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Abstract: Strategies to improve water use efficiency of urigated crops are among others deficit wrigation,
precision irrigation technologies soil and water conservation practices. The study evaluates the effects of
deficit irrigation regime and interval on soil chemical properties and performance of paddy rice in Sudan
Savanna agroecosystem. The treatments include water application depths of 100, 85, 70, 55 and 40% of Total
Available Water (TAW) capacity and 4, 8, 12 and 16 days urigation mtervals. Water was conveyed from field
ditches into each basin through a pair of polyvinyl chloride pipes using surface irrigation method. Routine
methods of chemical analysis were employed. Results showed that the highest organic carbon was recorded
n treatments irrigated with water depth of 85% TAW at 4 days interval. Sigmficantly higher total nitrogen,
cation exchange capacity, sodium, pH (H,0) and pH (CaCl,), exchangeable sodium percentage and sodium
adsorption ratio were recorded with TAW and 4 days interval treatments. Treatments irrigated at 40% TAW
and 16 days interval got higher available P, Ca, Mg and potassium as well as base saturation. Treatments
with 85% TAW (4772.0 kg ha™") and 8 days interval (4442.3 kg ha™") gave the highest yield. Based on stepwise
regression analysis, potassium, orgamec carbon and cation exchange capacity were the major determinants of
the yield. Hence, sustainable utilization of such land under irrigation requires regular application of organic
matter and 85% of total available water at 8 days interval for more efficient use of irrigation water and acquisition
of lugh paddy rice yield.

Key words: Trrigation regime, irrigation interval, soil chemical properties, paddy rice yield, water saving and
Nigerian Sudan savanna

INTRODUCTION Africa already since colomal times (Kolawole, 1991). One

of the biggest irigation schemes in Nigeria 1s the Bakolor

The Nigerian savanna is made up of four ecological
zones namely: Southemn Guinea (SG), Northern Guinea
(NG), Sudan (Su) and Sahel (Sa) Savarma. These
agro-ecological zones cover an area of about 700,000 km’,
The whole of the Savanna covers about three quarters of
Nigeria's total land area (Tloeje, 2001). The soils are
characterized by low activity clay with kaolinite and
sesquioxides (FeOH) forming 80-90% of clay fraction
(Moberg and Esu, 1991) and highly weathered with soil
types ranging from loamy sand to sandy loam in the top.
The greater amount of kaolinite and sesquioxides leads to
the lower CEC of the soils (Enwezor et al., 1990). Sudan
and Sahel savanna are located in the semi-arid and arid
part of Nigeria where water is becoming economically
scarce resource (IPCC, 2001).

In order to cope with the problems of aridity, rainfall
variability and the lack of food self sufficiency. Trrigation
is acknowledged of great importance in sub-Saharan

irrigation scheme located about 70 km south east of
Sokoto m the Sokoto River Valley. The idea to develop
the Sokoto basin is based on a Food and Agricultural
Orgamzation (FAO, 1969) soil and water resources study
from 1969. FAO recommended a relative modest dam and
irigation scheme (12,000 ha) at Talata Mafara on the River
Sokoto as part of a comprehensive basin development
plan (FAO, 1969). The Bakolori wrrigation scheme was
commissioned in 1979 and construction of a major portion
of the scheme was completed by 1983. In total, 23,000
hectares were developed, of which 15,000 ha were planned
for pump wrigation and 8000 ha for wrigation by gravity.
Sprinkler systems installed in the area developed for
pump irrigation (15,000 ha) are no longer operational. The
area with functioning irrigation 1s therefore himited to
7,500 ha, wrigated by gravity (Kebbeh et al., 2003).

