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ABSTRACT

Stem height of two alfalfa clonal lines grown in 
the greenhouse was promoted by a leaf spray of gibberellic 
acid and a vitamin B mixture. Stem elongation was stimu
lated by leaf spraying during the period of less rapid 
growth. Herbage dry weight of one clonal line was 
increased by spraying but there was no increase of the 
other line. Application of growth substances, in general, 
reduced carbohydrate reserves in the roots, but this did 
not affect regrowth of plants.

Leaf spray of gibberellic acid and a vitamin B 
mixture did not promote stem elongation of alfalfa plants 
grown in the field but herbage dry weight was reduced by 
the spray applications. The percentage of carbohydrate 
reserves in the roots was increased by treatment; however, 
this increase did not influence the regrowth of plants. 
Application of growth substances did not affect the herbage 
yield of the regrowth and the combination of two harvests.

ix



INTRODUCTION

Common alfalfa (Medicago sativa L .) was introduced 
into the United States successfully about a century ago.
It has become an important forage crop because it produces 
high quality herbage and adapts to a wide range of environ
ments .

Growth of alfalfa is considerably retarded during 
the summer months in the Southwestern United States. This 
reduction in growth is commonly associated with high 
temperatures. Feltner (28) indicated that the influence of 
temperature on the growth and survival of two alfalfa 
varieties in Arizona was mediated by levels of root 
carbohydrates, and suggested that warm summer nights 
coupled with frequent cutting might deplete carbohydrate 
reserves and cause a subsequent reduction in forage yield.

Alfalfa utilizes its food reserve in regrowth after 
each cutting, but it will not accumulate food reserves 
unless a sufficient amount of carbohydrate is produced to 
overbalance the respiration loss. The buildup of food 
reserves continues until the plant reaches the full-bloom 
stage of growth. Proper management to see that the plant 
has enough food reserves before each cutting is of vital 
importance to the survival and production of the plant.

1
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Many evidences have revealed that application of 

certain growth substances to both lower forms of plant life 
and higher plants promoted their growth under conditions of 
higher temperature (20). Langridge (49) proposed that the 
possible cause of higher temperature growth requirements 
include: (1) decreased availability of gases, (2) accel
erated breakdown of metabolites, (3) occurrence of rate 
imbalances, (4) nonformation of adaptive enzymes, and (5) 
reversible and irreversible heat inactivation of enzymes.

The dry-weight yield and root carbohydrate reserves 
of forage crops are the net result of photochemical fixa
tion of carbon dioxide minus respiration loss. A large 
number of enzymes are involved in these processes which may 
be controlled by growth regulators. The recent concept of 
plant growth regulators as reviewed by van Overbeek (75) 
suggested that gibberellic acid may increase the synthesis 
of certain proteins by stimulating DNA-dependent messenger 
RNA synthesis. The most significant effect of gibberellins, 
stem elongation, may occur because gibberellins induce the 
formation of enzymes that weaken the cell wall. Gibberel- 
lins also induce formation of proteolytic enzymes and cause 
a rapid increase of XAA by releasing its precursor trypto
phan. The enzyme (amylase) most studied in analyzing 
gibberellin effect increases cell turgor by hydrolyzing 
insoluble starch to soluble sugars.
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The B vitamins are coenzymes that are necessary for 

a great number of enzymatic functions. Application of 
these two substances alone or in combination may restore 
the enzymatic activity hindered by high temperature, 
especially if the effect of heat on plants is due to 
accelerated breakdown of metabolites and enzymes.

This study was conducted to determine the effect of 
gibberellic acid and a vitamin B mixture on the acid- 
hydrolyzable carbohydrate content of the roots, stem growth 
and yield of alfalfa.



REVIEW OF LITERATURE

Management of Alfalfa
When alfalfa is not cut, it may produce several 

growths of new stems annually. The rate of growth of the 
stems of each crop slows down after flowering begins. As 
each group of stems reaches a mature stage, new shoots are 
initiated from crown buds to produce the succeeding crop 
(72). The number of growths each year depends greatly on 
the variety, local growing season and temperature. Nelson 
(56) found that average yields, for a three-year period, 
were highest from plants harvested at the full-bloom stage 
of growth and lowest from plants harvested at the bud 
stage. Kust (48) also found that plants of Vernal alfalfa 
cut four, five or six times a year yielded considerably 
less total forage than those cut three or fewer times each 
year.

Smith (72) emphasized that the response of alfalfa 
plants to the environment is indicated by the available 
carbohydrate content in the roots. Grandfield (31), 
Feltner (28), and Dobrenz (26) all have shown that the 
storage and utilization of carbohydrates in alfalfa roots 
follows a rather definite pattern.

4



Distribution of Gibberellins and Gibberellin-like 
Substances in Plants

5

The first gibberellin was isolated from fungal 
culture; however, gibberellins or gibberellin-like sub
stances are believed to be present in all higher plants 
(46). To date, thirteen gibberellins have been isolated 
either from fungal culture or from higher plants and more 
are expected. The chemical structures of all thirteen 
isolated gibberellins have been proposed; they all have a 
gibbane skeleton in common. Some workers have postulated 
that gibberellins were produced by plants themselves when 
they were needed.

Effect of Gibberellins on the Growth of Plants 
Of the first four gibberellins isolated, GA^

, known as gibberellic acid, was the most active 
form in promoting epicotyl extension. The remaining 
gibberellins were less effective in the following order: 
GA^ GA^ > GAg• When concentrations of the less active 
gibberellins were increased, the difference among the four 
gibberellins were less apparent; however, several excep
tions to this order have been observed. Gibberellins A^, 
Aj_ and Ag were equally active on dwarf maize but GAg was 
relatively inactive. On a molar basis, some salts such as 
ammonium, potassium, and sodium gibberellates were equally 
active (l?, 74).
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The most significant response of plants to the 

exogenous application of gibberellins was stem elongation, 
and it was this symptom that led to the discovery of 
gibberellins. Phinney (65) and Alder et al. (5) observed
that the stem heights of dwarf corns treated with gibberel- 
lic acid were stimulated to elongate greatly. As a matter 
of fact, the test of dwarf corn had been used as a standard 
method of bioassaying gibberellin effect. Two dominant 
mutants, corn-grass (Cg) and Teopod (Tp) were found to 
respond to the acid in such a manner that certain treated 
plants became morphologically indistinguishable from normal 
corn plants (57)• Potato plants treated with the potassium 
salt of gibberellin grew taller than the untreated check 
(53)• Stimulation of plant elongation was also found in 
sugar cane (22, 53, 70), safflower (84), beans (l8), and 
Kentucky bluegrass (50, 82), but treated soybean plants 
were as much as nine inches shorter than untreated plants 
(38).

Most potato plants treated with gibberellins 
developed leaves that were temporarily light green in 
color, some of them smaller and more spatulate. Some 
petioles of treated potatoes were longer and broader. The 
total leaf area of main-stem leaves was affected more by 
nitrogen than by gibberellin. When leaves were examined 
microscopically, data revealed that gibberellic acid 
increased not only the size but also the number of cells
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of the leaves (39» 40, 4l). Gibberellic acid did not 
affect the size or shape of the stipules of soybean, 
however, chlorosis of leaves and a reduction in size of 
the leaflets were apparent in treated plants. Terminal 
leaflets of treated plants had slightly thinner laminae and 
the cells of palisade tissue were smaller than those of 
untreated plants (l6). Other studies (42, 50, 53) also 
found chlorosis of leaves of various field crops when they 
were treated with gibberellic acid. Merritt (55) reported 
that no decrease in chlorophyll content was found and 
suggested that it might be due to a rearrangement of the 
chloroplasts. However, decreased chlorophyll accumulation 
when leaves were treated with gibberellic acid has been 
noticed in recent years (?6, 83)•

Treatment of the foliage of rye grass, Kentucky 
bluegrass, timothy, alfalfa, birdsfoot trefoil, and Ladino 
clover with gibberellins decreased root weight. Generally, 
there were significant negative correlations between total 
top and root weight (29) ; however, no visual differences 
between roots of treated and nontreated Kentucky bluegrass 
plants were also reported (51). Juska (43) stated that the 
influence of gibberellic acid on root production in 
Kentucky bluegrass might, perhaps, be compared to that pro
duced by excess nitrogen. In embryo culture, a low con
centration (l mg/ml) significantly stimulated growth of 
barley shoots, while higher concentrations gave less
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stimulation. Root growth was significantly stimulated by 
1 mg Gibrel (potassium salt) in 1 ml of solution whereas 
the high concentration significantly inhibited growth (67)•

A leaf spray of 200 ppm gibberellin before and/or 
after harvesting the forage once and twice had no dis
tinguishing effect on the elongation of leaves and weight 
of alfalfa (23)• Finn (29) found that yield from the first 
cut of perennial grass was increased by treatment with the 
potassium salt of gibberellic acid, but yield of the second 
cut was reduced. In every case, root weight was reduced. 
Finn further reported that protein per cent was decreased; 
however, because of increased dry weight, total protein 
yield was increased. The per cent ground cover decreased 
progressively with increased rates of gibberellins. 
Shchukina (69) found that the positive effect of gibberel- 
lin on the total yield of alfalfa was evident in some cases 
under conditions of reduced soil moisture.

Haber et al. (35) stated that a major effect of
gibberellic acid on plants had been reported as producing 
increased rate of growth in size and weight; such growth 
could be the result of either an increased rate of photo
synthesis or a more efficient or altered utilization of the 
photosynthetic product. However, these workers found that 
gibberellic acid, up to 1,000 ppm, did not enhance the rate 
of C0g fixation per unit of leaf tissues of Sacramento 
barley, Fork Deere oat and Alaska pea or alter the general
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metabolic pathways of short-termed newly fixed C 0^ in the 
sugars, organic acids and amino acids produced. Fang al. 
(27) indicated that the catabolic pathway of glucose and 
acetate in pea root tissue, as examined by tracer methods, 
were not found to be altered to any significant extent by 
short-termed gibberellic acid treatment. However, acid 
treatment did slightly increase the catabolic oxidation of 
the C-l and C-2 carbons of acetate which suggested that a 
shift of the catabolic pathway had taken place, presumably 
an increase of participation of pentose cycle routes.
Alvin (9) favors the concept that the increase in net 
assimilation rate caused by gibberellic acid results from a 
more rapid translocation of photosynthate from the leaves 
to the stem in beans.

