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ABSTRACT

Grapefruit (Citrus Paradisi Macf.) is one of the most important citrus fruits in the Sudan. It can be
successfully grown throughout the country where there are suitable soils and sufficient water to sustain tree
growth. The objectives of this study were to find out the effects of different nitrogen sources, effective
microorganisms (EM) and their combinations on the vegetative growth of shrubs of selected grapefruit
cultivars. A field experiment was carried out at Umbarona, Wad Medani, Gezira State, Sudan, latitude 14.38
N, longitude 33.48 E and altitude 409 masl, in June 2012. Treatments consisted of three grapefruit cultivars:
Marsh Seedless, Red Blush and Shamber. Fertilizer treatments were urea (100%), chicken manure (100%),
urea with chicken manure (50% each), urea with EM, chicken manure with EM, urea (50%)+ chicken manure
(50%)+ EM and unfertilized control. All fertilizer treatments were applied at the rate of 43 kg N/ha.
Treatments were arranged in a split- plot design with two replicates. Grapefruit cultivars were allotted to the
main plots and fertilizer treatments to the sub-plots. Data were collected on plant height (cm), stem diameter
(cm), number of new branches, length of new branches (cm) and diameter of new branches (cm). Results
showed that Marsh Seedless cultivar had the most vigorous vegetative growth compared to the other two
cultivars. The results showed that the combination of urea, chicken manure and EM significantly gave the
highest vegetative growth values, followed by chicken manure with EM, urea with chicken manure, urea with
EM, urea alone, chicken manure alone and the least values of growth parameters were recorded for the
unfertilized control. It is recommended to grow Marsh Seedless grapefruit cultivar and fertilize it with a
combination of urea, chicken manure and EM.
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INTRODUCTION

The grapefruit (Citrus Paradisi Macf.) is one of the most important citrus fruits in the Sudan. It
can be successfully grown throughout the country where there are suitable soils and sufficient water
to sustain tree growth. The quality of Sudanese grapefruits has been commended as superior to fruits
in other citrus producing countries. The total production of grapefruit in the Sudan increased from
183000 tons in 2010 to 206000 tons in 2012 (FMAL, 2013).

Most of the traditionally grown grapefruit cultivars in the Sudan (Foster and Duncan) are seedy
and do not compete in international markets. In the seventies of the last century, several grapefruit
cultivars have been introduced to the Sudan and evaluated for their growth, yield and fruit quality
(Ali Dinar and Osman, 1984; Sidahmed and Geneif, 1984b). Results indicated that the commercial
seedless cultivars such as Miami and Red Blush were among the high yielding cultivars with an
excellent fruit quality under Sudan conditions.

In recent years, citrus orchards in the Sudan have suffered from severe decline and low
productivity. One of the factors which may have contributed to this decline is nutritional disorders.
Nitrogen is one of the most important nutrients determining yield of citrus in the Sudan  (Elkashif
et al.,2014; Elamin et al., 2006; Ewida et al., 2013). It is required by citrus in larger amounts than any
other element (lbrahim et al., 2004). Soils of the arid tropics of the Sudan are generally deficient in
nitrogen (SSAS, 1983). The use of nitrogenous fertilizers in citrus production is limited and farmers
only apply random rates. General yellowing of old citrus leaves, which is an indication of nitrogen
deficiency, can be observed in several Sudanese orchards (Osman, 2005).

Effective microorganisms (EM) is a mixture of a group of beneficial microorganisms that can
coexist with each other. The main types of which are lactic acid bacteria, yeast, actinomycetes and
photosynthetic bacteria. These microbes were blended in molasses or sugar medium maintained at a
low pH (Higa and Parr, 1994).

Research work conducted on EM showed that the application of EM alone or in combination with
other fertilizers enhanced the decomposition of organic matter and increased its efficiency,
stimulated the activity of other microorganisms in the soil and hence increased plant growth and
yield (Higa, 1991; Formoitz et al. 2007; Idris et al., 2008).

Therefore, the objective of this study was to find out the effects of different nitrogen sources,

effective microorganisms(EM) and their combinations on the vegetative growth of selected
grapefruit cultivars.

MATERIALS AND METHODS

A field experiment was carried out at Umbarona nursery Wad Medani, Gezira State, Sudan,
(latitude 14.38 N, longitude 33.48 E and altitude 409 masl) in June 2012.The objectives of this study
were to find out the effects of different nitrogen sources, effective micro-organisms (EM) and their
combinations on the vegetative growth of shrubs of selected grapefruit cultivars.

