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Introduction

Fodder beet (Beta vulgaris L.) is a member of the Chenopodiaceae or goosefoot family. Fodder beet, also
called mangold, mangel, or mangel-wurzel is grown for its nutritious tops and roots that are used as animal feed
(Khair 1999).

The production of forage crops is very important for livestock production in Syria, which contributes
largely to the national income. Animal production in Syria depends mainly on natural range which is affected by
rain fluctuations and low-quality grasses. This necessitates the introduction of irrigated forage crops in the

irrigated schemes and in farms around cities like Damascus. There are many constrains limiting forage
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production in Syria, like lack of information of forage cultivars and technological packages. Suggested solutions
for these problems are application of technological packages, integration of animal production with forage
production and introduction of new forage species of high yield (Al Jbawi 2014), especially during periods of
forage shortage like late winter and early summer.

Fodder beet offers a higher yield potential than any other arable fodder crop (Anonymous 2006), and
when grown under suitable conditions can produce almost 20 t.ha” dry matter yield (DAF 1998), and also yields
more than 80 t. ha' and this makes it popular in many countries like New Zealand, Germany, America,
Australia, Syria and Egypt (Shalaby et al. 1989). It contains 10-15% dry matter and may yield 20 t. ha of dry
matter in one harvest as compared to 13-15 t. ha' from four cuts of grass (Kiely et al. 1991).

Beet is a high energy, low protein, and low fiber feed. It is treated as a forage concentrate as it digests very
quickly in the rumen (Al Jbawi 2014). Fodder beet has many advantages as compared to sugar beet , For
example, soil contamination at harvest is usually lower than with sugar beet but depends on variety choice. The
softer varieties tend to grow higher out of the ground and have fewer grooves in the root, and therefore retain
less soil, huge dry matter (DM) yields with expected protein to be 1-2% higher. With soft fodder beet varieties,
you have the option of grazing in the field and fodder beet will have lower soil contamination and will reduce the
need to wash roots before feeding.

The above and below growth parts (leaves and roots) are used to feed the animals but, the main fodder is
tuberous roots (Ibrahim 2005; El-Sarag 2013). Beet should be chopped as this greatly increases intakes and is
very important for younger cattle and for sheep. Beet is a high palatable and highly digestible feed and in a
properly balanced diet it should result in excellent animal performance and more efficient milk and meat
production (Niazi et al. 2000).

Fodder beet can thrive on a wide range of soils but a light to medium, free draining field is ideal. The
target pH of soil is 7 and good accessibility is vital for heavy harvesting machinery. Monogerm seed has
eliminated the need for labour intensive singling.

As the crop can take over 200 days to mature, later sown crops will not have enough time to fully develop

before winter which will limit yield (Pembleton and Rawnsley 2011).
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Recent research suggests high dry matter (DM) yields of 19-35 tDM.ha" (Chakwizira et al. 2012;
Matthew et al. 2011) are attainable in New Zealand. These DM yields are higher than the 10-15 tDM.ha™' for the
traditional winter crops, e.g., kale and swedes (Chakwizira et al. 2011; Gower et al. 2006; Wilson et al. 2000).

Growth characters and yield and or yield attributes of fodder beet responded positively to the fertilization
with NPK fertilizers (Abd allah and Yassen 2008 and Srek er al. 2010). Potassium plays a vital role in:
photosynthesis, translocation of photosynthates, protein synthesis, control of ionic balance, regulation of plant
stomata and water use, activation of plant enzymes and, many other processes (Marschner 1995; Reddya et al.
2004). Chakwizir et al. (2012) conducted two experiments investigating the effects of different rates of
potassium (K; 150 or 300 kg.ha™), fertiliser application on fodder beet dry matter (DM) production, and found
that the final DM yield was unaffected by the treatments averaging 21 to 32 tDM.ha™". Also, potassium tended to
depress crude protein, neutral detergent fibre and ash content of the bulbs and increase the metabolizable energy
and soluble sugar. They observed that the combination of low fibre and high soluble sugar concentrations puts
animals at risk of rumen acidosis. These results suggest that fodder beet crops subjected to high rate of soil
and/or fertiliser K should be supplemented with feed high in crude protein and fibre.

Turk (2012) conducted a research to determine the effect of three potassium doses (0, 50 and 100 kg
K,0/ha) on root yield and yield components of fodder beet. It was determined that the effect of fertilization was
significant for all parameters except root dry matter content.

Seaweeds and seaweed products are increasingly used in crop production. Further, seaweed extracts are
considered an organic farm input as they are environmentally benign and safe for the health of animals and
humans (Khan et al. 2009). Seaweed components such as macro- and microelement nutrients, amino acids,
vitamins, cytokinins, auxins, and abscisic acid (ABA)-like growth substances affect cellular metabolism in
treated plants leading to enhanced growth and crop yield (Durand et al. 2003; Stirk ef al. 2003; Ordog et al.
2004). Plants sprayed with seaweed extracts also exhibit enhanced salt and freezing tolerance (Mancuso et al.
2006).

