
Leaf Water Potential of the Purple Elephant Grass, 
Pennisetum purpureum Schumach. (poaceae) and  

it’s Relationship with Soil Moisture

Euriel Millán-Romero1*, Andrés Mass-Cruz2, Yerye Chajin-Salcedo2 and Carlos Millán-Páramo1

1 Faculty of Engineering, University of Sucre, Cra. 28 # 5-267, Sincelejo, Colombia; euriel.millan@unisucre.edu.co,  
carlos.millan@unisucre.edu.co 

2University of Sucre, Cra. 28 # 5-267, Sincelejo, Colombia; anelma95@gmail.com, yerye06@gmail.com

Indian Journal of Science and Technology, Vol 11(22), DOI: 10.17485/ijst/2018/v11i22/122831, June 2018

ISSN (Print): 0974-6846 
ISSN (Online): 0974-5645

Abstract

Objectives: To investigate how the time of day affects the water potential values of the purple elephant grass (Pennisetum 
purpureum) in areas with and without irrigation during the dry season and the relation with soil moisture, in order 
to establish a good performance of the crop. Method: Water potential was measured with the Scholander pressure  
chamber and humidity was measured with a Moisture Soil Kit. Four demonstration plots of 3 m × 3 m (three with irrigation 
and one without irrigation) were select and the determination was made at: 08:00, 13:00 and 17:00, for 10 weeks two 
days a week. Findings: The crop under irrigation maintained values of water potential between 0.02 to 0.05 MPa, and 
crop without irrigation between 0.02 and 0.25 MPa. Additionally, a higher yield was obtained for the irrigated crop of  
22 t/ha/year in dry matter. The purple elephant grass maintains a good yield with humidity between 20% and 30% and water  
potential between 0.03 and 0.05 MPa. Novelty /Improvement: Obtaining the equation (Y = 0.493 * X- 0.775) that relates soil  
moisture and leaf water potential of purple elephant grass Pennisetum purpureum Schumach. (Poaceae), which can be used 
to find the water potential (Y) in a soil with a sandy clay loam texture.
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1.  Introduction
In recent years, Colombia and especially the department 
of Sucre have been immersed in a great economic loss due 
to climate change, generating food shortages and death of 
animals1. For this reason, the implementation of irrigated 
pasture becomes important to supply and optimize the 
demand for water in the dry season, likewise take advan-
tage of high rainfall in rainy weather for storage (silage). 
This makes it necessary to know the water potential in the 
plant for optimize the water resource.

Growth and development of plants is inf luenced by 
the environment, especially for the availability of water, 
since it intervenes in virtually all physiological processes2. 
The water deficit is due to the drought that triggers  

metabolic and physiological responses in plants affecting 
respiration, photosynthesis, anatomical and metabolic 
reactions, absorption of nutrients, development, growth, 
production, among others3. The knowledge of the vari-
ous ecophysiological strategies in the use of water by the 
species of the different communities is key to be able to 
predict their response to fluctuations in the hydrologi-
cal cycle susceptible to change by human activities, to  
establish sustainable forest and livestock programs4.

In plants, water typically constitutes 80% to 95% 
of the mass of the growing tissues, where it performs 
essential functions. For this reason, the measurement 
of the water potential with the Scholander pressure 
chamber, which is an equipment that can be used suc-
cessfully to evaluate water stress in several plant species5, 
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has become very helpful for farmers who have chosen 
to introduce crops into their farms of pastures under  
irrigation, which are provided to the animals in the dry 
season6.

Several researchers have been studied the water poten-
tial of many plants and relate it with humidity present in 
the soil in order to make an adequate irrigation planning 
which allows the rational use of water. For example, Miras 
et al.7 assessed the usefulness of the capacitance technique 
as a measurement of the soil water content and its relation-
ship with leaf water potential in order to monitor vineyard 
irrigation; Garcia, Gonzalez and Montero8 evaluated the 
effect of the day time on measurement of leaf water poten-
tial in sorghum and its relationship with the soil volumetric 
humidity, during the cultivation of sorghum plants, showing 
that it is possible to use the leaf water potential as another 
alternative for the programming of irrigation in agricultural 
crops; Garzon, Velez and Orduz9 evaluated the effect of 
water deficit by controlled application of water through soil 
profile in orange crop Valencia (Citrus sinensis Osbeck) in 
the foothills Meta department, Colombia, showing that this 
variety (Valencia) has a fast recovery under suitable water 
supply conditions; May-Lara et al.10 evaluated the effect of 
soil moisture levels in the growth of Capsicum chinence 
Jacq plants and survival and development of Bemisia tabaci 
Genn, a direct positive correlation was found between the 
soil moisture and the plant water potential.

