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Abstract

In Nigeria, one of the major problems confrontingrieulture is poor soil fertility
replenishment strategy that could allow sustaingisteduction. Two field trials were
conducted simultaneously at Sokoto (UDUS, Vegetddsearch farm) and Zamfara
(Bakalori Irrigation Project)bothin Sudan-Savanigaoaecological zone of Nigeria, with
the aim of studying the effect of different ratéowdung, NPK and their combinations
on soil properties and performance of sweet pofBbe. research was conducted during
the 2011/2012 dry season using ten treatments: LDQD(M), CD(L), NPK(H),
NPK(M), NPK(L), CD+NPK(H) CD+NPK(M), CD+NPK(L) andontrol. The result was
consistent with regard to locations and indicated significant effect on soil pH.
However, the treatments resulted to a decreaseindil pH from 5.63 to (5.38-4.95) and
5.90 to (5.88-5.01) at UDUS and Bakalori respetyio significant effect was also
recorded on soil organic carbon,cation exchangeagfCEC), percentage nitrogen,
available phosphorus, exchangeable calcium andggiata but was foundtoincreased due
to treatments application as compared to the Infadues. NPK(M) was determined to
have significantly (p<0.05)the highest sweet pofa¢oformance atboth Location. This
research therefore, recommended the treatments (@sedCD)L), 2= (CD)M), and
3=(CD)H) t/ha cowdung, 200=(NPK)L), 300=(NPK)M), cart00=(NPK)H)kg/ha, 2t
cowdung + 100NPK/ha=(CD+NPK)H), 1.5t cowdung + 1§RRK/ha=(CD+NPK)M)
and 1t cowdung + 200kg/ha=(CD+NPK)L).as importardtenals for soil nutrients
replenishment. In terms of sweet potato yield,NPK@sn be recommended to farmers in
the study areas.
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I ntroduction

Plant nutrients are essential for the productidmgbf quality crops to providenutrient
requirement for the world’s expanding populatiotar® nutrients are therefore, a vital
component of sustainable agriculture. Increased production largely relies on the type
of fertilizer used to supplement essential nutsefdr plants. The nature and the
characteristics of nutrients released by mineral arganic fertilizer are different and
each type of fertilizer has its advantages andddmsatages with regard to crop growth
and soil fertilityCow dung is used extensively and historically in India as an organic
manure. It has been shown as having soil binding properties and anti-soil erosion
activity (apart fertilising/manure effect) and helps sustainable Agriculture,
significantly.The sound management of fertilization must attetopensure both an
enhanced crop productivity and safeguarded enviesmTherefore, a balanced
fertilization strategy that combines the use of enéth and organic fertilizers must be
developed and evaluated (Chen, 2006).

Sweet potatolpomoea batatasL.)belongs to the family convolvulaceae. The fantibs
about 45 genera and 1000 spp, but only sweet pdtptonoea batatas L.) is of
economic importance as food (Nwauzor et al., 2010)s an important food and
vegetable crop that is widely distributed throughitne world particularly in the Tropics
(Nwauzor et al., 2010). Sweet potato originatednfréropical America and has been
cultivated probably from B.C. Today, the crop remsaone of the three most important
root crops in the world, following potato (Solanui¢rosum) and cassava
(Manihotesculenta) (Nwauzor et al., 2010).

In an effort to reduce over and under applicationvall as establishing appropriate types
of fertilizer that will enhance both nutrient awallity to plant and the soil fertility, the
need therefore, arises for assessing the comparatigect of different rates of organic,
mineral and organo-mineral fertilizers on the sagitpowth and yield of crops. This
research was therefore, aimed at assessing tleet effdifferent rates of cow dung, NPK
and their combinations on soil properties, growtldl gield of sweet potato in Sudan
savanna agro ecological zone of Nigeria.



