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Abstract. The study was conducted at the Basrah University / Karmat Ali, Iraq during the fall
season 2020, to investigate the effects of four rates of phosphorus,(PO =0, P1=40,P2=80 and
P4=120 kg P ha’) and spraying four concentrations of zinc (ZnO-control,Znl=
25,Zn2=50,Zn=75mgL " on growth and forage yield of Sudangrass. The randomized complete
block design (RCBD) was carried out in three replicates using a split plot experiment , zinc
concentrations were put in the main plots while, rates of phosphorus in subplots. Application
with P, resulted to a significantly greater stem diameter (14.61mm) number of leaves (20.00
leaf plant™),leaf area (7420cm?), number of branches (14.967 branch plant™) green and dry
forage yield (29.25,12.69 t ha™).Foliar application of Zn;s resulted in greater plant height
(251.2cm), stem diameter (14.21mm), number of leaves (19.42 leaf plant™),leaf area (6163cm?)
and number of branches (13.450 branch plant™). The combination of Px Zn had no significant
effect on green and forage yield. Both P and Zn application had significant effect on N and P
percentage of forage Sudangrass, on the other hand, no significant effect of their application on
K percentage .
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1. Introduction

The agricultural sector has encountered a recent challenge in the form of water scarcity, which has
compelled farmers to cultivate crops with low water requirements, particularly in semi-arid regions
across the globe [1,2] ,Thus, the forage sorghum, which has many attractive qualities, has gained
popularity as a summer feed option every year [3]. Various cultivars of forage sorghum have a diverse
array of environmental tolerances, including resilience to high temperatures and drought conditions.
These cultivars also demonstrate a high degree of water use efficiency and exhibit rapid regrowth after
grazing or cutting [4]. Therefore, due to the impacts of global warming, there is a possibility that these
crops will garner greater attention as a potential source of summer forage in the coming years. One of
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the kinds of forage sorghum is Sudan grass; nevertheless, it is important to note that Sudan grass
exhibits distinct characteristics compared to forage sorghum. Specifically, Sudan grass demonstrates a
higher propensity for branch production and possesses finer stems [5]. The Sudangrass exhibits a
notable capacity for rapid post-harvest growth, distinguishing it from feed sorghum and rendering it
more appropriate for pasture and straw production. The hybrids resulting from the crossbreeding of
forage sorghum and Sudangrass are commonly referred to as haygrazers. These hybrids are obtained
by mating the male plants of Sudangrass with the female plants of the forage sorghum crop. The user
has provided a reference to support their statement.The hybrids exhibit a higher development potential
compared to fodder sorghum, although their growth is comparatively lower than that of Sudan grass,
owing to their capacity to generate a significant number of branches. In addition, Sudan grass has a
comparatively lower biological yield when compared to the aforementioned crop [6].

The majority of arid and semi-arid soils worldwide, including the soil found in Irag, exhibit distinctive
features such as a substantial abundance of calcium ions and mineral carbonates, limited organic
matter content, and elevated pH levels. These characteristics collectively contribute to a notable
reduction in the availability of phosphorus. As a result, the plant demonstrates reduced efficiency in
utilizing these nutrients[7]. The presence of phosphate fertilizers is crucial in order to attain optimal
levels of readily absorbable phosphorus, as it directly influences growth and yield. To achieve optimal
levels of forage production in an environmentally conscious manner, it is crucial to effectively manage
primary, secondary, and micronutrients [8]. Incorporating phosphorus and zinc into sorghum
cultivation may enhance the crop's capacity to provide forage. The production of quality and quantity
of forage is directly influenced by the use of phosphorus fertilizer. Phosphorus is an essential
constituent of nucleic acid and plays a vital role in many metabolic activities and cellular respiration.
It actively engages in numerous enzymatic processes, encompassing carbon dioxide fixation, sugar
metabolism, energy storage, and energy transfer. The appropriate utilization and agronomic
management of phosphorus can contribute to the enhancement of per-hectare agricultural productivity
[9-11]. The gradual application of phosphorus to Sorghum resulted in a significant increase in plant
height, the number of leaves per plant, leaf area, and fodder yield [12]. Zinc is a crucial element that
plays a vital role in glucose metabolism and is a constituent of various proteins, such as enzymes and
transcription factors. The role it plays in these processes is of significant significance [13,14].
Additionally, zinc is necessary for the production of tryptophan, which is a source to auxin-indole-3-
acetic acid [15].The purpose of this study is to assess how fertilization with phosphorus and zinc
affects the forage yield of Sudan grass hybrid in south of Iraq.

