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INTRODUCTION

The fact that fertilizer treatments increase grain
yield‘of wintér wheat has been recognized for many years.
However, few precise measurements have been made to obtain
information on the manner in which the components of yield
are related to the yield increases. These components of
yield are the number of heads per unit area, the number of
kernels per head, and weight per kernel. A study of these
components under different treatments of fertilizer should
explain which component or compdnents are actuaily respon-
sible for grain yleld differences.

Differences in grain yield of varieties may also be
explained on the basis of yleld components. The assocla-
tion of each component with yileld within and among vari-
eties should be of interest to the plant breeder. These
associations not only add general information concerning
the varieties, but may also aid him in future breeding
programs,

This study was initiated to determine the associa-
tions of the yield components of certaln varieties of
winter wheat and the effect of different nitrogen-phos-

phorus fertilizer treatments on these components.



REVIEW OF LITERATURE

According to Hobbs (3), Laude (4), Quisenberry (9)
and others (5,6,8,11) the major yleld components of wheat
are the number of heads per unlt area, the number of ker-
nels per head and the welght per kernel.

In 1928, Quisenberry (9) reported that the number of
heads was the most importaﬁt factor 1ln determining yleld,
closely followed by the number of kernels per head. He
found that plumpness of graln or welght per 1000 grains
was of much less lmportance. No sligniflcant correlations
between the number of heads per unit area and the welight
per 1000 grains were found. The correlations for the
number of heads per unit area and the number of kernels
per head were nelther high nor conslstant. Locke et al.‘
(5) confirmed part of Quisenberry's results in 1942, ‘&
They found that more than 95% of the variation in yileld
in Turkey wheat was explained by the number of kernels
per area and that the number of heads alone accounted for
almost 60% of the variation. In studying Fo and F3 1lines
of a Lemhi x Thatcher spring wheat cross, McNeal (6) re-
ported that the number of kernels per plant accouﬁted for
86.7% and 89.5% respectively, of the variation in yield

of grain. He found the number of heads per plant and the
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number of kernels per head to be more closely assoclated
with yleld than kernel weight. Waldron (13) compared the
yieldvcomponents of small-seeded and large-seeded spring
wheat varieties, He found that by using average cu-
mulative effects of each component the excess yleld of
the large-seeded variety was due to 91.2% for kernel
weight, 6.6% for number of heads per unit area and 2.2%
for the number of kernels‘per head.

Laude (4) recognized the fact that the ecological
conditions Surroundimg the wheat plant modifies the
physiological activity to best meet the conditions. He
polnted out that the time the particular condition exists
may determine which factor is affected, 1l.e., early condi-
tlons affect the number of tillers while late conditions
affect seed size and weight. Sprague (11) also rec-
ognized this fact when he reported that more favorable
conditions for growth in wheat resulted in a larger number
of tillers per unit area or in an increase in the size of
heads, depending on the time of the eondition. This did
not influence greatly the correlation existing between the
head characters, i.e., the number of kernels per head and
weight per kernel. He found that the number of spikes was
never highly correlated with any head character and that
these correlatiohs were very unstable.

According to Féjersson (2), Pederson reported that the
yield components differed with the time of nitrogen appli-
cation. Early applied nitrogen was found to raise the yileld



of wheat by increasing the number of straws per unit area,
medium early applled nitrogen caused increase in number of
grains per head. Kernel welght was increased in only one

cage, nitrogen being applied late.

MeNeal and Davis (7) applied 50 and 100 pounds of nit-
rogen to nine varietieé of spring wheat at planting. With
the exception of two varieties, the increase in culm number
was more important than the number of kernels per head and
kernel weilght comblned. Xernel weight was not considered to
- be of importance since test welght was not affected by the
treatments. In a five-year study wlth winter wheat in Kansas,
Hobbs (3) showed a 14% increase in stubble count and a 20%
increase in yield from spring application of nitrogen. In
only one year did the number of kernels per head show higher
incréases over the untreated plot than did stubble count.
Kernel weilght did not add to the inereased yield of the fer-
tilized plots. Hobbs élso stated that the maghitude of the
regponse to nitrogen topdressing appeared to depend in part
at least upon the supply of available phosphorus im the soil.

Another study showing the relation of fertilizers to the
yvield components was reported by Tucker and Abbott (12).

They found that the number of heads per unit area and grain
weight per head were significantly affected by nitrogen-phos-
phorus treatments. The number of heads increased from a nit-
rogen-phosphorus interacticon, primarily. Gralin welght per

head was increased directly by both nitrogen and phosphorus,



At high nitrogen-phosphorus rates reduced grain size and
graln welght per head resulted. All fertilizer treatments

increased the number of grains per head.



MATERIALS AND METHODS

Data for this study were obtained from a long term
wheat-fertilizer test at the Agronomy Research Farm, Per-
kins, Oklahoma. Each plot area contained the same vari-
ety and treatment for elght years.