Palag (59, 60, 6l, 64) and Palag et al. (62, 63) 
studied the enzymatic activities of barley endosperm during 
germination. They found that gibberellins increased the 
number of active amylase molecules derived from the endo
sperm itself in the complete absence of the embryo and 
suggested that an endogenous gibberellin acted as an 
endogenous mobilizing hormone. Weller et. aT. (77) found
that, on a fresh-weight basis, phosphatase activity was 
increased in the leaves and stems of treated Blue Lake 
beans. No difference could be detected for 3-amylase and 
phosphorylase. Treatment with gibberellic acid resulted in 
a decrease in activity for (3-amylase in the leaves and
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stems) for pectin methyl-esterase in the root, for oxygen
uptake in the first internodes, and an increase for 13-
amylase in roots. On a plant part basis, the oxygen
absorption was greater in the internodes of the treated
beans. Increased oxygen uptake was also noticed in pea
stem sections (44). Chandra et al. (21) have shown that
synthesis of messenger RNA was stimulated in aleurone cells
of barley and a-amylase formation was greatly increased by
treatment with gibberellic acid. The stimulation was
inhibited by actinomycin D and 5-bromouracil.

Rapid transpiration by bean plants treated with
gibberellins has been reported; however, Neiman et al♦ ($8)
interpreted the rapid transpiration as simply the result of
increased exposure to light and to air movement of leaves
on an elongated stem. In a highly humid atmosphere, Linck

o net al. (52) found significantly more p was absorbed in
treated plants at the end of 4 hours.

Gibberellin treatment increased export of dry
matter from cotyledons of 5-day-old cucumbers • The optimum

— 3 — 4concentration was 10 M in light and 10 M in the dark. 
Dry weight increment by photosynthesis in the lightgrown 
seedlings was very small or was compensated for by in
creased respiration. Rapid translocation of dry matter was 
also observed to take place in sweet lime and gladiolus 
within one hour of treatment, and the direction of translo
cation of labeled sugar was acropetally rather than
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basipetally in beans (36) . Transportation of mineral 
nutrients was increased by gibberellic acid treatment, and 
the effectiveness of gibberellic acid depended on suffi
cient availability of mineral nutrients (24).

By periodic removal of gibberellin-treated leaves, 
a direct relationship was established between the 
absorption-transport period of exogenous gibberellins and 
epicotyl growth response in as short a period as one and a 
half hours. Variation of pH levels from 3*5 to 9*5 did not 
alter the biological effectiveness of gibberellins (l8).

Distribution of B Vitamins in Plants 
In general, all B vitamins are found in higher 

plants (32, 33, 34, 79, 80).
Both free and bound thiamine (3 - |^4-amin-2-methyl-5- 

pyridyl-methylj-5-[p-hydroxyethylj-4-methylethiazole 
chloride, aneurin, vitamin B^) are found in nature (13)• 
Some evidence has been presented for the view that mature 
leaves of fall-grown tomato plants were the center of 
production from which thiamine was transported to the 
active growing parts of the plant (12).

Only a small fraction of riboflavin (6, 7-dimethyl- 
9-£l1-D-ribitylj isoalloxazine, lactoflavin, vitamin B^) 
appeared to be free in plant tissue, while the main part 
occurred as the coenzyme flavin mononucleotide (FMN) and 
flavin adenine dinucleotide (FAD) (73)• The occurrence of
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measurable amounts of free riboflavin in the tissues of 
higher plants might even be diputable (54).

In studies of the niacin (3-carboxyl-pyridine, 
nicotinic acid) content of plant tissues, the total content 
was usually determined, and little was known about the 
amounts occurring as free acid or amide (1).

Pantothenic acid (D^-3-^2', 41-dihydroxy-3 1> 31 - 
dimethyl-butyramidoj propionic acid, vitamin B^) occurs 
mainly as a component of coenzyme A; however, the free and 
combined acids are probably synthesized in all parts of 
normal plants (4, 13, 15? 68).

The vitamin Bg complex is comprised of pyridoxine 
(4, 5-di-^hydroxymethylj-3-hydroxy-2-methylpyridine, 
pyridoxol), pyridoxal, pyridoxamine, and the 5-phosphates 
of the latter two substances. All these mentioned forms 
are interconvertible to a degree which differed for differ
ent types of organisms (l). Vitamin Bg has been found in 
leaves, stems, roots, fruits, and seeds, but little is 
known about the distribution of the individual members of 
the complex (13)• The amount of Bg in tomato leaves 
decreases with their age (14);_however, Wittwer et al. (8l)
found in two varieties of cucurbit an appreciable increase 
in vitamin B^ from young to mature leaves, while the 
concentration was falling with increased size of the fruit.

Biotin (£+J-cis-hexahydro-2-keto-lH-thieno £3? 4j- 
imidazole-4-valeric acid) occurs as a water-insoluble



13
complex and in water extractable forms which might partly 
be free biotin (73)• The concentration was somewhat 
heightened in the tips of roots and coleoptiles of oat (l). 
Furthermore, biotin concentration has been found to 
increase during the period of bud expansion (10, 19).

In most organs and tissues of higher plants, para- 
amino -benzoic acid and the folic-acid group (pterolymono- 
glutamic acids) of substances seem to be synthesized in 
optimal amounts. Single types of tissue cultures might, 
however, be stimulated by p-amino-benzoic acid and folic 
acid (probably its degradation products) (30). The active 
form seems to be N"*"®-formyl-5) 6, 7 ? 8, -tetrahydropteroyl- 
L-glutamic acid or a closely related derivative in which 
the formyl group could be lost and gained during the 
transfer reaction (l).

Only a small part of meso-inosital (hexanydro- 
cyclohexane, inosital, i-inositol) occurs in free form with 
the bulk being present as the hexaphosphoric acid ester 
(phytic acid) and its Ca-Mg-salt (phytin) or bound in 
glucosides and phospholipids (l).

Choline (|3-hydroxyethyltrimethylammonium hydroxide) 
is sometimes classified among the B vitamins, but is not 
known to serve as a cofactor in any known enzyme system.
It occurs both free and as a constituent of lecithin. 
Choline is generally included in the media used for tissue 
cultures (35)•
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Effect of B Vitamins on the Growth of Higher Plants
Most B vitamins are components of coenzymes which 

are essential to the operation of vital activities. Normal 
green plants can certainly grow well without any external 
vitamin application, but it is naturally not excluded that 
certain plant or certain developmental stages may contain 
slightly suboptimal vitamin amounts, and therefore, may be 
stimulated by further addition (?8). Many studies on the 
physiology of B vitamins have been made on microorganisms; 
however, only scattered studies of their effect on higher 
plants were found.

The basic physiological significance of thiamine 
is connected with the role of thiamine pyrophosphate as a 
coenzyme in various types of decarboxylation involving 
pyruvic and (X-keto-glutaric acids. Cases of reduced growth 
because of thiamine deficiency are relatively common. 
Thiamine is essential for stimulating most types of roots 
which have been successfully grown in vitro. In pea roots 
deficient in thiamine the meristematic activity was 
primarily affected (2, 3). Stimulation of the growth of 
cotylectomized embryos of tomato plants by thiamine has 
been found (13)• In isolated corn roots a 10  ̂M concen
tration gave short and thick roots without visible laterals. 
The cortical cells were strongly stretched in the radial 
direction (l).
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Riboflavin is connected mainly with the large 

number of enzymes in which the flavin nucleotides are 
rather tightly bound (25)• The growth of egg plants grown 
in nutrient solution with 2.5 ppm riboflavin were stimu
lated strongly (l).

Nicotinic acid is one of the materials used in the 
biosynthesis of the pyridine nucleotides. In excised pea 
roots with deficient niacin synsthesis, meristematic 
activity was soon decreased and also the number of cell 
columns and the dimension of the individual cells were 
progressively reduced (3 » 11).

Clear cases of restricted growth due to pantothenic 
acid deficiency are relatively few. A stimulating effect 
of pantothenic acid on the growth of aseptically grown 
alfalfa seedlings has been observed (l).

Isolated roots of many species lack the ability to 
synthesize pyridoxin. Lowered meristematic activities have 
been shown in isolated tomato roots (12) and wheat roots 
(6 , 7) that were deficient in pyridoxin.

The shoot growth of cotylectomized pea seedlings 
was stimulated by biotin but the root growth was either not 
or only slightly influenced (8). In other cases, biotin 
was found to increase both shoot and root growth of peas 
((t?, 66). Some single types of tissue culture may be 
stimulated by p-amino-benzoic and folic acids (30).
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The effect of inositol upon germination and 

seedling growth has been rather variable. It has been 
claimed that inositol stimulated the bud formation of elm 
(1).

Ketelapper (45) found treatment with a mixture of 
B vitamins increased the dry weight of Lupinus manns Dougl. 
and pea in light and artificial illumination at high day 
and night temperatures.



MATERIALS AND METHODS

Greenhouse Experiment
Stems of two alfalfa clones, Sonora 39 and Mesa- 

Sirsa 56-11, were cut into segments containing one node 
each on November 26, 1965? and rooted in flats containing 
perlite in the Agronomy greenhouse on the University of 
Arizona campus, Tucson, Arizona. The flats were watered 
every two to four hours during the day so that the perlite 
was kept moist at all times. Plastic pots of 6" x 6" size 
were filled with a soil mixture containing 3 parts of a 
sandy loam soil, 2 parts of peat moss, and 1 part of number 
3 perlite.

The rooted cuttings were inoculated with nitrogen
fixing bacteria, and two cuttings were transplanted in each 
pot. Because of the different rooting habit of the two 
clones, the rooted cuttings of Sonora 39 were transplanted 
on December 28, 1965, and Mesa-Sirsa 56-II on January 2, 
1966. Two hundred ml of Ra-Pid-Gro"*" solution at a con
centration of 2 teaspoonfuls per gallon of water were 
applied to each pot on January 2, February l4, and March 
25, 1966 to supply mineral nutrients to the plants. The

1. A soluble mixture of N, P, and K manufactured 
by Ra-Pid-Gro Corporation.

17
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plants were clipped one inch, above the crown on March 25*
1966 before spraying started.

2Gibberellic acid and a mixture of vitamin B
complexes containing equal molecular weights of thiamine 

2 2hydrochloride, riboflavin, d-pantothenic acid (calcium
2 3 3salt), para-amino-benzoic acid, inositol, pyridoxine

2 2 2 hydrochloride, nicotinic acid, choline chloride,
4 4biotin, and folic acid were used. The chemicals here

after will be designated as gibberellic acid (or GA) and 
the vitamin B mixture (or B) for simplicity. Sixteen 
treatments made up by combinations of four levels, i.e.,
0, 10 ^, 10 ^, and 10  ̂molal, of each substance are 
presented in Table 1 . The treatments were applied to the 
plants on March 26, April 2, 9? and l6, 1966.

The experiment utilized a randomized block design 
with two replications, each replication containing six 
plants, two in each of three pots.

The chemicals were dissolved first in ethyl 
alcohol and then diluted with distilled water to the 
different concentrations. The final alcohol concentration 
was 2 per cent for each treatment. A surfactant, non-ionic

2. Fisher certified reagent.
3. Product of Eastman Organic Chemicals, for chemical purposes.
4. Product of Calibiochem, for chemical purposes.