More than 80% of the total cultivated irrigated

areais used for irrigated rice production. Farmers
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(mainly small-scale) own 90 percent of the Bakolori
Trrigation Project (BIP) land and grow rice in more than
80% of the imgated area while suffering from declining
vields over the years (Kebbeh et af., 2003). Operation and
management of the water facilities is very poor, resulting
amongst others in environmental and ecological problems,
like waterlogging, salimty and weed infestation. They
negatively affect more than 50% of the available area
under surface irrigation and are capable to tun the BIP
into a barren land in the foreseeable future (Kolawole,
1993). Strategic options for achieving sustamnable
agriculture include alternate cropping patterns (cultivating
low water-demand crop), water conserving irrigation
scheduling, developing stress/drought tolerant crop
varieties (Qadir et @f., 2003) and employing management
practices that sequester (store) soil orgamc carbon
(matter) (Brahim et al., 2009).

Because rice receives more irrigation water than other
grain crops, water-saving irrigation technologies for rice
are seen as a key component in any strategy to deal with
water scarcity (Li and Barker, 2004). The need to produce
more food with less water poses vast challenges to
reassign  existing water supplies, encourage more
efficient use and promote natwral resource protection
(Hussain et al, 2007). Successful rice production under
full or partial irrigation at Talata Mafara and other
urigation schemes, therefore, require an effective irrigation
scheduling which mimmizes or elimmates percolation of
water beyond root zone and satisfy water requirement of
the crop. This study was aimed at (1) determining the
effects of deficit wrigation regime and interval on soil
chemical properties (2) mvestigating the impact of the
deficit irrigation regime and interval on yield of paddy rice
and (3) to establish the relationship between rice paddy
vield with the seil nutrient availability.

MATERIALS AND METHODS

The experiment was conducted for 2 consecutive dry
seasons (2008/2009 and 2009/2010) at the Irrigation
Research Farm of the Institute for Agricultural Research,
Talata Mafara, Nigeria (12° 37.212'N and 06° 1.382'E and
309 m above sea level). The location is in the northemn
Sudan savanna ecology, in an environment described as
semi-arid. Tropical wet and dry climate prevails in the area.
Rainfall distribution is monomodal and mostrains fall from
June to September with an annual precipitation of about
650 mm. The mam wet season crops are millet, guinea
corn, cowpea, groundnut and cotton. Dwring the diy
season, rice, maize, wheat, sweet potatoes, cowpea,
groundnut and vegetables are the major crops. Sandy
loam seils are dominant on the slopes. In some years,
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rainfall may be prolonged while there may be delayed
onset in some other years. Maximum and minimum annual
mean temperatures are 34 and 16°C. The area 1s
geomorphologically plain and nearly flat with gentle slope
and characterized by sparse vegetation of Sudan savanna
types (Kebbeh et al., 2003).

Field study: The treatments imclude five levels of
regulated deficit irrigation [water application depths of
100, 85, 70, 55 and 40% of total available water capacity
equivalent (TAW = 91.7 mm/600 mm depths), referred to
as TAW, 85% TAW, 70% TAW, 55% TAW and 40%
TAW, respectively] and four irrigation intervals (4, 8, 12
and 16 days intervals). The treatments were laid out in
Randomized Complete Block Design (RCBD) with split
plot amrangement and three replications. The total
available water capacity of the soil was determined before
imposing irrigation regime treatments. For this purpose,
so1l samples were collected at the experimental site to 60
cm depth at 15 cm interval. Field water capacity (FC),
Permanent Wilting Point (PWP), bulk density (p) and
Available Water (AW) capacity were then determined
thus: the soil moisture of dry Weight (W) at field capacity
(W) and permanent wilting pomnt (W pyp) were converted
to volumetric (®) moisture content at same field capacity
() and permanent wilting point (@) by multiplying
the former values by p at the corresponding soil depths.
The soil Total Available Water (TAW) across the Rooting
Depth (RD) was computed using the following Equation:

