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THE USE OF CROP RESIDUES AND HIGH ACTIVITY CLAYS FOR THE
MANAGEMENT OF SANDY SOILS FOR SUSTAINABLE RICE PRODUCTION IN
SOKOTO, NORTH-WESTERN NIGERIA

Abstract

A field experiment was carried out to assess the effects of various crop residues (rice husk,
rice straw, groundnut husk, and millet husk as well as high activity clay (HAC)on some soil
properties, growth and vyield parameters of rice(Oryza sativa L).Sixteen treatment
combinations, replicated thrice, were applied at the rates of 5tha™ and 10tha‘each for rice
husk, rice straw,millet husk, groundnut husks andhigh activity clay. Restits-ebtained-from-the
fieldtrial-as—presented—in-this—paper;showedThere was asignificant effect-of some of the

treatments on soil chemical parameters especiallyorganic Carbeacarbon, available P and

exchangeable K. Similarly, soil physical parameters such as texture were also significantly
influenced by the treatments. Thetexture of the soil, which*was initially loamy sandy before
the incorporation of the amendments,was altered to new textural classes in all the treatments
after the experiment.The treatments had.significant effects on all the growth parameters
except for plant height at four (4), weeks after. transplanting. The treatments also had

significant effects on all the yield parameters of the test crop (rice).

Texture of the soil is a<permanent property and may not change so easily, look into this

statement and the data supporting:it

Key Words:Sandy soils, €rop‘Residues and High activity clay.

Introduction

Sandy soils‘are characterized by possession of less than 18% clay and more than 68% sand in
the first 100 cm of the column (Brady and Weil, 1999). These soils are often considered as
soils with physical properties that are easy to define such as weak structure or no structure,
poor water retention properties, low nutrient retention highly sensitive to compaction with
many adverse consequences (Bell et al., 2004; Wada, 1996 and Ishida et al., 1993).

Crop residues are plant materials remaining after harvest including leaves, stalks and roots.

Their presences on the soil surface decrease erosion, increases organic matter, improve soil
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quality, increase water holding capacity and infiltration (Lal, 2014). High activity clays have
a high cation exchange capacity (CEC) due to their large surface area. These soils have great
capacity to retain and supply large quantities of nutrients such as calcium, magnesium and
potassium. They generate high CEC under all soil conditions regardless of soil pH (Masters,

2010)._Please mention the objectives clearly.

MATERIALS AND METHODS
Experimental site and materials used

The experiment was carried out at theFadamaTeachingand Research Farm (Lat.
13°.092250N’ Long. 5°.208746E,  altitude ~ 265m _ am.s.l)Faculty  of
Agriculture,UsmanuDanfodiyo University Sokoto. Fhe-seH-Soil of the study site belongs to
the order Entisols in the USDA Soil Taxonomy system. The soils.of the farm are mostly
loamy sand in texture. The land was divided into 48 plots each-measuring 3m x> 3m. Three
replicates were used with 1m as spacing between. and within: rows and laid out in a
Randomized Complete Block Design (RCBD)"with 16 treatment combinations. The gross
plot was 9m?(3m x 3m) with a net plot area of 7.56m? (2.75 xX 2.75) and total experimented
area of 591.25m? (27.5 X 21.5).

The variety of rice used was Faro 44, which.was obtained from National CerealResearch
Institute(NCRI) Outstation,BirninKebbi. The high activity clay was obtained from the Inland
Valley and flood plains along lllela Road, Sokoto State.

Experimental Layout

The total number of plots was 48 with each measuring 9m? in size and labeled for the various
treatments combination i.e. mixture of crop residues and high activity clay at difference rates.

The treatments consisted of a factorial combinations of two levels of high activity clay

tha™, of groundnut shell, rice straw, rice husk and millet husk respectively giving a total of 16
treatment combinations laid out in a Randomized Complete Block Design (RCBD) replicated

three times.
Soil analysis

The soil samples were analysis for physical and chemical properties before and after the

experiment. Organic carbon was determined by Walkley and Black (1934) method. Total
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nitrogen was determined by the Microkhjeldal method. Available phosphorus extraction was
determined calorimetrically using spectrophotometer as described by Olsen and Sommers
(1982). Textural triangle was used for soil texture determinations. The cation exchange
analysis (CEC) of the soil was determined by using pH 7.0 buffer solution of calcium
ammonium acetate while ETDA titration was used to measure the Ca®*, Mg** and K*. Soil
pH was measured in both water (1:1) and 0.01m Cacl, (1:2.5). Particle size distribution was

carried out using the hydrometer method.

