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ABSTRACT  
     The aim of this study to evaluate the effect of drip irrigation frequency and retrieve consumptive use 

rate on growth parameters of Sorghum crop speed feed variety. The study was carried out at the field of 

College of Agricultural Engineering Sciences, Duhok University, were studied for growing season (2019-

2020) under conditions of Duhok semi-arid region, using drip irrigation system. 

      The irrigation frequency (IF1, IF2, IF3 and IF4) arranged in main plots under three levels of retrieve 

consumptive use which were (1.00 CU, 0.70 CU and 0.40 CU) in the sub plots and using 2880 plants        

density ha-1. 

     The data were recorded on leaf area index, net assimilation rate, growth rate, leaf area, specific leaf 

area, plant height and crop response factor (KY) were determined. 

     The results showed that the actual evapotranspiration (ETa) was linearly related with water applied 

and retrieve consumptive use Under the three levels of retrieve consumptive use (1.00 CU, 0.70 CU, 0.40 

CU) the cumulative actual evapotranspiration (ETa) were 565.40, 395.78 and 226.16 mm, irrigation water 

589.05 , 419.55 and 250.13 mm and water use were 595.68, 425.80 and 256.12 mm. these parameters were 

measured from the beginning of emergency stage until cutting green forage yield of Sorghum crop. 

     The values of Sorghum growth parameters of leaf area index, net assimilation rate, relative growth 

rate, leaf area, specific leaf area, stem radius and total leaves number increased with increasing irrigation 

frequency, IF and retrieve consumptive use. The highest values of the parameters were obtained for IF1 

(once in 1 day)  under level (1.00) retrieve consumptive use.   

     Crop response factor (KY) decreased with increasing irrigation frequency (IF) while it increased with 

increasing retrieve consumptive use (CU). 

 

KEYWORDS: sorghum speed feed variety, growth parameters, irrigation frequency, retrieve                            

consumptive use. 

 

 

 

 

 

INTRODUCTION 

 

ater has been the key limiting factor in 

most parts of the world for plant 

growth, Rainfall is not adequate to meet water 

crop needs (Farahani et al., 2009), with the 

recent increase in the worlds human population 

and growing demand for food and water, it has 

become more important than ever to improve the 

efficiency of water usage (WUE) for crop 

production per unit area (Hsiao et al., 2009). In 

the near future, achieving greater WUE will be 

the main task and will include the use of 

techniques and practices that deliver better water 

to crops (Yihum et al., 2011). 

Under drip irrigation, the ponding zone 

around the emitter is strongly linked to either the 

level of irrigation or the rate of application of 

water (Assouline 2002; wang et al., 2006), 

which thus play a key role in determining the 

soil water content of the emitter, the amount of 

water percolation in the root zone and the water 

absorption pattern (El-Hendawy et al., 2008a, b).  

Water stress during stages of tasseling, 

silking and grain filling was more harmful than 

water stress during stages of vegetative growth 

were found by (Musick and Dusik, 1980). 

Sorghum is one of the most popular forage 

crops for summer cultivation in Iraq and is used 

as a grain forage for animal feeding because of 

its high protein and carbohydrate content. This 

crop has the potential for resistant droughts, high 

temperatures, and development in a wide range 

of farm soils (Ottman and Olsen, 2009; Prakash 

et al., 2010). 

    This crop contributes to increasing the 

production of green forage during the summer to 
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meet the requirements of livestock development 

in Iraq (Al-Mozani and Al- Tai, 2014). 

    Sorghum crop needs to study some 

agricultural operations, including the appropriate 

date of planting, and when to cut or stuff this 

variety to give the highest yield and good 

quality, as the date of cultivation affects plant 

growth due to a change climatic conditions such 

as temperature and light period from time to 

time. The changes that occur to climatic 

conditions that change with the difference in the 

date of planting may affect most of the vital 

activities that take place in the soil and plant 

(Attiya and Whib, 1989). 

However, the quality of the forage is affected 

by the cutting stage and the cutting at the 

vegetative growth stage gives forage of high 

nutritional value (Hancoch et al., 2014, Moore 

and Jung, 2001). 

The current study aims to achieve the 

following objectives: 

1. To evaluate the effect of drip irrigation 

frequency and retrieve consumptive use on 

growth of Sorghum speed feed variety under 

semi-arid conditions of Duhok governorate. 

2. To determine the amounts of irrigation water 

applied and water use for irrigation frequency 

under different levels of retrieve consumptive 

use of Sorghum. 

3. Calculate actual evapotranspiration (ETa) of 

Sorghum variety under different levels of 

irrigation frequency and retrieve               

consumptive use. 

4. To determine crop response factor (KY) of 

Sorghum hybrid under differ level of irrigation 

frequency and retrieve consumptive use. 

5. To select best or optimum combination 

between irrigation frequency and retrieve 

consumptive use for Sorghum under study 

climate. 

