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Abstract

This experiment was designed to compare different varieties and harvest time of sorghum
hydroponic fodder based on nutrient content and biomass production. Experimental design
for fodder productivity was completely randomized design with 2 x 3 factorial, i.e.,
sorghum varieties (KD 4 and Super-1) and time of harvesting the sorghum hydroponic
fodder (8,12 and 16 d). Total biomass and DM production, were affected significantly
(p<0.05) on harvest time. Total biomass and nutrient content were increased in longer
harvest time. The nutrient content were increased with decreasing total value of DM.
Super-1 varieties produce larger biomass and nutrient content higher than KD4 (p<0.05).
Based on sorghum hidroponic fodder quality and quantity, sorghum hidroponic fodder with
Super-1 varieties harvested at 12 d had a good quality of fodder and it can be alternative of
technology providing quality forage and land saving with a short time planting period and
continous production.

1. Introduction

Forage is the main source of ruminant feed to supply the maintenance, production and reproduction
requirements of livestock. Therefore, methods and technologies were required to improved
productivity of forage like hydroponic system with continuously production without season-influenced
and can be applied without requiring extensive land. Forage development technology that can be
applied is hydroponic fodder system.

Hydroponic fodder system was hydroponics forage production with a short time harvest by
using cereal plants. Moisture and nutrients were needed to enable germination and growth of plants.
Germination process will produce green shoots and root-shaped mats to be harvested as animal feed
[5]- The basic principle of a hydroponic fodder system is that cereal plants respond to water supplies
and nutrients to germinate, grow, and then produce green plants in short time. The development of this
system allows the production of fresh forages from grains produced with high yields of 15 to 30 cm
with a production rate of 7 to 9 kg of fresh forage (depending on grain varieties) with 0.9-1.1 kg of dry
matter of 1 kg of seeds within 6 to 8 days [7].

Various cereals can be used as animal feed, including barley, wheat, corn, and sorghum.
Sorghum is an adaptive and suitable food crop developed in the tropics and efficient in producing high
photosynthetic products. The optimum temperature for the growth of sorghum plants ranges from 21-
35°C. Sorghum has advantages, including drought tolerance, high salt content, and extensive
adaptability, and easier maintenance than sugar cane and other cereals. Sorghum has a greater biomass
than maize [8]. Among the species of sorghum that can be developed as animal feed is Sorghum
bicolor KD4 and Super-1 varieties.
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The process of growing plants hydroponically will cause the chemical and structural changes
that take place in the cereal grains through the germination process. Activation of enzymes in seeds
during germination causes the hydrolysis of proteins, carbohydrates and fats to be simple components
[6]. This hydrolysis increases the concentration of amino acids, soluble sugars and fatty acids in grains
and produces sprout [4]. The growth or germination of the grains will affect the nutrient content by
increasing fiber, fat, protein, but decreasing starch and total dry matter [7].

This study was designed to compare different varieties and harvest time of sorghum
hydroponic fodder based on nutrient content and biomass production. The results of this study are
expected to provide information about the technology of providing quality forage and land saving with
a short time planting period.

2. Materials and Methods
2.1. Plants productivity Experiments

Six hundreds grams of Sorghum seeds were weighed and spread in 1 tray of 16 trays
according to the treatment, then sorghum seeds soaked 20% sodium hypocloride solution 1 mL for 1 L
of water for 20 minutes. The sorghum seed was washed again, then soaked with water for 24 hours.
The water was drained and the seeds were spread on the tray. Sorghum seeds were sprayed two times
a day until harvest time. Three replications of the experiments were observed for plant productivity
including biomass, dry mater, crude protein production and subsequent proximate analysis. Harvested
sorghum hydroponic fodder was dried in an oven at 60°C for 48 hours then ground for proximate
analysis including Dry mater (DM), ash, crude protein (CP), extract ether (EE), crude fiber (CF),
neutral detergent fiber (NDF), and acid detergent fiber (ADF). Proximate analysis using SNI (1995)
method for DM, CF and Ash, AOAC (2005) method for CP, EE, ADF, and NDF.

2.2. Statistical Analysis

Experimental design for fodder productivity was completely randomized design with 2 x 3
factorial, i.e., sorghum varieties (KD4 and Super-1) and time of harvesting the sorghum hydroponic
fodder (8,12 and 16 d). Data obtained were analyzed by using analysis of variance (ANOVA) and
followed by Duncan’s multiple range test.

3. Results and Discussion

The nutrient compositions of sorghum hydroponic fodder are presented in Table 1. Dry matter of the
plant was reduced with a longer time of harvest, while CP, ash, NDF, and ADF were increased. In
barley plant fodder, dry matter of the seeds is significantly reduced with increasing periods of 6-7
days. While CP, EE, ash, NDF, and ADF increased [7]. In hydroponic fodder plants, soaking seeds
will increase the activity of enzymes that break down the seeds into simpler fractions such as starch
into sugars, proteins into amino acids and fat into free fatty acids, while dry matter and total energy
will decrease [10]. In a barley hydroponic, germination of barley plants have 18% loss in DM. CP,
Ash, fiber content, NDF, and ADF increased in a 8 days of sprouting [9].