The aim of this study was to evaluate the incidence 
of time of day in the leaf water potential of the purple 

elephant grass with and without irrigation in dry season 
and the relationship with soil moisture, to establish the 
behavior of the crop.

2.  Materials and Methods
The study was done in 2016 in the farm “El Achiote” 
in the town San Jorge located at 7 km from Sincelejo 
(Department of Sucre, Colombia) at 09°21′38,4″ N and 
75°24′02,6″ W, altitude of 200 meters above sea level,  
climate of tropical dry forest with average temperature of 
28 °C and relative humidity of 72%.

2.1 � Determination of Moisture and Water 
Potential

Soil moisture kit was utilized to obtain the volumetric 
humidity (θ). This equipment was installed near the stem 
of the plant to measure the water potential. Gravimetric 
humidity (Hg) is calculated with the following equation, 
considering the apparent density of the soil (Da):

	 H =
Dag
θ

� (1)

The physical and chemical properties of the soil  
(Table 1) were determinate in the Laboratory of Water 
and Soil (LASA) of the University of Sucre (Colombia) 
following the methodology established in the analytical 
methods of the soil laboratory of the IGAC (Geographical 
Institute ‘Agustin Codazzi’)11.

Table 1.  Physical and chemical properties

Determination Method or equation Value
Texture Bouyoucos Sandy clay loam
Apparent density Clod of paraffined soil 1.23 g/cm3
pH Potentiometric 1:1 NTC 5264 6.72
Organic matter % Organic carbon (Walkley. A., Black I.A.) 2.12

Soil moisture % %H =
W Wr Ws Wr

Ws Wr Wr
h + − +

+ −

( ) ( )
( )

∗100 29.17

Phosphorus (ppm) Bray II 8.20
C.I.C. (meq/100gr soil) Ammonium acetate 1N Y N 26.00
Calcium (Cmol/kg soil) Complexometric 24.00
Magnesium (Cmol/kg soil) Complexometric 10.27
Potassium (Cmol/kg soil) A.A 0.21
Sodium (Cmol/kg soil) A.A 2.20
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The water potential was obtained with a Scholander 
pressure chamber. Four demonstration plots of 3 m × 3 m  
(three with irrigation and one without irrigation) were 
select and the determination was made at: 08:00, 13:00 
and 17:00, for 10 weeks two days a week, starting on 
February 26 and ending on May 5, 2016.

The purple elephant grass Pennisetum purpureum 
Schumach. (Poaceae) was irrigated with a sprinkler irriga-
tion system. Three sprinklers (SENNINGER model 3023) 
with wet radius of 12.5 m were select. The uniformity coef-
ficient was evaluated, taking as reference ISO 11545 and 
ISO 7749-2 standards additionally, several containers were 
placed at 1/3 and 2/3 of the wetting radius in 4 directions. 
The system was put into operation for one hour; then the 
volume captured in each container was measured.

The results were analyzed by coefficient of varia-
tion, coefficient of correlation and linear regression.  
The Tukey´s test was employed to find means that are 
significantly different from each other, using Statgraphics 
Centurion software. It was established a factorial of 2 × 3, 
that is, two variables (hydric potential and humidity) and 
three daily measurements, trough randomized complete 
blocks designs with three replications.

3.  Results and Discussion
Table 2 shows the uniformity of the irrigation system. 
As observed, the irrigation system presents a uniformity 
within the accepted range, therefore the same irrigation 
time was used for all the areas. Additionally, the flow 
rates in each sprinkler have close values ensuring proper 
functioning in the system. The value of Distribution 
Uniformity (DU) is calculated as:

	 Q =avg
36,815+31,416+38,615

3
� (2)

	 Qavg = 3,5015m3/h

	 DU =
Q
Q

min

avg

∗100 � (3)

	 DU =
31,416
35,015

∗100

	 DU = 89.72%
There is no universal value of DU for satisfactory 

system performance but generally a value >80% is con-
sidered acceptable12.

