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ABSTRACT

The effects of two dates of planting and two dates of
harvesting on the forage yleld, protein percentage and protein
yield of five winter forages, oats, rye, vetch, oats-vetch and
rye-vetch were studied for the two years at the American
University Farm.

Forage crops produced higher yield when planted in
November and harvested nearer maturity. Likewise, the crops
gave higher protein yield when planting was done early and
harvesting at near full growth. The percentage protein, on
the other hand, was high in crops planted in December and
harvested when still immature.

There was no difference between the forage yield of
oats=-vetch, rye-vetch and vetch. Rye and oats planted alone
produced the lowest yield of forage. Vetch forage gave the
highest percent of protein, while vetch and rye=-=vetch mixture

produced the highest amount of total protein per dunum.
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INTRODUCTION

Increasing population of the world confronts a serious
food problem. The world agricultural scientist are making every
effort to improve the food condition. Food consists not only
of cereals but meat and milk as well. Rather meat, milk and
milk products constitute a large portion of our daily diet.

The animal products contain protein which are one
of the principal constituent of the museles and soft struc=
ture of the animal body. A liberal and continuous supply
of protein is needed in the food throughout 1life for growth
and repair of the animal body.

In the East where agriculture is not yet mechanised
the cultivation of the crops for the present also depends on
draught animals. The animgls thus have two fold importance
as a direct consumption commodity and as a producer of the
other food crops.

In order to keep a constant and regular supply of
animal product there is a connected necessity of having a
healthy population of animals. This directly depends upon
the production of high quality forages and pastures.

The quality of forages is generally determined by
its protein content, which depends on the kind of plant,
its stage of maturity and the efficiency with which it is
harvested and preserved before being fed to livestock.

-1-
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Lebanon depends on the importation of a large propor-
tion of its requirements of the animal products from neighboring
countries which are not ideally sulted for animal production.

In order to develop the local resources of animal products it

1s essential to investigate the gquantity and quality of forages
present in the region and the methods to improve them. In the
Middle East it is the general experience that the farmers are
usually short of forages for their animals during winter months.

This study deals with the prospects of winter forages
as regards thelr yield and quality affected by date of sowing
and harvesting, and when grown alone and/or in mixtures.

Oats, vetch, rye, oats with vetch and rye with vetch
were planted at two dates and harvested at two stages of
growth. The species were grown under dryland conditions in

the Bega'a, Lebanon during the two years 1961=62 and 1962=63,



LITERATURE REVIEW

McCain and Cooperking (7) conducted experiments from
1952 through 1957 to determine the best dates of planting oats
for grain only and for forage and grain combined for Northern,
Central and Southern Alabama. Thelir results indicate that
early planting will give the maximum yield of forage and grain
for these reglonse.

Pendleton and Brown (12) reported the studies involving
the effect of rate of seeding, date of planting, nitrogen fer-
tilization and variety on yield and protein composition of oats
cut in the early dough stage. Two dates of planting were made
in 1956 and 1957, the average early date being mid-March and
the late date in late-April. The mid-March planting date
provided 2.1 more tons of forage than a late April seeding
date. Although this was a reduction of 18 percent in forage
yield for the late seeding, the same comparison for grain yield
showed a 31 percent decrease. Protein content of the forage on
a dry matter basis averaged 11.7 percent for the early planting
and 12.7 percent for the late planting date. However, a total
of 852 pounds of protein per acre was produced from the early
date compared to 768 from the late .date.

The relative yielding ability of barley, oats and rye
as affected by planting and harvest dates was determined by
Sumner, Stevenson, McNeilly and Miller (22). Their results
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show that early sowing and late harvesting gave the highest
yield for all the three crops. Barley gave more dry matter
yileld per acre than rye or oats when sown on September 1 and
October 1 and harvested in November, December or January. Rye
out-yielded barley and oats when harvested in February and
March. The protein percentage of these three species agreed
closely at each harvest date, averaging 33.2 in October, 17.8
in November, 12.8 in December and 1l.8 in Januarye.

It was observed by Thurman, Stallcup, Stephens and
Justus (23) on oats that the green weight obtained per acre
were highest during the period from early flower stage of
maturity to the milk stage. The percentage of dry matter
was lowest (20.,4) in the boot stage and increased with the
stage of maturity up to 41.67 percent in the hard dough stage.
The leaves on the plants with grain in hard or firm dough stage
of maturity were still in good green condition. The air dry
forage produced per acre increased slowly from the boot stage
to the milk stage of maturity with a rather high increase in
the milk stage. There was very little difference in the yield
of air-dry hay at the milk, soft dough and hard dough stages of
maturity. The protein percentage was highest for the boot stage
(13.14) and lowest for the hard dough stage (8.87).

Schmidt (18) stated that applied nitrogen was more
effective in increasing nitrogen yield and percentage thah in
increasing dry matter yield of ocats. Dry matter yleld and

nitrogen percentage differed with the varieties. Clipping
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when growth reached 10-14 inches in height reduced dry matter
and nitrogen yield of both grain and straw. The highest yield
of both nitrogen and dry matter were obtained when oats were
harvested at maturity as grain and straw.

A study was conducted on spring oats varieties by
Gardner and Wiggans (3) for yileld and protein percentage
when harvested at boot, heading, milk, early dough and late
dough stages. The average yield at 65 percent moisture was
4,91, €6.,38, 9.4, 11,09 and 11.81 tons per acre at the succes=
sive stages. The early to late dough stages were considered
the most suitable for ensiling. The average protein content
was 1l4.4, 12.7, 11.0, 9.9 and 9.2 percent for the successive
stages.

Stallcup, Roberson, lLooper and Thurman (21) investi=-
gated the changes in chemical composition of Arkwin oat forage
with advaned stages in maturity. They found that the percen=
tage of protein and ash and the parfs per million of carotene
generally declined while the percentage of crude fibre increased
with advance in maturity from boot to hard dough stages.
Nitrogen free extracts and gross energy were high in immature
plants, declined until the heads were in the milk stages, and
then increased as the grain developed in the head. They also
observed that prior to the boot stage the protein content of
the forage remains above 15 percent and the crude fiber of
the plant 1s below 20 percent. At the boot and more advanced

stages of maturity the dry matter content is more suitable
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for the preservation of silage and the curing of hay.

