S GROWTH OF PEANUT AS AFFECTED

@@ SOIL PROPERTIES AND PLANT
@@s BY PLANT RESIDUES MANAGEMENT
)(

Mashour, A.M. A., E. S. Abd-Elhady and A. H.

Journal Rizk

J. Biol. Chem. Soils and Water Department, Faculty of Agriculture, Al-Azhar
Environ. Sci., 2009,  University
Vol. 5(3): 49-60
www.acepsag.org

ABSTRACT

Afield experiment was conducted in summer season 2009 to
evaluate the effect of broad bean and wheat straw plant residues on
some soil physical, chemical properties and plant growth of peanut
(Arachis hypogaea, Giza 5) in the farm of Faculty Agriculture, Al-
Azhar University, Nasr City, Cairo. Also, the residual effect of plant
residues on growth of wheat plant (Triticm aestivum L) during winter
season of 2010 was studied. Three treatments were conducted; namely
1) the control treatment i.e. without adding plant residues (NR), 2)
surface mixing residues (SR) at 10 cm depth and 3) subsurface
incorporated residues at a depth of 40 cm (SSR). The plant residues
were mixed by feldspar. The results could be summarized as follows:
1. The values of soil bulk density and hydraulic conductivity

decreased as a result of surface and deep management of plant
residues compared with the control.

2. Soil total porosity increased, pore size distribution improved and
values of water holding pores increased due to the used treatments.

3. The values of mean weight diameter, soil organic matter and cation
exchange capacity increased due to the treatments.

4. The mean values of plant height and number of pods in plant
increased with plant residues management treatments. The yield of
pods for the subsurface incorporated plant residues (SSR) treatment
increased by 77.3 %, while the yield of foliage increased by 49.94
% compared to the control.

5. The treatments under investigation gave higher percentage values
of NPK in seeds and foliages of peanut plants compared to the
control.
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6. There were obvious beneficial effect of plant residues management
on wheat production and NPK content of straw and grains.

Key words: residues management, pore size distribution, peanut plant

INTRODUCTION

Agricultural residues include sugarcane bagasse, sugar beet pulp,
wheat and broad bean straw, rice hulls, corn stover and essentially any
material remained after processing of crop for food. Although, some
of these materials are used for animal feeding, yet they are used also
as soil conditioners to improve soil physical and fertility properties as
well. Thus, agricultural residues are a largely untapped biomass
resource for conversion of products (Peterson, 2006).

Conservation tillage practices and the management of crop
residues are of generating increasing interest. Under conservation
tillage practices, plowing results in mixing of the soil profile and the
burial accumulates on the soil surface as mulch. These differences in
soil disturbance and residue placement and their effects on soil
physical and chemical properties can influence the growth and
productivity of plants. Management practices that conserve organic
matter are important to develop porous soil with high infiltrability.
Possible beneficial effects on the soil physical environment when
manures and crop residues are applied (Edward et al., 1988). The
lower bulk density of deep residue management was the partial
incorporation of crop residues into the surface soil and the undisturbed
organic debris of pervious crops root systems. They built up soil
organic matter content and on elaborate channel structure with a wide
range of capillaries and pore sizes (Dick et al., 1991; Dao, 1996).

Pikul and Zuzel (1994) found that increased biomass input to
loamy sand soil increased aggregate stability and water infiltration.
They found that porosity of the surface upon residues burned thereon
was 12 % greater than upon no residue management. Unger (1992)
found that mean weight diameter (MWD) and organic matter
concentration increased for tillage treatment with residue left in place.

Management practices that enhanced soil organic matter and
microbial conditions also, improved soil stable aggregation
(Bissonnette et al., 2001). Meanwhile, the increased accumulation of
organic matter that has high water retention capacity and the observed
greater porosity would contribute to gains in stored water. Virto et al.
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(2007) indicated that the role of burnt plant residues in organic matter
accumulation and soil physical properties is of major important.
Organic matter levels in the soil surface were higher in both
watersheds after conservation tillage was implemented, likely caused
by increased plant residues accumulation and limited soil mixing.
Limon-Ortega et al. (2006) indicated that soil aggregates are greater in
size and more stable for conventional tilled-bed with all plant residues
incorporated compared to other treatments.

Srisaard (2007) showed that crop residue derived from roots of
both sunflower and soybean plants had their significant inhibition
effects of allelopathic substances on plant height, root dry weight, top
growth dry weight and total dry weight of both plant crops (sunflower
and soybean). Yuan et al. (2009) showed that organic matter levels in
the soil surface were higher in both watersheds after conservation
tillage was implemented, likely caused by increased plant residue
accumulation and limited soil mixing.

