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Effect of Soil Mixing with Organic Residues on Some Physical
Properties of Soil and Plant Growth
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ABSTRACT

The effect of soil mixing with various organic materials on the physical properties of
soil and plant growth was studied in the nursery of the Experimental Station of Al-
Fateh University in Tripoli, Libya in 1978-1979.

Water holding capacity (WHC), and aeration porosity (AP) are the two main
physical properties in consideration, both were effectively altered by soil mixing. The
best results were obtained by adding 50°%, peat moss to 509, sand (M;). WHC has
increased from approximately 10%, by volume in M, to approximately 35%, in M;. AP
was reduced by mixing from approximately 179 on volume basis for M, to
approximately 9%, in M,. As for the best plant growth M, is selected for growing
Eucalyptus camalgulensis Dehn. For stronger and better stands; however, M, (509
sand + 50%, peat moss +compound fertilizer + fish meal) is preferred. If sawdust is used
as a substitute for the imported peat moss, it should be treated with urea before being
incorporated into the mixture.

INTRODUCTION

The sandy soils used as a growing media in most of the nurseries in Libya, is not
satisfactory for the production of high quality plant (10). Sand cultures are expensive
media because of its low retension of moisture and nutrients. Hartmann and Kester (6)
stated that sand contains virtually no mineral nutrients and has no buffering capacity.
It is therefore used mostly in combination with organic materials. Mahdi and
Sallam (9) reported that the incorporation of peat moss with sandy soils provides
media with better physical conditions, yet because of their low level of nutrients, these
mixtures are not the ideal media for the propagation of ornamental plants. Therefore,
macro and micro nutrients should be added. Water holding capacity and aeration
porosity are the most important physical properties to be altered by soil mixing. The
mixtures of loamy soil, sand and peat are used to provide well aerated media for
germination (6). Cowan (3) reported that when sawdust was mixed with peat and sand
they form a successful rooting media for the nursery. The distribution and rate of
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growth of forest stands are influenced by soil physical, chemical and biological
properties (5). The addition of NPK fertilizers assures a successful stand and better
growth. Cromer (4) found that the application of N and P fertilizers to various
Eucalyptus species had increased the growth.

Many attempts were made to improve both the physical and chemical properties of
sandy soils. Soil mixing by adding organic residues is one of those attempts. The
objectives of this study were:

1. To compare the effectiveness of the different materials used for mixing.

2. To find the best mixing ratio for best plant growth.

3. To test the nutritional status of these mixtures by comparing the growth in the non
fertilized mixtures with the fertilized one.

MATERIALS AND METHODS

This experiment was carried out in the nursery of the Experimental Station of the
Faculty of Agriculture, Al-Fateh University in Tripoli, Libya (S.P.L.A.J.). The charac-
teristics of soil used for the study are shown in Table 1. The 12-24-12 compound
fertilizer, peat moss, fish meal and sawdust were used in different combinations to grow
transplants of Eucalyptus camaldulensis Dehn.

Table I. Characteristics of soil used in the study.

Particle Bulk
Texture Density Density Sand Silt Clay oM CaCO, WHC AP
Nilmc g.cm,\ g;’\:'n" n“ "“ o o o o o
2.63 1.52 9594 244 1.62 0.16 7.2 10 17

Sandy

Eucalyptus camaldulensis Dehn. (River red gum) Fam. Myrtaceae is one of the
Australia’s commonest, and best evergreen gum trees. It is found in the dry and
temperate main land of Australia (8). It was introduced to the Mediterranean countries
in the nineteenth century (1).

The seeds were sown on February 15, 1978, in the green house in trays filled with a
mixture of equal parts of sand and peat moss. In June 5, 1978 (110 days after sowing)
one seedling was transplanted in a black polyethelene bag 16cm high and 9cm in
diameter), containing the following soil mixtures:

1. 100%, sand i
2. 75%, sand +25%, peat moss 2
3. 507, sand + 507, peat moss M,
4. 75%, sand 4 25%, sawdust i
5. 50%, sand +50%, sawdust M
6. 509, sand +25%, peat moss+ 25%, sawdust M,
7. 100%, sand + compound fertilizer + fish meal M,
8. 75% sand +25% peat moss +compound fertilizer + fish meal Mg
9. 509, sand +50%, peat moss +compound fertilizer + fish meal M,
10. 75%, sand +25%, sawdust +compound fertilizer + fish meal M,
11. 50%, sand + 509, sawdust +compound fertilizer + fish meal M,,
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12. 509, sand + 25%, peat moss+25%, sawdust +compound fertilizer + fish
meal M,,

The chemical fertilizer and fish meal were added to the last six mixtures (7 to 12) at a
rate of 1.5kg/m® and 1kg/m?, respectively. Each of the twelve mixtures was mixed
thoroughly before putting in the bag.

The lay out of the experiment was split plot design with three replicates and twelve
treatments, with 15 transplants being used per treatment. The data recorded included:

I. Plant height which was recorded every other month from July 8, 1978 to May 8§,
1979.

2. Stem diameter which was recorded every other month by a caliber, one cm above
soil surface during the period from November 6, 1978 to May 9, 1979.

3. Number of leaves which was recorded every other month from August 4, 1978 to
April 11, 1979.

4. Fresh and dry weight of plant tops was recorded 486 days after sowing.

5. The aeration porosity of soil for the first six mixtures (M, to M) was determined
using the pressure plate apparatus (2).

6. The water holding capacity of soil for the six mixtures (M, to M) was determined
using the pressure plate apparatus (7).
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Fig. 1. Moisture tension curves for different soil mixtures.

RESULTS AND DISCUSSION

Data presented in Figure | shows the values of moisture content held by the different
soil mixtures at various tensions, these values are on weight basis. The data indicated
that addition of peat moss and or sawdust increased the moisture holding capacity of
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the sandy soils (M,). The available water was also varied due to soil mixing from 5.20°%,
in M, to 8.65, 14.11, 7.60, 9.72 and 10.78%, in M,, M;, M,, M and M, respectively.
The highest value however reached in mixture M;, the best mixture to be considered
from the point of view of water holding capacity and the best condition as far as
providing enough moisture for the plant growth. On the other hand the values of the
aeration porosity shown on the same Figure (under tension value of 0.05 bar) sup-
ports this conclusion. The data indicated that M; provides the best conditions for
plant growth from the stand point of both moisture as well as aeration. The conclusion
that can be drawn from that is the effectiveness of peat moss in improving the soil
structure, it is more effective than sawdust.

The data recorded on plant height and presented in Table (2), (3), and Fig. 2
indicated that the plant height within the non fertilized mixtures was significantly
higher in M, than that recorded for M, mixture while there was no significant difference
in height between M, and M,. Due to the inhibiting effect of sawdust, the mixtures M,
M;, and M, showed a lower plant height than the other three mixtures (M, M, and
M,).

The same trend was recorded for the fertilized mixtures (M, to M,,), the tallest
height was reached for My, the shortest was recorded for plants grown in mixtures
including sawdust M, ;.

There was a significant difference in plant height between the fertilized and non
fertilized mixtures, the average was 28.50 cm for the former and 15.99 cm for the latter.

The data presented in Tables (4, 5), and Fig. 3 showed that within the non fertilized
mixtures, plants grown in M, had developed the largest stem diameter. In the second
order came M, and M, respectively, with no significant difference between the two
averages.

The data showed a highly significant difference in the average stem diameter between
the fertilized and non fertilized soil mixtures. The average stem diameter was 3.17 mm
for the fertilized soil mixtures, and 2.17 mm for the non fertilized.

The results showed no significant difference in stem diameter within plants grown in
the fertilized mixtures, however, the addition of sawdust to the mixtures had caused a
significant decrease in stem diameter compared with other mixtures.

Data presented in Tables (6, 7) and Fig. 4 showed no significant difference between
the average number of leaves of the first three mixtures (M,, M, and M;). The
incorporation of sawdust in mixtures M, (13.50) and M, (12.81) had caused a
significant decrease in the number of leaves compared with the first three mixtures. The
difference was not significant however, between M, and M. No significant difference
was recorded for the number of leaves in the first 3 mixtures of fertilized group;
however, the incorporation of sawdust had caused a significant decrease in the number
of leaves.