O = Wi *p™d; (1)
Opyp = Woup *p*d (2)
TAW=Y [y, = Oy )R] (3)

i=0

where, d = depth of soil layer; ®,, =Volumetric moisture
content at field capacity within ith layer, Opgn =
Volumetric moisture content at permanent wilting point
within ith layer; RD; = soil layers within rooting depth
Surface irrigation method was used in conveying
water into each basin. A pair of 5 cm diameter polyvinyl
chloride pipes of 40 cm length was used to let water from
field ditches mto each basin. These pipes were mstalled
togive a free orifice flow. Stage guages were placed at the
water inlet of each basin to measure the depth of water
flowing through the pipes. Thus the discharges through
the pipe mto the basins were quickly computed and the
depth of water applied was monitored using a stop watch.
Soil moisture status was determined one day before and
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after 4, 8, 12 and 16 days intervals using soil moisture
resistance devices (gypsym blocks) installed at 0-30 c¢cm
depth for determination of water deficit.

The wrigation regimes were assigned to the main plot
(block) whereas irrigation intervals were placed in the
subplots. Soil samples were collected at the experimental
site to 30 cm depth from each treatment for laboratory
analysis.

Laboratory study

Organic carbon: Orgamc carbon was determined by
Walkley-Black method (Nelsonand Sommers, 1982). Total
nitrogen was determined by regular Kjeldahl digestion-
distillation method (Bremner, 1965). Soil available P was
determined by using Bray-1 (ascorbic acid molybdate)
method (Rodriguez et al., 1994). Soil pH (Soil Reaction)
was determined potentiometrically by a pH meter
(Pye Unicam); Exchangeable bases were extracted out
by the neutral IM NH,OAc saturation method
(Lanyon and Heald, 1982). Calcium and magnesium were
determined by the Atomic Absorption Spectrophotom eter
(AAS), while sodium and potassium were determined with
the flame photometer. The cation exchange capacity was
determmned by the ammomum acetate method
(Chapman, 1965). Percentage base saturation (% B.S),
Exchangeable Sodium Percentage (ESP) and Sodium
Absorption Ration (SAR) were computed as follows:

% BS = Na++K++CaE++Mg2x100 (4)
CEC
ESP _ ExchangeableNa™ 100 (5
where, CEC is the cation exchange capacity:
SAR = 2 6)

Ca2+ + Mg2+
u 2

Statistical analysis: The data collected were subjected to
factorial Analysis of Variance (ANOVA) using SPSS 16.0
computer statistical program. Significant differences
among treatments were compared using the Tukey-Kramer
Multiple Comparison Test.

RESULTS

Soil organic carbon, total N, C: N ratio, available P and
cation exchange capacity: Table 1 shows results on Soil
Organic Carbon (SOC), Total N (TN), Available P (AP)
and Cation Exchange Capacity (CEC). As shown in the
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Table 1, the investigated irrigation regimes and intervals
significantly affected the soil organic carbon/matter
(SOC/SOM) content. Treatments with water application
depths of 85% TAW, 70% TAW and 55% TAW were
statistically at par in SOC with one another and with those
irrigated at TAW but significantly differed from those
wrigated with water depths of 40% TAW. Regarding
wrrigation interval, treatments wrigated at 8 days interval
got significantly higher SOC (7.22 g kg™') than those
irigated at the other intervals. Significant TN differences
were found among the treatments with various water
application depths and intervals. The highest mean
values were recorded in treatments with water application
depths of TAW and 4 days interval. The TN contents
consistently decreased with decrease in the depth of
applied water and with increase in wrigation mterval. The
influence of the irrigation regimes and intervals on the
distribution of TN among the plots followed similar trend
as SOC.

Sigmficant differences were observed in C/N ratio
between treatments with water application depths of
TAW and 55% TAW but the treatments supplied with
the other water application depths were statistically at par.
The ratio ranged from 48.4 to 82.0 with the highest value
being recorded in treatments with water application
depths of 55% TAW. All plots irrigated at the studied
mtervals did not significantly differ in the ratio, though
the highest mean value was observed in plots urigated at
8 days interval.

