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AN ABSTRACT OF THE THESIS OF

Mahmoud Zarringhalam for M.S. in Agronomy

Title: Influence of irrigation freguencies and nitrogen
» levels on the yield and other agronomic charac-
teristics of forage sorghum.

A field experiment was conducted in the year 1966
at the Agricultural Research and Education Center, of the
American University of Beirut located in the Beqga'a plain,
Lebanon, to study the influence of four irrigation
frequencies and three levels of nitrogen on the yield,
protein content, and other characteristics of forage
sorghum, The intervals studied were one, two, three, and
four weeks, and the levels of nitrogen were 12, 24, and
36 kg per dunum,

The plots were harvested twice. The weekly
irrigated plots produced the greatest total yield of dry
matter and of protein per dunum. This treatment also
produced the thinnest, tallest plants and the highest
percentage of leaf plus head.

The plants receiving 36 kg of nitrogen per dunum
produced the greatest yield of dry matter and of protein
and in addition were taller.

An economic evaluation was carried out in which
estimates of the fixed costs of production and of the value
of the fodder produced were studied. It was concluded
that irrigation at two week intervals and nitrogen levels
of 24 kg would be most profitable,

Plants irrigated at weekly intervals had the lowest
protein content, but the greatest over-all yield per
dunum of protein.

Daily growth curves of the plants prior to the first
harvest were found to be linear, whereas weekly growth
curves of the same plants as theyrecovered from harvesting
were note.
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I. INTRODUCTION

Increasing populationland education in most Middle
Eastern countries is increasing the demand for livestock
products. Programs concerning_improvement of fundamental
education, extension, community development, and health

and sanitation gradually are changing the diet of the
people and more animal_prcducts are in demand. Substitutes
have never been popular because they lack the superior
qualities associated with meat and dairy prodﬁcts.

To increase production of animal products the
production of forages must be first increased. _Most areas
of the Middle East are considered to be arid, irrigation
water is limited, and fertilizers are expensive. Therefore
proper use of these two important factors is very important
in the production of sufficient quantities of high quality
forage crops.

Sorghum (Sorghum vulgare, Pers.) is known to be a
drought resistant crop hence is considered to be suitable
to arid regions. This crop yields fairly well under limited
moisture conditions, but much higher yieldg ean be obtained
under irrigation. Judicious use of fertilizer and water
along with other cultural practices should make forage

sorghum a crop with great economic potentialities throughout



the Middle East.

The Beqa'a Plain of Lebanon receives no rain during
" most of the normal growling pgriod._ In addition the nitrogen
content of the soil is relatively low. There 1is a long
growing season with hot summer days of 1qw_humid;ty.

The objectije of this experimept was 1O find out
how much nitrogen_andlirrigatipn water need to be applied

under Bega'a conditions ta_obtain.economical yields of

high quality forage sorghum.

In addition various agronomic data were studied.



II. REVIEW OF LITERATURE

It.islknpwn that when nitrogen is appliedlto most
soils,_plants make more efficiegt_use of thelavailable
moisture. The use of fertilizer enhances plant growth,
thereby hastening the depletidn of moisture from soils
with a limited water supply. A knowledge of the right
combination of levels of these two factors is important
for maximum forage production.

Optimum intervals between irrigation and optimum
levels of nitrogen application vary with soil type, soil
fertility, rooting habit of the plant, and climate of the

area.
Forage Yield

Irrigation influence. corghum is known to be a drought

resistant crop, but in many areas of the world there is
insufficient rainfall during the growing season to produce
maximum'yields of forage sorghum without supplementary
irrigation.

Several sorghum experiments have been done at the

Agricultural Research and Education Center (A.R.E.C.) of

the American University of Beirut. The results of these

experiments may be summarized as follows:




Qureshi (59) found'that plots irrigated at weekly
intervals produced a greater gmountlof forége sorghum per
duhﬁm thanldid.those which were irrigated at two, three, or
four week intervals. Choudhry (13) reported that weekly
irrigation gave a yield of fgrage sorghum four times that
resulting from no irrigation. Sidhu (70) found that grain
sorghum plots receiving irrigations at weekly intervals
throughout the growing season gave greater ylelds of stover

than did those irrigated bi-weekly. Fuehring et al. (23)

showed that the yield of maize was decreased as the interval
between irrigation was extended beyond one week. Worzella
et al. (79) reported the yields of ten varieties of forage
sorghum under irrigation. ‘The average yields for four
years ranged from_1.7 to 3,6 tons per dunum.
Many experimenﬁs have been done in other parts of
the world and their findingé.can be summarized as follows:
In southern Italy, Carrente and Bertoldi (12)
found that although sorghum is resistant to drqught,.good
yields of thisquOp required irrigation. In Oklahoma,
Griffin.gg‘gl._(QG) reported that maximum water use
efficiency was obtained by maintaining the water supply in
the soil profile above 50 percent of the available moisture
level. Bennett et al. (5) in Alabama observed that the
yields of sudangrass, millet, and sart_sprghum were increased
as the available so0il moisture was increased. It was also

noted that under these conditions the evapotranspiration



rate increased a0 | |

3 F:Lcco (22), _1n southern Italy, feund the.t serghum
irrigated at 15-day intervals produced from 36, 000 to
41,000 kg of green fodder per hectare, but when irrigated
:'_ nt BQfde.y interv_ale yj.elded_ 01113__18_:,5,00 to 29,1(50_ kgl_.per |

hectare. Brown et al. (8_) at Georgia found that irrigated

grain sorghum produced much more dry matter than did non-
irrigated. Beckett and Huberty (4)_ feund. that in California,
even in years of heavy rainfall, three irrigations were
required to obtain satisfactorily high yields from sorghum.
Gonzales et al. (25) in the Philippines found that increasing
the amount of water applied in weekly irrigations increased
the yields of grain sorghum. Karper and Quinby (37) found
that in Texas irrigated grain ee_rghum produced from 3000

%0 5000 1b of dry matter per acre, but when not irrigated,
'enly a few hundred to 3000 1b were produced. Quackenbush
and Threne .(57} in Virginia e.ppl_ied three incnee ef water

in one irrigation between the tasseling and milk stages.

This was found to increase corn yield 38 bushels over the

non-irrigated yield of 65 bushels per acre. Boehle et al.

_(16) in Pennsylvania found that supplemental irrigation

increased ylelds of several forage grasses.

Denmezd znd Shaw (17) e.t Iowa found that corn ple.nts
exposed to water stress exhibited a delay in the normal

enlargement of plant parts. It was suggested that this

delay was a result of the reduced production ef dry matter.
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Several other researchers, (7, 14, 29, 30 %1, 42, 67, and

79) reported increases in yield resulting from irrigation

of crops.

Nitrogen influencg. 0Ott et al. (50) found that 1in Oklahoma
an application of 50 1b of nitrogen per acre resulted in an
increase of 1.8 tons of forage_sorghum per acre. Ram (60)-
¢oncluded from a_greenhouse trial_that whether the nitrogen
was applied all at once at planting time, OT in several
increments, the highest yields of dry matter from forage
sorghum varieties Were obtalned with the highest rate
tested. Broyles and Fribourg (9), under Tennessee condi-
tions, obéerved that rates of nitrogen.ranging from O 1O
120 1b per acre 1ncreased dry matter ylelds of sudangrass
and millet forages. Agabawil and'Younles (1) found that

in the Sudan, increasing the level of nltrogen up to

140 1b per feddan (one feddan = 0.42 ha) markedly increased
the yield of dry matter of sorghum. Jung et al. (36) at
Virginia reported that higher rates of nitrogen fertilizer
increased the dry matter productlon per acre of sudangrasse
Dot zenko (19), at Colorado, studled the response Of five
jevels of nitrogen on grassSes and found that”increa51ng

the nitrogen rate from O to 640 1lb per acre increased the

forage production.

