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INTRCDUCTION

To understand better the genetic and physioclogical interrelationship
of the leaf numbers on the maln stalk of sorghums (Sorghum vulgare Pers.)
an Intervarietal cross has bsen studied, in whiech careful leaf counts
vere made and the data anslyzed to determine the existing relationship.

The vegetative veriod of the gorghum crop is of consideraﬁle
gconomic importanes Lo the srower., Apparent casual observations indi-
cate In a general way that as the vegetative perioed inersases, the
yield of forage tends to become correspondingly greater., Not only is
this expression of leafiness of interest to the producer, but also it
is an important characteristic tc be considered by the plant breeder.

The counting of leaves is pot a new study; howsver, the majority
of worksrs on this subject have taken into consideration only those
leaves that are above ground level after the plant is approaching
maturity. Obviously this method is lacking in exactness, since it is
commonly known that the lower leaves die apd dry up before the plant
reaches maturity. Also in the process of cultivation it is not likely
that the same number of leaves on the individual stalks will be covered
below ground level. The sorghum plant resembles other cereals in that
the number of leaves is analogous with the number of nodes, Since leaves
are easler to count and are mors readily observed than nodes, they have
been used for this study.

Sieglinger (8) had made a study of leaf numbers using standard
varieties and an F3 population of a cross betwsen Dwarf Freed sorgo and
Barly dwarf feterita. The need for further investigations using control-

led crosses was recognized and aceordingly this study was inaugurated.
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REVIEYW OF LITERATURK

A study of the literature reveals that only a few workers have given
consideration to the problem. Xajor contributions are found in the
work of J. B. Sieglinger, of the Ynited States Department of Agriculture,
working at the Southern Great Pleins Ficld Station, Woodward, Oklahoma.
Sieglinger (8) notes that the number of leaves is not a fixed varietal
charaeteristic, ss had previously been assumed, bul that the number
varies with the date of planting, locality, and scason ag well as varieby,
ghowing thabt enviromment is an important factor.

Tinall (10) in studying the effect of temperature on the groﬁth of
sorghum, found a variation of three leaves in Blackhull kafir and siz
leaves in Bumac sorgo, both standard varieties, vhen grown under dif-
ferent climatiec conditions. From thig study he concluded that unfavor-
able conditions of growth causa & reduction in the number of leaves.

Rangaswami {5) suggests that the vegebative period is best expressed
in terms of the number of days from planting to flowering of the first
spikelets in the heed. A modified form of this method, using the number
of days from emergence to flowering of the first sbikélets in the head,
was used im this study.

Kuleshov (3) in working with corn, used the numbsr of leaves on the
main stem as an index to the length or the vegetative period, recognizing
it as being less variable than othsr methods of determinasbion.

Sieglinger {(8) found that the vegetative period increased from 2.8
to 5.9 days Tor sach additional leaf a plant produces, with an average
of 3.3 days per leaf for all varieties under abs.ervation. From a gtudy
of twenty-one varisties the relationship of leaf numbers to the vegeta-

tive period was shown by a high positive correlation of 0.855f:0.029.



Also studying a population from an F3 generation, he obtained a correla-
tion of 0.8561?0.01@. Davidowicz (1) reports a positive correlation of
leaf numbers with the vegetative period in tobaceco. Vinall (1l) in
describing varietal choracteristice of sorghums states that the number

of leaves 1s directly correlated with the period of maturity of verieties,
Rangasvieni {6} noted that the number of nodes increases with the duration
of time in relation to maburity.

1t is interesting to nots that & mechanical reduction of leaf area
prolongs the vegetative period. Hidelman (2) working with wheat showed
that clipping off areas of leaves delayed the date of first blooming as
rmuch ss eight days. Undoubtedly such a delay caﬁ only he due to =a
physiological disturbance of the normal plant pfocesses, which is a point
to be kept in mind, apd should be taken into consideration when destruc-
tive forces that oceunr neturally, mutilate and reduce leaf area.

While the number of leaves 1s closely assoclated with maturity, there
does not seem to be any correlation with grain yields. Swanson {9)
recorded a variation in leaf numbers reguired to produce =z bushel of
grain, as varying from 4,000 to 11,400, &Qpending upon the variety and
season,

Other related faectors inelude Kulsshovts (3) obssrvation of the
height in different varieties of corn which tended to vary in relation
to the length of the growing season. Shafer (7) found a positive corre-
lation between the total dry matiser produced and the weight of dry
shelled grain in Zea mays. Hartin {4) found that the height of stalks of
sorghum within = given variety is highly correlated with grain yield.
¥hile these findings do not bear directly upon the problem at hand, they

are closely related and ars worthy of reocognition in a study of this type.



