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AN ABSTRACT OF THE THESIS OF

Abdul Basir Mohsini for M.S5. in Agronomy

Title: The effect of date of plantlgg_on_yléld and other
agronomic characteristics in wheat and barley.

A two-year study was carried out at the Agricul-
tural Research and Education Center of the American Univer-
sity of Beirut in the Beqa'a Plain, Lebanon, to determine
the effect of four dates of planting on yield and other
agronomic characteristics in wheat and barley varieties.
The grain yields of wheat and barley were the highest
from the November 15 and November 350 plantings. The
early varieties planted on November 1 and November 1o
were injured by low temperatures that occurred in March
of each year. The yield of straw and the size of the
plants were reduced from the first to the last date of
planting. The wheat and barley grain from seedings made
on December 15 contained the highest protein percentage
and that planted on November 1 contained the lowest
protein content. Small difference in 100-kernel weights
were observed in wheat when planted at different dates.
The largest seeds in barley were produced from the later
plantlngsmade in 1964-65 and from the earlier plantings
made in 1965-66, As the dates of plantings were delayed,
the number of days from planting to heading and maturity
were reduced in both crops.

In wheat, Senator Capelli produced higher amounts
of grain and straw in 1965 than in 1966, 1t contained
higher protein percentages in the grain, produced larger
seeds and requlred more days from planting to heading and
maturity than F.A.0.-6726 and Florence Aurore. In barley,
Athinais produced the shortest plants and was the earliest
in heading and maturity. Baladi contained more protein in
the grain and headed later than F.,A.0.-7028 and Athinais.
F.A.0.-7028 produced the tallest plants and required a
longer period for maturity than Baladi and Athinais.
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T, INTRODUCTION

Wheat and barley are grown extensively in all couﬁ-
tries of the Near Dast. They are adapted to a w1de range-
of soils and climatic conditions and produce satlsfactory
- grain yields dufing favorable years. The Near Eastern
Gountrles depend mainly on these two cereals as their basic
food crops. At present half of the calories required by
the population are supplied by wheat and parley (2, pp. 27)f
The people of the Near East consume an average of 160 kg
per caput per year, &S compared to 146 Kg for those in the
far Zast and 70 kg in North America (1, pp. 27). In the
Near Zest, in 1962-63 (27, pp. 36), 18.0 million metric
tons of wheat were produced on 17.7 million hectars.

During this same year 7.0 million tons of barley Wwere

grown on 7.2 million hectars in this region. DBecause of
the importance of these cereals, FAO (26), since 1950, has
introduced in this region more than 2000 varieties of wheatl
and barley for local appraisal for yield and adaptability.
However, very limited research has been done in the region
on the important cultural practices that may greatly effect
1the yield of cereals. The date of planting 1s considered
to be very important 1n the production of winter wheat and

barley.
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The purpose of this study, therefore, was to deter-
mine thé,effect of four dates of planting on the yield-and
other agronomic characteristics in wheat and barley. The
study was undertaken under rainfed conditions for the two
seasons, 1964-65 and 1965-66, at the Agricultural Research
and Hducation Center of the American University of Beirut'
in the Bega'a Plain, Lebanon. Three varieties of wheat,
P.A.O, - 6726,.Florence Aurore and Senator Capelli, and
three varieties of barley, Athinais, Baladi and F.A.O.
7028, were included in the trialé. Plantings were made
on four dates, November 1, November 15, November 30 and
December 15, Data for graiﬁ and straw yield, protéin con-
i tent, plant height, weight of 100-kernels and the number
of days from planting to heading and maturity were recorded.
The determination of more suitable dateslaf planting cereals
should help the farmers in the Beqa'a Plain to obtain

higher yields and avoid some risks due to climatical factors.



II. REVIEW OF LITERATURE

Planting dates of winter wheat and barlej vary from
one country to another and are largely determined by envi-
ronmental and local conditions. Labor availability, the
type of farm implements used, the amount of rainfall and
soil moisture condition .are factors which play an important
role in investigations on dates of planting. Studies in-
volving some of these factors have been made by several
investigators. Several workers reported that both too
early or too late seeding, may reduce the yield in cereals,
and in some cases cause a complete failﬁre of the crop.

The literature related to the effect of date of planting
on the yield and other agronomic characteristics of wheat

and barley will be reviewed in this section.
Date of Planting and Yield

In some areas in the United States the presence of
the Hessian fly determines the date of planting of winter
‘wheat. Because of the damage caused by the Hessian fly to
wheat in Ohio, Thatcher (30) recommended that "the best
date appears to be September 22 in Wayen county, September 29
in Meigs and Miami counties, and October 6 in Clerment coun-
ty"., He stated that the 6-year average acre yield, in a

S
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combined rate and date experiment, wés more from 10 pecks
thén from six or eight pecks when seeded on September 15,
Plantings made 10, 20, 30 and 40 days after September 10
reduced the average acre yield and decreased the grain
quality. |

Kiesselbach and Lyness (10)mentiohed that cultural
practices used should meet the requirements of the local
conditions. On the basis of a 24-year experiment (1921f
1944) in Nebraska involving six dates of planting from Sep-
tember 16 to October 22, they concluded that the highest
yield was obtained from October 1 followed by September 25
plantings. From three years eXperimentétion in Nebraska
involving five planting dates and several locations, Ehlers
(6) reported thst the highest yield of 35.6 bushels per acre
was obtalined from the September 10 planting. In Kansas,
Swanson fouﬁd (29) that favorable moisture and temperature
are important in rate and time of planting winter wheat.
His research conducted during 1912-1923 showed that the
highest yields were obtained with plantings made from Sep-
tember 20 to October 1 using four pecks of seed per acre.
In a 4-year study, Roa et al. (21) planted winter wheat
Varieties'during October and November in Bichpuri, Agra, India,
and did not find any significant difference in yield among
the dates studied.