 

METHODS AND MATERIALS 

 1. Experimental site description 

The research was carried out during summer 

season 2019 at the farm of the department of 

Field crops, College of Agricultural Engineering 

Science/ University of Duhok at Semeel  site, 

where  latitude, longitude and  elevation 36° 

51'42.5"N, 42°51'57.6"E and 473 m above the 

sea level is approximately 12 km west of the 

center of Duhok city / Kurdistan region-Iraq, 

The area's topography is flat with soil limestone. 

The area's soil is typical of Vertisols and silty 

clay texture soil with a content of about 0.9% 

organic matter (OM) Figure (1). 

 

 

 

 
Fig. (1):- The location of experimental site: (A) Duhok Governorate (B) College of Agricultural Engineering 

Sciences-University of Duhok (C) field of study. 
2. Land preparation and soil sampling      Base on the depth of the Sorghum root the 

representative soil samples were obtained from 
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the field. Consequently, accordingly, 1.30m 

deep soil pit was dug at the field plots for taking 

soil samples at 4 soil depths identified including: 

0-30, 30-60, 60-90, and 90-120 cm, then the 

samples were taken to laboratory. 

     Soil samples air-dried, grounded, passed 

through a 2 mm sieve thoroughly mixed and 

continued to be used in plastic bags. In addition, 

undisturbed soil samples were collected from the 

above-mentioned depths (using the 4.2 cm 

diameter and 5.1 cm height cylindrical core) to 

determine the soil bulk density. 

 

3. Studied elements  

3.1. Experimental design 

     A split-plot design of two factors with 

Randomized Complete Block Design (RCBD) 

with three replications was used. The source of 

irrigation level was implemented in the main 

plots, and retrieve consumptive use were 

implemented in subplots. A layout of 

experimental plots is shown in Figure (2). 

 

 
Fig. (2):- Layout of the field experiment at Semeel / University of Duhok- 

College of Agricultural engineering sciences 

 

     

The drip irrigation system is divided into four 

main sectors, with the irrigation level (once 

every 1,2,3, and 4 days) being assigned to the 

four sectors , 0r the main plot were irrigation 

level which consists of 4 levels, including I1, I2, 

I3  and I4. The retrieve consumptive use: (CU1: 

1.00, CU2: 0.70 and CU3:0.40) of the estimated 

crop evapotranspiration) are randomly nested 

within each sectors as a subplots, and with each 

subplot having of same water application rate. 

The size of experimental units was 2.5m*2m 

(5m2) having 4 rows within each plot with 2.5m 

in length and 0.5m apart, each row consists of 20 

plants. 

The sowing date was performed in 19th July 

2019 by sowing seeds in row at rate of 3 seeds 

per a pit at (5-6cm) depth and then covered with 

thin layer of soil. Plant thinning was conducted 

at an early stage of seedling (i.e. at 2-3 true 

leaves) by keeping one plant per a pit result in a 

total number of plant populations of 80 plants 

per plot in order to obtain theoretically optimum 

plant population of 2880 plants/ ha. 

 

3.2. Applied irrigation water and water use 
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The amounts of irrigation water applied  for 

each irrigation frequency IF1, IF2, IF3  and IF4 

under three levels of retrieve consumptive use 

which were (1.00 CU ,0.70 CU and 0.40 CU) for 

growing season (2019-2020) for Sorghum crop 

speed feed variety. 

The amount of irrigation water applied, I, is 

determined from the calculated water 

requirement for Sorghum (mm) as determined 

from the crop coefficient (Kc) and the daily 

reference evapotranspiration (ETo0 using the 

following equation (Allen et al., 1998):  

 I = ETo * Kc ……………………. (Eq. 1) 

Where is: 

I= Irrigation water applied (mm day-1). 

ETo = Reference evapotranspiration (mm day-1). 

Kc = Crop coefficient (dimensionless). 

 

3.3. Actual crop evapotranspiration (ETa) 

ETa was calculated using soil water budget 

method as Farahani et al. (2009) defined. This  

can be implemented by calculating all  the water 

balance equation components (Eq.2) for soil 

profile volume control up to 120 cm soil layer 

(root zone depth), as follows: 

ETa = P + I – D – R ± ΔS...… (Eq.2) 

Where is: 

P= Amount of precipitation (mm). 

I= Irrigation (mm). 

D= Deep percolation below root zone (mm).  

R= Runoff (mm). 

ΔS= Change in stored water content (mm) of the 

soil profile. 

Since the amount of irrigation was below FC 

and as a result of using drip IS there was no 

runoff, the amount of deep percolation and 

surface runoff was presumed to be negligible or 

zero. 

3.4. Reference evapotranspiration calculation 

(ETc) 

The data of rainfall, temperature, relative 

humidity, solar radiation, sunshine duration and 

wind speed at 2 m height were obtained from the 

center of meteorological station in Duhok city 

from the period of 1997 to 2019. 