Capstick et al. (11), at Kansas, showed that




additional increments. Summer et al. (i) showed that

200 1lb of nitrogen per acre 1is about the optimum when

ﬁﬁsturing_or green chopping irrigated Piper sudéngrass.
Herron and Erhart (32) showed that, under south

western Kansas conditions, irrigated grain sorghun usually

produced high yields when 90 1b of nitrogen were applied

per acre. The greatest response to nitrogen fertilizer

was obtained when average yields were less than 55 bushels

per acre without fertilization. Porter et al. (54), at
Texas, showed that higher nitrogen levels prbduced higher
average yields of grain sorghum. Grimes and Musick.(27),
in Kansas, observed a significant increase in yield of
grain sorghum resulting.from the app;igation of 80 to

100 1b of nitrogen per acre. Investigation by several
other researchers (21, 34, 48, 49, 51, and 74)"showed an
increase in yield from application of nitrogen.

Combined influence of irrigation and nitrogen. Qureshi

(59) at the A.R.E.C. Tound that weekly irrigation and
application of 36 kg of_nitrogen per dunum resulted in a
significantly greater yield of dry matter.of'fcrage sorghum
- than did other treatment combinations of irrigation
frequency and nitrogen level; Taylor and Slater (73)
stated that unless enough nutrients are available to the
plant, little would be gained by keeping moisture at high

levels. Quinby and Marion (58) in Texas found that, to

obtain high yields of forage sorghum under irrigation, larger



amounts of nutrients would be required. Doss et al. (18)

reported that under Alabama conditions the yield of sart
sorghum was increased by nitrogen fertilization or.by
irrigation but that a far greater increase was obtained when
both were used. Painter El.ﬂl' (52) in New Mexico obtained
maghmm;benefits.from.grain sorghum_with.mqrewfrequent

irrigation only where nitrogen was applied. Prato et al.

(55) showed that under California conditions irrigated
forage sorghum gave higher yields with higher rates of

nitrogen fertilizer.

Capstick et al. (11) concluded that in Kansas, the
average yield of irrigated grain sorghum was 5776 1b per
acre with no irrigation, but 5022 1b per acre with 90 1b
of nitrogen per acre. Musick and Grimes (47) at Kansas,
reported a maximum scrghum grain_yield of 8500 lb per acre
was obtained under heavy irrigation and 120 1b of nitrogen
per acre. The yield response to nitrogen application was
considerably lower where soil moisture was limited.

Porter et al. (54) in Texas reported that higher grain

sorghum yields depend on high nitrogen rates and:moisﬁure
levels. Rao (64) at Deccan, India, reported an experiment
where two irrigation frequencies (one and three week
intervals) were tested in combination with three levels_df
nitrogen (30, 60, and 90 1lb per acre).l It was found that
at either irrigation frequency the_grain_sorghum.yield was

greatest when 90 1lb of nitrogen were applied. Haney and



Hanges (63) in Kansas observed that when a total of 28.8
inches of water applied at two-week intervals and 125 1%
of nitrogen were applied per acre in five incremenﬁs, a
:g;eater _yield _o_f corn gr_a;i_n and silage was _produped than
from other treatment combination. M_a'ﬁhers et al. (44) at
Bushland, Texas, obtained greater_sarghum grain yields at
b high mois_tjure levels with 120 1b of nitrogen than with
4 60 1b of nitrogen per acre. Paschal and Evans (_5_3) under
paxthera Mexico conditions, obtained a higher grain yield
with 240 1lb of nitrogen per acre and high soil mpistm;:e
levels than with the same rate of nitrogen at low

~ moisture levels. Welch et al. (77) at Texas, comparing
nitra_gen leve_.ls of O, 50, and 1|00 1b per acre, obta_i_ned_ gt
1 the maximum yield of grain sorghum with 50 lb of nitrogen.
; Fhen above average moisture conditions _c:_c_curred_ maximum
:,‘y-;ifelds were obtained from the 100 1lb per acre rate of

nitrogen. |

Cooper et al. (15) at Montana, reported that six

different species of forage grasses showed much greater
response to high levels of nitrogen when irrigated than
when not irrigated. Dotzenko (19) reported that in _t_he

Central Great Plains of Colorado, increasing the nitrogen

rate from O to 640 1lb per acre increased the yield of all

‘the six grasses grown under irrigation. McMaster et al.
(45) in south-eastern Idaho reported that under high

moisture conditions, when 120 1lb of nitrogen were applied

[ e - T



per acre, a higher yield of corn silage was observed than
when 60 1b of nitrogen were applied. This increase in
jield from the increase in nitrogen applied was not
abserved'under 1ow_moistu:e 1evels. Schwale1(69) in lowa,
found that soils with a high‘water holding capacity,-
responded to appllcatlons of nitrogen by producing more
bushels af corn per acre than did 30113 w1th low water
h@ldlng capacity. Higgins and Owens (33), under Idaho
gqnditioha; 6oncluded that a gcod.yield of corn silage
with 100 to 160 1b of nitrogen per acre was obtainable
qwhgn_moisture_was adequate during the growing periode
LerEnzeigglél. (41) at North Dakota repqrted thatlthe
yields of bromegrass and bramegrass—alfalfa mixtures were
doubled by the applicatian_of 40 1b df_nitrogen, and
quadrllpled by 200 1b of nitrogen, provided high levels

of irrigation were applied.
Protein Yield

In g study of the literature ccﬁcernipg protein
yield, the following terminolpgy”must be clarified:

a. Crude protein: This includes protein as well
_as non-protein nitrogenous substances._

b. Nitrogen content: This term is often used to
refer to protein as well as non-protein substances such

as amino acids and amides.

c. Protein: This term is generally used instead

10
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of crude protein for the sake of simplification (46).

Burleson et al. (10) in the Rio Grande Valley of.
Texas found that application of 60 or 120 1lb of nitrogen |
per acre of sorghum resulted in significant increases in
both yield and protein content of the grain and forage.
Ramig and Smika (62) in Central Nebraska found that
nitfogen fertilization iﬂcreaséd the crude protein content
of sorghum. Cooper et al. (15) in Montana, observed that
in forage grasses, when nitrogen was applied at the rate
of 100 1b per acre, the crude protein content of the
herbage was increased in the early part of the season,
but this increase was not maintained throughout the
rest of the growth period. However, when 400 1lb of
nitrogen were applied the crude protein level of the
herbage remained at the increased level throughout the
season. |

Broyles and Fribourg (9) at Tennessee, found that
when increases in nitrogen ranging from O to 120 1lb per
acre were applied, there was a correspbnding increase in
nitrogen percentage of the forage of sudangrass and millet.
Doss et al. (18) at Alabama reported that the nitrogen
percentage of sart sorghum increased as so0il moisture
decreased. It was also found to increase as the rate of
nitrogen application was increased. When no nitrogen was
applied, the‘nitrogen percentage in sart sorghum varied

from 0.79 percent at low moisture levels to 0.49 percent at
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high moisture levels. With the addition of 450 1b of
nitrogen per acre, the nitrogen percentage of sart sorghum
varied from 1.47 percent at low moisture levels o 1+25

percent at high soil moisture levels. Sumner et al. (72)

et_Celifernia, ehewed that, with Piper sudangrass when
nitrogen applications exceeded 200 lb per ecre,_there was
no appreciable increase in yielde,_but_there were relatively
high rates of eeeumuletion_ef nitrate in the herveeted
forage. Crowford et al. (16) at Ithaca, New York, observed
that two of the factors that had major influences on
eoncentratien of nitrate in the forage were high nitrogen
level and low 3011 moisture. | =
Qureshi (59) at the A.R.E.C. reperted that weekly
irrigated plants of forage sorghum contained a lower
percentage of protein,_but that the_tetel protein.yield
was greeter eempared with those plente that were irrigated
less frequently. Sidhu (70) at the A.R.E.C. found that
sorghum grains from the plants which were irrigated at two
week intervals prior to heeding, but at weekly inter?ele
after heading, contained a lower percentage of protein than
did those which were from plants irrigafed at weekly
intervals prior to heading, and bi—weekly thereafter.
According to Leopold (40), Koontz and Biddulph found that
when plants such as wheat or oats have reached 25 percent
of their full size, 90 percent of the total eventual up-

take of nitrogen has occurred. For the last 75 percent of



13
their growth, the developing parts of the plants must be
supplied with this elemegt principally by retranslocation

of that portion already absorbed. Ellis et al. (20) at
Kansas, found that a minimum nitrogen content of leaves

is associated with maximum forage yields. Bennett et al.

