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Sand-Compost-Hydrogel Mix for Low Cost Production
of Tomato Seedlings

0.A. El-Hady, .Saﬂa M. Adam and A.A. Abd El-Kader
National Research Center, Dokki, Cairo, Egypt.

IFFERENT media were prepared to be used for commercial
production of some local hybrids of tomato seedling
(Lycopersican esculentum ) namely : Dokki 1, Ain Shams 2 and Wady.
“Examined media were :'I. Sandy soil, I or IIl. medium I mixed with
2% or 4% (W/W) of fine compost (produced by aerobic composting of
some local organic wasles, i.e town refuse, saw dust, plant residues and
organic manure at the ratio of 1 : 1 : 1 : 1), IV or V. medium I mixed
with 0.1 % or 0.2 % (w/w) of an absorbent material (mixture of an
anionic ¥ polyacrylamide k polyacrylate 30 % anionicity” and a cationic
“polyacrylamide allylamine hydrochloride 20 % cationicity” hydrogels at
the ratio of 2 : 3) and VI, VII and VIII. medium I mixed with mixture
of examined compost and hydrogel at the ratio of 1% compost + 0.1%
hydrogel, 2% compost + 0.1% hydrogel and 2% compost + 0.2%
hydrogel (w/w), respectively. Fertigation was carried out twice a week
using 1 g / 1 fertilizer solution 19:19:19, Some growth parameters (Le.
Germination percentages; seedlings height; stem diameter; leaves
number and area; fresh and dry weight of seedlings); N, P and K
content and both water and fertilizers use éfficiency by produced
seedling as well as some physico-bio-chemnical properties of the media
at the end of the growing period, were taken as bases for preference.

Under the conditions of conducted experiment and taking the
economical aspects into consideration, the hybrid Wady and the
growing medium No. VII seem to be suitable. Production of 1000
seedlings needs 250, S and 0.25 kg of sand, compost and hydrogel,
respectively, that cost = 7 LLE.
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There are great needs for producing low priced horticultural substrates to be used
in propagation, tree nursery, pot plants, fruits, vegetables and cut flower growing.
These growth media must combine favourable physical and bio-chemical
properties that offer optimal conditions to the plants. The abundance of their raw
materials locally-particularly those of plant residues - easiness of preparation and
at the same time environmentally safe are of preference.

Tomato (Lycopersicon esculentum ) is considered as one of the most essential
vegetable crops for human nutrition in most countries. In Egypt, tomato is the 1%
vegetable crop that occupies about one third of the total cultivated area with
vegetables. To overcome the great needs for more production, vast desert area
has to be put under cultivation with tomato. Seedlings production of tomato
hybrids cabable to friut setting under severe conditions of such soils, particuiariy
drought and salinity, is a must. Of these are Wady, Dokki-1 and Ain Shams-2
(Abd-Allah et al, 1996 and 1999).

Previous studies indicated the improving effect of organic materials
{(hydrogels) on hydro-physical, bio-chemical properties and nutritional status of
sandy soils on one hand and growth, nutrients uptake and both water and fertilizers
use efficiency by growing plants on the other hand (El-Hady er al, 1995 a and b,
2000 a and b, and 2001 a and b; Abd El-Hameed et al., 1995; El-Sherbeiny et al.,
1995; Abd El-Hady et al, 1997 and El-Hady and Hefny, 2001). It is expected
that mixing sand medium with some organic materials (composts) and super
absorbent materials (hydrogels) will gain the beneficial effects of both types of
soil conditioners, The resuliant, fe. obtained media may offer more favourable
conditins for growing plants. Therefore, the aim of the present work is to
evaluate some sand-compost-hydrogel mixtures as low priced growth media for
producing tomato seedlings.

Material and Methods

A completely randomized green house experiment with 4 replications for
each treatment {noteworthy that each replicat includes (6 plants}),) Cochran and
cox, 1957 and Steel and Torri, 1980 was conducted as follows:

Examined media (substrates)

Different media were prepared to be used for commercial production of some
hybrids of tomato seedling. Prepared media were:

I. Sandy soil of which more than 90% consists of particles > 20u . The main
analytical data of the medium are shown in Table 1.
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TABLE 1. Analytical properties of sandy soil (medium I).