Using the Pan evaporation, Blaney-Criddle and 

Hargreaves -Samani methods, weather data 

obtained were used to calculate the daily ETo 

(mm day-1) for the local area by using the 

general ETc equation, ETc was calculated as 

follows: 

ETc = kc * ETo………………..…. (Eq. 3) 

Where is: 

ETc = Crop evapotranspiration (mm day-1). 

 Kc = Crop coefficient (dimensionless). 

ETo = Reference evapotranspiration (mm day-1). 

 

3.5. Yield response factor 

Yield response factor (KY) used for 

determining the effect of water stress on crop 

yield, The relative yield reduction of the relative 

ET deficit through Ky was determined as shown 

in the following equation (Doorenbos and 

Kassam, 1979): 

Ky = [1 – Ya/Ym] / [1 – ETa/ETm]…(Eq. 4)             

Where: 

Ya = Actual crop yield (kg ha-1). 

Ym = Maximum crop yield (kg ha-1). 

 (1-Ya/Ym) = Relative yield decline 

(dimensionless). 

(1 –ETa/ETm)= Relative evapotranspiration 

deficit (unit less). 

KY = Yield response factor to water stress 

(dimensionless). 

 

3.6. Soil analysis methods 

3.6.1. Soil physical analyses 

The soil physical analysis is shown in Table 

(1), the determination of soil texture using 

Hydrometer method is described by (Estefan et 

al., 2013). Soil samples were treated with 

hydrogen peroxide, and sodium hexameta 

phosphate was used to physically disperse soil 

particles. Mechanically, the samples were 

dispersed with mechanical stirrer. The settling 

rate of mineral particles in water (Sedimentation 

technique) has been used to determine the 

amount of silt-clay particles. Data on retention 

of soil moisture were calculated by using the 

pressure plate apparatus method described by 

(Klute ,1986), After applying different levels of 

pressure (-33, -100, -500, -1000 and -1500 kPa) 

to remove water from saturated soil slices 

weighed at 105 °C for 24 hours after drying and 

wetting to determine the gravimetric content of 

soil moisture.  
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Table (1):- Physical properties of the studied soil: 

 
Soil property Measuring 

units 
Soil depths (cm) 

(0-30) (30-60) (60-90) (90-120) 

Particle Size 
Distribution 
(PSD) 

Sand% 4.47 5.23 4.49 3.78 

Silt% 54.21 46.81 49.68 53.48 

Clay% 41.3 47.97 45.83 42.75 

Soil texture          ….. Silty Clay Silty Clay Silty Clay Silty Clay 

Bulk density gm cm-3 1.366 1.382 1.44 1.58 

θm at (F.C) is equal 
-33kPa 

 
KPa 

31.62 30.07 28.32 28.89 

θm at (W.P) is 
equal -1500kPa 

19.83 20.01 18.13 19.00 

 

3.6.2 Soil chemical analyses 

The soil chemical analysis is shown in Table 

(2), soil electrical conductivity was calculated 

using the model of EC-meter after 1:2 (soil: 

water) soil suspension was prepared and filtered 

using Whatman No 42 filter paper. The pH of 

the soil was measured with integrated glass 

electrodes using a pH-meter (Rowell, 2014).  

Calcium carbonate was calculated using 

calcimeter process as mentioned by (Al-

Sulaivani, 1993). 
Cation exchange capacity was determined 

following extraction of the soil samples using 1 

M ammonium acetate (pH 7.0), and the flame-

photometer was used to measure cation (Estefan 

et al. 2013). Nitrogen available was extracted 

using 1N KCL and calculated using Kjeldahl 

method (Bashour and Sayegh, 2007).

 
Table (2):- Chemical properties of the studied soil: 

Soil property Measuring 
units 

Soil depths (cm) 

(0-30) (30-60) (60-90) (90-120) 

Available N mg. kg-1 105.97 106.24 106.38 106.31 

Available P mg. kg-1 4.88 4.84 4.90 4.87 

pH at 25oC in (1:2) extract .... 7.96 8.00 7.99 7.95 

EC at 25oC dS. m-1 0.52 0.369 0.352 0.303 

Soluble 
cations 

K
+  

mmolcL-1 
0.2 0.16 0.17 0.18 

Ca
2+ 1.65 1.65 1.67 1.69 

Mg
2+ 1.03 1.05 1.06 1.07 

Na+ 0.61 0.6 0.62 0.62 

Soluble 
anions 

Cl-  
mmolcL-1 

0.5 0.55 0.59 0.59 

HCO3
- 2.32 2.3 2.34 2.34 

CO3
= Trace Trace Trace Trace 

CaCO3 g kg-1 soil 217.6 216.9 217.6 217.8 

Active CaCO3 g kg-1 soil 109.9 111.3 110.7 110.8 

 

3.7. Statistical Analysis 

The results have been analyzed statistically, 

using Excel Software and Stat Graphic 

Technology Release plus 4.0. Least significant 

difference was used to compare the 0.05 and 

0.01 probability levels of the treatment means. 

