positively 
correlated with magnesium supply. Albert and Arm
strong (I) reported that the growth of cotton plants 
in their experiment was not influenced by mag
nesium level even though the foliage of their low 
magnesium plants exhibited symptoms they described 
as being due to magnesium deficiency. In the present 
experiment magnesium deficiency reduced growth, as 
measured by dry weight, at levels which did not 
cause the appearance of visual deficiency symptoms. 
This was especially noticeable in the Stoneville plants 
grown in treatment three (1 / 16) at the 45-day harvest 
and treatment two (~-l / 40) at the 85-day sampling. 
With regard to plant height as influenced by sub
strate magnesium, the two varieties responded differ
ently. A direct correlation between magnesium level 
and height was obtained at both harvest dates for 
the Pima Sol plants while some critical level of sub
strate magnesium, between 1/ 40 and 1/ 160 that of 
Hoagland's solution, reduced stem growth of the 
Stoneville plants and this effect was noticeable only 
at the 85-day harvest. Had these treatments been 
started earlier in the experiment, it is possible that 
a higher substrate magnesium level may have limited 
linear growth of the Stoneville plants. 

Magnesium deficiency reduced flowering in both 
varieties and in addition delayed flowering of the 
Pima S-l plants. When planted at the same date, 
Pima Sol plants normally come into flower 2 to 3 
weeks later than American Upland varieties. Thus, 
the Stoneville Z-106 plants started flowering 50 days 
after the start of the experiment, while the first 
flowers were observed on the Pima Sol plants some 
15 days later. Since the magnesium treatments were 
dropped to 1/ 10 their original amount on the 45th 
day of the experiment, it is reasonable to assume 
that the treatment would be more effective in delaying 
flowering of the Pima Sol plants. Thus, it follows 
that had the more dilute magnesium levels been 
employed earlier in the experiment, flowering may 
have been delayed in the Stoneville plants also. 

It has commonly been found that carbohydrate 
accumulation is often associated with limitation of 
growth by nutrient deficiencies (4, 13,14,20,21,34) 
and other factors (22, 25,33) provided that photo
synthesis has not been impaired seriously. Outstand
ing examples of this effect, although differing in 
their influence upon carbohydrate distribution, have 
been well documented in the case of calcium 
(13,20, 27) , nitrogen (5,8,34, 37) and boron (4,14, 

21 , 33) deficiencies. Because of its essential role in 
the chlorophyll molecule, it would appear that mag
nesium deficiency would be more critical in carbo
hydrate synthesis than utilization. The present data 
with cotton supplies information on this point. 

It was noted for both species of cotton that total 
carbohydrates at 45 days of age increased with de-
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creasing magnesium supply and it was only in the 
Pima variety cultured on the 1/ 64 magnesium level 
that total carbohydrates dropped below that found 
in plants grown at the magnesium supply found in 
Hoagland's solution. The Pima plants in the 1/ 64 
treatment were also the first to display magnesium 
deficiency' symptoms and curtailed growth. The fact 
that total carbohydrates in general were inversely 
correlated with magnesium supply indicates clearly 
that carbohydrate transport and utilization reactions 
are restricted more than is photosynthesis during the 
early stages of magnesium deficiency in cotton. The 
pattern of carbohydrate distribution in the plants at 
45 days further confirms impaired translocation and 
utilization due to magnesium deficiency. Sugars and 
starch in general accumulated in the shoot while 
sugars decreased but starch increased slightly in the 
roots at this time. The Pima variety was more suscep
tible than the Stoneville variety to magnesium de
ficiency as demonstrated by a greater reduction in 
carbohydrates at the lower levels of magnesium 
supply. 

