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Introduction

Application of agricultural waste composts, in addition to improving soil fertility, has positive effects on the
quality of agricultural products and the environment by reducing the use of chemical fertilizers and recycling
agricultural waste. Spinach (Spinacea oleracea L.) is a suitable plant for studying the effects of composts and
chemical fertilizers due to some physiological characteristics such as high antioxidant activity and oxalic acid,
significant amount of mineral compounds and vitamin C, and nitrate accumulation. Despite relatively extensive
studies on the effect of different composts on plants, no study has been conducted so far to investigate the effect
of grape pomace (GP) composts on plants in Iran. Therefore, the objectives of the present study were: 1- to
investigate the effect of different GP composts on yield, nutrient elements, and some physiological parameters of
spinach in comparison with two levels of urea fertilization in a pot experiment in two consecutive growing seasons,
and 2- to investigate the relationship between nutrient elements and physiological indicators of spinach based on
principal component analysis.

Materials and Methods

To investigate the effects of GP composts on yield, nutrient elements, and physiological parameters of spinach
(Persius hybrid), an outdoor pot experiment was conducted in a randomized complete block design with eight
compost treatments, two levels of urea fertilizer (46%), and a control treatment (CO0) in three replications and two
consecutive growing seasons (spring and fall). Compost treatments included: High grape pomace (HG) (60-63%)
with chickpea straw and alfalfa (HG-Ch-A), high GP with chickpea straw and sugar beet pulp (HG-Ch-B), high GP
with alfalfa and sugar beet pulp (HG-A-B), high GP combined with chickpea straw, alfalfa, and sugar beet pulp (HG-
All); four other compost treatments included low level of grape pomace (LG) (37-42%) combined with other
residues/wastes similar to the first four treatments (LG-Ch-A, LG-Ch-B, LG-A-B, and LG-AIl). Urea fertilizer
treatments included: 150 kg per hectare (C150) (two-stage top dressing) and 500 kg per hectare (C500) (three-stage
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top dressing). Prior to planting, the composts were separately mixed into the soil (sandy loam) at a rate of 2% by
weight). The first crop was grown for 50 days in May 2018 and the second crop was grown for 45 days in September

2018. In both seasons, plant samples were taken in the early morning at the end of the growing season to determine
the fresh and oven-dried weight of shoot and root samples, leaf area, nutrient elements, and some physiological
indicators. Some of the shoot samples were wrapped in aluminum foil and stored in a freezer (-20 °C) to determine
the amount of chlorophyll (type a, type b, and total), carotenoids, total phenol, vitamin C, and antioxidant activity.
Oxalic acid, zinc, iron, copper, sodium, potassium, phosphorus, calcium, magnesium, and nitrate were determined in
oven-dried samples. One-way ANOVA was applied separately to spring and fall data, and mean comparisons were
made using Duncan's test at the 0.05% level. Principal component analysis was used to determine the relationships
between nutrient elements and physiological indicators of spinach.

Results and Discussion

The LG-Ch-A and C500 treatments (in spring cultivation), and the LG-A-B, LG-All, and HG-AII treatments
(in fall cultivation) had the highest leaf number, leaf area, and yield and were significantly difference from the CO
treatment. The high yield in C500, LG-Ch-A, LG-All, and HG-AIl treatments was associated with nitrate
accumulation in spinach. In both cultivations, there was a significant positive correlation between the amount of
P, K, Mg and Zn in spinach and the amount of these elements in the corresponding composts. A synergistic
relationship was also observed between P and Mg; P and Zn; and Mg and Zn in spinach. On the other hand, an
antagonistic relationship was observed between Ca and Mg in spinach because a high concentration of calcium
inhibits magnesium uptake by reducing cell permeability. In both seasons, the chemical fertilizer treatments
showed the highest amount of chlorophyll and carotenoids because these compounds increase with increasing
nitrogen availability. On the contrary, the amount of antioxidant activity was significantly higher in compost
treatments than in chemical treatments. In the spring cultivation, the highest and lowest amount of oxalic acid and
oxalic acid/Ca ratio were observed in the LG-Ch-B and HG-AII treatments, respectively. Interactions between
nutrients and physiological indicators were observed. The uptake of all micronutrients, P, and Mg (in both
cultivations) and K (in the fall cultivation) was inhibited by high Ca concentration. With the decrease of
micronutrients uptake, an increase in nitrate accumulation may occur because micronutrients are present in the
structure of nitrate reducing enzymes. The interdependence between Mg and oxalic acid/Ca (in spring), K and
oxalic acid (in fall), and Na and oxalic acid/Ca (in fall) may be related to the role of oxalates in the uptake of
mineral ions by plants, since oxalates are usually combined with Na, Mg, Ca, and K in the form of soluble and
insoluble salts.