 

4. RESULTS AND DISCUSSION 

4.1. Applied irrigation water and water use 

Figures (3,4,5 and 6) exhibit same consumed  

amounts of irrigation water as found in IF1, IF2, 

IF3 with same levels of retrieve consumptive 

use and in spite of different irrigation events 

through growing season, it found same amount 

of consumed irrigation water at the end of 

growing season which were (5654.04, 3957.83) 

and (2261.61) m3ha-1. 

In every irrigation event the amount of  water 

needed to reach field capacity for each irrigation 
frequencies is a different amount of water 

therefore the amount of water needed for 

irrigation frequency IF1,(once in 1 day) differs 

than the amounts of applied irrigation water for 

irrigation frequencies IF2 (once in 2 days), IF3 

(once in 3 days) and IF4 (once in 4 days) more 

there  according  the required water to reach FC 

for irrigation frequencies follow the order: 

Applied water (IF1) < Applied water (IF1< 

Applied water (IF3) < Applied water (IF4) 

Therefore, the amounts of applied water are 

differed for IF1 during 44, IF2 during 29, IF3 

during 22 and IF4 during 18 irrigation events.
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Fig. (3):- Amounts of irrigation water applied for irrigation frequencies IF1 (Once in 1 day) under three 

consumptive use levels of retrieve through 44 irrigation events. 

 
 

 

 

Fig. (4):- Amounts of irrigation water applied for irrigation frequency, IF2 (once in 2 days) under three 

consumptive use levels of retrieve through 29 irrigation events.
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Fig. (5):- Amounts of irrigation water applied for irrigation frequency IF3 (once in 3 days) under three 

consumptive use levels of retrieve through 22 irrigation events. 

 

Fig. (6):- Amounts of irrigation water applied for irrigation frequency, IF4 (once in 4 days) under three 

consumptive use levels of retrieve through 18 irrigation events. 
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consumptive use and in spite of  different 

irrigation events through growing season.          

4.2. Actual crop evapotranspiration (ETa) 

Table (3) presents seasonal crop ET and 

irrigation water compensation values (Irc). In 
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drier at the end of the growing season. However, 

ΔS values were  higher for the IF1 CU1, IF2 

CU1, IF3 CU1and IF4 CU1 treatments under 

first level of irrigation which is refreshing by 

total (1.00) consumed water use compared to the 

remaining treatments of two others levels of 

consumptive use which are (0.70 and 0.40) of 

water consumptive use and this stats attributed 

to the scientific fact that at available water the 

ETa may reach potential evapotranspiration 

whereas in limit water the Eta decrease or lower 

than maximum or potential evapotranspiration  

(Israelson and Hansen, 1980). 

 
Table (3):- Sorghum actual evapotranspiration calculated using the water balance  equation I, P, D, ΔS, ET and 

irrigation compensation (Irc). 
Season Irrigation 

Frequencies 
Retrieve 

CU 
I 

(mm) 
P 

(mm) 
D 

(mm) 
ΔS 

(mm) 
ETa 
(mm) 

Irc (%) 

2
0
1
9
-2

0
2
0

 

IF₁ (once in 1 day) 1.00 ET 565.40 0 0 -23.3 588.7 98.45 

0.70 ET 395.78 0 0 -20.2 405.9 95.00 

0.40 ET 226.16 0 0 -12.4 232.8 94.70 

IF₂ (once in 2 days) 1.00 ET 565.40 0 0 -23.1 574.1 96.00 

0.70 ET 395.78 0 0 -15.3 401.0 96.20 

0.40 ET 226.16 0 0 -13.5 233.9 94.22 

IF₃ (once in 3 days) 1.00 ET 565.40 0 0 -23.0 574.0 96.00 

0.70 ET 395.78 0 0 -21.1 406.8 94.80 

0.40 ET 226.16 0 0 -14.4 234.8 93.90 

IF₄ (once in 4 days) 1.00 ET 565.40 0 0 -21.9 572.9 96.20 

0.70 ET 395.78 0 0 -12.5 398.2 96.90 

0.40 ET 226.16 0 0 -8.2 228.6 96.40 

 

Heerman (1985) found the amount of ETa 

depend on the applied irrigation water and 

change in moisture content of soil at initial and 

last (±Δ) growing season.  

It also found from above table that irrigation 

water compensation for sorghum crop feed 

speed variety ranged from 93.9% for IF3 under 

CU3 to 96.9% for IF4 and CU2. The irrigation 

events was started at the day 18 after sowing and  

was finished on the 105th  DAS depending on the 

change of the moisture content in the soil 

profile, which in turn related to the applied 

water source during irrigation. The first 

irrigation amount applied for all irrigation 

frequencies IF1, IF2, IF3 and IF4 were 6.63, 6.25, 

5.99 and 6.53mm respectively at 40 cm depth.   