Many investigators stated that plant residue are often used to
improve the soil physical and chemical properties of soil and meet the
slowly release of nutrient requirements of annual crops. Nutrient
release from residues can be regulated by altering or manipulating the
factors that influence the mineralization of nutrients; such as residue
quality, environmental factors and management factors, Srinivas and
Sridevi (2007) showed that N use efficiency can be maximized by
strategic conjunctive use of plant residues and chemical fertilizers in
appropriate proportion and at appropriate time during crop growth.
Also, Garnier et al. (2008) —in a field study on soil and plant residue
incubation- showed that larger residues decomposed more slowly
because it provides less surface area in contact with the soil.

Ahmed and Osman (2003) found that the application of organo-
mineral fertilizer derived from sugarcane industry wastes increased
the yield, yield components, seed oil and protein content of
groundnuts.

The variation in tillage depth and intensity influence the
decomposition rate of crop residues and their location within the soil
profile (Balesdent et al., 1990). The crop species and the amount and
type of manure applied influence the quantities of C and N added to
soil (Paustian et al. 1990). The objective of this study was to evaluate
the effect of some plant residues management on some soil physical,
chemical properties and plant growth of peanut (Arachis hypogaea
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sp.) and examine the residual effect of plant residues management on
growth of wheat plant (Triticm aestivum L).

MATERIALS AND METHODS

The current investigation aims of studying the effect of broad
bean and wheat plant residues management on some soil physical,
chemical properties and growth of peanut plant (Arachis hypogaea,
Giza 5). A field experiment was set up at the farm of Faculty of
Agriculture, Al-Azhar University, Nasr City, Cairo, during the
summer season of 2009. The soil is sandy loam (55.82 % coarse sand,
20.43 % fine sand, 12.11 % silt and 11.64 % clay), containing 0.9 %
organic matter, its soil bulk and particle densities are 1.35 and 2.6 Mg.
M respectively, and its total porosity was 48.07 %).

The experiment was conducted in a randomized complete block
design with three replicates. The treatments were 1) the control i.e.
without adding any residues (NR), 2) surface applied and mixed plant
residues at 10 cm depth (SR) and 3) subsurface incorporated plant
residues at 40 cm depth (SSR). The plant residues applied at a rate of
4 t/ f. were mixed by feldspar at a rate 200 kg/f. where chemical
composition was 68 %, 17 %, 2.5 %, 0.1 % 0.4 %, 11.99 % and 0.01
% from SiO,, Al,O3, Fe,0O3 MgO, CaO, K,0 and P,Os respectively).
Peanut plant (Arachis hypogaea, Giza 5, at rate of 20 Kg pods/ fed)
was grown in 15 May 2009 after one month from adding plant
residues. Wheat plant (Triticm aestivum L) is cultivated at 1
November, 2009 to study the residual effect of plant residues on
growth of wheat plant.

Soil sampling and analysis:-

Surface (0-20 cm) and subsurface samples (20-40 cm) of the
treated soil were collected, air dried, ground and passed through a 2
and 8 mm sieve. These samples were prepared for the determination
of physical (i.e. bulk density, total porosity, pore size distribution,
hydraulic conductivity and mean weight diameter, according to Klute,
1986) and chemical properties of the soil (i.e. EC, pH, organic matter,
soluble cations, soluble anions and cation exchange capacity,
according to Page et al., 1982) to detect the changes that might take
place in soil characteristics.
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Plant sampling and analysis:-

At harvesting stage (15 October, 2009), plant samples of the
treatments were collected and the following parameters were
determined; plant height in cm, number of pods in plant, yield of pods
in kg/fed, yield of foliage in kg/fed and NPK content in plant
(according to Page et al.,, 1982). Also, after harvesting of wheat
(1April 2010), plant samples of the treatments were collected to
determine dry matter and NPK content in straw and grains.