1. Mechanical analysis

« (On dry weight basis.

1I or III. medium I mixed with 2% or 4% {(w/w) of fine compost produced by
aerobic composting of some local crganic wastes, i.e town refuse, sawdust, plant
residues and organic manure at the ratio 1:1:1:1, respectively. Table 2 presenrs

the main chemical properties of applied compost.

IV or V. medium I mixed with 0.1% or 0.2% (w/w) of an obsorbent materiai
mixture of the anionic * hydrogel polyacrylamide k polyacrylate gel 307%
anionicity” and the cationic * hydrogel polyacrylamide allylamine hydrochloride
gel 209 cationicty” at the ratio of 2:3 ). Description of the main constituents and
properties of hydrogel used are given in Table 3. VI, VIL. and VIII medium I
mixed with mixtures of examined compost and hyvdrogel at the rates of 1%
compost + 0.1% hydrogel (w/w) for medium VI, 2% compost + 0.1 hvdrogel
(w/w) for medium VI and 2% compost + 0.2% hydrogel (w/w) for medium VII1
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TABLE 2. Some chemical properties of applied compost.

pH (H20) 732 }
Salinity : £C dS m 1.3 |
‘ Na- % | 0.02 ;
| Moisture © % t 411 |
Mineral content % (asht) | 28.80 ‘
Organic component: O.M% 67.09 |
0C% | 38.91 ,
o O.N % | 2.0& -
: CN | 15.75 g
| Macro elements:  NH+ +NO3 % | 0.02 |
| PO % | 0.3
j K20 % | 048 |
| Secondary elements:  Ca? % | 1.12 3
Mg % ;| 0.36 ‘;
| Micro slements: Fe ~ ppm | 116.0 |
; Mn ppm {510 ,
1 Zn pom ' 450 :
| Cu ppm 12.5 5
j Heavy metais: Cd opm 0.40 |
l Co ppm 0.60 ;
; Ni  ppm 2.02 =;
| CEC C mole kg 135 |
Tomato hybrids

Three locally produced hybrids of tomatoes ( Lycopersicon esculentum )
namely : Dokki-1, Ain Shams 2 and Wady were chosen. As previously
mentioned, this choice was for their cabability to fruit setting under severe
conditions of our deserts particularly drought and salinity.

Experimental layout

Two hundred and fifty grams of each of examined media were uniformly
packed in black polyethylene sacks. Water (50ml) was slowly added to allow
complete hydration of organic composts or hydrogel or their mixtures then
covered with plastic sheet. After two days (for equilibrium ) each medium was
planted with tomato seed. Fertigation was carried out using 1 g /1 complex
fertilizer (19:19:19). Thirty milliliters of the solution were applied / irrigation
twice a week. This corresponds to ~ 60% of the total water holding capacity of
medium . After onc week, germination % was calculated. At the end of the sth
week, seedlings were ready for transplamtation on the open field.

Egypt. J. Soil Sci. 42, No. 4 {2002)
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TABLE 3. Description of the main constituents and properties of hydrogels used.*

| @ - Main constituents Anionic Catianic
Active substance Propencamide Propeneamide
Propionic acid allytamine
Coqpolymer Co-polymer
{K-sait) (Cl- saity
lonization degree 30 mole % 20 mole %
Cross linker Divalent vinyl monomer
. Cross finking ratio 1 10+
Percentage of active substance Greater than 88%
i Manomer content Net higher than 300 ppm
: b- Properties
|  Appearance: White to slightly yellow grains
Grain seze . : 0.25- 1 mm
l Bulk density: = 600 kg/m?
| Solubifity . Insoluble in water and organic solvents
! pH 0.1 % in distilled H20 705
| CEC Cmolekg 2045 2175
Absomption capadily in gfg hydrogel
Deicnized water i= 528 =430
0.9 % NaCl | = 44 = 35
i 0.4% CaClh s 4 = 36
i Safine water 1500 ppm = B4 = 54
' Absorption time : i
Upto50% i 20 minutes
Total absorption | 60 minutes
i

J

* The used hydrogels were prepared through the scientific co-operation program betwezn siof. Dr
El-hady, O.A of the Nationa] Research Center , Cairo , Egypt and Dr. Pieh, S. of the Rescarch and
Development Dept. Chem. Linz GESMBH, Linz, Austria (Pieh and El-Hady 1950).