Determination Method or equation Value
Aluminum (Cmol/kg soil) Complexometric -

Calcium saturation (%) 65.43
Magnesium saturation (%) 28.00
Sodium saturation (%) - 6.00
Aluminum saturation (%) - -

Relation calcium/magnesium (%) - 2.34
Electric conductivity (MicroS/cm) Saturated paste 664
Salinity Saturated paste 0.3

Table 2.  Calculation of irrigation uniformity

Sprinkler 1 Sprinkler 2 Sprinkler 3

Container Container Container
Line 1 2 1 2 1 2

1
3.7 5.3 4.3 4,7 7,3 10,7
5.3 5.0 4.7 5,3 7,3 7,3
5.3 5.0 4.7 5,3 7,3 7,3

2
9.0 6.3 7.3 8,7 9,3 3,7

12.0 10.7 6.0 8,7 9,3 6,7
12.0 10.7 6.0 8,7 9,3 6,7
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Sprinkler 1 Sprinkler 2 Sprinkler 3

Container Container Container
Line 1 2 1 2 1 2

3
10.0 10.7 9.3 4,3 12,7 4,0
8.0 10.0 9.0 6,0 7,3 7,3
7.3 10.7 9.7 5,3 6,0 6,0

4
5.0 5.3 5.0 6,0 7,3 6,7
5.3 5.3 5.0 6,7 4,7 10,0
5.3 5.3 5.3 5,3 5,3 9,0

Average (mm/h) 7.4 7.5 6.4 6,3 7,8 7,1
Average (mm/h) 7.5 6.4 7.5
Flow (m3/h)) 3.6815 3.1416 3.6815
Area (m2) 490.875 490.875 490.875

Table 3.  Water potential (P) and humidity () at 08:00, 13:00 and 17:00, during the 20 days of testing

Hour 08:00 Hour 13:00 Hour 17:00
With irrigation Without irrigation With irrigation Without irrigation With irrigation Without irrigation

P (MPa) Hg (%) P (MPa) Hg (%) P (MPa) Hg (%) P (MPa) Hg (%) P (MPa) Hg (%) P (MPa) Hg (%)

0.05 8.5 0.08 1.79 0.07 6.41 0.25 1.92 0.09 9.70 0.10 2.79
0.04 12.9 0.12 3.71 0.10 10.23 0.21 1.68 0.10 8.48 0.24 2.74
0.07 9.46 0.21 2.20 0.08 8.78 0.16 3.36 0.09 13.15 0.09 4.07
0.06 9.96 0.15 3.69 0.07 6.65 0.12 2.47 0.10 6.86 0.12 1.76
0.05 6.24 0.14 3.63 0.09 6.08 0.16 2.22 0.07 6.97 0.12 2.95
0.09 10.57 0.16 3.17 0.08 12.29 0.19 4.01 0.11 7.28 0.12 4.82
0.09 9.71 0.13 4.77 0.08 9.87 0.10 4.20 0.08 15.08 0.17 4.91
0.05 14.83 0.15 5.12 0.07 10.54 0.19 3.58 0.09 13.58 0.14 5.96
0.08 14.86 0.08 5.61 0.06 14.99 0.29 5.01 0.09 17.70 0.20 4.01
0.06 16.07 0.17 3.69 0.07 18.15 0.22 6.42 0.10 13.67 0.25 5.56
0.07 13.47 0.15 5.77 0.06 15.79 0.15 2.36 0.08 14.00 0.23 1.52
0.07 20.41 0.18 9.84 0.07 21.32 0.23 11.38 0.09 15.75 0.18 7.53
0.05 19.14 0.12 7.21 0.14 14.03 0.29 5.99 0.11 13.65 0.17 2.41
0.06 22.35 0.14 19.30 0.10 18.85 0.10 18.48 0.06 22.99 0.14 17.15
0.06 21.64 0.18 6.64 0.08 19.75 0.17 10.54 0.07 21.86 0.19 11.00
0.06 24.85 0.14 22.22 0.07 23.08 0.13 17.89 0.05 22.57 0.09 15.39
0.03 19.94 0.05 20.30 0.04 19.38 0.04 18.10 0.03 27.51 0.09 22.44
0.02 26.46 0.02 21.27 0.03 22.73 0.03 22.38 0.03 23.43 0.02 27.94
0.05 28.80 0.09 29.02 0.05 26.52 0.09 25.93 0.05 28.18 0.06 22.44
0.02 25.97 0.02 18.40 0.03 25.84 0.08 25.69 0.04 30.02 0.11 20.24