The filve varieties of hard red winter wheat used in-
cluded Comanche (C.I. 11673), Concho (C,I. 12517), Pawnee
(C.I. 11669), Ponca (C.I. 12128) and Triumph (C.I. 1213.2)1
All are adapted varieties and have been included on the so-
called "Recommended List" for Oklahoma at some time. They
are medium in maturity, except Triumph which is an early
maturing variety."Concho has bronzé chaff, while the other
foﬁr varieties have white chaff; all are awned.

Seven treatments of nitrogen-phosphorus fertilizers

were used. They included:

Treatments Pounds per Acre
2
NP0, (B)
1 O 0] 0.0
2 0] 40 17.6
3 40 0] 0.0
4 20 Lo 17.6
5 4o 40 17.6
6 4o 80 35.2
7 80 40 17.6

1varietal abbreviations used in tables are: Comanche =
Cmn, Cocncho = Cch, Pawnee = Pn, Ponca = Pnc, Triumph = Tmp.

2pounds of P205 per acre was converted to pounds of P
by multiplying by 0,44,
6



The phosphorus was applied in the form of concentrated
superphosphate prior to seeding, while the nitrogen as
ammonium nitrate was topdressed on March 7, 1961,

The experimental design was a split-plot with four
replications where the whoie plots were fertilizer treat-
ments and the subplots were wheat varieties. The subplot
size was a dfill strip composed of 13 rows spaced seven
inches apart and 40 feet in length. The seeding date
was November 23, 1960, at the rate of one bushel per
acre,

For the study of yield components the: lengths of the
subplots were divided into four egual sections. From the
center nine rows of each section one 2-foot row was selected
at random and harvested by hand at maturity. These samples‘
were taken to the laboratory for measurements of the yield
factors.

The number of heads per unit area was determined by
counting the seed-bearing heads from the 2-foot sample.

Twenty heads were selected at random from each 2-foot
sample and hand-threshed. _The number of kernelsg from 20
heads was determined and converted to the average number of
kernels per head.

In deriving the average kernel weight the kernels from
the 20 hand-threshed heads were welghed and divided by the
number of kernels from the same 20 heads.

To determine the yield for each 2-foot sample the re-
maining heads of the sample were threshed with a head

thresher and weighed, This welght was added to the weight



of the kernels from the 20 selected heads and was converted
to bushels per acre., This yield determination was used for
comparing'yields and célculating correlation coefficients.

The subplots were harvested with a combine and weight
of grain per plot was obtained. After adding the weights
of the four 2-foot samples taken from each subplot to the
subplot weights, the graln yleld in bushels per acre was
calculated. This determination was used only as a check in
sampling procedurebfor yield.

An IBM 650 Electronlc Computer was used for computations.
The correlatlon coefficients and analyses of varlance were
determined by the method described by Snedecor (10). The mul-

tiple range tests ﬁsed were those proposed by Duncan (1).



EXPERTMENTAL RESULTS
Components of Yield

The average number of heads per 2-foot sample, the
average number of kernels per head and the average kernel
welght by treatment and by ﬁariety are presented in tables
I, IT and III, réspectively. Highly significant differences
were found among varieties and treatments for each component
as shown in the analysls of variance summary (Table IV). The
component, average kernel welght, had the only slgnificant
varlety x treatment interaction, beilng significant at the 5%

level of confidence,.
Yields

The average ylelds from the 2-foot samples and subplots
by treatment, by variety are presented in tables V and VI,
respectively. Highly significant differences were found in
varieties and treatments for both yield determinations as
shown in table IV. A significant variety x treatment inter-
action wag obtained for subplot yileld at the 5% level of
confidence,

Triumph and Concho were the highest ylelding varileties
and were not silgnificantly different in eilther determination.
In the smaller plots, the three lower yleldlng varietles were

9



TABLE I,
THE AVERAGE NUMBER OF HEADS PER 2-FOOT PLOT FOR FIVE VARIETIES
OF WINTER WHEAT PRODUCED WITH SEVEN TREATMENTS OF
FERTILIZER AND THE STATISTICAL ANALYSIS,

Treatments ) varietics -
'(Pounds per Acre) Comgriché CToncho Pawnee Ponca Triumpn Average
Noroy  (B) |
N 1
0 0 0,0 29,8 38,1 32,6 40,4 33.1 34,8
0 40 17,6 33.9 32,1 33.9 35.8 36,4 3.4
bo 0 0,0 31.1 39.9i 34,2 38.5 33,1 35,4
20 4o 17,6 ho,2 hz,3! 37 b 41,3 h3,7 4,0
40 40 17,6 k2,5 42.8} ho,9 5,8 42,4 42,8
4o 80 35.2 4y 5 bh.8) bs 7 51,1 45,3 ke ,3
80 4o 17.6 43,3 4o 4 47,3 45,3 42,8 45,6
Average 379 nr3 C 3L i .