Robertson et al. (22) reported in Colorado that

the rate of seeding experiments conducted from 1920-1937
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resulted in significant differences in yield on summer fal-
low, They also stated that for baét grain yields winter
wheaf should be planted befween September 1 and 15 at a
seeding rate of two pecks per acre. It was reported by

Schafer et al. (25), in Washington, that wheat varieties

sown at various dates between August 1 and'December 1 gave
the highest yield from the September 1 planhings followed
by the August 15 plaﬁtings., They observed that there was
very little smut present in the wheat harvested from the
very late plantings. From six years of trials on seeding
dates in Ontario, Zavitz (33) obtained an increase of two
to three bushels per acre from wheat planted from August 25
to September 9 as compared to that planted after September
15. McMurdo (15) reported that in Colofado winter wheat
produced thelhighest yield when plantéd from September 1o
to October 15. In Chio, during 1902-1910, Williams and
Welton (31) found that higher average yields of grain were
obtained from the September 22 plantings as compared with
other dates made between September and October 27. Merrill
(16) stated that in Utah the November plantings of winter
wheat were better than those made earlier. Nuttonéon (19,
pp. 334) reviewed the results of an experiment conducted at
the West Siberian Agricultural Station in connection with
various dates of seeding winter wheat. He stated that the
nighest yield of 32.8 bushels per acre was produced from

August 21 plantings. In Hyder Abad, Pakistan, Choudary and
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‘Khalid (4) obtéined 18.7 percent more grain from the October
seedings than from those made in November and 58;6 percent
ﬁore than from sowing madé in Decéﬂber.

From a 5-year study in Lethbrige, Alberta, Pittman
Iand Andrews (20) found that average winter survivals and
average yields were the highest when winter wheat varieties
were planted after August 30 and before Septamber 16,  In
Montana,Donaldson (5) found that the highest yields were
obtained by planting winter wheat Eetween August 10 and

September 10 at a seeding rate of three pecks per acre.
Date of Planting and Other Agronomic Characteristics

Nuttonson (19, pp. 333) stated that too early
seeding of wheat may bring about excessive vegetative
growth which may contribute to lowering its winter hardi-
ness. In areas of low precipitation it may result in soil
moisture depletion due to the jointing of the plant in the
fall, and in areas where the Hessian fly is a problem, wheat
planted too early is subject to damage Dby this insect., He
further mentioned that too late seeding causes the plant not
to form tillers. Also, late plantings may effect the root
develcopment which may cause the plants to suffer from both
winter cold and spring drought. ZXnoch (13) indicated that
winter barley varieties sown at three dates in September
resulted in higher grain and straw yields than those planted

later. Also, the earlier plantings produced the larger
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number of tillers. Tncreasing the rate of seeding from 180

to 200 kg per hectar for the later planting did not compen-.
sate for the lower yield. .
Slykhuis (27, pp. 114-118) studied the relationship
petween streak mosaics root rot and wheat yielads from various
dates of seeding.' He found that seeding earlier then Sep;
tember 1 did not result in higher ylelds in the sbsence of
streak mosaics, and that seeding after September 1o was
sssociated with lower yields and.later maturity. The datﬁ
reviewed by Nuttonson (18, PP 054) from Kirghiz Agricul-
tural_Experiment Station showed that the ripening of wintar'
barley wés delayéd 1o da§s~when planted three weeks later
than the optimum date of seeding. From studies involving
six dates of planting in Tolbuhin, Bulgsaria, Mihajlov and
Karaivenov (17) reported that the best time proved to be
early in October using 400 seed per square meter. Wheat
planted after Qctober 25_resulﬁed in a reduction in yield
end in grain size. They found a difference of only 6 to 8
days in maturity from earliest and 1atest dates of seeding.
Kiesellbach (11) conducted an experiment on dates of wheat
seeding during 1921-1923 in Nebraska. The earlier plant-
ings yielded five bushels more per acre than did the later
plantings. The wheat obtained from the early planted plots
contained 2.5 per cent less protein than that from the plots
planted later. Fernandez and Laired (7) concluded that

in Central Mexico the highest yields were obtained from
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plots receiving the hlghest rate of nitrogen and grown under
optimum soil moisture conditions. The protein content of
the grain decreased with the wettest and increased with the

driest treatment. Roberts (23) reviewed the investigations
conducted by the United States Department of Agriculture and
concluded that water supply is an important factor in de-
termining the protein content of the wheat grain. The
protein content of wheat grain was 11.63 per cent when
grown under 22 to 24 inches of rainfall and 12.65 per cent
with 25 inches of irrigation (Utah). Kiesselbach (12),
using Nebraska No. 60 winter wheat, concluded that the
yield was the highest from the earliest planting of Sep-
tember 22, and that the protein content decreased as the
yield increased. At Davis Californis, Florrell (8) planted
wheat, barley and oats at four seeding dates between De-
cember 6 and March.10. He found that all the varieties of
wheat, barley and oats gave the lowest yield with the
latest seeding date. Some lodging in most varieties was
observed with the earliest plantings while no lodging was
noticed in the latest planting. He further observed that
nitrogen per.cent in the grain increased as the plantings
were delayed. Beuter and Foote (3) in Eastern Oregon
reported, from four seeding dates made during 1958-1¢60,
that the plants from earliest seeding were taller through-
out the growing season. He also noticed that the straw

yields were increased with the early plantings and were



reduced as the planting dates were delayed,



I1I. MATERIALS AND METHODS

The investigation pertaining to dates of planting
~ winter wheat and barley were undertaken under rainfed con-

dition for the two seasons 1964-65 and 1965-66, at the

Agricultural Research and Education Center of tle Ameriéan'_"-

University of Beirut in the Beqa'a Plain, 80 kilometers
east of Beirut, Lebesnon. The type of soil, according to
Salib (24, pp. 65-66), was fine in texture, calcareous and
alkaline in reaction with a pH of 8.0, variable in available
phosphorous, low in total nitrogen and in organic matter,
The land of experimental area was under fallow for one year.
Eight kilograms per dunum of nitrogen in the form of
armonium sulfonitrate (26.5 per cent nitrogen) and eight kg
of PgOg in the form of super phosphate (18 per cent PgO0g)
were applied to the soil each year. The super phosphate
was broad-casted and discked into the soil prior to the
planting. The nitrogen was top-dressed on the soll surface
in February.