Studied parameters

The following parameters were undertaken to evaluate the suitability of

examined media for the economical production of seedlings.

1- Germination % after on¢ week from sowing.

2- Growth response at the end of the growing period (5 weeks), i.e plant
height, stem diameter, leaves number and area /plant, fresh and dry weight
of obtained seedlings.

3- Nitrogen, P and K content of seedlings (Cottenie et al., 1982).

4- Water use efficiency by plants calculated as grams of fresh weight
produced by a unit (IT) of irrigation water used.

5- Fertilizers use efficiency by plants calculated as grams of fresh weight
produced by a unit (1g) of added nutrients.

Egypt. J. Soil Sci. 42, No. 4 (2002)
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6- Some physico-bio-chemical properties of the media at the end of the
growing period, i.e. pore size distribution, moisture retention and available
water (Loveday, 1974), infiltation rate (IR) (Michael, 1978) and adjusted
evaporation (Eadj), (Azzam and El-Hady, 1983-b) pH, OM content, CEC,
C:N ratio and available N, P and K (Cottenie et al, 1982), total count of
micro organisms (Difco, 1966 for bacteria, Szabo, 1974 for actinomyses
and Allen, 1953 for fungi ), and activity of dehydrogenase (Skujins, 1973)
and phosphatase (Khaziev, 1968).

Results and Diseussion

1. Germination percentages, growth response, nutrients uptake and fertilizers
use efficiency by tomato seedlings

Germination percentages; some growth paramelers i.e. plant height, stem

diameter, leaves number and area / plant and fresh and dry weights of the
seedlings are presented in Table 4 and illustrated in Fig. 1. Nitrogen, P and K
contents of the seedlings are shown in Table 5 and illustrated in Fig. 2 . Water
and fertilizer use efficiency of the produced seedlings are inserted in Table 6.
Obtained results could be summarized as follows:

1- There is no problem with seed germination either in the studied media or
with examined hybrids: no significant differences were calculated between
the values of gramination percentages. For all treatments, germination
percentage exceeded 94.0.

2- Increases in growth parameters were recorded. They reached 13.8 or
17.0% for the plant height; 10.7 or 17.9% for the stem diameter; 23.1 or
30.9% for the number of leaves /plant; 26.1 or 45.0% for leaves area
/plant; 21.3 or 25.8% for the fresh weight of seedlings and 19.7 or 24.6%
for the dry weight of seedlings over those grown in medium [ (sandy soil)
by mixing this medium with 4% compost (medium 1) or 0.2% hydrogel
(medium V). Mixing both types of additives together (compost + hydrogel)
increased the aforementioned parameters by 8.9, 14.3, 23.1, 18.2, 17.3 and
16.4%, respectively for seedlings grown in medium VI, i.e. when mixing
sandy soil with 1% compost + 0.1% hydrogel. Relevant increases for
seedlings grown in medium VII, i.e. sandy soil mixed with 2% compost +
0.1% hydrogel were 17.9, 19.6, 30.9, 40.5, 23.9 and 23.5 in sequence.
Increasing hydrogel concentration through applying 2% compost + 0.2%
hydrogel {(medium VIII} decreased most of the studied growth parameters
by = 12% but the growth was still higher than that of medium L

Egypr. J. Soil Sci. 42, No. 4 (2002)
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TABLE 4. Germination percentages and some growth parameters of tomato
seedlings grown in different sand-compost hydrogel mixtures.
a. Effect of growing medium