Materials and M ethod

The trials were conducted in Sokoto and ZamfardeStasimultaneously. For Sokoto
(L1); the trial was conducted at the UsmanuDanfodiniversity,Sokoto Vegetable
Research Farm located at Kwakwalawa village in dyadlistrict of SokotoState. Sokoto
is located between latitudes®lahd 18 5'N and longitudes %48’ and & 4’E at an altitude
of 350m above Sea Level (ASL) (Mamman et al.,200Bamfara (L2); the trial was
conducted at the Bakalori Irrigation Project. Thieaalies on both sides of the Sokoto
river between latitude 120 30-120 50'N and lond#u 50 59-60° 20’E near
TalataMafara, about 110km from Sokoto on the SokoBusau road in Zamfara State.

The treatments consisted of three rates of cow dinge rates of NPK (15:15:15), three
rates of cowdung and NPK combinations and contiidie ten treatments were arranged
in a randomized complete block design (RCBD) regéid three times. The treatments
were;

CD (H) = 3t/ha cowdung NPK (L) 200kg/ha

CD (M) = 2t/ha cowdung CD+NPK (H) = 2t cowdung 80kgNPK/ha
CD (L) = 1t/ha cowdung CD+NPK (M) = 1.5t cowdungokgNPK/ha
NPK (H) = 400kg/ha NPK CD+NPK (L) = 1t cowdung €2@NPK/ha
NPK (M) = 300kg/ha NPK CONTROL = No fertilizer dpd

Where CD= Cowdung, H = High, M = Medium and L = Low

Cow dung was applied in full dose and incorporai@dthe soil one week before
transplanting; NPK was applied in split dose: fuste at two weeks after transplanting
and the remaining dose at 50 days after the fagli@tion, using broadcasting method.

Data was collected for the following growth andlgiparameters; Number of leaves and
vines per plant, vine length, number of tuberspdent, tuber weight and tuber yield. Soil
samples were collected usisl auger from 0 to 30 cm depth before and afterthe experiment
and analyzed for soil pH, organic carbon, catiochexige capacity (CEC), total nitrogen
and available phosphorus.Data was analyzed usirig#ia@f variance (ANOVA) and
Duncan’s New Multiple Range Test(DNMRT) for meapa@tion.



Results and Discussion
Chemical composition of the cowdung used

Table 1; Chemical composition of the cowdung used

Chemical properties values
pH(H:0) 1:1 8.07
Org. carbon (g/kg) 34.89
Total nitrogen (%) 0.66
Avail. Phosphorus (mg/kg) 0.18
Exchangeable K (cmol/kg) 0.50

Initial Soil analysis

Table 2: Soilanalysis before the experiment durd®j1/2012 dry season at UDUS
(kwalkwalawa) and Bakalori

Parameters UDUS(kwalkwalawa) Bakalori
pH (H:0) 1:1 5.63 5.9
Organic carbon (g/kg) 0.33 0.45
Total nitrogen (%) 0.16 0.17
Avail. Phosphorus (mg/kg) 4.74 4.67
CEC (cmol/kg) 3.41 3.94
Exchangeable Ca (cmol/kg) 0.29 0.32
Exchangeable Mg (cmol/kg) 0.52 0.72

Exchangeable K (cmol/kg) 0.35 0.40




The initial chemical composition of the soils attbdocations is presented in Table 2.
The result indicated that, soil pH were moderatadidic, low in organic carbon, CEC,
available phosphorus and medium in total nitrogaeterm.

Soil analysis after the experiment

Table 3: Effect of Cowdung, NPK and their Combioasi on Soil pH, Organic Carbon
and CEC at UDUS and Bakalori in 2011/2012 Dry Seaso

Treatment L1 (UDUS) L2 (BAKALORI)

pHOIC (%) CEC (cmol/kg) TIN(%)p(mg/kg)pH O/C (%) CEC(cmollkg) T/N(%)P(mg/kg)