3,EM,= 0,252 for varteties, C,Vs= 21,1%; S,E,M,= 1,215 for treatments, C,V.= 27,1%,

5% Multiple range on variety means © 5% Multiple range on treatment means

Cnin Pn  Tmp Cch Pne TﬁG

0-1 0 40-0 20-17.6 40-17,6 80-17,6 140-35.2
37.9 38.8 39.5 41.3 42,6 34, 42,8 45,6 46,3

Q-
34.8 35,4 41,0

Any two means not underlined by the same line are signifilcantly different,

TABLE 11,
" THE AVERAGE NUMBER OF KERNELS PER HEAD FOR FIVE VARIETIES OF
' WINTER WHEAT PRODUCED WI''H 'SEVEN TREATMENTS OF
FERTILIZER AND THE STATISTICAL ANALYSIS,

Treatmenta : varlietles
( Pounds per Acre) Comanche Concho Pawnee Ponca Triumph Average
N Pa0g (E) !
o 0 0,0 19.7 21.8 11949 19.2 19,0 19.9
0 40 17,6 18.9 18,7 | 18,6 17.0 18,3 18,3
4o 0 0,0 23,0 23,5 22,1 21.8 20,9 © 22,3
20 40 17,6 20,4 20,0 . 20,9 17.7 © 18,7 19,5
4o 4o 17,6 21,4 21.9 21,1 19.3 19,0 20.5
4o 80 35,2 19,7 21.8 20,9 19,0 19,4 20,1
80 - 40 17.6) . 22, 23,0 - 23,5 21,2 19,2 21.9
Average 20.8 715 13,3 1972

S,EM, = 0,228 for varletles, C.V,=11,9%; §.E5M;‘= 0,346 for treatments, C,V,=15.2%.

54 Multiple range on varilety means 5% Multiple range on treatment means

Tmp Pnc  Cmn Pn Céh, 0-17.6 - 20-17,6 0~0 40-35.,2 ‘40-17.6 B80-17.,6 40-0
19,2 19,3 20,8 21,0 21,5 18.3 19.5 "19,9° 20.1 20.5

21,9 22,3

Any 2.means not underliped by the same line are significantly different,
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'TABLE III..

THE AVERAGE WEIGHT PER KERNEL IN MILLIGRAMS FOR FIVE
VARIETIES OF WINTER WHEAT PRODUCED WITH SEVEN
TREATMENTS OF FERTILIZER AND THE
STATISTICAL ANALYSIS,

Treatments

- Varieties
{Pounds per Acre) Comanche Concho Pawnee Ponca Triumph Average
N P05 (P) | |
0 0 0,0 ©3L.0 29.9 28.5 29.3 36,0 31,0
0 Lo 7.6 - . 33.3 31,4 30,4 32,2 36.2 32,7
Lo o 0.0 29,1 30,0 24,8 28.3 36,1 29,7
20 ko 17,6) 30.7 . 31.0 28,1 29,3 35.8 31.0
40 k4o 17,6 28,4 28,9 26,7 28,1 35.3 29,5
ho 80 35,2 29,6 30,4 28,2 28.5 36,1 30,5
80 4o (1716 264 27,6 23,5 25.3 35.9 27.8
. Average : 29.8 - 299 27.2 2807 . '
S,E.M =0,266 for varieties, ¢,V.= 9,3%; S.E.M= 0,324 for treatments, C.V.= 9,6%,
5% Multiple range on variety means - 5% Multiple range on treatment means
Pn’ Pne Cmn C¢h Tmp 80-17.6 140-17.6 40-0 40-35,2 ~0-0 20-17.6 0-17.6

27.2 28,7. 29.8 29.9 35.9 = . __27.8 29.5 29.7 30,5 31.0 31.0 32,7

Any 2 means not underlined by the same. line afe significantly different.

TABLE IV.
A SUMMARY OF THE ANALYSIS OF VARIANCE FOR CHARACTERS

ANALYZED IN FIVE VARIETIES OF WINTER WHEAT
PRODUCED WITH SEVEN TREATMENTS
OF FERTILIZER,

"Heads per RETHETs Rernel 2-TFoot sSubplot
Source of Variation Unit Area per Head tielght Yleld Yield

Replilcal.ons - - X3 * *%
Treatments *% ##% *¥ ** *%
Varieties . 2 ¥ *% - *% %%
var. x Treat. - _— Lo - %
Scetions . - *% W% *¥ . %

Sect, x Treat, - am ) - .-
Sect, X Var, ) - : - —— -
Sect, ¥ Treat, x Var, - - — —

" % Signirilcant at the 5% level,
*% Significant at the 1% level,
-~ No significant difference,



TABLE V,

THE AVERAGE GRAIN YIELD IN BUSHELS PER ACRE FOR
FIVE VARIETIES OF WINTER WHEAT PRODUCED WITH
SEVEN TREATMENTS OF FERTILIZER AND THE
STATISTICAL ANALYSIS, (2-FOOT PLOTS)

Treatmentcs Varieties
(Pounds per Acre) Comanche Concho Fawnee Ponca Triumph Average
N P20s (B)
0 0 0,0 24,7 34.3 25,6 30.9 31.0 29,3
0 4o (1716 28.9 26,3 22:8 26,5 31.9 28,1
4o 0 0,0 gg.l 36.9 2545 32.E 34.0 31,6
20 4o 17.6 oX 36,1 29,6 30, 39.4 34,3
ko ho 17,6 35.0 36.8 31,8 33,1 R?.B 34,9
4o 35.2 36.4 39.6 3649 38,8 2.0 38.7
80 40 17.6 35.7 2.3 37,1 33.6 41,9 38.1
Average . . o5 323 .