19
Table 1. Treatments applied to the plants in the green-

house experiment.

Gibberellic 
acid (Molal)

Vitamin B Mixture (Molal)
0 1oH ■4*1OH H O 1 to

0 (00) (01) (02) (03)

H O 1 (10) (ii) (12) (13)

oH (20) (21) (22) (23)

H O 1 to (30) (31) (32) (33)

type Multifilm :X-77,5 was used at the concentration of
0.1 per cent to decrease the surface tension of the
solutions. The zero concentration contained the same 
amount of alcohol and surfactant as the other treatments.

A spraying device was built so that the pressure 
could be adjusted to a constant 40 psi from a compressed 
air tank. The volume that was sprayed was measured by 
pipetting the required amount into the sprayer. The volume 
that was required for each spray was determined by spraying 
with water six pots of alfalfa plants of the same age from 
each clone until all leaves on the plants were wet.

Stem counts and measurements of plant height from 
soil surface to bud were made every week just before

5• Product of Colloidal Product Co.
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spraying. The herbage was harvested on April 30, 1966 when 
70 per cent of the plants had one or more flowers. The 
fresh weight was taken immediately after harvesting and dry 
weight was obtained after drying in a Thelco Precision 
Model 28 forced-air oven at 80 C for at least 48 hours.
The roots of one replication were dug, washed, clipped to 
4 inches below the base of the crown, and dried in the 
same way as the herbage. The dried roots were stored for 
further analysis of acid-hydrolyzable carbohydrates.

The remaining replication contained a total of six 
plants in each treatment. The results of regrowth were 
analyzed statistically using pots at the same position on 
the bench as blocks. Since the plot sizes were unequal for 
the first harvest and for regrowth, no combined statistical 
analysis was made over the harvests. The regrowth plants 
were harvested on May 28, 1966 when 70 per cent of the 
plants had one or more flowers open.

Temperature in the greenhouse was recorded with a 
Friez Model 594 hygrothermograph.

Field Experiment
The field experiment was conducted at the University 

of Arizona Campbell Avenue Farm, Tucson, Arizona. Certified 
Sonora alfalfa seeds were drilled with a Planet Jr. No. 4 
seeder in rows 20 inches apart and at the rate of approxi
mately 3 pounds per acre on March 15, 1966. One hundred
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pounds of phosphorous per acre had been incorporated in the 
soil during the previous fall. The soil type was a Gila 
sandy loam.

A randomized block design including nine treatments 
and 6 replications was used. Treatments consisted of the 
following:

Treatment Gibberellic acid (ppm) Vitamin B mixture (ppm)
1 0 0
2 0 300
3 0 3,0004 3,000 0
5 18,000 06 36,000 0
7 3,000 300
8 18,000 300
9 36,000 3,000

Each plot consisted of four rows of alfalfa plants 
with each row being l4 feet in length.

The chemicals were prepared in exactly the same 
way as they were in the greenhouse experiment and sprayed 
with a Hudson 6220 galvanized Bugwiser sprayer at the rate 
of 150 gallons per acre on May 14 and again on May 28,
1966. A pressure gauge was installed on the sprayer so 
that the pressure was controlled within the range of 37 
to 40 psi.

Stem height, which was measured from the ground 
level to the terminal bud was taken at the time of each 
spraying and at intervals of one week. The first harvest



was made on June l6, 1966. Fresh and dry weight samples 
were taken from the central 10 feet of the two middle rows 
of each treatment. The roots of two replications were dug, 
washed and counted. Dried roots were stored for further 
analysis of acid-hydrolyzable carbohydrates.

Regrowth of the remaining four replications was 
measured the same way and the second harvest was made on 
July 19, 1966.

Quantitative Determination of Acid-hydrolyzable 
Carbohydrates in Roots of Alfalfa Plants

The plant material was dried as described before 
and ground to pass a 40-mesh seive in a Wiley Mill. A 
duplicate of one-half gram samples of each plot were acid 
hydrolyzed according to the method used by Smith (7l), 
and the reducing power was determined with the modified 
Shaffer-Somogyi method (37) as described in detail by 
Dobrenz (26). The acid-hydrolyzable carbohydrate content 
was obtained as mg equivalent of glucose and expressed as 
percentage of dry weight.

22



RESULTS

Greenhouse Experiment

Temperature
The record of maximum and minimum temperatures in 

the greenhouse during the period of the experiment is shown 
in Fig. 1. Temperatures were characterized as having 
higher night or minimum, temperature than normal expecta
tions; however, outside the greenhouse the day or the 
maximum temperature was lower than normal expectations 
except during the early part of the experiment period.

Plant Height
In two to three weeks after the first spraying, 

stem heights started to show differences between clonal 
lines, among main effects of growth substances and their 
interactions (Appendix Table E). In Mesa-Sirsa 56-11, 
application of either growth substance individually had no 
effect in the early stage of stem elongation for the first 
growth (Fig. 2). During the stage of rapid growth, higher 
concentrations of gibberellic acid stimulated the plants 
to grow at a higher rate than that of non-treated plants, 
but there was no apparent effect from the application of 
the vitamin B mixture. Except for the highest concentra
tion of gibberellic acid at later stages of growth, stem

23
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Fig. 1 Record of maximum and minimum temperatures of greenhouse (solid lines) and 
50% probability of maximum and minimum temperatures at the University of 
Arizona (dashed lines, data recalculated from Arizona climate, Supplement 
No. I, The Institute of Atmosphere Physics, The University of Arizona,
1962) . to
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4 0 “ gibberellic acid 

vitamin B mixture

(control) Treatments (m old)

Fig. 2 Effect of gibberellic acid and the vitamin B
mixture on the stem elongation of alfalfa clonal 
line, Mesa-Sirsa 56-11, grown in greenhouse. The 
chemicals were sprayed weekly for four consecutive 
weeks starting March 26.
*Significant difference from control at 5 per cent level.



elongation of Sonora 39 responded to neither substanced 
applied individually in stem elongation (Fig. 3)•

During the different stages of growth, the two 
clonal lines responded quite differently to the interaction 
of three concentrations of gibberellic acid and the vitamin 
B mixture (Fig. 3 and 4). The highest concentration of 
gibberellic acid in combination with any concentration of 
the vitamin B mixture always stimulated plant elongation in 
both clonal lines. The treatment containing 10  ̂molal 
gibberellic acid and 10  ̂molal of the vitamin B mixture 
reduced the plant height of Mesa-Sirsa 56-11. In no case, 
however, did any treatment retard the growth of Sonora 39• 
At the other two gibberellic acid concentrations, combining 
the vitamin B mixture at 10  ̂molal level significantly 
increased stem elongation at later stages of growth.

The F tests (Table 2) indicated that the quadratic 
responses of Mesa-Sirsa 56-11 to the main effect of vitamin 
B mixture were statistically significant in most growing 
stages, and linear and quadratic responses of the main 
effect of gibberellic acid were significant at later stages 
of growth. The interaction of quadratic responses of both 
substances was significant. Sonora 39 did not respond to 
the leaf spraying with vitamin B mixture; however, it 
responded to the main effect of gibberellic acid in the 
same manner as did Mesa-Sirsa 56-11. Interactions of the

26
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gibberellic acid 
Vitamin B mixture

(control) Treatments (molal)

Fig. ') Eft'oct of gibberellic acid and the vitamin B
mixture on the stem elongation of alfalfa clonal 
line, Sonora 39i grown in greenhouse. The 
chemicals were sprayed weekly for four consecutive 
weeks starting March 2b.
*Signif'icant difference from control at 5 per cent 1evel.
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Fig. 4 Effect of the combination of gibberellic acid and the vitamin B mixture on 
the stem elongation of alfalfa clonal line, Mesa-Sirsa 56-11, grown in the 
greenhouse. The chemicals were sprayed weekly for four consecutive weeks 
starting March 26.♦Significant increase over control at 5 per cent level.
^Significant decrease at 5 per cent level.tThe first figure indicates GA concentration, second vitamin B concentra
tion; 0 = 0  molal, 1 = 10-6 molal, 2 = 10-4 molal, 3 = 10-2 molal.



Table 2. F test on the interaction of gibberellic acid and the vitamin B mixture 
on the stem growth of two clonal lines of alfalfa grown in the green
house .

Date
Responses3 3/26 4/2 4/9 4/l6 4/23 4/30

Mesa-Sirsa $6-11
B1 . <1.00 <  1.00 1.69 < 1 . 0 0 2.26 < 1 . 0 0
Bq < 1.00 12.49** 29.74** 3.40 10.11* 5.75*

< 1 . 0 0 < 1 . 0 0 36.26** 25.91** 122.24** 54.62**
Gq <1.00 < 1 . 0 0 5.40* 6.36* 35.97** 35.26**

B1 = Gi <1.00 < 1 . 0 0 <  1.34 <  1.00 1.04 < 1 . 0 0
B1 X Gq <1 . 0 0 24.54** <  1.00 <  1.00 <  1.00 < 1 . 0 0
Bq X q < 1 . 0 0 < 1 . 0 0 < 1 . 0 0 < 1 . 0 0 <  1.00 <1 . 0 0

<1.00 11.22* 19.38** < 1 . 7 6 24.06** 14.25* *
Sonora 39

B1 < 1 . 0 0 <  1.00 < 1 . 0 0 < 1 . 0 0 < 1 . 0 0 <1 . 0 0
Bq < 1.00 4.76 < 1 . 0 0 < 1 . 0 0 < 1 . 0 0 < 1 . 0 0
Gi < 1 . 0 0 4.11 97.93** 21.11** 12.25** 24.24**
Gq < 1 . 0 0 12.54** 106.89** 10.68* 4.85 13.99**

B1 x G1 < 1 . 0 0 3.70 < 1 . 0 0 < 1 . 0 0 <  1.00 1.01
B1 x Gq < 1 . 0 0 36.44** < 1 . 0 0 12.22** <  1.00 < 1 . 0 0
Bq X G^ < 1.00 4.10 < 1 . 0 0 <  1.00 <  1.00 < 1.00
Bq x Gq <1 . 0 0 3.40 < 1 . 0 0 <  1.00 < 1 . 0 0 <  1.00
aB^) Bq = linear and quadratic responses to vitamin B mixture, respectively. 

, Gq = linear and quadratic responses to gibberellic acid, respectively.
*Significant at 5 per cent level.
**Significant at 1 per cent level
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applied two substances were found significant in scattered 
instances.