Mean AP wvalues across irrigation regime ranged
between 5.13 and 7.02 mg kg™ while it was between
5.43 and 6.61 mg kg™’ when averaged across irrigation
mtervals. Mustapha (2007) reported a mean value of
7.63 mg kg in fadama (paddy) soils elsewhere in Bauchi
State, Nigeria. Treatments with deficit water application
depths contained significantly higher available P (AP)
than those with water application depths of TAW. The
AP content consistently increased with increase in water
application deficit. Similarly, irrigation at longer intervals
favored concentration of higher AP in the scil than those
urigated at shorter mtervals.

Mean CEC values across irrigation regimes was
significantly higher in plots wrigated with water depth of
TAW (13.9 cmol (+) kg™) and lower in those receiving
water depths of 40% TAW (9.2 cmol (+) kg ™) compared
to the other regimes. Plots with water application depth of
55% TAW and 40% TAW were not significantly different
inthe CEC. Considering irrigation intervals, plots irrigated
at 4 days mterval had significantly igher CEC mean value
(12.8) while the value was significantly lower in those
urigated at 16 days interval. Plot urigated at 4 and 8 days
intervals were statistically similar in the value.



J. Agron., 10 (2): 48-55, 2011

Table 1: Effects of imigation regime and interval on soil organic carbon, total nitrogen, available phosphorus and cation exchange capacity in Talata Mafara,

Nigeria
Treatment Qrganic carbon (g kg™ Total N (g ke™ " C: N ratio Available P (mg kg™ CEC cmol (+) ke™!
Irrigation regime
TAW 5.85® 0.121* 48 4° 5.13¢ 13.9¢
85% TAW 0.26 0.102% 61.2% 5.64° 127
TP TAW 599 0.092% 65.2% 591° 11.¢¢
550% TAW 596 0.083% B.(p 6.54¢ 9,54
4000 TAW 4.07 0.076° 56.00 7.020 924
SE 0.4525 0.0063 T.872 0.0709 0.2184
p (0.05) 0.010 0.000 0.049 0.000 0.000
Irrigation interval
4 days 6.26° 0117 56.3° 543 128
8 days 7220 0.105® 747" 5.86¢ 11.8®
12 days 4.98 0,085 6l.4° 630 10.7°
16 days 4.06° 0.072° 58.4° 6.61* 9.8
SE 0.4048 0.0056 6.980 0.0634 0.1955
p(0.09) 0.000 0.000 0.247 0.000 0.000

TAW: Total available water equivalent; All means followed by the same letter within a column are not significantly different at 5% probability level using

the Tukey-Kramer Multiple-Comparison Test

Table 2: Effects of irrigation regime and interval on exchangeable bases and base saturation in Talata Mafara, Nigeria

Treatment Cacmol (F) kg™* Mg cmol (H) kg™ K Na BS%cmol (kg™
Irrigation regime

TAW 2,704 1.61¢ 0.60¢ 0.205° 36.8
85%TAW 3.03 1.84° 0.65 0.182* 46.3¢
TP TAW 3.20° 2.08 0.71° 0.160° 57.1°
55%TAW 3.340 2110 0.7% 0.137 68.5°
4P TAW 3.43° 238 0.87 0.100e 75.8
SE 0.0592 0.0536 0.0095 0.0073 1.0596
p (0.05) 0.000 0.000 0.000 0.000 0.000
Irrigation interval

4 days 2.714 167 0.641 0.197 42,9

8 days 3.02° 1.92 0.0% 0.171° 51.9

12 days 3.30° 213 0.76 0.138° 61.4°
16 days 3.53* 2300 0.79* 0.12¢F 1.4
SE 0.0539 0.0480 0.0085 0.0065 0.9478
p (0.05) 0.000 0.000 0.000 0.000 00.000

TAW: Total available water equivalent; All means followed by the same letter within a column are not significantly different at 5% probability level using

the Tukey-Kramer Multiple-Comparison Test

Hassannezhad et al. (2008) reported CEC value ranges
between 10 and 40 cmol (+) kg™ in paddy soils they
investigated depending on the amount and the type of
clay minerals.