CD(H) 5.33 0.66 5.03 0.23 4.60 5.800.61 4.76 0.18 4.37
CDb(M) 5.31 0.57 5.16 0.18 4.94 581 .55 5.88 0.2 4.89
CD(L) 5.27 0.34 4.70 0.16 4.22 5.810.47 3.70 0.21 452
NPK(H) 4.95 0.43 5.00 0.19 4.76 5.010.35 5.40 0.18 4.42
NPK(M)5.15 0.49 4.93 0.15 4.66 5.590.27 5.35 0.16 4.71
NPK(L) 5.12 0.55 4.73 0.15 4.56 5.430.39 4.83 023 430
CD+NPK(H)5.38 0.68 4.83 0.19 4.93 5.63 0.46 .204 0.2 4.72
CD+NPK(M)5.23 0.41 4.73 0.2 4.80 5.88 0.545.46 0.2 4.36
CD+NPK(L)5.26  0.47 5.06 0.35 4.54 5.70 0.414.90 0.2 4.64
Control 5.10 0.38 4.73 0.16 4.78 775. 041 3.43 0.12 4.62
Level of Signs ns ns ns ns ns ns ns ns ns

SE 0.05 0.05 0.08 0.01 0.05 0.06 030. 0.26 0.02 0.06

ns = Not significant at 5% level of probability
T/N = total nitrogen

P = phosphorus

Effect of cowdung, NPK and their combinations oil sbemical properties is presented
inTable 3.The result indicated that, treatments madignificant effect (p>0.05) on soil
pH, organic carbon, CEC, total nitrogen and avéelgdhosphorus at both locations. This
result may be due to the time frame at which thgearment was conducted as related to
the rate of decomposition, mineralization and agoplity. However, as compared to the
initial values,the soil pH declined whereas the asmtration of organic carbon, CEC,



total nitrogen and available phosphorus increagéth regard to drop in pHhis could
be due to formation of organic acid during decontpmws of organic treatments and or
accumulation of nitric acid from nitrification press with application of mineral
fertilizer.

As stated by Lynch (1983), decrease in soil pH @dod linked to accumulation of plant
products whichproduces various organic acids. @mdbservation was reported by
Gattanet al, (1976) in his study on the effect of continuose of chemical fertilizers and
manureson soil properties for five years and regubtihat, the organic carbon level of the
soil increased to 0.24 from 0.19 percent by mamm@ication. Mathur (1997) studied
the long term effect of farm yard manure on sodparties and yield in cotton — wheat
rotation at Northwest Rajasthan. The observatiomlenaas that, incorporation of 16
tonnes of farmyard manure accounted for the higineséase in organic carbon content
of soil. The increase in CEC was associated widfe nin organic matter content.
Yaduvanshat al.,(1985) also reported that, application of farndyaranure resulted in a
significant increase in CEC. Patiram and Singh 8)@8so reported an increased in CEC
through manure application and the lowest CEC efdbil was found in the treatment
which received only N.Increase in total nitrogemldobe attributed to direct addition of
nitrogen through organic and inorganic fertilizepsderson and Peterson (1973) have
reported that, continuous addition of manure fory2@rs increased the soil total and
available nitrogen content significantly from 0.@50.083 percent, while increase was
only 0.05 percent in N fertilizer applied plotslasge portion of N was removed by the
crops. It was reported by Somani and Saxena (1i9a5) an increase in phosphorus with
incorporation of wheat crop residue and farmyarahumes was observed while inorganic
fertilizer alone decreased available phosphorus nwbempared with initial status.
Similarly, Bharandary and Omanwar, 1994 observatl flarmyard manure treated plots
showed more increase in available phosphorus ti@ganic fertilizer which was due to
coating of sesquioxides by organic materials tedticed phosphorus fixing capacity of
the soil.



Sweet potato performance

Table 4: Effects of Cowdung, NPK and their Comhorad on growth parameters of
Sweet Potato at 14 WAT in UDUS and Bakalori dur2®d.1/2012 Dry Season.

Treatment L1 (UDUS) L2 (BAKALORI)
No. of Leaves Vine No. Vine Length (cm) No. of kea Vine No. Vine Length (cm)

CD(H) 197.633c 9.320c  48.433b 231.400cde 12.300c@@ed

CD(M) 209.133c 9.700c  34.767c 221.000def 11.267d 0880

CD(L) 172.433e 9.420c  27.533d 183.100f 9.100e  58.600

NPK(H) 329.400a 16.500a  65.000a 300.967ab 16.600a5334.