The soil of the experimental site was a silty soil, classified as Vertic, Ustifluvents, Fine loamy,
mixed, isohyperthermic (SSAS, 1983). Treatments consisted of three grapefruit cultivars and seven
fertilizer treatments.. Two years old shrubs of grapefruit cultivars Shamber, Red Blush and Marsh
Seedless were used in this study and were budded on sour orange rootstock.
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Fertilizer treatments were:
Control.
Urea (100%).
Chicken manure (100%).
Urea (50%) + chicken manure (50%).
Urea (100%) + effective micro-organisms (EM).
Chicken manure (100%) + EM.
Urea (50%) + chicken manure (50%) + EM.
Nitrogen sources were urea (46% N) and chicken manure (2.5%N) and their combinations.
Fertilizers were applied at the rates of OkgN/ha (control) and 43kgN/ha (Table 1).
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Table 1. Nitrogen sources and corresponding amounts per hectare and per
shrub, applied at the rate of 43 kg N/ha.

Nitrogen source Amount (kg/ha) Amount (kg/ shrub)
Control Zero Zero

Urea( 100%) 94 0.6

Manure(100%) 1870 12

Urea (50%)+manure (50%) 47 kg urea+935 kg manure  300g urea+6 kg manure

Preparation of chicken manure compost
Chicken manure and dry leaves were placed in a pit one meter deep, watered weekly for 45 days,
dried, dug up and analyzed. The result of the analysis of chicken manure compost showed that it
contained 3.9% organic carbon and 2.4%N.
Effective micro-organisms solution was prepared by dissolving 1 ml of EM in 100ml of water
and then applied at 50ml/seedling to the previously mentioned treatments.
Experimental design
Treatments were arranged in a split plot design with two replicates. Grapefruit cultivars were
allotted to the main plots and nitrogen treatments to the sub-plots. Spacing between shrubs was
8mx8m. Irrigation was applied at 7days interval except during the rainy season (July- October) where
irrigation water was applied as needed. Weeds and insect pests were controlled as recommended.
Parameters studied
The following parameters were measured at monthly intervals:
1. Plant height (cm): It was measured at the soil surface to the tip of the shrubs.
2. Stem diameter (cm). It was measured at the soil surface.
3. Number of new branches.
4. Length of new branches (cm).
5. Branch diameter (cm).
Statistical analysis
Data were analysed using the standard analysis of variance procedure and means were separated
according to Duncan’s Multiple Range Test at 5% level of significance.
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RESULTS AND DISCUSSION

Vegetative growth of grapefruit cultivars

There were significant differences in the vegetative growth parameters among grapefruit cultivars.
There was a linear relationship between vegetative growth and time (months). This was most probably
because temperatures were always above the optimum required for grapefruit growth and, hence,
there was no period of cessation of growth. Marsh Seedless cultivar showed the highest values of
plant height, stem diameter, number of new branches, length of new branches and diameter of new
branches, compared to the other two cultivars which were comparable (Figs. 1-5).

These results are in agreement with those reported by Samson (1980) who showed that Marsh
Seedless cultivar had the best vegetative growth and highest yield. He also found that fruits of Marsh
Seedless cultivar had the highest juice content, which makes it a good choice for juice industry.
Marsh Seedless is the parent grapefruit cultivar for all commercially seedless grapefruit cultivars.
Pink Marsh and Red Blush appeared as bud mutations on Marsh Seedless. Ali Dinar and Osman. (1984)
compared the performance of introduced grapefruit cultivars and found that Shamber cultivar had
the least vegetative growth and lowest yield compared to other cultivars. They recommended a
balanced fertilizer program in order to increase the productivity of citrus orchards in the Sudan.
Sidahmed and Geneif (1984) reported that introduced grapefruit cultivars had more vigorous
vegeta
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Fig. 1. Plant height of grapefruit cultivars.
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Fig. 2. Stem diameter of grapefruit cultivars.
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Fig. 3. Number of new branches of grapefruit cultivars.
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Fig. 4. Length of new branches of grapefruit cultivars
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Fig. 5. Diameter of new branches of grapefruit cultivars

Effects of fertilizer treatments on vegetative growth of grapefruit

The effects of fertilizer treatments on plant height, stem diameter, number of new branches, length
of new branches and diameter of new branches of grapefruit cultivars were significant. The study clearly
indicated the importance of nitrogenous fertilizers during the early growth of grapefruit shrubs.
Results showed that the combination of urea, chicken manure and effective micro-organisms
significantly gave the highest values, followed by chicken manure with effective micro-organisms,
urea with chicken manure, urea with effective micro-organisms, urea alone, chicken manure alone
and the least values of growth parameters were recorded for the control. (Figs.6-10).