An experiment was conducted by Rosen, Wiser and York (17)
on the erude proteiln of oats forage from November through
March and they observed that early growth in the fall was
much higher in protein than were the later clippings. Similar
studies were made by Norman (9) on barley plante, His results
showed that the nitrogen increases in the early stages of
growth 1l.e. during the first three weeks of growth after
emergence, and then there 1s a steady decrease of nitrogen
and increase of dry matter.

In 1962 Wedin (24) reported the yield and percentage
of crude protein as affected by harvest date on six early
summer and six late summer annual forage crops. Early summer
crops were oats, ocats-rape, rape, oats=peas, peas and winter
rye. He observed that differences in dry matter yleld and
percent crude protein of the first harvest were highly signi-
ficant among the crops. Weekly delays in harvest caused
significant increases in yield of dry matter and highly
significant decreases in percent crude protein. ILate summer
crops tested were solid seeded corn, sudan grass, soybean=-
sudan grass, and soybean. Yield differences and crude protein
percent of the first harvest were highly significant among these
crops. Increases in dry matter yields were significant in one
year only, whereas crude protein decreases were highly signi=-
ficant due to delay in harvest time. Total seasonal yields

were markedly increased for the combination ineluding rape



or sudan grasse.

Plummer (14) analysed grasses and legumes at different
stages of growth for protein content. The legumes analysed
were alfalfa, alsike clover, birdsfoot trefoil, ladino clover,
peas, sweet clover, and vetch. The grasses were oats, orchard
grass, reed canary grass, timothy and witch grass. He observed
that the protein content was greatly influenced by species and
stage of maturity. Protein content varied from five percent
to 28 percent. The legumes had about twice the amount of
protein as in the grasses. The average protein content of
the legumes was 18.5 percent while that of grasses was 9.4
percent. Protein content was high in the early stages of
growth and decreased as the plant matured. Second crop cut=
tings of both grasses and legumes were high in protein. Oats
had 16.8 percent protein in the early stage and changed to
8.63 percent with delay of one month in harvest. The protein
in vetch reduced from 21.51 to 19.95 percent with a delay of
15 days in harvest.

The oats plant chemical composition at various stages
of growth was studied by Kohler (6). He concluded that most
of the vitamins and the protein, crude fat, and chlorophyll
reach a peak in concentration at or near the jointing stage.
At this stage the plant is at the peak of its vegetative
development and the aerial parts of the plants are made up
entirely of leaf blades and sheaths.

Alfalfa, red clover, soybean and lespedeza were
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analysed by Pleters (13) at different stages of maturity.
The stages of maturity were before bloom, in bloom and past
bloom. Protein percentage for alfalfa for each stage was
19.0, 14.9, 14.C respectively. For red clover it was 18.7,
12.6 and 12.3. Soybean had 17.4, 14.9 and 15.8 percent
protein at different successive stages and in lespedeza 1t
was 14.2, 13.4 and 12.5, respectively. These analyses agree
substantially that with advanecing maturity the percentage of
proteln tends to deline. This 1s true in most plants except
in case of soybean where it first declines and then rise up.

Hodgson (5) studied the effect of time of harvest on
vield and protein content of oat=-pea forage. The harvests
were begun when the oats were in the early milk stage and
continued at weekly intervals. The yield increased while
the protein percentage decreased with the advance stages in
maturity. The harvests made when the oats were in the late
milk stage to early dough stage and pea pods filled were
considered the most desirable.

Willard (25) studied the protein content of alfalfa
meadow hay. His observations agree with the previous state=-
ment that protein decreases steadily with the increasing
mg turity of plants.

Cereal hays harvested at different stages of maturity
were analysed by Sotola (19). The crops analysed were wheat,
barley, oats and rye. On a dry matter basis young cereal

plants were high in protein resembling alfalfa and sweet
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clover. As the cereal plants mgtured the fiber and nitrogen
free extracts increased and fat, protein and ash decreased.

Stallcup (20) studied the lignin and cellulose contents
of the dry matter of eleven forages. These included two legume
hays, five grass hays, oats straw and oats silage made from
plants harvested at the boot, milk and dough stages of growth.
He concluded that crude fiber make=up is dependent on the stage
of maturity in these plants.

Reid, Kennedy, Turk, Slack, Trimberger and Murphy (15)
stated that early cut fodder is consumed much more readily than
the late cut fodder. They pointed out that the time of cutting
1s a dominant factor determing the rate of voluntary consump-
tion of first cuttings in dairy animals. Total digestible
nutrients (TDN) value of alfalfa and timothy decreased with
advance in maturity. The hay prepared from forages cut on
June 11 was about 30 percent higher in TDN and was consumed
at a rate about 30 percent greater than that of the hay
harvested on July 9. About 40 percent more milk was produced
and 0.5 pounds more body weight was gained per day by the
cows consuming the early cut hay than by those fed the late
cut hay. They further observed in a study of 28 forages re-
presenting a variety of species, ranging in dry matter content
from 15 to 40 percent, that the dry matter content and diges-
tibility were correlated to the extent of + 0.8. They also
concluded that leaf conbent of forages reflect their nutri-

tive value. Both the amount and digestibility of protein in



forages decline as growth approaches the mature stage.

In 1961 Manghirmalani (8) observed on oats, vetch,
ocats=vetch and oats-peas that forage and protein yields
decreased slgnificantly with delayed plantings and increases
with delayed harvests. Protein percentage tended to inecrease
with delayed sowing and decreased with delayed harvestings.
Early planting on November or December were found best for
high yields and early heading or full bloom stage was best
from a yield and quality stand point.