RESULTS AND DISCUSSION

a. Soil physical properties:

Data in Table 1 show the important soil physical properties as
affected by the used types of plant residues and depth of its
application. The data reveal that soil bulk density, total porosity, pore
size distribution, hydraulic conductivity and mean weight diameter
were improved owing to the used plant residues. The effect of the
subsurface application of the used (SSR) was more obvious more than
the surface residue management (SR). Concerning the effect of
treatment on soil bulk density, the values were significantly decreased
by 14 % and 12 % with (SSR) and (SR) managements, respectively, as
compared with the control. On contrary, the mean values of total
porosities were increased due to the aforementioned treatments by the
same percentages, respectively. The pore size distribution results
showed that water holding pores (WHP) significantly increased due to
the (SSR) and (SR) treatments. In other words, quickly drainable
pores (QDP) decreased after treatments. So, the values of hydraulic
conductivity significantly decreased, and soil order according to
hydraulic conductivity values (cm h™') changed from rapid to
moderately rapid compared with the control. Also, the data showed
that the values of mean weight diameter significantly increased by 39
% and 26 % with subsurface and surface residue management,
respectively, compared with the control. These results are in
agreement with those of Doran and Smith (1987); who stated that
practices such as cultivation, crop rotation, residue management and
fertilization regulate soil microbial biomass and enhance pore size
distribution. Also, Bordovsky et al. (1999) found that surface soil bulk
density under the tillage with residues application were lower than
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with the conventional tillage without residues application. On the
other hand, the values of hydraulic conductivity have the opposite
trend.

Tablel. Soil physical properties as affected by the used
treatments.

Teoutients Depth ‘F'D. E | QDP | SDP | WHP | NSP c’:] MWD
em | 5" | % % % % % h". Mm

NR 0-20 | 1.30 | 49.02 | 16.18 | 13.73 | 10.29 | 882 | 14.5 | 0.572
20-40 | 1.34 | 4745 | 1566 | 13.28 | 997 | 854 | 143 | 0.165

SR 0-20 | 1.15 | 5490 | 14.27 | 14.83 | 1537 | 10.43 | 13.6 | 0.725
20-40 | 1.27 | 50.20 | 13.05 | 13.55 | 14.06 | 9.54 | 133 | 0.773

SSR 0-20 | 1.12 | 56.08 | 13.46 | 14.02 | 19.63 | 897 | 12.2 | 0.765
20-40 | 1.16 | 54.51 | 13.08 | 13.63 | 19.08 | 9.72 | 124 | 0.793

LSD at 0.05 [ 0-20 | 0.01 | 0.01 | 0.01 | 0.003 | 0.012 { 0.012 | 0.19 | 0.012
LSD at 0.05 | 20-40 | 0.01 | 0.01 | 0.01 | 0.003 | 0.010 | 0.010 | 0.15 | 0.010

BD = il bulk density, E = total porosity, qop = quickly drainable pores SDP = slowly drainable
pores, WHP = water holding pores, NSP = nun-useful pores, K = hydraulic
conductivity, MWD = mean weight diameter

b. Soil chemical properties:

Data in Table 2 show that some soil chemical properties were
affected by the applied plant residues, where the values of organic
matter, cation exchange capacity, soluble Ca, Mg, and K increased
with (SSR) management followed by surface residue (SR)
management relative to the control treatment. In this respect, Moyin-
Jesu (2007) showed that the application of 6 t ha™ of plant residues
increased the soil N, P, K, Ca, Mg, and soil organic matter; pod
content N, P, K, Mg and pod yield of okra. Also, Auler et al. (2008)
showed a significant increment in organic matter content in the
conventional and strip tillage with maintenance of the remaining of
plant residues compared to the other treatments under study. On the
other hand, the pH values decreased with soil depth due to residues
management relative to the control treatment. This remark can of
course induce nutrients solubility and availability.
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Table 2. Soil chemical properties as affected by the used
treatments.

CEC Cations | Anions
Treatments Démh dECI pH (?h?l meqil.:l(l meq l-l ‘ Meq ].1
m | dSm % | gsoi I
Ca Mg | Na | K | C 50, HCO
| | ¥

NR | 0-20 | 088 |[801[100] 174 150 [1.30)338]1.00)213[291] 238
) | 20-40 | 090 | 801|095 17.3 1.052 1133 {339 [ 1.01 [215]292| 228
SR [0-20 ] 077 [792]1.25] 196 151 [130[328] 112214285 222
| 20-40 | 0.80 |7.89 | LIl 183 152 | 132332 112216288 | 226
SSR | 0-20 | 076 [ 793|135 20.2 153 | 130327 | 110210280 | 2.4
120-40 | 080 | 790|129 195 156 | 136331 | L13|210)285| 227