S,E,M,= 0,703 for varieties, ¢,V,= 22,1%; S,E,M,= 0,954 for treatments, C, V.= 25,4%,
5% Multiple range on variety means 5% Multiple range on treatment means

Pn Fne Cmn Cch 0-17.6 0-—0l 40-0 20-17.6 40-17.6 30-17.'5 40-35,2
3005 B3 3503 3000 3008 a8 20.3 3.6 a3 e Oai 34

Any 2 means not underlined by fhe same line are significantly different,

TABLE VI,

THE AVERAGE ORAIN YIELD IN BUSHELS PER ACRE FOR FIVE
VARIETIES OF WINTER WHEAT PRODUCED WITH SEVEN
TREATMENTS OF FERTILIZER AND THE
STATISTICAL ANALYSIS,

(Subplots

== Mreatments Varietien

ounds per Ac Comanch Concho _Pawnee Fonca TEiumph Average
N Pp05 (B) ]

0 0 0.0 28,6 32,4 25.9 28.4 32.3 29,5
0 4o 17.6 31,2 31.1 28,2 27.1 31, 29.8
4o 0 0.0 30.8 34,3 25.4 30.5 33.5 30,9
20 40 17.6 33.3 35.7 29.2 33.2 35.9 34.3
ko 4o 17.6 34,2 37.9 31.9 33. 2.5 35.2
B R R RN - AR A G

Average . ; gS_g 29 - 3 31 :9 ‘gﬂ

S.E.M, = 0,311 for varieties, C,V. = 5.04; S,E,M, = 0.208 for treatments, C,V. = B.,9%,

5% Multiple range for varlety means 5% Multiple range on treatment means

Pn  Pne Cmn Coch_ Tmp 0-0 0-17.6 40-0 20-17.6 40-17.6 B80-17.6 40-35,2
29,3 31.9 32,9 35.6 36.4 29.5 29.8 30.9 34.3 35.2 35.6 37.1

Any 2 means not underlined by the same line are significantly different.
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not significantly different, whereas all were different in
the larger plots. Treatments 40-35.2 and 80-17.6 produced
the highest yields in both determinations; they were not
significantly different in the small plots, but were in the
larger plots.

Much more variation was found in the 2-foot plots than
in the larger subplots as shown by the coefficlents of vari-
ation. As a result smaller significant differences were det-
ected in the subplots.

The average values for the two yleld determinations
varied as much as 5.4 bushels by treatment, by variety. How-
ever, the overall means were very simllar being 33.2 for sub-

plots and 33.6 for 2-foot plots.
Correlation Coefficients

A highly significant correlation coefficient of 0.752
was found between the average of the four 2-foot plot ylelds
from each subplot and the subplot ylelds.

Correlation coefficients within each variety (disregard-
ing treatments) and within each treatment (disregarding vari-
eties) for the three yield components and yield are presented
in tables VII and VIII. The overall correlation coefficients
(Appendix table IX) and the by treatment, by varliety cor-
relation coefficients (Appendix tables X-XV) are not includ-

ed in the discussion.



- TABLE VII,

CORRELATION COEFFICIENTS (r) BETWEEN FOUR CHARACTERS
IN FIVE VARIETIES OF WINTER WHEAT.

Number of Kernels AVerage Welght YieTId Irom
per Head per Kernel 2-Ft. Plots
Cmn -0,014 Cmn -0,247%* Cmn  0,860%%
Number of Heads Ceh  0,210% Cch -0,264%x% Cch  0,919%x
per Unit Area . Pn 0.123 Pn  -0.199 * Pn 0,860%*
Pne 0.135 Pnc -0,188 % Pne 0.848%%
Tmp -0,087 ‘Tmp -0,186 Tmp  0,912%x
Cmn -0,192 * Cmn 0,276%%
Number of Kernels Ceh -0,215 * Cch O, 447*x
per Head Pn  -0,267%% Pn 0,368%%
) Pnc -0,319%% Pnec 0.409%%
Tmp 0,021 Tmp 0,131
Cnin 0,022
Average Weight Cch. -0,055
per Kernel Pn 0.104
Pne 0,097
Tmp 0,012
* Signlficant at the 5% level of confidence, (110 D.F,)
*¥* Significant at the 1% level of confidence,
.TABLE VITI,
CORRELATION COEFFICIENTS (r) BETWEEN FOUR CHARACTERS
FOR SEVEN TREATMENTS OF FERTILIZER,
NOnber of Rernels RVETAEE wWeipnt Yield from
per Head per Kernel 2-Ft. Plots
0-0 0,082 0-0 -0,137 0-0 0.842%x
' 0-17.6" 0,286 *= 0-17,6 0,043 . 0-17.6. 0,888##
Numi.er of Heads _. 40-0  -0,131 40-0 -0,112 40-0 0,7 76%*
per Unit Area 20-17,6 ~0,021 20-17,6 0,100 20-17,6 0,835%%
. 40-17,6 —0;065 4o-17,6 -0,112 40-17,6 0.830%%
: ‘40~35,2 ~0,090 40-35,2 -0,089 40-35,2 "0,828%#
80-17.6 -0,072 80-17.6 ~0,177 80-17.6 0,7h7¥*
0-0 ~-0.080 0-0 i 0,419%%
’ . 0-17.6 0,133 0-17.,6 0,600%x
Number of Kernels 40-0 -0,105 40-0 0,142"
por Head 20-17.,6 -0,230 * 20-17.6 0,255 *
H0-17,6 ~0,311%* 40-17.6 0,142
40-35,2 -0,070 4o0-35,2 0,210
B80-17.6 -0,267 * 80-17.6 0,052
0,210
. . " 0,293%%
Average Welght 0,407 %
per Kernel 0,394+
0,260 *
0,29h%%
80-17,6 0Q,37C#**