TREATMENT COMBINATIONS ACRONYMS)
Groundnut shell 5tha™ + HAC, 10tha™ G;HAC,
Groundnut shell 10 tha™ + HAC 15tha™ G;HAC,
Rice straw 5 tha+ HAC 10tha™ RS1HAC;
Rice straw 10tha™ + HAC 15tha™ RS;HAC;
Rice husk 5tha™ + HAC 10tha™ RH;HAC,
Rice husk 10tha™ + HAC 15tha™ RH,HAC,
Millet husk 10tha™ + HAC 10tha™ MH;HAC,
Millet husk 10tha™*+ HAC 15tha™ MH;HAC,
Groundnut shell 5tha + HAC:15tha™ G;HAC,
Groundnut shell'10 tha® + HAC 10tha™ G,HAC;
Rice straw 5thal HAC'# 15tha™ RS;HAC,
Rice straw 10tha® + HAC 10tha™ RS,HAC;
Rice husk 5tha™ + HAC 15tha™ RH;HAC,
Rice husk 10 tha™ + HAC 10tha™ RH,HAC;
Millet husk 5tha™ + HAC 15tha™ MH;HAC,
Millet husk 10tha™ + HAC 10tha™ MH,HAC,



Adjust the treatment details in a paragraph manner, avoid table for this

RESULTS AND DISCUSSION

analysis revealed that the soil is loamy sand in texture, slightly acidicand low in organic
matter, CEC and available phosphorus_(Table 1). The results indicate that; pH. values based
on the ratings by Chudeet al. (2011), ranged from acidic with mean values.of 5.2 (1:1 soil

water ratio) and pH measured in CaCl, (1:1 soil solution ratio) was 4.5..Exchangeable cations

(Ca, Mg, K, Na) were low.

The treatments had significant (P< 0.05) on soil pH both inawater and €aCly: The initial pH
recorded before the experiment was 5.3 and 4.5 for pH«{H,0) and.pH (CaCl,) respectively.
(Table 3) This shows the pH was strongly acidic (Chudeet al., 2011). The pH value recorded
on MH,HAC; (7.3) which is slightly alkaline for pH (H;O):and 7.0 neutral for pH (CaCl,).
The significant increase in the soil pH on all treatments might be because of the release of

basic cations by the crop residues(Vanlauweet al., 1994);

statement, Be CRISP and GIVE SCIECTIEIC REASONS FOR RESULTSinfluenced soil
organic matter. Treatment G;HAC; recorded the highest value. Ashrif and Thornton (1965)

found out that the incorporation of groundnut residue will provide organic matter and other
plant nutrients inuthe 'soil. Groundnut being a legume has the ability to fix atmospheric

nitrogen which is:.directly related to increased organic matter in the soil.

G,HAC; recorded the highest total nitrogen. Anderson and Peterson (1973) found out that the
groundnut residues can be incorporated to provide nitrogen for non-leguminous crops such as
rice. The water holding capacity of the clay might have aided the soil in conserving and

releasing nutrients (Ashrif and Thornton, 1965).

All the treatments (Table 3) had significant effect on CEC. Treatment RH;HAC, had the
highest CEC (11.83 Cmolkg™) Singh et al. (1980) reported that application of rice residues

and manure resulted in increased CEC.
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The treatments had significant effect on available phosphorus. The initial value of available P
before the experiment (4.6mgkg™) was low (Esu, 1991). Treatment RH;HAC, recorded the
highest value of Available Phosphorus. Brady and Weil (1999) reported that, clays that
possess greater anion exchange capacity (due to positive surface charges) have a greater

affinity for phosphorus ions.

The results in Table 3 indicated that all the treatments had significant effects on exchangeable
calcium. Treatment RH;HAC, gave the highest value (3.6cmolkg™). Generally. there was an
increase in exchangeable calcium in all treatments. This is supported by:the findings of
Ahmad (2015).

All thetreatments had significant effects on exchangeable Magnesium. Treatment (RH2HAC,)
recorded the highest value. It was observed that exchangeable magnesium:increased with

increase in clay content (Roychand and Marschner, 2013).

The treatments had significant effect on exchangeable potassium. The highest value was
recorded by treatment RH,HAC,.Kaur and Benepal (2006) reported an increase in available

K and water soluble K as a result of incorporation of-rice residue and farm yard manure.

The exchangeable sodium was significantly (P<0.05) affected by the treatments. Treatment
RS;HAC; recorded the highest value (0.26cmolkg-1). This value is low according to the
rating of Esu (1991).

