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Effects of Differ‘ent Nitrogen Sources on Maize
Intercropped with Soybean on an Alfisols

*Uzoma, Anthony. 0. ang Qkolo, Grace. A.

Department of Soil Science A
and Land Management, e

Federal University of A . 2.5
Technology, Minna, potexperiment was carried out at the screen house of the School of Agriculture

Nigeria. and Agricultural Technology, Gidan Kwano campus, Minna in the cropping
season 0f2020. The experiment aimed to evaluate the growth and nodulation of
soybean intercropped with maize. Two seeds of each crop were planted per pot
containing 14kg of Gidan Kwano soils. A week after sowing, plants the were

*Corresponding Author thinned to a seedling per crop genotype per pot, before basal application of N, P,

E-mail: uzo_ozo@yahoo.com, K, Mg and micronutrients ( B, Mo, Zn). Thereafter, the following cropping

ao.uzoma@futminna.edu.ng  System (sole maize, sole soybean, intercropped maize and intercropped soybean)
were fertilized as follows: -N as 0 kg N ha™ (control), +inorganic N (urca) as 20 kg

N ha” | +organic N (poultry dropping) as 20 kg N ha" and the United States

Departmentof Agriculture (USDA) 110 as Smls per plant of rhizobium inoculant.

Subscquently, treatments were then arranged in a Completely Randomized

Design with three replicates. Watcring of plants was done daily till harvest at 6

weeks. Data collected were subjected to ANOVA. Means were separated using

Duncan Multiple Range Test (DMRT). Results showed that averagely, sole maize

was better than intercropped maize in plant height, the number of leaves and root

weight but wassignificantly higher thanintercropped maize in leafarcaand shoot
weight. Averagely, with the exception of days to 50% flowering and nodule
weight, sole soybean was better than intercropped soybean in all the growth and

Access online at: nodulation characteristics measured. The sole soybean performed better when

www.waoc.bio OR inoculated with elite strains of rhizobia USDA 110 while the intercropped soybean

www.noara.bio was better when in association with indigenous rhizobiumand 0 Kg N ha™. Organic
Nitrogen of poultry source produced the best maize growth traits that was not
significantly differentasaresultof inoculation of soybean with rhizobia.

Keywords:
Intercrop, Maize,
Nitrogen, Soils,
Soybean

Effcts de différentes sources d'azotesurle maisintercaléaveclesojasurun

alfisols

Résumé

alisée a la serre de 'Ecole d'agriculture et de
Kwano. Minna pendant la saison de culture
a nodulation du soja

Une expérience en pot a été ré
technologie agricole, campus Gidan ‘
de 2020. L'expéricnce visait & évaluer la croissance ct 1

- AT intercalé avec du mais. Deux graines de chaque culture ont été p'JIantécs par pot
Nﬂm contenant 14 kg de sols Gidan Kwano. Une semaine aprés le semis, les plantsvzll::
A 61é éclaircis 4 raison d'un semis par génoly;?c de culture par }[))ortl,a ;,;tc
R l'applicationbasalede N, P, K, Mgetde micronutriments (B,Mo,Zn).Pa y
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precisely Nigeria showed g impr :

’ IPLOVed intere e : ’
of the leguminous crop hag ban"(‘)’bt:hntquppmg System of two rows of cereal followed by two rows
system. This is dus to jtg efficiency in i;::d 0 be more profitable than the conventional intercropping
Nevertheless, mtercropping 5fis use of resources, particularly land, nutrients, light and water,

ereal-legume m: r g ; .
component because ofthey dV@rSCCompcti%ilxéfflz“?hl lead to reduction in the yicld of the legume
scts.

Aimand Objectives of Study
This study aims to evaluating the efl

1¢ effects of ' inani
Sttt Mics g ¢ets of Nsources on the growth of maize and soybean in an intercrop

Theobjectives ofthis study are to;
1. assess growth, root form

ationand nodulation
= ofsoybe
11, assess growth and root 4

R : . aninsoleand intercropped system.
ormation of maize in sole

andintercropped system.
Materials and Methods

Description of Study Area

The _pot experiment was carried out in the screen house ofthe School of Agriculture and
Agricultural Technology, Federal University of Technology Gidan Kwano, Minna, Niger State. Minna in
the Southern Guinea Savannah Zone of Nigeria. Minna lies between longitudes 9° 35'E and latitudes 6°

33'Natan elevation of about 258.5m above sea level. The temperature rarely falls below 22° C. The peaks
are 40°C between February to Marchand 35°C between Novemberand December.