Exchangeable bases and base saturation: Results on
exchangeable bases and base saturation are presented in
Table 2, showing that plots irrigated at 55 and 40% TAW
got significantly higher Ca*" (3.34 and 3.43 cmol (H) kg™,
respectively ) than the other plots receiving different water
depths. Exchangeable Ca* was significantly higher in
plots with water application at 16 days interval (3.53 cmol
(+) kg™"). The values consistently decreased with increase
in the amount of applied water up to TAW equivalent and
with decrease in irrigation interval to 4 days.

Significantly higher exchangeable Mg* and K* were
also observed in plots with water application depths of
40% TAW (2.38 and 0.87 cmol (+) kg™) and at 16 days
interval (2.30 and 0.79 cmol (+) kg™, respectively), while
the lowest value was recorded in plots irrigated with water
depth of TAW (1.61 and 0.6 cmol (+) kg™, respectively)
and 4 days interval (1.67 and 0.64 cmol (+) kg™,
respectively).
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The exchangeable Na' content averaged across
irigation regime ranged between 0.100 and 0.205 cmol (+)
kg~ while the mean across irrigation interval was between
0.120 and 0.197 cmeol (+) kg, Plots irrigated with water
depth of TAW and at 4 days interval got significantly
higher values than those irrigated with other water depths
and intervals.

Base Saturation (BS) significantly differed among the
irrigation regimes and intervals with the lowest value
(36.8%) recorded m plots supplied with water application
depth of TAW and consistently increased with deficit
urigation. The highest BS value of 75.8% was recorded on
application of water depth of 40% TAW which
consistently decreased with increase in water application
depth. Similarly, the highest (71.4%) and lowest (42.9%)
BS was recorded on irrigation at 16 and 4 days intervals,
respectively.

Soil reaction and salinity status: Table 3 shows the
results on pH measured mn water (pH (H,0)) and salt (pH
(CaCl,), Exchangeable Sodium Percentage (ESP), Electrical
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Table 3: Effects of imigation regime and interval on pH, electrical conductivity, exchangeable sodium percentage, sodium adsorption ratio and paddy rice yield

in Talata Mafara, Nigeria

Treatment pH (HO) (cmol (H) kg™ pH (CaCl) EC(dSm™) ESP (%) SAR Yield (kg ha ™)
Irrigation regime

TAW 6.21% 5.04° 0.0554% 2230 0.1216 4039.7
85%TAW 5.97% 4.87% 0.067¢ 1.88% 0.1117* 4772.0¢7
TP TAW 5.88 4.56> 0.0713* 1.463° 0.1002% 3404.6°
55%TAW 5.584 4.51¢ 0.078%" 1.068 0.0292¢ 2675.3¢
4P TAW 5361 4.28° 0.0821* 0.706e 0.0697 2080.2¢
SE 0.0620 0.0534 0.0020 0.0679 0.0051 49.112
p (0.05) 0.000 0.000 0.000 0.000 0.000 0.000
Irrigation interval

4 days 6.08° 5.06° 0.0834° 1.o407 0.1326 4068.(P
8 days 5.940 4.81° 0.0745" 1.55%® 0.1086" 44423
12 days 5.63° 4.52° 0.0673° 1.380 0.0832° 26917
16 days 5.4% 4.38° 0.0585% 1.307 0.0696& 2375.5¢
SE 0.0555 0.0477 0.0083 0.0607 0.0045 43.927
p (0.05) 0.000 0.000 0.000 0.000 0.000 0.000

TAW: Total available water equivalent; All means followed by the same letter within a column are not significantly different at 5% probability level using

the Tukey-Kramer Multiple-Comparison Test

Table 4: Stepwise regression coefficient® showing chemical properties making the greatest contribution to vield variation

Unstandardized coefficients

Standardized coefficients

Model B Std. Brror Beta t Sig. R

1 (Constant) 10258.4 636.7 16.1 0.000 0.8207
K -9504.8 8704 -0.820 -10.2 0.000

2 (Constant) 8055.5 837.5 9.6 0.000 0.857
K -7961.5 897.5 -0.687 -8.9 0.000
oc 193.3 53.1 0.282 3.6 0.001