NPK(M)187.500cde 11.430b  49.800b 327.300a 15.300b 6B4.2

NPK(L) 180.933de 12.770b  48.733c 190.967ef 11.300d 0068.

CD+NPK(H)181.700de 9.330c  37.897c 212.833def ad4 43.600de

CD+NPK(M)235.733b 10.700bc  51.000b 277.300bc @A0 62.000b

CD+NPK(L)206.033cd 12.300b  49.500b 241.200cd 0872d  48.300cd

Control 167.433e 9.600e  35.633c 237.000cde 9.300e  37.667

Level of Sig* * * * * *

SE 7.17 0.63 1.14 14.00 0.52 3.38

Mean followed by the same letter(s) within the sawlemn are statistically the same at 5% levelrobpbility.
* = Significant at 5% level of probability.

WAT= Weeks after transplanting

Effect of cow dung, NPK and their combinations oovgth parameters of sweet potato is
presented in Table 4.Theresult indicated thatrmeats had significant effect (p<0.05) on
all the considered growth parameters at both lonatiWhere NPK(H) recorded the best
sweet potato growth performance while the leastopmanceis in the control. This is
similarly reported by EI-Ghamry (2011), who obsefvéhat, vegetative growth
parameters of sweet potato tend to increase witheasing application of mineral
fertilizer and different forms of organic manureajih et al, (2010) reported that, shoot
dry matter, leaf area and plant height showed kighgnificant difference in relation to
the rate of nitrogen fertilizer, as they increaseghificantly and linearly with increasing



rate of nitrogen application. Hence, the resulthi$ research could be due to high rate
and availability of nitrogen in the best treatm@tPK(H). It

was reported by many researchers (Tam and Magid@@h; Chapman and Barreto,
1997; Vos et-al, 1998; Janat, 2001; Abu Husseial,e2003; Rashid et-al, 2005 ; and
Zebarth et-al, 2009) that, increased concentratbmitrogen fertilizer can increase
nitrogen uptake and this increase has a positifextedbn chlorophyll concentration, the
photosynthetic rates and leaf expansion.

Table 5: Effects of Cowdung, NPK and their Comhbora on Yield and Yield
Components of Sweet Potato at UDUS and Bakalondqu&2011/2012 Dry Season.

Treatment L1 (UDUS) L2 (BAKALORI)

No.T/ptT.W/ plt (kg) T yield (tha)  No.T/plT.W /plt (kg) T yield (t /ha)

CD(H) 7.100abc 0.831bc 14.433c 5.917a 0.830b.73B®
CD(M) 6.150abc 0.433de 8.280ef 5.750a 0.400de 8.580d
CD(L) 6.150abc 0.594d 10.727de 5.850a 0.332de 6.527d
NPK(H) 7.167abc 0.793c 15.263c 6.417a 1.17 2406

NPK(M) 8.000a 1.353a 27.300a 6.583a 0.937b 22 .733a
NPK(L) 6.200abc 0.483de 12.700cd 5.333a 0.543cd 12.533c
CD+NPK(H) 5.967bc 0.910bc 21.133b 5.000a 0.440d 12.533c
CD+NPK(M) 7.600ab 0.953b 19.433b 6.250a 0.630c  14.900c
CD+NPK(L) 5.533c 0.370e  9.633ef 5.000b 0.358de .267d
Control 6.300abc 0.543d  8.050f 3.833b .250e  7.933d
Level of Sig. * * * * * *
SE 0.58 0.03 0.64 0.05 0.05 1.05

Mean followed by the same letter(s) within the satnéumn are statistically the same at 5% level of
significant.

