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Abstract

Purpose of the experiment is to research the inflaesf different nitrogen doses on hydrocyanic acdtent, forage
yield and some forage quality traits in two sorgh8odan grass hybrids (cv. Nutri Honey and cv. Andioe

experiment was laid out in a two-factor factoriala randomized complete block design, with thredaations. The %2
of the nitrogen fertilizers (0 (control), 40, 820, 160 kg hd) were applied sowing and the rest of the nitrogers

given at plants reached 35 cm height. The plant® Wwarvested at three cuts (15 cm from the groumd)ear of the
field trial at 100 cm plant height. Immediatelyeaftutting, ¥z of the nitrogen doses were applieédoh plot and the
rest of the nitrogen was given when the plantshiedc35 cm height. The nitrogen application at tate rof 160 kg N
ha’ significantly increased the number of leaves panty stem diameter, HCN content, total green ang rdatter

yields, crude protein ratio over control. The madimnumber of leaves per plant (40.69), stem dian{ét84 cm),

HCN content (106.71 mg Ry total green fodder yield (13.93 t P total dry matter yield (4.35 t Hj and crude

protein ratio (14.23 %) were observed in 160 kga\.fCultivars crude fiber (28.37 %), acid detergabef (30.01 %)

and neutral detergent fiber (57.09 %) contents dased depending on the nitrogen doses. Cultivarsi'Noney' and

'‘Aneto’ were found to be the best choices in terfhsunle protein, crude fiber, acid detergent fibeeutral detergent
fiber contents, total green fodder and dry mattetds and benefits when fertilized with nitrogertts rate of 160 kg
ha® under irrigated same ecological conditions. Howeiteshould be noted that HCN content increasethis dose of
nitrogen for green fodder.

Keywords:forage yield, prussic acid, quality traits, sorgh8ndangrass hybrids

1. INTRODUCTION

The sorghum-Sudangrass hybrid&Kghum bicolor(L.) Moench xSorghum sudaneng@iper)
Stapf) are crosses between forage type sorgl8orgfium bicolor(L.) Moench) and Sudangrass
(Sorghum sudaneng®iper) Stapf). Compared with corn, they have lea$ area, more secondary
roots and a waxier leaf surface (Eltelib, 2000)scAthey are taller compared with Sudangrass
(Bowman et al., 2000).Sorghum-Sudan grass hybridnis of the most important warm season
grasses in semi-arid regions of the world. In régears, data of atmospheric gases emission have
shown that levels of CQare increasing. Many research that the averagpeiatures throughout
the world will rise in the next few decades, ragaglin higher global temperatures, affecting rdinfa
regimes and increasing extreme weather events asidieat waves, droughts, strong winds, and
heavy rains. Droughts are damaging because obtigeterm lack of water available to the crops,
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especially in semi-arid regions of the world (At2816). Sorghum-Sudan grass hybrids are a highly
drought-tolerant forage crops. It is drought totériiom corn Zea mayd..). Therefore, recently,
sorghum-Sudan grass hybrid cultivars are becomomular as an annual summer forage option
with many desirable features (Mut et al., 2017).

The optimum temperature for it growth is 25-30 0rghum-Sudan grass hybrids are adaptable to
a wide range of soil conditions, but it grows biestoamy and clay-loamy soils. Ideally, soil pH
should be in the range 5.5-7.0 for optimum cropettgyment and forage yield. The biomass of
sorghum-Sudan grass hybrid is usually used greddefoor for preparation of silage, while it is
rarely used for the preparation of hay or graziggi¢(et al., 1999). Depending on use of the
biomass (hay, silage, or herbage), suitable agranpractices are applied (Glagtiga et al., 2011).