(4) at Alabama, reported that in sart sorghum the percentage
of nitrogen in plant tissue decreased with increasing soil
moisture, but that the total uptake was usually greater

with irrigation.

Genter et al. (24) at Virginia, found that with

hybfid corn the protein percent was significgntly higher
under drought conditions than under good growing conditions.
Zuber et al. (80) at Missouri, showéd that when more than

50 1b Qf nitrogen were applied per acre the“crude protein

in irrigated corn increased both in the grain and in the
stover, Reichman et al. (65),under South'Dakqta conditions,
observed that when nitrogen and phosphorous were applied

to the soil, the percentaga of both in corn 1eavesj graig,
and stover was increased. Prince (56) at South Carolina,
found that there was a direct relatiqnship between the.
amount of nitrogen applied to the soil_and crude protein
~content of the corn. Increasing the rate of nitrogen
applied resulted in an increased percentage of crude_pro-
tein. Ramage et al. (61) in New Jersey, reported that when
nitrogen application was increased from 50 to 400 lb.per

acre, the protein content of grasses was increased from 12
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to 20 percent.
Plant Height

- Choudhry (13) at the A.R.E.C. reported that irrigated

'farﬁge sorghum plants were taller than when non-irrigated.

The tallest plants were produced under weekly irrigation

and sppxtest _under_ no :.rr:.gafc_ion_. Brown et al. (8) at

3 Georgia, showed that- when rainfall was notv adequate, __the_

growth rate of grain sorghum was increased by irrigation.

Plants in non-lrrigated plots were fourteen 1nches shorter

"tm.n_ those that were grown at high _moisture. levels.

Shurnan et al. (75) et Arkansas, reported that sorghum

) plants were taller where they were grown under irrigation.
Ram (60) from a glasshouse expern.xnent, found that

the tallest forage sorghum plants were preduced where the

. highest rate of nitrogen was _applied._ ~ Qureshi (59) at

'\ the A.R.E.C. reported that the tallest plants of forage

~ sorghum Were obtained under weekly irrigation and a

-1 n:i.fsrogen rate of 36 kg per @onunm. .
Macgillivray (43) at California, observed that the

tallest corn plants were produced under high moisture

level and the shortest plants resultedrfr_om no irrigation.

Investigation by other workers (17, 36, and 66) showed

similar results.
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Thickness of the Stem

Qureshi (59) at the A.R.E.C. reported that stem
thiokness of.forage sorghum was directly related toO irri-
gation frequencye. The thinnest stems were obtained under
weekly irrigation and the thickest were produced by plants
irrigated at four-week intervals. The nitrogen rate
influenced slightly the stem thickness. Choudhry (15
ot the A.R.E.C. found that non-irrigated plots of grailn
sorghum produced plants with the thickest stems, but the
thinnest were produced under weekly irrigation. Sidhu (70)
at the A.R.E.C. observed that weekly irrigated plots
produced thinner stems in grain sorgﬁum than did plots

irrigated bi-weeklye.
Percentage of Leaf plus Head

Choudhry (13) at the A.R.E.C. observed that under
weekly irrigations more leaves were produced by forage
sorghum plants than when the interval between irrigations

was increased. According to TLeopold (40), Magness et ale

observed that in mature leaves, wilting was agsociated with
a depletion of the carbohydrate reserves of the leaf. IT
wilting was severe enough, leaf senescence followed even
though the water supply was later restored. Hagan et ale.
(28) in Davis, california, reported that more and larger
1eaves were produced by Ladino clover plants growing in

ihe most frequently irrigated plots. Arney (2) from a
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greenhouse trial found that in strawberry plants, the leaf
production rate was reduced under dry condition.

According to Whyte et al. (78) Ripperton and

Takahashi in Hawaii found that application of nitrogen to

kikuyu grass (Pennisetum clandestinum, Hochst.) encouraged

the formation of coarse, stemmy growth, but when unfer-
tilized, the grass remained fine and leafy. Battikhah (3)
reported that, under Lebanese conditions, banana plants

fertilized by nitrogen produced more leaves in less time

than did those plants not fertilized.
Growth Rate

| Qureshi (59) at the A.R.E.C. reported that the
growth rate of forage sorghum was markedly affécted by
irrigation frequencies. Irrigation at one week intervals
resulted in a linear growth rate, whereas the effect of.the
other irrigation treatments were non-linear. According to
Leopold (40), Gates demonstrated that the degree of growth
inhibition was approximately related to the degree-df.wiltimg
occurring, and that the growth inhibition may persist for

several days after the wilfing experience. Jung et al. (36)

at Virginia, observed that the growth rate of sudangréss

increased with a higher level of nitrogen fertilizer.
Denmead and Shaw (17) at Iowa, observed that

under moisture stress the growth rate of corn declined.

After watering, one to three days were required for




7

L

essed plants to recover and again elongate with the same

T__ r P

i%iﬁ-as'that of the non-gstressed plants. Kemper (38) at

#T .

}”;éraﬂa, reported that a decrease in moisture level

showed a decline in the growth rate of corn plants.



III. MATERIALS AND METHODS

An experiment was conducted in 1966 at the A.R.E.C.,
situated 80 kilometers cast of Beirut in the Bega'a plain,

to study the effect of nitrogen fertilizer and irrigation

on forage sorghume.

The design of the experiment was a split plot. The
main pldts were irrigation frequencies and the sub plots were

the nitrogen levels. There were four replicates. There

were six rows DpPeEr plot; each five meters long and the
distance between them was 50 cme.
The climate of the experimental area is semi arid
with an average rainfall of about 400 mm, nearly all of
which is received during the period from October to Maye.
No rainfall is received from June thfoﬁgh September.which
is the main growing season for sSummer annual crops. According

+o Puehring et al. (23) the soil of the area is a

“ealcareous clay type with a marked tendency to shrink and
crack on drying and its pH is approximately eight. It has
relatively good permeability, put is low in organic matter,
nitrogen, and phosphorous. The area has a long growing
season with high temperatures and low air humidity during
the day which accentuates evapo-transpiration. During

the growing seasol of this experiment the maximum

temperature recorded was 38°C in August and the minimum

40
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During this period the distribution

-0.7 occurred in May.

of rainfall was a8 follows: 2.6 mm in May; no rain in

0,9 mm in September;
24,9 mm were received.

- June, July, OT August; and in October,

prior to the date of the f£inal harvesd,

In April when the seedbed was prepared 12 kg o

um1 in the form of grmonium sulphonitrate

nitrogen per dun

disking. On May 4 seed of the variety Beefbuilder was

planted with a Planet JT.
s were about eight to ten ce€

planter at a heavy rate of

nti-

geeding. When the plant

d by hand 1O obtain a

meters in height they were thinne

Weeds were controlled

stand 8 cm apart within the rows.

by hand where necessary.

Irrigation

em of irrigation was followed for

A sprinkler sysv

The water applied was

the first 6 weeks after planting.
measured and found TO pe 1.5 acre inches for each time of
OWS were opened between the Trows

jrrigation. Later, furr

and from then on irrigation was done according to &

schedule made for the four irrigation frequencies as

follows:

gy = Trrigation at one week intervals.

1. - Irrigation at two week intervals.

2

ol

1. One dunum = 1000 square meterse
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I, - Irrigation at three week intervals.

3

A
This procedure was followed till October 22, the date of

I, - Irrigation at four week intervals.

'the second harvest of all the plois.