Three varieties of wheat, f.A.0.-6726, [lorence
Aurore and Senator Capelli, and three varieties of barley,
Athinais, Baladi and F.A.0.-7028 were included in the study.
The selection of winter wheat and barley varieties was
based on their different maturity ratings and performance

10
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at AREC (32). Among the wheat varieties used, F.A.0.-6726
is known to be early in maturity. Florence Aurore is re-
garded as being an intermediate while Senator Capelli is
late in maturity. In the barley varieties studied, Athinais
is considered as an early variety while Baladi'and Fod00=
7028 are both intermediate in their maturity. Weeds were
controlled by hand and by hoeing throughout_théﬂgroﬁing :
season. - |

Plantings were made on four different dates,
November 1, November 15, November 30 and December 15 (de-.
layed 4 days in 1964 due to wet soil). The plantings were
made with the Planet Junior Planter. The experimental area
was irrigated by means of sprinkled irrigation only once
immediately after the first planting to permit i1mmediate
germination of the seed. The data on the total monthly
rainfall, average temperature for the years 1964-060 and
1965-66, are shown in table 8 in the AppendilX.

The lay-out of the experiment was based on a split-
plot-design in a Latin square with four replications,
having the dates of planting as the main plots, and the
wheat and barley varieties as the sub-plots. Each of the
sub-plots was made up of three rows each 4.5 m long and
25 cm gpart. The size of each main plot was 4.9 X 0.6 m,
each block 4.5 x 23.7 m and the area of the total exper-
iment was 23 x 25.7 m.

Data for grain and straw yield, protein content,
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plant height, weight of 100-kernels and nﬁmber”of days from
planting to heading and maturity were recorded,

For determining grain and straw yield, four meters
from each central row of each sub-plot were harvested,
leaviﬁg a quarter of a meter-on both ends to avoid border
‘effeot. The cutting of the plants was done by hand sick;g.
Fach sample was kept separately iﬂ cloth sacks and'sun dried
for 2 to 3 weeks. Threshing and cleaning was done with ap-
'propriate nursery equipment. The clean seeds were weighed
for grain yield, and the difference between the total grain?
straw weights and grain weights gave the straw weights. The
modified kjeldahl method (9, pp. 12-13) was followed to
determine the protein content of the wheaf and barley grain,
A representative sample from each sub-plot was ground,
stored in a screw top bottle, and weighed for analysis.

The nitrogen values for each sample were multiplied by the
factors 5.7 and 5.83 to get the protein percentage of wheat
and barley, respectively. Plant height was measured from
the ground level to the upper most spikelet at the time of
full maturity. One-hundred kernel weights were determined
by counting and weighing 100 sound seeds. The number of
days between planting heading and maturity of each variety
was calculated.

In wheat the variety Florence Aurore and in barley
the variety Athinails were considered as the check., Tke

November 1 date was considered as a check for the dates of



15

planting.

To analyze the data, statistical methods appropriate
to split-plot-design in a Latin square according to Leclerg,

et al. (14) were used. To determine the difference between

the different treatment combination, analysis of variance,

@ test and (t) test were calculated.



V. RESULTS AND DISCUSSION

The experiment was undertaken for the Two seasons,
1964-65 and 1965—66,.at the Agricultufal Research and.
- Education Center of the American University of Belirut in
the Beqa'a'Plain, Lebanon;-'Data were collected on the
effect of four dates of planting on the grain and straw
yield, protein percentage, plant height, weight of 100-"
kernels, and the number of days from planting to-heading'
and maturity in wheat and barley. 7The data for each
character mentioned are reported in.Tables 1 fo 7, and
the analysis of variance are shown in Tables 9 to 15 in
the appendix. The L.S.D. figures for treatments signif-
icant at the five per cent and one per cent levels are
given at the bottom of the analysis of variance table for

each character concerned,
Grain Yield of Wheat and Barley

The grain yields of wheat were effected by the
verious planting dates studied as shown in Table 1. The
results were highly significant in 1966, but not signif-
icant in 1965. The higher amount and more uniform distri-
bution of the rainfall in 1964-65 (Table 8) resulted in
higher yields in 1965 as compared to those obtained for the

14
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1965-66 season. Plantings made on November 5Q produced the
highest average yields in 1969, while the highest yields in
1966 were obtained from the November 1o and-November 50 .
plantings.

The three wheat varieties used in the study varied
videly in yield in both years, 1965 and 1966. Gomparsd to
Florence Aurore, Senator Capelli prodﬁced the highest ave-
rage grain yield and. F.A.O.—6726 the lowest yield im 1965,
In 1966, Florehce Aurore oubyielded both Senator Gapelli
and #.A.0.-6726. The large emount and the uniform distri-
bution of rainfall in 1964-69° favored the late maburing
Senator Capelli. However, the low amount of ralnfall
during April and May 1966 greatly reduced the yleld of
Senator Capelli. The yields of F.A.O. -6726, an early
maturing variety, were reduced each year by the injury it
received following a frost in 1ate Marcn.

There was a significant interaction between average
grain yield of the varieties and the planting dates. In
1965, the highest grain yield was obtained from Senator
Capelli with the November 30 planting, and lowest grain
yield was obtained from F.A.0.-6726 with the Novembar 1
planting. In the year 1966, the lowest grain yield was
obtained from F.A.0.-6726 with the November 1 planting and
Senator Capelli with the December 15 planting.

Dates of planting did not significantly influence

the average grain yield of barley in 1965, butv highly
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Significant differences in yields were obtained in 1966 as
shown in Table 1. Average grain yields of barley were
higher in 1965 than in 1966 due to the high amount of rain-
fall prevalent in the first year. In both years the highest
average yields of barley were obtained from the November 30
- plantings followed by those made on November 15.

The yields of the barley varieties differed widely
and were not consistent. The damage resulting from the‘
late March 1966 frost greatly reduced the yilelds éf Athinais
and F.A.0.-7028, the two early maturing varieties, when
planted on November 1. On the average, Baladi and F.A.O.-
7028 produced higher yields than Athinais in 1965. The
yield data for the barley varieties for the 1966 crop dif-
fered with each of the plantings and were not consistant or
significant.