C. Peanut plant growth parameters:

Peanut plant growth parameters i.e. plant height in cm, number
of pods / plant, yield of pods in kg/f and yield of foliage in kg/f are
shown in Table 3. Compared with the control, the subsurface residues
management (SSR) gave the highest values of these parameters
followed by the surface residues management (SR). The data indicated
that the subsurface plant residues management (SSR) significantly
increased the abovementioned parameters compared with the control
by 23 %, 165 %, 60 % and 45%, respectively. These results are
supposed to be due to beneficial effects of treatments on physical,
chemical and biological properties of the soil, which in turn increased
plant growth and production. The inducing effects of subsurface
management (SSR) on plant growth go in line with those reported by
Fayez (2006); who reported that the combined effects of soil
cultivation and crop residue play a significant role in changing the
nutrient balance and availability in soils with conventional agricultural
practices, and consequently crop productivity.

d. NPK content in plant:

The results of nitrogen, phosphorus and potassium percentages
in seeds and foliage of peanut plant at the end of experiment are given
in Table 3. The data reveal that N percentage significantly increased in
seeds and foliage by 73 % and 52 %, respectively, for the subsurface
residues management (SSR) compared with the control. Likewise, the
corresponding P percentage increased by 5 % and 112 %, respectively.
Also, K percentage increased by 33 % and 16 %, respectively. These
increases in NPK contents in soil and subsequently in plant may be
attributed to the decomposition of plant residues as well as the supply
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of potassium by the applied feldspar. The decrease in pH values of
soil, on the other hand, is a final product at of the acid formed upon
decomposition of the applied plant residues. Besides, the CO, released
due to exhalation of the organic matter decomposer dissolve in water
forming H,COj; acid which contribute to reduction of soil pH. This is
in agreement with those of Zai et al. (2008); who stated that the
composts of pea residue with chicken manure and chicken manure
plus rapeseed residue enriched soil with NPK and other nutrients, and
increased nutrient accumulation

Table 3. Growth parameters and NPK contents of peanut plant as
affected by the used treatments.

Plant No. | Yield | Yield N P K
Treatments heich of | of of % % %
eight ;
cm podt || s, ulage seed | foliage | seed | Foliage | seed | foliage
plant | kg/f | kg/f -
NR 56 17 [1139 | 7284 |4.82| 1.64 | 0471 | 0.102 |2.53 | 0.58
SR 66 28 | 1548 | 7552 | 611 | 198 | 0484 1] 0.176 |3.10 | 0.65
SSR 69 | 45 | 1820 | 10548 | 832 | 249 | 0493 ] 0216 |3.35] 0.75
LSDat0.05 | 1.30 | 523 | 0.65 | 27.20 | 0022 | 0.022 | 0.007 | 0.001 | 0.71 | 0.022

e. The residual effect on wheat growth and NPK content.

Data in Table 4 reveal that the dry matter yield and NPK content
in wheat plants were significantly affected by residual management of
plant residues. The highest values of dry matter yield were recorded
with (SSR) management i.e. by incorporating the residues in the
subsurface layer of soil, and then surface management (SR) compared
with the control. Also, data in the same Table show that the highest
values of NPK content were obtained at owing to the (SSR)
management than the surface management (SR) and finally the
control. This may be due to the improved soil fertility caused by the
applied plant residues. This finding is in agreement with those of
Skuodiene and Daugeliene (2008); who found that the amounts of
plant residues left in the soil give back obviously amount of NPK.
Also, they stated that the mineralization of legume residues gradually
released N exerted a positive effect on the yield forming elements of
winter cereals.

Concerning the effect of residual management on weight of 100
grains for wheat, data show that the value of 100 grains of wheat was
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3.88 g obtained with control treatment, and increased to 4.18 and 4.92
g for surface and subsurface residues management, respectively.

Table 4. The residual effect of plant residues on wheat growth and
NPK content.

Treatments | Dry weight N P K
kg /f % % %
Shoots of wheat
NR 2625 3.92 0.37 3.45
SR 2972 4.13 0.41 3.54
SSR 3231 4.26 0.42 3.62
LSD at 0.05 3.46 0.12 0.022 0.07
Grains of wheat
NR 1312 2.84 0.35 291
SR 1486 3.11 0.36 3.24
SSR 1615 3.17 0.37 3.07
LSD at 0.05 6.54 0.007 0.007 0.07

Generally, it could be concluded that, the best management for
improving soil properties under study and increasing growth of peanut
and wheat plants grown thereon was the subsurface residues
management (SSR) i.e. by incorporating the residues in the soil at a
depth of about 40 cm.
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