Final water used reached at 5654.40, 3957.83 

and 2261.61 m3ha-1 under three different levels 

of retrieve consumptive are approximately equal 

to soil moisture water consumed at 1.00 CU, 0.70 

CU and 0.40 CU. 

4.3. Calculated crop evapotranspiration 

(ETc) 

The results of the monthly (July to October) 

reference evapotranspiration (ETa), calculated 

evapotranspiration (ETc) and crop coefficient 

(kc) for Sorghum (speed feed variety) at Duhok 

governorate for growing season (2019-2020) are 

presented in Table (4) .

 
Table (4):- Reference evapotranspiration (ETo) mm day-1, calculated evapotranspiration  (ETc)  mm day-1and 

kc of Sorghum crop for Duhok for growing season (2019-2020). 
Periods Days Kc Water 

balance 
Equation 

Growing season 2019-2020 

Blaney- Criddle Hargreaves Average 

ETa ET0 ETс ET0 ETс ETс 

19 Jul. -7 Aug. 20 0.350 2.669 7.48 2.62 8.48 2.97 2.80 

8 Aug. - 6 Sep. 30 0.656 4.089 6.29 4.13 7.83 5.14 4.64 

7 Sep.- 17 Oct. 40 1.030 5.851 4.44 4.57 5.58 5.75 5.16 

18 Oct.-17Nov. 30 0.904 5.178 2.71 2.45 3.41 3.08 2.77 

      

ETa was also determined by using water 

balance method then comparing the results the 

periods for both ETc and ET0. It was concluded 

that water requirements for these periods 

especially for forth (19July to 17 November).  

   Total ETa for growing season (120 days) was 

calculated using Blaney Criddle and Hargreaves 

equations for (2019-2020) (Table 5), ETa was 

also determined by using water balance for same 

periods.
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Table (5) :-Actual evapotranspiration (ETa), cumulative reference evapotranspiration (ET0), kc and ks for the 

growing season (2019-2020) at different levels of retrieve (1.00, 0.70 and 0.40) consumptive use for Duhok 

governorate. 

 

   

  Parameters kc and ks then determined by 

applying following equations: 

ETm = kc*ET0 ……………. (Eq. 5) 

ETa =kc ks *ET0…….….… (Eq. 6) 

Where is: 

ks is the soil water availability factor. 

4.4. Relation between Irrigation water use 

and (ETa) 

     Amount of irrigation water applied, total 

irrigation events irrigation water saving, ETa and 

ETa/ETm ratios exhibited in Table (6). 

 
Table (6):- Total number of irrigation events, irrigation water applied, water use and ETa of Sorghum for three 

retrieve consumptive use for irrigation frequency, IF1. 
Retrieve  

consumptive  
Use 

No. of 
irrigation 
events 

WS 
Initial 
(mm) 

WS   
Last 
(mm) 

ΔS  
(mm) 

Irrigation        
(mm) 

WU Irrigation   ETₐ 
(mm) 

ETa/ETm 

(mm) \Water   
saving 

(%) 

(1.00) CU 44 6.63 30.28 23.65 589.05 595.68 0.00 565.40 1.00 

(0.70) CU 44 6.25 30.03 23.77 419.55 425.80 45.18 395.78 0.70 

(1.00) CU 44 5.99 29.97 23.97 250.13 256.12 61.49 226.16 0.40 

     

Actual evapotranspiration was linearly 

increased with retrieve consumptive these 

results are in agreement with finding of (Payero 

et al., 2008; Fattah, 2009).  

Payero et al., (2008) also revealed that ETa 

increased with increase the retrieve consumptive 

use or applied water to extent the retrieve 

became excessive then no increase in ETa.  

4.5. Sorghum studied parameters 

4.5.1. Growth parameters 

4.5.1.1. Leaf Area Index 

The data of Leaf area index (LAI), presented 

in Figure (7) showed that the effect of IF1 and 

IF2 reflected on increased LAI of Sorghum when 

compared with difference was showed 

significant effect for IF1 , IF2  and consistently 

had higher LAI than IF3 and IF4 . 

It found that LAI was significantly affected 

by irrigation frequency and retrieve consumptive 

use and not significant in interaction between 

irrigation frequencies and retrieve            

consumptive use. 

Maximum  LAI value was 3.599 and 

minimum LAI value was 3.123 due to different 

irrigation frequencies for sorghum speed feed 

variety as shown in Figure (7), This research 

was in line with (Saberi & Aishah, 2013) that 

there have been significant differences in 

irrigation frequency LAI (P < 0.01).  

The results of this study are in agreement 

with (Abdelmula  and Sabiel,2007) who states 

that "The response of hybrids to drought severity 

and period varies based on their genetic 

structure and adaptability." 