The data indicated a highly significant difference between the average number of
leaves of the fertilized mixtures (19.55), and the non fertilized mixtures (16.17).

Data presented in Tables (8, 9, 10) and Fig. 5 & 6 indicated no significant difference
in average weight of tops between the fertilized and non fertilized mixtures.

A heavier fresh and dry weight of tops was obtained from plants in M; mixtures
than those obtained from the other 5 mixtures. This trend was a little different for the
fertilized mixtures, where M, gave the highest value for both fresh and dry weight
compared with the other 5 mixtures (Mg to M,,), the difference however, was not
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Table 2. Mean Height of Eucalyptus camaldulensis as Affected by Different Soil Mixtures and Plant Age, in cm.

Plant age
Soil mixtures Jul. Aug. Sept. Nov. Dec. Jan. Feb. Mar. Apr. May Mean
Sand 1007, 447 135 10.98 21.54 2289 24.46 25.78 28.97 30.89 33.34 2to7
Sand 757, + Peat 257, 4.87 9.10 13.68 2294 24.54 25.60 2787 30.28 3422 3890 23.20
Sand 507, + Peat 507, 5.84 11.31 18.36 27.09 27.77 28.89 3047 27 34.68 38.34 25.55
Sand 757, +Sawdust 25%, 2,95 4.46 4.76 7.14 7.30 848 8.67 9.32 11.08 13.21 1.74
Sand 507, + Sawdust 507, 4.83 6.65 6.66 842 .78 9.76 9.78 10.57 11.94 14.25 9.7
Sand 507, + Peat 257, +Sawdust 257, 3.55 477 5.67 8.67 9.13 10.06 10.35 1111 13.08 15.92 9.23
15.99
Sand 100%, +F 8.40 1712 26.50 39.74 41.89 42.87 45.07 46.94 5239 59.95 38.09
Sand 757, + Peat 25%,+F 11.41 18.53 2892 37.17 3812 40.26 4192 4395 48.06 51.65 36.00
Sand 509, + Peat 50%,+F 17.22 22.60 3541 46.72 49.04 49.12 51.21 53.09 56.39 60.43 44.12
Sand 75%,+Sawdust 257, + F 4.60 137 8.66 12.68 13.84 15.70 1594 17.03 19.73 2367 13.92
Sand 507+ Sawdust 50%,+F 441 6.39 798 11.76 12.55 1345 13.65 14.69 17.82 2364 12.63
Sand 50%,+ Peat 25%, +Sawdust 25% +F 10.20 16.03 21.28 26.50 27.33 2891 29.59 3097 3390 31.75 26.25
28.50
Mean 6.90 10.97 15.74 22,53 23.60 2480 25.86 2747 30.35 34.26 22.25

L.S.D. (0.05) for plant age=3.72cm
L.S.D. (0.05) for soil mixtures =4.08 cm

L.S.D. (0.05) for plant age X soil mixtures=12.90cm

F=NPK fertilizer + Fish meal

SANAISTY JINVOYO HLIM ONIXIW TI0S 40 103443

¢8l



Fertilized

[T joa 4By “p upfqry ay g

"YYW

60 |

Non Fertilized

1

A 1

. Effects of soil mixtures on the height of E. Camaldulensis plants.

-

Fig.

Ee0|

. B
> "LHOI3H

S B
LNV1d

VIHVA 'V "L ANV INVHDAVIE 'V 'S

981



syueyd sisuapnppowp) g JO I2IWEIP WIS ) UO SAANIXIUI [10S JUIPIP JO 192 "¢ "8I

EFFECT OF SOIL MIXING WITH ORGANIC RESIDUES

187

STEM DIAMETER, mm

o — N w »~ o (o]
1 | T T T
NOV. -
O
== |
mn
D
JAN. =
;‘-
D
a
MAR.
MAY.
o ()]
|
NOV.
-
®
JAN. N
(a B
MAR.
MAY.
X X X F & =

The Libyan J. Agr. vol. 11



188 S. A. ELAFGHANI AND T. A. YAHIA

Table 3. Analysis of Variance of Plant Height of Eucalyptus camaldulensis, as Affected by Different Soil
Mixtures and Plant Age.