The irrigation was done by means of gated pipes and
tha.amount of the water runniﬁg into each furrow was
adjusted so that at each irrigation the moisture content
of the soil was brought to field capacity.

The field capacity of the soil was measured by
taking soil samples from six locations at the bottom of
the furrows of each irrigation treatment 24 hours after
each irrigation. The amount of water applied per irrigation
by the furrow method was measured by 1nsert1ng a flowmeter
in the pipe bringing water to the plots. The number of
1rr1gat10ns by the furrow method were 18 for I4s 9 for I2,
6 for 13, and 4 for I4 The amounts of water that were
applied by both the sprinkler and furrow methods during the

whole growing season were as follows:

Treatment Sprinkler Furrow Total
acre inch

I, (6 x 1.5) (18 x 2.65) 56.70

I, (6 £ 1.5) (9 x 2.76) 33 .84

I (6  1.5) (6 x 2.85) 26.10

I (6 x 1.5) (4 x 5,10) 21.40
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Nitrogen

There were three rates of nitrogen applied as éub-
plots tﬁ the main plots. These were as follows: '

N, - 12 kg of nitrogen per dunum.

1

N. - 24 kg of nitrogen per dunum in two equal portionse.

2
3

The first 12 kg were broadcast over the whole experimental

N, = %6 kg of'nitrogen in three equal portions.
area prior £0 planting time. The first increment of_12 kg
for the Hz and N3 plots was applied as a side dressing
approximately four cm deep, on the following dates:

I, - June 24 13 - July 8

1. = June 30 I, - July 15

2
These dates were determined according to the irrigation
frequencies of the main plots, the fertilizer being applied
" just prior to an irrigation in each case. The dates of
application of the second increment for the N3 plots were
as follows:

I, - July 23 Iz - July 29

I, - July 29 I, - August 12

2
Two cuttings were obtained from each treatment.
The first cut was taken when mos? of the plants in a plo%d
were fully headed out. The dates of harvesting for the
different irrigation treatments were as follows:

¥ = August 17 I3 -~ September 13
Iy - August 24 14 -~ September 16
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A1l treatments were harvested a second time on October 22
after it was clear that no further growth would occur
because of the coolness of the season.

To eliminate border effect, one half meter at each
end of the rows was discarded, and oniy the two central
rows of each plot were harvested. A one kg representative
sample was taken for the determination of the dry matter
and protein content of the forage materials produced from
Eeach plot. These samples were chopped into pieces three
to five cm long and were dried in the open air in a cloth
sack for about 40 days. Prior to determining the per-
centage_of crude protein in these samples, they were placed
in an oven for 48 hours at 7500 (68)s Then a 15 g repre-
sentative sample was ground in a Willey mill (a 40 mesh
sieve was used), and the crude protein content was
determined by the modified Kjeldahl method (55).

To observe the rate of growth in each irrigation
treatment, daily height measurements were made on four
representative plants during the period July 1 to July 31.
To ensure that the height was determined sccurately a
small stake was fixed in the ground close to each plant
and used as a base for the daily measurements. The plants
were measured as fully extended to the tip of the tallest
1eaf. Prior to the second cut the heights of the same
plants were measured at weekly intervals.

Three plants from each plot were selected at
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random, and from them the following agronomic details were

determined: Thickness of the stems at the level of the
second internode from the ground ; percéﬁtage of leaf plus
head; and plant height at harvesting time.

The field was inspected for pests during the growing
season, but no evidence of infection or damage was
observed.,

To analyse the data, statistical methods appro-
priate to the split plot design were employed (39 and
o). '

It was intended to determine the residual effects
of the treatments on a following wheat crop, but events

beyond the control of the author prevented this.



IV. RESULTS AND DISCUSSION

This experiment was conducted to determine the
influence of four irrigation frequencies and three nitrogen
levels on yield, protein content, and other agronomic
characteristies of forage sorghum. The summarized data

are presented in Tables 1-8,

Foragé Yield

The total yield per plot, eipressed as kg of dry
matter per dunum, is summarized in Table 1. As the
irrigation intervals were increased from one week to two,
three, or four weeks, the yield decreased. The highest
yield of dry matter was obtained from plots irrigated at
one week intervals, and the lowest yield was from the
plots that were irrigated after every four weeks. The
differences between I, (weekly irrigated plots) and other
irrigation treatments were significant statistically. The
large differences between the yields of the 1, and the other
irrigation frequencies were caused by the moisture siress
suffered by the plants watered at other than one week
intervals. In the I3 and I4 treatments, firing of the
tips of the leaves was observed prior to the first harvest.

The plants in the 13 and 14 plots did not produce a

24
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Table 1. Effect of four irrigation frequencies and three
. ljevels of nitrogen on the total yield of forage
sorghum (total of two harvests), expressed in
kg of dry matter per dunum.

Cray i

Nitrogen s Irrigation frequencies __ Nitrogen
levels E I 1 I means
- 117 e e 3 4 e
N, 2299.0 2001.7  15%4.2 1180.1 1755.7

N, 2678.2 2185.8 1605.8 128043 1934. 7%
N 28%0, 2257.1 1615, 1 1262.6 19914 2%
B u e Ao sl
Irriga- 2602.5 2147.8%% ~ 1585,0%% 125 7.59%*
tion 2 - o
means i et

Analysis of variance =
Bl § M.S,

L SRS e i T o A s

pourece ;4 =

Replication > 62155
Irrigation b 4353548%*
Error (a) g’ 76248
Nitrogen 2 250047**
Irrigation x Nitrogen 6 46031%°
Error (b) 24 15829
L.S.D. , 5% L o
Irrigation - 260.3 kg/dunum 379,0 kg/dunum
Nitrogen B PR ISR, Todel &
Irrigation x Nitrogen 185.5 % N N.Se

1. The number of degrees of freedom for error (a) has been
reduced by one because of confounding in the irrigation
treatments.

* Significant at 5% level.

** Significant at 1% level,
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ﬁ?ﬁﬁE?{!TﬂH% ;: ':$'= o DG i

— l":
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neasurable amount of new growth until approximately one
week after being harvested. This delay in recovery was
a direet result of the depletion of soil moisture by the
plants in these plots. Growth in these plots was slow
until the first irrigatioﬁ, according to the schedule for
each treatment, replenished the soil moisture supply.
Nitrogen increments also resulted 1in increased
yield. The greatest amount of dry matter was obtained
from the N3, or 36 kg of nitrogen per dunum, treatment.
The least was obtained from the N1, or 12 kg of nitrogen
per dunﬁm treatment. The differences between the yields
of the'N1, Nz, and N3 treatments were significant
statistically, although the difference between the yields
of the N, and N3 treatments was nat. The first increment
of nitrogen (an addition of 12 kg per dunum) caused an
increase in the yield of dry matter equal to 181.0 kg per
dunum, while the second increment increased the'yield
only 56.5 kg per dunum. From this it may be inferred
that the first increment was used more efficiently by the
plants than was the second. This was probably because, &as
is commonly known, the supply of nutrients must be
proportional %o the available moisture. Where the water
was a limiting factor plants were not able to utilize
large amounts of nutrients. When moisture supplies were

adequate, an improvement in nutrient supply was observed

to increase the water-use efficiency of the plants. Also,

26
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as stated by Leopold (40),;Kbontz and Biddulph found that
some types of plants usually absorb most of the entire
amount of nitrogen that is absorbed during the early stages
of growth. Consequently, perhaps for this reason, these
sorghum plants were able to utilize the first increment of
nitrogen more efficiently than the second because the second
increment was applied after this peak absorption stage had
passed.