Conclusion

The use of urea chemical fertilizer (at two levels) and agricultural waste composts had different effects on the
physiological indicators, growth and nutrients in spinach. Spinach grown in soils treated with composts rich in P,
K, Mg, and Zn had higher nutritional value. The grouping of treatments by principal component analysis showed
that chemical and control treatments were clearly separated from compost treatments with high amount of
chlorophyll, carotenoid, nitrate, K, and Zn and low amount of oxalic acid, oxalic acid/Ca ratio, antioxidant activity,
phenol, and Na. In general, the use of C500, LG-Ch-A, LG-All and HG-AII treatments is not recommended due
to nitrate accumulation in spinach.
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adgl S Composts
Bawlid Initial soil s oA LG-Ch-A  HG-Ch-B  LG-Ch-B  HG-AB  LG-AB  HG-Al  LG-All
Indicators
pH 8.26 8.4° 8.1¢ 8.6° 8.4° 8.0¢% 8.3¢ 8.1¢ 8.0°
09 z/f\f ol 9.17 12,71 12,650 14.0% 15.4° 13.3%* 11.3¢ 12,4 10.7¢
S el
sl e 250 833" 1460° 546¢ 776" 800° 837" 642° 786°
EC (us em™)
s . 135 36272 3473% 3113t 3033°¢ 3083°¢ 2833°¢ 2713¢ 2573¢
P (mgkg™)
el . 265.3 125672 125672 117672 109002 106772 125002 123672 110002
K (mgkg™)
m- 155.6 2600 2090 ¢ 24307 2700° 2053° 24607 24273 2020°
Na (mg kg™)
reld . 1282.6 2296 2797 1587°¢ 1280° 2463 2088° 2714 3090°
Ca (mgkg™)
s 12.2 26092 760° 2761° 25332 963° 1343° 963° 1241°
Mg (mg kg™)
ol . 45 8104 7687 % 106892 8886 7555¢ 9565 9322%° 9839
Fe (mg kg™)
oo 0.39 1122 103 1152 1083 97t 106 104 105
Zn (mgkg™)
o 0.59 34.82 32.1° 355° 34.3° 35.1° 335° 34.3° 33.2°
Cu (mg kg™)
P}‘?}‘T be be be a be a b
26.4 2.8¢ 3.7 3.4 5.0 38.7 45 35.1 6.9
NH,* (mg kg™)
oi):g
§ 36.3 524° 12912 255¢ 483 362¢% 491 478 787°
NOj3 (mg kg™)
Jf ‘_J‘ u‘)f ab a a ab ab be be c
64 15. 19.1 19. 15. 16. 12, 14.2 10.
o (%) 0.6 5.6 9 9.5 5.0 6.0 5 0.0
5 0395 abc a ab c abc be be c
TN 06) 0.07 1.2 15 1.4 1.0 1.2 1.1 1.1 0.9

Byy> b sla p Sl (gt p y3 adgl dlge plos I JSuisie (Al 03455 oS :Ch ¢ uiie i B tassigy A €655 i 15 prdaws LG ¢S] a5 (VU padans (HG
(p<0.05) 15,)> (s fslins 3 glize

