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Abstract: The decreased soil structural stability with a resultant reduction in soil porosity, availability of water and
nutrients has declined the crop yield. Compost, wheat straw and sawdust, the organic wastes can be effectively used
as soil amendments to improve soil structure, porosity and water holding capacity and the crop yield. The study was
conducted in randomized complete block design (RCBD) and three types of amendments i.e. compost (CM), wheat
straw (WS) and sawdust (SD) were applied at three rates of 0, 4 and 8 t ha'. The higher sorghum growth was at
8 t ha'!, however, 4 t ha! also indicated statistically comparable trend. The highest grain yield of 1357 kg ha! and
1374 kg ha! was observed in amended soils and type of amendments showed statistically (P< 0.05) similar yield. The
water contents at field capacity (35.4 %), wilting point (22.5 %) and plant available water (13.25 %) were higher in
WS 8 t ha! amendment. The higher soil structure stability of 90.78 % was observed in WS with rates of 8 t ha'!. The
crop residue WS 8 t ha'! have the potential to increase soil water retion and soil structure stability as well. The CM,
WS and SD amendments significantly improved organic matter (OM), porosity, nitrogen ( N) and phosphorus (P) of
soil in 4 and 8 t ha'! than control. The low bulk density (BD) of 1.07 g cm™ was in WS 8 t ha! and the lower pH was
recorded in CM 8 t ha™!. The study showed that all three types of amendments (CM, WS and SD) at 4 and 8 t ha'' rates
have potential to improve the soil structural stability, plant available water and yield of grain sorghum.
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1. INTRODUCTION especially N [6] from organic amendments builds

up mineralizable N and increase the crop yield.

Land degradation lowers the soil quality and
reduce the potential productivity of the soil [1]
Aggregate stability is considered to be an indicator
of soil structure. Organic matter serves as a binding
material that lead to the formation of water stable
aggregates through the formation of clay, humus
complex [2]. Different organic matter inputs have
a potential to improve soil water at field capacity
and wilting point [3]. Organically amended soils
increased soil organic carbon (SOC) by 49 % and
29% than an unfertilized and fertilized control,
respectively [4]. Compost additions have increased
SOC significantly [5]. The slow release of nutrients,
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The existence of a large quantity of water stable
macroaggregates controls the degradation of soil to
a great extent [7].

Sorghum (Sorghum bicolor L.) is one of an
important kharif (summer) season crop of Pakistan
that known as jowar. It is grown both in rain-fed
and in irrigated areas of Pakistan for fodder and
grain purpose [8]. It belongs to Poacea family. With
regard to economic importance, sorghum attains
fifth position worldwide among different cereal
crops that give production of about 60 million
tons annually. In Pakistan, it is cultivated in an
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area of 214 000 hectares that give approximate
137 000, tones sorghum grain production [9].
Sorghum has a wide adaptability to different types
of soil however, subsoil compaction due to poor
structural condition of soil usually decreases root
growth of the crop. This limits the availabilityy
and uptake of nutrients and water by plants which
results in reduction in grain yield of the crop [10].
Grain yield of sorghum is also severely diminishes
if water is scarce at the critical stages of crop
[11]. Water stress at the vegetative stage alone
can reduce yield more than 36 %, and water stress
at the reproductive stage can reduce yield more
than 55 % [12]. For that reason, this crop needs
better management measures such as moisture
conservation, enhanced nutrients availability, soil
temperature maintenance and low soil compaction.

Organic matter of soil usually decreases due
to exhaustive cropping of soils [13]. Physical
deterioration of soil due to extensive agriculture
activities without proper management of soil is a
serious and alarming issue in Pakistan. It causes
crop yield reduction and this problem can be
overcomed by applying organic inputs in soil
[14]. Organic amendments play a major role in
the improvement of physical, chemical as well as
biological properties of soils [15, 16]. Many studies
[17, 18] proved that organic amendments improve
the quality of degraded soils. These materials supply
nutrients and organic matter to the soils. Amongst
the most important organic amendment compost
application trials resulted in increased SOM
concentrations [19]. Compost has a potential to
sustain good soil tilth, better aeration and nutrients
supply, thus makes its greatest contribution to
soil productivity [20]. It has been studied that
application of composted organic wastes in a silt
loam soil result in better aggregate stability [21].