It has been known that loss of dry matter and total energy may be caused by oxidation of
plants. During soaking and germination, the seeds lose dry matter because they use their own energy
reserves for growth. Sprouts can regain their dry matter with effective mineral absorption and
photosynthesis [10]. The lower dry matter value give the higher CP content. The increase in CP is
probably due to the loss of carbohydrates in the dry matter because at the time of planting no source of
nitrogen is externally added to the water used for irrigation [6].
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The increase in NDF and ADF values occurs because of the synthesis and accumulation of
lignin which usually occurs during the formation and thickening of secondary cell walls, therefore the
rate of maturation and irrigation will affect the accumulation of lignin [3]. Furthermore, Dung et al [6]
(2012) explains that the fiber content is mostly derived from root and seed husk due to the maturation
process and endosperm formation. With the increasing value of ADF and NDF in plants, the organic
matter content will decrease.

Table 1. Nutrient Composition of Sorghum Hydroponic Fodder

Composition KD4 Super-1
8d 12d 16d 8d 12d 16d
%

DM 27.04 22.66 15.68 25.36 14.55 15.94
CP 13.94 18.04 18.68 17.27 26.94 26.68
EE 4.04 4.05 5.80 4.13 5.55 5.60
CF 15.17 16.06 19.66 25.55 31.62 36.57
Ash 2.25 3.25 3.69 1.56 2.10 241
NDF 22.57 35.70 39.04 23.18 32.68 33.41
ADF 8.99 10.9 15.36 9.96 17.65 18.26

Biomass Production of sorghum hydroponic fodder was significantly different (p<<0.05) on
harvest time and varieties (Table 2). Longer harvested time will produce higher biomass. At 16 d
harvest time, biomass production tends to remain even decreased in Super-1 varieties. This is because
plant growth depends on the availability of nutrients in the seeds. Without additional nutrients the
plant will last only less than 16 days. As mentioned by Andriani and Isnaini [2], sorghum which
grown with soil medium with age between 3-10 days after planting, its growth depends on nutrition
and food reserves from seed. Shoots (coleoptile) appear on the soil after 3-4 days after planting, while
the secondary roots will begin to growth 3-7 days after sprout.

Super-1 varieties produce higher biomass than KD4. Biomass production depend on plant
species, varieties, and environmental conditions, 1 kg of grain will produce 15-25 kg of fodder with
planting period of 8—10d [1]. The results and quality of the fodder are also influenced by many factors
such as soaking time, seed quality, seed type and treatment, temperature, moisture, nutrient supply,
and seed density [4]. Starch in cereal plants is a raw material that supports plant growth. Water
Imbibition during the soaking process will activate enzymes in the seeds that hydrolyse starch into
sugars that available for embryonic growth. Under conditions of optimum humidity, oxygen and
warmth, the sugar will be used for cell wall synthesis and to provide energy for growth [5].

DM production of sorghum hydroponic fodder was significantly different (p<0.05) on harvest
time but did not differ significantly in plant varieties (Table 2). This result is inverse if compare with
biomass production. In this study, longer harvested time, biomass production plants will increase
while dry matter production will decrease. Biomass production per kg of plants increased during the 6-
7 day growing period caused by water absorption during seed germination resulting in a different
percentage of DM [7]. Based on varieties, dry matter production is not significantly different between
Super-1 and KD4. Yield and quality of the sprouts produced are influenced by many factors such as
soaking time, seed quality, seed type and treatment, temperature, humidity, nutrient supply, and seed
density to achieve maximum results [4].
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Table 2. Biomass, DM and CP Production of Sorghum Hydroponic Fodder

Variables Varieties harvested time (d) mean of sorghum
8 12 16 varieties
Biomass (kg/m®) KD4 25.511 28.373 30.141 28.008°
Super-1 27.948 33.530 32.753 31.410°
mean of harvest time  26.730° 30.951° 31.447°
DM (kg/m?) KD4 6.893 6.439 4725 6.019
Super-1 7.070 4.877 5.229 5.974
mean of harvest time ~ 6.981° 5.658° 4.977°
CP (kg/m?) KD4 961 1.162 883 1.002°
Super-1 1.221 1314 1.395 1.267*
mean of harvest time 1.091 1.238 1.139

*® ‘means with different superscripts differ significantly (P<0.05).

In hydroponic fodder plants, soaking seeds will increase the activity of enzyme that breaks the
seed into a simpler fraction. Dry matter and total energy will decrease due to plant oxidation [10].
When water imbibition occurs in the seed embryo, plant hormone (giberrelic acid) along with water
will go to the aleuron layer. In the aleuron layer there will be DNA activation that converts amino
acids into amylase enzymes. The amylase then goes to the endosperm layer to then catalyse the
hydrolysis of starch into the glucose component. Glucose is then used for metabolic activity of newly
grown plants. This oxidation will produce ATP and release CO, [6].

Crude protein production of fodder sorghum hydroponic value was significantly different
(p<0.05) on plant varieties and did not differ significantly on harvest time. This explains that the
increased CP percentage is proportional with DM percentage decrease, so the CP content does not
actually occur in kilogram. Super-1 varieties CP (kg) is higher than KD4 because the content of CP
seed in Super-1 varieties is higher than KD4. This result is consistent with statement that the
percentage of proteins gives apparent increase as basically the total weight of the protein remains the
same according to the dry matter [10]. The increase in the crude protein content derived from nitrate
absorption, thus facilitating the metabolism of nitrogen compounds derived from carbohydrate
reserves (Morgan et al., 1992) as cited by Saidi [9] (2015).

4.  Conclusion

Based on sorghum hydroponic fodder quality and quantity studies, sorghum hydroponic fodder with
Super-1 varieties harvested at 12 d had a good quality of fodder and it can be alternative of technology
providing quality forage and land saving with a short time planting period and continuous production.
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