Léaves Leaves | Fresh

Ex. Germin- | Plant | Stem Dry |

Med. | Medium components ation | height | diam | numbers | area /| weight | weight [
i Sand | compost | hydrogel | % | om | -efer | plant lplant g /] gfplant |
{ om amé | plant |
CTT000] o 0 1956 |1857 05 |433 9700 |5033 |0607 |
P n loso| =0 0 |99 [2027]059 {433 |1043 {5667 {0680 |
|90 L 40 0 !9%4 |21131062 1533 112233 |6100 [0733 |
'; v |99 o0 1 1963 |2083]061 {500 |11367 (5967 0717 |
t v lesi 0 2 ?'97,6 2173|066 | 567 114067 | 6333 (0760 |
powe i eee ! 10 11967 2023064 ;533 11467 (5900 0710 |
PVt e 20 11960 (2190|067 [567 1363316233 o753 |
v pemsl 2 2 G951 18771059 ls500 [103.00|5500 }o0660 !

' I i i ]
| LSD 085 ‘NS 1216 [005 1046 1023 [0F50 (0060 :
§ * Each value is the mean of 72 plants.
b. Effect of examined hybrid.

I [ Germination | Plant | Stem | Leaves |leaves |Fresh ' Diy '
, Examined hybrid }% [ height | diameter | number/ | area /! weight g | weight ¢/
I i i am iom j plant | plant / plant [ plant i
! ! i | | om? | |
{1 Dokki 1 1 94.8 11795 {057 {475 1078 ;5063 0609 |
i2: AinShams2 952 12048 1088 1500 111400 15300 (0636
13! wady ! 986 {2283 Jo70 1550 112788 |7163 10863 |
! H ' i i { [ 4

"LS.D 005 ‘NS 1163 loo3 1038 1312 'cazo lood

*Each value is the mean of 192 plants.

3- Similarly, mixing medium 1 with organic compost or / and hydrogel
increased N, P and K uptake by seedling. For N, these increases reached
32.1, 35.0, 40.6, 56.3 and 43.4% using 4%, 0.2% hydrogel, 1% compost
+0.1 hydrogel, 2% compost+0.1% hydrogel and 2% compost+ 0.2%
hydrogel, respectively. The same was true with P and K increments in
their uptake reached 61.3, 68.0, 68.50 and 50.5% for P and 55.6, 66.8,
50.9, 62.5, for K due to growing tomato seedlings in the aforementioned
medium, in sequence.

4- Either water or fertilizers use efficiency of the produced seedlings were
increased to be 1.22, 1.26, and 1.25 times that of medium I using 4%
compost (medium III), 0.2% hydrogel (medium V) and 2% compost +
0.1% hydrogel, (medium VII), respectively.

5- For all studied parameters the hybrid Wady shows superiority followed by
the other two hybrids Ain Shams 2 and Dokki-1.
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Fig. iI. Germination percentage and some growth parameters of tomato seedlings
growa in different sand-compost-hydrogel mixtures.
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Fig. 2. Nutrients uptake by tomato seedlings grown in different sand-compost-
hydrogel mixtures.

Physico-bio-chemical properties of the media at the end of seedling growth
period and just befor transplanting

Some Physico - bio - chemical properties of examined substrates at the end of
seedling growth period and just before transplanting are presented in Table 7 a
and b. The positive effects of mixing either organic compost or the hydrogel or
both with sand media could be considered as bases for discussing the differences
in seedlings prowth, nutrients uptake and both water and fertilizers use efficiency

Egypt. J. Soil Sci. 42, No. 4 (2002)
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TABLE 5. Nutrients uptake by tomato seedlings grown in different sand-compost

hydrogel mixtures.

