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ABSTRACT

To study the effects of drought stress on function of three forage plants under normal and stress
conditions, a test was carried out in split plot based on Completely Randomized Block Design in four
replications in summer 2008. Irrigation was tested as the main factor in three levels: after 80, 120 and 160
(+5) mm evaporation of class A pan, and plant type as sub factor in three levels of millet (panicum miliacum
cv. Notrifeed), sorghum (sorghum cv. Pagah) and corn (zea mays cv. Ksc 704). The results showed that there
was significant difference between irrigation level, from the point of view of plant height, stem diameter, dry
leaf weight, fresh and dry forage yield, protein percentage and ash percentage. The yield of fresh forage in
irrigation level after 80, 160 mm evaporation was the average of 97.7 and 80.2 tons ha-1 respectively. Also,
there was significant difference between different plants from the point of view in plant height, stem diameter,
dry weight of stem and reproductive organ, fresh and dry forage yield, ratio of leaf to total air organ, protein
percentage and ash percentage characters. Regarding the obtained results, the yield of fresh forage in corn and
millet had maximum and minimum amount, respectively with the average of 103.9, 62.2 tons ha-1. There was
significant difference between interactive effects of irrigation levels and cultivar in ash percentage. With
consider of results, when we are comparing average, we can take maximum ash amount of sorghum plant in
irrigation level, that, it was 80 mm after evaporation, and minimum amount was associated with corn plant
in three irrigation level.
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Introduction

Iran lies in a dry and semi-arid area on the
earth, its average annual rain fall is about 230 mm
and its falling dispersion in this area (dry and half
dry) doesn't satisfy the farming needs, and
consequently production is always faced with
temporary and constant drought stress, therefore a

suitable management is needed to get optimum
output in half dry areas and increase the efficiency of
land under cultivation [4]. The plant processes that
depend on cells mass (turgor pressure) increase are
very sensitive to water deficiency. Two important
types of this process are: leaf gas exchange that is
dependent on guards' cells mass (inflation pressure)
and increasing of leaf area that is based on cells
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expansion. Prevention of this process in dry
conditions, can lead to a considerable decline in the
yield [15]. Fast (rapid) growth, ability to adapt with
tropical area, relative resistance against dryness, high
percentage of protein, full leaf area, edibility and
high productivity (C4), and water use efficiency have
caused millet, sorghum, corn and C4 grass regarded
as to be suitable and acceptable for growth in the
warm region of Iran [12]. Since, these plants have
short period of delay growth (especially in the areas
that growth season is short) it will be suitable for the
second cultivation. The energy crisis and the rising
prices of in agriculture production (cereal, industrial,
drug and forage plants, animal production) have
caused the cultivation and use of forage plant to be
emphasized. In most of world countries and
especially in Iran, research and progress on the field
of forage production, management and utilization of
this plant have been less emphasized than the other
plants. The main value of forage is related to
economic value of meat, milk and other animal
productions [8]. Based on the investigations done by
Nelson et al. [11], the forage corn consumes 53 mm
more water than foxtail millet and triticale till the
beginning phases of dry matter production. The tall
stems of corn, as long as they are alive have large
concentration in dry matter. He also reported the
yield of dry matter corn as 2930 Kg ha-1 in 1998-
2004, and the amount of millet and triticale as 3155,
3916 Kg ha-1 respectively. Each of the development
and growth phases in corn (silk-tasseled extension,
maize formation and grain filling) will lead to the
increase of some tons of dry material per Acre [2].
Stone et al. [16], expressed; the accessibility to soil
humidity is the most important factor in
determination of farming plant yield in semi dry
areas. Mossavi et al. [9], showed in an experiment,
that there were significant effects between cycle
irrigation on total fresh and dry yield, the yield of
fresh and dry forage leaf, stem and tassel, the
increasing of cycle irrigation caused significant
decrease in this attributed amount. Unger [18], in an
experiment on the yield of forage millet, announced
that the yield rate of dry matter was about 3670 kg
ha-1 and average of water use efficiency 13 Kg ha-1