Robinson (16) reported the forage yield, protein
percent and protein yleld of oats, oats-peas, and oats-vetch,
Oats alone gave 5222 pounds of forage yield, its protein
content was 8.4 percent and protein yileld was 441 pounds
per acre. The oats-peas mixture gave 5422 pounds of forage
with a protein content of 10.8 percent and protein yield of
590 pounds. The oats=-vetch mixture yilelded 5298 pounds of
forage with a protein content of 10,2 percent and protein
yield of 531 pounds. He concluded that as forage crops,
oats~legume mixtures were superior to oats alone in both
protein content and protein yield per acre. As feed grain
crop oats-pea mixture was superior to oats alone or oats=-
vetch 1in protein yield per acre.

It was mentioned by Pendleton (11) that a red clover
Intersseding reduced oat grain yileld and the reduction in=-
creased as grain row width increased. The average yield loss

due to clover seeding eight inch between row was 7 percent,



16 inch row 10 percent, 24=inch row 14 percent and 32 inch
18 percent.

Henderson and Davies (4) compared productivity at
seven stages of growth of oats and legumes sown singly and
in mixtures. Legume used were peas and beans. They conclu=-
ded that oat-legume mixture gave a higher average yleld of
dry matter than any of the crops grown singly, while the

peas ylelded the greatest amount of crude protein.



MATERIALS AND METHODS

This study was conducted at the American University
Farm which is situated in the Bega'a plain, the main agricul=-
tural area of Lebanon, on the land similar to that found in
many of the Middle East countries. The soil was of clay type
and calcareous with a pH value of 8.C. The experiment was
conducted during 1961-62 and 1962-«63 under dry farming
conditions.,

The trial was conducted on land which was in fallow
the previous year. The seed bed was well prepared by plowing
and disking. During the second year four kilograms of niltro=-
gen and four kilograms of P05 per dunum were applied before
sowing in the form of ammonium sulphate nitrate and superphos-
phate, respectively.

Five kinds of forages, viz., Algerian oats, rye, vetch,
oat=vetch and rye-vetch were planted on two dates and harvested
on two dates to compare their yield and quality. Dates for the
first and second planting were November 11 and December 11 in
1961 and November 11 and December 29 in 1962. In the fall of
1962 there were no rains during the month of November, first
rain in December was obtained on the 5th of the month, so
second sowing date was delayed.

Oats end rye were planted at the rate of 10 kg per

dunum when sown alone and 7 kg per dunum when sown in mixture.
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Vetch was planted at the rate of 8 kg per dunum when sown
alone and 5 kg per dunum when sown in mixture. The seed of
vetch was inoculated before sowing.

The seeding was done with hand driven Planet Junior.
Weeding was done regularly to reduce competition between crop
plants and weeds for moisture.

/ The early harvesting was carried out when the oats
were 1in pre-bloom stages, rye 14~16 cms in height, and vetch
about fifty percent in blooms The late harvesting was done
when the ©gts Kernels were in the dough stage, rye in the
bloom stage, and the veteh grain in the soft dough stage.

In the second year due to favourable moisture condi-
tions, regrowth of oats occurred, which was harvested at the
pre~bloom stages.

The first year harvesting was done on April 12 and
April 26 for the early planting and April 19 and May 3 for
late planting. The second year harvesting of all crops except
rye was done on April 16 and May 3 for the early planting and
April 26 and May 12 for the late planting. Rye harvesting was
delayed further due to its slow growth and was harvested on
May 12 and May 19 for the early planting and May 19 and May 26
for the late planting.

Two square meters from each plot were harvested with
hand clippers for yield and protein determinations. The
samples after harvest were air dried in cloth bags for forty

days. Thelr moisture content was determined and the forage



were calculated to a 12.5 percent moisture basis. Analyses
for protein were made according to the procedure of the
Association of Official Agricultural Chemists (2).

The experiment was laid out on a split=-strip plot
design involving eight replications. Main plots were
assigned to dates of planting. Each main plot was split
for five species combination and strip for two dates of
harvesting. Each plot represented six rows of three meters
lengthe The distance between rows was 25 cms,.

Statistical methods appropriate to the splite-strip
plot design were used to analyse the data. Analysis of
variance and 't' test were employed to determine the dif=-
ferences between the treatments (10).

In the first year two plots of vetch dled in the
early stages of growth due to an unidentiflied root disease
and a few bags containing harvested samples were lost.
Therefore, the missing plot technique was used to estimate
the missing data according to the procedure given in the

appendix (II),



RESULTS AND DISCUSSION

This experiment was conducted at the American Univers=
sity Farm during the seasons of 1961=62 and 1962=63,to study
the effects of dates of planting and harvesting on the forage
yield, protein percentage and protein yield of oats, rye,
vetch, oats=-vetch and rye-vetch.

The results are presented in Tables 1 to 21 together
with the L.S.,D. values. The analyses of varlance for the
characters studiedare given in Tables 22 to 39 in the

appendix, I,

OATS

Forage yield in oats was greatly affected by the dif-
ferent dates of planting. As shown in Table 1 the November
planting gave higher ylelds of forage than the December planting
during both of the years. Differences in yield were more pro-
nounced in the second year. This may be due to the greater
interval in the planting dates during the second year. Early
harvest gave lower yleld as compared with the late harvest
during both of the years. There was a second growth of oats
during 1962-63 due to favourable moisture condition in the later
stages of the growing season (Table 40),

There were no differences in the protein percentage of
the forage of oats due to the date of planting as shown in

Table 2. Significant differences in protein percentage of
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the crop were found due to date of harvest. Oats from the
early harvest produced an average of 7.42 percent protein
and that from the late harvest 5.64 percent protein. The
oats forage obtained from the second growth in 1963 was made
up largely of leaves and contained 12.13 percent protein.

The data for the protein yield per dunum are repor-
ted in Table 3. The November planting produced a greater
amount of protein per dunum during both of the years, however,
only the first year data were statistlically significant.
Likewise, the oats crop from the later harvest produced the
greatest amount of total protein per dunum.

The results for forage yleld, protein percentage and
protein yield found in these trials are in agreement with
MaCain and Cooperking (7) Pendleton and Brown (12) Sumner

et al (22) Thurman gt al (23) and Gardner and Wiggans (3).

