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A- -Early Juicy parent . B--Two rows of F2's . C--Nine rows of F3. 



'lo understand better the genetic and physiologiea.l interrelationship 

of the leaf numbers on the main stalk of sorghums (Sorghum vulgare Pers.} 

an intervarieta.l cross has been studied, in which careful leaf counts 

were ma<'.l.e and the data analyzed to determi.ne the existing relationship. 

'.fhe vegetative period of the sorghum crop is of considerable 

economic importance to the gt"ower. Apparent casual observations indi­

cate in a general way that as the vegetative period increases, 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 to be considered by the plant breeder .• 

The counting of leaves is not. a :new study:; however, the majority 

of workers on. t.his subject have taken. into consideration only those 

leaves that are above ground level after tho plant 1s approaching 

maturity. ObViously this method is lacking in exactness, since it is 

commonly known that the lower leaves die and dry up before the plant 

reach.es maturity. JUso 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. 'l*he sorghum plant resembles other cereals in that 

the number of loaves is analogous with the nuril.ber ot nodes. Since leaves 

are easier to count and a.re more readily observed than nodes, they have 

been used for this s·l;udy. 

Sieglinger {S) had made a study of leaf numbers using standard 

varieties and an F3 :population of a cross between Dwarr Freed sorgo and 

Early dwarf feterita.. The need for f'u:rther investigations using control­

led crosses was recognized and aeeordingl,y this study was inaugurated. 



A study of the literature reveals that only a few workers have given 

consideration to the :problem. Major contributions are found in the 

work of J. :B. Sieglinger> of the United States Departn1ent of Ag:dculture, 

working at the Southern Great Plains 1f'iold Station, V!oodward, Oklahoma. 

Sieglinger (8) notes that the number of leaves is not a fixed varietal 

characteristic, as had previously been assumed, but that the number 

varies vdth the date of planting, loealit:11, and season as well as variety, 

showing that environment is an important factor. 

Vinall ( 10) in studying the effect of temperature on the growth o! 

sorghum, found a variation of three leaves in Blackhull kafir and six 

leaves in Sm-:iac sorgo, both st,aud.ard varieties, when g1.•ovm under dif­

ferent climatic conditions. ll'rom this study he concluded that unfavor­

able conditions of growth oause a reduction in ·the number of leaves. 

Rangaswami (5) suggests that the vegetative period is best expressed 

in terms of the number of days from planting to flowering of the first 

spikelets in the head. A modified form of this method, using the number 

of days from emergence to flowering of the first spikelets in the head, 

was used. in this study-. 

Kuleshov ( 31 in working ·with oornt used the number of leaves on the 

.main stem as an index to the length of the vegetative period, recognizing 

it as being less variable than other methods of determination. 

Sieglinger (8} found that the vegetative period inereased from 2.8 

to 3.5 days for each additional leaf a plant produces, with an average 

of' 3.3 days per leaf :for all varieties under observatio:n. From a study 

of twenty-one varieties the relationship of leaf numbers to the vegeta­

,t,ive period was shown by a high positive correlation of 0.853"±:0.029. 
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Also studying a population from an F3 generation, he obtained a correla­

tion of 0.836±0.014. Davidowicz (1) reports a positive correlation of 

leaf numbers with the vegetative period in tobacco. Vinall (11) in 

describing varietal characteristics of sorghums states that the m11.11ber 

of leaves is directly correlated with the period of maturity of varieties. 

Rangaswami { 6} noted that the number of nodes increases with the duration 

of time in relation to m.aturit;r. 

It is interesting to note that a .n1echanieal reduction of leaf area 

prolongs the vegetative period. Tilidelman (2) working with wheat showed 

that clipping off areas of leaves delayed the date of first bloc.ming as 

much as eight days. Undoubtedly such a delay can only be due to a 

physiological disturbance of the normal plant processes, which is a point 

to be kept in mind" and should be taken into consideration ,vhen destruc­

tive forces that occur naturally, mutilate and reduce leaf area. 

While the number of leaves is closely associated with mat,urity, there 

does not seem to be any correlation with grain yields. Svmneon (9) 

recorded a variation in leaf numbers requ.ired to produce a bushel of 

grain, as varying from 4,000 to 11,400, depending upon the variety and 

season. 