HG: High level of grape pomace; LG: Low level of grape pomace; A: Alfalfa; B: Sugar beet pulp; Ch: Chickpea straw; All: All
three raw materials. Means followed by different letters within a column are significantly different (p<0.05).
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48 oy (PFPT film photometer, Janeway UK) (¢ yiog558
oKy lwy  bbly-clidsesawd by, 4 yewd  lide
ojlul (¢l (Estefan et al., 2013) ui pusxd (g yogigdg yiSuml
Cataldo et ) us (5,uSe e duwl Sl gy 5l @lyid (5,8
JIN olS ojlac il Lo /Y 4 &S Oy opl 4 (@l 1975
a8 Vo Sl g 8Ll wo o O Siliwdlo sl i) oo
O o VY (YL 4 pH U s adls] Jloy ¥ dgw i) o VA
B9y & e g wanlS Cale S COLE agl TN Ol e
poie (Cheng & Bray, 1951) sas (6,pSolul amwl s
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g ol IS cud b (S5 ladlo dgu0 Cpimen 9 (al., 2009
Hargreaves et ) cul odd ()55 SB (Siglan cullad 5ol58l
23,8 by (Machado et al., 2020) |, Ka» 4 555 (al., 2008
gl olS wd) jlade (gl pxe jobdy S & CumgraS ]38l &S
s ) el Hlew 0 Ay sl el g 0,Sles l5ae 2l iul5el
FoS Pl VIO G VO (o (e Jad )3) CL50 Jlogs )3 g (Juad 53
(¥ Jgi2) 292 CamgeeS slajlos ||

S 5eS 38es g 13 syasls CB00 Jlog by Jad
J5a) 2505yl bize MBI ) K pa «uild C150 jloy 4y s
SB gl le o558 coum o) (olhowd sdgS 5l oalazwl (Y
obS 43y lp 9p8 (I polis (S 8 wal BB
(Ahmadi & Jafarpour, 2015) %44 .

15 molty g 35550 ke Liulsél o HG-AIl  LG-All gla o
(Salarinik & Nael, 2024) (\ s f Joi>) (LG-A-B jlos
LG-Ch- jlas 3 b jlows 1550 51 yin b jlas ol 50 0,Ses jlade
A S oile b @l il g YU PH oS (5950 Jlade JJoay B
ol polic oal 2alS 5 PH (il i) il S, 5
CangaS Jlogd (n s Glysar (BrpaesS yole 5 mijsie
Cudls bajlosi (x> 1) glidwsl B (5 (oS slod ol b a3
b alin (Y Joio) b lis LG-A-B jles b (gl sxe M5! 5
3fdes g 0y Glaadls (n Cute Yoo (Stused oo cuiS
238 luide 3 dne Sglis pie oy e (1 Join) A osalia
Sy ald jles I jide (alesd 35 5 CavgeS (lajlos ples
ol ialisl Jsas JT cladgS 55,18 b zliawl 3, Sles yil3l
Boldrin et) ol (sl yolic cpl onl il 5 SB i
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Table 2- The effect of eight grape pomace composts and two levels of urea fertilizer on growth and yield parameters of

spinach

T A T
B)low s Syl Spgdle Ay “ Root Petiole s 7 s s
Treatments  Leaf Shoot fresh  Shootdry  Root fresh  Root dry length length Leaf  Leaflength Leaf
number weight weight weight weight width area
g pot*? cm cm?

M

Spring

Co 72% 451 6.5 4.1° 1.1° 1212 418 2.8% 4.6° 13.5°
C150 72%® 4454 6.8 3.9° 1.0° 10.52 432 2.7 4.7 13.2¢
C500 1072 74.2%® 10.0® 5.9%® 16%® 11.92 5.1% 3.4%8 5.9 18.3°
HG-Ch-A 89 60.3 ¢ 7.9%¢ 6.6% 18%® 10.42 55% 3.1¢% 6.8° 18.2¢
HG-Ch-B g7 68.7 3¢ 10.8% 6.5% 1.8%® 12.92 3.9 2.7 5.1¢ 13.6°*
HG-A-B 822 53.4 b 7.7%¢ 5.4%® 15%® 10.5% 458 2.8% 6.2° 15.9%
HG-All 8g%® 56.1 bed 7.1 45° 1.2° 11.32 432 2.9 5.9 15.5°
LG-Ch-A 1132 84.7% 11.82 8.0® 2.2¢8 12.32 4.42 2.8° 6.0° 16.2¢
LG-Ch-B 76 56.9 b 8.5 53%® 1.4%® 13.0* 458 3.1% 6.3% 16.7¢
LG-A-B 72% 66.22° 9.6%° 6.7% 18%® 11.62 46° 3.28 6.3 18.2¢
LG-All 56° 37.5¢ 5.4° 36° 1.0° 10.12 3.8 2.8° 4.7* 14.42