The weekly increment of stem elongation is shown in
Figs. 5 and 6. In Mesa-Sirsa 56-11, there was no increase
because of treatment during the first week after the first
treatment; however, some differences among treatments were
observed (Appendix Tables C and D). After the second week,
higher concentrations of gibberellic acid stimulated the
elongation of plants especially those treatments containing
the combination of highest concentrations of the two
substances. Vitamin B mixtures alone did not seem to
affect stem elongation in these stages. During the fourth
week, seven of the treatments showed a statistically
significant increase over the control; these treatments
were 10  ̂and 10 ^ molal of the vitamin B mixture alone,

—  210 molal gibberellic acid alone and in combination with 
any concentrations of the vitamin B mixture, and the 
combination of 10  ̂molal of both substances. The only 
treatment that stimulated stem elongation during the last 
week was the combination containing 10  ̂molal of the 
vitamin B mixture and 10 molal of gibberellic acid. 
Several decreases in stem elongation were observed when 
compared to the control. Significant decreases were found 
in the third week for treatments containing 10  ̂ and 10  ̂
molal of the vitamin B mixture alone. In the last week, 
there were seven treatments that showed statistically
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Fig. 5 Effect of the combination of gibberellic acid and the vitamin B mixture on 
the stem elongation of alfalfa clonal line, Sonora 39, grown in the green
house. The chemicals were sprayed weekly for four consecutive weeks 
starting March 26.♦Significant increase over control at 5 per cent level.
fThe first figure indicates GA concentration, second vitamin B concentra
tion; 0 = 0  molal, 1 = 10-6 molal, 2 = 10-4 molal, 3 = 10-2 molal. V)H
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3rd wk
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Treatments t

Fig. 6 Increases in stem Length at intervals of one week
for alfalfa clonal line, Mesa-Sirsa 56-11, grown in 
the greenhouse and sprayed with different concen- 

. -trations of gibberellie acid and the vitamin B 
mixture.
*Significant increase over control at 5 per cent level.
vSignificant decrease at 5 per cent level.
+The first figure indicates GA concentration, the 
second vitamin B concentration; 0 = 0  molal, 1 = 
10_6 molal, 2 = 10~^ molal, 3 = 10-2 molal.
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significant decreases in stem elongation, they were 10 ^

molal and 10 ^ molal gibberellic acid alone, a combination

of 10 ^ molal gibberellic acid and 10 ^ molal vitamin B
-4 -4mixture, 10 molal of both substances, 10 molal gib-

-6 -2 berellic acid and 10 molal vitamin B mixture, 10 molal

gibberellic acid and 10 ^ molal vitamin B mixture, and 10 ^

molal of both substances.

In Sonora 39 •> during the first week, some treat-
__ 2

ments, namely, 10 molal of the vitamin B mixture alone,

combinations of 10 ^ molal of the vitamin B mixture with

either 10 ^ or 10 ^ molal of gibberellic acid, showed

significant increases in stem elongation when compared to

the control plants, but there was no difference during the

second week. During the third week all treated plants

showed an increase over the control in stem elongation.as.

was true of plants of Mesa-Sirsa 56-11 during the fourth

week. Except for the following treatments; 10 ^ molal of

gibberellic acid alone, 10 ^ and 10 ^ molal of the vitamin

B mixture alone, and a combination of 10 ^ molal of both

substances, the remaining 11 treatments increased stem

elongation by a significant amount over the control. In
-2the fourth week, treatments with 10 molal of the vitamin 

B mixture significantly increased stem elongation. The 

treatment containing 10 molal of both substances was the 

only one that significantly decreased stem elongation 

during the last week.
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Stem Numbers
No differences in number of stems per plant were 

found between varieties or among treatments before the final 
counts were taken• Differences in number of stems at the 
last measurement were observed between clonal lines, among 
the vitamin B mixture and gibberellic acid treatments 
(Appendix Table F). The only significant decrease in 
number of stems per plant was obtained in plants of Mesa- 
Sirsa 56-11 when treated with the combination of 10 molal 
of gibberellic acid and 10  ̂molal of vitamin B mixture.
In plants of Sonora 39 9 treatment with 10  ̂molal of 
gibberellic acid alone or in combination with any concen
trations of the vitamin B mixture increased the number of 

4 stems, whereas treatment with 10  ̂molal of gibberellic 
acid and 10  ̂molal of the vitamin B mixture reduced the 
number of stems compared with non-treated plants (Table 3)• 
The quadratic and linear responses to the main effect of 
gibberellic acid treatment were significant for Mesa-Sirsa 
56-11 and Sonora 39 respectively (Appendix Table G).

Yield and Herbage Moisture Content
Differences in fresh and dry weight yield between 

clonal lines and among each chemical treatment were 
statistically significant; however, no difference was found 
among the interactions (Appendix Table H). Leaf spraying 
with the highest concentrations of both plant growth
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Table 3 • Differences as measured by Duncan1 s multiple range test in the dry weight per plant of the first top growth for two

clonal lines of alfalfa grown in greenhouse and sprayed with different concentrations of gibberellic acid and the
vitamin B mixture•

Mesa-Sirsa 56-11
Treatments3 (02) (10) (13) (00) (30) (21) (23) (11) (01) (20) (22) (03) (33) (12) (32) (31)

Average number of 
stems per plant

5-92 5.83 5.83 5.67 5.58 5.58 5.58 5.58 5.58 5-33 5.08 5.00 4.67 4.67 4.25 3.92

Sonora 39
Treatment s a (13) (12) (11) (10) (33) (30) (21) (23) (20) (31) (03) (02) (00) (22) (01) (32)
Average number of 5.17 5.00 5.00 4.83 4.67 4.58 4.58 4.58 4.33 4.25 4.25 4.25 4.25 4.08 3.67 3.58
stems per plant

aThe first figure represents concentration of gibberellic acid, the second figure, vitamin B mixture; 0 = 0  molal, 1 = 10
molal, 2 = lO-^ molal, 3 = 10-2 molal.
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substances increased the dry weight of Mesa-Sirsa 56-11, 
but no treatment significantly increased the dry weight of 
plants of Sonora 39 (Table 4).

There was no difference in moisture content of the 
herbage between the two clonal lines, but differences were 
obtained among gibberellic acid treatments, clonal line- 
gibber ellic acid and gibberellic acid-vitamin B mixture 
interactions (Appendix Table I). Duncan's multiple range 
test for moisture content is presented in Table 5• In 
general, the highest concentration of gibberellic acid 
reduced moisture content of the herbage especially with 
Mesa-Sirsa 56-11 because all four treatments with 10  ̂
molal concentration of gibberellic acid were statistically 
lower in moisture content. Treatment with 10 ^ molal 
gibberellic acid and 10  ̂molal vitamin B mixture signifi
cantly increased the moisture content of both varieties. 
Lower concentrations of gibberellic acid tended to increase 
the moisture content of plants of both clonal lines.

Regrowth Stem Height and Stem Count

Mesa-Sirsa 56-11 showed little response in plant 
height to the residual effect of the vitamin B mixture; 
however, the responses to the residual effect of gib
berellic acid were significant both linearly and 
quadratically• Residual effects of both substances 
significantly influenced Sonora 39 both linearly and
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Table 4. Differences as measured by Duncan's multiple range test in the dry weight per plant of the first top growth for two

clonal lines of alfalfa grown in greenhouse and sprayed with different concentrations of gibberellic acid and the
vitamin B mixture. i

Mesa-Sirsa 56-11 j
Treatments* (33) (31) (30) (03) (ll) (13) (20) (01) (10) (32) (22) (00) (23) (2l) (12) (02)

Average dry weight 23-70 21.70 20.65 19-40 17-05 16.80 16.70 15-50 15-25 15-15 14.95 14.45 14.00 13-70 13-55 13-05of top growth ------- — -____________________________________
(g./plant) -- - — ---- -------------------------

Sonora 39 j
Treatments* (33) (31) (30) (03) (32) (23) (20) ; (13) (02) (12) (00) (ll) (Ol) (10) (22) (2l)

Average dry weight 33-40 33-20 31-35 27.20 26.25 25.50 25.30 25-25 24.20 24.15 23-50 22.50 22.05 21.25 19-75 17-45of top growth --------------  — - —  - 1 —  - —
(g./plant) — I— ...  " —    - —  ■ - --------------

*The first figure represents concentration of gibberellic acid, the second figure, vitamin B mixture; 0 = 0 molal, 1 = 10
molal, 2 = 10-4 molal, 3 = 10-2 molal.
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Table 5• Differences as measured by Duncan's multiple

range test in the herbage moisture content of the 
first growth for two clonal lines of alfalfa 
grown in greenhouse and sprayed with different 
concentrations of gibberellic acid and the 
vitamin B mixture.

Treatments^ Average moisture per cent
(M21) 
(S21) 
(M02) 
(Ml 3) 
(M22) 
(522 ) 
(M10) 
(M01) 
(513) (MOO) 
(M20 ) 
(523) (512) 
(M12) 
(Mil) 
(520)
(510) 
(M23) 
(503) 
(MO 3)(501)
(502) 
(500)
(511) 
(M30)
(532) 
(531) 
(530)
(533) (M32) 
(M31) 
(M33)

84.1584.15
82.80
82.20
82.15 81.90
81.85
81.85
81.75
81.7581.6081.45
81.40
81.40
81.40
81.25
81.2581.20 
81.05 81.00
80.80
80.6580.60
80.1579.60
79.45
79.4579.20
78.80
78.65
77.85 
77.55

aThe first letter represents variety (M = Mesa-Sirsa 56-II, 
5 = Sonora 39)•
The first figure represents concentration of gibberellic 
acid, the second, vitamin B mixture; 0 = 0  molal, 1 = 10-6 
molal, 2 = 10“  ̂molal, 3 — 10-2 molal.
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quadratically (Appendix Table J). There was no difference 
in the height of regrowth between any treatment and 
control; however, differences between some treatments were 
found as indicated in Table 6. Those plants that had been 
treated with the highest concentrations of gibberellic acid 
were retarded in stem elongation during the regrowth.
There was no difference in the number of stems for any 
treatment (Appendix Table K), even though significant 
differences among treatments had existed before the first 
harvest.

Yield of Herbage from Regrowth
Significant differences between clonal lines and 

among gibberellic acid treatments were found among dry 
weight of the regrowth herbage (Table 7 and Appendix Table 
L). The two clonal lines had the same trends in response 
to residual influence of gibberellic acid both linearly and 
quadratically and also to the interaction of quadratic 
influences of both applied substances.

No residual effects were found between any treated 
and control plants of Mesa-Sirsa 56-11, but differences 
among some treatments were obtained. In Sonora 39> a 
significant increase in dry weight was found in one treat
ment, 10 ^ molal gibberellic acid and 10  ̂molal of the 
vitamin B mixture, which happened to be one of the lowest 
yielding treatments in the first harvest. As a matter of
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Table 6. Differences as measured by Duncan's multiple range test in the height of stem for two clonal lines of alfalfa grown in

greenhouse as influenced by the residual of different concentrations of iibberellic acid and the vitamin B mixture.