* Signillcant at the 5% level of confldence,
**vSigniricant at the 1% level of coniidence,

(78 D.F.)



DISCUSSION
Number of Heads Per Unilt Area

Varieties

The varietal means for the number of heads per 2-
foot plot ranged from 37.9 to 42.6 heads. Of the five
varieties only Triumph and Pawnee were not significantly
different; however, these two varieties ranked first and
last in ylelds, respectively. Ponca produced the highest
number of heads although it had the same yleld as Comanche,
which produced the lowest number of heads.

The above data seem to contradict previous reports
(5,6,9) in that there appeared to be little associlation
between the number of heads per unit area and yield. How-
ever, the assoclations reported by these workers were over-
all assoclations or assoclations within varietles rather
than among varieties. Extermely high r values ranging from
0.848 to 0.919 (Table VII) were found in this study within
varieties. With these relationships, the higher ylelding
plots could be determined by the component, number of heads
per unit area, within each variety but not among varleties.

The components, number of heads per unlt area and num-
ber of kernels per head, did not appear to be associated

within or among varieties.

The number of heads per unit area and kernel welght

15
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were negatlively correlated within varieties as shown by
r values of -0.186 to -0.264 (Table VII). Over all vari-
eties no association of the two factors was apparent.

Treatments

The number of heads was lncreased with both nitrogen
and phosphorus (Figures 1A, 1B). Consequently, treatments
that were high in both elements (40-35.2, 30-17.6 and .l40-
17.6) produced the highest values. No significant in-
creases occurred in the number of heads when elther ele-
ment was added alone.

The rankings of the treatment means for the number of
heads per unlt area and yleld were 1ldentical. Because there
was a high assoclatlion between these factors (Figure 1c),
the number of heads per unlt area appeared to be the com-
ponent responsible for most of the yleld increases. These
findings are simllar to those reported by McNeal and Davis
(7) and Hobbs(3) who attributed a large part of increased
ylelds of fertilized plots over unfertilized plots to the
number of culms per unit area.

This high association of the number of heads per unit
area and yileld was also found within each treatment as shown
by the correlation coefficients of 0.747 to 0.888 (Table
VIII).

There were no significant correlations between the num-
ber of heads per unit area and the number of kernels per
head within or among treatments. However, the association

of these components for treatments having an increase of
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using treatment 0-0 as a base of 100 per cent, (A) Treatments increasing

in nitrogen with 17.6 1bs, of phorphorus, (B} treatments increasing in phos-
phorus with 40 1bs. of nitrogen, (C) all treatments.
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of nitrogen alone at a 17.6 pound phosphorus level appeared
highly positive, while a highly negative relationship seemed
to exist when phosphorus alone was increased at a 40 pound
nitrogen level (Figures 1A, 1B).

Except for the 0-17.6 treatment there were no signi-
ficant correlations between the number of heads per unit
area and kernel weight. There appeared to be a low negative
assoclation over all treatments although this relationship
was not statistically determined. When nitrogen was in-
creased while holding phosphorus at 17.6 pounds a more pro-

nounced negative relationship seemed to exist (Figure 1A).
Number of Kernels per Head

Varieties

A range of only 2.3 kernels was obtained between vari-
etles for this component with Concho and Pawnee producing
the highest values. Although these two varletles were not
significantly different in number of kernels per head, they
ranked second and last in ylelds. Triumph and Concho were
not significantly different in yleld, yet ranked last and
first, respectively, in the number of kernels per head.

From these observationsit is obvious that there
was little associlation between the number of kernels per
head and yleld over all varieties, 1.e., the highest yleld-
i;g varieties could not be determined by the number of ker-
nels per head. However, within each variety (except Tri-

umph) the r values were highly significant (a range of
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0.276 to 0.447) but were much lower than those obtained
for the number of heads per unit area and yleld.