RYE
The data on the effect of date of planting and harves=-
ting on the forage yleld of rye are shown in Table 4. The
November plantings gave the higher yields, however, only the
first year's data are statistically significant. ILater harvest
of the rye crop gave more than double the forage yleld of that
from the early harvest in both the years. It will be noted
that the average yield of rye harvested early was 44.6 kg.
per dunum while 102.3 kg. was obtained when harvested later.
The date of planting did not affect the protein

percentage of the rye forage in elther year as shown in
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Table 5. The rye harvested earlier contained the higher protein
percentage. The average of the two years shows that the early
harvested rye contained 10.44 percent protein and the late
harvested crop possessed 7.96 percent protein.

In 1961=62 rye planted in November produced a higher
amount of protein than that sown in December as seen in Table 6.
In 1962-63 the differences in total protein due to plantings
were not significant. The total protein obtained from the
rye forage harvested at an early stage was lower in both of
the years. On the average the early harvest produced 4.66 kg.

of proteln per dunum while the later harvest ylelded 7.06 kg.

VETCH

The forage yield data for vetch are reported in Table 7.
Higher yield 1s noted from the November sowing over that for
the December planting, however, only the second yeark results
are gignificant. In both years the later harvests produced
the highest forage yields. The average yileld of the vetch
from the early harvest was 160.6 kg. per dunum and from the
later harvest 274.1 kg.

The effect of date of planting and harvesting on the
proteln percentage of the vetch forage are shown in Table 8.
The forage harvested from the November plantings produced the
greatest percentage of protein. On the basis of two=year
average vetch harvested in November contained 13.93 percent

protein and that in December had 12.45 percent protein. The
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protein percentage in the early harvested vetch was signifi=-
cantly higher than that from the later harvest. On the average
the early harvested vetch contained 15.31 percent proteiln,
while that from the late harvested crop had 11.07 percent
protein,

The seeding made in November produced higher protein
yields per dunum in both of the years (Table 9). The increase
in protein yield was cbtained because of the fact that the
November planted vetch produced the higher forage yleld.

The average of the two years show that the November plantings
produced 34.54 kg. of protein per dunum while vetch sown in
December made 20.91 kge

A significant increase in protein yleld was obtained
by harvesting the vetch at the later date in the first year.
Phe increase obtained in 1962-63 for the later harvest, however,

was not significant.

QATS-VETCH

The forage yleld of the oats=-vetch mixture ‘was
greatly affected by the dates of planting as seen in Table 10.
The plantings made in November resulted in the highest yield
of the oats=-vetch forage. The two year average shows that
the November plantings gave 263.7 kg. of forage per dunum
and the December seedings produced 209,) kg. Also, the
later harvest produced the highest forage yield in both of the
years. An average of 174.2 kg. of forage per dunum for early

harvest and 298.,7 kg. per dunum for later harvest



- 28 =

.m..z.. lmlz cmoz thz m.naﬁ mUOON HHO.ﬁD.Ud.HQD.AHH
T6°¢2 61°¢e 0*2¥ a*29 6°2¢ L* 8% 380AJ8YH
99°8T °S°N L*3¢  °8°N L*S2 o0°seeg durqueld
*/o8 /T | /o8 /ol | °fo8 °/el
odeaeAy JBOL=0OM] 20=Z96T 29=T96T 20Jn0g
‘a *s "1
¥°9¢2 1°602 L*292 8°GL3 6°2393 B*L6S 0°*LBT 7991 9*622 edeasay
L*862 9*6g2 8 LSS L°0%e 2°61¢e g*29¢ 9*9G62 6°66T 7 ere e3®8]
S PLT L*8ST L*68T 0°1Ie G*88T g*oee VLET 6°*821 6°S%L L1aeg
edvas Ay *2e(Q * AON edBJe Ay *2eQ * AON edeas Ay *00Qq *AOK
180 AIBY
efBaeAy awel-omg, £9-296T 29=T96T
Jo
Jurgquerd Jo e3e(g e18(

‘uousqe] ‘®¥,®beg eyj3 UT £9=-396T PU® Z9=T96T Tutanp umunp ged *FH UT ©JINXTW YO30A=E38O

Jo preTL e8Ba0J oyj3 uo Fup3seaey Jo e38p pue Jujjuerd JOo ©38p JO 300JJW

‘0T °T9®]



- 00 =

.mtz cm.z lm.z om.z .m.z -m-z ﬂO.ﬂPU.@.HOQ.ﬂHH
03* 8g* BT T PL T ge* 92°T }80AJ¥Y
.m.z .m.z .m.z .m.z .m.z .m.z w.ﬂhﬂp.ﬁﬁmnmm

°/o8 °/ol | °/o8 °/oT | °/o8 °/ol

efBaoAy J80L=OM], ¢9=296T 29=-T96T eoJnog
*a °s 1

0L"6 90°0T S£°6 98°0T T#°TT 02°0T cG*s8 TL*8 o¥*8 edBJIOAY
co*L TL L GG*L 8e*8 8%°8 8g°*8 88°9 ¥6°9 28°*9 e3®87
8L TT TI#°ST GSTI°TIT v el Ce*FT ce*2tT 220t 8%°0T B8E*6 LTaeg

edvae Ay *08( * AON odBJI9AY *09(Q * AO| edBJIeAY *09(] * AON
188 AJBY

edBaeAy avel-oM] CO=296T 29-T96T

30
Supquerd Jo @3B 218

*uoueqey ‘®,wvbeg eyYj UL ¢9=-Z9AT PUB Z9=T96T JUTJINP OJN3XTW Y030A=-538BO JO

efevqueoaed upeqoad eyy U0 JUuTaEeAJBY JO ©43Bp pur Jutjquerd JO o8P JO 308JJH °TIT °TdBl



omaz -maz omoz - omoz om.o.z QMG,Z. .EOHD.U.W.HOPMHH
omiz omoz cmoz .m.: ¢¢on oWoz n«mokw.Hd.mH
*S°N *S°N ‘S°N  °S°N gs*e  °*s°N FutjueTd
°/e8  °/oI °/o8 °/oT LT B
edeaoAy JBOL=OM], ¢9=396T 29-196T e0anog
*‘a ‘s 1
[ ]
& 9%°22 2¢*08 I¥°¥8 90°62 ¥¥°L3  0L*0% 98°* ST T9°¢T €1°S8T sdeae Ay
(3]
" 36°¢3 GB8°02 68°92 LT*0C S0°*82 0g°2¢ L9 LT 98°¢T 6¥%°TI2 o397
To*12 60°02 ©8°T2 96°L2 £8°92 O0T°*63 90° %1 92°eT  LL°FT L1aeg
efBJaeAy *20( * AON edvae Ay *08e(Q * AON edBaeAY *00(Q * AON
1 80AJBY
o3BaeAy aeef-omf, £9=-296T 239=-T96T
Jo
Fgutquetd Jo e3%®(Qg eqe(q

suousqey ‘®,8beg oyl UT £9-Z96T PU®B Z9=T96T Jutdanp umunp Jed *J¥ UT SJINIXTU UYd304A=-853TO