Sawdust is also an additional plant residue or
organic waste that is a rich carbonaceous substance.
Once applied in soil, sawdust has a promising role
in supplying humus that lead better soil hydro-
physical properties [22]. Similarly, crop residues,
e.g. straw also improve and increase soil properties
and crop yield. Compared with control, the average
soil available potassium (K), available P and
available N and SOC levels were higher in the
0-40 cm soil layers after straw incorporation
treatments [23].

Most of the soils of Rawalakot (latitude
33°51'32.18"N and longitude 73°45'34.93"E) Azad
Jammu and Kashmir are usually low in fertility,
compacted, eroded and prone to crusting. These
soils have degraded structure, higher runoff and
low infiltration. The study was conducted with the
hypothesis to improve the soil physico-chemical
properties and subsequent increase in sorghum
yield by organic inputs i.e. compost, wheat straw
and sawdust. These soil amendments are low in
cost, easily available in this area and have potential
to improve physical properties of soil, restoring soil
fertility and enhancing crop yield.

2. MATERIAL AND METHODS

The field experiment was performed to assess the
effect of amendments (compost, wheat straw and
sawdust) on soil structural stability, plant available
water and sorghum (Sorghum bicolor L.) yield at
the Research Farm of the University of the Poonch
Rawalakot, Azad Jammu & Kashmir during the
year 2016. The study was conducted in randomized
complete block design (RCBD) having two
factors; (i) types of organic amendments (compost
CM; wheat straw WS and sawdust SD) and (ii) rates
of amendments. i.e. 0, 4 and 8 t ha'. There were
a total of nine treatment combinations with three
replications. Net plot size was 4m?. The variety of
grain sorghum (Sorghum bicolor L.) “Johar” was
grown. The distance maintained from plant to plant
was 15 cm and the distance from row to row was
60 cm after germination of the crop. The
recommended rates of NPK fertilizers (100 kg ha!
nitrogen, 50 kg ha'' P O, and 40 kg ha"' K O) were
also applied to sorghum crop as basal dose to all
treatments.

Presowing composite and post-harvest soil
samples from each replication were collected from
a depth of 0-15 cm and analyzed for physico-
chemical properties of soil.

2.1 Soil Analyses

To determine the texture of the soil the Boyoucos
hydrometer method was used [24]. The suspension
ratio of soil and water was 1:2 to measure the pH
[25]. The 1:2 soil and water suspension were used
to measure the soil electrical conductivity of extract
ECe. The ECe reading was noted on EC meter by
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inserting an electrode into suspension [26]. The
Nelson and Sommers, [27] method were followed
in the determination of soil organic matter (OM).
The OM as percent oxidizable organic carbon (OC)
was then determined. By multiplying % organic
carbon with factor 1.724, the percentage of OM
was computed. To determine the bulk density (BD),
core method as proposed by Blake and Hartage,
[28] was used. For that an intact soil sample was
taken with the help of core sampler. The intact
sample was placed in moisture can. Then moisture
can weight was measured prior to and after drying
in oven at temperature of 105 °C.

“BD (g cm™) = Oven dry weight of soil (g)/volume
of core sampler”

Determination of particle density (PD) was
done by method of Bray [29].

Percent pore space (PS) was computed as:
% PS = 1-Db/Dp x100

Where % PS = percent pore space; Db = bulk
density; Dp = particle density

The Kjeldahl method [30] was applied to
determine the total nitrogen in soil. The available
P was measured by the AB-DTPA method. The
absorbance of the blue colour of the solution at 880
nm was measured on a spectrophotometer [31]. Soil
structural stability was measured by wet sieving
method [32, 33]. The plant available water (PAW)
was determined by the pressure plate apparatus.
The method determines soil water content at the
Permanent wilting point (PWP at 15 bars) and
field capacity (FC at 1 bar) thus calculates PAW as
difference between PWP and FC [34].

PAW (%) = FC-PWP

FC =Field capacity (%); PWP = Permanent wilting
point (%)

2.2 Crop Growth Parameters

The crop growth parameters including plant
height, leaf surface area, number of leaves per
plant chlorophyll content of leaf, biological yield,
grain yield, dry matter yield, harvest index were
also determined. To measure chlorophyll contens

a piece of leaf (1 cm?) was taken and put into a
test tube and five ml acetone was also decanted
in a tube. It was placed in dark for overnight [35].
The spectrophotometer was then used to read the
absorbance at 663 nm and 645 nm for chlorophyll a
and b. Then total chlorophyll content was computed
as described:

Total Chlorophyll = 8.02 x (A 663 nm) +
20.2 x (A 645 nm)

2.3 Plant Analyses

Kjeldahl’s method as prescribed by Bremmer and
Mulvaney, [30] was used to calculate the total
nitrogen in plant. Instead of soil, plant material
was used in this case. However, all other steps
were almost same in this method as adopted for
total nitrogen analysis in soil. To measure P in
plant Olsen and Sommers, [36] method was used.
Spectrophotometer was used to measure the color
intensity at wavelength 410 nm.

