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ABSTRACT

Using organic agricultural wastes to produce vermicompost and compost is a sustainable way in order to reuse these
wastes. In order to investigate the effects of different zinc-enriched vermicompost and compost on yield, quality, and
nutrient content of lettuce, an experiment as factorial based on completely randomized design was carried out. The
first factor was organic residues at three levels (carrot, sugar beet and date wastes), the second factor was zinc
enrichment at three levels (zero, 1000, and 2000 mg / kg), and the third factor was mixing with weak soil at four
levels of (zero, 2 , 4 and 6% by weight). Results showed that effect of organic residues enrichment on the growth and
yield of lettuce plants was the positive and plants grown in vermicompost produced from carrot waste, had better
results than those, which grown in vermicompost produced from beet or date waste. Carrot wastes had the highest
amount of microelements (Fe, Mn, Zn, Cu) among the three wastes used, and enriched with 2000 mg/kg zinc had the
highest amount of these microelements. The highest amount of phosphorus (0.82%) and leaf area (157 cm?) were
obtained in carrot wastes enriched with 2000 mg / kg. Among different levels of organic residues, 4 and 6% had the
greatest effect on lettuce growth and yield. Overall, enrichment of organic residues with minerals can meet the
nutritional needs of lettuce grown under greenhouse conditions.
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Table 1. Chemical parameters of the different enriched organic residues samples with Zn.

Treatments Fe -1 Mn -1 Zn -1 Cu -1 K P N EC pH
(mgkg) (mgkg) (mgkg) (mgkg) (%) (%) (%) (us” cm)
E1 4650.7°% 32155® 16221™  29356™ 3.09° 0.68° 190 9.15° 84L°
01 E2  4890.7™  38550™ 160.50™ 2660 239%™  075° 163" 7.52° 8.50
E3 5493 455.94°  210.09° 38.53° 267°  0.82° 1.49¢ 6.99° 8.78°
E1 59643° 42055° 11480  3046™ 1437 054 223% 580 737°
02 E2  4477.1%  38533%™  138.14%  3430® 141 0.57° 2570 6.07 7.27°¢
E3 2417.9 275¢ 13230%  21.54%  1.83%  074° 205 7.44¢ 7.48°
E1 37385% 30880% 151.94%€ 3565  202% 0539 203 5724 7.36°¢
03 E2 32545%%  27650¢ 12750  2924™  213%  047%  230° 557 7.33°¢
E3  4668.8"%  302.56¢ 199.78® 19.05 ¢ 1.79°¢ 0.43° 1.71¢ 439¢ 7.26¢
O *k *k *k ns *k sk *k sk *k
E ns ns ns ns ns hk *x ns ns
o X E ks ks ns ks ks Kk ks ns ns

P eSS Voo ) E2 (p55hS ;o 0,5 e o0) Bl il o Gﬂ Slals caims (lis (L3 Dlls) 03 5 (juse Sluls) 02 (mse Sluls) O1
odids Hlis (e, #) M4 5 (ao)0 F) M3 ((ao,0 V) M2 (a0 ao) MI wias (oo lid 1) (55, polie (p,55kS 10 0,5 Lo Yoo e)E3 5 (p,55LS