By 85 days magnesium deficiency had restricted 
carbohydrate synthesis (Figure 7, 9). However, it is 
apparent that carbohydrate transport and consuming 
processes were more severely affected (Figures 6, 8). 
Both sugars and starch accumulated in the foliage 
of both species of cotton in inverse relation to the 
magnesium supply. The sugars and starch contents 
of the stems and roots, on the other hand, were 
directly correlated with substrate magnesium. The 
carbohydrates in the roots, particularly at the 1/ 640-
magnesium supply level, had decreased to the point 
that all root activity would logically be restricted. 
The declining carbohydrate gradient from leaves to 
roots was directly correlated with tissue magnesium 
and the expression of deficiency symptoms. Although 
the accentuation of the anthocyanin pigments by 
magnesium deficiency was not noted to occur in 
cotton, the accumulation of sugars in the foliage 
should favor anthocyanin formation and the expres
sion of the red color often ascribed to magnesium 
deficiency _ 

Without evidence available to show a direct par
ticipation of magnesium in the translocation process, 
Raumer's (30) belief that magnesium functions in 
the transfer of carbohydrates from leaves to stems of 
plants cannot be concluded from the present data. 
One might visualize that the effect of magnesium 
lack upon carbohydrate transport is indirect by 
limiting carbohydrate utilization reactions or cellular 
activity. When growth and respiration are restricted 
by inadequate magnesium ions in the roots and basal 
shoot, it is probable that carbohydrates would ac
cumulate in the leaves provided photosynthesis was 
not entirely curtailed, as was apparently the case in 
the present study. However, based upon the available 
evidence, it is difficult to say which is the cause and 
which is the effect; that is, whether limitation of 



growth by magnesium lack is due to failure of carbo
hydrate transport or vice versa. 

The influence of magnesium deficiency on carbo
hydrate distribution in cotton is very similar to 
calcium deficiency in cotton (20) and boron defi
ciency in the tomato plant (4,21). In the case of 
calcium deficiency in cotton (20) the effects upon 
carbohydrate accumulation in the leaves at the ex
pense of extremely low levels in the stems and roots, 
as well as growth limitation were much more pro
nounced than that induced by comparable levels of 
magnesium. The difference in effect of the two 
elements may be explained in part by the function 
of magnesium in photosynthesis. Although it has 
been suggested that calcium could affect the trans
location of carbohydrates through its relation to 
boron (4,14) a similar relationship for magnesium 
doe not appear to be valid. Skok (33) has concluded 
that the apparent effect of boron on sugar trans
location appears to be the effect of boron on cellular 
activity rather than a direct enhancement of diffusion 
through membranes by formation of a sugar-borate 
complex. Until more evidence becomes ' available a 
imilar conclusion for the effect of magnesium upon 

carbohydrate movement is inevitable. 

Tis ue magnesium in the cotton plant reflects the 
magne ium status of the substrate on which it is 
grown. The magnesium content of both cottons was 
po itively correlated with supply at the three sampling 
dates. The Upland plants accumulated . more mag
ne ium than the Egyptian plants at comparable levels 
of upply. The magnesium content of the leaves was 
con i tently the highest. The foliage content is better 
correlated with magnesium supply than the other 
vegetative organs of the cotton plant. Comparison 
of ti sue magnesium to relative chlorophylls and the 
severity of the visual symptoms shows them to be 
positively correlated. Based on the results of this 
study it appears that the critical Mg level for cotton 
is approximately 12 ppm available supply or that 
nece ary to maintain between 40 to 60 m.e. per 100 
grams of dry foliar tissue. 

Leaf calcium differed significantly in the different 
magne ium treatments at both sampling dates in 
Egyptian and Upland cottons and was higher than 
the magnesium content. Almost twice as much cal
cium was found in the old leaves as in the new leaves 
indicating the immobility of calcium in cotton as 
has been demonstrated for other plants. In contrast, 
the fairly uniform distribution of potassium, with a 
lightly higher concentration in the new growth, con

firm the mobility of this element. 