S.0.V. df. SS. M.S. F
Replicates 2 226.3024 113.1512 1.74"*-
Plant age 9 23,891.8237 2,654.6471 40.89**
Soil mixture 11 49 812.8968 4,528.4452 69.75**
Fert. vs non fert. 1 14,084.6337 14,084.6337 216.95**
Within non fert. 5 9,883.2716 1,976.6543 B0.45%*
Within fert. 5 25,844.9915 5,168.9983 79.62%*
Plant age x 99 6,427.1919 64.9211 3.49%*
soil mixture
Residual 238 44247915 18.5916

Total 359 84,783.0063

ns. Non significant at the 5%, level.
*  Significant at the 5%, level.
**  Highly significant at the 5%, level.

Table 4. Mean Stem Diameter of Eucalyptus camaldulensis as Affected by Different Soil Mixtures mm.

Soil mixture Nov./78 Jan./79 March./79 May/79 Mean
Sand 1009, 1.62 2.29 3.31 “ 404 228
Sand 75%,+ Peat 25%, 1.66 2.19 321 4.19 2.81
Sand 50%, + Peat 507, 2.06 2.70 3.69 4.52 324
Sand 75%,+Sawdust 25%, 0.73 0.95 1.32 1.96 1.24
Sand 50%, 4+ Sawdust 507, 0.86 1.16 1.48 1.87 1.34
Sand 4509, + peat 257, 0.82 1.22 1.55 2.18 1.44
Sawdust 259,
217
Sand 1007, +F 2.54 3.67 4.50 537 4.13
Sand 75% + Peat 25%,+F 2.72 335 4.10 5.19 3.88
Sand 507, + Peat 50%,+F 313 3.96 4.84 5.68 440
Sand 509, + Sawdust 25% +F 1.09 1.61 1.94 292 1.89
Sand 509, + Sawdust 50%, +F 1.07 1.42 1.74 2.61 1.71
Sand 50%, + Peat 259, + 1.99 2.60 3.05 395 2.90
Sawdust 25% +F
3.17
Mean 1.70 2.26 2.89 3.74 265

L.S.D. (0.05) for plant age=0.21 mm
L.S.D. (0.05) for soil mixtures=0.37 mm
F=NPK fertilizer + Fish meal

significant between the first three mixtures (M, M, and M,) and significant with the
last mixtures (M,,, M,,,and M,,).

The incorporation of NPK fertilizers (12:24:12) and fish meal into the soil mixtures
has found to increase significantly the fresh weight of plant tops. The average was
18.75 g for the plants grown in the fertilized mixtures and 5.63 g for those grown in the
non fertilized mixtures.
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Table 5. Analysis of variance of stem di
nalys ameter of Eucalyptus camaldulensis, as i
soil mixtures and plant age. " MRS
S.0.v. df. SS. M.S. F
ll:;’.plic:ales 2 2.6038 1.3019 O
a'm a_lge 3 83.3544 27.7848 13547%*
?:ml mixture 11 165.3037 15.0276 1327
e.rl. vs. non fert. 1 35.7803 35.7803 174.45%*
Wfth,n non fert. 5 48.6562 9.7312 4745%*  fert.
Within fert. ) 5 80.8671 16.1734 78.86%*
Plant age X soil mixture 33 9.0023 0.2728 1.330
Residual 94 19.2827 0.2051
Total 143 279.5469

**  Highly significant at the 5%, level.
ns. Non significant at the 5%, level.

Table 6.  Mean number of leaves of Eucalyptus camaldulensis, as affected by different soil mixtures and

plant age.
Dec./78 Feb./79 Apr./79 Mean
Sand 1007, 647 21.47 28.83 18.92
Sand 75%, + Peat 25%, 327 22.30 2827 18.61
Sand 509, + Peat 50%, 6.27 21.33 26.17 17.92
Sand 75% + Sawdust 257, 453 15.10 20.87 13.50
Sand 50%, + Sawdust 507, 4.00 14.43 20.00 12.81
Sand 507, + Peat 25% +
Sawdust 257, 5.20 17.40 23.17 15.26
16.17
Sand 1007, +F 7.40 24.60 30.93 2098
Sand 75% + Peat 257, +F 7.07 25.07 40.30 24.14
Sand 50°, + Peat 50% +F 793 26.90 35.40 2341
Sand 75%, + Sawdust 257, +F 587 18.30 24.07 16.08
Sand 507 + Sawdust 50+ F 467 15.67 257 18.39
Sand 50°, + Peat 25%,+
Sawdust 25% +F 847 2027 26.43 18.39
19.55
Mean 6.09 20.24 27.25 17.86