These results clearly indicate that application of EM with chicken manure and/or urea increased
their efficiency which was manifested in vigorous vegetative growth of grapefruit shrubs compared
to treatments in which EM was excluded. Application of EM alone or in combination with other
fertilizers has been reported to enhance the decomposition of organic matter, increased the efficiency of urea,
stimulated the activity of other micro-organisms in the soil and, hence, increased plant growth (Higa,
1991; Kyan et al., 1999). Idris et al. (2008) reported that application of EM (0.05%) to the soil coupled
with chicken manure gave the best vegetative growth and highest yield of tomato.
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Fig. 6. Effects of fertilizer treatments on plant height.

C= control, U= urea, CM= chicken manure, U+CM = urea + chicken manure, U + EM = urea +
effective microorganisms, CM+EM = chicken manure + effective microorganisms and U+CM+EM =
urea + chicken manure + effective microorganisms.
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Fig. 7. Effects of fertilizer treatments on stem diameter.

C= control, U = urea, CM = chicken manure, U+CM = urea + chicken manure, U + EM = urea +
effective microorganisms, CM+EM = chicken manure + effective microorganisms and U+CM+EM
= urea + chicken manure + effective microorganisms.
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Fig. 8. Effects of fertilizer treatments on number of new branches..

Gezira j. of agric. sci. 14 (1) (2016)



Gezira j. of agric. sci. 14 (1) (2016)

C= control, U = urea, CM = chicken manure, U+CM = urea + chicken manure, U + EM = urea +
effective microorganisms, CM+EM = chicken manure + effective microorganisms and U+CM+EM =
urea + chicken manure + effective microorganisms.
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Fig. 9. Effects of fertilizer treatments on length of new branches.

C= control, U = urea, CM = chicken manure, U+CM = urea + chicken manure, U+ EM = urea +
effective microorganisms, CM+EM = chicken manure + effective microorganisms and U+CM+EM =
urea + chicken manure + effective microorganisms.
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Fig. 10. Effects of fertilizer treatments on diameter of new branches

C= control, U = urea, CM = chicken manure, U+CM = urea + chicken manure, U+ EM = urea +
effective microorganisms, CM+EM = chicken manure + effective microorganisms and U+CM+EM
= urea + chicken manure + effective microorganisms.

Ibrahim et al. (2004) reported that application of chicken manure to muskmelons grown in heavy
clay soils at the rate of 18t/ha significantly increased vegetative growth and resulted in the highest
yield and the best fruit quality. Similarly, Elkashif et al. (2014) reported that application of chicken
manure to banana cultivars grown in heavy clay soils improved the physical properties of the soil,
increased the availability of micro nutrients and gave the highest yields. Ewida et al. (2013) showed
that application of N fertilizer to mango trees in a combination of urea and cow manure at the rate
of 86kg N/ha coupled with irrigation resulted the highest yields.

Interaction effects of fertilizer treatments and grapefruit cultivars on vegetative growth

The interaction effects of fertilizer treatments and grapefruit cultivars were significant on all
vegetative growth parameters. For all grapefruit cultivars, the combination of urea, chicken manure
and effective micro-organisms gave significantly the highest values, followed by chicken manure with
effective micro-organisms, urea with chicken manure, urea with effective micro-organisms, urea
alone, chicken manure alone and the least values of growth parameters were recorded for the control.
(Table 2). These results indicated that the application of EM, which has been reported to enhance the
decomposition of organic matter, increased the efficiency of chicken manure, stimulated the activity
of soil micro-organisms and, hence, increased plant growth. Higa (1991) reported that application of
EM in combination with chicken manure had positive effects on soil micro-organisms which
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enhanced the decomposition of manure and made macro and micro nutrients available for plant
uptake. Also, application of manure has been reported to improve soil physical and chemical
properties, increased its porosity and water retention capacity (He et al., 2003). Elkashif et al. (2014)
noted that the new tend in agriculture in the Sudan should be directed towards the application of
manures to increase both yield and quality of horticultural crops. The combination of EM with urea
indicated that EM had beneficial effects on the efficiency of urea as evidenced by more vigorous
vegetative growth compared to urea alone.

Results also showed that under all N fertilizer forms and combinations, the grapefruit cultivar
Marsh Seedless resulted in the highest values of vegetative growth parameters which makes it a good
choice for propagation and distribution to farmers for export purposes.