Considering the response of the plants to the
compined effects of the two treatments nitrogen and irri-
gation, it can be concluded that the greatest yield was
obtained from weekly irrigations and 36 kg of nitrogen
per dunum, the I1N3 combination, the least from the I4N1
combination. In the 1, treatment the increase in dry |
matter produced by the first 12 kg increment of nitrogen
was 379.,2 kg per dunum, but was only 152.3 kg from the
second increment of nitrogen. When the irrigation
intervals were extended to two, three, or four weeks,
similar increases in yield were not observed from the-same
nitrogén increments. This agrees with the known closure
of the stomata of plants under water stress, which results
in a decrease in photosynthesis and a.slower growth rate,
In all the irrigation treatments the first increment of
fertilizer caused a much greater increase in yield than
did the second increment. In addition, the increase in

dry matter resulting from the addition of the second
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increment was not significant statistically. Therefore,

the best combination of irrigation and nitrogen treatment

is I, (weekly irrigation) and N3 (36 kg of nitrogen per

dunum) .
Protein Percentage of the First Harvest

Protein is a most valuable feed material and high
quality forages contain greater amounts of protein. In
Table 2 the data for.percentage of protein in the dry_
matfer from the first harvest is presented. It can be
seen that protein percentage is related to irrigation
frequencies and to nitrogen levels. The protein content
decreases as the interval between irrigations decreases,
but increases with increasing nitrogen levels. The protein
content ranged from 5.08 percent in the I, treatﬁent to
6,78 percent in the I4 plots. The difference between I1

and I. was not statistically significant but the differences

2
between I, and I, and between I, and I, were highly signi-
ficant. The higher protein percentage in the plants
irrigated at three or four week intervals is a result of
water stress experienced by these plants resultinglin slow
growth, limiting the retranslocation of inorganic nitrogenous
materials to new growth areas. This caused a higher concen-
tration of nitrogenous compounds per unit of dry matter in

the plants. Water stress, preventing cell elongation

although having little effect on cell multiplication,
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Table 2. Effect of four irrigation frequencies and three
levels of nitrogen on protein percentage of
forage sorghum first harvest).

— - R i

i

Nitrogen Irrigation frequencies ___ Nitrogen
levels I . 1 it 15 means
5 AT /s 5 4

N1 4,695 4.44 B elD 5.76 6.01

N2 4.97 5.91 6.15 Te44 6. k1%
Irriga- 5::08 5 #53 5-96** 6#78**

tion , —

means

Analysis of variance

g ——T:

Source s Dodle . . b M.S.
Replication B 120
Irrigation 3 0 o 24%F
Error (a) g’ 0.375
Nitrogen 2 B2
Irrigation x Nitrogen 6 1.45
Error (Db) 24 1.29
5.5.D o 5 1%
Irrigation 0.58 0.84
Nitrogen 0.82 N.S.
Irrigation x Nitrogen N.S. N.Se

1. The number of degrees of freedom for error (a) has been
reduced by one because of confounding in the irrigation
treatments.

* Significant at 5% level.

*% Significant at 1% level.
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ants having a nearly normal numbe

resulted in these pl
the ratio

cells, Since each cell would be relatively small,

of the cytoplasmic contents of these cells to the non-

nitrogen containing parts would be higher than that of

Plants sufferlng from

plants with cells of normal size.

water stress have peen known TO develop more extensive

y being better able to absorb greater

root systems, thereb

smounts of nitrogen as well as water from the soils

and I4 plants had developed

Perhaps in this case, the 13

such root systems resulting in inordinately high levels
Since only crude protein content was

of nitrogens

determined, the high level found from these treatments

may have been partly a result of this absorption and

sccumulation of nitrogen beyond the jmmediate needs of

the plants concerned.

In the case of weekly irrigation,
SO grew vigorously and

the plants did not

suffer from a lack of moisture,

normal retranslocatlon of nitrogen took place from areas
of early concentration to areas of new growth. This

resulted in a lower overall protein percentage, but a

erall yield of protein.
£ nitrogen on the protein was also

01 percent for the

greater OV

The effect O

evident. There wasS an increase from Se

plants receiving the N4 treatment to 6.38 percent for those

The dlfferences betweeu N1 and N2 and

at the N3 level.
an® statlstlcally. The

1y resulted from

between N4 and NB were signific

in percentage of pwotein probab
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the greater availability of nitrogen in the viecinity of
the roots of the plants receiving the higher rates of this
nutrient.

The interaction between irrigation and nitrogen

was not significant® statistically.
Protein Percentage in the Second Cut

In Table 3, it can be seen that in the second cut,
as in the first, the percentage of protein is inversely
related to irrigation fregquency and directly related to
nitrogen levels. However, the rate of increase in per-
centage, especially in the case of the I3 and 14 treat-
ments, is higher than in the first harvest. The reason
for this could be that plants, in the early stages of
growth, contain higher percentages of nitrogenous materials
and that these plants when harvested were in an earlier
stage of growth when compared with the stage of the first
cut.

Application of nitrogen increased the percentage
of protein in the second cut as in the first. The rate
of increase in protein percentage, as a result of the
second increment of nitrogen, was greater than that of the
first cut. The reason could be that since less nitrogen
had been applied to the N1 and N2 plots, little or none
would be left after the first harvest. However, as more

had been applied to the H3 plots, more would be left after



& Table 3. Effect of four irrigation frequencies and three
' levels of nitrogen on the protein percentage of
forage sorghum (second harvest ).

_#“__-

-#———‘—_-—__ == Er—— =% T e miar

Nitrogen Irrigation frequencies Nitrogen

levels I1 12 - I3 I! means
N, 4.72 5.07 8.53 9.13 6,86
N2 5.47 5.90 9.08 10.80 T.818%
N3 5.61 T2 11.83 13.44 9,50%%
____—____—_-—————-——'———___'—— - - S emi—
Irriga- 526 6.03 9, 81%% 17, 12%%
tion i e
‘means
L TR = ___Analysis of variance S
Source : D.F. e M.S. |
Replication ety | 1.6 1
Irrigation 3 97 .5 1%%

 Error (a) 81 1.00%
Nitrogen 2 28.66%%

_ Irrigation x Nitrogen 6 2.68%%
Error (Db) 24 029
.. R e . R
Irrigation 0.94%63 1,378
Nitrogen 0.%922 0.5312
Irrigation x Nitrogen 0,2492 0.3375

ﬂ#ﬂ - ——

1. The number of degrees of freedom for error (a) has
been reduced by one because of confounding in the
irrigation treatments.

* Significant at 5% level.

** Significant at 1% level.

Je
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the first harvest, and consequently a greater response
was-observedo

concerning the interaction between irrigation and
nitrogen, the greatest protein percent was obtained fram'
the I4 and H3 combination of treatﬁents. The lowes?t
protéin percent was produced by the H1 and-11 coﬁbiﬂation
of treatments. The rate of increase in nitrogen percentage
due to the addition of the second nitrogen incremént was
higher than that of the first cut in all irrigafion treat-
ments, except for I1. The reason for failure of the
plants in I, to maintain the response to nitrogen exhibited
by those of the other irrigation treatments could Be a
result of the high rate of uptake from those plots prior

to the first harvest. In these plots, SO much of the

nitrogen had been absorbed that little was left for suppord

of the regrowthe

Protein Yield

In Table 4 may be found the data concerning the
influence of irrigation frequencies and nitrogen levels
on total yields of protein in forage sorghum. It 1s clear
that as irrigation intervals were increased the total
protein yield decreased. The greatest yield of protein
resulted from the I, o0r weekly irrigation treatment and
the lowest from the I, or jrrigation at four week

4
intervals treatment.
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Table 4. Effect of four irrlgatlon frequencies and three
levels of nitrogen on the protein content of
forage sorghum %expressed as total protein in kg

per dunum for two harvests).