Mesa-Sirsa 56-11;
Treatments3 (02) (13) (20) (21) (01) (03) (10) (11) (00) (22) (12) (23) (30) (31) (33) (32)

Average height of 
stem in inches 30.6? 27.83 27.33 27.00 26.83 26.17 26.17 26.00 25.83 25.67 24.50 23.50 22.33 22.17 to H VJ1 O 19.50

Sonora 39
Treatments3 (03) (13) (11) (10) (21) (23) (20) (02) (12) (22) (00) (31) (01) (30) (32) (33)
Average height of 33.17 33.00 32.67 32.17 32.00 32.00 31.50' 29.17 29.00 29.00 28.83 28.83 28.17 28.17 23.83 23.17stem in inches

aThe first figure represents concentration of gibberellic acid, the second figure, vitamin B mixture; 0 = 0  molal, 1 = 10
molal, 2 = lO-^ molal, 3 = 10“2 molal.



Table 7• Differences as measured by Duncan's multiple range test in the herbage dry weight of two clonal lines of alfalfa grown
greenhouse as influenced by the residual of different concentrations of gibberellic acid and vitamin B mixture.
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Mesa-Sirsa 56-11
Tr e atment sa (22) (01) (11) (20) (13) (03) (21) (02) (00) (10) (12) (23) (30) (33) (31) (32)

Average dry weight 
of herbage 
(g./plant)

32.57 32.07 31.97 31.30 30.97 3O.67. 30.56 29.83 29.47 29.43 29-40 28.93 28.00 27.33 27.23 26.17

Sonora 39 1"
Treatments9 (21) (23) (13) (02) (20) (11) (12) (10) (03) (22) (00) (31) (01) (30) (32) (33)

Average dry weight 33-83 33-53 32.93 32.60 32.57 32.30 32.23 32.20 31.90 31.33 31.10 30.67 30.20 29.17 28.53 28.53
of herbage 
(g./plant)

aThe first figure represents concentration of gibberellic acid, the second figure, vitamin B mixture; 0 = 0  molal, 1 = 10
molal, 2 = 10-4 molal, 3 = 10-2 molal.



fact, the orders of dry weight yield of growth for both 
clonal lines were almost a reversal of those for the first 
harvest yield.

Acid-hydrolyzable Carbohydrate Content of Roots

The acid-hydrolyzable carbohydrate percentages are 
shown in Table M of the Appendix. No statistical analyses 
were made because of the number of samples. The general 
trend was that in applications of individual chemicals 
increasing concentration of gibberellic acid decreased the 
acid-hydrolyzable carbohydrate percentage. Increasing 
concentrations of the vitamin B mixture increased the acid- 
hydrolyzable carbohydrate percentage of 4-inch root sections 
in Mesa-Sirsa 56-11, but decreased the acid-hydrolyzable 
carbohydrate percentage of 4-inch root sectinn in Sonora 
39• Low concentration of the vitamin B mixture seemed to 
compensate the decreasing amount of acid-hydrolyzable carbo
hydrates from treatment with gibberellic acid; however, the 
combination of the higher concentrations of both substances 
produced lower percentages of acid-hydrolyzable carbo
hydrates and total acid-hydrolyzable carbohydrates of 4- 
inch root sections•

Tests of the linear regression of carbohydrate 

reserves in the root weight yield of the first harvest and 

regrowth were made (Table 8). In both clonal lines, 

increased yield of dry weight for the first harvest



Table 8. Values of linear regression, correlation coefficient, and regression
coefficient for carbohydrate reserves in the root and herbage yield of 
two clonal lines of alfalfa grown in greenhouse and sprayed with dif
ferent concentrations of gibberellic acid and the vitamin B mixture.

Test of Linear Correlation Regression
Correlations Regression Coefficient Coefficient

Mesa-Sirsa 56-11
AHC%a vs first harvest yield F = 8.93** r = 0.47 b = 0.75AHC% vs regrowth yield F = 1.08 r = 0.27 b = 0.06

Sonora 39
AHC% vs first harvest yield F = 13.20** r 0.70 b = 0.60
AHC% vs regrowth yield F = 1.06 r ' z: 0.67 b = 0.21

^Acid-hydrolyzable carbohydrate percentage. 
*Significant at 5 per cent level.
* *Significant at 1 per cent level.



resulted in a decrease in acid-hydrolyzable carbohydrate 
percentage• There were no correlations between root acid- 
hydrolyzable carbohydrate percentage and regrowth.

Field Experiment

44

Stem Elongation
Except for some decreases in stem height recorded 

on June 4, 1966, there were no significant differences 
obtained between the treated and control plants of Sonora 
alfalfa during the entire period of growth (Appendix Table 
N). The decreases were found during the week when the 
second treatment was applied. Data shown in Fig. 7 indi
cated that the stem elongation was inhibited by the 
application of 18,000 ppm and 36,000 ppm gibberellic acid. 
The growth of alfalfa plants in the field was quite dif
ferent from plants grown in the greenhouse• The rapid 
growth stage continued from May 7 through June 4. During 
the last two weeks of the rapid growth stage, higher
concentrations of gibberellic acid, especially the combina-

-4tion of 36,000 ppm gibberellic acid (approximately 10 
molal) inhibited stem elongation. As opposed to plants 
grown in the greenhouse, a second rapid elongation of stems 
was not observed for plants in field experiment, although 
the plants were harvested after flowering had occurred• 
Every chemical treatment increased the stem elongation 
after the rapid period of growth; however, a significant



4$

4 th wk

(00) (01) (02X03) (10) (II) (12) (13) (20) (21) (22) (23) (30U3I) (32) (33)

Treatment* t
Fig. 7 Increases in stem length at intervals of one week 

for alfalfa clonal line, Sonora 391 grown in the 
greenhouse and sprayed with different concentra
tions of gibberellic acid and the vitamin B mixture. 
*Significant increase over control at 5 per cent level.
VSignificant decrease at 5 per cent level. 
tThe first figure indicates GA. concentration, the 
second vitamin B concentration; 0 = 0  molal, 1 = 
10~e molal, 2 = 10-4 molal, 3 = 10~2 molal.



increase for only one treatment, 300 ppm of the vitamin B 
mixture alone, was observed.

Yield of First Harvest
Results of Duncan's multiple range tests on the 

fresh weight, dry weight and moisture content are shown in 
Table 9• Every treatment resulted in a reduction in yield 
of dry weight in the field experiment, and there were great 
differences among treatments. Application of both concen
trations of the vitamin B mixture alone, higher concen
trations of gibberellic acid and combinations of 18,000 ppm 
gibberellic acid and 300 ppm of the vitamin B mixture 
severely reduced the yield. Every treatment resulted in 
increased moisture content, especially the combination of 
the two chemicals.

Root Data from First Harvest
Average dry weights per tap root after the first 

harvest are presented in Table 10. The dry weight of roots 
per plant from plants treated with 3,000 ppm gibberellic 
acid was significantly reduced. There was no difference 
in root weight for any of the other chemicals.

Acid-hydrolyzable Carbohydrate Content of Roots
The acid-hydrolyzable carbohydrate percentage for 

roots of alfalfa plants grown in the field is shown in 
Table 11. Except for the treatment combination containing
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Table 9• Differences as measured by Duncan's multiple range test in the fresh 
and dry weight and moisture content of plants of Sonora grown in the 
field and sprayed with various concentrations of gibberellic acid and 
the vitamin B mixture.

Fresh Weight Dry Weight Moisture Content
Average Yield 

Treatment3 . (lb./plot)
Average Yield 

Treatment3 (lb./plot)
Average

Treatment3 (%)

1 8.50
7 7-73
9 7.68
4 7-57
8 7.07
3 6.972 6.80
5 6.636 6.33

1 2.50
7 2.074 2.00
9 1.98
3 1.912 1.76
5 1.76
8 1.76
6 1.73

8 75.17
9 74.28
7 74.22
4 73.63
5 73-42
6 72.952 72.53
3 72.10
l 70.18

^Treatment________  1 2
GAconcentration (ppm) 0 0
B concentration (ppm)

20
4 5 6 7

3,000 18,000 36,000 3,000

300

8 9
18,000 36,000

200 3,0000 300 3,000 0 0 0
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Table 10. Differences as measured by Duncan's multiple 

range test in dry weight of roots of Sonora 
alfalfa plants grown in the field and sprayed 
with various concentrations of gibberellic acid 
and the vitamin B mixture.

Treatment a

9
1
3
7 
2 
6
5
8
4

Dry weight of roots per root
Average root weight

( 1 3

2.53
2.23
2.11
2.07
2.06
2.02
1.96
1.93
1.39

aTreat-
ment 1 2  3_____ 4______ 5______ 6_____ 7______ 8______ 9GA cone.

(ppm) 0 0  0 3,000 18,000 36,000 3,000 18,000 36,000B cone.
(ppm) 0 300 3,000 0 0 0  300 300 3,000
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Table 11. Differences as measured by Duncan's multiple

range test in the acid-hydrolyzable carbohydrate 
(A-HC) percentage of Sonora alfalfa plants grown 
in the field sprayed with various gibberellic 
acid and the vitamin B mixture.

Treatment Average (%)

7 46.60
9 43.37
3 43.33
2 40.39
4 40.20
6 39.72
5 38.13
8 37-14
1 36.13

^Treat
ment 1 2 3 4 5 6 7 8 9
GA cone.

(ppm) 
B cone • 

(ppm)

0 0 0
0 300 3,000

3,000 18,000 36,000 3,000
300

18,000 36,000
0 0 0 300 3,000
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3 1000 ppm of gibberellic acid and 300 ppm of the vitamin B 

mixture which increased the percentage of acid-hydrolyzable 

carbohydrates, there were no differences in carbohydrate 

content among roots of the treated plants and the controls•

Regrowth of the Plants

Neither growth substance alone nor any combination 

of growth substances had any residual effect on the final 

stem height and dry weight of plants during the regrowth 

(Table 12).

Combined Analysis of Two Harvests

A statistical analysis ontthe yield of the first 

harvest after treatment and regrowth harvest was made 

(Table 13)• Significant differences between harvests and 

the interaction of harvest and treatment were found; 

however, no difference was obtained in treatments.
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Table 12. Differences as measured by Duncan's multiple 

range test in the final stem height and dry 
weight yield of regrowth of plants of Sonora 
grown in the field and sprayed with various 
concentrations of gibberellic acid and vitamin 
B mixture.

Stem height (in.) Dry weight (lb./plot)

Treatment3 Average Treatmenta Average

9 32.2 7 1.90
8 31.4 8 1.66
7 31.2 9 1.53
5 30.5 5 1.49
4 30.2 6 1.48
2 29.3 l 1.43
1 28.8 2 l.4i
3 28.6 4 1.32
6 28.5 3 1.22

t r e a t 
ment 1 2 3 4 5 6 7 8 9
GA cone.