Other related facto:cs include Kuleshov' s (3) observation of the 

height in different varieties of corn which tended to V'2i]}"j' in relation 

to the length of the growing season. Shafer ( 7) found a positive corre­

lation between the total dry matter produced and the weight of dry 

shelled grain in Zea ma,ys. Martin (4) found that the heieht of' s'i;alks o:f 

sorghum within a given variety is highly correla:ted vlith grain yiold. 

','..'hile tllese findings do ncit bc~a:r directly upon the problew. at hand, they 

are closely related and are worthy of recognition in a study of this type. 
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MATERIALS AND M:m'HODS 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. 'fhe parents used in making this cross were arly Juicy 

sorghum and Big-seeded sorghum C. I. No. 692. Early Juicy is a fixed 

selection from a cross of Dwarf Freed sorgo, c. l. No. 971, and Early 

Dwarf f'eterita, c. l. No. 867, and is characterized by being short, 

averaging from eishteen to twenty-four inches in height , having smaU 

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 bas 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 varietal 

charaeteristics, making a wide intervarietal cross. 

The stock seed for this work was furnished by Mr . John B. S1eglinger 

who made the original cross in 1940 and grew the Fl population in 1941. 

:In t he t m 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 aft.er plant­

ing. It was necessary to begin at t his early date as it is character­

istic of the sorghum plant to shed its lower leaves as it progresses 
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tovJa.rd maturity. 

Disregarding the shedding of leaves it was also desirable t,o make 

the initial count before the first cultivation, to insure age.inst inac­

curacy aau.sed. by a covering up of some of the lower leaves.. In making 

the :first count the fifth leaf was cut off at an oblique angle to the 

plant. This lea:t' stub was used as a marker for the beginning of subse­

quent counts.. In order to mark later leaves in a way that they would be 

readily identif'ied and still incur a .minimum of' damage to tho plant, 

ticket punches with different shaped dies were used. In this manner the 

10th, 15th, 20th, and in some instances the 25th, leaves were counted 

and punched on either side of the midrib. By this method it was possible 

to keep an accurate record or the individual plants.. The final count was 

roade when the flag leaf appeared, at which time eaoll plant was tagged and 

a daily inspection ma.de the1.•eafter vdth the following information re­

corded: (1) total .number of leaves, (2) elate o:r first blooming, and 

( 3) height of :plant .. 

From this infor111ation coefficients of co1•relation were obtained for 

three combinations of the leaf' numbers, plant height, and the vegetative 

period, as recorded in the number of days from emergence to first 

blooming. 



RESULTS OBI:AJ.NED 

Table 1, page· 13, shows the frequency distribution of leaves on the 

mail'l. stalk for the selections under observation. It will be noted that 

the :marly Juicy pa.rent in 1942 had an average of 12.2 leave;3 per stalk 

as corn.pared with 10.8 leaves in 194,3, a variation of' 1.4 leaves for the 

parent or check variety. This variation could possibly be due to an 

insufficient population for the 1942 season, or which is more likely, a 

major difference in the environment for the two years under consideration. 

This seasonal difference is prec,entecl in Chart l on page 16. '.Eb.is chart 

gives the total amount of rainfall during the growing season, subdivided 

into periods of ten days each. A moving average over three ten day 

:periods is used to i=mooth out the sharp erratic fluctuations. The F2 

population averaged 21.6 leaves, and 21.l leaves per stalk, respectively, 

for the two years with an overall variation from 10 to Z3 leaves. The 

F3 :population averaged 20.1 leaves per stalk in 1943 with a total varia­

tion from 9 to 30 leaves. There were no F3' s grown in 1942. The Big­

seeded sorghum averaged 28.5 leaves per stalk in 1942. The 'adverse 

environmental conditions of 194~ depressed the growth of this hoovy­

feeding, late-maturing variety to such an extent that it failed to reach 

the fruiting stage. It will be noted that ir. the F2 and F3 population 

the extremes i:n the loaf nwnber of the two parents were obtained. 

The picture on page l gives a view of the variation in plant height 

and leafiness. Because of the untimely termination of growth in the 

Big-seeded parent no :picture could be made of it; however sane of the 

taller plants in the F2 rows are approaching the eharactertsties of the 

late parent. 

The distribution of plants according to the length of the vegetative 



period is shown in Table 2, page 14 • The average length of the vegeta-

tive period for the early parent in 1942 and 1943 was 36.4 and 35.7 days 

respeeti vely. For the F2 the average time was 55 .O days in 1942 and 55 "3 

days in 1943. The F3 had an average vegetative period of 54.0 days in 

1943, while the average for the late parent in 1942 was 83.4 days. 