a. Effect-of growing mediur:
i ‘hEA:c i Medum oumcneﬁts N P K j
} : | Sang : compost | hydrogel | Mg/ plant Mg/ plant | Mg/ plant :
oot 1000 Y o 0 6.177 + 1.054 184 0314 | 19.03=3.277 !
kot 880 0 20 . 0 7159 0483 {236 £0281 §2219-25%
I s o B89~ 1146 257 20742 ! 296124512 :
LA - IR B 7818« 0303 256 £0405 !2437-30%
) 98 a2 8333+ 0630 ‘209 =07% | 31.74=5162 !
P %89 ! 10 1 i18885:0786 |28 20688 [2877:385¢ !
VI a7t 2r : 18855 = Q805 310 £ 0560 30822118
U A 2,z ' 3BEE ~ 0R4: 27T =087 T 2BEI =i
i | I i 1
h. Effect of examined hybrid
: Examned nverno HE P LK
|
| | Mo/ pant | My piant | Mgipam !
i ‘
St i Dotk -1 17431182 | 220+0.298 | 22.78 £ 3.587
©2 1 Ain Stiams -2 , 794 =100 1 258 = 0407 P/ e ATE
3 i Wagy i B.B7 =1.i78 1 3.28 £ 0611 i 30.85=z 5319

of the plants. This could be summarized as follows: 1) Both organic composts
and hydrogel promote good and stable soil structure with suitable pore size
distribution towards the fine pores, i.e water holding pores, increases the water
holding capacity of the media and the ability of the media to retain more
available water, improves the dynamic soil water characteristice, i.e decreasing
downward movement of water through infiltration and the upward movement of
it via evaporation, (El-Hady & Azzam, 1983; El-Hady, 1987; Abd El-Hady et al,
1997; Abd El-Hameed et al,, 1995; El-Hady et ql,, 1983, 1995a and b and 2000b;
Ei-Hady & Hefny, 2001, Tayel & Ei-Hady, 1981). 2) Both components when
mixed with sand medium lower its pH that lead to more solublization of nutrients
and increasing nutrients availability and increase the low exchange capacity of
the medium that increases its nutrients retention abilities and in turn minimizing
the loss of such nutrients by leaching and deep percolation (El-Hady ez al,, 2000a
20014, b and ¢), increasing the microbial biomass and enzymes activity indicating
an improvement in biological properties of the media (El-Hady et al, 2000 b,
2001b) The high moisture retention in the medium No. VIIT over the needs of
growing seedlings - and .its adverse effects on aeration of the root zone - as a
resuit of increasing the micro porosity of the medivm on the expense of its macro
ones, may explain why growth parameters, nutrients uptake and both water and

Egypt-J. Soil Sci. 42, No. 4 (2002)
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TABLE 6. Water and fertilizer use efficiency of tomato seedlings grown in different
sand-compost-hydrogel mixtures.

[ Ex. EMea ' | *Waler | “*Ferilizers use eficency |
! Med. ! um components Examined hybrid i :(51'1e ! 9/g 1
i i Sang : Compast | hydroget | s emas g ' i
! | : : ‘: ‘f ency gt ‘ N ‘ =] K
T tT100,0 B 1 iDokkH [ 12286 | 75439 | 172 |08 |
: ; ' 2 | AinShams-2 112857 | 73947 1180 95137 .
! ; ! 1 3 | Wady {18000 | 110.526[ 252 | 13392
‘o |980 20 10 L1 | Dokki-i | 14000 | 85565 | 196 | 103.594 .
Lo * |2 'AinShams2 4577 89474 204 07ax
| '3 Wagy /20000 ;122807280 [ 1479921
It 1960 - 40 0 {11 Dokkin1 115429 94737 | 216 [ 114165:
‘ ;2 {AinShams: | 16000 | 98246 ;224 118393
‘ ‘ 13 1 Waay i 20857 | 1280701292 154334
VN8 0 P i1 | Dokk-1 15143 92882 212 | 112064
i i | 12 [AnShams-2 115425 | G477 216 | 114165
| ! . '3 wacy 120571 | 128.316| 288 152270
Vo lges 0 L2 (1] Dokke | | 18000 198246 [224 | 118.393
! ! ! |2 | AinShams-2 | 16571 | 101.754 1232 11722622
, 1 ) i3 | Wady ;21714 11333331 304 1B0.677
‘v ey 0 X T1 1 Dok-1 14286 1 87719 ' 200 105708
! F .2 AInShams2 15743 92382 212 L 112081
j 13 | Wagy 121143 129825 296 i 155448
Vil torg 20 o L1 Dokki-! J18T14 136491 1220 [ 16279,
: {2 |ANShams2 16571 | 1017541232 | 122522
j‘ ; {3 [ wady - 121443 0129825 1298 | 156.448°
TV 978 20 2 1 Dekki-1 12857 178947 | 180
o ' |2 fAnshams> | 1ac00 | 95965 195
| '3 ‘