2.4 Total N and P Uptake

Uptake was calculated as total N and P uptake (kg
ha!) = “ [percent N and P content of yield x yield
(kg ha™")]/100”

2.5 Statistical analysis

The Statistica 8.1 software was applied to analyze
the data. The variations between the means of
different treatments were observed using LSD test
at the 5 percent level of probability [37].

3. RESULTS AND DISCUSSION
3.1 Pre-Sowing Properties of Soil

The pre-sowing properties of soil are given in Table
1. shows neutral pH with no salinity or alkalinity
problem. The bulk density and particle density were
within the range of mineral soil. The soil porosity
43.34 %. The total N was 0.55 g Kg, available P
7.27 mg Kg! and OM was 1.37 %. The soil texture
was sandy loamy.

3.2 Growth and Yield of Sorghum

Plant height, number of leaves per plant, leaf surface
area and chlorophyll content of sorghum plants as
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Table 1. Presowing properties of experimental field

Soil properties Values
Soil pH 7.21

ECe (dSm™) 0.34
BD (g cm™) 1.49
PD (g cm™) 2.63
Soil porosity (%) 43.34
N (gkg™) 0.55
Available P (mg kg™") 7.27
OM (%) 1.37
Sand (%) 52.4
Silt (%) 31.6

Clay 16
Texture Sandy loam

affected by the interactive effect of amendments
types x rates of amendments are given in Table (2).
The results showed that all the growth characters
had positive response when all three types of
amendments were applied.

The maximum plant height of 175.93 cm in CM
8 t ha! was recorded and it was 12 % higher than no
amended soils. Whereas the leaf surface area was
maximum (74.25 c¢cm?) in case of SD 8 t ha! that
was 25 % higher than no amended soils.

The high chlorophyll contents of 11.5 mg cm™
were observed in CM 8 t ha'! compared to rest of
the treatments. This high rate was 59 % than its
no amended soils. All the growth characters of
sorghum were minimum at zero rates of all three
amendments.

The yield data (Table 3) showed a higher grain
yield (1454.2 kg ha'') at treatment CM 8 t ha! and it
was statistically comparable with WS 4 t ha!. The
means of amendment types showed 25 % higher
grain yield in CM compare to WS and SD, however,
rates of amendments showed higher yields at 4 and
8 t ha! compared to no amendments. The percent
increase was 25 and 27 at rates of 4 and 8 t ha’!,
respectively compare to zero amendments.

The highest dry matter yield (7469 kg ha-1) was

obtained in WS 8 t ha-1 that was at par with WS 4 t
ha'! (7453 kg ha') and SD 4 t ha! (7456.8 kg ha™').
The lowest dry matter yield (5098.5 kg ha') was
recorded in WS0. The means of amendment type
had higher yield with WS and SD compare to CM.
The percent increase compare to respective control
was 31, 24 and 9 by WS, SD and CM, respectively.
The zero rate of amendment showed a minimum
yield.

The higher harvest index (19.89 %) was found
in CM 4 t ha'! followed by HI (18.2%) recorded
in CM 8 t ha'. Among the amendment type, CM
8 t ha! had higher HI (18.12 %) while the rates of
amendments showed statistically similar HI.