Fodder beet is a good forage, especially during the critical period of forage shortage such as early summer
season in Syria. There is also limited information on the nutritive qualities of fodder beet crop in Syria. The
objective of this study was to study the effects of organic and potassium fertilizers on yield and quality traits of

fodder beet to provide information on cultural practices concerning this important crop under Syrian conditions.
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Materials and Methods

A field experiment was conducted on summer season of September (2016/2017), in Homs Agricultural
Research Center, General Commission for Scientific Agricultural Research (GCSAR), Syria. The location
coordinates are Latitude 34 ° 43’ N and Longitude 36 ° 42’ E). The soil of the experimental site is sandy clay,
characterized by high nitrogen content (44.9 mgkg") and pH of 8.33 (Table 1). Two-factor experiment was
conducted in a split plot arrangement based on a randomized complete block design (RCBD) with three
replications. The main plots were allotted to organic fertilizer (control, manure, seaweeds extracts), and the sub-
plots to the potassium fertilizer (90, 120, and 160 pure unit of K,O.ha™). The variety Vermon (French cultivar)
was used. The land was disc- ploughed, harrowed twice, leveled and ridged 60 cm apart, with 30 cm space
between holes. The size of the plot was 6x3 m, consisting of six rows of 6m length. The seeds were sown
manually on the shoulder of the row at a rate of 4.6 kg.ha" (three seeds per hole) on September 1%

The crop was irrigated at 7-10-day intervals depending on the temperature, relative humidity and soil
moisture conditions. (K,O) was added pre-planting at rates according to the studied treatments of (90, 120, and
160kg pure unit of K,O.ha™"). Hand thinning to one plant per hole and re-planting by the removed seedlings were
done simultaneously after 5-6 weeks from planting. Manual weeding was done 5 weeks after planting.

At harvest (6 months from sowing), when plants showed signs of maturity which is indicated by leaf
yellowing and partial drying of the lower leaves, a sample of five plants of each plot was taken from the inner
two rows and randomly hand-pulled to determine root weight/plant (g), shoot weight/plant (g), dry matter
content (%), and crude protein content (%) of shoot and root according to Kjeldahl method. Three inner rows
were harvested to determine root and shoot yield.ha™.

The temperatures during harvest in spring reached 17°C, while the lowest temperature reached

approximately 8°C (Table 2).

Table 1 Soil properties of the experimental location during 2016/2017 season

Particle size

. Available Available Available Chemical analysis of soil paste extraction
distribution Texture hosoh i tassi
Sand  Silt  Clay Class (pmoslz f’f) (I; (;(gef) E’;a?‘?}l CaCo;  E.C (mmhos.cn PH
%) (%) () &8 &8 &8 (%) 1.25C") Soil paste

356 153 49.1 Sandy clay 16.0 44.9 377.0 32.7 0.3 8.33
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Analysis of variance (ANOVA) appropriate for the split plot design was applied (Gomez and Gomez, 1984). The
treatment means were compared using Least Significant Difference (LSD) procedure at 5% level using GenStat

Computer Program v.12.

Table 2 Temperatures and rainfall distribution during 2016/2017 season

Month Max. Temperature (°C) Min. Temperature (°C) Rainfall (mm)
September 30.157 19.66 -
October 28.60 15.35 -
November 20.32 6.4 4.3
December 9.81 3.44 120.9
January 10.34 2.65 92.7
February 12.28 2.43 7.4
March 17.27 7.93 50.9

Source: Meteorology Station in Homs governorate.

Results and Discussion
Root weight/ plant

Table (3) illustrates the effect of organic and potassium fertilizers on root weight/plant. This trait was
greater under the addition of seaweeds extracts (O3)(1800 g) as compared with the addition of manure (O,) (1633
g) (P<0.05). Potassium levels significantly (P<0.05) affected root weight/plant. The addition of K90 resulted in
the highest root weight/plant (1705 g), followed by K120 (1613 g) with no significant differences, then K160
(1577 g) (p<0.05).
Shoot weight/plant

Table (3) contains the data concerning the effect of organic and potassium fertilizer rates on shoot weight
per plant. It is clear from Table (2) that potassium treatments have significant effect on this trait. K120 had the
highest value (1394 g) followed by K90 (1468 g) with no significant differences, while the lowest value was
achieved by K160 (1349 g). These results coincided with those reported by Omar et al. 2002; Attia 2004; El-
Kholy et al. 2006; Abdel Motagally and Attia 2009, which could be attributed to the stimulatory effect of K on
rate of photosynthesis, as well as, transport of the photosynthetic product from the leaves to the storage root.
Root yield

The application of organic fertilization had a significant effect on root yield; seaweed extracts increased
root yield. But the differences in root yield regarding K additions were not significant (Table 3). The highest root

yields (58.50 t.ha™") were obtained from sea weed extracts application. Abdel-Gawad et al. (2008) reported that
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fertilization increased average root yield of fodder beet. These results are consistent with the present results. This
could be explained by the fact that seaweed components in treated plants led to enhanced growth and crop yield
(Durand et al. 2003; Stirk et al. 2003; Ordog et al. 2004).
Shoot yield

Table (3) shows that fertilization applications had no significant effects on shoot yield of fodder beet. But
the interaction of organic fertilizer x potassium was significant indicating the magnitude effect of both fertilizers

on this trait. The highest shoot yield (50.26 t.ha™") achieved with the addition of seaweed extracts and K120.