3 (Constant) 2161.6 1942.2 1.1 0.270 0.882°
K -3682.7 1536.0 -0.318 -24 0.020
ocC 194.6 49.0 0.284 4.0 0.000
CEC 248.4 75.1 0.423 3.3 0.002

a: Predictors in the Model: (constant) K, b: Predictors in the Model: (constant) K,

Conductivity (EC) and Sodium Adsorption Ratio
(SAR). The sigmificant influence of the wrigation
regimes and mtervals on both pH (H,0) and pH
(CaCl,) is apparent in Table 3. The highest mean value
(pH = 6.21 and 5.04, respectively) was recorded in
treatments with water application depth of TAW which
consistently increased as the depth of applied water
decreased to 40% TAW (pH = 5.36 and 4.28, respectively).
With respect to irrigation interval, the highest pH values
(6.08 and 5.06, respectively) were recorded with plots
wrigated at 4 days interval, thus decreasing with increase
in the interval.

The ESP and SAR values followed the same trend
with exchangeable Na, the highest values beng observed
on wrigation at the depth of TAW (2.23% and 0.122) and
4 days interval (1.64% and 0.133, respectively). Significant
differences were found among the irrigation regimes and
mtervals in Electrical Conductivity (ECe) values. The
highest ECe value was recorded m plots irmigated at the
depth of TAW (0.082 d3S m™") and 4 days interval
(0.0834 dS m™") which were far below 4 dS m™ considered
the upper limit of tolerable (critical) value.

Paddy rice yield: The irrigation regimes and intervals
investigated significantly affected grain yield. Trrigation
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SOC, c: Predictors in the Model: (constant) K, SOC, CEC

at the depth of 85% TAW gave the highest yield of
4772.0 kg ha™' (Table 3), significantly exceeding values
recorded on irrigation at water depths of TAW, 70%
TAW, 55% TAW and 40% TAW by 15.5, 25.5, 35.7 and
48.5%, respectively. Considering wrigation interval, plots
urigated at 8 days mterval gave the highest yield of 4442.3
kg ha™, 8.4% higher than the yield obtained on irrigation
at 4 days interval and 39.4 and 46.5% higher than those
urigated at 12 and 16 days intervals, respectively.

Stepwise regression analysis: Stepwise regression
analysis (Table 4) mdicates that K sigrificantly (p = 0.000)
and most highly correlated with yield than the other
mineral elements since it has the largest absolute
standardized coefficient (B = -0.820) and coefficient of
determination (R = 0.820). Despite the fact that CEC had
the highest Beta In compared to SOC (Table 5, model 1),
the next most significantly (p = 0.001) correlated property
to yield 15 SOC as confirmed by its highest record of
partial correlation (0.434). The results (Table 5, model 2)
also showed that CEC sigmficantly correlated (Beta
In = 0.423; R = 0.404) to yield thus occupymg the third
place. Model 3 (Table 5) showed that the other chemical
properties msigmficant correlated to yield.
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Table 5: Regression models showing the relationship between paddy rice yield and soil chemical properties

Moaodel 1 Moaodel 2 Model 3

Parameters Beta in Sig. Partial correlation Beta in Rig. Partial comrelation Beta in Sig. Partial correlation
sS0C 0.282¢ 0.001 0.434 - - - - - -
pHw 0.325° 0.007 0.345 0.171% 0.181 0.178 -0.087° 0.552 -0.080
pHCa 0.365 0.005 0.363 0.184° 0.199 0.171 -0.121° 0.466 -0.009
Ca -0.158 0.202 -0.169 -0.033" 0.784 -0.037 0.090° 0.440 0.104
Mg -0.076 0.594 -0.071 0.063° 0.642 0.062 0.094¢ 0.452 0.102
Na 0.116* 0.134 0.198 0.078 0.274 0.146 0.115¢ 0.084 0.231
BS -0.406 0.044 -0.264 -0.23¢ 0.216 -0.165 0.365° 0.149 0.193
CEC 0.41% 0.005 0.361 0.423" 0.002 0.404 - - -