Electrical conductivity (EC) was significantly affected by the treatments. The EC value of the
soil before the experiment was 0.27ds/m. Treatment RS;HAC; recorded the highest value of
EC (1.7 dS/m). The soils of:-the study area were generally non-saline, based on the rating of

Landon(1991) who reported that soils of EC levels of 0-2dS/m are salt free soils.

The data on.textural classes of the treatments is presented in table 2. The initial texture of the
soil before the experiment (Table 1) was Loamy sand. As can be seen from Table 2, all the
textural classes of the 16 treatments were altered. All treatments where 10tha™ high activity
clay was incorporated had their textural class altered to Loamy while all treatments where
15tha™ high activity clay was incorporated changed to clay loam. This is irrespective of the
type of crop residue that was combined with the high activity clay. This confirmed the
assertion that soil texture is a fixed property that can only be changed by the addition of one

soil separate or the other (Hallet al., 2010).



The tiller count of rice inTable 4 was significantly affected by the treatments. Treatment
RH,HAC,; recorded the highest tiller per stand. The result obtained may be attributed to an
improved soil moisture retention condition as a result of higher rate of rice husk and clay.
This assertion was earlier stated by Muktaret al. (2015). The treatments did not significantly
(P>0.05) affect plant height at 4 weeks after transplanting (WAT). However, plant height was
significantly (P<0.05) affected at 8 and 12 weeks after transplanting.

Treatment RH;HAC; recorded the highest value both at 8 and 12 weeks after transplanting.
This is in agreement with the work of Lal (1997) who found that application of rice husk

combined residues produced the highest plant height.

The treatments had significant (P<0.05) effect on the number. of spikeletper-spike. Treatment
RH,HAC, recorded the highest value with a mean of 15.00. This was attested by
Ogboghodoet al. (2018), whose results showed that nutrient uptake increased as the rate of
application of rice husk and clay increased. The number of.grains per spike (Table 4) was
significantly (P<0.05) influenced by the treatments.Treatment RH,HAC, recorded the highest
number of grains per spike. This was earlier confirmed:by Hall et al. (2010) who found that
the addition of 15 t/ha clay to sandy‘top soil increased number of grains per spike in rice. The
treatment had significant effecton grain yield. RH;HAC; recorded the highest grain yield.
This may be attributed to.the high quality of N, K, Mg and Ca as attested by Muktaret al.(
2015).

Roychand and Marschner(2013) also found that the amending sandy soil with rice husk and
clay rich subsoil'could increase grain yield in wheat. The treatments had significant (P<0.05)
effect on straw yield of rice. Gupta (2002) reported high straw yield in rice where rice husk
amended was combined with 8 t/ha clay. The treatments had significant (P<0.05) effect on
one thousand (1000) grain weight. Treatment RH,HAC; recorded the highest value of one
thousand (1,000) grain weight. This was supported by findings of Sanderman and Baldock
(2010) who recorded a similar result. They reported that the high magnesium (0.36cmolkg™)
and Calcium (0.61cmolkg™) as being responsible for high yield in one thousand (1000) grain
weight. Schweizeret al. (1999) reported increased soil organic carbon retention and a high
one—1000-theusand—grain weight where rice residues amendments were used in rice
cultivation. This finding is in confirmity with Oghoghodoet al. (1995) who found out that the
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practices possibly due to improved physical, chemical and biological properties of soils due

to increase organic carbon content in the soil.

Avoid writing conformity, give proper reason

CONCLUSION

and physical parameters of the soil. Also most of the chemical and physical parameters such
as organic carbon, phosphorus, potassium EC, CEC, pH increased at the end of the
experiment. However sodium level in the soil decreased. Also, all the textures of the soils
before the experiment (Loamy sand) were completely altered in the 16 treatments. This was a
result of addition of various rates of clay to the soil. This wasirrespective of the quantity of
crop residue applied. The treatments had significant effects on the plant height (8 and 12
weeks after transplanting), number of tillers, number of spikeletsperspike, number of grains
per spikelet, straw yield grain yield and one thousand 1000 grain. Treatment RH,HAC,

proved to be the best among the 16 treatments.