Table 3 shows the water potential (P) and humidity (Hg) 
at 08:00, 13:00 and 17:00, during the 20 days of testing. As 
observed, at 08:00 the leaf water potential values of the pur-
ple elephant grass vary between 0.02 MPa and 0.09 MPa in 

humidity ranges of 6.24% and 28.08%, and without irriga-
tion vary between 0.02 MPa and 0.21 MPa. In the irrigated 
area, moisture levels were higher; however, the water poten-
tial was lower. Ferrara et al.13 also observed a reduction in 
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water potential as soil moisture increases. At 13:00, in the 
pasture under irrigation the leaf water potential values vary 
between 0.03 MPa and 0.10 MPa and from 0.03 MPa to  
0.3 MPa without irrigation showing temporary wilting in 
the pasture14, demonstrated that climatic conditions and 
time of day influence the magnitude of water potential. 
Finally, at 17:00 in the area with irrigation the water poten-
tial varies between 0.03 MPa and 0.11 Mpa and in the area 
without irrigation between 0.02 MPa and 0.25 MPa.

Soil moisture decreased during the day (Table 3), 
except for the last days where there was higher humid-
ity in the afternoon due to some precipitation which also 
affected the values in the crop without irrigation and 
decreased water potential values. Additionally, there is 
a variation between the values of water potential in the 
hours of the measurement with a tendency to increase at 
13:00, probably caused by evapotranspiration occurred 
during the morning and high temperatures at this time 
of day. In the afternoon hours, decreases again but having 
values higher than those recorded in the morning.

The data in Table 3 were analyzed with variance anal-
ysis and Tukey’s HSD (honest significant difference) test 
with the Statgraphics. The results are shown in Figure 1.

Figure 1-a shows that the values of water potential are 
more distributed below the average, whilst in humidity 

(Figure 1-c) the opposite happens, where is observed a 
concentration of the moisture values generate concentra-
tion in the water potential values. For the area without 
irrigation the water potential values at 8:00 and 13:00 are 
more dispersed below the mean, at 17:00 the opposite 
happens (Figure 1-b) and for moisture the values are 
more dispersed below the mean (Figure 1-d) indicating 
that high values of humidity produce low values of water 
potential. There is a statistically significant difference  
(P <0.05) between the values of water potential at 08:00 
and 13:00, this was also reported by Rojas-Jimenez and 
Gutiérrez15. Figure 2 shows that the values of water poten-
tial increase as the soil moisture decreases, for both 
treatments. The determined equation can use to find the 
water potential in a soil with a sandy clay loam texture.

Figure 2.  Characteristic curve of soil moisture and water 
potential.

Figure 1.  Water potential with respect to the hours of the day: (a) with irrigation, (b) without irrigation. Humidity with 
respect to the hours of the day: (c) with irrigation, (d) without irrigation.
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The purple elephant grass is classified as a C-4 plant; 
for having CO2 pumping intermediates, unforeseen  
stomatal closure can be allowed, and the continuity of the 
photosynthetic process is feasible, thanks to the CO2 res-
ervoir. For this, it is more efficient in the use of water 
(transpiration)16.

Figure 3 shows that there is a concentration of data 
equal in terms of water potential for the two conditions 
of the crop. Regarding humidity (Figure 4), tends to con-
centrate in the first quartiles, caused by the precipitations 
that oscillated the humidity values in the last days.

Table 4 shows the crop yield. As can been seen, the 
irrigated grass had a higher production (yield) in Green 
Material (GM) and Dry Material (DM), the non-irrigated 
grass was subjected to an unfavorable hydric state which 
caused a lower growth of the leaves and the stem, this was 
also reported by Santos et al.17 and Marti-ón-Martínez et al.18

Table 4.  Crop yield

Agricultural plot With 
irrigation

Without 
irrigation

Yield Average (kg/ m2) (GM) 7.27 4.125

Dry material % (DM) 22.06 25.43

Yield DM (kg/ m2) 1.6 1.05

Yield DM (kg/ m2) 16 10.5

4.  Conclusions
The main conclusions of the study may be summarized 
as follows:

•	 There is an inverse relationship between humidity and 
the leaf water potential of purple elephant grass, with 
potential tendency. The determined equation can use 
to find the water potential in a soil with a sandy clay 
loam texture.

•	 With the passing of the day, the water potential 
increases as consequence of a reduction in soil  
moisture.

•	 The purple elephant grass tolerates drought, since 
under these conditions of humidity it remained in 
good condition, but when subjected to conditions 
without irrigation, its yield decreases significantly.

•	 The purple elephant grass maintains a great yield 
with humidity between 20% and 30% and potential 
between 0.03 and 0.05 MPa.
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