Considt'lring only the number of leaves on the main seem, Table 3, 

page 15, shows the average number of days required per leaf for the plant 

to reach maturity. ln general the early parent with an average of 11.5 

leaves required 2.99 days per leaf in 1942, and 3.31 days per leaf' in 

1945. In the F2, 2.54 days per leaf were required in 1942, with a 

slight increase, up to 2.62 da.ys per leaf' in 1943. The 13 required 2.68 

days per leaf and the late parent 2.92 days. Here is shown a smaller 

average per leaf :for the hybrids than for either of the parents. 

From the data. presented coefficients of correlation were ealculated 

to determine the true relationship of leaf numbers to the other factors. 

A definite relationship of leaf number to the vegetative period is shown 

by the follo~ing high coefficients. 

1. Using the Early Juicy parent 
in 1943, rl: 0.917:!:0.0ll. 

2. Using the F2 population 
in 1942, r • o.9ms+o.ooa; 
in 1943, :r = 0 .. 845-:!:0.019 .. 

z. Using the F3 population 
in 1943, r = 0.820+0.011. 

Other coefficients of correlation were dete!'minea. using the F2 

population only. :For the relationship of plant height to laa.1' numbers 

in 1942 the value for r was o.649+ 0.025 which is a coef':fieient that 

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

1 r = coe:t'f'icient of correlation. 



0.4!35±0.056 which probably has sa.'!le significance but is at variance 

vii th the one for the preceding season .. 
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. Another oom.bination investigated was pl ant. height to the vegetative 

period. In 1942 the value for r was 0.654 + 0.024, while in 1943 the 

value was 0.2011+0.059. Obviously there is in 6Xistenc0 rome reason 

·which would. explain such a vuris:t;ion. It is generally accepted that the 

climatic conditions are responsible for a gr~m.t number of fluctuations 

in plant responses. From. the rainf'ull chart in this discussion it is 

ob·dous that while the 1942 sensori. was almost optimum, at least average, 

and favored normal plant development, the 1943 season \\las sorn.E..'V1Jmt ab­

normal and had its depressing effects. v,a1ether this factor alone would 

explain the vc.i.riation in the value of the coefficients of correlation 

for the two factors in the different years cannot be definitely shovm 

from the data presented.. J!'urther study along these lines v1oul.d :pos­

sibly reveal somo i.."'l.formation ,:10:rthy of conside:r•ation. 
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DISCUSSION 

The results obtained show that there exists a definite relationship 

between leaf n.Ui11bers and the vegetative period of sorghu.tn plants. A 

high positive correlation bot,-aeen these factors is apparent un.der diverg­

ing t.ypes of environment, shoviing that the relationship of the two 

factors continues to exist even though outside influences 11veigh heavily 

upon them. Conditions which affect one factor likeviise aff'eet the other. 

Therefore, it may be concluded, on the basis of the data presented, that 

leaf numbers of a variety may be used as an index for the vegetative 

p<ariod of that variety. 

From this study it is apparent th.at although loaf number and the 

vegetative period has a stable relationship, such is not true of other 

factors studied. The number of leaves has. been suggested to have been 

correlated t1ith plant height. From the first year• s observations that 

relationship was true; however under the adverse environmental conditions 

of 1943, in which thore was a low rainfall 1 accompaniod with low humidity 

during the g,-rowing season, that relationship was greatly altered. This 

sugc ests that the expression of' the factor for plant height ,'.!-as subject, · 

·within limits, to the influencing environmental conditions. That the 

expression of the height :factor is to some deg:r-eo controlled by en­

virownent is fm."ther shovm in the study of this factor and its relation 

to the vegetative period. The high correlation under good grovdng 

. conditions would lead one to believe that such a relationship did exist, 

whereas under less optimum cond.itions the very low oorrelation would 

indicate t,hat such a relationship is nil. 