A strong reciprocal or negative correlation be
tween calcium and magnesium was apparent in cotton 

ha been noted for other plants. A weak negative 
correlation between magnesium and potassium also 
e i ted. A a result, although varying slightly from 

Ca + Mg 
series to series, the --- ratio remained fairly 
constant. K 

Little influence of magnesium supply on tissue 
nitrogen was observed in this experiment. Nitrate 
nitrogen accumulated in the old leaves of the mag
nesium deficient Pima 8-1 plants and total nitrogen 
was directly related to m.agnesium level in the young 
leaves of that variety. Such a trend indicates a 
limitation of protein synthesis in the young leaves of 
the Pima plants and is further evidence of the greater 
susceptibility of that variety to magnesium deficiency. 
A greater influence of magnesium deficiency on 
phosphorus metabolism was observed with phosphorus 
accumulating in the leaves of magnesium-deficient 
plants of both varieties. Growth limitations may 
account in part for the observed phosphorus accumu
lations, however, magnesium through its role in carbo
hydrate metabolism may have a profound influence 
on phosphorus utilization. 

Literature Cited 
1. Albert, W. B. and G. M. Armstrong. The effect 

of certain mineral nutrients on the growth and 
fruiting of cotton. South Carolina Agr. Expt. 
Sta. 48th Ann. Rept. 1935. 

2. Albritton, E. C. Standard values in nutrition 
and metabolism. W. B. Saunders Co., Phila
delphia, Pa. 1954. 

3. Bear, F. E., A. L. Prince, S. Y. Toth, and E. R. 
Purvis. Magnesium in plants and soils. N. Y. 
Agr. Expt. Sta. Bull. 460. 1951. 

4. Brennan, E. G. and J. W. Shive. Effect of cal
cium and boron nutrition of the tomato on the 
relation between these elements in the tissue. 
Soil Sci. 66:65-75. 1948. 

5. Burrell, R. C. Certain deficiencies of nitrogen 
metabolism in plants. Botan. Gaz. 82:320-328. 
1926. 

6. Cooper, H. P. Certain factors affecting the avail
ability, absorption and utilization of magnesium 
by plants. Soil Sci. 60:107-114. 1945. 

7. Dixon, M. Multienzyme systems. Cambridge 
Univ. Press. Cambridge, England. 100 pp. 1949. 

8. Eaton, F. M. and N. Rigler. Effect of light 
intensity, nitrogen supply and fruiting on carbo
hydrate utilization by the cotton plant. Plant 
Physiol. 20:380-411. 1945 . . 

9. Eisenmenger, W. and K. J. Kucinski. Relation
ship of seed plants to the need of magnesium. 
Soil Sci. 63: 13-18. 1947. 

10. Emory, M. R. and M. Nelson, Jr. Lysimeter 
investigations. South Carolina Agr. Expt. 8ta. 
53rd Ann. Rept. 1940. 

15 



11. Fleisher, W. E. The relation between chloro
phyll content and rate of photosynthesis. Jour. 
Gen. Physiol. 18:573-597. 1935. 

12. Garner, W. W., J. E. McMurtrey, Jr. and E. G. 
Moss. Sand drown, a chlorosis of tobacco and 
other plants resulting from magnesium defi
ciency. Science 56:341-342. 1930. 

13. Gauch, H. G. Response of the bean plant to 
calcium deficiency. Plant Physiol. 15: 1-21. 1940. 

14. Gauch, H. G. and W. M. Duggar, Jr. The role 
of boron in the translocation of sucrose. Plant 
Physiol. 28:457-466. 1953. 

15. Green, D. E., D. Herbert, and V. Subrahmanyan. 
Carboxylase. Jour. of BioI. Chem. 138:327-339. 
1941. 

16. Hewitt, J. The role of mineral elements in plant 
nutrition. Ann. Rev. Plant Physiol. 2:25-52. 
1951. 

17. Hinkle, D. A. and W. S. Eisenmenger. Chloro
plast pigments in relation to magnesium de
ficiency. Soil Sci. 70:213-219. 1950. 

18. Javillier, M. and S. Foudshaux. The magnesium 
of chlorophyll. Ann. Agron. 10:9-14. 1940. 

19. Joham, H. E. The nutritional status of the 
cotton plant as indicated by tissue tests. Plant 
Physiology 26:76-89. 1951. 

20. J oham, H. E. Carbohydrate distribution as 
affected by calcium deficiency in cotton. Plant 
Physiol. 32:113-117. 1957. 