The interaction between grain yields of the varieties
and planting dates was statistically significant. When the
plantings were made on November 1, Baladi outyielded
Athinais and F.A.0.-7028. Athinais and F.A.0.-7028, however,
produced more grain per dunum than Baladi when planted on

December 1O.
Straw Yield of Wheat and Barley

Average straw yields of wheat were significantly
influenced by the various dates of planting as indicated

in Table 2. The earlier plantings of the wheat consist-
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ently produced more straw than those planted gfter November
1 in both years. On the average 674 kg per dunum of straw
were produced when wheat was planted on November 1, while
only 469 kg were obtained from the December 15 plantings.
For the November 15 and November 30 plantings made during
the two seasons, an average of 648 and 540 kg per dunum,'
respectively, of straw were harvested. <These results are
confirmed by Beutor and Foote (3) in Eastern Oregon who,
from four seeding dates, found that.the'straw yieldslﬁere
increased with the early plantings and were reduced as the
planting dates were delayed. .

The yields of straw of the wheat varieties were
greatly influenced by season as shown in Table 2. During
the favorable growing season of 1964-=65, the late maturing
variety, Senator Capelli, produced the greatest amount of
straw at each of the four planting dates in comparison to
the two other varieties. On the other hand, F.A.0.-6726,
an early maturing variety, produced the highest yields of
straw at each of the four dates of planting, as compared to
Florence Aurore and Senator Capelli, during the more un-
favorable growing season of 1965-66, The lack of rainfall
during April and May in 1966 reduced the straw yields of
the two later maturing wheat varieties.

The average straw yields of barley varieties
planted at various dates are shown in Table 2. In general,

less straw was produced by barley in all later plantings
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after the November 1 planting. On the basis of the 2—year-
average, 752 kg of straw per dunum for November 1 and 5935 kg
per dunum for December 15 plantings were obtained. Statis-
tically significant differences for straw yields were obtained
only in 1966 between the early and the late plantings.

The varieties of barley varied widely in straw'pfo-
duction during the 2-year study. Athinais, the early ma-
turing variety, produced the greatest amount of straw in
comparison to Baladi and F.A.O.-?OQS. In 1965, the average
increase in straw yield of Athinais over F.A.0.-7028 was |
104 kg per dunum. In 1966, Athinais excelled Baladi by

205 kg per dunum in straw yield.
Protein Percentage of Wheat and Barley

The average protein percentages of wheat planted
at verious seeding dates are shown in Table 5. The average
protein content of the wheat grains produced in 1965 was
15.3 per cent and that from the 1966 crop was 16.1 per cent.
The higher rainfall obtained during 1964-65 reduced the
protein content of the wheat produced in the first year.
mernandez (7) found that the protein content of the grain
decreased with the wettest and increased during the driest
seasons. The protein content of the grain was the highest
for the wheat obtained from the later plantings and lowest
for the wheat from the earliest plantings. Wheat planted

on November 1, on the average, contained 15.1 per cent
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protein while that planted on December possessed 16.2 per
cent protein. At Davis, California, Florrell (8) planted
wheat, barley and oats at four seeding dates between De-
cember 6 and March 10. He found that the nitrogen per cent
in the grain increased as the plantings were delayed.

Varieties of wheat varied significantly in protein
content in 1965, but not in 1966, Senator Capelli contained
1significantly higher protein percentage in the grain than.
that obtained in either Florence Aufore and F.A.0.-6726 in
1965, The grain produced in 1966 varied only slightly in-
protein percentage.

There was a significant interaction in the protein
percentage of the varieties and planting dates only in 1965,
The protein content of Senator Capelli was lower than that
of F.A.0.-6726 only from the November 1, 1965 plantings.
The grain of Senator Capelli contained more protein than
tthe grain from F.A,0,-6726 from the harvests made on No-

- vember 15, November 30 and December 15.

The average protein percentages of barley varieties
planted at various dates are shown in Table 3. The average
protein content for barley harvested in 1965 was 1l.4 per
cent and that for 1966 was 12.9 per cent. The higher rain-
fall during the 1964-65 season produced barley containing
less protein than that grown during the drier season of
1965-66, There was a tendency towards highef protein per-

centages in the barley grains as the planting dates were
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delayed. Based on the 2 year averages, the protein per-
centages were 12.0, 11.7, 12.5 and 12.6 for the November 1,
November 15, November 30 and Decémber 15 plantings, respec-
tively.

Baladi, the two row variety, cbntained a higher pro-
tein perﬁentage in the grain obtained from the last three
seedings than that present in Athinais and F.A.0.-7028. On.
the first date of planting, the grain'of Athinais contained
a higher protein content than that of the other two vari=-
eties.

A highly'significant interaction between the protein
content 6f barley varieties and dates of planting was found.
Small differences in protein percentages'in the graln were
evident between Baladi and F.A.0.-7028 when harvested on.
November 1, 1965 and 1966 (0.2 to 0.1 per cent) respec-
tively. These differences, however, were 1.6 per cent and
1.6 per cent protein in the grains of the two verieties

when harvested on November 30, 1965 and 1966, respectively.
Plant Height of Wheat and Barley

The effect of dates of planting on the plant height
of wheat are shown in Table 4. The wetter season of 1964~65
produced taller wheat plants than the drier season of 196o5-
66, Plant heights were reduced 16 and 20 cm as the dates
of planting were delayed from November 1 to December 10O,

1965 and 1966, respectively. Wheat sown on November 1
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grew to an average height of iOO cm while that planted on
ﬁécember 15 was 82 cm in height. Beuter and Foote (3) in
Easter Oregon, from four seeding dates made during 1958-1960,
reported that the plants from the earliest seeding were
taller throughout the growing season,

The wheat varieties studied varied significantly'in
their plant height. In 1965, F.A.0.-6726 produced sig-
nificantly shorter plants than did either Florence Aurore
and Senator Capelli. However, in 1966, the shortest stfaw
was produced by Senstor Capelli. This‘was_due to the lack
of rainfall during April and May in 1966, which reduced
plant growth more in the late maturing variety than in the
earlier varieties, F.A.0.-6726 and Florence Aurore. |