Table 3 The effect of organic and potassium fertilizers on root and shoot weight. plant™ (Kg), root
and shoot yields (tha™) of fodder beet

Organic Fertilizer l;otags.lum Root weight. plant'  Shoot weight. plant™ Root yield Shoot yield

ertilizer o a

(©) (P) ® ® (tha™) (tha™)
Control (no K90 1487 1294 52.48 45.54
addition) K120 1446 1372 52.48 49.42
(Op K160 1451 1389 48.59 46.65

Mean 1461 c 1352 a 51.18b 4720 a

Manure K90 1877 1665 54.42 48.59
(O,) K120 1519 1271 45.81 38.32
K160 1501 1287 46.93 40.26

Mean 1633 b 1407 a 49.05b 42.39a

Seaweeds extracts K90 1750 1446 56.09 46.37
(05) K120 1873 1540 61.09 50.26
K160 1777 1372 58.31 44.98

Mean 1800 a 1453 a 58.50 a 47.20a

Average of K90 1705 a 1468 a 5433 a 46.83 a

potassium K120 1613 ab 1394 ab 53.13 a 46.00 a

K160 15770 1349b 51.28 a 43.96 a

Mean 1632 1404 52.91 45.60

LSD (0O) 0.05 82.9% 128.6 4 5.42% 5.48

LSD (P) 0.05 112.9% 108.2* 4.35 3.88 s

LSD (O*P) 0.05 168.6* 178.5%* 7.30 6.83*

CV% 6.7 7.5 8.0 8.3

ns: Not significant, at 0.05 level of probability.

Root dry matter content

Organic fertilization applications had significant effect on DM content of fodder beet (Table 4), while
potassium rates had non-significant effect on root DM. Bieniaszewski et al. (1995) reported that root DM
content was not affected by potassium rates. This result is consistent with the present results. Prokopenko et al.
(1997) and Khan et al. (2009) found that dry matter content of the fodder beet increased directly with the level of
fertilization. The root DM yield exhibited a similar trend to root yield. The O;K90 treatment resulted in the

highest root DM content (14%).
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Shoot dry matter content

Organic fertilization applications had significant effect on shoot DM content of fodder beet (Table 4),
while potassium rates had non-significant effect on shoot DM. The O;K90 treatment resulted in the highest root
DM content (15%) (P<0.05).

Root crude protein content

The highest root crude protein (CP) content was obtained from Oj; application (14.66 %) (Table 4).
According to the averages of K rates, the highest root crude protein contents (14.37 and 13.82%) were obtained
by application of K120 and K90, respectively.

The increased K doses caused increase in CP yields in the present study, because CP yield depends on DM
yields in plots. Abdel-Gawad et al. 2008; Khan et al. 2009; Geweifel and Aly 1996; Karczmarczyk et al. 1995
reported crude protein content of fodder beet was significantly increased by increasing potassium fertilizer level.
Shoot crude protein content

Organic and potassium fertilization applications had significant effect on shoot CP content of fodder beet
(Table 4). The K90 treatment resulted in the highest shoot CP content (8.43%) (P<0.05), while O1 and O3
caused the highest CP shoot contents (8.32 and 8.37, respectively).

Table 4 The effect organic and potassium fertilizers on root and shoot dry matter (%), root
and shoot crude protein contents (%) of fodder beet

Crude proteinin ~ Crude protein in

Organic Fertilizer Pot.a.ssium Root dry matter Shoot dry matter 00t Shoots
(0) Fertilizer (P) (%) (%) (%) (%)
Control (no K90 10.00 1294 12.97 8.37
addition) K120 12.67 1372 13.90 8.37
(Op) K160 11.33 1389 12.53 8.23

Mean 11.33b 12.00 ab 13.13b 8.32a
Manure K90 11.67 12.33 14.13 8.03
(0,) K120 10.33 10.69 13.57 7.63
K160 11.00 11.33 11.33 6.83

Mean 11.00 b 11.44b 13.01b 7.50b
Seaweeds extracts K90 14.00 15.00 14.37 8.90
(05) K120 12.33 11.33 15.63 8.27
K160 13.00 13.00 13.97 7.93

Mean 13.11a 13.11a 14.66 a 8.37a

Average of K90 11.89a 12.78 a 13.82a 843 a

potassium K120 11.78 a 11.67 a 14.37 a 8.09b

K160 11.78 a 12.11a 12.61b 7.67c
Mean 11.81 12.19 13.60 8.06

LSD (0O) 0.05 1.40% 1.62% 1.19% 0.42%*

LSD (P) 0.05 0.71, 1.58 16 0.84%* 0.34%*

LSD (O*P) 0.05 1.51% 2.50% 1.48 0.57 45
CV% 5.9 12.6 6.0 4.1

ns: not significant at 0.05 level of probability.
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Conclusion

The highest (p<0.05) production and quality traits were obtained with the addition of K90 and spray sea weed extracts.
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