If these plants are grown for fresh biomass or doazing, sowing is denser, with higher
consumption of seed per hectare, while for silagedyction, plants are grown on a larger
vegetation area (Kruzin ariéhsovskih, 1997). Plant nutrition is of great impoxte for obtaining a
higher yield and higher nutritive values of theafge crops (Glanitija et al., 2011). Nitrogen (N)
and other macro elements are major limiting nutsdor growth of forage grasses and other forage
crops and this explains the improvement in foragddyby external supply of these elements to
soils that are deficient in them (Tena and Bey@0&,1). Applications of macro and microelements
have a direct effect on the proportion of plantfdgent as true protein. The N uptake by the plant
increases rapidly with the amount of N applicatemd this leads to build-up of nonproteinic
organic N, thereby decreasing the proportion otganic N with increased amounts of N applied.
The effect of N fertilization on the amino acid e of proteinic N is not fully described.
According to the effect of N fertilization on theude protein (CP) con tent of forage grass, cell
wall digestibility may be lowered on less fertilizswards (Peyraud and Astigarraga, 1998). The
nitrogen requirement for crop production has tiaddlly been determined from field
experimentation involving different rates of apption of nitrogen fertilizer (Muchow, 1998).
Mahmud et al. (2003) reported that application itfogen increased crude protein, fodder and dry
matter yield in forage sorghum.

Cyanogenic glycoside compounds occur in at lea8t80D species of plants, including sorghum-
Sudangrass hybrid varieties. Dhurrin, the most g cyanogenic glucoside, in the presence of
the enzyme b-glucosidase releases sugar and hyhiocgcid (HCN), a colorless very volatile
liquid, considered one of the most toxic substamses known. Ruminants are more susceptible to
HCN intoxication compared to monogastric. The ac&tomach pH of monogastrics do not allow
the enzyme linamarase to act and, therefore, thridg release slows down, allowing time for its
elimination without reaching the lethal dose (Dawliand Mckenzie, 1993; A{e2012; Simili et

al., 2013). The early growth stages of sorghum-8gdes hybrid varieties are considered
cyanogenic because they contain cyanogenic glyepssters that can release toxic substances
when the plant structure breaks due to stress dahbgegrazing, trampling, drought, wilting,
freezing, cutting or high N and potassium applaagi (Montagner, 2005; Simili et al., 2013). The
objective of this investigation was to determinee teffect of different nitrogen doses on
hydrocyanic acid content, forage yield and somdityuaaits of two sorghum-Sudan grass hybrids
(cv. Nutri Honey and cv. Aneto) in Thrace, Turkey.

2. MATERIALS AND METHODS

The research was carried out in 2014-2015 on abaynl soil with pH 6.9 on the farm land
Hanoglu/Muratli-Tekirdag in Turkey located at 4F19, 27.0 °E, about 121 m altitude sea level,
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with a typical subtropical climate.The average fialnof this area is 16 to 40 mm and average
summer temperature is 21.53 °C.

The experiment was laid out in a two-factor fa@bin a randomized complete block design, with
three replications. Two varieties (cv. Nutri Horaayd cv. Aneto) were used in the experiment. The
varieties was sown in plots of 10 rows with a spg®f 35 cm and 5 m in length (At€2012). The
net plot size is 10.50 T\t each year, the seedswere sownat a rate of 8@ikgAvcioglu et al.,
2009) during the second week of May and irrigatqplied just after sowing and then irrigation
was done after 12-15 days. The water supply redue the growing of sorghum x Sudangrass
hybrids were fulfilled by irrigation because of degjuate precipitation during the growing season
(May—-September). ¥ of the nitrogen fertilizers ¢ortrol), 40, 80, 120, 160 kg Mawere applied
sowing and the rest of the nitrogen was given attglreached 35 cm height. Ammonium nitrate as
a source of nitrogen is used in the experimentath year, a basal fertilizer containing phosphorus
(70 kg h&d') was incorporated into the soil at the time ofllgmeparation. The plants were harvested
at three cuts (15 cm from the ground) in year effibld trial at 100 cm plant height. Immediately
after cutting, ¥2 of the nitrogen doses were applee@ach plot and the rest of the nitrogen was
given when the plants reached 35 cm height.