* = Significant at 5% level of probability

T = tuber, T.W = tuber weight



Effect of cowdung, NPK and their combinations oalgiand yield component of sweet
potato is presented in Table 4. The result indccéitat, treatments had significant effect
(p<0.05) on the yield and yield component of sweetato at both locations. Where
NPK(M) recorded the highest tuber yield at bothatoan while control plots recorded the
least tuber yield. Increased in yield with due t&0{I) could be as a result of the readily
available N P and K nutrient elements in the tregtis. Mineral fertilizer was reported to
have increased shoot weight, leaf area, plant heigth subsequently total yield (Bradley
and Praff, 1955; Watson and Wilson, 1956; Logar8918iemond and Vos, 1992; Vos
1997; Meyer and Marcum, 1998; Vos and Vander Putt8088; Zvomuyagt al, 2002;
Kumaret al, 2007; Zelalerat al, 2009 and Najet al, 2010). Other researches showed
that, leaf area, shoot weight, plant height aneityleld increased by organic fertilization
(Stoneret al, 1996; Abou — Husseimt al, 2003).The findings of this research was
similarly reported by Magagula (2010) who reporsaghificant effect on the total tuber
yield of sweet potato with application of differaates of Chicken manure. This could be
due to an increase in nutrient level.

Conclusion

This research revealed that, application of difiereates of cowdung,NPK and their
combination to soil under sweet potato productiamehno significant effect on soil pH,
organic carbon, CEC, total nitrogen and availabiegphorus. While performance of
sweet potato was significantly influenced by ratals cowdung, NPK and their
combination and NPK(M) gave the best sweet potetiol yand therefore, recommended.



Acknowledgment

Special appreciations to the entire staffs of tlepagtment of soil science and agricultural
engineering, UDUS.

References

Anderson, F.N and G.A Peterson (1973).Effectivetiooous corn (zea mays L) manuring
fertilization on yield and protein content of theagp and on the soil N conterAgronomy
Journal, 65:697 — 700.

Abou—Hussein, S.D., T.E.L. Shorbagy, A.F. Abou-Hiacind U.E| -Behairy (2003).Effect of
cattle and chicken manure with or without minegatifizers on tuber quality and yield of potato
croplSHS ACta Horticulture 698:95-100.

Bharandary, V. and P.K Omanwar (1994). Long—terfiecefof continuous rational cropping
and fertilization on crop yield and soil propertiesl1. Effect on EC, pH, organic matter and
available nutrient of soil. Journal of Indian Sagief Soil Science, 42:387 — 392.

Bhattacharya DeepaRaddy field soil conservation: Indian historical practices, (2011) Agricultural
Sciences, Vol.2, No.3, pp. 341-346; doi:10.4236/as.2011.23045

Biemond.H. and J.Vos (1992).Effect of nitrogen be tlevelopmet and growth of the potatos
plant. 2. The partitioning of dry matter nitrogemdanitrate Annals of Botany.

Bradley, G.A and A.J Pratt (1995).The effect offaént combination of soil moisture and
nitrogen level on early plant development tuber gethe potato.American Potato Journal
32:254-258.

Chapman, S.C., and H.J Barreto (1997).Using a cplofll meter to estimate specific leaf
nitrogen of tropical maize during vegetative growalgronemy Journal 89:557-562.

Chen, J. (2006). The Combined use of chemical agdnic fertilizer and/or biofertilizer for
crop growth and soil fertility. International wohkgp on sustained management of the soill
rhizosphere system for efficient crop productiom &ertilizer use. 16-20 October 2006. Level
Development Department Bangkok Thailand.

El-Glamry, A.M (2011).  Soil fertility and potato guuction as affected by conventional and
organic systems. Journal of Soil Science and Afitical Engineering, 2(2):141-156.

Gattani, P.D., S.V. Jain and S.P Seth (1976). Effécontinuous use of chemical properties.
Journal of the Indian Society of Soil Science, 34:289

10



Janat, M. (2001). Efficiency of nitrogen fertilizéor potato under fertigation utilization a
nitrogen traler techniques. Communication in ScieSce and Plant Analyses, 38:2401-2422.

Kumar, P.S.K. Pandey, B.P. Singh, S.V Singh amdim&u(2007). Effect of nitrogen rate on
growth, yield, economic and crop quality of Indipotato processing cultivafotato Research
50:143-155.

Logan, B.J (1989). Effect of irrigation and nitrogen yield and quality of potatoes growth in
semi-arid westerm N.W.EBHS ACTaHorticulture 247:243-247.