Jo pretL upegoad eyz uo Juigseadsy Jo e3®p puv Jupguerd JO e3®¥p JO 3108JJH

*ST °1q®yL



n31-

was obtained. A significant interaction of date of planting x
date of harvest was observed in the first year only. During
this year the greatest amount of forage was obtained when the
crop was planted in November and harvested at the more mature
stage of development.

The plantings of the oats=vetch mixture either in
November or December did not affect the percent protein in
the forage as seen in Table 11, However, there were signi=-
ficant differences due to the dates of harvest. The largest
percent of protein was obtalned when the oats-veteh forage
was harvested at the earlier stage of development. The
averagze protein content for the early harvested forage was
11.78 and that for the later crop was 7.63 percent.

The data given in Table 12 reveal that the November
planting of the oats-veteh forage produced more total protein
per dunum than that from the December plantingg, however, the
data are significant only for the 1961-62 season. Likewise,
the later harvest resulted in the greatest amount of total
protein per dunum of the oats=vetch forage, but only the data
for the 1961=-62 season are statistically significant.

RYE-VETCH

In both of the years the November planted rye=-vetch
produced the higher forage ylelds as indicated in Table 13.
The average of the two years shows that the November planted
crop produced 277.7 kg. of forage per dunum, while that sown
in December yielded 174.1 kg Similarly, an increase in the



forage yield was obtained when the rye=-vetch mixture was
harvested when more mature. The average indicates that the
early harvest crop produced 160.3 kg. of forage per dunum,
while the later harvest gave 291.5 kge It may be noted from
the interaction of date of planting x date of harvest that
maximum forage yields were obtained by planting the rye=-vetch
mixture in November and harvesting it when it is nearer
maturity.

As 1s evident from the data presented in Table 14
that the date of planting did not influence the protein
percentage of the rye-vetch forage in the first year.
However, during the second year of the trial the rye-vetch
forage obtained from the December planting contained a higher
percent of protein than that harvested from the November plan=-
ting. The percentage protein in the rye-vetch mixture was the
highest when the harvesting was carried out at an earlier stage
of maturity. Average of the two years result show that the
forage of the early harvest possessed 14.16 percent protein
while that from the later harvest contained 10.57 percent
protein.

The effect of date of planting and date of harvest
on the protein yleld of the rye=vetch forage is given in
Table 15. The total protein per dunum was increased when
the mixture of rye and vetch was planted in November, rather
than in December. Considerably more total protein per dunum

was obtained from the rye-vetch forage that was harvested
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early as compared with that harvested which was more mature.

On the basis of the two-year average 22.95 kg. per dunum and
31.87 kge. of protein were obtained from the rye=-vetch when
harvested early and late, respectively. A positive interac-
tion between date of planting and date of harvesting was found
in the first year only. This indicates that the highest amount
of total protein per dunum was obtained in 1961=-62 from plan=-
ting of rye-vetch made in November and harvested when near
maturitye.

To determine the over=-all effect of dates of planting,
dates of harvest and species on forage yield, percent protein
and protein yield a comparison was made on the basis of their
averages. The data are presented in Tables 16 to 21,

The data given in Table 16 reveals that the November
plantings of the forage crops produced more yleld per dunum
than that from the December plantings. The two=year average
shows that the November planting gave 195.0 kg. of forage
per dunum and the December sowing produced 148.1 kg. Simi=-
larly, an increase in the forage yleld was obtained when the
crops were harvested at the later date. The average indicates
that the early harvest produced 133.5 kge. of forage per dunum
while the later harvest gave 209.6 kgs The interaction of
date of planting x date of harvest for the 1961-62 season
showed that forage species sown in November and harvested
nearer maturity produced the maximum forage yield. Such an

interaction for the second year was non-significant.
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Data in Table 17 glves the average forage yield of
different crops. It is obvious from the data that the dif=-
ferent crops varied in the production of forage yield in
both of the seasons. The average of the two years indi-
cates that the oats=vetch mixture produced the highest
yield of 236.4 kg. per dunume. However, it was not sta=-
tistically significant from the forage yield of the rye=-vetch
or the vetch. Rye gave the lowest yield of forage of 73.4 kg.
per dunum. The significant interaction of erops x date of
planting in both the years and crops x date of harvest in
the second season only (Table 37), indicates that the high
Yielding forage crops produced maximum yield when planted
early and harvested lag ter.

The average of the protein percentage of the forages
given in Table 18 suggests that date of planting did not
affect the protein percentage of the forages during the
first year. However, during the second year the protein
percentage of the forages was increased significantly due to
planting in December over that of the planting in November.
Considerable variation occurred in the protein percentage of
forage crops due to dates of harvest. The early harvested
crops produced the highest level of protein as compared to
the later harvests. It 1s evident from the two years averages
that early harvest produced a higher quality of forage or
11.82 percent protein while the later harvest produced 8.59

percent protein.