(ppm) 0 0  0 3,000 18,000 36,000 3,000 18,000 36,000
B cone.

(ppm) 0 300 3,000 0 0 0  300 300 3,0000 300
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Table 13• Combined analysis of variance on the yield of

herbage dry weight from the first harvest after 
treatment and regrowth harvest of plants of 
Sonora grown in the field and sprayed with 
different concentrations of gibberellic acid and 
the vitamin B mixture.

Source D.F. s .s. M.S. F

Replication harvest 6 0.87
Harvest (H) 1 00 3.48 2 4 .37**
Treatment (T) 8 1.87 O.23 1.63.
H X T 8 11.02 1.38 9 .64**
Error 48 6.86 0 .l4
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Increment (in)

4 - i

5/2 8 v 6/3 0J

5-|

5/20"5/231-0J

5-1

5/l 4 ^ 5/l9 0J —  1—  1—  '—  I—  I—  I—  I— ll—
i 2 3 4 5 6 7 8 9

Treotmenti t

Fig. 8 Increase in stem length at intervals of one week 
for Sonora alfalfa grown in the field and sprayed 
with various concentrations of gibberellic acid and the vitamin B mixture.

Treat-
ments 1 2  3_____ 4 5______ 6_____ £______ 8______ 9
GA cone.
(ppm) 0 0  0 3,000 18,000 36,000 3,000 18,000 36,000B cone.
(ppm) 0 300 3,000 0 0 0 300 300 3,000

*Significant increase at 5 per cent level•
^Significant decrease at 5 per cent level•



DISCUSSION

Greenhouse Experiment

The typical effect of gibberellic acid, stem 
elongation, was observed on plants grown in the greenhouse, 
but the two clonal lines required different concentrations 
to stimulate a measurable difference. Sonora 39 required 
a higher concentration of gibberellic acid to produce the 
same response as Mesa-Sirsa 56-11. This could be because 
either Sonora 39 produced a lower concentration of endo
genous gibberellins or required a higher concentration to 
bring about a stimulation in growth or both.

It is interesting to note the increments of stem 
elongation at intervals of one week. In Mesa-Sirsa 56-11, 
the rapid growth stage started in the second week with a 
slowing up during the third week and the elongation slowed 
further during the fourth week. There was an increase in 
elongation during the last (fifth) week; this increment was 
due mainly to the elongation of the last few internodes 
during blooming. Plants of Sonora 39 showed differences in 
growth from Mesa-Sirsa 56-11 because they started flowering 
earlier. The slowest rate in stem elongation of Sonora 39 
was found during the third week, one week earlier than 
Mesa-Sirsa 56-11.
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During the period of less rapid stem elongation, 

application of both chemicals significantly influenced stem 
length on both clonal lines. With plants of Sonora 39? as 
the concentration of gibberellic acid decreased, higher 
concentrations of the vitamin B mixture were needed to 
stimulate elongation. It seemed as if during this particu
lar period of growth, plants of Sonora 39 were inhibited in 
elongation by low concentrations of both coenzymes and 
enzyme proteins contained in the plants. Increasing 
concentration of either substance induced more enzymatic 
activity which finally lead to the increase in stem 
elongation.

The responses of plants of Mesa-Sirsa 56-11 were 
different from those of Sonora 395 however, it is understood 
that plants may contain different levels of endogenous B 
vitamins and gibberellins. Furthermore, all biochemical 
reactions do not lead to the final elongation of stems, 
nevertheless, the responses to the application of higher 
concentration of gibberellic acid with and without addition 
of B vitamins probably indicated low levels of enzymes.

During the first rapid growth stage, the second 
week, no treatment of either chemical increased stem 
elongation of plants of Sonora 39• Apparently the plants 
already had high enough concentration of endogenous B 
vitamins and gibberellins to offset the added amount, while 
in the second rapid growth stage, the fourth week, all four
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treatments of 10 molal of gibberellic acid increased 
stem elongation as indicated in Figure 6, although only 
two of these were statistically significant. This may 
imply that endogenous gibberellin concentration was 
insufficient yet it was not as low as that during the third 
week.

As was true with plants of Sonora 39 * every treat

ment stimulated stem elongation in plants of Mesa-Sirsa 

56-11 during the period of less rapid stem elongation. The 

highest concentration of gibberellic acid with or without 

the vitamin B mixture, again, increased the stem elongation 

significantly. During the two weeks of the most rapid 

growth stage, the highest concentration of gibberellic acid 

especially in combination with the highest concentration of 

the vitamin B mixture increased stem elongation greatly 
which may indicate that plants of Mesa-Sirsa 56-II had 

lower concentration of endogenous gibberellins during this 

period.

The reduction in stem elongation during the last 
week, especially the treatment with the highest concentra
tion of both substances, may be because the rapid growth of 
stems during the previous period resulted in a low level of 
food reserve which was not sufficient to support both the 
vegetative growth and initiation and development of flower 
buds. Some data obtained therefore, such as the increase 
in stem elongation during the first week of growth of

— 2



Sonora 395 and the inhibition of growth of Mesa-Sirsa 56-II 

by lower concentrations of the vitamin B mixture are hard 

to explain.

Yield is composed of the combination of stem weight 

and number of stems. The length of stem is, possibly, the 

best estimate of stem weight for the same crop under 

similar conditions. Data in Table 14 indicate that the 
stem height and yield were highly correlated for both 

clonal lines. There were differences in the correlations 

between yield and stem count for clonal lines. Data on the 

total number of stems on different dates (Table F of 

Appendix) showed that plants of Mesa-Sirsa 56-II had more 

stems earlier than plants of Sonora 39• Possibly the cause 

for higher correlation between yield and final stem count 

of Mesa-Sirsa 56-II on April 30 and that of stem count on 

April 16 of Sonora 39 plants was that stems formed late may 
contribute little to the final dry weight.

It seems that the effect of applied growth sub

stances depends on the levels of endogenous growth 

substances, because during the period of rapid stem elonga

tion the applied growth substances did not show any effect 

on the treated plants.

The fact that application of the combination of
— 210 molal concentrations of both growth substanced did not 

produce significant increases in yield of dry weight yield 

of Sonora 39 plants yet they did in plants of Mesa-Sirsa
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Table l4 . Test of the linear correlations between stem height and yield and stem 
number and yield for plants of both clonal lines grown in the green
house .

Test of Linear Correlation Regression
Correlations Regression Coefficient Coefficient

Mesa-Sirsa 56-11
Stem height vs first harvest yield 
Final stem counts

(6/30) vs first harvest yield 
Stem count on 4/l6

vs first harvest yield

F = 57.68** 
F = 10.67** 
F = 0.19

Stem height vs first harvest yield 
Final stem count

(4/30) vs first harvest yield 
Stem count on 4/l6

vs first harvest yield

Sonora 39 
F = 24.33**
F = 0.04
F =486.77**

r = 0.90 

r = 0.66 

r = 0.11

r = 0.82 

r = 0.06 

r = 0.99

b = 0.84 
b = 0.58 

b = 0.30

b = 1.03 
b = 0.09
b = 1.66

*Significant at 5 per cent level.
**Signifleant at 1 per cent level.

VI
CO



56-11. This may be attributed in part to the fact that, in 

Sonora 39? there was a deficiency of endogenous growth 

substance for only a short period of time as revealed by 

the increment of stem elongation. Therefore, exogenous 

application of growth substances did not stimulate the 

plants to show a statistically significant increase in dry 

weight. A lower than optimum concentration of growth 

substance was constantly present in plants of Mesa-Sirsa 

56-11. Apparently a measurable increase of dry weight was 

accumulated through long term stimulation by applied 

substances•

The decrease in moisture content may be a result of 

higher transpiration rate caused by gibberellic acid, and 

this low moisture content may also contribute to the increase 

in dry weight, as indicated in the higher F value in Table H 

in the Appendix.

Acid-hydrolyzable carbohydrates in the root were 

the net result of plant food produced in photosynthesis 

substrating the structural substance deposited and energy 

used in growth processes• As stem elongation was stimu

lated by the application of chemicals, alfalfa plants 

required more carbohydrates to be used for energy and 

structural deposits. If the amount of photosynthate did 

not increase by the treatment, then the level of food 

reserve of such plants must be lower than those of the 

control. Probably this was true for plants of the
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greenhouse experiment because a negative correlation 

between carbohydrate reserves in the root and the first 

harvest herbage yield was obtained from the results• This 

is probably due to the fact that because of good condi

tions for growth in the greenhouse, plenty of moisture and 

suitable temperature during regrowth period, the plants did 

not require large amounts of food reserve before they began 

to store food. And, in addition, since rooted cuttings do 

not form tap roots in pots, the part of the root that 

supplies the plant with food reserve needs further investi

gation before conclusive interpretation can be made.

In an environment with high night temperatures and 

medium day temperatures, leaf spray with a combination of 

gibberellic acid and an equal molar mixture of vitamin B 

mixture such as treatment (33) used in this experiment may 

increase the dry weight yield of plants of Mesa-Sirsa 56-11 
alfalfa, but the concentrations used are critical for the 

plants. The plants that were stimulated to accumulate 

more dry weight may have depleted carbohydrate reserves in 

the root. When root carbohydrates are not critical to the 

survival and regrowth of plants, treatment with chemicals 

may increase the yield of the initial harvest after treat

ment by simply increasing stem elongation.
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Field Experiment

Treatment with plant growth substances did not 

affect the final plant height of Sonora alfalfa grown in 

the field; however, some treatments did inhibit stem 

elongation significantly during the one week period after 

rapid stem elongation. Evidently, the applied substances 

did influence the biochemical processes of the treated 

plants, whereas, in contrast to greenhouse experiment 

plants, the effect of the influence was reduced stem 

growth. Since plants in the greenhouse and in the field 

were exposed to different environmental conditions, the 

physiology of alfalfa under these two conditions may be 

quite different. Stem elongation of alfalfa plants grown 

under field conditions may be controlled by factors other 

than the applied growth substances. The influence of the 

applied growth substance was also found in the dry weight 

and moisture content of field grown alfalfa plants.

Although application of the combination of 3,000 

ppm gibberellic acid and 300 ppm vitamin B mixture 
increased the acid-hydrolyzable carbohydrate percentage 

significantly, the regrowth herbage yield did not increase 

as carbohydrate reserves increased. Possibly plant food 

reserves were not critical for survival and yield during 

that particular period of time.