Lynch, J.M. (1983). Soil Biotechnology. Microbiolpdactor in crop protection. London, U.K
Blackwell 981pp.

Magagula, N.E.M., E.M. Ossom, R.L. Rhykered and.Rllykerd (2010). Effect of chicken
manure on soil properties under sweet potato (Ilarmatatas (L) Lam) culture in Swaziland.
American — Eurasian journal of Agronomy, 3(2):36-43

Mamman, A.B, J.O. Oyebanji and S.W. Peter (2000geha: A people united, a future
assured.survey of states. Vol 1 (12).Gobumo publis@ompany Limited, Calabar, Nigeria.

Mathur, G.M. (1997). Effect of long term applicatiof fertilizer ad manure on soil properties
and yield under cotton wheat rotation in North-WiRalyasthan. Journal of the Indian Society of
Soil Science, 45:288 — 292.

Meyer, R. D., D. B. Marcum, (1998). Potato yiel@tqde nitrogen, and nitrogen response to
water nitrogermAgronomyjournal, 90: 420 — 429

Najim, A.A, M. R. Hay SeyedHadi, F. Fazali, M. Téghrzi and R. Shamorady (2010). Effect
of utilization of organic and inorganic nitrogerusce on the potato shoots, dry matter, leaf area
index and plant height, during middle stage of grovinternational Journal of Agriculture and
Biological Science 1:1

Nwauzor, E.C, J. K. U. Emehute, E. A. O. OkorodhaQ. Njoku, J. Afuape and D. Korieocha
(2010). National Root Crops and Research Instituteudike. http;//www.nreri.org.

Rashid, M.Y. P. Voroney, and G. Parkin (2005). k& nitrogen fertilizers requirement for
corbbychrolophyllmetter under different N availatlyil condition. Canadian Journal of Soill
Science, 85:149-159.

Somani, L.L and S.N Saxena (1975). Effect of somgamic matter sources on nutrient
availability in humus buildup, soil physical propes and wheat yield under field condition.
Anals of Arid Zone, 14:149-158.

Stoner, K.A., F.J. Ferrandino, M.P.N Gent, W.H. Etrand J.A. Lamendia (1996). Effect
of straw mulch, spent musroom compost, and funogabtn the density of Colorada potato

11



bebttbeethe (coleopteran:Chrysomelidae) in potajoesnal of Economic Entomology 89:1265-
1280.

Tam, R.K., and O.C Magustad (1935). Relationshigween nitrogen fertilization and
chlorophyll content in pineapple leav&ant physiology, 10:159-168.

Vos, J (1997). The nitrogen response of potatoaf@oiTubero Sum L) in the field: Nitrogen
uptake and yield, harvest index and soil nitrogesponse to water and nitrogefgronomy
Journal, 90:420 — 429.

Vos. J., and P.E.L. Van Der Putten (1998). EffectNdrogen supply on leaf growth, leaf
nitrogen economy and photosynthetic capacity o&tooField Crops Research, 59:63-72

Watson, D.J. and J.H. Wilson (1956).An analysithefeffects of infection with leaf roll virus on
the growth and yield of potato plants, and of ngeriation with nutrient supply and shading.
Annuals of Applied Biology, 44:390-396

Yaduvanshi, H.S. , B. R. Tripathi and B. S Kan{##85). Effect of continuous manuring on
soiRoperties of an alfisolJournal of the Indian Society Of Soil Science, 33: 700 — 703.

Zelalem, A., T.T. Ekalign, and D.Nigussies (200@sPonse of potato (Solanumtuberosum
L.) to different rate of nitrogen and phosphorusilfieation on Vertisols at DebreBerhan, in the
central highlands of Ethiopi@frican Journal of Plant Science 3:16-24.

Zvomuya, F., C.J Rosen, and J.C Miller (2002).Raespmf Russet Nortokah Clonal selections
to nitrogen fertilizatiomrAmericanJour nal of PotatoResearch, 79:231-239.

Zebarth , B.J. and C.J Rosen (2009). Research gurgp on nitrogen BMP development for
potato.American Journal of Potato Research. 84:3-18

12