3.3 Concentration and Uptake of Nutrients

The results in Table (4) illustrating the response of
total nitrogen to the treatments and data showed the
highest soil total N (0.720 gkg') in SD 4 t ha! and
it was similar with CM 8 tha! (0.677 gkg') and SD
8 tha'! (0.680 g kg'). Whereas WS 8 t ha! (0.537
gkg')and CM 8 tha' (0.577 gkg™') did not show a
marked increase in total soil nitrogen. However, the
lowest total soil nitrogen 0.33 g kg™ was observed
in SDO. The means of amendment types had higher
total N with SD and it was 24 % than its control
and means of rates had higher N at 4 t ha! and it
was 55 % higher than no amendment.
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Table 2. Effect of compost, wheat straw and sawdust on growth parameters of sorghum
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Rates of organic amendments Types of organic amendments Means
(tha™)
Compost Wheat straw Sawdust
Plant Height (cm)
0 156.43¢ 156.17¢ 163.80%¢ 158.80°
4 171.80% 166.27"° 159.73¢ 165.93"
8 175.93° 167.57%¢ 166.53"° 170.01°
Means 168.06 163.33 163.36
Leaf surface area (cm®)
0 56.43 59.03 59.56 58.34b
4 71.75 73.63 63.88 69.76a
8 69.84 67.27 74.25 70.45a
Means 66.00 66.64 65.90
Chlorophyll content
0 7.29 7.26 7.29 7.28
4 8.70 9.16 8.03 8.63
8 11.57 10.11 8.49 10.06%
Means 9.19° 8.84 7.94°
The different letters in columns are statistically significant at P < 0.05
Table 3. Effect of compost, wheat straw and sawdust on yield of sorghum
Rates of organic amendments Types of organic amendments Means
(tha™t)
Compost Wheat Sawdust
straw
Grain yield (kg ha™)
0 1024.0° 1098.2¢ 1135.8° 1086.0°
4 1346.7° 1413.3* 1311.3° 1357.1%
8 1454.2° 1335.0° 1334.2° 1374.4°
Means 1274.9 1282.2 1260.4
Dry matter yield(kg ha™)
0 5274.7° 5098.5¢ 5218.2¢ 5197.1°
4 5422.7¢ 7453.0° 7456.8° 6777.5"
8 6544.5" 7469.0° 6677.5° 6897.0°
Means 5747.3° 6673.5% 6450.8°
Harvest index (%)
0 16.25% 17.81% 17.93% 17.33
4 19.89° 15.79% 14.67° 16.78
8 18.21% 15.19% 16.70"¢ 16.70
Means 18.12° 16.26" 16.43°

The different letters in columns are statistically significant at P < 0.05



100 Shaheen et al

The lowest available phosphorus
(7.24 mg kg') was found in CMO. The highest
available phosphorus (10.077 mg kg') was found
in CM 8 t ha! followed by WS 8 t ha'! (8.813 mg
kg"). The means had higher P with CM and it was
18 % higher than its control and among rates higher
P was at 8 t ha! and this was 23 % higher than no
amendments.

The higher total N uptake was at WS 8 t ha!
and higher P uptake was also in the same treatment.
The means of amendment types showed higher total
N uptake of 149.83 kg ha! by WS compare to CM
and SD. The higher total N uptake of 172. 62 kg ha'!
was at rate of 8 t ha'. Similar trend was shown by
total P uptake, the type of amendments had higher p
uptake of 18.16 kg ha! by WS and at rate of 8 t ha!
the higher total p uptake was 21. 61 kg ha'.

3.4 Soil Water Content at Field Capacity, Wilting
Point and Plant Available Water

Data as depicted in Figure 1 showed that at field
capacity the higher water content of 35.4 % at WS

8 t ha! was found and each control had minimum
water contents. The means of amendments
showed higher water contents at field capacity
(32.1 %; SD = 3.9) in WS and means of rates had
higher water content of 33.1%; SD=+ 2.0 at 8 t ha"
I. The higher water contents at wilting point were
22.5 % at WS 8 t ha'!. The amendments mean had
higher water contents (22.5 %; SD + 0.91) at WS
and means of rates had higher water content of 21.7
% ;SD+0.7 at 8t ha'.

The higher PAW of 13.25 % was observed in WS
8 t ha'. The means of amendments showed higher
water contents (10.5 %; SD £0.91) at WS followed
by SD. Among rates 8 t ha! showed higher PAW of
11. 6 %; SD £ 0.7.