It could be concluded that the best vegetative growth was obtained when Marsh Seedless grapefruit
cultivar was fertilized with a combination of urea , chicken manure and effective micro-organism

Table 2. Interaction effects of grapefruit cultivars and fertilizer treatments on vegetative growth.

. SD NNB LNB BD
Cultivars  Treatments (cm) (cm) (cm) (cm)
RB C 745¢g 3.2e 61.0i 475 f 19e
U 1365e 7.1c 109.5gh 925¢ 30D
CM 1295f 59d 129.5 de 89.5¢ 3.2b
U+CM 139.0e 7.2c 1445¢ 1235a 2.8 bc
U+EM 137.0e 7.3c 129.0 de 97.5bc 31b
CM+EM 1445d 6.2cd 119.5fg 102.0 be 30D
CM+U+EM 1545c¢ 8.1b 150.5¢ 111.0b 3.7ab
C 786¢g 444d 59.0i 64.5¢e 1l6e
U 1485d 6.8cd 105.5 gh 80.0d 2.4 cd
Sh CM 148.0d 59de 123.5 ef 67.0¢e 2.8 bc
U+CM 1695b 6.7cd 137.0d 78.0d 29D
U+EM 139.0f 6.0cd 120.0 fg 86.0 cd 31b
CM+EM 1525c¢ 7.1¢c 142.0¢ 87.0 cd 3.6ab
CM+U+EM 1665b 8.0b 161.0b 96.5¢C 3.8a
C 837¢g 4.2d 65.5i 440 f 18e
U 153.0c 96a 112.5gh 95.0 bc 2.8 bc
M CM 1375e 6.9cd 128.5 de 91.0c 31b
U+CM 1375e 8.0b 133.0 de 106.5b 2.7 bc
U+EM 1445d 75¢ 1235 ef 94.0¢c 30b
CM+EM 160.0b 86D 1440¢c 113.0ab 3.7ab
CM+U+EM 1815a 105a 176.0a 1195a 41a
Slg *%* *%* *%* *%* *%*
SE+ 34 0.28 2.99 3.6 0.06
CV (%) 6.21 10.00 5.98 9.92 3.05

C= control, U= urea, CM = chicken manure, U+CM = urea+ chicken manure, U+ EM = urea +
effective micro-organisms, CM+EM = chicken manure+ effective micro-organisms and U+CM+EM=
urea+ chicken manure+ effective micro-organisms.

PH = Plant height, SD = Stem diameter, NNB = number of new branches, LNB = length of new branches, BD
= branch diameter, RB=Red Blush, Sh=Shamber and M=Marsh Seedless.

Means followed by the same letters, in the same column are not significantly different according to
Duncan'’s Multiple Range Test at 5% level.

** Significant at P=0.01.

Gezira j. of agric. sci. 14 (1) (2016)



Gezira j. of agric. sci. 14 (1) (2016)

REFERENCES

Ali-Dinar, H.M. and A.M.A. Osman. 1984. Performance of several citrus cultivars in the arid
region of northern Sudan. Acta Horticulture 143: 239-246.

Elamin, O.M., M. E. Elkashif. and S.I Babiker. 2006. Response of “Miami” grapefruit (Citrus
paradise Macf.) to nitrogen and micronutrients as foliar fertilizers. Gezira Journal of
Agricultural Science 4(1): 26-37.

Elkashif, M.E., O.M Elamin., H.l. Mahmoud and M.A. Abass. 2014. Effects of soil amendment
treatments on growth, yield and fruit quality of selected banana (Musa AAA) cultivars. Gezira
Journal of Agricultural Science 12 (1): 94-119.

Ewida, S.M., M.E Elkashif. and O.M Elamin. 2013. Effects of irrigation, type of fertilizer and
nitrogen rate on yield components and total yield of mango (Mangifera indica L.) in Abu
Karshoula, South Kordofan State, Sudan. Gezira Journal of Agricultural Science 11(1): 78-90.

FMAI, 2013. Federal Ministry of Agriculture and Irrigation, Horticultural Sector Department. 2013.
Annual Reports. Horticultural Sector Administration. Ministry of Agriculture and Forestry,
Khartoum, Sudan.

Formoitz, B., F Elango, S Okumoto, T Muller and A Buerkert. 2007. The role of effective
microorganisms in the composting of banana (Musa sp.) residues. Journal of Plant Nutrition
and Soil Science 170: 649-656.

He, Z.L. D.V. He, AK. Calvert, D.J Alva. and Y.C Banks. 2003. Thresholds of leaf nitrogen for
optimum fruit production and quality in grapefruit. Soil Science Society of America Journal
67:583-588.