The number of tiller per plant, number of leaves plant, leaf/stem ratio and stem diameter (cm)
were determined at ten plants (at 100 cm planthtgighich is randomly. The stem diameter was
measured with a between third and fourth node. | Tgreen fodder yield (t K4 (in each year, at
three cuts)was obtained in 2 muadrates, and calculated. Total dry matter yiehs?) for those
samples were calculated by drying approximately &&amples at 55 °C for 48 hour followed by
storage for a further day at room temperature (AtesTekeli, 2007).

Dry plant samples were ground to small (mm) pieces and used for the analyses. The samples
were analyzedfor HCN by the Guignardtest (AOAC, 200 hen, the total HCN content in mg kg
were calculated by the formula described by Braglen@al. (1999) as follows:

Total HCN contents (mg kfj =396 x absorbance reading.

The samples were analyzed for N using procedurethefAssociation of Official Analytical
Chemists (AOAC, 2007). Crude protein (CP) conteéx) (of the samples were calculated by
multiplying N contents by a coefficient of 6.25. &lerude fiber (CF), acid detergent fiber (ADF)
and neutral detergent fiber (NDF) contents (%) wdetermined by Weende and Van Soest
methods (AOAC, 2007; Van Soest et al., 1991). Alhples were analyzed in triplicate. All data
were analyzed statistically by analysis of varianseig MSTAT-C software. The percentages were
arcsine transformed before statistical analysiertsure homogeneity of variance. Whenever the
interaction with years was not significant, meahsam years for treatments were compared using
an ANOVA protected least significant difference )Sest.

3. RESULTS AND DISCUSSIONS

The different N doses affected the HCN content, Inemof leaves per plant, leaf/stem ratio, stem
diameter, CP, CF, NDF, ADF contents, total greesidéy and dry matter yields (Table 1 and 2).
Contrary to the CF, NDF and ADF ratios, the HCNteo, CP ratio, number of leaves per plant,
leaf/stem ratio, stem diameter, total green focaet dry matter yields increased depending on the
nitrogen doses.

The effects of N doses, cultivars and cultivartxagen dose interaction on the number of tillens pe
plant (4.08-4.15) were not significant (Table 1heTeffect of cultivars on leaf/stem ratio was found
to be significant (P0.01), whereas the number of leaves per plant 8401300) and leaf/stem ratio
(0.85-0.88) were influenced significantly by cudtivx nitrogen dose interaction.
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Table 1. The some morphological properties, total green fodder and dry matter yields of sorghum-Sudan
grass cultivars (Cv) under different nitrogen doses (ND) (means of two years)
Nitrogen doses (kg ha)

0 40 80 120 160 Means'

Varieties The number of tillers per plant
Nutri Honey 4.08 4.11 4.10 4.13 4.13 411
Aneto 4.15 4.12 4.08 4.12 4.10 4.11
Means' 4.12 4.12 4.09 4.13 4.12
LSD Cv: NS ND: NS &WD: NS

The number of leaves per plant
Nutri Honey 25.30h 32.10f 35.36d 36.33c 41.00a 34.02
Aneto 27.00g 33.12e 32.54e 37.74b 40.38a 34.16
Means 26.15d 32.61c 33.95¢ 37.04b 40.69a
LSD Cv: NS ND: 2.999* Cv x ND.710**

Leaf/stem ratio
Nutri Honey 0.69d 0.75c 0.80b 0.86a 0.85a 0.79b
Aneto 0.71d 0.80b 0.82b 0.87a 0.88a 0.82a
Means 0.70c 0.78b 0.81b 0.87a 0.87a
LSD Cv: 0.029** ND: 0.051** Cv x ND: 0.026**

Stem diameter (cm)

Nutri Honey 0.78 0.91 0.98 1.02 1.32 1.00
Aneto 0.80 0.93 0.98 1.10 1.35 1.03
Means 0.79d 0.92c 0.98b 1.06b 1.34a
LSD Cv: NS ND: 0.125* CWND: NS

Total green fodder yield (t ha')
Nutri Honey 10.13 11.33 12.47 13.25 13.97 12.23
Aneto 10.29 11.47 12.65 13.20 13.89 12.30
Means 10.21e 11.4d 12.56¢ 13.23b 13.93a
LSD Cv: NS ND: 0.663* CWND: NS