The fact that the number of kernels per head and
the number of heads per unit area appeared to have
little assoclation has been previously discussed.

The r values for the number of kernels per head and
kernel weight were significantly negative'within all vari-
eties except Triumph. Comanche and Concho were significant
only at the 5% level of confidence, When considering the
data over all varieties, the association appeared to be
slightly negative, although this value was not calculated.

Treatments

Treatments that were higher in nitrogen than phosphorus,
i.e., treatments 40-0 and 80-17.6 produced the highest num-
ber of kernels per head. With phosphorus at a constant rate
(17.6 1bs.) and increasing the amount of nitrogen (0,20,40
and 80 1bs.), a consistant increase in this component re-
sulted (Figure 1A). Conversely, when the rate of nitrogen
was held constant (40 1lbs.) and phosphorus was increased
(0, 17.6 and 35.2 1bs.), the number of kernels decreased at
a similar rate (Figure 1B).

In consldering all treatments, there appeared to be
little association between the number of kernels per head
and yield. When nitrogen alone was 1lncreased, a highly
positive relationship seemed to exist; when phosphorus

alone was increased, the association seemed highly negative
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(Figures 1A, 1B). From these data it would appear that
the number of kernels per head contributed to lncreased
yields when nltrogen alone was lncreased. However, it

ls doubtful that this component evér added appreclably

to increased ylelds since it tended to increase at the
expense of kernel weight. This relationship wlll be con-
sldered later.

The assoclations of the number of kernels per head
and yileld were highly variable wilithin treatments. Only
the two lowest yielding treatments, 0-0 and 0-17.6 had
highly significant r values whlle treatment 20-17.6 was
significant at the 5% level of confidence.

The relationshilip of the number of kernels per head
and the number of heads per unit area has been previously
vdiscussed.

Treatments 20-17.6, 40-17.6 and 80-17.6 had signi-
flcant negative r values for the number of kernels per
head and kernel weight. Over all treatments, the values
appeared to be negative, 1l.e., treatments that produced
high number of kernels per head usually produced low ker-
nel weights and vice-versa. When only nltrogen was 1n-
creased an extremely high negative relationship exlsted,
whereas, no relationship seemed to be present when phos-

phorous only was increased (Figure 1A, 1B).



Kernel Weight

Varieties

Triumph produced by far the highest éverage kernel
weight as it exceeded the next highest variety,'Conché,
by 6 milligrams per kernel. The importance of kernel
weight over all varieties is shown by the identical rank-
ings of this component and yield. These findings show
some similarity, although they are not as extreme as to
those reported by Waldron (13) in which he compared small-
seeded and large-seeded Vafieties of spring wheat. He
found seed weight to contribute 91% of the difference in
yield.

The fact that Triumph produced the highest yileld must
be attributed to its high kernel weight. Thils component
compensated for the intermediatg and low values for the
number of heads per unit area and the number of kernels
per head, respectively. The reason for the higher ker-
nel weight and yleld of Triumph may posSibly be explaiﬁ—
ed by its extreme earlinéss. The late date of seeding
combined with a moisture stress that occured late in the
plant development stage would naturally favor an early
maturing variety. Laude (4) reported that the time a

particular condition exis%s'determines-which component is

21
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affected--extremely late conditions affect seed weight.
Therefore, it seems logical that Triumph probably
escaped some of the stresses of late conditions by its
earliness.

The associations of the average kernel weight with
the number of heads per unlt area and the number of ker-
nels per head were discussed previously. The relation-
ships were mostly negative.

Treatments

Treatments consisting of a high phosphorus to nitrogen
ratlio, 1n general, produced the highest kernel welghts.
The 0-17.6 treatment was significantly higher and the 80-
17.6 treatment was significantly lower than any of the
other treatments. As the amount of nitrogen was lncreased
with 17.6 pounds of phosphorus, the kernel welght consist-
antly decreased (Figure 1A). However, as phosphorus in-
creased with 40 pounds of nitrogen, no significant changes
occured in kernel weight (Figure 1B).

Triumph, in contrast to the four other variletles,
showed very little response to the fertilizer treatments.
This, as well as its outstanding kernel weight, is 11-
lustrated in Figure 2. Because of the unequal response of
varieties to treatments, a significant varlety x treatment
interaction occured as shown in the analysis of varilance
summary (Table IV).

McNeil and Davis (7) chose to combine the two com-
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ponents, number of kernels per head and weight per ker-
nel, into a single factor, welight per head. Had this
been done in this study, the factor would have remained
relatively stable for all treatments since an increase

in one component was associlated with a decrease in the
other and vice-versa, depending on the nitrogen-phos-
phorus ratio. This situation would tend to add to the
earlier suggestion that the number of heads per unit area
was responsible for the major portion of increased yields
as a result of treatments.

The association over all treatments for kernel weight
and yield was probably slighly negative., However, a highly
negative association appeared to exist when only nitrogen
was increased (Figufe 1A).