MATERIALS AND METHODS OF PROCEDURE

The data for this discussion were obtained at the Southern Great
Plains Field Station, Woodward, Oklahoma, and is a compilation of two
year’s observations. The material studied consisted of a hybrid beginning
in the F2 generation, and was carried into the F3, Both parents were
used as checks. The F3 population consisted of nine selections which
were made on the basis of plant height. The nine selections were plant-
ed by the head to row method which resulted in obtaining a heterogeneous
distribution, The parents used in making this cross were Early Juiey
sorghum and Big-seeded sorghum C, I. No, 692. ZHarly Juicy is a fixed
selection from a cross of Dwarf Freed sorgo, C. 1. No. 971, and Barly
Dwarf feterita, C, I. No, 867, and is characterized by being short,
averaging from eighteen to twenty~four inches in height, having small
white seed, a juicy stalk, and maturing in fifty to sixty days. Big-
seeded sorghum, an introduction from tropical Africa, is a tall plant
ranging up to one hundred inches or more in height. It bhas large yellow
seed, a dry stalk, and is extremely late in maturity. Often it is so
late that its growth is terminated by frost before it can mature seed.
The two parents are representative of extremes in their wvarietal
characteristics, making a wide intervarietal cross.

The Qtock seed for this work was furnished by Mr, John B. Sieglinger
who made the original cross in 1940 and grew the Fl population in 1941.

In the two years 1942 and 1943 the planting was done on June 17
and 18 respectively. A stand was secured four days after planting in
each year. In each year leaf counting began thirteen days after plant-
ing. It was necessary to begin at this early date as it is character-

istie of the sorghum plant to shed its lower leaves as it progresses



toward maturity.

Disregarding the shedding of leaves it was also desirable %o make
the initial count before the first culiivation, %o ingure against inae-
curacy caused by a covering up of some of the lower leaves. In making
the first count the fifth leafl was cub off at an obligue angle to the
plant, This leaf stub was used as a marker for the beginning of subss-
guent counts, In order do mark later leaves in & way that they would be
readily identified znd still incur & minimum of damage to the plant,
ticket punches with different shaped dies were used. In this manner the
10th, 18th, 20th, and in some instances the 25th, leaves were counted
and punched on either side of the midrib. By this msthod it was possible
to keep an accurabe rocord of the individuel planbs, The final count was
made when the flag leaf appeared, abt which time each plant was tagged and
& daily inspection made thereafter with the following informetion re-
corded: (l) total number of leaves, (2) date of first blooming, and
{3) height of plant.

From this information coefficients of correlation were obtained for
three combinations of the leaf numbers, plant height, and the vsgetative
period, as recorded in the number of days from emergence to first

blooning,



RESULTS OBTAINED

Table 1, page 13, shows the frequency distribution of leaves on the
main stalk for the selections under observation. It will be notesd that
the Barly Juicy parent in 1942 had an average of 12.2 leaves per stalk
as compared with 10.8 leaves in 1943, a variation of 1.4 leaves for the
parent or check variety. This variation could possibly be dus to an
insuffiecient population for the 1942 season, or which ig mere likely, a
major difference in the environment for the two years under consideration,
This seasonal difference is presented in Chart 1 on page 16. This chart
gives the total amount of rainfall during the growing season, subdivided
into periods of ten days each. A moving‘évarage over throee ten day
periods is used to smooth oub the sherp erratic fluetuations. The F2
population averaged 21,6 leaves, and 21,1 leaves per stalk, rsspeetively,
for the two vears with an overall variation from 10 to 35 lgaves. The
3 population averaged 20.1 leaves per stalk in 19435 with a total varia--
tion from 9 to 30 leaves., There were no F3's growp in 1942. The Big-
seeded sorghum aversged 28.5 leaves per stalk in 1948, Ths 'sdverse
anvironmental conditions of 1943 depressed the growth of this heavy-
feeding, late-maturing variety to such an extent that it failed to reach
the fruiting stage. It will be noted that in the F2 and F3 population
the extremes in the leaf number of the two parents were obtainsd.

The pieture on page 1 gives & view of the variation in plant height
and leasfiness., Becausge of the untimely termination of growth in the
Big-sceded parent no picture eculd be made of it; however some of the
taller plants in the ¥2 rows are approaching the eharacteristics of the
late parent.

The distribubtion of plants according to the length of the vegetative



period is shown In Table 2, page 4. The average length of the vegsta-
tive period for the early parent in 1942 and 1943 was 36.4 and 35.7 days
respectively. For the F2 the average time was 55,0 days in 1942 and 55.3
days In 1943. The T3 had an average vegetative period of 54,0 days in
1943, while the average for the 1atevparent in 1942 was 83.4 days.