b

Fall
Cco 41° 21.6°¢ 2.8P 6.3° 2.4%® 18.7% 3.0¢ 2.7° 46° 11.9°
C150 47%® 41.0%¢ 5.2%® 11.9% 34%® 22.9%® 3.9¢ 35%® 6.1¢ 18.9%®
C500 49 40.6 49%® 8.2%® 2.0° 19.0% 3.32 3.4® 53?2 17.1%®
HG-Ch-A 49%® 43.9°%¢ 5.6% 18.2% 4.9% 26.9° 3.2¢ 3.6 6.1¢ 19.4%
HG-Ch-B 43® 29.0% 37%® 11.0% 4.7% 19.2% 3.4¢8 3.3%® 5.2¢ 15.9%
HG-A-B 40° 29.3% 3.9® 9.7% 43%® 18.5%® 3.0% 3.4® 48?2 16.3%
HG-All 52% 48.1% 6.3% 19.58 8.0% 25.2% 3.32 3.4® 6.22 19.2%®
LG-Ch-A 47%® 41.2%% 5.4%® 12.5% 4.1% 23.2%® 3.2¢8 3.6 6.0° 19.1%
LG-Ch-B 44 26.4" 3.2® 7.2% 25® 15.0° 2.82 3.0® 48?2 14.2%®
LG-A-B 58% 56.4?% 6.42 13.7%® 3.8® 23.0% 3.42 3.8 6.5% 22.3%
LG-All 53® 49.8% 6.4° 115 3.3%® 21.9%® 3.8¢ 3.8¢ 6.3° 20.7¢

is dlis B ey A 4l dlis o5 o LG £S5l A5 Y o tHG 051 JiSn 53 p,SskS de+ ©C500 £ o) LS ;3 p,S5kS 10+ :C150 tanlis :CO

(p<0.05) 5)l5 (g,l5 sime BMBT cglie By > b (sl 1 Slio ¢yt o 53 fadgl dlgo plos 31 JSuiie :All 3956 oIS :Ch
CO0: Control; C150: 150 kg ha* of urea; C500: 500 kg ha* of urea; HG: High level of grape pomace; LG: Low level of grape
pomace; A: Alfalfa; B: Sugar beet pulp; Ch: Chickpea straw; All: Composed of all raw materials. Means followed by different
letters within a column are significantly different (p<0.05).
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Table 3- Pearson's correlation test between growth and yield parameters of spinach

9 adlw b)’U 399 alw SWis 339

o3l je SWiA 05y Jeb

S 3l ) ) . . T dled Spose Spld
Leaf Sy S ) e S petiole Leaf Leaf
number Shoot fresh Shoot dry Root fresh  Root dry Root length width length
weight weight weight weight length
e
Spring
S gl ol i 760" 1
Shoot fresh weight
SpydleSiS ol gggn 888" 1
Shoot dry weight
Ay o3l s 520" 8017 867" 1
Root fresh weight
S g 520" 801" 867" 1.000" 1
Root dry weight
) Jib 252 446" 505" 550" 550" 1
Root length
fwl“’ Jsb 404" 482" .342 403" 403" .105 1
Petiole length
Sr e 309 508" 4917 525" 525" 328 646" 1
Leaf width
S sk 4317 622" .548™ .691™ .691™ .386" 734™ 737" 1
Leaf length
S ok - o o *x ox x
»ghe .335 .617 488 .592 .592 232 718 .889 .846
Leaf area
b
Fall
S gl ol 9 825" 1
Shoot fresh weight
Spydle K Gj o ggn 956" 1
Shoot dry weight
iy o3l s 590" 690" 718 1
Root fresh weight
iy S g 418" 454 518™ 886" 1
Root dry weight
) Jib 530" 568" 625 723" 577" 1
Root length
o Jb 442" 580" 553 258 079 351° 1
Petiole length
s “’9 s~ 551" .826™ .838™ .580™ .340 507 .584™ 1
Leaf width
S ik .650™ 837" .853™ .650™ 407" .682™ .695™ .889™ 1
Leaf length
S e 554" .843™ .843™ .584™ .328 4817 625™ 973" .924™
Leaf area