    

Retrieve 
consumptive use 

Days water Growing season 2019-2020 

Balance 

Equation Blaney- Criddle Hargreaves Average 

ETa ET0 Kc ks Ks ET0 kc ks ks Kc ks 

(1.00) CU 20 565.40 786 0.719 1.00 748 0.756 1.00 0.74 1.00 

(0.70) CU 30 395.78 786 0.504 0.70 748 0.529 0.70 0.74 0.70 

(0.40) CU 40 226.16 786 0.288 0.40 748 0.302 0.40 0.74 0.40 
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Fig. (7):- Effect of irrigation frequencies on leaf area index of Sorghum 

speed feed variety. 

    

There is decreasing in LAI by decreasing of 

retrieve consumptive use from (3.720) to (2.874) 

at reducing retrieve consumed water from (1.00) 

CU to (0.40) CU respectively, for Sorghum 

speed feed variety as noticed in Figure (8). 

The application of good quality irrigation 

water created more large leaves, resulting in a 

more photosynthetic region, other research 

(Fghire et al., 2017). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fi. (8):- Effect of retrieve consumptive use on leaf area index of Sorghum 

Speed Feed Variety 

 

Higher LAI value was 4.104 obtained by 

IF1*(1.00) CU, while the lower LAI value 2.466 

was obtained by IF2*(040) CU. In general, there 

was a similar tendency between TLA and LAI 

parameters, as shown in Fgure (9).  

This finding is consistent with (Pandey et al., 

2000), who stated that the highest LAI value for 

grain maize was obtained under conditions of 

maximum irrigation (without water stress), 

water stress creates a decrease in the leaf area 

index (Jamieson et al., 1995; Stone et al., 2001).
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Fig. (9) :-Effect of interaction (irrigation frequencies and retrieve 

consumptive use on LAI of Sorghum speed feed variety 

 

4.5.1.2. Net Assimilation Rate NAR 

(g/cm2/day) 

Effects of irrigation frequencies, retrieve 

consumptive use and their interaction on NAR 

are shown in Figures (10, 11 and 12) there was 

high significant deference in irrigation 

frequencies  retrieve consumptive use, and there 

was no significant deference on   their 

interaction. 

Irrigation frequency IF2 and, retrieve 

consumptive use (CU1.00) recorded a higher 

NAR than other. The maximum value of  NAR 

3.925g/cm2/day for IF2 irrigation frequency, 

while the minimum value of NAR was 

2.999g/cm2/day obtained for IF4 irrigation level, 

The maximum value NAR was 3.981g/cm2/day 

for(1.00)CU retrieve while the minimum value 

was 2.986 g/cm2/day under level (0.40)CU 

retrieve. 

Highest NAR of 4.437 was obtained at 

IF2*(1.00) CU while the lowest NAR was 2.393 

was obtained at IF4*(0.40) CU for the retrieved. 

              

             
Fig. (10):- Effect of irrigation frequencies on a net assimilation rate of 

Sorghum speed feed variety 
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Fig. (11):- Effect of retrieve consumptive use on a net assimilation rate of 

Sorghum speed feed variety 

 

 
Fig. (12):- Effect of interaction (irrigation frequencies and retrieve 

consumptive use on net assimilation rate of  Sorghum speed feed variety 

 

The results of  current research are in 

agreement with the finding  of (Saberi & 

Aishah, 2013)  there were significant differences 

(P≤0.01) in NAR irrigation frequencies, Where 

the NAR value at beginning was low and 

increased by decreasing irrigation levels (Pollo 

et al., 2018). In addition, NAR was incompatible 

with time (Enyi, 1977, Gardner et al., 1991) and 

affected by LAI. 

 

 

4.5.1.3. Relative Growth Rate (RGR) 

(g/g/day) 

The statistical analysis shows that there was 

highly significant difference in the RGR 

(P≤0.01) of the Sorghum crop irrigation 

frequencies, retrieve consumptive use, and there 

was no significant deference on   their 

interaction.  

    The maximum value of RGR 0.091 g/g/day 

was obtained for irrigation frequency IF1, while 

the minimum value 0.067 g/g/day/was found at 

IF2, Figure (13). 
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Fig. (13):- Effect of irrigation frequencies on relative growth rate of 

Sorghum speed feed variety 

             

The maximum value was 0.0895g/g/day 

found for total retrieve consumptive while the 

minimum value was 0.0731 g/g/day was given at 

retrieve 0.40 consumptive use, Figure (14). 