The five specles of the forage crops differed in
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Table 17. Average forage yleld of five species of crops planted
at two dates and harvested at two dates in kg. per dunum during
1961-62 and 1962=-63 in the Bega'a, Lebanon.

crops forage yield
1961-62 1962-63 Two=year Average
Oats 159.6 155.4 15745
Rye 83.5 63.4 73.4
Yetch 179.8 255.2 2173
Oats=vetch 197.0 275.8 23644
Rye=-vetch 187.9 263.9 225.9
1°/a 4545 35,0 28,6
L.S,D.
5°/o 34 .4 26.2 21.8

protein content as is shown in Table 19. The vetch forage
contained the highest percentage of protein while the oats
forage gave the lowest protein percentage. It is seen from
the average of the two years that the vetdh forage gave 13.19
percent protein, rye-vetch 12,36, oats=-vetch 9,70, rye 9.20
and oats 6.53 percent. The data further indicate that there
were no significant differences between the protein percentage
of oats-vetch forage and rye forage. All other crops differed
significantly from each other in protein content at 5 percent
level.

The interactions of crops x date of planting and
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Table 19. Average protein percentage of five species of crops
planted at two dates and harvested at two dates during

1961-62 and 1962=63 in the Beqa'a, Lebanon.

Crops Protein percentage
1661-62 1962-63 Two=year Average

Oats 6.08 6.98 6.53
R}‘e 9057 9003 9.20
vetCh 12-22 14 ™ 16 13. 19
Oats=vetch B.55 10.86 9.70
Rye=vetch 11.41 13.32 12.36

1°/o 65 .99 .88
L.s.,D,

so/o t*g .75 .67

crops x date of harvest were significant in the second year
only (Table 38). This indicates that during 1962-63 the
protein content of the forages increased when they were
planted late and harvested early.

The data for the protein yield of the forages as
affected by planting and harvesting dates are recorded in
Table 20, It will be noted that the November planting
produced greater amount of total protein per dunum as com=
pared to the December planting's The two year averages show
that 22.40 kg. of protein yield per dunum wiae obtained from

the November planting and 15.74 kge. per dunum from December
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plantinge. The effect of date of harvest was also significant.
On the average the early harvested forage crops produced 16.95
kg of yield per dunum while the later harvests 21.19 kg.

The forage crops studied were significantly different
in their production of total protein(Table 21) The average
results show that vetch and rye-vetch produced the highest
amount of total protein and oats and rye when planted alone
the least. The total protein of vetch was 27.72 kg. per dunum,
rye-vetch 27.41, oats=vetch 22.46, oats 11.33 and rye 5.86 kg
per dunum. There was a significant interaction between crops x
date of planting and erops x date of harvest (Table 39), signi=-
fiying that the protein yield of the forage crops was increased
when planted early in November and harvested later.

Wedin (24) has determined the effects of harvest dates
on the forage yleld and percentage of crude protein of a number
of forage crops and mixtures. His conclusions that delay in
harvest increases forage yield and decreases protein percen=-
tage are in line with the results found in this trigl. Similar
results were found by Plummer (14) on a number of grasses and
legumes, Pieters (13) on alfalfa, red clover and lespedeza,
and Hodgson (5) on the oats=-pea forage. Results found in
this trial also agree with the findings of Manghirmalani (8)
as regards the effect of planting and harvesting dates on oats,

vetch, oats=vetch and oats=-pea.
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Table 21. Average protein yield of five specles of crops
planted at two dates and harvested at two dates in kg. per
dunum during 1961-62 and 1962-63 in the Bega'a, Lebanon.

Crops Protein yield
1961=-62 1962-63 Two=year Average

Oats 9,37 13.29 11.55
Rye 6.20 5.52 5.86
Vetch 21.58 34,88 27.72
Oats=-vetch 15.86 29.06 22.46
Rye=-vetch 21.05 3376 27.41

1%/ 11.71 390 5.62
Le3.Ds

5°/o 7.66 2495 4.28




SUMMARY AND CONCLUSIONS

The study reported in this thesis was undertaken to
evaluate the effect of two dates of planting and two dates of
harvest on the forage yleld, protein percentage and protein
yield of oats, rye, vetch, oats=-vetch and rye=-vetch, at the
American University Farm, Lebanon, during 1961-62 and 1962-63.

The specles that were planted in November produced
higher forage yields and total protein per dunum than those
planted in December. Likewise, harvests made when the plants
were nearer maturity produced the greatest amount of forage
and total protein per dunum as compared to those harvested
earlier. However, the highest protein content in the forage
was obtalned when the crop was smaller and immature as com=
pared with that harvested nearer maturity.

To obtaln maximum forace and protein yield in the
Bega'a plain the specles should be planted preferably in
November and harvested when still green but have reached their
maximum growth. To obtain higher quality forage later planting
together with harvests made at the earlier stages of plant
growth should be practiced,

There were no significant differences between the yields
of the oats-vetch, rye-vetch and vetch forages. Rye gave the
lowest amount of forage per dunum. The vetch forage produced
the highest proteln percentage and total protein, however, its

total protein was not different from that of rye-vetch mixture.
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Oats contained the lowest protein percentage, while rye gave
the lowest amount of total protein.

From the point of view of forage yield, quality and
total protein per dunum, vetch and rye-vetch mixture can be
recommended as the best winter forages during seasons of high
rainfall for the Bega'a, Lebanon. 0Oats or rye when sown alone
produce low yields under these conditions and cannot compete
with the legume mixtures.

Manghirmalani (8) in his study at the University Farm
during the two previous seasons found oats as the higher pro-
ducer of forage and total protein and vetch the least. The
present investigations are not in accord with his findings,
since vetch and rye=vetch were found to be the best. It
should be noted that Manghirmalani's data were obtained during
two seasons that were drier than those during which the present
data were obtained. The total rainfall for the four seasons
was as follows: 219.,0, 285.0, 469,7 and 526,00 mm. for the
1959-60, 1960-61, 1961-62 and 1962-63 seasons, respectively.