Total dry matter yield (t ha™)
Nutri Honey 2.99 3.22 3.89 4.22 4.50 3.76
Aneto 2.93 3.17 3.92 4.19 4.20 3.68
Means 2.96e 3.20d 3.91c 4.21b 4.35a
LSD Cv: NS ND: 0.134* CWND: NS

*P<0.05, ** P<0.01, NS:P>0.01 and 0.05The means different nitrogen doses of with difféfetter for the same row are
significantly different.¥Sorghum-sudangrass hybrid cultivars means andgeitraloses x cultivar interactions with
different letter of the column are significantlyfdrent.

The cultivar 'Aneto’ exhibited higher value tharhest cultivar for the leaf/stem ratio (0.82)
(P<0.01). The plant height, main stem length, nunalbé&ranches per plant, the number of tiller per
plant, stem diameter, number of leaves per plagdf length and leaf weight are important
characters used to determine green fodder yield cagdmatter yield (Ate and Servet, 2004);
besides, leaf length, leaf weight, leaf/stem ragpimtein, fiber and mineral contents are important
traits for forage quality (Ates, 2011). Moreovesyghum-Sudan grass hybrids, sorghum and Sudan
grass cultivars show good response to nitrogenicgtian. Contrary our results, Lourenco et al.
(1993) reported that the application of nitrogentilfieer up to 100 kg N Ha increased tiller
numbers of Sudan grass. Iptas and Brohi (2002) daimat higher nitrogen rates continued to
increase the number of tillers per plant rathentttee number of plants per unit area. Mustafa
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(1995), who investigated the effect of nitrogeriifieer dose and time of application on the growth
and yield of four sorghum hybrids, reported appiaaof nitrogen, has little effect on number of
leaves per plant. Simili et al. (2013) investigatgdwth rate of sorghum x Sudan grass hybrid
during fall and reported a leaf/stem ratio 0.5ifer

Table 2. The HCN content and some quality traits of sorghum-sudangrass cultivars (Cv) under different nitrogen
doses (ND) (means of two years)
Nitrogen doses (kg ha)

0 40 80 120 160 Means

Varieties HCN content (mg kg")
Nutri Honey 66.71 70.13 85.74 95.56 105.67 84.76
Aneto 65.98 70.45 84.94 96.00 107.75 85.02
Means' 66.35e 70.29d 85.34c 95.78b 106.71a
LSD Cv: NS ND: 2.733* CWND: NS

CP (%)
Nutri Honey 10.90 11.20 12.33 13.41 14.27 12.42
Aneto 10.88 11.45 12.50 13.39 14.18 12.48
Means 10.89d 11.33d 12.42c 13.40b 14.23a
LSD Cv: NS ND: 0.651** Cv x NDIS

CF (%)

Nutri Honey 32.17 31.50 30.78 29.88 28.41 30.55
Aneto 31.98 31.25 30.54 29.74 28.33 30.37
Means 32.08a 31.38b 30.66¢c 29.81d 28.37e
LSD Cv: NS ND: 0.598** GW\D: NS

NDF (%)
Nutri Honey 61.23 60.55 59.12 58.11 57.20 59.24
Aneto 61.45 60.21 58.98 58.00 56.98 59.12
Means 61.34a 60.38b 59.05c¢c 58.06d 57.09e
LSD Cv: NS ND: 0.886** GWD: NS

ADF (%)
Nutri Honey 35.41 35.03 33.66 31.74 30.05 33.18
Aneto 35.00 34.89 33.49 31.84 29.97 33.04
Means 35.21a 34.96b 33.58¢c 31.79d 30.01e
LSD Cv: NS ND: 0.235** GVND: NS

*P<0.05, ** P<0.01, NSP>0.01 and 0.05The means different nitrogen doses of with diffétetter for the same row are
significantly different.