Rewrite conclusion and also mention implications/.applications of results.
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Table 1: Physical and chemical properties of the soil before the

experiment

Soil Property

Sand (%) 70
Silt (%) 22
Clay (%) 8
Textural class Loamy sand
pH (H20) 1:1 5.3
pH (CaCly) 1:1 4.5
EC(dS/m) 0.27
Org.matter (g kg™) 12.7
Total N (g kg™) 0.95
Org.C (g kg™t) 5.02
Av. P (mg kg™ 4.6
CEC (Cmol kgt) 9.2
ExchCa (Cmol kg™) 1.55
Exch Mg (Cmol kg™) 1.36
Exch K (Cmol kg™) 0.80
Exch Na (Cmol kg™) 1.6







the

Table 2: Particle Size Bistribution—distribution at the end of
experimnent
Treatment % % % %
Sand Silt Clay Textural Class

G1HAC, 50 30 20 Loam
G1HAC, 36.4 33.4 30.2 Clay:Loam
GoHAC, 49 31 20 Loam
GoHAC, 40.4 24.4 35:3 Clay Loam
MH;HAC, 494 31.1 20.2 Loam
MH1HAC, 42.4 22.4 35.2 Clay Loam
MH,HAC, 44.3 35:3 20.4 Loam
MH>HAC, 36.4 33.3 30.3 Clay Loam
RHiHAC, 50 29 21 Loam
RHiHAC: 30.2 39.4 30.4 Clay Loam
RH,HAC, 494 31.1 20.2 Loam
RHHAC, 39 31 30 Clay Loam
RS1HAC, 51 29 20 Loam
RS1HAC; 24 40 36 Clay Loam
RS;HAC, 50 30 20 Loam
RS;HAC; 324 25.3 33.3 Clay Loam
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Table 3: Effect of crop residues and high activity clay on soil physical and chemical properties of the soil

TRT PH | pH | CEC | EC | Ca | | Mg | | K | Na oc | om | N[ Avail _|{ Formatted: Highiight

(H,O 1:1) (CaCl, 1:1) | (Cmol kg?) (dS/m) (cmol | (cmol kg (cmol (cmol kg?) [:g kg* g kg? (g kgt P

kg™) i kg™

(markg™)
RHHC, 6.933" | 6867 | 1183° | 05733" | 2143° | 12200 |.0.9700° | 01160° | 24.10" | 6870" | 06667' | 7.633° | {Formatted: righignt
RH:HC, 6833 | 57000 | 1180° | 1.1867" | 3633' | 4567° | 05500° | 01740° | 4033% | 41.93" | 06300° | 8000° | {Formatted: Highiight
Rg.HC, 6.033" | 6867 | 1107° | 05733 | 2143 | 2333 [05600° | 02167° | 2667° | 4613 | 06667' | 5567°* | {Formattea: Hignight
RHHC 6.967" | 6867 | 1077° | 00367° | 2210° | 3667 |08133* | 01737° | 3313° | 47.37° | 06067° | 6667° | {Formattea: Higight
GzHC, 72670 | 6967° | 1027% [C08300 | 2400 | 3727 | 0.7500° | 01343' | 3020" | 69.20° | 07333° | 4.800% |{Formatted: Highight
GzHCy 7153 | 6833" | 1022° |110267° | 2133° | 4233 |08333' | 01313’ | 3623 | 6277° | 09667' | 51.133% | {Formatted: Highignt
R$-HC, 7167% | 6867® | 1017° [l05667" | 2117° | 2860" |08133" | 02673' | 2727° | 47.37° | 07667° | 54337 | {Formattea: Hignight
GiHC, 7137 | 6433 | 907" [ 00033 | 2627° | 3700 | 1.1000° | 01723 | 3847% | 67.37° | 08433° | 47.337 | {Formatted: Highight
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Means followed by the same letter, (s) within the same column are statistically the same at 5% level of probability using Duncan’s New
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Restrict data upto 2 digits after decimal
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KEY:
TREATMENT COMBINATIONS
Groundnut shell 5tha™ + HAC, 10tha™

Groundnut shell 10 tha™ + HAC 15tha™*

Rice straw 5 tha™*+ HAC 10tha™

Rice straw 10tha™ + HAC 15tha™
Rice husk 5tha™* + HAC 10tha™

Rice husk 10tha™ + HAC 15tha™
Millet husk 10tha™ + HAC 10tha™
Millet husk 10tha™*+ HAC 15tha™
Groundnut shell 5tha™® + HAC 15tha*
Groundnut shell 10 tha™® + HAC 10tha™
Rice straw 5tha® HAC + 15tha™

Rice straw 10tha™* + HAC 10tha™
Rice husk 5tha™* + HAC 15tha™

Rice husk 10 tha™ + HAC 10tha™
Millet husk 5tha™ + HAC 15tha™
Millet husk 10tha™ + HAC 10tha™
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ACRONYMS)
G:HAC,
G,HAC,
RS;HAC,
RS;HAC,
RH,HAC,
RH,HAC,
MH;HAC;
MH,HAC,
G,HAC,
G,HAC,
RS;HAC,
RS;HAC,
RH;HAC,
RH,HAC,
MH;HAC,
MH,HAC,