2. Materials and Methods

The study was conducted at the Basrah University / Karmat Ali, Iraq (30° 57" N lat.,47° 80 long )
during the fall season 2020, to investigate the effects of four rates of phosphorus,(P0 =0, P1=40,P2=80
and P4=120 kg P ha') and spraying four concentrations of zinc (Zn0O-control,Znl=
25,7n2=50,Zn=75mgL" on growth and forage yield of Sudangrass. Ladder was used to level the field
after two plowings. Soil samples were collected from several locations in the experimental field at a
depth of 0—30 cm, analyzed, that specific field's soil was silty loam, which had a pH of 7.50, a lower
organic carbon content (%0.37), low available nitrogen (32.25 m kg™'), medium levels of phosphorus
(18.3 kg ha™) and potash (111.25 kg ha™). The randomized complete block design (RCBD) was
carried out in three replicates using a split plot experiment , zinc concentrations were put in the main
plots while, rates of phosphorus in subplots .The plot's area was 3 x3m’, with six rows spaced 50cm
apart and 20cm between hills. On July 15", Sudangrass hybrid seeds (6FSG 214 BMR) were planted.
However, three equal doses of 200 kg N ha™' of urea [16] nitrogen fertilizer were added, the first dose
was added at the time of sowing, the second 21 days later, and the third dose 21 days after the second
dose. At the time of sowing, four P levels were applied using triple superphosphate fertilizer (46%
P,05).Ten plants were randomly chosen from each plot before harvest in order to collect data on
various growth characteristics,including plant height, the total number of tillers, the numbers of leaves
per tiller, the area of the leaves, and the diameter of the stems. Green fodder yield was measured by
cutting the crop 90 days after sowing, weighing the harvested fodder in kilograms per plot, and
calculating the yield in ton per hectare.
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2.1. Plant Analysis

Plant samples (leaves and stems), were cleaned with distilled water to get the impurities off then dried
in the oven at 65 °C for 48 hours. For each sample, 0.2 g of dry plant powder was digested by adding a
solution of 96% concentrated sulfuric acid H,SO, and 4% acid perchloric (HC10O,) according to [17]N,
P, and K concentrations were measured in the digest using [18] for Nitrogen, [19] for Phosphorus and
Potassium, [20]. By using SPSS version 20, statistical analysis of the recorded data was performed.
LSD test at 0.05 level of probability was used to compare means [21].