EC 0.208 0.007 0.349 0.111° 0.168 0.184 0.066° 0.387 0.117
™ 0.278 0.002 0.389 0.197 0.027 0.290 0.051°¢ 0.629 0.065
AP -0.417 0.012 -0.327 -0.245" 0.137 -0.197 0.021° 0.907 0.016
SAR 0.116* 0.125 0.202 0.076" 0.277 0.145 0.104¢ 0.109 0.215
ESP 0.07% 0.407 0.110 0.030¢ 0.737 0.045 0.138° 0.107 0.210
CN 0.016* 0.838 0.027 -0.240¢ 0.006 -0.358 -0.139° 0.141 -0.198

S80C: Soil organic carbon, pHw: pH measured in water, pHCa: pH measured in CaCl,, BS: Base saturation, CEC: Cation exchange capacity, ECe: Electrical
conductivity, TN: Total nitrogen, AP: Available phosphorus, SAR: Sodium adsorption ratio, ESP: Exchangeable sodium percentage, a: Predictors in the
Moadel: (constant) K, b: Predictors in the Model: (constant) K, SOC; c: Predictors in the Model: (constant) K, SOC, CEC

DISCUSSION

Soil organic carbon, total N, C: N ratio, available P and
cation exchange capacity: The plots wrigated at various
depths and intervals generally had low SOC/SOM
(<10/17.2 g kg™"). The low level of SOC/SOM is in
agreement with data reported for savamna soils by Esu
(1983 and 1989). This also agrees with the report by
Loveland and Webb (2003).

According to Fsu (1991), ratings for soil fertility
classes in the Nigerian Savanna, the site had generally
very low (<1.5g kg™") TN. The low values of TN contents
in the scil could be attributed to low SOC/SOM. The
observed C:N ratio ranging from 48.4 to 82.0 in all the
plots m this study suggests non-ideal conditions for plant
growth. This 1s due to the fact that mineralization of SOC
under such conditions 13 expected to be 1s less than its
immobilization. However, plots supplied with water depth
of TAW and at 4 days mterval formed a better plant
growth condition compared to those supplied with water
at other depths regimes. This is supported by reports of
some researchers that higher C:N ratios greater than 23
(Goma, 2003) favor slow degradation of residues by the
assoclated micro-organisms (Eiland et af., 2001), lugher
immobilization effects (Goma, 2003) and limited N in the
soil that may lead to reduced crop yields (Uriyo et al.,
1979).

Based on Esu (1991) fertility rating for savanna soils,
all the plots had low AP content (<10 mg kg ™) thus falling
within categories of soils with P deficiency. The observed
low values of P could partly be attributed to fixation in Fe
or Al complexes which is confirmed by Uyovbisere
(1994).

All the plots irrigated at the investigated irrigation
regimes and mtervals had CEC values between 9.19 and
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13.94 cmol (+) kg™ According to National Soil Service
(NS8S, 1990) staff, almost all the plots fell within the
category of soils considered poor (low to medium) in CEC
(6.0-12.0 cmol (+) kg™"). This could be related to low soil
organic carbon and consequently organic matter of this
soil. This agrees with the reports of Van Dijk (1971) and
Oades (1988) which showed that SOM was responsible
for 25-90% of the total CEC of surface horizons of mimeral
soils they studied.

Exchangeable bases and base saturation: Low tovery low
levels of Ca* was cbserved in all the plots which portend
higher bondage of Ca* to P. This was based on the
recommended threshold level of Ca* is 5 cmol (+) kg™’
proposed by Marx et al. (1996).