L , ' Wacy | 20286 | 124551 284
i : i i i !
. Lo

“Calculated as erams of fresh weights produced by a unit {11) of irrigation water used.
" Caleulated as grams of fresh weights produced by a unit {1 g} of added nutrients

fertilizers use efficiency of the growing plants decreased by increasing the amount
of applied hydrogel in the medium, compare data of medinm VII with those of
medium VIII, (El-Hady et al.,, 1983 and 1990 and El-Sherbiny et al., 1993). So, it
is recommended to use lower rates of hydrogels in the mixture, i.e applying 2%
compost + 0.1% hydrogels (medium VII} or increasing the ferquency of
irrigation f.e. reducing number of irrigations / season.

Under the cenditions of the conducted experiment, and taking the economical
aspects into consideration the hybrid Wady and medium No. VII seem to be the
sujtable ones. Production of 1000 seedlings needs 250, 5 and 0.25 kg of sand,

compost and hydrogel, respectively, that cost = 7 L E.
Egypr. J. Soil Sci, 42, No. 4 (2002)
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TABLE 7. The main analytical data of examined substrates at the end of seedling
growth period and just before transplanting.
a. Hydro-physical properties:

tEx | Medum eomoonents | Macro- + Water @ Mieen [WHT' ) RFCT 1 Aval- ] IR | E
gued. | Send 'c:xmcst'wd'ogel pcm hotanggdammr: % l % ale” | om | ag,
[ ! R | Poes ¢ of s | fmosre b
; : | % | poresy ' ! % | !
[ T 1 W | 0 | 0 306 78 1191 196 (61 148 |67 100
Co0oio80 | 0 4 0 164 1102 {168 1219 (78 184 14620902
Dow o oo o4 | 0 252 112t 1159|231 !9 |78 1418 |08%
W . 8 . 0 1 (251 126 157 (286 8! (71  |402 {osa
v - &8 : 0 t 2 1228 1183 1137 312 !128 1118 {336 10615
vi i s ¢ 10 1t las 128 lwaa l2es lse iva  l3a1 loe
Covlo:oe78 ¢ 20 1 1 128§ 135 a4 74 198 189 136.4 ' 0.63¢
L 0 ! 2 209 '3 128 1381 1143 1126 316 [0S

e an neuambass

" b. chemical and biological properties

.S Medium componeais e | CEC | OM | GN | Avalable mgkg' . jotal | Emymeamlg
e : : 5 'Cmole % N j? :K imun- Dehya- ' Phos-
sand | compost | rydrogel | |9 Lol L1 ogenas phates
f P | { ! | [ [ ' i g H
! i . i ; .
e, 0 1 0 -557 307 1030+ 1188+ 351+ 327 1513255 41 164
400680 0 0 0 18507482 [046:501 [691]51314206/920 218 1413
LW .30, 40 . O (844i530 (091648 i834,769:58341880 395 @68
Vooem: 9 18367501 1022{892 !51.1]45.4 2645530 7 izet
'ty lasay 0 | 2 (821(715 i031665 \781i625:3121625 1111 1285
vi o889 - 10 1 8241615 [052!7.15 166.2:505:401.3,930 1252 . 424
oo 1524555 (085774 T3S ;3 524860 73 483
il 0 2 8421858 077,742 . 89.1:965,7936, 1150 385 . 503

"Baclena, fungl and actionomycetes.
** miH, /g dry soil / 24 h.
** mg P50s / 100 g dry soil / 24 h.
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