3.5 Soil structure Stability

Data (Fig. 2) revealed that the interaction among
rates x types of amendments significantly increased
soil structural stability (%). The WS 8 t ha' had
resulted in the highest soil structural stability
(90.78%) followed by CM 8 t ha''. i.e. 88.5 %. The

Table 4. Effect of compost, wheat straw and sawdust on concentration and uptake of nutrients

Rates of organic amendments Types of organic amendments Means
(tha™)
Compost Wheat Sawdust
straw
Tota N (g kg™)
0 0.55° 0.54° 0.66% 0.58°
4 0.89" 0.74% 1.07* 0.90°
8 0.92% 0.79°4 0.73¢ 0.81°
Means 0.79° 0.68° 0.82°
P (mg kg™
0 7.24¢ 7.30¢ 7.34¢ 7.29¢
4 8.33% 8.09° 8.37% 8.26°
8 10.08* 8.81° 8.06° 8.98°
Means 8.548% 8.07° 7.92°
Total N Uptake (kg ha™)
0 97.80° 92.00°" 91.31f 93.70°
4 143.29¢ 177.66" 171.30° 164.08°
8 177.09% 179.82° 160.95° 172.62°
Means 139.39° 149.83" 141.19°
P uptake (kg ha™)
0 11.47¢ 10.75¢ 10.28¢ 10.83¢
4 15.33¢ 21.12° 18.12° 18.19°
8 23.38% 22.62° 18.84¢ 21.61°
Means 16.73° 18.16° 15.75¢

The different letters in columns are statistically significant at P < 0.05
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amendment types had soil structure stability of
75.49 % (P <0.05; SD + 17) with WS and rates of
amendments showed higher soil structure stability
of 87.27 % (SD + 4.3) at 8 t ha''. The statistically
lower soil structure stability was found in non
amended soils.

3.6 Physico-chemical Properties

The response of soil physico-chemical properties
of different amendments applications is shown in
Table (5). At 0 rate, all plots (without amendments)
had higher pH compared to amended ones (Table
5). The interaction of rates x amendments had a
lower soil pH (6.41) with CM 8 t ha' while type
of amendments had pH 6.78 with SD and rates
of amendments showed lower pH compare to no
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amended soil.

The highest percentage of OM 2.462 %
was recorded for WS 8 Mg ha'. Meanwhile CM
8 t ha! and SD 8 Mg ha' had also resulted in a
slight increase in OM 1i.e. 2.387 % and 2.364 %,
respectively. The lowest OM was recorded for WSO
that was 1.423 %. The means of amendment types
showed higher OM of WS followed by CM and SD.
However, the rate 8 t ha! showed higher OM (2.41)
compared to 4 t ha'! and no amended soils.

The lower BD of 1.073 Mg m was observed in
WS. The amendment types showed lower BD with
CM and it was statistically similar to WS. The no
amended soils had a higher BD (1.23 Mg m™) than
amended ones. The lower PD (2.20 Mg m™) was

Table 5. Effect of compost, wheat straw and sawdust on post-harvest soil physico-chemical properties

Rates of organic amendments Types of organic amendments Means
(tha™)
Compost Wheat Sawdust
straw
pH
0 7.10 7.13 7.18 7.14°
4 6.51 6.68 6.63 6.61°
8 6.42 6.58 6.52 6.51°
Means 6.68" 6.80° 6.78"
Organic matter (%)
0 1.43% 1.42" 1.43" 1.43¢
4 2.25¢ 2.27¢ 2.22f 2.25°
8 2.39° 2.46° 2.36° 2.40°
Means 2.02° 2.05° 2.00°
Bulk density (g cm™)
0 1.21% 1.24% 1.22% 1.22¢
4 1.09¢ 1.12% 1.18" 1.13°
8 1128 1.07° 1.15% 1.11°
Means 1.14° 1.15° 1.18*
Particle density (g cm™)
0 2.40° 2.39° 2.38° 2.39°
4 236 2.367® 2.26° 2.32°
8 2.27° 2.32° 2.20¢ 2.26°
Means 2.34° 2.36° 2.28°
Pore space (%)
0 48.18° 49.16%" 4910 48.82°
4 52.33% 50.04°% 51.917% 51.43%
8 53.05° 50.77°4 51.35% 51.72°
Means 51.19° 49.99° 50.79%

The different letters in columns are statistically significant at P < 0.05
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observed in SD 8 t ha'!. The means of amendment
types showed lower PD of 2.28 Mg m? followed by
CM and WS. However, the means of rates showed
PD of 2.26 Mg m™ with a rate of 8 t ha! followed
by 4 t ha''!.

Soil porosity also positively affected in
response of treatments. The lowest soil porosity
(48.18 %) was recorded in CM, at par with soil
porosity in WSO (49.10 % and SD, (49.16 %).
The highest soil porosity (53.04 %) was found in
CM 8 tha' statistically similar with CM 4 t ha!
(52.33 %) and SD 4 t ha! (51.91 %). The means of
amendment types showed lower porosity of 49.99
% with WS. However, the means of rates showed
lower porosity of 48.8 % with no amended soils
compare to amended soils.