The critical Mg® and K" values for most arable crops
in Nigeria are 0.2 and 0.15 cmel (+) kg™', respectively
(FPDD, 1989). Based on these, the result of the present
study indicated that irrigation at 70, 55 and 40% TAW
equivalent, as well as at 12 and 16 days intervals enabled
provision of Mg® in optimum amount since the values
were above the recommended. All the plots irrigated at the
mvestigated regimes and mtervals had high amount
(0.60-0.87 cmol (+) kg™") of K™ above the critical values.
This portends adequate provision of crops with Mg*' and
K" Trrigation at TAW and 85% TAW negatively affected
Mg* availability in the soil.

The values of Na™ obtained in all the plots were
higher than the critical value of 0.05 cmol (+) kg™
suggested by Tinker (1969) which portends adequate
supply of the element to crops and no sodium hazard.

The result suggests that application of higher volume
of water, either imposed by irrigation regime or interval,
promoted leaching of some basic cations from the topsoil,
hence the lower base saturation in such treatments.
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The entire site had values below the minimum value
of the nommal pH range suggested by Sanchez et al. (2003)
(6.0-7.5) for optimal mineral elements availability for most
crops. Plots urigated with water depth of TAW and 85%
TAW as well as 4 days interval were slightly acidic. Plots
irrigated with water depth of 70% TAW were moderately
acidic (pH = 5.88) while those wrigated with water depth of
55 and 40% TAW were strongly acidic.

The critical values of ESP above which most crops are
affected are established at 15. The ESP values in all the
plots treated with various wrigation regimes and intervals
were less than the critical values of 15 proposed by
Lebron et al. (2002). Electrical conductivity values were
also low indicating low content of total dissclved salts in
the site. According to Ayers and Tanji (1981), soil may
have severe infiltration problem when saturation extract or
water has SAR values ranging between 0 and 3 and EC
value of <0.2 dS m™'. Being the case with the study site,
management techmques that improve water infiltration
need to be employed.

Paddy rice yield: The high yield recorded in treatments
urigated with water depth of 85% TAW could be
explained by the relatively favorable soill moisture
condition and nutrient supply formed. Baloch et al (2004)
reported paddy yield ranging from 2160 to 4560 kg
ha”'depending on the availability of
management of crop and socio-economic status of
farmers. Stepwise regression coefficients showed that K,
Soil Organic Carbon (SOC) and Cation Exchange Capacity
(CEC) were the main determinants of yield in the study
site (Table 4). Exchangeable K, being the most highly
correlated to vield, to a greater extent determined the
yield, followed by SOC and then CEC. Yield was
negatively affected by K and positively affected by SOC
and CEC, mdicating that lower K and higher SOC
and CEC levels than the current status would favor yield
increase of paddy rice. The other parameters made
msigmficant contribution to yield formation (Table 5),
indicating that they more depended on SOC, CEC and K
to impact on yield hence their under-performance in
determining yield. The implication of the high
exchangeable K recorded m the site 1s that it could lead to
displacement of Ca and Mg from the soil exchange
complex. This may consequently result to their leaching
from the soil and low total exchangeable bases. This is in
agreement with the reports of Ranade-Malvi (2011). The
low SOC/SOM in the present study also might have
resulted to low CEC of the soil which could have
adversely affected the yield. This is supported by Oades
(1988) who showed that SOM 1s responsible for 25 - 90%
of the total CEC of surface horizons of mineral soils and
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by Sanchez and Logan (1992) who indicated that low CEC
is implicated with low crop yield.

CONCLUSION

The soil chemical properties and the paddy rice yield
were significantly affected type of irrigation regimes and
urigation intervals imposed. The K, SOC and CEC status
of the soil as influenced by the treatments to a greater
extent determined the yield level. The K, SOC and CEC
status of the study site determined the influence of the
other exchangeable bases, AP and TN on the yield of the
paddy rice. It is, therefore, apparent that there is a need to
replenish the organic matter using resources such as crop
residues and manwre for maximum paddy rice yields
through its mfluence on structural stability, porosity,
mineral elements availability (N, P and 8), ion-exchange
capacity and soil moisture holding capacity which also
has great impact on improving irrigation efficiency for
sustamable land productivity.
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