Higa, T. and J.F Parr. 1994. Beneficial and Effective Microorganisms for Sustainable Agriculture
and Environmental Nature Farming Research Center. Atami, Japan p. 16.

Higa, T. 1991. Effective microorganisms ; A biotechnology for mankind pp. 8-14. In: J.F. Parr. B.
Hornick, and C.E. Whiteman (eds). Proceedings of the First International Conference on Kusei
Natural Farming , U.S. Department of Agriculture , Washington, D.C., USA.

Ibrahim, A.M.Z., E.M Abdelmalik,. and M. E. Elkashif. 2004. Effect of chicken manure, N and P
on yield and quality of muskmelon (Cumcumis melo var. reticulatus Naud). Gezira Journal of
Agricultural Science 2(1): 86-93.

Idris, 1., M.T Yousif, M.E Elkashif and F.M. Baraka. 2008. Response of tomato (Lycopersicon
esculentum Mill.) to application of effective microorganisms. Gezira Journal of Agricultural
Science 6 (1): 43-56.

Osman, A.M. 2005. Appraisal of Cultural Practices and Nutritional Status of Citrus Culture in
the Gezira State, Sudan. M.Sc. Thesis, Faculty of Agricultural Sciences, University of Gezira,
Wad Medani, Sudan.

Samson, J.A. 1980. Citrus, pp 64-116 In :Tropical Fruits .

Sidahamed, O.A. and A.A Geneif. 1984. Performance of citrus in the irrigated heavy clay soils of
central Sudan. Ill. Grapefruit. Acta Horticulture 143 : 265-269.

SSAS. Soil Survey Administration Staff. 1983. Fifth Meeting of the East Africa Subcommittee for
Soil Correlation and Land Evaluation. Wad Medani, Sudan.

Gezira j. of agric. sci. 14 (1) (2016)



Gezira j. of agric. sci. 14 (1) (2016)

e Adila Cilial )l (5 piadd) galll o Alladl) 48801 dad) il g Gun g 5l jalaaa il
< g8 cu ANCitrus paradisi Macf)(

10a¥) dana Gldic g 28a) A6 gan s LIS Zlal) dasa !

OMsadl ¢ ide 35 65l daala ey 3l 4 slall IS !
LAl

B s L DU sl e b iy i3 (S o sul b lpimanl el sl (ge 58 ) yding
A padl o2 Cangd 0l sl 66yl A5 e 3l g pl o Al gyt sl ) 5aid FASH oLl s Faial
G radll gaill o Gl lpany ae Lo o s Alladll 488l dall bl 5 A8 Gan 5 55l jobiaa il 46 jadl
waldy il oy Uhle (A 5 g8 ca ) e Calial 36 bl Chiaia u}}u,ﬂ\wmg&mm\f&m
d))‘uw\hﬁﬂ\m‘uhﬂ.ﬁ\@bj}\cu;b.ﬂ\d))ca\_uysu;\}ﬂ\d))}d_\)}\n @}om\u)mww}
bJMY“\&L.a\ V] .AM.»A\J Ulagl) Zu.éall 4.\;5\ u\.ulﬂ\cau;\}ﬂ\ d_)_)&‘l"_)}' cdllegl) 43.\533\ 4.\;5\ uh.a&‘cau;bﬂ\
‘;6ujﬁggjﬂ|u\.\m\QS%M\@\QFQJM\W_JM%JJM?;S43daa.a,n_a)u\.su]\dﬁ
gAY 2ae 5 (pa) Bl Hlad g (ans) lall Jsh e by Cumen Ay gl adadl) & (g il Clabaa g At ) adaill
3 Ostaally 4 Jlia (5 pumd sai ef el (i le Citall o i) Comia gl (pas) @ il ki 5 (pas) £ A J st s 32
by g padll saill Jara el cilae| Aladl) Ag8al) Zoaldl SN 5 ol gall (5 55 by sall dlew G Jaddal) | jualdi g il
u;\jﬂ\wje;u;\ﬁnd)),ujﬂ\@uuﬂ\m.mu\g_msn}u)}memumm_mu\uu&\,u;\}ﬂ\d))
e Bl ot g U jle g jh w8 Csall Aol )y pagn , 2allll G cilS gail) u\}mu.uba_\;}bjﬂ\e“q;)l
Adleal) dadall Aad) Wl g cad gall (3559 Ly sl

Gezira j. of agric. sci. 14 (1) (2016)