TIrTT ===l =T ool

et == ===

Nitrogen > Irrigation frequencies _  Nitrogen
i_}fve;];s : I1 | 352 A s I} : '.134 : means
At 108.0 - 98.7 @47 1 63.1  88.8
E 5 136 .9 12%.0 99.7 89.0  1l2.1%»
E H3 160.6 136.6 114.4 g9.7 126y 1%%
Irriga-  135.5 119, 5% 99.6%%  81.8%*
~ tion ; i =
jmeans ———

A Analysis of variance R

S0 % DE. o s

Baplicatlon | 5 6504 ,35%%
;_Irrigatlon ) 150.66 "
jfimror (a) — 81 239.85
~ Nitrogen 2 4880,00%*
:I&rigation x Nitrogen 6 292, 00%*
- Error (b) 24 66,58

M e ==

Pi.8.D. = 5% S 1% A

Irrigation | 14.60 21,25
Hitrogen 5.95 8.06
Irr:.gatlon X Nltmgen | 11.86 16.07

1. The number of degrees of freedom.for error (a) has
been reduced by one because of confounding in the
irrigation treatments.

. # Significant at 5% level.
~ ** Significant at 1% level,
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Although the perceﬂtage of protein in the plants
grown under the I, treatment was lower than that of all
other irrigation treatments, these plots produced more,'
protein per dunum since they also produeed so much more
dry matter. The difference between I, and 12 was
statistically'significant, and the differencés between I,
and 13, and between I, and I, were highly significant.
lThe reason for these significant differences was the
relatively lower yields of the I; and I, plots, even though,
as discussed above, the percentage of nitrogen was higher
in these plants.

An increase in ﬁhe level of nitrogen resulted in a
higher protein yield, the N, piots producing only 88.8 kg
of protein per dunum, where the N3 plots produced 126.1 kg.
The first increment of nitrogen increased the yield of
protein by 23.3 kg per dunum but the second increment
only 14.0 kg per dunum.

The interaction between irrigation and nitrogen
was highly significant. The first increment of nitrogen
resulted in a significant increase in the yield of protein
in all irrigation treatments. The second increment caused
a further significant increase in all irrigation treatments,
exceptlin the I4 treatment. This failure of the plants in
the I4 plots to respond to the extra nitrogen was probably
a result of thelr inability ‘to utilize the second increment

of nitrogen because of the limited growth possible under
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these extreme moisture stress condition. However, the
protein percentage in these plants was the highest of all

the treatmentse.
percentage of Leaves plus Heads (Pirst Cut)

One of the characteristies of high quality hay is its
leafiness. Considering the irrigation frequencies, it can
be seen in Table 5 that the percentage of total dry matter
contained in the leaves plus head decreased as the irrigation
interval was increased. The highes?t percentage of leaves
was obtained under the L, irrigation frequency, and the
1owes£ under the I4 irrigation frequency. The difference
in leaf percentagé between the 11 and other irrigation
frequencies was highly significant. The higher rate of
growth and development due %O availabllity of moisture
throughout the growing period of the I,4 plots prabably is
responsible for the high percentage of leaves in the dry
matter yield. In sddition, plants in these plots produced
pigger and more fully developed heads.

Inecreasing the rate of nitrogen application did not
change Eignificantly the percentage of_leaves plus head.

The interaction between irrigation.ahd nitrogen was signi-

ficant for the leaf percentage data.
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Table 5. Effect of four irrigation frequencies and three
levels of nitrogen on percentage of leaves plus
heads in forage sorghum (first harvest).

S

S ==

o it

Nitrogen ___Irrigation freguencies Nitrogen

_Eﬁvels 5 L4 = Igm_ 154 : I4 : means
N, 25.20 23215 20,10 102 21.54
N2 2519 25.90 19.07 18.85 21.89
N3 25.15 23,20 %P.90 1857 22.05-_

Irriga- 25.56 2% ¢4 1H% 20, 03** 1845 1%%

tion i 25 e

_means s : s . YIS - o b

__Analysis of variance

Source Do s S T

Replication 3 20¢ 71 H%*

Irrigation 3 138,60%**

Error (a) 81 o167

Nitrogen 2 04295

Irrigation x Nitrogen 6 1.796

Error (b) 24 230

L.S.D. s 5% | 1% s

Irrigation 1,38% - 2.01%

Nitrogen H.8. N.S.

Irrigation x Nitrogen N.S. g NeSe

1. The number of degrees of freedom for error (a) has been
reduced by one because of confounding in the irrigation
treatments.

* Significant at 5% level.

** Significant at 1% level.
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Stem Thickness

The measurements of stem thickness are summarized
in Table 6. It can be seen that the thinnest stems were-
produced under I,, the weekly irrigation treatment. The
differences in thickness of stem between the I1 and the
other irrigation treatments were significanta 

Thé different nitrogen levels did not result in
any significant difference in thickness of stem, The inter-
‘action between irrigation and nitrogen level was not
significant.

The reason for the thicker stemsunder moisture
stress condltlons may be that cell elongation was reduced,
leaving thicker cell walls resulting in thicker stems.

- However, under a weekly jrrigation frequency, where the
plants suffered no water stress, cell elongation was

'normal, resulting in thin tall stems.
Plant Height (Determined prior 1o the First Harvest)

From the data in Table 7 it can pe seen that plant
height responded significantly to different irrigation
frequencies. LesS frequent irrigation resulted in shorter
plants. The differences between the heights of the I,
plants and those of the other irrigation treatments were

highly significant. Nitrogen application had no significant
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Table 6. Effect of four irrigation frequencies and three
levels of nitrogen on stem thickness of forage
sorghum (in cm).

e = o

Nitrogen Irrigation frequencies Nitrogen
levels Il I, 13_“_ : I4 means
N, 1,68 1T 1.75 1,79 1.73
H2 1«72 1905 1+75 1.91 1.78
N3 172 . 1.82 1.88 1971 1853

Irriga- Tl 1, 75% 1.79% 1.8T*

tion g o : _ ,
imeang e oo i 2 =0

- ! Analysis of variance

source = D.F, & Mebo
Replication 75 0.013%
Irrigation 3 0.0533%
Error (a) g’ 0.0112°
Nitrogen 2 0,040
Irrigation x Nitrogen 6 0.0066
Error (b) 24 0.0120
his.8.D. 5% : e
Irrigation 0.0315 E.5,
Nitrogen B.5. N.S.
Irrigstion x Nitrogen N.S. NeSo

1. The number of degrees of freedom for error (2) has
been reduced by one because of confounding in the
irrigation treatments.

* Significant at 5% level,
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msble 7. Effect of four irrigation frequencies and three
1evels of nitrogen on the height in cm of forage
sorghum plants. Measurements made prior ToO the

first harvest.

fijni—

e

Nitrogen _ Irrigation frequencies Nitrogen
levels i I I i - means
: % .
N1 270.75 223.75 186,25 17%3.50 212.06
N, 275425 225.00 193.75 177.25 217.81
N3 286 .50 25519 191.75 172,75 2005 &%
Irriga- 2T77.50 o097 EO¥* 188,.58*% 174,.50%%
tion ' ¥ 7 =
means

Analysis of variance

Source e D.F. M.S.
Replicatibn 5 645
Irrigation 3 255573
Error (a) 81 313.75
Nitrogen 2 340,5%
Irrigation x Nitrogen 6 92.33
Error (Db) 24 71.08
L.S.D. 5% _ 1%
Irrigation 16.70 cm 24,29 cm
- Nitrogen 6.07 cm N.S.
Irrigation x Nitrogen N.S. : N.S.

1. The number of degrees of freedom for error (a) has
veen reduced by one because of confounding in the
irrigation treatments.

* Significant at 5% level.

** Significant at 1% levelo
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effect on plant height. The interaction between irrigation
and nitrogen application also was not significant where

the character plant height is considered.
Plant Height (Determined prior to the Second Harvest)

These data are presented in Table 8. The tallest
plants were produced under the I1 treatment and the
shortest under the I4 treatment. The differences between
1, and I3, and between I1 and 14 were highly significant
statisticallyu However, the difference between I, and 12
was not significant. The plants under the 13 and 14
4reatments were much shorter at this harvest than they
were at the time of the first harvest. These plants failed
to grow taller because their first harvest date was gbout
three weeks later than that of the I1 and 12 plots. In
addition, regrowth of these 13 and I4plants did not
commence until they were irrigated three weeks after the
first harvest. Thus these plants were forced to try to
make their recovery later in the season, when cooler
temperatures hindered rapid growth.