Congidering only the number of leaves on the mein stem, Table 3,
page 15, shows the average number of days required per isaf for the plant
to reaéh maburity. +n general the early parent with an average of 11.5
lsaves reguired 2.99 days per leaf in 1942, and 3.31 days per leaf in
1943, in the F2, 2.54 days per leaf were required in 1942, with a
sglight increase, up to R2.62 days per leaf in 1943. The F3 rsguired 2,68
days per leal and the late parcnt £.92 days. Here 1s shown a smaller
aversge por leafl for the hybrids than for either of the parents,

From the data presented coefficients of correlation were caleulated
" to determine the true relationship of leaf numbers to the other factors.
A definite relabtionship of leaf number to the vegetative period is shown
by the following high coefficiaents.

1. Using the Early Julcey parent
in 1943, 1 = 0.927F0.011.

2, Using the FZ population
in 1942, r = 0.90330.008;

3. Using the 73 population
in 1943, r = 0.820%0.011.

Other coefficients of correlation were debermined using the F2
population only., For the relationship of plant helght to leal numbers
in 1942 the value for r was 0.6491f0.025 which is a coefficient that

has significance. Ir 1943 for the same factors, the value for r was

1 r = coefficisnt of correlation.



0.42510.056 which probabiy has some sigopificance but is at variance
with the one for the preceding seascn.

Another ecmbination investigsasted was plant height 4o the vegetative
period. 4in 1942 the value for r was 0.654110.024, while in 1943 the
value was 0.207£0.059, Obviously there is in existence some reason
which would explain such a variation., It is generally accepted that the
climatic conditions are respousibls for a greal mumber of fluectuations
in piapbt respoasscs. Frowm the rsinfall chart in this discussion it is
cbvious that while the 1942 season was almost optimum, at least average,
and favored normal plant development, the 1943 season wes somevlict ab-
normal snd had its depressing effects. Whethsr this factor sloune would
explain the variation in the value of the coefficients of correlation
for the two factors in the different years cannob be definitely showm
from the data pressnbted. Iyrbher study along these lines would pos-

sibly reveal some informstion worthy of consideration.
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DISCUSSIoN

The results obtained show thabt there exists & definite relationship
bebween leaf numbers and the vegetative period of sorghum plants. A
high positive correlation between these factors is apparent under diverg-
ing types ol environment, showing that the relationship of the two
factors continues to exist even though ocutside influences weigh heavily
upon them, Conditions which affscet one factor likewise affect the other,
Therefore, it may be concluded, on the basis of the dabta presented, that
leaf numbers of & variety may be used as an index for the vegetative
period of that variety.

Fro@ thig study it is apparent that although leaf number and the
vegetative period has a stable relationship, such is mobt truec of other
factors studied. The number of leaves has been suggested to have been
correlated with plant‘height. From the first year's observations thad
relationship was true; however under the adverse envirommentel conditiong
of 1943, in which there wes & low rainfall, accompanied with low humidity
during the growing season, that relabionship was greatly altered. This
sugr ests that the expression of the faector for plant height was subjeet,
within linits, to the influencing environmental conditions, Thet the
expression of the height factor is to some.degree controlled by en-
vironment is further shown in the study of this factor and its relation
to the vegetative peried. The high correlation under good growing
~conditions wonld lead one to believe that such & relationship Aid exist,
whereas under less optimum conditions the very low correlétion would
indicate that such a relationship is nil.

Considering the opposing results from the two year's data, it ap-

pears that while leaf number mey be associsted with height, it is not a



gtabilized relationship, and that the expression of the height factor

is modified somewhat by environment.
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SUMMARY

A cross of Early Juicy and Big-seeded sorghum was grown and
studied for number of leaves and length of vegetative period.

The parents used represent extremes in leaf numbers. The Early
Juicy parent averaged 11.5 leaves per plant. The Big-seeded parent
averaged 28,5 leaves per plant,

The average number of leaves for the F2 population was 21,6 and
2l.1 leaves per plant for the two years. The F3 population, grown
only one year, averaged 20,1 leaves per plant.

The average length of the vegetative period was from 2,54 days
per leaf for the F2 to 3.31 days per leaf for the early parent.