o oo Ui 1y Lo yd B 9 ) zolaw 43 (gyld xe cud g F 9 F

*

** and *indicate statistical significance at 1%and 5% levels, respectively.

HG- jlos (Jb ool b (¥ Joio) i sanlice aylass (e 50 oS
o ) sl bojlosd e 53 1) (695 9 wasliy e oy pir CH-A
polis opl Y Hlade b gunars 48" (MQ/LOOGFW V/YY o VY- V/Y
(Salarinik & Nael, 2024) sl o (oyblie CuavgreS o

Sl 53 pajeie o yied Gy e g yieS 5 et HMe i
YJYJ/V 9 \i/i "/V\ c\'V/\ g.,u.’).scb) A5 edmlie LG-AII

368 daw iol38l Lo Slas g udy slo s ls da g JB Jials
Ko g B b duopd 10+ 9 WO & o pd Voo 5l ol
Sl 00 45 )l35 (Ghaly et al., 2017)

olss 4a ‘sfl.l\.é yolic
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Ssbas )y (S 35 CowvgeeS gy 9 SB > 0gyi
@YU anlp 3955 b LG-A-B 5 LG-All HG-All slalos
s (Salarinik & Nael, 2024) (V gdllio F Joao) S okt
CawgeaS )3 05 Gy Ja ) Joiz) plojblie CungeeS
o Al (658 glidul ey lyia (N Jga2) oldyblize
SE oS ey o b 95 ceald 929 b 5 CS00
e 9 by o (a8 Cull (6 oS glidl mrly (slye
Sk cppidn LG-Ch-A Jlag .14 oalie HG-AIl Jlos
Capnd 6yl e 9 «Culd byjlod plod (g 3 1) Had 5 masly
Fob goal b guen ppl il CungeS slajles plo
CuwgeeS 33 Ol & (S Sl 05 e g jhud g s (1940
@ (06 Gig e Ve 3 p Sk +IVA) CO s 53 (59, lade 35
g2 HG-All o oty cumgraS’ (sbaloss | ik (5 3 5xe 5k
€0 (o )log & G 5205 0] g)lsine gt LG-AIl Jlos

sl HG-AIl 4 HG-Ch-A £500

e 9 3] e e 3yt LG-Ch-B Loy .(Mg/100gFW
9 M0 NOIA NF /Y ) cuilh |y puadS Hlade oy a8 o
sixe ysbas HG-A-B Jlog 3 yiuud jlaie (MQ/L00GFW AF/)
5 LG-A-B LG-Ch-B il ¢ slasds cloyleg j| it (o)l
e 5 OB piad oy s oz e C150 lagi .36 LG-All
ol 45 el €500 jlass & s (68 mamsly jlado g il
5 onl e (S (F Jgaz) g1 sl ime e sl o loglis
o b gyl ime M3 g s sanlie HG-AIl Jlag )5 o
b e C150
(sixe OMBT olS (e 5 yand cuandS (Slgimo ol S
Ghon 3 pely e (F Jsan) 2 ol bajles o ()b
LG-A-B 5 LG-All HG-All clojlos jds casgpeS (sl ylos
5 & oS ueoly o 355 C500 Jlos j1 yis (6l sine yobots
ol CanrgeoS ol 9 ST )3 quls Jlude ol b cov
o2l® 4 (59555 9 el O (21w sdally 3929 Joey oSL

Tlewl (2l solie Jule 1 0yg) (o lwow 395 zebaws 93 9 46501 WL CumigroS jlowi Cuiid (51 -€ Jgun