21. Johnson, E. S. and. W. H. Dore. The relation of 
boron to the growth of the tomato plant. Science 
67: 324-325. 1928. 

22. Johnson, S. P. and W. C. Hall. Further studies 
on vegetative and fruiting responses of tomatoes 
to high temperature and light intensity. Bot. 
Gaz. 117:100-113. 1955. 

23. Loew, O. The physiological role of mineral 
nutrients in plants. V.S.D.A. Bur. Ind. Bull. 45. 
1903. 

24. Loomis, W. E. and C. A. Shull. Methods in 
plant physiology. McGraw-Hill Book Company, 
Inc. New York and London. 1937. 

25. Mason, T. G. and E. Phillis. Tentative account 
of the movement of food materials during the 
development of the cotton plant. Empire Cotton 
Growing Review. 1934. 

16 

26. McElroy, W. D. and A. Nason. Mechanism of 
action of micronutrient elements in enzyme 
systems. Ann. Rev. Plant Physiol. 5: 1-30. 1954. 

27. Nightingale, G. T., R. M. Addoms, W. R. Rob
bins, and L. G. Schermerhorn. Effects of calcium 
deficiency on nitrate absorption on metabolism 
in tomato. Plant Physiol. 6:604-631. 1931. 

28. Olsen, L. C. and R. P. Bledsoe. The chemical 
composition of the cotton plant and the uptake 
of nutrients at different growth stages. Georgia 
Agr. Expt. Sta. Bull. 222. 1942. 

29. Peech, M. and G. English. Rapid microchemical 
soil tests. Soil Sci. 57:167-195. 1944. 

30. Raumer, E. Von. Kalk und Magnesium in cler 
Pflanze. Landw. Verso Sta. 19:253-280. 1883. 

31. Reed, H. S. The value of certain nutritive ele· 
ments to the plant cell. Ann. Bot. 21 :501-543. 
1907. 

32. Schappell, N. A., G. M. Armstrong and C. H. 
Hollis. The effect of magnesium in the mineral 
nutrition of the cotton plant. South Carolina 
Agr. Expt. Sta. 49th Ann. Rept. 1936. 

33. Skok, J. Relationship of boron nutrition to 
radiosensitivity of sunflower plants. Plant 
Physiol. 32.648-658. 1957. 

34. Steinberg, R. A. Correlation between protein. 
carbohydrate metabolism and mineral deficien· 
cies in plants. Mineral nutrition of plants. 349· 
386. Vniv. of Wise. Press. 1951. 

35. Steinberg, R. A., J. D. Bowling and J. E. Mc· 
Murtrey, Jr. Accumulation of free amino acids 
as a chemical basis for morphological symptoms 
in tobacco manifesting frenching. Plant Physiol. 
25:279-288. 1950. 

36. Truog, E. and R. J. Goates. Magnesium-phos. 
phorus relationships in plant nutrition. Soil Sci. 
63: 10-25. 1947. 

37. Wadleigh, E. H. Growth status of the cotton 
plant as influenced by the supply of nitrogen. 
Ark. Agr. Expt. Sta. Bull. 446. 1944. 

38. Wallace, T. Magnesium deficiency of fruit and 
vegetable crops. Ann. Rept. Long Ashton Res. 
Sta. 24. Bristol, England. 1940. 

39. Wildman, S. G. and E. Hansen. A semi-micro· 
method for the determination of reducing sugars. 
Plant Physiol. 15:719-725. 1940. 

40. Wills tatter, R. Sur Kenntniss der Susammenset· 
zung des Chlorophylls. Ann. Chem. 350.48-82. 
1906. 


	mp0411 0001
	mp0411 0002
	mp0411 0003
	mp0411 0004
	mp0411 0005
	mp0411 0006
	mp0411 0007
	mp0411 0008
	mp0411 0009
	mp0411 0010
	mp0411 0011
	mp0411 0012
	mp0411 0013
	mp0411 0014
	mp0411 0015
	mp0411 0016