in mm. Eshidary et al. [3], with doing tests on two
varieties of corn and one variety of sorghum in
Kerman areas discovered that dry stress caused a
decrease in stem height in plant; but stem diameter,
leaf number and fresh and dry plant weight weren't
affected under drought stress. Also, these researchers
discovered that sorghum was in a better level than
two corn varieties, as respect to stem height, leaf
number, and fresh and dry plant weight; whereas in
stem diameter, two varieties of corn were better than
sorghum. Nakhoda et al. [10], reported that there
were significant effect on yield and most qualitative
characteristics, with investigation on dry stress effects

of two varieties of forage millet (pearl and
Notrifeed). Ashtari Loraki [1], reported the following
results, as tension on decrease in stem height, tiller
number, leaf weight, stem weight, fresh forage yield,
and dry forage yield due to dry stress on forage
sorghum. Tabatabai and Ranjbar [17], reported that
increasing dry stress resulted in the decrease of yield
rate. Sadeghi et al. [14], reported that the fresh and
dry yield and forage millet yield were decreased due
to dry stress. 

Because of the problem of water deficiency
especially in summer months, one of the important
factors in farming management is to select and
implants a good and suitable plant with higher
output. The millet, sorghum and corn are remarkable
forage plants for second planting in some areas such
as Azerbaijan because they are very resistant against
lack of water stress, with high production, and much
growth speed. The comparison of the resistance of
three plants in the same condition (stress and normal)
can help us choose the type of the plant in both
cases.

Materials and methods 

To investigate the impact of dry stress on the
three forage millet, sorghum and corn plant an
experiment was carried out in the form of split plant
on the basis of Completely Randomized Block
Design in four replications in summer 2008.
Irrigation as the main factor in three levels, after 80,
120 and 160 (+5) mm evaporation of class A pan
and the kind of plant were tested as a sub factor
(secondary factor) in three levels: forage millet
(panicum miliacum cv. Notrifeed), forage sorghum
(sorghum cv. Pagah) and forage corn (zea mays cv.
Ksc 704). Date of planting was after wheat
harvesting, in 7/20/2008. After primary irrigation the
seeds germinated in 7/26/2008. The activities for land
preparation consisted of autumnal plough, disk, and
leveling, then using the fertilizer based on test results
obtained from soil analysis in planting place. Thining
to reach optimum plant population was done in
8/11/2008. The manual weeding was done in phases
4 or 6 leaves in 8/18/2008. The plant population
used for forage corn was 98000 and for forage
sorghum and millet were 333333 plants per hectare.
Each sub plot consisted of 5 line cultivation, each in
3 meters length and the distance between lines was
60 cm and Area of each plot was 9 m2. The
distances between main plots were 3 and sub plots 2
rows and between the replications were 3 meters.
The activity of stress level was done in 8/22/2008. 

In this experiment the amount of dry and fresh
forage, weight of dry leaf, weight of dry stem and
reproductive organs, ratio of leaf to aerial organs,
stem height, stem diameter and protein percentage
were measured. In the measurement of the
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characteristics, samplings were done between lines
regarding to marginal effects. For the measurement,
we selected the height, stem diameter from five
plants, the height was measured with centimeter and
stem diameter was measured by caliper and its
average was recorded as experimental data. Also, for
the measurement of fresh forage yield sampling of
two square meters in each plot and the leaf, stem,
procreative organs were chosen to determine
separately. At the end, some samples were transferred
to laboratory and researchers measured the amount of
protein for each sample. For the evaluation analysis
of each characteristic MSTATC static software was
used. The diagrams were used by the Excel software
and table drawing with Word software.

Results:

Plant Height: 

Various irrigation levels had significant
difference with each other in probable level of five
percent due to plant height (P>0.05, Tab. 1). The
result of (Tab. 2) showed that irrigation levels after
80, 120 mm evaporation were set in the same
statistical group, due to plant height and irrigation
level after 160 mm evaporation was placed in low
statistical group. The results of variance analysis of
plant height showed that there were significant
differences between various plants in one percentage
level (Tab. 1). With the attained results, the
maximum plant height was related to corn with
average of 261.4 Cm and the minimum of plant
height to millet with average of 182.3 Cm (Tab. 2).
The interaction effect of irrigation levels and the kind
of plant didn't have meaningful effect on plant height
(Tab. 1). 