L.S.D. (0.05) for plant age=2.20

L.S.D. (0.05) for soil mixtures=4.39

L.S.D. (0.05) for plant age X soil mixtures=7.60
F =NPK fertilizer + Fish meal

The dry weight of plant tops had also significantly increased with NPK fertilizer and
fish meal application. The average dry weight of plant tops was 7.96 g for the fertilized

mixtures and 2.63 g for the non fertilized. ’
The incorporation of sawdust had caused a significant decrease in the dry weight of

tops.
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Table 7. Analysisof variance of the number of leaves of Eucalyptus camaldulensis, as affected by different

soil mixtures and plant age.

S.0.V. d.f. S.S. M.S. F
Replicates 2 389446 19.4723 0.90"
Plant age 2 8,360.8669 4,180.4335 192.79**
Soil mixture 11 1,342.2566 122.0233 5,608
Fert. vs. non fert. 1 308.3912 308.3912 14.22*
Within non fert. 5 322.6659 64.5332 298+
Within fert. 5 711.1995 142.2399 6.56**
Plant age X soil mixture 22 4770553 21.6843 2.17"
Residual 70 700.4671 10.0067
Total 107 10,919.5905
ns. Non significant at the 5% level
*  Significant at the 5%, level

*%

Highly significant at the 5%, level

Table 8. Means of Fresh and Dry Weights of Tops of Eucalypius camaldulensis

Transplants as Affected by Different Soil Mixtures.

Soil mixture Mean fresh Mean dry

weight, g weight, g
Sand 1007, 4.73 219
Sand 75%, + Peat 25%, 9.61 494
Sand 50", + Peat 50%, 12.17 541
Sand 75%,+ Sawdust 257, 1.30 0.59
Sand 507, + Sawdust 507, 2.53 1.12
Sand 507, + Peat 257, 4 Sawdust 259, 3.46 1.50
5.63 263
Sand 100%,+F 29.83 12.01
Sand 75%,+ Peat 25%,+F 25.07 10.29
Sand 50%, + Peat 507, +F 20.80 10.26
Sand 75%,+Sawdust 25% +F 11.39 4.74
Sand 50°, + Sawdust 50%, +F 9.97 3.66
Sand 50°, + Peat 25% +Sawdust 257, +F 1543 6.81
18.75 7.96
Mean 12.19 5.29

L.S.D. (0.05) for soil mixtures 10.48 g 402g
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Table 9. Analysis of Variance of Fresh Weight of Plant Top of Eucalyptus camaldulensis,
as Affected by Different Soil Mixtures and Plant Age.

S.OV. df. S.S. M.S. F

Replicates 2 449.8329 2249165 5.88*
Soil mixture 11 2,752.5343 250.2304 6.54**

Fert. vs non fert. | 1,548 8161 1,548.8161 40.47**
Within non fert. 5 926.1194 185.2239 4.84**
Within fert. 5 277.5989 55.5198 1.45™%
Residual 22 841.8660 38.2666

Total 35 4,044.2332

*  Significant at the 5%, level
**  Highly significant at the 5%, level
n.s. Non significant at the 5% level

Table 10. Analysis of Variance of Dry Weight of Plant Top of Eucalyptus camaldulensis, as
Affected by Different Soil Mixtures

S.0.V. df. S.S. M.S. F
Replicates 2 60.3833 30.1917 5.36*
Soil mixture 11 491.0960 44.6451 793
Fert. vs. non fert. 1 256.1601 256.1601 45.51**
Within non fert. 5 171.9893 34.3979 G.11%*
Within fert. 5 62.9466 12.5893 224"
Residual 22 123.8216 5.6283

Total 35 675.3009

*  Significant at the 5% level
**  Highly significant at the 5% level
ns. Non significant at the 5%, level
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