 

       
Fig. (14):- Effect of retrieve consumptive on relative growth rate of  Sorghum 

speed feed variety 

 

Highest RGR of 0.099 was obtained at 

IF1*(1.00) CU while the lowest RGR was 0.057 

was obtained at IF4*(0.40) CU for the retrieved, 

Figure (15). 
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Fig. (15):- Effect of interaction (irrigation frequencies and retrieve consumptive 

use on relative growth rate of  Sorghum speed feed variety 

      

(Ramazanzadeh and Asgharipur, 2011) who 

stated that RGR tends to be low on initial 

growth due to imperfect land cover resulting in 

low light detection. 

However, as the leaf area grew and the less 

light it transmitted through the lower canopy 

layer, the value of the RGR increased rapidly 

and was the maximum at the flowering / 

blooming level. The same view was expressed 

by (Addo-Quaye et al., 2011), who claimed that 

RGR had a linear relationship with LAI, where 

the higher perceived light will have a higher LAI 

and RGR value, and vice versa. 

 

4.5.1.4. Leaf area (LA) 

Leaf area (LA) was significantly affected (P 

≤ 0.01) by irrigation frequencies and retrieve 

consumptive use as illustrated in Table (7). The 

effect of irrigation frequencies on leaf area 

showed that the highest value of LA (254.222 

cm2) for IF1 and lowest value of LA (180.333 

cm2) was observed in IF4. LA was also 

significantly affected by retrieve consumptive 

use. (1.00) CU had a higher LA which was 

233.418cm2 and the lower value 195.583 cm2. 

The interaction between IF and retrieve CU on 

LA was not significant. Higher LA value was 

obtained by IF1* (1.00) CU, while the lower LA 

was obtained by IF4* (0.40) CU. 

 
Table (7) :-Leaf area (LA) affected by irrigation frequencies, retrieve consumptive use and their interaction 

Irrigation Retrieve Consumptive Use Mean LSD for IF 

Frequencies (1.00) CU (0.70) 
CU 

(0.40) 
CU 

 
0.05 0.01 

IF1 277.67 250.67 234.33 254.223 29.203 44.241 

IF2 240.33 214.33 202.33 218.997 

IF3 219.00 194.67 183.67 199.113 

IF4 196.67 182.33 162.00 180.333 

Mean 233.418 210.500 195.583 
    

LSD for CU 0.05 21.450 
    

0.01 29.554 
    

LSD for IF*CU 0.05 n.s 
    

0.01 n.s 
    

 

The result is similar to previous studies that 

emphasize the amount of leaf surface area could 

be increased by increasing irrigation level 

(Khalaf et al., 2019). In another study of Cakir, 

(2004), who found that reducing soil moisture, 

leaf area and leaf area index should decrease. 
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4.5.1.5. Specific Leaf Area (SLA) cm2/g 

The statistical analysis shows that there was 

highly (p≤ 0.01) significant difference in the 

plant SLA for different irrigation frequencies, 

IF, and under different levels of retrieve 

consumptive use. 

The maximum value of SLA was given 

46.173 cm2/g for IF1, and minimum one 37.553 

cm2/g for IF4 as related to levels of retrieve CU, 

the maximum value was 45.825 cm2/g under 

(1.00) CU, and minimum one under was 36.851 

cm2/g under (0.40) CU retrieve. 

  
Table (8):- Specific Leaf Area affected by Irrigation frequencies, retrieve consumptive use and their interaction. 

Irrigation Retrieve Consumptive Use Mean LSD for IF 

Frequencies (1.00) CU (0.70) CU (0.40) CU 0.05 0.01 

IF1 56.504 41.512 40.504 46.173 3.813 5.776 

IF2 46.142 36.600 36.338 39.693 

IF3 42.155 39.867 35.606 39.209 

IF4 38.497 39.206 34.955 37.553 

Mean 45.825 39.296 36.851 
   

LSD for CU 0.05 3.047 
   

0.01 4.198 
   

LSD for IF*CU 0.05 6.093 
   

0.01 n.s 
   

 

Also, from same table the interaction effect 

of irrigation frequencies and retrieve 

consumptive use on SLA was found only 

significant under (p≤ 0.01). 

From the findings of limit irrigation studies, 

it is worthy to mention that in unfavorable 

environments, plants are forced to regulate the 

resource allocation of morphological features of 

the leaf, such as leaf area and leaf thickness, to 

form an effective SLA pattern through leaf 

configuration (Thomas, 2010; Wright et al., 

2004).   

4.5.1.6. Plant height (cm) 

There was significant difference (P ≤ 0.05) in 

plant height among irrigation frequencies, and 

the maximum sorghum height value was 

186.739 cm and the minimum value of sorghum 

height was 142.0 cm. 

In addition, sorghum height was high 

significantly affected by retrieve consumptive 

use (P ≤ 0.01). longest plant height was 

(172.973) cm (1.00)CU, other retrieve 

consumptive use which were (157.863 and 

150.638 cm) for (0.70)CU and (0.40)CU. The 

interaction was highly significant on the same 

trait. That means, the Sorghum height of all 

studied retrieve consumptive use was decreased 

dramatically by reducing these levels. 