160 kg N h& application significantly increased HCN (106.71 tag'), CP (14.23 %), stem
diameter (1.34 cm), total green fodder (13. 93 )l@nd dry matter (4.35 t Hayields compared to
other doses(Table 1 and 2). The main criteria lier évaluation of the nutritional value are the
increase of digestible matter and the decreasgrihland HCN content for fodder sorghum, Sudan
grass and their hybrids. Nitrogen used in plantithenn had no influence on increasing the total
digestible substance content in dried biomass ssniodder sorghum, Sudan grass and their
hybrids are plants with a strong root system amatgsauction power, and they are well capable of
using unused nitrogen salts necessary for thetiomtrof preceding crops (Glartiga et al. 2011).
Hydrocyanic acid content is heritable and subjetbechodification through selection and breeding,
as well as by climate, stage of maturity, stuntifigplant, type of soil and fertilizer (Khatri et.al
1997). Nitrogen application is considered esseftiagjrowth and regrowth during growing season.
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However, higher level of nitrogen application maycrease HCN contents of forage sorghum;
ultimately poisoning animals (Aziz-Abdel and Abdelad, 2008; Sher et al. 2012). Wheeler et
al.(1990) studied the sorghum-Sudan grass hybmds raported strong influence of nitrogen
fertilization and plant age on the HCN contentshia leaves. Bahrani and Ghenateghestani (2004)
reported an increase of 55% higher HCN content wiittogen application in forage sorghum. Sher
et al. (2014) found the fertilizing sorghum foragih 120 kg N h& produced the highest HCN
content (21.5 and 13.4 mg/100 g) at booting an&Sfeading stage, respectively while the lowest
HCN content of 17.8 and 11.0 mg/100g was determim@dntrol treatment where no fertilizer was
applied. They reported the increase of HCN conf2h22%) was more with the application of 120
kg N ha' when compared with control treatment (0 kg NYhaSimilarly, Wheeler et al.(1980)
revealed 28% increase in HCN by applying nitrogatilizer. Aziz-Abdel and Abdel-Gowd (2008)
reported that increase in nitrogen application lteduin enhanced HCN in sorghum. Afzal et
al.(2012) reported that application of urea inceglathe fresh and dry weight of multicut sorghum.
Mut et al. (2017) determined that the hay yieldgeth between 7.67 and 8.31 t'tamong Sudan
grass and sorghum-Sudan grass hybrids. Total gager and dry matter yields of sorghum
species determined in the present research walsistmiMut et al. (2017).

Data regarding CF (28.37 %), NDF (57.09 %) and ABE.01 %) ratios in sorghum-Sudan grass
hybrids have lowest ratios by applying N at the k§tha' (Table 2). Forage grasses are higher in
NDF, ADF and ADL at a given stage of growth tharafye legumes. The quality of forage crops is
best estimated by their potential dry matter intakd dry matter digestibility, which are determined
by the NDF and ADF fractions, respectively. Both NBnd ADF increase as the plant matures
causing a decline in the quality of the forage (Liand Kuehn, 1997; Ates, 2016). Effects of
different nitrogen rates on hay yield and some igu#iaits of Sudan grass and sorghum x Sudan
grass hybrid varieties were studied by Gulumser ot (2016), who reported the average plant
height, leaf ratio, hay yield, crude protein ratesude protein yield, ADF and NDF ratio were
ranged from 200.9-205.5 cm, 36.02—39.90 %, 1.3%-2da", 8.17-11.90 %, 113.5-304.9 kgha
37.51-40.31 % and 62.59-67.34 % in the 2013-204dewctively.Mut et al. (2017) reported that
NDF and ADF contents in sorghum-Sudan grass hyladged from 67.27 to 67.62 % and 36.55
to 36.73 %, respectively. The results were sintdahose reported by these researchers.

4. CONCLUSIONS

From the results of two years field experimentsiriNdoney and Aneto cultivars were found to be
the best choices in terms of CP, CF, ADF, NDF aatstetotal green fodder and dry matter yields
and benefits when fertilized with nitrogen at tagerof 160 kg HAunder irrigated same ecological

conditions. However, it should be noted that HChiteat increases in this dose of nitrogen for
green fodder.
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