The relationships of kernel weight with the number of
heads per unit area and the number of kernels per head

have been previously mentioned.
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SUMMARY

An experiment was iﬁitiated to study the assoclation
of the components of yield of five winter wheat varieties
and the effect of seven nitrogen-phosphdrus fertilizer
combinations on these yield components.

The yield components varied from variety to variety
and were independent of each other over all varieties;

The only factor that appeared to be highly associlated
with yield based on rankings wés kernel welght.

Within varieties (disregarding fertilizer treatments)
the highest r values were for the number of heads per unit
area and yield. The r values for the number of kernels
per head and yleld were highly significant, but somewhat
lower than those for the number of heads and yield,  Ker-:
nel weight was not correlated with yleld, but was negatively
correlated with the number of heads per unit area and the |
number of kernels pef head.

Both the number of heads per unit area and yleld were
increased with nlitrogen and phosphorus. The number of ker-
ﬁels per head lncreased wlth nitrogen at a constant phos-
phorus level and decreased with phosphorus at a constant
nitrogen level. The average welght per kernel decreased

with nitrogen, but showed little change with phosphorus.
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Over all treatments the number of heads per unit area
appeared to be highly associated with yleld and was res-
ponsible for most of the yileld increase caused by fer-
tilizer applications. The number of kernels per head
and kernel weight appeared to be highly negatively cor-
related, each increasing at the expense of the other.
Neither component seemed to contribute directly to yleld
due to thls relationship.

Within treatments (dlsregarding varieties), high r
values were obtalned for the number of heads per unlt area
and yleld. Significant but 1oﬁer values were found for
kernel welght and yleld. The number of kernels per head
and yleld r Vaiues were highly varlable. The components

of yield were generally independent of each other.
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TABLE IX

OVERALL CORRELATION COEFFICIENTS FOR
FOUR CHARACTERS OF WINTER WHEAT.

Number ol kernels Average welght
per head per kernel Yield

Number of heads

per unit area 0.052 -0.163%* 0.847%*
Number of kernels

per head -0.272%*% 0.278%*
Average welight

per kernel 0.182%*

* Significant at the 5% level of confidence. (558 D.F.)
*% Significant at the 1% level of confidence.

TABLE X

CORRELATION COEFFICIENTS FOR THE NUMBER
OF HEADS PER UNIT AREA AND YIELD
BY TREATMENT, BY VARIETY,

; Varieties
Treatments Comanche Concho Pawnee Ponca Triumph
#

0-0 0.831%%: " 0,921%% = 0, ,0U3%%E 0 QUER*  OUQO2**
0-40 0.946%*% = 0,931%*% = 0,881%% .0,833%*% (0,Q34**
40-0 0.691** 0.827%%  0.847%*% 0, ,003%* 0.852**
20-40 0.795%% 0,935%% (,733%¢ (,885%*% 0,906%*
4o-40 0.845%%  0,870%% 0.843%*% 0,008%*% 0,926%%
40-80 0.776%* 0.941%*% O,
0.

982** 0.848%* 0.871%%
80-40 0.866%* O%*% 0.581 * 0.936%*
* Significant at the 5% level of confidence. (14 D.F.)

*% Significant at the 1% level of confidence.

#=N-P205. To convert P05 to P multiply by O.44.

O1h** 0.6




TABLE XI

CORRELATION COEFFICIENTS FOR THE NUMBER
OF KERNELS PER HEAD AND YIELD BY
TREATMENT, BY VARIETY.

32

varletles

Treatments comanche concho . Pawnee Ponca Triumph
0-0 0.540% 0.461 0.401 0.373 0.291
0-40 0.538% 0.672%*  0.846%% 0.236 0.651 %
40-0 0.666%* 0.375 0.020 0.032 -0.142
20-40 0.153 -0.050 - 0.412 0.620% 0.588%
4o-40 0.230 -0.044 -0.019 0.591% 0.130
40-80 0.406 0.485 0.052 0.406 -0.060
80-40 -0.008 -0.052 0.083 0.40;_ 0.103

* Significant at the 5% level of confidence. (14 D.F.)
*% Significant at the 1% level of confidence.

TABLE XII

CORRELATION COEFFICIENTS FOR WEIGHT PER
KERNEL AND YIELD BY TREATMENT,

BY VARIETY,
Varleties _ :

Treatments Comanche Concho Pawnee Ponca TrIumph
0-0 0.081 0.480 0.525* 0.081 0.006
0-40 0.5 E* 0.069 0.14 -0.126 -0.003
40-0 0.294. 0.155 0.551#% 0.168 0.092
20-40 0.664%* 0.312 0.308. 0.081 -0.383
40-40 0. 177 - - 0.074 0.338 0.120 0.102
40-80 0.060 -0.024 0.154 0.629%* 0.421
80-40 0.190 -0.151 0.488 0.725%% 0.157

* Significant at the 5% level of confidence. (14 D.F.)
*¥ Significant at the 1% level of confidence. :
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TABLE XIII,

CORRELATION COEFFICIENTS FOR THE NUMBER OF HEADS
PER UNIT AREA AND THE NUMBER OF KERNELS PER
HEAD BY TREATMENT, BY VARIETY.