Soil Sampling and Analysis

Soilsamples were collected randomly from Gidan Kwano at ten auger points per plot of five with the aid of
a sterilized auger, bulked to form a composite. The composite was thoroughly mixed to form a soil.
Thereafter, a larger portion was collected in pots while a smaller portion was reserved in the refrigerator
for rhizobium population trials. Another small portion was air- dried in preparation for soil physical and
chemical properties determination according to standard methods described by International Soil
Reference and Information Centre and Food and A gricultural Organization (ISRIC/FAQ, 2002).

Poultry N Content Analysis . . .
The nitrogen content of the poultry droppings used was determined in the laboratory using the Kjeldahl

method.

Treatments and Experimental Design : -

T;f:ir:::::)ents consipst of Control (0KgN ha"), Inorganic Nitrogen of urea source 20 KgN ha I)_O e

Nitrooss ofp(;ultr); source (20 Kg N ha') and USDA 110 as Rhizobium inoculant at the rate of Smls per
ge ‘

plant, The treatments were replicated three timesto giveatotal of thirty -six (36) pots.

anagement . ) »an seeds
i, bl M +d g- s filled with 14 kg of soil. The maize secds (sammaz 15) and soybean ‘\tu‘ib
The polythenc pots used were (ofecachcrop) perpot. Seeds were thinned

(TSB4810) weresownin polythencpots "'m(fmw'm;viff.?:f,ﬁls(mum-y dropping) was added to the pots
anti ranic ¢ o
- - ta WCCk Zlﬂcr ]')ldmmg- r!ﬂ ) " g P I 1) ".rtlhzcl’\\’ﬁs ﬂddL‘d
T:é:::';i:xrf)t?)s:rcpr(i)mcntaldcsign aweck before planting, Single Supet ph%}\l:ld.lf\ff (b)li‘z)tt'mh Magnesium
;(, all tt ‘g (tq:t Janting. Basal applications of Single super ph(mphlm‘“ ['l:{':r thinning at the ﬂ;llowins
S ‘l t e p7)'A pl hat Molybd'ltc%lt boric acid and urca were suppliedafte :
sulphate, Zine sulphalc, AR
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rates; 30KgPha”, 6_0 KgKha',5KgMgha', 10KgZnha',0.1 KgMoha",0.1Kg B ha'and20 Kg N ha™,
Weeds were h:mfi-plckcd t?cforc and after the basal application of nutrients and when necessary. Plants
were watered to ficld capacity ataday intervaltill harvest six wecks after planting.

Data Analysis

Data collectt.adwere subjected to Analysis of Variance (ANOVA), Mean differences were
separated using Duncan Multiple Range Test (DMRT) ata 5 % level of probability.

Results

Table 1: Initial Soil Properties Chemical properties of experimental location

Parameters (g kg ) Values
Sfmd 859.6
Silt 5.76
Clay i 82.8
Textural class

Loam i
pH in H20 (1 :2.5) 6.95 =
Total Nitrogen (g kg™) 1.68
Organic Carbon (g ke 4.2
Available P (mg kg™") 7
Poultry dropping (g) 7.83

Table 2: Main effect of N source and cropping system on Growth of maize
PH (Cm) LNO plant’ LA (Cm’) DSW g plant’ DRW gplant™

N source(N)

Control 90.50b 8.00b 318.75b 11.53¢ 2.94b
Organic Nitrogen (PD) 102.00a 9.17a 370.55ab 16.46a 3.73ab
Inorganic Nitrogen(urea) 95.67ab 8.17ab 415.56a 15.81ab 3.34ab
+USDA 110 inoculants 89.83b 8.50ab 366.60ab 13.08bc 4.19a
LSD (0.05) 9.77 1.03 66.92 3.10 1.11
Cropping system(C)

Sole maize 95.58a 9.17a 345.78a 12.32b 4.23a
Intercropped maize 93.42a 7.75b 389.95a 16.12a 2.87b
LSD (0.05) 6.91 0.73 47.32 2.19 0.78
Interaction NS NS NS NS NS
N*C

KEY: PH= Plant height; LNO= Leaf number; LA= Leaf arca; DSW= Dry shoot weight;

DRW= Dry root weight
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Table 3: Main effect of N source ang croppin

plant?! . LAemd s0% NN npw g DSWg DRrw
plant flow lant™ -l -1 1
N source(N) e [ean. plant plant g plant’

Control 56.67b 8.0a 26.0b ’