Nitrogen applications again resulted in an increase
in the height of the plants in the second cut. The differ-
ences between the plants receiving the N, and N2 treatments
and between those receiving the Ny and N3 treatments were

highly significant. These differences probably were a

41
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 Table 8, Effect of four irrigation frequencies and three
levels of nitrogen on the height of forage sorghunm
plants in cm. NMeasurements made prior to the
second harvest.

e

= i T et S - T ST

e g B ST

Nitrogen Irrigation freguencies _____ Nitrogen
| ;Ejels ,_;1 . 12 > 13 14 me%ns_i
g 1se 13505 65D 42,75  93.56

N, 166.00 17325 7125 50425 112.06*%
N§ 202.50 __j80.50 835.25 67.00 133.5?%*
Irriga-  167.83 158357 T2:15%* 55.50%*
tion o <
means S el 5 S
: o Analysis of veriance st
source o camae D, . e Malale b oac
Replication | "3 - 3%31,96%%
Irrigation ) 40967.91
Error (a) g’ 354,83
Nitrogen 2 6412%%
Irrigation x Nitrogen 6 4%
- Error (b 24 = 164.44
L.S.D. = L e e
Irrigation 19.79 25.89
Nitrogen 9.27 12.55
Irrigation x Nitrogen 18,66 M e

1. The number of degrees of freedom for error (a) has
been reduced by one because of confounding in the
irrigation treatments.

* Significant at 5% level.

** Significant at 1% level,



result of the effect of the nitrogen still available in
the'ﬂz and N3 plots.

The interaction between irrigation and nitrogen
was sigﬁificantg The tallest plants were produced under
the I1 and N3 combination, and the shortest under the 14-
N, combination.

An interpretation of these data indicates that for
this second harvest at least, there was little difference
petween the effects of the irrigation treatments I, and

12 on plant height.

Growth Rate (Prior to the First Harvest)

The effect of irrigation frequencies on the daily
rate of growth of the sorghum plants is shown graphically
in Figure 1. It can be seen that growth was greatly
influenced by irrigation intervals. The nitrogen level
was the same for all irrigation treatments until July 23,
when the weekly irrigated plots received the third

portion of nitrogen.

In the weekly irrigated plots there was a MOTe€ rapid

rate of growth for the three or four days following an
irrigation than during the last two days of the week, but
the growth was continuous and did not completely stope
Plants receiving water at two week intervals started to
grow rapidly the second day after an irrigation, but then

the rate of growth decreased until it had stopped two oI

43
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three days before the next scheduled irrigation. The
plants receiving water at three or four week inter#als had
stopped theilr growth at the end of the second week, the
jeaves had begun TO roll, the tips hed dried, wilting
occurred, and the dried tips were loet. The depressions
in the 13 and 14 curves were the result of this damage

to the plants. After water was. applied to the 13 and 14

plots, the plants did not recover and start to grow

for two dayS.

crowth Rate (Prior 1o the Second Harvest)

Figure 2 shows the effect of ijrrigation frequencies
on the weekly growth rate of the same planis as those
measured prior tO the first narvest. The curves are
more linear for 211 irrigation treatments than for those
of the first cut. Because of the cool temperatures through
this period the rate of growth was Very slow, and growth
had almost stopped by the time of the second harvest. The
13 and 14 treatments did show a measurable amount of growth
for only about one week after the first cut. The reason
for such limlted growth was that these plots were under a
high moisture stress, and also daily temperatures were 100
low for optimum,growth of sorghum.

It may be concluded from this study that, under the

conditions of the Bega'a, continuous rapid growth of sorghum

plants cannot be obtained unless weekly irrigation 18

AL L T AP w0
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practised,

Economic Evaluation

It can be seen in Table 9 that under a weekly
irrigation frequency, the'expenditure of LL 12 for addi-
tional nitrogen (first increment) increased the monetary
return from IL 218 to LL 244, a difference of LL 26.
However, the:seeond increment of nitrogen increased the
return by only LL 3. This indicates that the second
increment of nitrogen was not so profitable as the first.

Under the I2 irrigation frequency the first
increment of nitrégen increased the net return from LL 188
to IL 194 a difference of ILL 6. However, application of
the second increment resulted in a reduced profit. In
the case of 13 and 14 the addition of the first and second
increments resulted in serious decreases in return when
the cost of the fertilizer was subtracted. On the basis
of the above finding the best combination of irrigation
frequency and nitrogen level is I, and either N2 or N3
where water is available for weekly irrigation.

Another evaluation was made on the basis of units
of irrigation. If the amount of water available %o a
farmer for irrigetion is fixed, but there is available extra
land for him to rent, it may be possible for him to increase
his fodder production by increasing his land area and

decreasing his irrigation frequency. If the freqguency of



Table 9. Esti?ated gross returns, above the nitrogen cos?t

(LL)! from the four irrigation and three nitrogen
treatments.
Nitrogen | ____ Irrigation frequencies
_}Eve%i__ - I4 I, : 13 ' {4
N, 218 188 141 106
N2 244 194 136 103
N 247 190 125 90
o . e e . S
Value of sorghum estimated at LP2 10 per kg of dry
matter3-
4 Value of nitrogen estimated at IL 1 per kg of nitro-

gen .

mrTitx iy = AT S r————— e

1. LL stands for Lebanese Pounds.

>, LP stands for Lebanese Piasters.

32, Value determined by private communication with
Dr. K.V. Rottensten, Head of the Animal Production and
Protection Division, Facultly of Agricultural Sclences.
American University of Beirut. _

4. Value determined Dy private communication with
Dr. H.D. Puehring, Head of the Soils and Irrigation
Division, Faculty of Agricultural Sciences. American
University of Beirut. |
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jrrigation is changed from weekly intervals to two, three,
or four week intervals, then two, three, or four times as
much land can be irrigated with the saﬁe amount of water.
This amount of water can e referred to as a unit of
irrigation. To convert the monetary returns obtained from
the irrigatioﬁ frequencies tested, to an jrrigation unit
basis, each was maltiplied by an appropriate factor, as
follows:

1. The return from the 12N1 frequency as found in
Table 9 to be LL 188 was multiplied by two since twice as
much land could be irrigated with a unit of irrigation.
Thus 2 x 188 = LL 376, the monetary return from the sorghum
producéﬁ by irrigationarttwo week intervals. The return
from the I N, frequency, LL 195 in Table 10, becomes
o x 194 = LL 388, and the'return for the IEN3 frequency,
1L 190 in Table 9, becomes LL 380

o. Similarly, the returns from the 13 frequency
given in Table 9 are multiplied by a factor of three, and
the returns from the 14 frequency given in Table 9 are

multiplied by a factor of four.

These new estimates of returns, based on those
possible from a unit of irrigation are summarized in Table
10. It can be seen from this evaluation that the returns
from the I3 and 14 frequencies of irrigation appear tO be
more profitable than those from the I, or 12 frequenciess

However, in this unit of irrigation system of evaluation,
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mable 10. Estimated returns (LL) less the nitrogen cost

from the four irrigation and three nitrogen
treatments based on a unit of irrigation’.

——- racein e

Nitrogen =3 ____Irrigation frequencies e s
levels ¢ - 5 4
T4 ‘e 13 Ly
; 218 376 123 424
. 244 388 408 412
247 380 375 360

- =T = ==

=

2

4.

The unit of irrigation is the amount of water that
was applied to plots under the weekly irrigation
treatment.

Since twice the land area can be irrigated with a
unit of irrigation if the interval between irrigations
is doubled the net return from the I, treatment given
in Table 10 has been multiplied by two.