Table 4: Effect of crop residues and high activity clay on growth

parameters of rice in Sokoto

Treatment TillerNumbernumber Plant Plant height Plant { Formatted: Highlight
Ao * ot N { Formatted: Highlight
2 : : S F tted: Font: Bold, Font color: Text 1,
(M9) height (cm) (cm) 8 height .\\[H?gm;me ont: Bold, Font color: Tex
"""""""""""""""""""""""""""""""""" [ Formatted: Highlight
4WATPA ‘ { : : Font: Bold, Font color: Text 1,
[ : Highlight
{ . : Font: Bold, Font color: Text 1,
bed d h Formatted: Font: Bold, Font color: Text 1,
G; HAC, 39.670cde 31.00 2 58.67 © 70.339 | Highiight
[ Formatted: Highlight
Gz HACl 39.33bcde 32.33 a 62.33de 70.67 9 { Formatted: Font: Bold, Font color: Text 1,
Highlight
RS; HAC; 38.330cde 34.00 2 64.672° 82.33°
RS, HAC, 37.00%% 33.672 67.33%°¢ 87.00 %
RH; HAC, 31.33 ¢ 31.67 2 70.33% 94.00°™
RH, HAC, 41.00%0cde 32.332 71.00% ggare
MH; HAC, 35.67%%€ 33.332 55.67 ¢ 68.679"
MH, HAC, 40.00Pc% 31.67 2 59.00 ¢ 71.339"
G; HAC, 40.6730cde 32.332 56.33 69.679"
G, HAC, 39.670¢de 32.332 56.33 73.00%"
RS; HAC, 32.67 9 32.672 56.33 89.00%
RS, HAC, 34.67°%¢ 34.332 62.33° 91.00 *
RH; HAC, 48.33% 33.672 73.67 2 99.00%
RH, HAC, 50.672 33.672 71.00% 102.67 2
MH; HAC, 42,333 32.332 56.00 66.33 "

o e U L C JU . U
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MH, HAC, 43.33%°¢ 32.00% 58.67 75.67%

Significance * NS * *
SE 3.101 2.231 3.351 2.46
P - Value 0.010 0.832 0.002 0.001

Means followed by the same letter (s) within the same column are statistically the same at 5% level of
probability using Dunca’s New Multiple Range Test (DNMRT).

* = Significant at 5% level of probability

NS = Not significant at 5% level probability
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Table 5: Effect of crop residues and high activity clay on yield parameters

of rice in Sokoto

Treatment Number Number Grain Straw One
of efGrainsgrainspanicle yield yield thousand
. 1 - 1 1 i .| Formatted: Superscript
Spikes  -_perspike Kgha Kgha grainl000
pa -grain
ni weight (g)
cl
es
Unit??
G; HAC, 7.667%"  9.00 % 3.883 8.623 % 23.07°"
cd
G, HAC, 6.33f 11.00°cde 3.330 11.330° 23.73°
cd c
RS; HAC,; 6.667°  9.33%¢ 4.700 8.440 ¢ 22.80°M
cd
RS, HAC;  9.00° g8.33°¢ 4623 8293 2733
cd
RH; HAC, 8.667° 8.67°¢ 8.143"° 10.923" 30.50*
C
RH, HAC;  9.667° 12,333 8.477° 13.367 32.50°
b
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MH; HAC, 6.667 "  9.33%¢ 2.623 7.997% 19.87°

cd

MH, HAC,  8.33%" 11 0qPe 2.0709 7.030% 20.83%

G; HAC, 9.333°4  10.00%* 4.147 6.923% 23.30°
de

G, HAC, 9.333° 12 002" 4183 6.477% 25.43%
cd

RS, HAC, 10.333° 8.33°¢ 3.810 8.589% 27.43“
cd

RS, HAC,  11.000° 10.33P%€ 4.993° 8.107% 28.53%

RH; HAC, 13.667% 13.33% 9.587% 13.513° 30.67"°

RH, HAC, 15.00® 15.002 11.683 17.773% 38.17°%
a

MH; HAC, 9.667°¢  11.00°%® 3.290% 8.067% 21.401

MH, HAC,  10.000°° 11.00P%e 2.827% 7.140° 21.72%

d

Significanc * * * * *

e

SE 0.726 0.982 0.798 1.057 1.130

P - Value 0.001 0.001 0.001  0.001 0.001

Means followed by the same letter (s) within the same column are statistically the same at 5% level
of probability using Dunca’s New Multiple Range Test (DNMRT).
* = Significant at 5% level of probability

| NS = Not significant at 5% level probability
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Format Tables properly
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