4. DISCUSSION

The organic amendments stimulate plant growth
and yield by providing essential plant nutrients
and improved soil properties [15, 16]. The three
organic amendments increased crop growth while
rates of the amendment also showed higher growth
(Table 2) compared to no amended soils. The
performance of co-applied fertilizers might have
increased with organic amendments. Therefore,
organic amendments could be a good strategy
to sustain and improve yield in the long term
[38]. The highest yield (Table 3) in organically
amended soil could be due to supplementation
of essential nutrients and improvement of soil
physical properties. Previous studies showed that
organic inputs had recovered degraded soils by
sustaining soil properties [39, 40]. Studies
showed that organic amendments lower the soil
compaction by improving water penetration and
aeration [41]. The higher content of total N and P in
amended soils (Table 4) shows the decomposition
of organic material during growing season of crops.
The organic wastes were found to increase the
availability of NO,-N in soil [15, 42]. The positive
response of waste on plant growth was also reported
[43]. Wei et al. [23] reported that soil with straw
incorporation had higher available K, available P,
available N,
SOC compared to no amended soils. Our results
also showed higher nutrients and organic matter in
amended soils. Similarly, the amendment compost
was found to improve not only soil properties but
also has improved crop production and quality

[19]. Compost has significant amounts of macro
nutrients, and have beneficial effects on the plant-
soil syetem [44, 45]. Therefore, compost can be
termed as multi nutrient organic fertilizer [46].

Total N and P uptake (Table 4) were higher
in wheat straw amended plots and 8 t ha'! showed
higher uptake than 4 t ha' and no amended soils.
It might be attributed to higher yield in wheat
straw amended plots. Straw incorporation into
the soil has improved the soil physical and
chemical properties [47]. It improves soil structure
[48-50] and also increased use efficiency of
nutrient [51-53]. The post-harvest soil properties
(Table 5) showed lower pH with amended soils and
it is attributed to release of organic acids as organic
material decomposed and this release was higher
in 8 t ha'. The higher organic matter content with
wheat straw showed higher decomposition rate
compare to other amendments. Straw enhances soil
organic matter [54] and also provide soil nutrients,
thus improve the soil quality and increase the soil
productivity.

The organic amendments by improving the
status of soil OM had also decreased soil BD and
improved soil pore space. The particle density was
also found lower due to impact of organic matter
accumulation in amended soils (Table 5). Eldridge
et al. [5] showed increase in SOC following
compost additions. The organic amendments had
increased SOC by 49% compared to non amended
and 29% compared to an inorganic fertilized control
[4]. Blanchet et al. [55] reported higher SOC with
organic inputs compared to inorganic inputs.
Comparable results were reported by Nest et al.
[56]. Most of the studies [57-59] revealed same
results as present study showed that the addition
of manure has reduced BD, increased porosity
and SOC and consequently overall improved soil
mechanical properties.

Among the soil amendments, the crop residue
retention and organic manure are important for
improving soil quality. In eroded soils of Rawalakot
Azad Jammu and Kashmir the indigenous organic
amendments have the potential to improve soil
structure stability, water retention and OM.
Environmental changes that result in increases in
soil OM will increase available water contents [60].
The higher plant available water in amended soils



with higher rates of residues (Figure 1) could be
due to improvement of soil physical conditions.
The organic amendments had improved soil
physical fertility by decreasing soil BD and by
enhancing soil aggregate stability [61, 62]. The
organic amendments have also improved water
contents at field capacity and wilting point [63].
Liang et al. [64] reported that in long term study
corn straw in combination with inorganic fertilizer
had significantly increased soil water content in the
plow layer, reduced soil bulk density, and increased
plant available water contents in the top soil. Higher
soil structure stability was observed in amended
soils and with 8 t ha'! (Figure 2) that could be due
to higher OM. Soil OM enhances soil aggregation
and the development of soil porosity. It further
improves the rate of soil infiltration and retention
of water that is ultimately available to plants.

5. CONCLUSION

Organic amendments improved soil OM status,
which is contributing factor for improving physico-
chemical properties of soil and associated soil
productivity. The indigenous organic amendments
have the potential to improve the poor physical
condition, water retention and yield of degraded
soils. The three types of amendments increased
yield compared to no amendments. There is the
need to apply organic amendments in degrades soils
to enhance both sustainability and productivity.
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