W5l ae )0 0 ezl e jo (5)ls g Dyl (S i B> SO PBlas b o Siles gt 2 0l S L g] Sluls Hod bl s s
01 (Carrot waste), 02 (Beet waste), and O3 (Date waste) indicates the types of organic residues; E1 (0 mg kg™), E2 (1000 mg kg™), and E3 (2000 mg
kg™) indicate the Zn doses. . M1(0%) M2(2%) M3 (4%) and M4 (6%) are the mount of organic waste mixed with soil. In each column, means with
similar letters are not significantly difference at 5% probability level.
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Table 2. Mean comparison effect of enriched organic residues with Zn on some traits of lettuce.
ield of head  Fresh weight Dry weight Leaf area Leaf moisture .
Treatments ¥ (g/m?) (g/plan g (g/plan%) (cm?) (% dry matter) Plant height (cm)
Ml 13496 24.03 ™7 1.73 71 57.55™ 95171 2530 °F
El M2 202.24 " 88.33 9.10® 81.34 21.23 & 29.11
M3 360.33 *f 76.94 7.60 112.41%¢ 36.47 % 28.25 ™
M4 318.34 "¢ 56.51 %I 6.06 ™" 105.28 <" 34.12 1 26.86 ™
M1 293.75 64.13 " 5.53¢h 100.24 ¢ 25.16 °P 21.05%
o1 - M2 373.77 % 74.75 >4 7.63 ¢ 128.66° 38.15 %4 2507
M3 406.23 ® 104.66 * 10.27° 128.02° 39.62 % 25.17°"
M4 43534 87.07 ® 8.25 ¢ 53.87™ 41.24° 27.67 ™4
M1 96.45™ 42,65 7.91%9 157.08° 12.55 38.30 ™
3 M2 203.55 ‘k 38.16 7™ 3.89 ¢! 97.24 ¢ 20.75 ¢ 4255 %
M3 248.77 & 48.92 472 90.23 & 23.58 37 ¢
M4 375.61 *° 62.60 5.92¢h 110.92 > 35.51 % 38.22 fk
M1 386.82 *¢ 64.47 1 5.90 " 85.47 M 35.42%¢ 26.42 ™"
El M2 394.49 *¢ 65.65 ¢ 6.22 5" 111.05 b_'f 37.40 >4 31.50
M3 392.59 *° 68.42 % 6.86 ¢ 95.59 < 39.31 % 30.50 &P
M4 274.48 ¢ 48.23 ™ 6.58 ¢ 66.93 km 37.51 %4 35.17hm
M1 250.68 & 4934 ¢ 4.63 % 67.20 %™ 23.06 1 18.837
o0 - M2 340.04 *¢ 59.23 ¢ 6.01°" 109.94 ¢ 34.28 *f 27.83 ™
M3 187.97 4229 6.23 %" 91.52 8 27.48 ¢¢ 40.11
M4 359 of 59.83 ¢ 6.31"¢ 113.95 ¢ 37.88 >4 42.89 4
M1 250.53 & 41751 3.85M 85.19 23.13 1 27.61™1
3 M2 323.29 b¢ 53.88 % 4.49 1’*_ 86.63 Ik 26.95 ¢ 34.28 ™
M3 286.90 ¢ 47.81 4.86% 91.64 5 29.14 °¢ 55.44
M4 235.93 & 46.29 &* 4.64 <* 95.85 23.47 53.61 *°
Ml 86.18 ™ 27.93 0 2.18 ™ 73,717 6.911 46
El M2 18.98™ 19.13™ 1.56 %! 69.93 km 1.55! 48 b
M3 28.94™ 12.27" 1.13! 68.75 km 2.75! 44.94 ¢
M4 184.53 55.02 4 4.47 121.22 % 14.40 "¢ 49,17 %4
M1 256.60 43.04 3460 83.77 * 20.60 & 32.94 7
03 B2 M2 297.92 f'h 49.65 5.08 d-i. 91.64 5 30.49 > 44.61 ¢
M3 160.26 1 46.07 &* 7.25% 80.05 27.76 +¢ 49.89 4
M4 405.52 71.52 ¢ 9.97° 121.09 55.89° 61.44°
M1 262.45 "5 43.74 ™ 471 68.06 <™ 28.28 °¢ 22.28 P*
3 M2 252.79 & 42,131 470 74.89 28.19 °¢ 30.14 <P
M3 316.96 ¢ 52.82¢ 5.75¢h 120.37 >4 34.53 1 36.89 ¢!
M4 292.56 " 48.76 5.74 " 122.16 34.46 > 37.75 ™
O sk *k *k *k sk sk
E k% ks ks ks k% *
M sk *k *k *k sk sk
o X E k% ks *k * k% k%
O X M sk *k ns *k sk sk
E X M Kk ns * ks ns k%
OxExM * Hk * Hk ns ns
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01 (Carrot waste), 02 (Beet waste), and O3 (Date waste) indicates the types of organic residues; E1 (0 mg kg™), E2 (1000 mg kg™), and E3 (2000 mg

kg™) indicate the Zn doses; M1 (0 %), M2 (2 %), M3 (4 %), and M4 (6 %) indicate the percentage of mixing organic residues with soil. In each column, means
with similar letters are not significantly difference at 5% probability level.
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Table 3. Mean comparison effect of enriched organic residues with Zn on carotenoid, chlorophyll a and b and SPAD in