Varieties
Treatments - Comanche Concho Pawnee Ponca Triumph
0-0 0.095 0.221 -0.269 0.215 -0.082
0=49 ! 0.294 0.411 0.602% -0.272 0.425
40-0 0.120 0.029 -0.322 -0.288 -0.498+*
20-40 -0.040 -0.251 -0.026 0.364 0.327
40-40 0.055 -0.373 -0.169 0.518% -0.151
40-80 -0.008 0.270 -0.211 0.161 -0.315
80-40 -0.427 -0.198 = -0.454 -0,186 0.038

* Significant at the 5% level of confidence. (14 D.F.)
*¥% Significant at the 1% level of confidence.

TABLE XIV,

CORRELATION COEFFICIENTS FOR THE NUMBER OF HEADS
PER UNIT AREA AND WEIGHT PER KERNEL
. 'BY TREATMENT, BY VARIETY.

Varieties
Treatments Comanche Concho Pawnee Ponca Triumph
0-0 - 0.329 -0.031 -0.058 -0.273
0-40 0.368 -0.224 0,161 -0.155 -0.203
40-0 -0.309 -0.234 0.178 ~0.171 -0.135
20-40 0.503*% 0.051 -0.154 -0.172 -0.531*
4o-40 -0.220 -0.312 0.032 -0.201 -0.121
L4o-80 -0.405 0,127 -0.024 0.351 0.249
80-40 -0.159 -0.420 -0.206 0.125 -0.119

* Significant at the 5% level of confidence. (14 D.F.)
** Significant at the 1% level of confidence.



TABLE XV

CORRELATION COEFFICIENTS FOR THE NUMBER
OF KERNELS PER HEAD AND WEIGHT
PER KERNEL BY TREATMENT,

BY VARIETY.
~ Varieties

Treatments Ccomanche goncno  Pawnee ronca Triumph
0-0 0.073 -0.004 0.289 -0.366 - 0.262
0-40 0.598%* 0.379 0.132 -0.050 0.233
L4o-0 0.364. -0.131 0.178 0.473 -0.122
20-40 -0.360 -0.052 -0.077 -0.217 -0.247
Lo-40 -0.065 : 0.370 -0.,407 -0.342 0.145
4o -80 0.189 -0.377 0.181 0.169 -0.059
80-40 0.368 -0.110 0.380 0.100 0.067

% Significant at the 5% level of confidence. (14 D.F.)
*¥¥ Significant at the 1% level of confidence.



‘ TABLE XVI.

THE ANnLYSIS OF VARIANCE FOR CHQRACTERS STUDIED II FIVE
' 'VARIETIES OF WINTER WHEAT PRODUCED WITH SEVFN
: TREATMENTS OF FERTILIZER

o

~WEeIERT Der

of heads per No. of kernels
Source - o unit drea ) per head kernel

of o o Mean T Mean. T ‘Mean ol
variation " D.F, sguare - value square value sgquare value
"Total ~559 S , . ' L
Replications 3 - 263,67 2,23 19.88 2.08 - 48,00 5.72%%
Treatments - L 6 2,126.00 18.00%* . - 147.66 15.45%* -190.00 - 22 .65%%
Error (a) - 18 S 118.11 9.56. .. 8.39
Varletles'-, ST Lo Lok, 25 5.67** 123.27 . 21.14%% - 1,239,25 - 15,69%*
Var. x Treat. a4 91.92  1.29 7.92 © 1.36 . 17.33 - 2.19 *
Error (b) 84 o TTT26 - 5.83 . 7.90 |
Sections : 3 109.00 1.41 14.37 - 3.86%* - k2,67 6.96%%
Sect. x Treat. 18 90.78 1.17 5.65 1.52 6.17 1.01
Sect. x Var. .12 103.92 1.34 3.41 - .92 6.75 1.10
Sect. x Var b Treat 72 54,44 .70 3.24 .87 6.85 1.12
" Error (c) 77.50 3.72 L 6.13

315

% Slgnlxlcant at the 5% level.
i Slgnlflcan+ at the 1% level

GE



TABLE XVI. (Continued)

* Significant at the 5% level.
*¥% Significant at the 1% level.

2-I't. plot ylelad - Main pliotT
Source yield
of Mean i Mean ¥

variation D.F. square value D.F. square value
Total 559 v 139
‘Replications 3 251.09 3.45% 3 112.48 13.00%*
Treatments 6 1,359.48 18.66%%* 6  188.52 21.79%*
Error (a) 18 72.86 ; 18 8.65
Varieties 4 827.87 14,08%* 4 230.35 85,31 %%
Var. x Treat. 24 87 .64 1.59 24 5.29 1.906%

rror (b) 84 55.26 ) 84 2.70 .
Sections 3 347.91 5. 75%%
‘Sect. x Treat. 18 - 89.94 . 1.49

Sect. x Var. 12 L8.26 - .80

Sect. x Var. x Treat. 72 48.14 .80
Error (c) 315 60.53 '
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