The number of leaves and the vegetative period were highly
correlated. Coefficients of correlation obtained from different
populations were as follows:

Early Juicy r = 0,917 0.011

2 r = 0.90310.008
r = 0.845%0,019

F3 r = 0,82010.011
The relationship of leaf number to height as well as the inter-
relationship of plant height and the vegetative period seem to be

modified by eavironment.
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Table 1. Showing the frequency and distribution of leaves on the main stalk

Plants| Mean

Year Classes for number of leaves per main stalk total |leav
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 32

1942~ 1 8 21 10 2 28 = = =« @ ® - = . . - = = - - - 43 | 12.2
194326 87 56 35 20 2 2 = =« « ® = ® ® = ®- .- - - - - - 228 | 10.8
1942 |- - = 5 15 28 34 20 18 16 24 25 33 56 54 51 351 49 45 33 5 - 556 | 21.8
1943 |- 2 - 4 3 7 15 19 11 4 7 6 12 15 31 26 20 10 13 6 =2 - 213 | 21.1
1943|/2 6 19 12 24 36 80 95 59 16 8 29 41 73106 99 66 31 24 14 10 - 855 | 20.1
1942 |- =« = = @« @ =« @ ® & @ ®@ = = = = = 3 16 20 14 2 69 | 28,5




Table 2, Showing the distribution of plants according to time of blooming

Plants [Mean
| Selection |Year No. of days fra emergingto blooming Total ldays |
P 32 34 36 38 40 42 44 46 48 50 S2 b4 56 58 60 62 64 66 68 70 72 V4 76 78 80 82 B4 86 88 90|

Ea, Juiey |1942 |« - 2 25 14 35 1 = = = « = @ = = = = = = w = = = - = = = = =— = = 43 |36.4
Ea, Juiey |1945 |1 24 82 S5 59 16 1l = = = =« @« « = = = = = = = = = = = = = = = = = = 228 7
Hydbrid F2 |1942 |- - - 12 51 28 27 24 20 28 38 35 34 22 25 25 26 25 52 28 20 3 153 9 7 1 7 - =« = | 556 |[55.0
Hybrid ¥2°|1945 |- 1 2 1 €& 7 15 15 15 il 1% 20 13 4 18 1Y 3 & B 3 5 & 5 1 S - 2 4 2 & - 2 3
Hybrid F3 1943 |- 1 & 18 24 37 68 92 62 46 33 40 46 29 41 63 41. %8 _57 16 11 19 18 2 2 9 5 11 13 4 -] 855 .0
Big-seed |12 | « = =« =« =« =« @ ® ® = ® = ® ®- ® ®w = =- = = =« = = = 19 11 10 8 20 1] 69 <
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Table 3. Showing the average mumber of days required per
leaf from emergence to date of flowering.
Selection and year
Classes
for Early Jumci brid F2 d F3 Big-seed
leaves 1942 1 1942 3 943 1942
9 - 3.66 - - 3.83 -
10 5 .m 3 .4‘0 T 3 040 3. ‘5 e
11 3.17 3,37 - - 3.29 -
12 3.02 S5.11 2,95 3.04 3,02 -
13 2.83 2.97 2.84 2.87 3.00 —
14 2.86 2.89 2.75 2.82 2.93 -
15 2.73 2.77 2.67 2.88 2.85 -
16 D — W 2 .64 2 .?5 2 .?6
17 = - 2.66 2.64 2.66 ——
18 — s 2 .55 2. 60 2 058 —
19 — - 2.51 2,56 2.82 -
20 _—— - 2.49 2.‘9 2. 87 -
21 —— _—a 2.47 2.52 2.63 ——
22 - - 2.41 2.52 2,60 -
23 - - 2.54 2.49 2.54 -
24 - —- 2.3585 2.41 2.57 -
25 — - 2.66 2.50 2.66 -
35 Pt — 2.58 2.77 2 -61 5.21
a7 — - 2.56 2.86 2.80 3.08
ﬁ e — 2.54 2.80 3 .7" 2094
89 - ——— 2-‘8 2-79 2.80 2.88
30 e e 2.50 - 2.68 2.82
31 - - 2.35 - - 2.74
32 - - - — - 2.72
33 - - 2.48 - - 2.61
Mean group
average 2.99 3.31 2.54 2.62 2.68 2.92



Chart 1. Showing the rainfall data for the growing season on the
basis of a moving average over three ten-day periods.

1.25 | . 1 .95
1.00 : 1,00
0.75 10.75
0,50 1 ' -0.50
0.25 | -0, 25

T42v43 YA2 143 42 43 42 43 742 43 42 43 142 '43 143 43 142 43 142 143

11-20 21-30 1-10 11-20 21-30 1-10 11-20 21-30 1-10 11-20
June July August September
Total Rainfall for June through September -- 1942 11.08 inches
Total Rainfall for June through September -- 1943 6.29 inches
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