3. Results and Discussion

3.1. Growth Parameters

The findings show that the morphological characteristics were significantly affected by P rates and Zn
concentration (Table 1). The results presented (Table 1) indicate the tallest plant height was found
247.6cm in treatment P4 kg ha™* with comparison to the other three treatments, which were 234.7cm in
treatment Pgy, 230.3cm in treatment Py, and 144.5 cm in treatment P, . Application with P,, resulted
to a significantly greater stem diameter (14.61mm)number of leaves per plant. (20.00 leaf plant™)leaf
area (7420cm?) and number of branches (14.967branch plant™) as compared to rest of the treatments.
With an increase in the level of phosphorus, vegetative growth of the plant is enhanced resulting in
better growth, increase in growth characteristics was mostly caused by the role of phosphorus in
promoting root growth, which accelerates up nutrient absorption in addition to its involvement in the
synthesis of energy compounds, an increase in cell division, and elongation, all of which have an
impact on growth characteristics[22] [23] [24]. These findings correspond with [25] [26] [27]. The
stem diameter ,number of leaves , leaf area and number of branches were significantly affected by
different foliar concentrations of zinc, application of Zn.s resulted in greater plant height (251.2cm),
stem diameter (14.21mm) number of leaves (19.42 leaf plant™),leaf area (6163cm?®) and number of
branches (13.450 branch plant-1) whereas, application of Zn, gave the lowest values. The main cause
of the increase in growth parameters was a larger intake of zinc, which plays a role in metabolic
activities within the plant and increases photosynthetic efficiency, it also participates in the production
of the amino acid required for cell elongation [28] [29]. The combination P and Zn (Table 1) improved
plant height in Sudangrass, P4Znsy gave 296.7cm, which was at par with P4,Zn.s (292.3cm) ,while
combination of Py Znss gave the highest stem diameter (16.16mm) ,number of leaves (21.33 leaf
plant™), leaf area (7007cm?) and number of branches (18.267 branch plant™). This is due to the
nutritional balance of these two nutrients made to activate hormones and increase photosynthetic
efficiency, which enabled the plant develop more successfully.

Table 1. Effect of phosphors and zinc concentrations on some growth traits of Sudangrass.

Plant Stem Number of leaves Leaf Number of branches
Treatments height diameter per area per

(cm) (mm) plant (cm?) plant
Po 144.52 12.33 14.08 3275 7.025
Phosphorus Py 6247.6 12.33 16.25 4516 10.358
(kgha')y Py 6234.7 12.92 17.58 6182 13.358
P1g 230.32 14.61 20.00 7420 14.967
LSD (P <0.05) 10.26 0.84 1.129 493.9 0.4036
Zinc Zng 162.86 11.75 15.25 4414 8.925
(mg L'l) ZNys 205.23 13.00 15.42 5301 11.125
Zng, 237.93 13.23 17.83 5515 12.208
Znss 251.24 14.21 19.42 6163 13.450
LSD (P <0.05) 9.43 0.54 1.297 614.4 0.3898
PoZng 140.11 11.00 12.33 2674 5.900
P4ZNo 152.72 11.33 12.67 2949 7.500
PgoZNo 172.4 12.33 17.67 5926 9.767
P120ZNg 186.2 12.33 18.33 6108 12.533
PoZnys 141.31 12.33 12.00 2786 7.133
P4oZn,s 248.91 11.67 13.67 3085 10.800
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Plant Stem Number of leaves Leaf Number of branches
Treatments height diameter per area per

(cm) (mm) plant (cm?) plant
PgoZnys 217.70 13.67 15.67 6334 12.867
P120ZNys 213.00 14.33 20.33 8996 13.700
PoZnsg 146.01 12.33 16.00 3748 7.400
P40Znsg 296.70 12.00 17.33 5037 11.133
PgoZnsg 263.62 13.00 17.00 5705 14.933
P120ZNs5q 245.37 15.60 21.00 7569 15.367
PoZnys 150.63 13.67 16.00 3892 7.667
P40Znys 292.31 14.33 21.33 6991 12.000
PgoZn7s 285.3 12.67 20.00 6762 15.867
P1xZn7s 276.71 16.16 21.33 7007 18.267
LSD (P <0.05) 19.27 1.17 2.415 1132 0.7482

3.2. Forage Yield

Results (Table2) showed that adding P fertilizer rates significantly increased Sudangrass production of
both green and dry forage showing a beneficial relationship with increasing levels of phosphorus
application, However, no significant difference was observed among the foliar of Zn concentrations.
The findings show that the highest green and dry forage yield was found 29.25 and 12.69 t ha’'in
treatment P,y which was at par with Pg,, while the lowest value (22.58 and 10.37 t ha'l) was observed
at the control (Py). It could be a result of the greater phosphorus levels having a positive impact on
growth and development due to enhanced root proliferation, which would increase nutrient intake and
enhance the photosynthetic efficiency of forage Sudangrass . The results agreed with those of [30]
they found that increasing phosphorus fertilizer to74kg P,Os ha' considerably increased the
production of Sudangrass forage yield. As in case of Zn and P combinations were found non-
significant with respect to green and forage yield.