Since three times the land area can be irrigated with
a unit of irrigation the net return from the I
treatment given in Table 10 has been.multiplieé by
three. ‘

Since four times the land area can be irrigated with
g unit of irrigation the net return from the 1
treatment given in Table 10 has been multiplieé by

four.
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the fixed costs for production must also be considered.
When two, three, or four times as much land and fertilizer
are used to exploit fully the irrigation unit, these fiied
costs will also be increased by factors of two, three,

or four respectively.

The fixed costs have been estimated as follows1:

1. Land preparation LL 5.00
- 2. Planting LL 4.00
3. Land rent LL31.00
4, Labor for harvesting LL 8.00
5, Labor for fertilizer application LE 1.50
6. Seed cost . LL 0.50

Total LL 50,00 per dunum
This total of LL 50 is the estimate of the total expenses
of production (less cost of irrigation and nitrogen) of
one dunum of sorghum under Bega'a conditions. To
determine a final evaluation of the monetary returns from
this nitrogen and irrigation experiment, the data in
Table 11 were adjusted and summarized as follows:

1. From each of the returns listed under 11, the
fixed cost of IL 50, 51.5 and 53 was subtracted, respec-
tively. The differences between these fixed cost estimates
are due to the cost of application of the first and second

increments of nitrogen.

== ————— TP

1. These estimates prepared in private consultation with
Dr. G. Ward, Head of Agricultural Economics and
Rural Sociology Division, Faculty of Agricultural
Sciences. American University of Beirut,.



Table 11, Estimated net returns (LL) less the cost of
. nitrogen and other expenses for each irrigation
and nitrogen combination of treatments, based
on a unit of irrigation.
Nitrogen ____Irrigation fggguencies =
levels I 5 gl I I
= > 1 R R S R 4
N, 168.0  276.0 27%.0 224.0
N, 192.5 285.0 253.5 206 .0
N 194.9 274.0 216.0 148.0

— e

b2
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2. From each of the returns listed under I2 where

one unit of irrigation can be used to irrigate twice as
much land, twice the fixed costs estimate must be deducted.

Thus IL 100, 103, and 106 must be subtracted Ifrom the

I2N1, I2N2 and I2N3 returns, respectively.
%, TFrom each of the returns listed under I3 where

one unit of irrigation can be used to irrigate three times

as much land, three times the fixed costs estimate must

be deducted. Thus LL 150, 154.50, and 159 must be sub-

tracted from the I3N1, IBNQ’ and I3N3 returns, respectively.
4. From each of the returns listed under the I,

the fixed costs were multiplied by four, ie. LL 200, 206,

and 212 must be subtracted, respectively. It can be seen

from Table 11 that the greatest net income was obtained

from the 12N combination of treatments.

2
In addition the low quality of the fodder produced

by the I, and I, treatments further emphasizes that such

3 4
lengthy irrigation intervals are not practical.



V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

This experiment was conducted during the year 1966
at the Agricultural Research and Education Center, of the
American University of Beirut, located in the Bega'a plain
of Lebanon. The objectives were to determine the effect
of four irrigation frequencies and three nitrogen levels
on total dry matter yields, protein content, protein
yield, and other agronomic characteristics of a variety of
forage sorghum called Beefbuilder. The design of the
experiment was a split plot. The irrigation frequencies

and nitrogen levels studied were as follows:

Irrigation frequencies

I1 - Irrigation at one week intervals.

12 - Irrigation at two week intervals.
13 - Irrigation at three week intervals.
I4 - Irrigation at four week intervals.

Nitrogen levels

H1 - 12 kg of nitrogen per dunum applied prior to
planting time. |

N, - 24 kg of nitrogen per dunum, in two equal portions,

2
12 kg prior to planting and an increment of

12 kg as a side dressing.

54
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N, - 36 kg of nitrogen per dunum, in three equal

5
portions, 12 kg prior to planting and two
side dressings at the rate of 12 kg each.

The plots were harvested twice. The greatest total
yield of dry matter was obtained from the I, plots. The
differences in yield between the I, and the other treat-
ments were highly significant statistically.

Nitrogen rates also had a direct influence O total
yields of dry matter. The differences in yield between N, and
the other nitrogen treatments gstudied were also highly
significant statistically. The interaction between irrigation
intervals and nitrogen rates was significant, and the
largest amount of dry matter was produced by the I1H3 combi-
nation of treatments.

The protein percentage of the plants at the time of
the first harvest was affected by both nitrogen rates and
irrigation frequencies. The weekly irrigated plots produced
plants with a lower percentage of protein than did the other
irrigation frequencies. However, in spite of-their lower
protein percentage, the I1 plants produced more protein per
dunum because of thelr greater production of dry matter.

The percentage of protein in the sorghum plapts of the
second cut followed the same pattern.

The percentage of leaf plus head and the thickness
of the stems were affected significantly by irrigation

frequencies. The highest percentage of leaf plus head and

L.‘.ﬂm#u PRTCRTRE WAy



thinnest stems were produced under the I1 irrigation treat-
ment. These characters were not affected significantly by
the nitrogen levels studied.

The heights of the plants at the time of the first
harvest-were significantly different as affected by the
different irrigation frequencies. The tallest plants were
produced under the I1 and the shortest under the I4 irri-
gation frequencies. The same results were obtained for these’
plants at the time of the second harvest, except that the
difference between the heights of the I, and the 12 plants
was not significant. Nitrogen rates had a direct influence
on plént heights, the tallest plants being produced under
the Natreatmentu

The daily growth rates of the plants prior to the

first harvest were influenced by irrigation freguencies.
The weekly irrigation curve showed a constant increase in
height. The growth curve of plants irrigated bi-weekly
showed a sharp increase in growth rate which started one
day after irrigation. This was followed by a gradual
decrease in rate until eventually, near the end of the
second week no further increase in height was observed.
The growth rate curve of the plants getting water at three
or four week intervals was markedly non-linear, In these
two irrigation treatments the plants were wilted severely
and, as the tips of the leaves were dried and broken,

the plants decreased in height toward the end of each
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irrigation interval. The weekly growth rate curves,
‘determined for the same plants agalin, prior tO the second
harvest were moTre linear.

According to this experiment the following conclu-
sions can be made:

1. The total dry matter and protein yields per
dunum from the two harvests Were greatesd under the weekly

irrigation treatment. This treatment also produced the

5. The rate of 36 kg of nitrogen per dunum resulted
in the greatest +otal dry matter and protein yield per
dunum. The plants receiving this high rate were taller
than were those receiving lesser gmounts of nitrogen. The
fiprst increment of nitrogen resulted in a greater increase
in yield of dry natter than did the second incremente The
thickness of stem and the percentage of leaves plus heads
were only slightly affected by nitrogen rates.

B. The protein percentage of the plants increased
significantly as the irrigation interval was extended from
one to two, three, and four weekse

4. Increasing the nitrogen jevel increased the
percentage of protein. The highest percentage of protein
was obtained from the 14 and H3 combination of treatmentse.
The protein percentage in the second harvest was much

higher than that of the first narvest. This was especially



so for the I3 and I4 irrigation treatments.

5, The growth rate of the plants was affected by
the irrigation intervals. When the interval between irri-
- gations was increased to more than two weeks very limited
growth resulted. When irrigation intervals were extended
beyond. one week a period of one or Iwo days was required
after each irrigation, before the plants were able t0
recover and resume a normal growth rate.

On the basis of this experiment the following
recommendations can be made:

1. Where irrigation water is not a limiting
factor but land is, the best combination of treatments
for hlgher net profit is I1N2

2. Where irrigation water is limited but where
there is more 1aq§ available than can be irrigated weekly,
more fodder of comparable quality could be obtained by
applying the IQ'N2 combination of treatments. That is,
twice as much land, irrigated half as often will produce
economically the greatest return.

3, Experiments in more detail ,that is using smaller
increments of nitrogen applied more frequently at earlier
stages of growth must be conducted to find the best
combination of irrigation and nitrogen treatments.

4. Since the experimental area is a good corn
producing area and corn forage is known 10 be_more valuable
than sorghum forage, this experiment should be expanded
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to include both of these Cropse
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