The interaction between plant heights in wheat and
planting dates was significant in both years. Differences
in plant height response were greater between the early
variety; F.A.0,-8726, and the later maturing varieties,
Florence Aurore and Senator Capelli when planted on Novem-
ber 1 as compared to the difference in plant heights ob-
tained from the November 30 and December 15 plantings.

lhe data presented in Table 4 shows the plant
heights of barley varieties planted on different dates.
Although the two growing seasons varied greatly in moisture
availebility, the average heights of the barley plants were
87 and 38 cm for 1965 and 1966, respectively. This is in

contrast to the response of the wheat varieties grown under
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similar conditions. The heights of barley plants were the
tallest on the November 1 plantings and consistently shorter
as the plantings were delayed until December 15. DBarley
piants harvested on Novémber 1, on the average, were 95 cm
tall while those harvested on December 15 were 81 cm 1in
height. |

Varieties of barley varied widely in plant height.
F.A.0.-7028 was the tallest variety in both years while
the shortest straw was prodqced by Athinais in 1965 and
Baladi in 1966.

Significant interactions were found between plant
height and planting dates in barley. In 1965, Athinais
produced the tallest plants when planted on November 1o,
while the.other varieties produced the tallest plants on
thé seedings made on November 1. In 1966, the variations
in plant heights between the different dates of plantings

for F.A.0.-7028 were small, while those for Baladi and

Athinais were much greater.
Weight of 100-Kernels of Wheat and Barley

amall differences were found in the average 100-
kernel weight of wheat when planted on different dates as
shown in Table 5. The average 100-kernel weight of wheat
was higher from the wheat crop produced in 1965 than in
1966. The higher amount of rainfall and a longer growing

sesson of the first year produced larger wheat seeds than
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the seed grown during 1965-66 when less rain was received
during the shorter growing season.

The wheat varieties'differed greatly in 100-kernel
weight. Senator Capelli produced large size seeds in both
. years while the grain of F.A.0.-6726 was smaller than that
of the other two varieties. Florence Aurore produced seeds
intermediate in size in 1965 and the largest seed in 1966
in comparison to F.A.0.-6726 and Senator Capelli.

There was sigﬁificant interaction between seed size
in 1965. Florence Aurore produced larger wheat grains than
F.A,0.-6726 from plantings made ﬁn the three dates in No-
vember, while the seed size was the same from the December
15 plantings. Also, the seed size was the same for Flor-
snce Aurore end Senator Capelli when planted on November 1
and November 15. However, Senator Cepellil produced'lafgér
seeds than HFlorence Aurore when planted on November 30 and
December 1lo.

"Significant differences were found in 1965 in the
average 100-kernel weight of barley due to the various
plantings as shown in Table 5. Average 100-kernel welght
of barley plants were higher in 1965 than in 1966. A higher
amount of rainfall and a longer growing season contributed
to the bigger seed size and heavier seed weight of barley
plants in the first year as compared to the second year.
Average 100-kernel weights were higher with November 50 and

December 15 plantings than the November 1 and November 195
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plantings in 19605.

Small differences were found in seed size 1in the
three varieties of barley studied.

The interaction between 100-kernel weight and plan-
ting dates was significant only in 19605. Athinais produced
. larger seeds than Baladi only from the November 1o planting.
Thé seeds of Baladi and F.A.0.-7028 were 1l arger thran

Athinais on all other dates of planting made during 1964-60.
Days from Planting to Heading of Wheat and Barley

The data pfesented in Table 6 indicate that the.
average number of days from planting to heading of wheat
was ihfluenced greatly by the various dates of planting.
Because of the moisture shortages duringIMarch.and April
1966, fewer days were required'for the plants to head in
_1965-66 than during the more favorable season of 1964-60.
On the basis of the 2-year average, the number of days from
planting to heading was reduced 32 days as the seeding was
delayed from November 1 to December 15, On the average the
wheat headed in 172, 162, 154 and 140 days when planted on
November 1, November 15, November 30 and December lo, re-
spectively.

The number of days from planting to heading was
different for the three varieties used. Senator Capelli
required the most time while F.A.0.-68726 required the least.

On the basis of the 2-year average data, Senator Capelli,
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Florence Aurore and F.A.0.-6726 headed in 150, 157 and 164
deys after planting, respectively.

The interaction between the heading of wheat vari-
eﬁies and planting dates was highly significant. Plantings
at 15-day intervels, at all seeding dates, consistently and
uniformly reduced the number of deys from planting to
heading only in two varieties, F.A.0.-67Y27 and Florence
Aurore, For Senator Capelli, the average reduction in
days to heading, in comparisoﬁ to F.A.0.-6726, was 18 days
when planted on November 1 and only 9 days when planted on
December 15.

The dates of seeding significantly influenced tle
average number of days from planting to heading of barley
as reported in Table 6. More days were required for the
plants to head in the favorable season of 1964%65 than in
the unfavorable season of 1965-66. Also, as the dates of
planting were delayed the number of days to heading were
reduced. On the averagé barley planted on November 1
required 161 days to head while that sown on December 10
required 131 days.

Varieties of barley varied in the number of days
to heading when planted on various dates. Baladi and
F,A.0.-7028 required a longer period between seeding and
heading thsen Athinais at each of ﬁhe four planting dates
in both yesrs. Baladl conslistently required more days

between planting and heading than did F.A.0.-7028,
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A significant interaction between varieties and days
from planting to heading was obtained only in 1966 (Table
'14). Since the barley varieties headed rather uniformly
when planted on the four different dates the interaction is

not evident from an  1nspection of the data in Table 6.
Days from Planting to Maturity of Wheat and Barley

The average number of days from planting to ma-
turity in wheat was found to be significantly influenced
by the four dates of planting studied as_reported.in Table
7. Due to the defeciency of rainfall during April and May
1966 fewer days were required between planting and maturity
in 1965-66 than during the more favorable growing season of
1964-65, The number of days from planting to maturity
consistently decreased as the planting dates were delayed
from November 1 to December 15, On the basis of the Z2-year
_aﬁerage, the -number of days between planting and maturity
was 220, 207, 192, 175 days for the seedings made on Novem-
ber 1, November 15, November 30, and December 15, respec=
tively. In wheat, the November 1 plantings hastened ma-
turity only 2 and 3 days as dqmpared to the planting made
on December 15 in 1965-66, respectively. In Tolbuhin,
Bulgaria, Mihajlov and Karaivanov (17) found that there was
a difference of only 6 to 8 days in maturity from earliest
and latest dates of seeding.