3.3. Nutrient Concentrations
Both P and Zn application had significant effect on N and P percentage presented in Table (2), on the
other hand, no significant effect of P and Zn application on K percentage of forage Sudangrass .As
shown in Table 2 N percentage of forage Sudangrass increased with the application of different rates
of phosphorus fertilizer over control. Application of phosphorus Py recorded the highest N
percentage than other treatments 2.918 %.The lowest N percentage(1.008%) was recorded in control.
The percentage of P increased with the various application rates of phosphorus over control .The
higher percentage of P was found with the application of Py (0.458%) and it was followed Pg,
(0.400%) and lowest was recorded in control (0.258%). increase in nutrient concentration is due to the
positive role of phosphorus in root growth and increasing the rate of element absorption .Foliar
application of Zn25 gave significantly maximum N percentage of forage Sudangrass (2.64%)at par
with Zn50(2.573%),whereas, foliar treatment Zn;s was found to be effective in increasing the P %.
(0.377%) at par with Zn ,5 and Znsx,.

Table 2. Effect of phosphors and zinc concentrations on green weight dry weight and NPK

percentage of Sudangrass.

Treatments Green forage yield (tha™) (Dry forage yield (tha’) %N %P %K

Po 2258 10.37 1.088 0.258 1.095

Phosphorus Py 24.32 11.43 2305 0.306 1.133
(kgha'y  Pg 27.13 11.81 2.596 0.400 1.101
P20 29.25 12.69 2918 0458 1.112

LSD (P < 0.05) 2.63 1.334 0.054 0.049 N.S
Zo 23.44 10.10 1428 1033 1.121

Zinc Zs 25.09 11.09 2.644 3035 1.111

(mgL?Y  Zs 25.68 11.82 2,573 20.36 1.109
Zss 29.06 13.28 2263 0377 1.101

LSD (P <0.05) N.S N.S 0.102 0.030 N.S
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Treatments Green forage yield (t ha®) (Dry forage yield (tha®) %N %P %K

PoZng 15.02 7.26 1.040 0.220 1.127
P4oZng 27.61 12.14 1.150 0.287 1.113
PgoZng 27.91 10.57 1.090 0.387 1.140
P120ZNg 23.23 10.42 1.070 0.430 1.103
PoZnys 22.51 11.79 1.130 0.280 1.120
P1oZnys 21.21 9.58 2.750 0.283 1.123
PgoZNys 28.55 12.08 2.830 0.400 1.090
P120ZNys5 28.10 10.89 2.510 0.447 1.111
PoZnsy 23.58 10.81 1.660 0.283 1.117
P1oZnsg 20.76 12.53 3.117 0.323 1.137
PgoZnsg 29.57 11.93 3.153 0.387 1.060
P120ZNsg 28.80 12.02 2.453 0.453 1.120
PoZnys 29.16 11.61 1.880 0.250 1.017
PsoZnss 27.73 11.46 3.560 0.330 1.160
PgoZNss 22.48 12.65 3217 0427 1.113
P120ZNn7s5 36.87 17.41 3.017 0500 1.113
LSD (P <0.05) N.S N.S 0.181 0.067 N.S
Conclusions

The green and dry forage yield of Sudangrass was found to be strongly affected by varying levels of
phosphorus. The study's findings indicate that the application of 120 Kg P ha™ resulted in significantly
greater yields of green and dry forage. However, there was no significant difference seen in the foliar
concentrations of Zn, both individually and in combination with P, on the yield of green and dry

forage.
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