Stem Diameter: 

There was statistically significant difference
between different irrigation levels with the probability
of five percent level (P>0.01, Tab. 1). Therefore, the
maximum value of stem diameter was in regard with
the irrigation levels after 80 and 120 mm evaporation
and the minimum value with the other irrigation
levels (irrigation after 160 mm evaporation) (Tab. 2).
The plant type had important effect on stem diameter
(Tab. 1). The maximum value of stem diameter was
concerned with corn and the millet and sorghum
plants were placed in separate statistic groups
respectively (Tab. 2). We didn’t observe significant
difference between interaction effects of irrigation
levels and plant kind and the various levels of the
two factors acted separately and didn’t have any
impact on each other (Tab. 1). 

Dry Weight of Stem and Procreative Organ: 

The effect of various irrigation levels didn't have
significant influence on dry weight of stem and
procreative organ, but the plant kind showed
significant influence on this character on the
probability of five percent levels (Tab. 1). Comparing
averages with the use of Dankan test, showed
probable five percent level that the maximum value
of dry weight of stem and procreative organ was
concerned with corn plant and the minimum value
concerned with millet (Tab. 2). Also interaction
effect of two factors didn't have meaningful influence
on this character (Tab. 1).

Weight of Dry Leaf: 

The weight of dry leaf was subjected to different
levels of irrigation with the probability of five
percent (Table 1). The maximum and minimum value
of dry leaf weight was concerned with irrigation
level after 80 mm evaporation and irrigation after
160 mm evaporation with 4465.2, 3566.8 Kg ha-1,
respectively (Tab. 2). There weren’t significant
difference between simple effects of plant kind due
to dry leaf weight, also we didn’t observe any
significant difference between interaction effect of
irrigation levels and plant kinds, and various levels
of two factors acting separately and didn’t have any
effect on each other (Table 1).

The Fresh Forage Yield: 

With consideration of statistic results, fresh
forage was under the influence of irrigation levels
(Tab. 1) and the maximum value of fresh forage
yield was observed on irrigation treatment, after 80
mm evaporation with 97.7 Ton ha-1 and the forage
yield of irrigation level after 120, 160 mm
evaporation decreased to about 18 and 7.5 percent
ratio to first level of irrigation treatment, respectively
(Tab. 2). Statistic observations showed that the plant
kind had significant effect on fresh forage act in one
percent level (Tab. 1). The maximum and minimum
value of fresh forage was concerned with corn and
millet, there average were 103.9 and 62.2 Ton ha-1

respectively (Tab. 2). There weren't significant
statistic difference between interaction effect levels of
irrigation and plant kind, due to fresh forage act
(Tab. 1).

The Dry Forage Yield: 

With consideration of dry forage yield there was
significantly statistic difference between the various
levels of irrigation in probability of five percent level
(Tab. 1). Tab. 2 showed the irrigation level after 80
mm evaporation had maximum value of dry forage
act and irrigation level after 160 mm evaporation had
minimum value of dry forage act and irrigation care 
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Table 1: Mean squares of some traits in different irrigation and plant kind.
Source Degrees Mean Squares

of ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Freedom Plant Stem Dry weight of Weight of Yield of Dry forage Ratio of leaf Protein Ash 

height diameter stem and dry leaf fresh forage yield to total percent percent
procreative organ aerial organ

Replication 3 34.955 0.389 35514825.3 417294.028 32877807.36 40148365.18 15.085 2.331 0.036
Irrigation level 2 1580.407* 5.554* 60763407.19 3778706.361* 922757252.152* 91021453.284* 7.852 5.491** 1.462**
Error (A) 6 215.518 0.915 16148561.38 443108.25 128570550.2 18067114.82 18.518 0.327 0.026
Plant kind 2 18941.491** 194.777* 114427685.361* 1062796.361 6680037121.280** 131587948.878* 59.324* 14.306** 10.285**
Irrigation level 4 680.26 0.833 10561687.86 331470.778 185218460.8 13044816.82 5.919 2.548 0.621**
×Plant kind
Error (B) 18 392/352 1.609 28563751.55 619455.12 391148248.4 35109890.68 11.593 1.575 0.089
Coefficient of variation 9.03 7.83 30.27 19.43 22.12 27.3 17.59 9.73 4.02
NOTE: *, ** are significant difference in 1 and 5 percent respectively.