It is suggested that the trial be conducted for at
least two additional years in order to sample more seasons

so as to arrive at more definite recommendations.
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Table 22. Analysis of variance for forage yield of oats

in kg. per dunum,

Source D.F, M.S.1961-62 M.8.1962-63
Replications ;4 717.17 6640,28
Date of planting 1 17437.80 *  36248.00
Error (a5 Y 2528.70 1609.28
Date of harvest 1 57037.50 **  11064.00 #
Error (b) 7 2647,18 1004.28
Planting x harvest 1 344,50 656,00
Error (c) 7 3048,70 1067.57

Table 23. Analysis of variance for protein percentage

of oats forage

Source D.F.  M,S. 1961-62  M.S.1962-63
Replications v | 704571 2.857
Date of planting i ! 70,000 19.000
Error (a) ;i 35.142 4,571
Date of harvest 1 2064.,000 ¥ 24,000 **
Error (b) 7 36,714 714
Planting x harvest 1 2.000 2.000
Error (c) 7 18,000 4.28
#

denotes F value significant at 5 percent level.

iy denotes F value significant at 1 percent level.



Table 24. Analysis of variance for protein yield of oats

forage in kg. per dunum.

Source D.F. M.S.1961-62 M.S.1962-63
Replications 7 1.857 56.571
Date of planting 1 52,000 # 78,000
Error (a) 7 8.857 24,714
Date of harvest 1 52,000 F 4,000
Error (b) 4 6.142 27.428
Planting x harvest 1 1.000 22.000
Error (c) 7 10,142 7.571

Table 25. Analysis of variance for forage yield of rye

in kg. per dunum,

Source D,F, M.S.1961=62 M.8.1962-63
Replications 7 251,197 1469.571
Date of planting 1 11400,600 # 604,000
Error (a) 7 999,342 292,285
Date of harvest 1 22791.000 ¥ 11213,000 £F
Error (b) 7 110,214 222.428
Planting x harvest 1 1104,400 -

Error (c) 7 436,728 501,000

¢ denotes F value significant at 5 percent level.

F# denotes F value significant at 1 percent level.,



o

Table 26, Analysis of variance for the protein

percentage of rye.

Source D.F, M,S.1961=62 M.S.1962=63
Replications 7 3428 1.571
Date of planting 1 70,000 # 18,000
Error (a) 7 7.285 3.571
Date of harvest 1 63.000 F# 33.000 A
Error (b) 7 1.714 571
Planting x harvest 1 - -

Error (c) 7 4,857 1,000

Table 27, Analysis of variance for the protein yield of rye

forage in kg. per dunum.

Source D,F, M.S,1961=-62 M.S,1962=-63
Replications 7 169,710 12,571
Date of planting 1 154.000 1,000
Error (a) 7 257.714 3.285
Date of harvest 1 6938, 000 # 32,000 7
Error (b) 7 121.285 1.285
Planting x harvest 1 173,000 1.000
Error (c) 7 377.000 5.857

4 denotes F value significant at 5 percent level.

#

denotes F wvalue significant at 1 percent level.
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Table 28. Analysis of variance for the forage yield of

veteh in kg. per dunum,

Source D,F, M,S,1961=62 M.S.1962-63
Replications 7 4261,928 2998,428
Date of planting 1 61075.100 67528,000 ##
Error (a) 7 13694,128 4595,714
Date of harvest 1 85284,500 #* 129513.000 ##
Error (b) 7 1199.271 1370,571
Planting x harvest 1 5995.100 2628,000
Error (c) 7 1142,785 940,000

Table 29, Analysis of variance for the protein percentage

of vetch forage.

Source D.F, M.S.1961=62 M,85.1962=63
Replications 7 441,000 2.857
Date of planting 1 490,000 38,000 *
Error (a) 7 147,714 3.285
Date of harvest 1 7941,000 s 226,000 s
Error (b) 7 67.428 4,142
Planting x harvest 1 40,000 1.000
Error (c) 7 3564857 3.571
denotes F value significant at 5 percent level.
#

denotes' F value significant at 1 percent level.
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Table 30, Analysis of variance for the protein yield of

veteh forage in kg. per dunum,

Source D.F. M.S.1961~-62 M.S.1962-63
Replications 7 164,571 81.000
Date of planting 1 1058.000 ¥  2522.000 ¥
Error (a) 7 113,428 71.285
Date of harvest 1 363,000 P 120,000
Error (b) 7 17,142 28,571
Planting x harvest 1 89,000 2.000
Error (c) 7 16.285 46,142

Table 3l. Analysis of variance for the forage yield of

oats=-vetch in kg. per dunum,

Source D.F. M.S.1961-62 M,S8,1962=-63
Replications 7 20,714 80,857
Date of planting 1 163.000 F 85,000
Error (a) 7 15,000 64.571
Date of harvest 1 104,000 ¢ 39,000
Error (b) 7 17.000 26.142
Planting x harvest 1 78,000 8,000
Error (c) 7 224671 36.428

¢ denotes F value significant at 5§ percent level.

denotes 'F value significant at 1 percent level.
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Teble 32. Analysis of variance for the protein percentage

of oats=-vetch forage.

Source D.F, M.S.1961=-62 M, S.1962-63
Replications 7 186,428 7.142
Date of planting 1 65,000 10,000
Error (a) 7 168,285 4,000
Date of harvest 1 8998.000 #* 197,000 #
Error (b) 7 102.285 2.000
Planting x harvest 1 106,000 7.0C0
Error (c) T 176.290 1.714

Table 33. Analysis of varliance for the protein yield of

oats=vetch forage in kg. per dunum.

Source D,F. M.S,1961=-62 M,.S.1962=63
Replications T 1978.242 1204 .428
Date of planting 1 34125.500 #¥  15444.000 ¥
Error (a) 7 905,757 1540,000
Date of harvest 1 113883.560 A¥ 134811.000 77
Error (b) 7 1559,142 2504,285
Planting x harvest 1 18480 ,300 #f 9,000
Error (c¢) 7 140,262 1257,.142

denotes F value significant at 5 percent level.

4 F denotes F value significant at 1 percent level.
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Table 34. Analysis of variance for the forage yield of

rye-vetch in kg. per dunum.

Source D.F, M,8,1961=-62 M.S.1962=-63
Replications 7 4843,71 1797.00
Date of planting 1 117612.00 * 59082.00
Error (a) 7 7481,10 2008,86
Date of harvest 1 102604,00 ## 178354 .00 *#
Error (b) 7 3227.00 1312,00
Planting x harvest 1 13613.,00 # 102400
Error (c) 7 1401.42 1069.71

Table 35. Analysis of variance for the protein percentage

of rye=-vetch forage.