Organic Nitrogen (PD)  68.08b g gq 27:8ab liéiib 205606 0082 238ab 0.6
iorgaic Nitogen(ure) 596705 ¢gn 210 s b 30c  00Sbc 319 079
+USDA 110 inoculant $2.17a 702 5 33.0a 3.0¢c 0.03¢ 1.78b 0.35b

@ 31.0a 41.63ab  32.0b 14.0a  0.07ab
033 . ) , 3.23a 0.54ab
LSD (0.05) 1403 15 4.91 9.48 0.001 232 002 1.04 0.32a
Cropping system(C)
Sole soybean 84.29, 9.0a 34.0a
. .0a 54.19a 30.0b 9.0 0.05 . B
Intercropped soybean 49.00b 6.0b 17.0b 25.66b 34.0a 4.0; 0.06: :l;g;g ggg
LSD ((‘).'05) 2;92 1.07 3.48 6.70 0.001  1.64 0.02 0.73 0.22
gtfréctmn NS ok NS "ok *x L1 * NS

KEY: PH= Plant height NOB = Number of branches LNO=
Nodule dry weight DSW=Dry shoot weight DRW= Dry rootw
Means with different letter(s) indicated on the column are signi
**=highly significant, NS = Not significant, * =Significant

Leaf number LA= Leafarea NN= Nodule number NDW=
eight.

ficantly different at P<0,05.

Table 4: Plant Height (cm) as affected by the interaction between cropping system and N sources

Sole soybean Intercropped soybean
N Source (S)
Control 63.67bc 49.67cd
Organic N 81.50b 54.67cd
Inorganic N 75.0b 44.33¢c
+USDA 110 117.0a 47.33cd
SE+ 6.62 .

Table 5: Leaf Number per plant as affected by the interaction between cropping system and N sources

Sole soybean Intercropped soybean
N Source (8S) oc 22.0de
Control 22' 0; 17.0ef
Organic N J6: d 12.0f
Inorganic N 27.0c 17.0ef
+USDA 110 45.0a 230
SE+

affected by the interaction between cropping system and N sources
is Intercropped soybean

Table 6: Days to 50% flowering

Sole soybean

2
I\{ Source (S) 31.0¢ gggg
Control 28.0f 34,0
Organic N 31.0¢ © 3500
Inorganic N 28.0f
+USDA 110 ’ 0.00]
SE+
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Table 7: Nodule number per plant as

Eahi Sol affect':ed by the interaction between cropping system and N sources
Olc Soybean -
N Source (S) Intercropped soybean
Control 4.0¢
Organic N 2.0¢ 8.0bc
Inorganic N 4.0c 4.0c
+USDA 110 26.0a ggc
SEx 0Oc
1.09

Table 8: Nodule dry weight per plant as affected by the interaction between cropping system and N sources
Sole soybean

) Intercropped soybean
Contrql 0.06¢ 0.10a

Organic N 0.03¢ 0.07ab

Inorganic N 0.03c 0.030

;—}IiSDA 110 0.10a 0.04bc

0.01

Table 9: Dry shoot weight per plant as affected by the interaction between cropping system and N sources

Sole soybean Intercropped soybean
N Source (S)
Control 2.83b 1.93bc
Organic N 4.85a 1.52bc
Inorganic N 2.82b 0.75¢
+USDA 110 5.38a 1.07¢
SEx 0.49
Discussion

Soil Properties of the Experimental Location 5 -
The results obtained from the soil properties of Gidan Kwano soil (Table 1) showed that the soil textural

class was loamy sand. Soil reaction was neutral which is the optimum for the growth of most plants as
nutrients are most available to plants at the pH range of 5.5 t.o 7.0 (Miller i}nd Ponahue, 1.99.5)' The t9tal
nitrogen was very low. The organic carbon content of the soil was low Yvhwh is characteristic of tr‘opmgl
soils resulting from the effect of high annual temperature and ra.mfall. SO.11 orgar‘nc ca‘rboms a pl?tentlgl solxl
fertility indicator for regulating nitrogen application 1n trf)plgal farming syétems. The s‘(.n s available

) derate. The total P concentration in crops genenglly varies ho.m.O.l t0 0.5
phosphtorus cc;lntcﬂtd‘("";st;?s 2 high content of phosphorus is required for maximum productivity of both
percent, as such, mode

maize and soybeans.