Table 2: Mean of simple effects in Plant height (Cm), Stem diameter (mm), Dry weight of stem and procreative organ and Weight of dry leaf (Kg ha-1), Yield of fresh forage, dry
forage yield (ton ha-1), Ratio of leaf to total aerial organ, Protein percentage and ash percent.

Factor Plant Stem Dry weight Weight of Yield of Yield of Ratio of Protein Ash 
height diameter of stem and leaf dry fresh forage dry forage leaf to total percent percent
(cm) (mm) procreative organ (Kg ha-2) (ton ha-1) (ton ha-1) air organ

(Kg ha-2)
Irrigation
After 80 mm evaporation 228.2a 16.7a 19408.4a 4665.2a 97.7a 24.1a 19.75a 13.14a 7.82a
After 120 mm evaporation 223.7a 16.5a 18435.3a 3920.2b 90.3b 22.4ab 18.43a 13.44a 7.23b
After 160 mm evaporation 206.4b 15.4b 15116.5a 3565.8b 80.2c 18.7b 19.89a 12.14b 7.21b
NOTE: The number in each culms have same alphabet aren't different significantly with together  
Plant kind
Millet 182.3c 12.5c 20457.0a 3730.2a 62.2b 18.1b 20.6a 14.08a 7.24ab
Sorghum 214.7b 15.7b 18159.6ab 4318.5a 102.1a 22.5ab 20.6a 11.92b 8.43a
Corn 261.4a 20.5a 14343.6b 4102.4a 103.9a 24.6a 16.8b 12.72b 6.60b
NOTE: The number in each culms have same alphabet aren't different significantly with together  

took the mean place (intermediate) after 120 mm of
irrigation. The statistic observations showed that the
kind of plant had meaningful effect on dry forage
yield in five percent level (Tab. 1). The maximum
and minimum values of dry forage were concerned
with millet and corn, whose averages were 18.1 and
24.6 Ton ha-1 respectively (Tab. 2). The mutual
effect of irrigation level and kind of plant didn't have
significant effect on dry forage act (Tab. 1).

The Ratio of Leaf to Total Aerial Organ: 

The various irrigation levels didn't have
significant influence on the ratio of leaf to total
aerial organ, but between the sub factor levels (kind
of plant) there was significant difference in the level
of probability at five percent (Tab. 1). The
comparing of average with Dankan test showed the
maximum value of ratio of leaf to total aerial organ
was concerned with the sorghum and millet and the
minimum value of this character was concerned to
corn (Tab. 2). Also interaction effect of two factors
wasn’t meaningful on leaf ratio to total aerial organ
(Tab. 1). 

Protein Percentage: 

The results of variance analysis of protein
percentage showed that the various irrigation levels
had significant effect on this character in one percent
level of probability (P>0.01, Tab. 1). With the
resulted comparison of average, it can be said that
the minimum protein value is related to irrigation
level, after evaporation of 160 mm and in other two
irrigation levels there weren’t meaningful statistic
difference with each other, and they were placed in
the same statistic group (Tab. 2). Also various plants
had significant statistic difference with each other on

one percentage probability level due to protein
percent (Tab. 1). Forage millet was placed on initial
statistic group, and corn and sorghum were placed in
the similar statistic group (Tab. 2). There weren't
meaningful statistic differences between various
levels of interaction effect of two factors due to
protein percentage (Tab. 1).