Source D.Fl M. So 1961"62 M.So 1962""63
Replications 7 353 .857 8,571
Date of planting ]: 11.000 23,000 ﬁﬁ
Error (a) 7 524,714 1,142
Date of harvest 1 10636.000 ** 100,000 #¥
Error (b) 7 105,142 2.714
Planting x harvest 1 907,000 5.000
Error (c¢) 7 178,571 1.571
’l

denotes F value significant at 5 percent level,

d denotes F value significant at 1 percent level.
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Table 36, Analysis of variance for the protein yield of

rye-vetch forage in kg. per dunum.

Source D.F. M,.8.1961-62 M.S.1962-63
Replications 7 107,428 173,000
Date of planting 1 1612,000 ¢ 381,000 #
Error (a) 159,428 38.857
Date of harvest 1 570,000 * 975.000 ##
Error (b) 4 48,857 72.571
Planting x harvest 1 171.000 ¢ -

Error (c) 7 16,000 20,000

¢ denotes F value significant at 5 percent level.

g denotes F value significant at 1 percent level.



Teble 37. Analysis of variance for yield of forages in

kg. per dunum,
Source D.F. M.8,1061-62 M,S8,1962-63
Replications 7 4409,91 4777.57
Dgte of planting 1 207216.02 ¥ 141848,00 ##
Error (a) 7 4143.87 1089,71
Date of harvest 1 557871.80 **  364655.00 ¥
Error (b) 7 1575.85 1210,71
Planting x harvest 1 29512.06 *F 763,00
Error (e¢) 7 2593,50 1347,.42
Crops 4 03580.94 7 26769350 F#
Crops x planting 4 0035.59 **  9264.50 FF
Crops x harvest 4 5718.65 23324.25 FF
Crops x planting x harvest 4 9925.76 **  1079,25
Error (4d) 105%-112 2434,72 1500,84

7 degrees of freedom reduced due to missing plots.

denotes F value significant at 1 percent level.
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Table 38. Analysis of variance for the protein percentage

of forages.

Source D.F. M,S.1961=62 M,8,.1962-63
Replications 7 528453 8.67
Date of planting 1 o34 22.22 #
Brror (a) 7 57.29 3.93
Date of harvest 1 3a0a.28"F 496,00 FF
Error (b) 7 15.40 2,60
Planting x harvest 1 17.87 4,00
Error (c) 7 14.79 4,75
Crops 4 1932.53 #F 282.27""
Crops x planting 4 22.44 21.25 FF
Crops x harvest 4 45.88 21,25 F#
Crops x planting x harvest 4 28.74 3475
Error (d) 105" =112 338415 2.33

+
7 degrees of freedom reduced due to missing plots
for 1961-62.

denotes F value significant at 5 percent level.

## denotes F value significant at 1 percent level.
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Table 39. Analysis of variance for protein yield of forages
in kg. per dunum,
Source D,F, M,85,1961-62 M,8,1962-63
Replications 7 108,75 159.14
Date of planting 1 2045,54 *F 1526.00 FF
Error (a) 7 96 .82 50,28
Date of harvest 1 811.84 * 626,00 *
Error (b) 7 13.24 56,71
Planting x harvest i | 203.11 #f 0
Error (c) 7 13.65 32.42
Crops 4 1516.96 ##  5543.25 *¥
Crops x planting 4 228,01 ## 385.00 FF
Crops x harvest 4 35435 135.75 <
Crops x planting x harvest 4 86459 FF 8.50
Error (d) 1057112 32.33 35463
+
degrees of freedom reduced due to missing plots.
denotes F value significant at 5 percent level.
(1

denotes F value significant at 1 percent level.



Table 40, Rainfall and Temperature ¢

The amount and distribution of rainfall and the mean
monthly temperature during 1961=62 and 1962-63 at the Ameriean

University Farm in the Beqa'a.

Month Rainfall (mm.) Temperature (9C¢) mean
1961-62 1962-63 1961=-62 1962-63
September 3.0 - 18.7 21.6
October 5.9 19.3 16.9 17.1
November 41.1 N1l 11l.1 14.1
December 138.5 164.1 8.0 Te7
January 93.1 124.1 6e3 7.1
February 130,.6 70,0 Sel T.4
March 10.5 8243 10.9 7.0
April 43.5 5343 11.3 11.9
May 37 11.4 17.1 14,0
June 0.0 0.0 | 21.4 -
July 0.0 0.0 22.9 -
Aupgust 0,0 0.0 24,6 -
Total 469.,7 526.0 - -

Data obtained from the American University Farm
Meteorological data.
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MISSING PLOT TECHNIQUE

Anderson (1) has given the formula for the estimation
of a missing unit in split-plot design. This experiment was
conducted on a split-strip plot design. The avallable lite-
rature does not give any method for the estimation of missing
value in a split-strip plot design. The following method was
suggested by Miss Marie-Louise Davidian for the estimation of
missing value in this design.

In the experiment main plots are assigned to dates of
planting denoted by D; and Dy, sub plots to dates of harvesting
denoted by d; and d, and sub=sub plots to five species denoted
by Vl, V2, VS’ V4 and V5.

By concentrating on the experiment with one main plot
say Dy, the reduced experiment can be regarded as a split plot
design with d, and d, as main plots and v,, Vg, Vz, V4, Vg 88
sub=plots.

Suppose v, in d; 1s missing in first replication,
compute?

U = Sum of main plot (d,) over the replication where

the missing plot occurs,

A = Sum of main plot (dj) over all the replications.

B = Sum of d;v, aver all the replications.

Then the estimate will be

. _rU + sB - A
(r=-1) (s=-1)
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where r = no of replications = 8
s = no of sub-plots =5

Since there were more than one missing plots, first
estimate of all but one missing plot was obtained by taking
the average of the missing plot from other replication, and
the above formula was applied.

The above procedure was repeated till the estimates
converged. From the degrees of freedom of the error (d)
(Table 37), a number equal to the number of missling observa-

tions was subtracted.