Wheat varieties differed widely in number of days
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between planting and maturity when planted on various dates.
Senator Capelli required the longest number of days while
F.A.0.-6726 required the shortest period from planting to
maturity at all planting dates. Florence Aurore was inter-
mediate in this respect in comparison to Senator Capelll

and F.A.0,-6726,

The interaction between the planting dates and the
days required for maturity was significant. The relative
difference in the number of days from planting to maturity
between F.A.0.-6726 and Sehator Capelli was uniform and
consistent for the four dates of planting. Howevér, the
difference in the number of days from planting to maturity
- between Florence Aurore and Senator Capelli were small for
the November 1 plantings and large for the November_l5 and
'the December 15 plantings.
| The data for the days from planting to maturity fbr
barley varieties sown on different dates are shown in Table
7. Due to the drought period during the later part of the
1965-66 season, fewer days were required between seeding
and maturity than for comparable periods during the 1964-69°
season. The number of days from planting to maturity de-
creased consistently as the plantings were delayed from
November 1 to December 15. On the basis of the Z2-year
averages, the number of days for the barley plants to ma-
ture was 210, 192, 180, 165 days when planted on November 1,

November 15, November 30 and December 15, respectively. The
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early plantings made on November 1 hastened the maturity of
barley only two and three days when compared to the barley
planted on the middle of December.

Varieties of barley varied significantly in the
number of days between planting and maturity. Athinais
required fewer days while F,A.0.-7028 required a larger
number of days between planting and maturity on all dates
of planting, except when planted on November 15, 1964,

The number of days between planting and maturityrfor Baladi
in 1965 were similar to that for Athinais. In 1966, how-
.ever, Baladi required longer periods from planting to ma-
turity when planted ﬁn November 1 and December 15,

A significant interaction between the planting
dates and days from planting to maturity of varieties
was found only in 1966, The number of days between plan-
ting and maturity was the same for Athinais and F.A.0.=7028
whén planted on November 15, However, for the other three
dates of planting, F.A.0.-7028 required 1l or 12 days more
between planting and maturity than did Athinais. Also,
the number of days between planting and maturity were the
same for Baladl and Athinais from seeding made on Novemﬁer
15. Baladi required a longer number of days from planting
to maturity than did Athinais when planted on November 1,

Kovember 30 and December 15,
Lodging of the Plants

Lodging of both wheat and barley plants was present
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in the field plots during both seasons. It was more severe
in 1965-66 than in the growing season of 1964-65. In gen-
eral, all varieties planted on November 1 were subjected to
lodging. Plant lodging was observed also on the plantings
made on November 15, The plants from the November 1 plan-
ting showed greater lodging than those from the November 15
seedings.,

Among the wheat varieties studied, lodging was most
gsevere in F.A.0.-68726, less severe in Senator Capelli and
least severe in Florence Aurore. <The barley varieties
varied in their susceptibility toe lodging. Baladi showed
more lodging than either Athinais or F.A.0.-7028. Some
loding was observed in the vaeriety Baladi on the first

three dates of planting.
Winter Injury

The freezing temperatures ~-4,29C to -7.9°C that
occurred between March 13 and March 15, 1965 and -4°C and
-59C on March 23 and March 24, 1966, respectively, produced
leaf and plant injury to the wheat and barley in the field
plots. The plants from the first two dates of planting
sown in 1965-66 showed greater winter injury than the plants
on comparable plantings made during the 1964-60 season.

The early wheat variety, F.A.0.-6726, was partially
killed by frost when planted on November 1l and November 15
of both years. It was headed at the time of the frost and

the injury was most severe on the plants from the November 1
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plantings, The later maturing varieties, [lorence Aurore
and 3enator Capelli, showed smaller top growth than P.A.0.-
67<6 at the time of the frost and were not imjured by the
low temperatures.

The barley varieties differed.widely in their resist-
ance to frost injury caused by the frost when planted on
November 1 and November 15. Athinais was partially killed
by the frost when planted on November 1 and November 18.
1t is an early variety and was heading at the time the low
temperature occurred. The injury was more severe on the
plants from the November 1 than the November 15 planting.
F.A.0.-7028 was also partially killed by the frost, but
the injury was not as severe as that in Athinais. Baladi
was found to be the most resistant against the frost injury

and suffered little damage from the low temperatures that

occurred in late March,



IV, SUMMARY AND CONCLUSICNS

The experiment was carried out under dry lénd con-
ditions for the two sesasons 1964-65 and 1965-66 at the
Agricultural Research and LhEducation Center of the American
University of Beirut in the Beqga'a Plain, Lebanon, Studies
were made to determine the effect of four dates of plaﬁting
on the grain and straw yield, protein percentage, plant
height, weight of 100-kernels and the number of days from
planting to heading and maturity in wheat and barley.

Three varieties of wheat, F.A.0.-6726, Florence Aurore, and
Senator Capelli, and three varieties of barley, Athinais,
Baladi and F.A.0.-7028 and four dates of planting, Novem-
ber 1, November 15, November 30 and December 15 were in-
volved in the present study.

The grain ylelds of wheat and barley were greatly
influenced by the various dates of planting, with the No-
vember 15 and November 30 seedings producing the highest
grain yield., The yields of wheat and barley were higher
in 1965 than in 1966. Among the wheat varieties, Senator
Capelli produced the highest average grain yield and F.A,O.-
6726 the lowest yield as compared to Florence Aurore in
1965, In 1966, Florence Aurore outyielded both Senator
Cepelli and F.A.0.-6726. Among the barley varieties,

Baladl and F.A.0.-7028 produced higher yields than Athinais

58
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in 1965, The relative yields of both wheat and barley
varieties were affected by the different dates of planting.