Ash percentage: 

Regarding the ashes percent, there was a
considerable statistic difference in one percent level
between different irrigation levels and species of the
plant (Tab. 1). It seemed there was significantly
difference between interaction influences of irrigation
and species of plant with the view point of ash
percent (Tab. 1). On the basis of comparing the
average results it became obvious that for sorghum
the irrigation after evaporation of 80 mm had the
highest percent of ash about 8.93 percent, and corn
in three irrigation levels and millet in two irrigation
levels after evaporation of 120 and 160 mm had the
least amount of ash percent. As a result they are
grouped in the same statistic class (Fig. 1). 

Disccussion and conclusions:

The cellular growth on plant is the activity that
is very sensitive to water deficiency. The decreasing
of water potential in meristem is a cause for
lessening of the turgor (potential) pressure, that isn’t
sufficient for the cell growth; this subject is one of
the causes of decreasing protein synthesis and
declining the cells growth. The apical meristems
produce new cells in the end of root or stem that
increases plant length or height. Also the longitude
growth of stem can be the result of the activity of
intercalary meristems  in  internodes. The internodes 



851Adv. Environ. Biol., 5(5): 847-852, 2011

Fig. 1: Comparing of interaction effects of difference irrigation levels and Plant kind on ash percent.

length in turn can also be increased due to the
number and cells size [5]. About the kind of plant,
we can say: the environmental conditions, genetic
factors and etc. can be effective on the increasing of
the plant height. As, mentioned before, water
increases cellular turgidity, and it increases cells size
and capacity, therefore, diameter of plant organs
increases. When the plant encounters with inadequacy
of water, the turgidity will be decreased or never
increases, therefore, the stem diameter is reduced.
About plant kind it can be said: corn has sufficient
growth area for the stem diameter to increase in cells
number because it has more row planting space and
less population. In this case, we can say: after the
samples dried and their water weight diminished, the
dry weight of plant parts remains, the main
difference of yield is the existing water on new plant
tissue between stress levels, and this water is for cell
growth, until cell mass reaches its own maximum
value, but the dry weight of these organs are equal
with each other. Considering these averages, we can
say: with the increase of stress level, the yield is
decreased, but this amount isn’t significant. About
meaningful difference between plants we can say: the
corn is higher and more preferable than millet and
sorghum due to stem and procreative organ dry
weight, with consideration of height and diameter of
corn stem and big maize and the height of plant
mass. Also about dry leaf weight, when stress level
increases, cells mass and it size decreases; therefore,
the dry leaf weight decreases. The type of plants
kind that has (same) equal mass, number and size
statistically doesn't have meaningful difference among
them. For the reason of stress and increasing of
irrigation space, turgor pressure in cells decreases,
this decrease is due to the low water which remains

in cells and the cell mass decreases, this matter will
reduce the cells weight and fresh forage act. In
various plants, amount of cells mass is different, and
the amount of water storage is variable in various
plants. This factor determines the size and value of
plant bulk. Noticing the above plant characteristics,
we can say, for the reason of genetic characteristics
in this plant and amount of fresh forage, we can
mention that amount of dry forage follows fresh
forage trend. In this case, after the sample dries, its
water weight decreases the dry matter of plant parts
remains. Considering these averages, it can be said:
when stress levels increase, yield value decreases, but
this value isn’t meaningful. About significant
difference between various plant levels it can be said:
the corn is higher than millet and sorghum, due to
dry stem weight and procreative organ, therefore with
the increase of denominator value, the outcome value
will be decreased. Decreasing of protein percentage
reported by many researchers such as Misra [7],
Nakhoda and et al. [10], in dry stress conditions and
lack of repeated synthesis in these conditions. From
protein percentage in various plants there can be a
hint to genetical and physiological and photosynthesis
cycles and foodstuffs made in plant. The fact that
ash percent demonstrates amount of mineral articles
in plant texture [8], and noting that absorption of
these materials are decreased in non-stress
environments by the stem [6], therefore it is possible
to decrease the ash percent. Decrease in provender
ash in non-stress environments is reported by Wilson
[19] and Paygozar and et al., [13]. It is also possible
to state that according to the genetic characteristics
of sorghum and according to the other researchers
reports the greatest of ash percent was related to
sorghum.
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