 
Table (9) :-Sorghum height in cm affected by irrigation frequencies, retrieve consumptive use and their 

interaction. 
Irrigation Retrieve Consumptive Use Mean LSD for IF 

Frequencies (1.00) CU (0.70) CU (0.40) 
CU 

 
0.05 0.01 

IF1 202.55 178.78 178.89 186.739 26.034 n.s 

IF2 185.00 144.67 135.33 155.000 

IF3 149.67 166.00 159.00 158.223 

IF4 154.67 142.00 129.33 142.000 

Mean 172.973 157.863 150.638 
    

LSD for CU 0.05                         11.206 
    

0.01 15.440 
    

LSD for IF*CU 0.05 22.411 
    

0.01 n.s 
    

 

    Plant height can be used as one of the 

essential measures for assessing water stress in 

soil. (Sammis et al., 1988) stated that some 

improvements in the rates of retrieve 

consumptive use could vary in the plant height.  

The result showed that Sorghum crop which was 

irrigated every day was taller (p<0.01) compared 

to those which were irrigated every two, three or 

four days. 

The findings of the current research are 

consistent with other experiments that find taller 

plants under heavily irrigated water (Ayotamuno 
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et al., 1997 and Abdullah et al., 2004), A 

possible reason for these findings may be that, 

due to the low supply of water in the root zone, 

abscisic acid (Saab et al., 1992) and proline 

(Showler, 2002) accumulation in xylem and 

water movements, the plant decreased the 

amount of water loss by transpiration through 

partial. 

4.6. Crop response factor (KY) 

Yield response factor to retrieve consumptive 

use calculated by applying (Stewart and Dwyer, 

1999) model.  Average crop response values 

were 0.765, 0.638, 0.641, 0.845, 0.517, 0.552, 

0.667 and 0.715 for irrigation frequencies, IF1, 

IF2, IF3 and IF4 under two range of retrieve 

consumptive use [(1.00) - (0.70)CU and (1.00) - 

(0.40) CU] (Table 10). 

 
Table (10):- Crop response factor (KY) affected by Irrigation frequencies, Retrieve Consumptive Use. 

 
Irrigation 

Frequency 
Average ky 

(1.00) Cu -(0.70) 
Cu 

(1.00) Cu -(0.40) Cu 

IF1 0.765 0.517 

IF2 0.638 0.552 

IF3 0.641 0.667 

IF4 0.845 0.715 

    

Values of KY decreased with increasing of 

irrigation frequencies exceptIF4 for (1.00) -0.70) 

CU retrieve whereas inverse trend found for 

(1.00) - (0.40) CU retrieve.           

Also, it can be noticed from above table that 

average KY in all conditions for the two ranges 

(1.00) - (0.70) and (1.00) - (0.40) the KY values 

were remain less than 1. 

Doorenbos and Kassam (1979) mentioned 

that , when KY<1, yield loss is less necessary 

than evapotranspiration stress ; KY>1 ,yield loss 

is more necessary than evapotranspiration stress 

and when KY=1 , yield loss is equal to 

evapotranspiration stress. 

The results of this study in consistence with  

findings  mentioned as ky values of 0.97  

(Yildrin et al., 1996) , 0.98 (Kanber et al., 1990) 

were  reported  for  whole growing season. 

While (Karam et al., 2003) indicated that KY 

values of 0.81 for drip irrigated maize for the 

entire growing season. 

 

CONCLUSIONS: 

 

According to the present study the following 

points were found: 

1. The growth parameters of Sorghum crop 

speed feed variety increased with increasing 

irrigation frequency, and the maximum values of 

Sorghum growth parameters were obtained for 

IF1 under (1.00 CU) retrieve. 

2. The best combination between irrigation 

frequency and retrieve consumptive use was 

obtained for irrigation frequency; IF1 (Once in 

1day) and (1.00 CU) retrieve consumptive use. 

3. The retrieve consumptive use gave a highly 

significant increase in all parameters of growth. 

4. The same amounts of applied irrigation water 

under the same levels of retrieve consumptive 

use for four different irrigation frequencies IF1, 

IF2, IF3 and IF4 were found. 

 

RECOMMENDATIONS: 

From the results of the present research the 

following points are recommended:  

1. The irrigation frequencies IF1, (Once in1day) 

and IF2 (Once in 2days), under level (1.00 CU) 

retrieve are recommended to cultivate Sorghum 

crop (speed feed variety) for Duhok semi-arid 

conditions. 

2. More investigation is needed to study to 

determine the effect of space between Sorghum 

(speed feed) crop plants and under different 

conditions climate and weather effects. 

3. Rely on crop response factor (KY) and 

ETa/ETm under retrieve consumptive use 

irrigation  condition. 

4. Further research is needed to study the effect 

of different levels of irrigation frequency with 

different sources or water qualities. 
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