Various dates of planting greatly influenced the
straw yield of wheat and barley. The earlier plantings of
wheat and barley produced more straw than those planted
after November 1. The yields of straw of the wheat and
the barley varieties were greatly influenced by season.

In wheat, Senator Capelli produced the greatest amount of
straw in 1965 in comparison to the two other varie ties, On
the other hand, in 1966, F.A.0.-6726 produced more straw
than Florence Aurore and Senator Capelli. In barley vari-
eties, Athinais produced the greatest amount of straw in
comparison to Baladl and F.A.0.-7028.

The protein percentages of wheat and barley were
affected by the different planting dates. The pfotain
content of wheat and barley was the highest for.fha grain
obtained from the later plantings and lowest for the grain
from the earliest plantings. Varieties of wheat varied
significantly in protein content in 1965, but not in 1966,
Senator Capelli contained higher protein percéntage in the
grein than that obtained in either Florence or F.A.0.-6726
in 1965. The grain of Baladi, a two-row barley, was higher
in protein content than the grain of Athinais and F.A.0,.-
7028. The relative protein content of the varieties of

both wheat and barley were influenced by the different dates

of planting.
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The plant heights of wheat and barley were influ-

enced by the various dates of seeding. The tallest plants
of both crops were obtained from the early plantings while
the shortest plants were produced from the later plantings.
In 1965, F.A.0.~-6726, an early wheat variety, produced’
shbrter plants than did either Florence Aurore or Senator
Capelli. However, in 1966, the shortest straw was produced
by Senator Capelli. 1In barley, F.A.0.-7028 produced the
tallest plants while the shortest straw was prpduc&d by
Athingis in 1965 and Baladi in 1966, An interaction was
found between the plant heights of the varieties and dates
of planting in both wheat and barley.

Differences were found in the average 100-kernel
weight of wheat and barley when planted on different dates.
In wheat, the seed size was influenced very little by
plantings made on four different dates. In barley the
largest seeds were obtained from the later plantings made
in 1964-1965. However, in the 1965-66 crop, the largest
seeds were produced from the earlier plantings. Senator
Cepellil produced larger size seeds while the grain of
F.,A.0.-6726 was smaller than that of the other two vari-
eties. Florence Aurore produced seeds intermediate in size
in 1965. Small differences were found in seed size of the
three varieties of barley studied.

Planting dates significantly effected the average

number of days from planting to heading and maturity of
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wheat and barley. As the dates of plﬁnting were delayed
the number of days to heading and maturity in wheat and
barley were reduced. In wheat, Senator Capelli required
the most days while F.A.0.-6726 required the least number
of days from planting to heading and maturity. In barley,
Baladi and F.A.0.-7028 required more days between planting
dates to heading and maturity than Athinails,

From the environmental conditions present in the
Beqa'a Plain, Lebanon, during 1964-65 and 1965466, it
appears that the highest grain yields of wheat and barley
can be obtained from plentings made between November 15
and November 30. However, freezing temperatures of -4°C
to =7%¢ during the last two weeks in March occurred at the
Agricultural Research and Education Center only in three
of the past 10 years. Therefore, further trials are recom-
mended to determine the best planting dates that will in-

volve seasons when spring frost injury is not a hazard.
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Table 8, Rainfall and average temperature
at the Agricultural Research and

Educatiog Center, Beqa'a Plain,

Lebanon.
Rainfall (mm.) Mean Temperature (C°)

Month - e

- 1964-1960 1965-1966 1964-1965 1965-1966
September 0.0 2O e 20.2 20
October 0.0 46.8 - 17.8 13,2
November 167.2 24,8 12.4 10,8
Decembér 22:1 156,77 6.8 =65
January 114.6 - 88.7 40 5.7
February 1@2:2 A 5.6 6.4
March 46,3 96 ,% 8.2 .1
April b9, 1 0.0 | 9.6 . 11.8
May 3.0 2.6 14.1 14.5
June 3.0 0.0 20.7 19.6
July 0.0 - ~ 22.5 -‘-
August 0.0 =g 23.8 ~
Total 917 .5 489,4

e i i

- e -

% Metrological data, collected by H. Amirmokri and F.M.
Maloaf, Agricultural Research and Education Center,
Bega'a Plain, Lebanon.
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Table 9. Analysis of variance for grain yield of
wheat and barley, 1965, 1966,

Mean Square

Source Wheat ' Barley
B.F., 1965 1966 - 1966 1966

Rows 3 1952.3  295.8 2629.7 11,8
Columns 3 495.7 1214.4  16678.3 32,7
Dates 5 . 3249.5 9837.7  171156,1 23561° L
Error (a) 6 767.6 " 539.0  25944.1 2080.0
Varieties 2 37413°8 8791%8  497a1¥E  z975.0
Varieties x dates 6 25858  4666°8  11310°8  4197.%

Error (b) e Re S99 545 .4 2057 .3 1190.4

#* Denotes F values significant at the 5% level.
#%* Denotes F values significant at the 1% level.

1965 Wheat Barley
LSD 5% 1% 5% 1%
Dates | N.S. = N.S. .2,
Varieties 17.6 20,9 38,0 44,9
Varieties x dates 5.2 °  47.8 66.1 89.8
1966
LSD 5% 1% 5% e
Dates 238 55.1 45,86 69.1
Varieties 13.5 18,4 N.S. m?;%ﬂ“
Varieties x dates 7.1 56.8 anM$§9;2ﬂ§;#;§;B.
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Table 10. Analysis of variance for straw yield
of' wheat and barley, 1965, 1966.

Mean Square

Source | Wheat | : Barley
Do aues 1966 1965 1966

Rows 3 16738.2 5989.6  15405.4 12998.1
Columns 3 13509.4 28919.5  17571.7 68793.0
Dates 3 28037.1 2519074 41415.8 2527938
Error (a) 6  5841.8 5045.2  37894.5 16225.0
Varieties 2 4384464 96208 T  49083.8 175904%
Varitiés x dates 6 18329.1 11575.4  21972.0 35506.2

Error (b) 24 8206.8 12508.6 0067.7 25554.3

* Denotes F values significant at the 5% level.
-#% Denotes F values significant at the 1% level.