In general, application of growth substances at 

concentrations such as used in this experiment did not 

increase dry weight yield in two harvests.
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SUMMARY AND CONCLUSION

Greenhouse and field experiments were conducted to 

study the effect of leaf spraying with various concentra

tions of gibberellic acid and an equal molar mixture of B 

vitamins on the vegetative growth and carbohydrate reserves 

of alfalfa plants at Tucson, Arizona. Two clonal lines, 

Mesa-Sirsa 56-11 and Sonora 39? planted in pots were used 
in the greenhouse and seeds of an alfalfa variety, Sonora, 

were planted in rows in the field. The results may be 

summarized and concluded as follows:

1 . A less rapid growth stage in stem elongation of 

Mesa-Sirsa 56-11 plants and that of Sonora 39 
plants was observed during the fourth and the 

fifth week respectively in the greenhouse.

Exogenous spraying with gibberellic acid and the 

vitamin B mixture promoted stem elongation 

significantly during the stage of less rapid 

growth. The final plant height was significantly 

increased by the application of 10 ^ molal concen

tration of gibberellic acid with or without the 

combination of the vitamin B mixture.

2. There was a significant positive correlation 

between stem height and herbage dry weight; how

ever, only plants of Mesa-Sirsa 56-11 sprayed with
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—  2a combination of 10 molal concentrations of both

substances showed a significant increase in herbage

dry weight. Herbage moisture content was reduced
—  2by treatment with the highest concentration (10

molal) of gibberellic acid, but lower (10 ^ and 
-6 .10 molal) concentrations tended to increase

herbage moisture content for both clonal lines.

3 • Levels of carbohydrate reserves in roots of

alfalfa plants were reduced by spraying with either 

substance alone and by the combination of both 

substances for both clonal lines except the 10  ̂

molal concentration of the vitamin B mixture 

increased the carbohydrate reserves in Mesa-Sirsa 

36-11. A significant negative correlation was 

obtained between yield of the first growth and 

carbohydrate reserves in the roots. This finding 

may indicate that exogenous application of growth 

substances stimulated plants to utilize more 

photosynthate in stem growth than the control 

plants.

4 . A positive correlation between the level of carbo

hydrate reserve and regrowth yields was found in 

Sonora 39, but not in Mesa-Sirsa 56-II.
5 • Stem elongation of Sonora alfalfa plants in the 

field was not influenced by spraying with either 

substance alone or by a combination of two



65
substances. The herbage fresh weight of plants 

sprayed with 18,000 and 36,000 ppm gibberellic acid 

at the rate of 150 gallons per acre was signifi

cantly reduced. Because of a higher moisture 

content of treated plants, herbage dry weight of 

every treatment was lower than the control.

6. Average root weight per plant was reduced by 3 i000 
ppm of gibberellic acid; however, this did not 

influence the regrowth of Sonora plants.

• Leaf spraying with gibberellic acid and vitamin 

B mixture did not affect the regrowth and the 

yield of the combination of two harvests.

7
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Table A. Differences as measured by Duncan's multiple range test in the stem height in inches of the first

growth of plants of Mesa—Sirsa 56-11 grown in the greenhouse and sprayed with different combinations
of gibberellic acid and the vitamin B mixture.

April 2
(3l)a (11) (20) (12) (03) (23) (30) (10) (22) (02) (13) (01) (00) (33) (12) (32)

7 -25b 7.17 7.06 6.92 6.69 6.60 6.46 6.33 6.27 6.21 6.19 6.17 6.13 5.85 5.48 5.42

April 9
(3l)a (33) (20) (30) (02) (13) (11) (21) (22) (32) (00) (23) (03) (10) (01) (12)

19.8b 18.9 18.3 17-8 17.3 17.2 17.1 16.9 16.8 16.6 16.5 16.3 16.3 15.9 15.9 14.7

April l6
(33)a (31) (30) (32) (20) (22) (11) (21) (13) (00) (03) (23) (10) (02) (12) (01)

29.3b 29.0 26.8 25.1 24.9 24.4 23.8 23.8 23.8 23.4 23.1 22.2 22.0 21.9 21.8 l8.4

April 23
(33)a (31) (30) (32) (20) (11) (22) (03) (13) (21) (01) (00) (02) (01) (23) (12)

36.5b 36.3 35.2 32.3 29.8 29.6 29.3 29.1 28.1 28.0 27.3 26.9 26.8 26.5 26.3 25.3

April 30
(33)a (31) (30) (32) (03) (13) (20) (11) (22) (01) (00) (02) (21) (10) (23) (12)

4o . 3b 39.6 37.5 36.6 34.2 34.1 33-8 33-4 32.5 31.8 31.5 31.3 30.8 30.0 29.8 29.3

^Treatments, first figure indicates gibberellic acid concentration, the second, the vitamin B mixture, 0 = 0
molal, 1 = 10-6 molal, 2 = 10-4 molal, 3 = 10-2 molal.DStem height (inches).
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Table B . Differences as measured by Duncan1s multiple range test in stem height in inches of the first growth

of plants of Sonora 39 grown in greenhouse and sprayed with different concentrations of gibberellic
acid and Vitamin B mixture.

April 2
(20)* (31) (11) (02) (01) (33) (23) (03) (10) (12) (30) (32) (22) (00) (13) (21)

7 .75b 7-73 7.56 7.48 7.46 7.35 7.25 7.21 7.04 6.92 6.83 6.81 6.75 6.56 6.52 6.15

April 9
(3l)a (33) (32) (30) (02) (11) (13) (03) (20) (12) (00) (01) (23) (01) (22) (21)

20.91b 20.71 19.67 19.33 19.25 18.79 18.71 18.67 18.54 18.54 18.46 18.4l 18.17 18.16 17-9 ! 17.83

April l6

(33)a (31) (32) (30) (13) (21) (11) (03) (12) (22) (12) (20) (23) (10) (01) (00)

31.83b 31.33 30.42 30.33 28.00 27.33 26.92 26.83 26.67 26.58 26.50 26.25 26.08 25.42 25.33 24.08

April 23
(33)a (31) (30) (32) (02) (20) (13) (11) (03) (22) (10) (12) (01) (20) (23) (00)
43.i6b 41.33 40.83 40.42 34.58 34.33 34.25 33.83 33-75 33.50 32.83 32.75 32.50 32.00 31.91 31.25

April 30
(3l)a (30) (32) (33) (13) (03) (02) (21) (11) (12) (20) (22) (23) (01) (10) (00)
47•33b 46.58 46.42 45.83 41.50 41.00 40.50 39.92 39.83 39.25 39.25 38.83 38.83 38.33 37.50 37.17

^Treatments, first figure indicates gibberellic acid concentration, the second, the vitamin B mixture, 0 = 0  
molal, 1 = 10~6 molal, 2 = 10~^ molal, 3 = 10~2 molal.

^Stem height (inches).
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Table C. Differences as measured by Duncan's multiple range test in stem increment (inches) at intervals of

one week for the first growth of Mesa-Sirsa 56-11 alfalfa grown in the greenhouse and sprayed withdifferent concentrations of gibberellic acid and vitamin B mixture.

3/26-4/2
(31)a (11) (20) (03) (23) (30) (10) to to H V: (02) (00) (01) (33) (12) (21) (30)
5 .8ib 5.79 5.63 5.25 5.25 5.04 5.02 4.83 4.77 4.75 4.73 4.71 4.42 4.19 4.02 4.00

4/2-4/9
(33)a (31) (21) (30) (20) (32) (02) (13) (22) (00) (11) (23) (01) (10) (03) (12)
13.06b 12.58 ll.4l 11.33 11.23 11.20 11.08 11.02 10.58 10.37 9.75 9.73 9.73 9.62 9.56 9.10

4/9-4/16

(33)a (31) (30) (32) (00) (22) (12) (21) (03) (11) (20) (13) (10) (23) (02) (01)
10.33b 9.08 9.00 8.42 7.75 7.50 7.08 6.92 6.75 6.67 6.58 6.50 6.00 5.83 4.58 1.67

_ 9/16-9/23________ ___ ________ ______________
(0l)a (30) (31) (33) (32) (03) (11) (22) (20) (02) (10) (13) (21) (23) (12) (00)

8.83b 8<33 7.33 7.25 7.17 6.00 5.75 4.92 4.92 4.83 4.50 4.33 4.17 4.17 3.50 2.67

4/23-4/30

(13)a (03) (00) (01) (02) (32) (12) (20) (11) (10) J ( 23) Ql) (22) (33) (2l) (30)

6.00^ 5.08 4.58 4.50 4.50 4.33 4.00 3-92 3.83 3.50 ^3.42 3.25 3.17 2.92 2.75 2.33
II

II
^Treatments, first figure indicates gibberellic acid concentration, tj
molal, 1 = 10-8 molal, 2 = 10-4 molal, 3 = 10-2 molal.
Stem increment (inches/week).

e second, the vitamin B mixture, 0
I
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Table D . Differences as measured by Duncan.' s multiple range test in j 
growth of Sonora 39 grown in the greenhouse and sprayed witl 
acid and vitamin B mixture.

tern increment (inches) of the first 
different concentrations of gibberellic

3/26-4/2
(3l)a (20) (11) (02) (01) (33) (23) (03) (12) (10) (30) (22) (32) (00) (13) (2l)
6.35 6.23 6.10 5.94 5.92 5.85 5.73 5.56 5.52 5.50 5.33 5.18 5.15 5.06 5-00 4.71

4/2-4/9
(33)a (31) (32) (30) (13) (00) (02) (21) (12) (03) (ll) (22) (10) (01) (23) (20)

13-35b 13.18 12.85 12.49 12.18 11.89 11.85 11.68 11.63 11.45 11.23 11.16 11.13 10.95 10.92 10.79

4/9-4/16
(33)a (30) (32) (31) (21) (13) (22) (03) (23) (13) (20) (02) (10) (11) (01) (00)

n . o 8 b 11.00 10.67 10.33 10.25 9.25 8.67 8.17 7.92 7.92 7.67 7.33 7.25 7.00 6.83 5.58

4/16-4/23
(33)a (30) (31) (32) (02) (10) (01) (00) (21) (11) (03) (22) (12) (13) (23) (20)
11•33b 10.50 10.00 10.00 7.92 7-42 7-17 7.17 7-00 6.92 6.92 6.92 6.25 6.25 5.83 5.75

4/23--4/30
t

(03)a (13) (20) (23) (12) (32) (31) (11) (02) (00) (01) (30) (21) (22) (10) (33)
7 -25b 7.25 7.25 6.92 6.50 6.00 6.00 6 .00 5.92 5.92 5.83 5.75 5.58 5-33 4.67 2.67

Treatments, first figure indicates gibberellic acid concentration, the second, the vitamin B mixture, 0 = 0molal, 1 = 10~6 molal, 2 = 10-4 molal, 3 = 10-2 molal.
bStem increment (inches/week).



Table E. Analyses of variance of stem length of two clonal lines of alfalfa grown 
in the greenhouse and sprayed with two growth substances at different 
concentrations of gibberellic acid and the vitamin B mixture.