lettuce leaves.
Carotenoids Chlorophyll a Chlorophyll b
Treatments N h B SPAD
(mg g' FW) (mg g' FW) (mg g' FW)
M1 0.36° 091° 0.47%n 36.67 %
El M2 0.42 1.03 *¢ 040" 36.75
M3 0.40 &» 0.97 ¢t 0.49 kn 35.58 %
M4 0.43 % 1.01*f 0.57 ™ 4222 ¢
Ml 039 0.95 ¢ 0.47 k0 36.99 Mk
o1 - M2 0.38 ™ 0.94 ¢ 033" 41.09 ¢
M3 0.37 0.741 0.36™ 41.14 ¢
M4 0.42 ™ 1.02 %4 0.54 1 44.57°
Ml 043 0.99 ¢ 0.55 37.09 Mk
3 M2 0.47*f 1.01*f 0.54 ™ 37.93 &
M3 0.43 ¢k 1.05° 0.75%¢ 37.06 "
M4 046" 1.03*¢ 0.88 42.39**
M1 0.37™ 0.78¢ 037" 37.43 &k
El M2 047 1.02 *¢ 0.70 ¢ 43.52 %
M3 0.46 " 1.01*f 0.58 &* 4428 ®
M4 049° Lo1*! 0.70 °* 38.27 ™
M1 0.40° 0.97 ¢t 0.55 M 37.31 ¢
M2 0.47 *¢ 1.02 % 0.66 40.32 7
02 E2 M3 042 ™ 0.95 ¢ 0.517™ 42.89 %4
M4 0.47 1.03® 0.82 *¢ 42.85 4
M1 046" 1.02* 0.62 <1 39.11 %
3 M2 0.50*° 1.02*4 0.94* 38.24 fk
M3 0.48 ® 1.01*f 0.82°* 43.67 %
M4 0.45 " 1.02*° 0.81*° 41.78 *f
M1 0.43 0.97 ¢t 0.82°* 35.89 %
El M2 0.44 < 0.95 ¢ 0.54 1 38.71 ¢*
M3 0.43 % 0.96 0.78 *¢ 36.89
M4 0.44 X 0.98 > 0.77** 40.62 >
Ml 041 0.97 %¢ 0.63 % 42.66 *¢
M2 0.48 ¢ 0.98 > 0.75 %" 40.27 <
3 E2 ) .
0 M3 0.42 ¢! 0.95 & 0.79 4 41.48
M4 0.43 X 0.96 0.82°*° 40.87 *"
Ml 0.42 0.96 7 0.61 % 35.66
3 M2 0.43 ¢k 0.97 ¢h 0.55h* 35.83 %
M3 0.41+m 0.92 0.62 % 31.02"
M4 0.46 " 0.99 ¢ 0.81 ¢ 28.67"
O *k *k *k sk
E *k *k *k sk
M ks ks ks k%
O X E *k *k *k sk
O X M ns ks ks k%
ExM ns Hk ns ns
OxExM *%k *k *k *%
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01 (Carrot waste), 02 (Beet waste), and O3 (Date waste) indicates the types of organic residues; E1 (0 mg kg™), E2 (1000 mg kg™), and E3 (2000 mg

kg™) indicate the Zn doses; M1 (0 %), M2 (2 %), M3 (4 %), and M4 (6 %) indicate the percentage of mixing organic residues with soil.. In each column, means
with similar letters are not significantly difference at 5% probability level.
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Table 4. Mean comparison effect of enriched organic residues with Zn on chemical parameters in lettuce leaves.