cted by Nsources. - :
ffected by N sources (Table 2). This is because maize asa
- .
. 2 to grow (Adesoji etal., 2016).
. : »ciablcamountofnltrogcn (90~ ]29 KgN {1 g _)t *'Et' (. withjso - i)s
sl rapreqiiees SURE equires more nitrogen input. Since th? associa lOnllS_l " i ti ’With
Maize in an intercrop system rl jlquppl)’ the amount of nitrogen sufficient through its association
uld s
expected that the soybean WO

i i ryende g 003
effective rhw.o'mu(()-‘rU"d“C’“I"2 .)_q( shoo

‘Ihe best maize height and hcdw(bllr().()twc
organic N, There were more Jeaves an

Growth and nodulation characteristics 28 affe
‘gniﬁcuntly a

Leafarea and shoot biomass were sl

i oained when 20kg N ha-' was applied as
»irht were attained w Okg |
ligt:ttv'm heaviest with the application of USDA 110 which
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s because the specie 1s capable of pr oducing plant growth-promoting substances. The most importantj
indole acetic acid, an auxin res%lltmg in higher root development (Perrig et al., 2007), and thus i:cri;a::'t "
theareaofroot SySterfl explo'ratlon and nutrientabsorption (Ferreiraetal., 2013). o

Leaf area was widest with the application of Urea as an inorganic N source due to the fact that during
the N assimilation and remobilization phases, young roots and leaves which are sink organs efficiently
absorband assimilate inorganic N foramino acids and protein synthesis (Hirel et al., 2007).

Inoculation with USDA was beneficial to sole soybeans compared to intercropped soybean with
regards toplant height, the number ofleaves, days to 50% flowering, nodulation and shoot weights (Table
4). This may be duc to the fact that legumes arc weak competitors in legume/cereal intercropping systems,
compared with cereals (Hauggaard-Nielsen and Jensen, 2001). This is often ascribed to differences in the
root distributions of legumes and cereals, and the resulting differences in the ability of these crops to
compete forsoil N (Fanefal.,2006).

Organic N was more beneficial to maize than the inorganic N when sole than when intercropped (Table
2). Generally, organic nitrogen is not readily available to plants because they are notin the form thatcanbe
takenup by plants due to the slow release of the nutrients. However, aplant rooting system and architecture
affect the way nutrients are taken up. Maize plant with a prop rooting system are not deep feeders. Hence,
sole maize that has no competitors has enough time to biodegrade and assimilate organic inputs than maize
intercropped with soybeans. Intercropped soybean preferred natural rhizobial population and basal N than
any other input. Ithas been well reported that N can be transferred from legumes to cereals inintercropping
systems by indircct or direct pathways (He et al., 2009; Xiao et al., 2004). Indirect pathways transfer N
released from dead and decayed legume tissues, and from legume root exudates to the rhizosphere, where
they are taken up from the soil solution by ccreal roots or hyphac. Direct N transfer is mediated by
Common Mycorrhizal Network (CMN) between coexisting legumes and cereals (Paynel etal.,2008).

Interaction with native rhizobia (control) was also beneficial to intercropped soybean compared to
other sources of nitrogen suggesting that the bioavailable nitrogen from the natural rhizobia was
preferentially utilized by the legumes while the other forms of N (inorganic and organic N precisely) were
utilized by the maize plants. Soybean and maize can be naturally inoculated by indigenous Arbuscular
Mycorrhizal fungiandrhizobiain the field. Indigenous rhizobia have low nodulation activities than those
of introduced rhizobia (Qin et al., 2012). Therefore, effective rhizobium inoculation combined with
indigenous AM fungi not only increases N uptake through symbiotic N fixation but also enhances N
transfer by CMNs, which could subsequently contribute to improved intercropping advantages in

soybean/maize intercropping system.

Conclusion and Recommendations

Although there were no significant differences between the different nitrogen sourcesand

cropping systems in the growth of maize, the study has shown that soybean was significantly affected by
the interaction between N sources and the cropping system. Sole soybean performed better when
inoculated with an elite strain of rhizobium USDA 110 while the intercropped soybean performed better
when in association with indigenous Rhizobiumand 0KgN ha" (control).

It can therefore be recommended that intercropping maize with soybean will help supply areasonable
amount (60-70 %) of nitrogen required for optimum growth of the maize in association with soybean
which can later be supplemented with the supply of 20 Kg N ha"as organic and inorganic sources to raise
the crop to maturity. However, soybean in association with maize preferred natural rhizobial population
such that inoculation with exotic rhizobia becomes needless and the cost of supply of biological nitrogen

avoided orminimized.
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