Source
of

Variation
Degree

of
Freedom

F Values

3/26 4/2
Date

4/9 4/16 4/23 4/30

Replication 1
Treatments 31Clonal line (c) 1 <1.00 15.85**102.82** 188.31** 255.97** 836.08**
Vitamin B mixture (B) 3 cl. 00 c 1.00 2.27 3.73 2.70 7.20**
Gibberellic acid (GA) 3 C l .00 <1.00 21.80** 85.37** 123.66** 172.58**C X B 3 cl. 00 c 1.00 1.52 1.57 1.89 2.53C X GA 3 <1.00 c 1.00 2.52 1.62 1.27 < 1.00
B X GA 9 cl. 00 2.00 4 .4o** 5 .48** 3 .04** 6.33**
C X B X GA 9 cl. 00 <1.00 <1.00 2.72 <1.00 2.63*
Error 31
Total 63

*Significant at 5 per cent level.
**Significant at 1 per cent level.



Table F . Analyses of variance of stem number of two clonal lines of alfalfa grown 
in the greenhouse and sprayed with different concentrations of gibberel- 
lic acid and the vitamin B mixture.

Source
of

Variation

Degree
of

Freedom

F Values

4/2 4/9
Date

4/16 4/23 4/30

Replication 1
Treatment 31
Clonal lines (C) 1 <1.00 <  1.00 <1.00 1.83 34.09**
Vitamin B mixture (B) 3 <1.00 1.6l <1.00 <1.00 3.23*
Gibberellic acid (GA) 3 1.09 <1.00 <1.00 <1.00 4.72**
C X B 3 <1.00 <  1.00 <1.00 <1.00 <1.00
C X GA 3 1.09 2.37 2.85 <1.00 3.16*
B X GA 9 2.02 l.6o 2.07 <1.00 1.72
C X B X GA 9 1.04 1.37 <1.00 <1.00 1.75
Error 31
Total 63

Total Number of Stems

Mesa-Sirsa 56-11 712 760 778 801 997
Sonora 39 714 758 764 761 844

*Significant at 5 per cent level.
**Significant at 1 per cent level.

'!
-x]to
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Table G. F tests on the final stem number of two clonal

lines of alfalfa grown in the greenhouse and
sprayed with different concentrations of gib-
berellic acid and vitamin B mixture.

Response3 Mesa-Sirsa 56-11 Sonora 39

B1 3-90 <=1.00

Bq 1.53 2.89

Gi 4.94 7 .25*
Gq 6 .83* <=1.00

B1 x G! <=1.00 <=1.00

B1 X Gq 1.98 <=1.00

B x G <=1.00 <=1.00q i
B X  Gq q <= 1.00 <= 1.00

B = linear and quadratic response to the vitamin B 
mixture.

G,, G = linear and quadratic response to gibberellic 
q acid.

*Significant at 5 per cent level.
**Signifleant at 1 per cent level.
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Table H. Analyses of variance of yields and moisture

content of two clonal lines of alfalfa grown in 
the greenhouse and treated with different con
centrations of gibberellic acid and vitamin B 
mixture.

Source
of

Variation

Degree
of

Freedom

F Values

Fresh
weight

Dry
weight

Moisture
content

Replication 1

Treatment 31
Clonal lines (C) 1 9 .90** 81.70** 1.00

Vitamin B mixture (B) 3 3.00* 3 .58* 11.65
Gibberellic Acid (GA) 3 3 .70* 11.94** 49.09**
C X B 3 <  1.00 <1.00 <1.00
C X GA 3 <1.00 <1.00 3.66*
B X GA 9 <1.00 <1.10 3.26**
C X B X GA 9 <1.00 <  1.00 <  1.00
Error 31
Total 63

*Significant at 5 per cent level.
* *Significant at 1 per cent level.



Table I. F tests on the interaction of gibberellic acid and vitamin B mixture on 
the yields and moisture content of two clonal lines of alfalfa grown in 
the greenhouse.

F Values

Responses3

Fresh Weight Dry Weight Moisture Content

Mesa-Sirsa
56-11 Sonora 39

Mesa-Sirsa
56-11 Sonora 39

Mesa-Sirsa
56-11 Sonora 39

B1 <1.00 1.39 <1.00 4.23 <1.00 2.55
Gq 20.99** 2.22 5 .59* 3.37 <1.00 <1.00

Gi <1.00 3.06 5.17 15-35** 16.57** 13.84**
Gq 3.80 3.49 8 .53* 18.06** 11.22* 24.18**

Bi * Gi <1.00 <1.00 <1.00 <  1.00 <1.00 <1.00

B1 X Gq 35.05** <1.00 <1.00 3.02 1.71 4.38

Bq X G1 1.42 1.70 1.40 3.75 <1.00 <1.00

B x G 9.82 <1.00 4.06 4.00 4.00 <1.00q q

BV B =q linear and quadratic response to the vitamin B mixture

Gv G =q linear and quadratic response to gibberellic acid.

*Significant at 5 per cent level.
*’"Significant at 1 per cent level. -xl

u i
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Table J. F tests on the interaction of gibberellic acid 

and vitamin mixture on plant height of regrowth 
of two alfalfa clonal lines grown in the green
house .

F Values

Response^ Mesa-Sirsa 56-11 Sonora 39

B1 <1.00 4 .85*
Bq 2.71 18.4l**

Gi 66.13** 60.43**

Gq 4 .24* 13.65**

Bi x Gi <1.00 9.21**

B1 X Gq 3.61 2.43

Bq X G1 <1.00 <1.00

Bq X N 2.25 <1.00

, B = linear and quadratic responses to the vitamin B 
^ mixture.

G,, G = linear and quadratic responses to gibberellic 
q acid

*Significant at 5 per cent level.
**Significant at 1 per cent level.
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Table K . F tests on the stem number of regrowth of two

clonal lines of alfalfa grown in the greenhouse
and treated with different concentrations of
gibberellic acid and vitamin B mixture.

F Values

Responses Mesa-Sirsa 56-11 Sonora 39

Vitamin B mixture (B) <1.00 <1.00

Gibberellic acid (GA) 1.94 1.03
B X GA 1.07 <1.00
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Table L . F tests on the herbage dry weights of regrowth of

two alfalfa clonal lines grown in the greenhouse
as affected by the residual of different concen
trations of gibberellic acid and vitamin B
mixture.

F Values

Response51 Mesa-Sirsa 56-11 Sonora 39

Bi <1.00 <1.00

Bq <1.00 2.21

Gi 16.62** 10.87**
Gq 4.92* 5.69*

Bi x Gi <1.00 1.32

B1 X Gq <1.00 <1.00

Bq X G1 <1.00 <1.00

Bq X G q 6.50* 13.76**

X ’ Bq = linear and quadratic responses 
mixture.

to the vitamin B

G H Q hO II linear and quadratic responses 
acid

to gibberellic

*Significant at 5 per cent level.
**Signifleant at 1 per cent level.



Table M. Percentage of acid-hydralyzable carbohydrates in the roots of alfalfa 
plants of two clonal lines of alfalfa grown in the greenhouse and 
treated with gibberellic acid and vitamin B mixture.

Mesa*-Sirsa 56 -11 Sonora 39

n
B (Molal)

fl
B (Molal)

(Molal) 0 10-6 10_4 io-2
VI

(Molal) 0 10-6 io-4 IO'2

0 First Harvest Root
0 46.73 48.21 47.61 59.50 0 45.46 4i .66 44.14 38.73

io"6 47.18 46.54 36.21 42.31 io'6 42.26 44.79 44.73 35.99

H O »P- 3 5 0 1 46.69 29.15 27.24 10-" 37-02 41.46 38.11 41.07

H O 1 to 38.01 40.56 36.44 32.16 IO"2 33.83 36.62 30.38 29.59

0 36.70 33.65 41.10
Regrowth
41.22

Roots
0 32.35 30.30 24.35 28.05

io"6 35.30 25.35 31.85 30.90 10-6 33.30 22.95 27.75 25.65
10-4 25.55 33.40 31.40 33.20 10-4 30.15 29.95 30.50 28.20

H O 1 to 27.00 22.80 21.50 21.70 IO"2 32.10 38.70 28.85 28.60

-x]VO



Table N. Differences as measured by Duncan's multiple 
of the first growth of plants of Sonora grown

!!!
range test in 
in the field .

!
-he stem height

80
(inches)

5/7 5/14 5/20 5/28 1 6/4 6/9
Treat.a Aver. Treat.a Aver. Treat.a Aver. Treat•a Aver. Tre a t 3 Aver. Treat .a Aver.

8 9.14 9 13-4 9 18.5 6 22.4 1 ' 25.1 7 27.8
9 9-13 8 13.2 6 18.2 5 22.2 2 23.8 2 27.8
6 8.66 6 13.2 7 18.0 1 22.2 7 23.5 1 27.0
1 8.48 3 13.0 8 17.7 3 21.6 6 to V3 V3 4 26.4
4 8.43 1 12.9 3 17.6 2 21.2 3 23.2 3 26.3
2 8.37 7 12.9 1 17.5 7 21.2 4 1 22.6 8 26.2
5 8.13 4 12.6 5 17.4 9 21.0 8 22.5 6 26.1
7 8.00 2 12.6 4 17.3 8 20.8 5 22.2 9 25.2
3 7-95 3 12.3 2 17.3 4 20.5 9 22.0 5 25.1

^Treatment 1 2 3 4 5 6 7 8 9GA cone . (ppm) 0 0 0 3,000 18,000 36,000 3,000 18,000 36,000
B cone. (ppm) o 300 3,000 0 0 0 300 300 3,000



Table 0 . Differences as measured by Duncan's multiple range test in the weekly 
increment of first growth stem elongation (inches) of Sonora plants 
grown in the field.

5/14-5/20 5/20-5.28 5/28-6/4 6/4-6/9
Treatment3 Average Treatment3 Average Treatment3 Average Treatment3 Average

5 
9
7
6 

4 
1
8
3
2

5.44
4.11
5.09
4.96
4.74
4.63
4.54
4.53
4.44

5 
1
6
3 
2

7
4
8 
9

4.86
4.44
4.24
4.06
3-97
3.35
3.23
3.10
2.43

1
2

7
4
3
8
9
6
5

3-14
2.67
2.31
2.07
1.90
1.73
1.21
0.93
0.57

2
4 
8 
9 
3
5 
7
6 
1

4.03
3.83
3.70
3.20
3.19
2.94
2.93
2.86
1.99

aTreatments 1 2 3 4 5 6 7 8 9
OA cone. (ppm) 0 0 0 3,000 18,000 36,000 3,000 18,000 36,000
B cone, (ppm) 0 300 3,000 0 0 0  300 300 3,000

03H
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