Treatments Fe -1 Mn -1 Zn -1 Cu -1 K p N
(mg kg ) (mg kg ) (mg kg ) (mgkg™) (%) (%) (%)
M1 47.69 87.74° 66.10 &™ 941" 5.98T 0.25™ 299"
El M2 28.40"" 87.97° 65.50 & 958" 8.02 " 031™ 3.67°¢
M3 66.48 85.13 ™ 57.167" 44.09 * 8.57%¢ 029" 3.55¢
M4 45.70 ™° 76.47 >¢ 56.48 " 16.53 ** 948 * 0.295 " 348
Ml 13.93 80.09 *¢ 76.19 < 9.14' 8.02 " 024" 2.18™
ol 2 M2 28.22 ™" 7242 60.59 ™" 24.79 ¢ 8.20 " 0.26™ 2,71
M3 29.01 ¢ 64.70 "™ 59.50 ™" 13.58 & 7.67 " 023" 2.68®
M4 63.58 ¢ 75.42"" 71.07 " 29.61 ™ 8.37°¢ 0.28"™" 3.05°
M1 41.28 P 71.17 ¢ 97.44 >¢ 11.93™ 6.97" 031" 2.98 P
B3 M2 44,710 74.51 <" 128.50 ¢ 22.52" 759 041 3.67°"
M3 93.44 ™ 65.32 ¢! 127.14° 38.25% 8.44 ° 0.48 ' 3.76 "
M4 66.83 <! 63.39 " 81.31 " 26.30 ¢ 8.79 ¢ 0.46 “¢ 4.06 ™
Ml 99.28 ¢ 74.93 ¢ 96.28 ™¢ 38.25% 8.26 ¢ 0.42 3.09°
El M2 67.71 ¢! 59 <P 95.34 ¢ 23.07 <" 9.33% 0.35&™ 3.42°
M3 5534 59.60 ©? 73.79 < 44.03 ¢ 7.92 ¢ 041 3.63 "
M4 66.81 54.74 ™4 83.38 “¢ 18.22 7.74 ¢ 0.43 <" 3.40 °*
M1 71.63 ¢ 62.87 "¢ 88.95°" 13.91 & 8.26 “¢ 0.36&™ 2.58 ™
02 E2 M2 65.31 “¢ 66.36 " 86.21 ¢ 28.48 ¢ 8.44 ° 030" 2.77"P
M3 98.49 ¢ 64.66 "™ 70.99 ™ 17.72 ¢ 6.06 0.51°° 3.82°¢
M4 59.07 “* 53.36™ 53.16 %" 13.19™ 6.73 " 0.40 ** 3.72'¢
M1 56.40 77.25°¢ 81.83 °" 27.147¢ 7.77° 0.49 294"
B3 M2 49.43 "% 62.62"° 50 ™ 16.90 ** 7.91°¢ 0.34 " 3.17™
M3 61.53 " 60.44 17 41.55 ™ 13.29™ 7.57 0.35"™ 3.55¢
M4 48.98 65.11¢" 59.02 7" 25.43 <" 7.39 ™ 0.44 <" 4.18°
Ml 47 68.82 ¥ 100.96 ™ 13.83 ¢ 7.77 ¢ 0.44°" 3.39 ¥
El M2 86.57 ¢ 74.81 ¢ 72.01 ** 13.48 & 7.57¢% 0.39 " 3.43°%
M3 76.14 > 52.82 %4 100.20 ™ 13.46 &' 8.80 *¢ 0.43 " 3.30 ¢
M4 71.84 ¢ 59.71'P 49.59 ° 991" 8.14 ¢ 0.43 " 3.95>¢
Ml 42,02 67.04 %% 111.97™ 14217 7.60 ) 0.70* 4.67°
03 E2 M2 4738 "™ 51.68 7 96.99 *¢ 14.03 & 8.14 ¢ 0.46 “¢ 3.34"
M3 37.90 " 47.24 19 28.24° 12.59 ™ 7.07"* 0.42 <! 322
M4 25.38°" 56.63 47.50 ™° 13.15™ 8.50*" 0.49 ' 347
Ml 24,6277 70.38 <7 82.08 °" 10.04' 7.61°" 0.65® 354"
B3 M2 39.50 " 58.95 %P 77.65 997! 8.32°¢ 041 2.06"
M3 18.68 * 62.58 ©° 67" 13.08™ 8.50 0.58 ¢ 3,14
M4 26.56 ™" 77.62 > 68.35'™ 12.89 ™ 9.05*¢ 0.62 *° 3.77""
(6] *k *k ns *% ns S %
E 3k k3 * * * 3k 3k
M * k3 3k * k3 3k 3k
O x E kk kok sk sk * sk sk
o X M k3 * K3k K3k k3 3k 3k
ExM ns ns * ** ok ns **
O x E XM kok kok sk sk ns sk sk
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01 (Carrot waste), 02 (Beet waste), and O3 (Date waste) indicates the types of organic residues; E1 (0 mg kg™), E2 (1000 mg kg™), and E3 (2000 mg
kg) indicate the Zn doses; M1 (0 %), M2 (2 %), M3 (4 %), and M4 (6 %) indicate the percentage of mixing organic residues with soil. In each column, means

with similar letters are not significantly difference at 5% probability level.
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