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

pears the.t while leaf number may be associated with height, it is not a 



stabilized relationsM.:p, and that the expression of the height factor 

is modified. somewhat by environment. 
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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 

21.l leaves per pJant for the two years. The 1'3 population, grown 

only one year, averaged 20.l 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 leaTe·s and the vegetative period were highly 

correlated. Coefficients of correlation obtained from different 

populations were as follows: 

Early 1u1cy 

!'2 

:r3 

+ r : 0.917-0.0ll 

r • 0.903 + 0 .ooe 
r : 0.845±:.0.019 

+ r • 0.820 - 0.011 

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 environment . 
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Table 1. Showing the f'requency and distribution ot lee:ves on the main stalk 

.l'l.8.nts )lean 
S-election Year Clas.ses tor number ot leaves '081" main stalk ' total lee.Yea 

9 10 ll la l3 14 15 16 17 18 19 20 21 . 22 23 24 25 2& .2, 28 29 30 $1. 32 33 

Early luic7 1942 - 1 8 21 10 2 2 - - - - - - - - - - - - - - - - - - 43 12.2 

FB.rly Jm.o, 194& 26 87 56 35 20 a 2 - - - - - - - - - - - - - - - ... - - 228 10.8 

lyb:dd F2 1942 - - .. 5 13 28 34 29 18 16 24 25 33 56 5l 51 31 49 45 33 5 5 1 - 1 556 m.., 
' 

lf1'br1cl 72 l94Z - 2 - 4 3 'f 1.5 19 u 4 7 6 12 15 31 26 20 10 lS 6 2 - - - - 21.S 21..1 

~7brid 13 1943 2 6 19 12 24 36 80 W 59 1'6 a 29 41 ,z 106 9f 66 n 24 14 10 5 - - - fffi5 20.1 

8ig-seect •. #692 19'? - - - 91,· • .. ·- - ... - - .. - - - - - - s 16 26 14 a 5 2 l . 69 !8.5 . 

... ,., 



!!able 2. Showing the d1st::r1but1on ot plants according to time of bloomiq 

Plan.ta 11.ean 
S.lee\ion Year llo. ot clays tr0t:1 emer,.zim to bl.OOll.in.t .tJ.'0-tal ·daYa 

30 32 34 36 38 40 42 44 ' .:'6 48 50 52 54 56 S8 60 62 64 66 ea '10 "12 V4 '16 ,s so s2 M e& as 90 ' 

Ea. .Jv.tcry 1942 - - 2 25 14 . 3 1 - - - - -· - - - - - - - - - . - - .. - - .. ... -- ... - ~ 36.4' 

Ea • .Tnioy 1943 l 24 82 56 39 16 11 - - - - - - - ... - - - - - - - -· - - ·- - - - - ... 228 35.f 

Bybr:ld 72 1942 - - - 12 31 ?.8 27 24 29 28 59 35 34 22 25 25 26 23 32 28 20 U 1$ 9 7 1 7 - ... ... - 556 55~0 . ~ 

;a 

llJ'\)ri d I' 2 . 1943 - l 2 1 6 7 15 115 15 ll 12 20 13 . 4 18 1, 3 8 8 3 5 6 5 1 3 - 2 4 2 6 - 215 55.3 

R7br1d 1'3 1943 - 1 8 18 24 37 68 92 62 "6 33 40 46 29 41 63 41-·. 38 · 3'1 16. 11 19 lS 2 23 9 5 11 13 • - 855 M.O 

Btg-aeed 1942 - - - -- - - - - - - -- - - - - - - - - - - .. - - - 19 11 10 8 20 1. '' BS.4 

!.: 



'?able 3. Showing the average number of days required per 
leat' from emergence to date of flowering •. 

Selection and year 
Classes 

for Ear!z .1u1cz §zbr1d F2 !Zbrid :r3 Bis-seed 
leaves 1942 1943· 1942 1943 1943 1942 

9 3.66 -- 3.83 
10 3.50 3.40 3.40 3. 45 
11 3 .17 3.37 3 . 29 
12 3.02 3.11 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.'17 2.67 2.88 2.85 
16 2.64 2.73 2 . 76 
17 2.66 2.64 2. 66 
18 2. 55 2.60 2.58 
19 2.51 2 .56 2.82 
20 2.49 2.49 2.67 
21 2.47 2.62 2 . 63 
22 2.41 2 .52 2.60 
23 2.54 2.49 2 .54 
24 2.35 2.41 2.57 
25 2.66 2.50 2.66 
26 2.58 2 .77 2 .61 3 .21 
?:! 2.56 2.86 2.ao 3.08 
28 2.54 2 .80 2 .74 2.94 
29 2.48 2.79 2.80 2.88 
30 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 
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