1965 Wheat Barley
L.SD | 5% 1% 5% 1%
Dates 76 .4 N.S. N.S. N.S.
Varieties 65.9 89.6 Tl 2 N.S.
Varieties x dates N.S. NS, - N.8. N.S.
1966
LSD - 5% 1% 5% 1%
Dates 71.0 107,6 127 .4 ‘192d9
Varieties 3l.4 118,79 116.4 158.2

Verieties x dates B IS N.S. N.S. NiS.
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Table 11. Analysis of variance for protein
percentage of wheat and barley,
19656, 1966.
Mean Square
Source Wheat Barley
D.E, 1965 1966 1965 1966
Rows S e 27 41 1.07 .04
Columns 3 1.74 4.95 .74 6,88
Dates 3 1,78 3,38 2,09 2,88
Error.(a) 6 2.21 .91 .48 11
Varieties 2 5,44 1.14 4.92 3.58
Varieties x dates 6 2,08 70 | l.gﬁ_ 2.1%
Error (b) 24 .47 77 .21 57
% Denotes F values significant 4t the'5%3level.
33 Denotes F values significant at the 1% level.
1965 Wheat Barley
LSD . 5% 1% 5% 1%
Dates N.S. N.S. 'ﬁ.s. N.S.
Varieties .00 .68 e D3 .45
Varieties x dates 1.0 1.36 .66 « 91
1966
LSD 5% 1% 5% 1%
Dates N.S. N.S. .33 .49
Varieties N.S.. N.S. 515 .14
Varieties X dates NS . N.S. 1,01 1l.49
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Table 12, Analysis of variance for plant
height of wheat and barley,
1965, 1966.

Mean Square

==T = e T

source Wheat ' Barlej
D.F. 1965 1966 1965 - 1966

Rows 3 Bl 19.69 9.5 . 120.86
Columns 3 7.8  122.% 7,2  169,2
Dates . & eiEcL. 1086y 290,85  251.1
Error (a) 6 8. 28,4 7.0 46,4
Varieties 2  1078.86  260.% 1186:1 95174
Varieties x dates 6 lOO%? 117?& | 75?% ~116.*
Error (b) 24 4.8 23,4 9,3 33,7

S e

#* Denotes F values significant at the 5% level,
#% Denotes P values significant at the 1% level,

19605 Wheat Bafley
LSD 5% 1% s ot oY
Dates . 2.6 3.9 2.6 4,0
.Varieties s 6 2.2 | 22 5.0
Varieties x dates Pl 4,5 4,4 6.0

1966
LSD 5% 1% 5% 17%
Dates Oed 8.1 6.8 N.S.
Varieties 3.0 4,8 4.2 el

varieties x dates 70 9.6 8.4 NS,
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Table 15. Analysis of variance for 100-kernel
weight of wheat and barley, 1965,
1966, _
1Mea; Squa;a
Sourse Wheat : Barley -
D.F. 1965 1966 | 1966 1966
Rows 3 .08 02 .04 .08
Columns 3 .04 S «19 - .18
Dates 3 g 1.88 e
Error (a) 6 D e 31 . 09 . 07
Varieties 2 5. 5% .48 28 1.00
Varieties x dates 6 28 . 54 .53 07
Bibe (b) 24 .04 .22 .09 .16

s = Sl el - oilin’s s ——r i i

# Denotes F values significant at the 5% level.
#% Denotes F values significant at the 1% level.

1965 | Whe at Barley
18D ' 5% 1% 5% 1%
Dates N.5. N.S. 510 . 46
Varieties .14 19 N.5. N.S,
Varieties x dates . 28 .58 e 45 .61
1966
LSD 5% 1% 5% 1%
Dates N.S. N.S, N.S. NS
Varieties s + 08 .55 6.3
Varieties x dates N.S. N.S. s, K.B.
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Table 14, Analysis of variance for the number
of days from planting to heading
wheat and barley, 1965, 1966.

Mean Square

source Wheat : s Baéiey

D.FP. 1966 1966 1965 - 1966
Rows 3 5.52 .07 8.08 2,05
Columns 3 16 .85 9.85 17.91 9,28
Dates 3 2537.548 1712.88  2465.08 1527.B8
Error (a) 6 5.60 Se61 65565 4,42
Varieties 2 750.2%  g00.1%  210.3% 590.58
Varieties x dates 6 10,18 47,88 435 1n.h
Error (b) 24 .02 3.24 3,55 3,75

e = e

% Denotes F value significant at the 5% level.
%% Denotes F value significant at the 1% level.

1965

LSD |

Dates

Varieties

Varieties X dates
1066

LSD

Dates

Varieties

Varieties x dates

Wheat

5%
2.06
et 0

.21

%

1.89
1.31
2.61

1%
3.58
.14

.28

287

1,48

3,00

Barley
5% 1%
2.55 By BY
1.33 1.81
N.S. N.S.
5% 1%
2}1 3.18
1541 1.91
2,82 5.83
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Table 15. Analysis of variance for number of
days from planting to maturity of
wheat and barley, 1965, 1966,
= e = Mean Square 5 o
Source = IrWhégf 2 .réariéy
D.P, 1955 = 1966 1966 = 1966
Rows 3 2420 ol 0.7 9.1
Columns S 2. (D o4 9.8 190.1
Dates 5 4845.88  w97™E 4657°8 3881553
Error (a) 6 58 o2 14.9 il
Varieties' 2 424.5? 49 %ﬁ 61.3 566%%
Varieties x dates 6 5,20 K] 16,5 4278
Error (b) 24 1.42 o2 12.2 el
% Denotes F values significant at the 5% level,
#3t Denotes F values significant at the 1% level,
1965 Wheat Barley
LSD 5% 1% 5% 1%
Dates 242 5,66 B.85 . O .84
Varieties . 86 1.18 2,54 Se4d
Varieties x dates .1.75 2.56 N.S. N.5,
1966 |
LSD 5% 1% 5% 1%
Dates .44 ) 1,76 267
Varieties . 04 « 46 1.94 2.64
Varieties .68 .92 3.88 ©.28