Table 4- The effect of eight grape pomace composts and two levels of urea fertilizer on nutrient contents of spinach

oo ] S oS’ e Hd o2l 89 o
Treatments K Na Ca Mg P Fe Zn Cu
mg 100g™* FW
e
Spring
Co 1453.8¢ 43.2° 205.0° 51.1bcd 36.5bede 11.46% 1.162 0.48°
C150 1425.9¢ 51.2% 152.5% 54,30 36.7 bete 16.952 1.132 1.152
C500 1529.32 25.6° 164.4%® 44.3% 23.9¢% 11.47% 1.172 0.55°
HG-Ch-A 1701.7° 50.9% 152.4% 76.8™ 52.g3ke 13.39%® 1.222 0.74%®
HG-Ch-B 1397.7° 32.4° 17152 88.5° 59.2® 13.67%® 1112 0.73%®
HG-A-B 1321.52 41.0° 173.62 71.8° 65.1° 13.16% 1.212 0.74%
HG-AlI 1359.72 37.9° 177,52 42.4% 47,6 %cde 9.13° 1.022 0.43°
LG-Ch-A 1287.6° 31.4° 136.3% 88.4° 46,3 3 12.00%® 1.172 0.71%®
LG-Ch-B 1346.72 35.0° 84.1° 140.1* 33.6% 15.89% 0.732 1.052
LG-A-B 1513.92 48.0° 171.32 77.5% 34,7 bede 13.32% 0.79° 0.71%
LG-All 1354.42 107.12 186.72 33.7¢ 19.9¢ 15.65%® 0.712 0.94%®
b
Fall
Co 1003.3%® 22.1%® 46.8° 112.92 32.32 6.35% 0.78* 0.19°
C150 967.1%® 15.7% 4792 112.22 28.7¢ 5.00%¢ 0.66% 0.21°
C500 891.4% 10.3% 66.02 85.6%® 32.82 7.42° 0.67%® 0.18*
HG-Ch-A 1037.0° 11.4% 68.6° 85.0% 31.32 6.07% 0.61° 0.17*@
HG-Ch-B 1017.0® 19.1%® 75.5% 59.3° 30.1° 5.55¢ 0.54% 0.10°
HG-A-B 1025.82 7.9° 61.0° 61.7° 30.72 3.76% 0.45°¢ 0.11°
HG-AlI 835.1°¢ 6.0° 63.5° 57.8° 3292 6.19% 0.64% 0.15°
LG-Ch-A 1082.92 6.6° 58.6° 93.8% 35.72 4,383 0.60% 0.10°
LG-Ch-B 1031.2° 24.02 63.02 70.3%® 33.42 4.73%¢ 0.57% 0.092
LG-A-B 961.2°%%¢ 16.6% 73.4% 72.0% 31.32 5.34 3¢ 0.51% 0.12®
LG-All 964.6% 14.7% 58.3° 80.0% 32.2° 2.28°¢ 0.57" 0.15°

is dlis B ey A sl dlis o5 o (LG £S5l A5 Y o tHG 051 1o 53 p,SskS B« + LC500 £ o) LS, p,55kS 10+ :C150 tanlis :CO

(p<0.05) 5)l5 (gls sime BMB] cgline Bgy> b (sl 1 Slo ¢yt o 53 fadgl dlgo plos jI ISiisa :All 395 olS :Ch
CO0: Control; C150: 150 kg ha'* of urea; C500: 500 kg ha* of urea; HG: High level of grape pomace; LG: Low level of grape
pomace; A: Alfalfa; B: Sugar beet pulp; Ch: Chickpea straw; All: Composed of all raw materials. Means followed by different
letters within a column are significantly different (p<0.05).
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QUi (S doxgl S Juad 93 52 53 Sl SIST 5 (Slages]
CawgeaS (sboylas 5l pioS olowd 365 (sloslasi ;0 &S 55k
Jaie opyiaS LG-AB § LG-Ch-B slojles 55 tals
S ime SWBT 5 sl bajlass (g )3 |y 45559, 5 b Ji8)I8
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(Wang et al., 2021) b o i3l b Ldg IS e o] onl
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A959) g (06 Gy p)5 Ver 53 p)S e VAT 5 0N i
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HG-Ch-A HG-Ch-B LG-Ch-B (sla,las jl s (s o sine
CcugweS > s polie b swes (pl e C150 4 HG-AII
Jlosi 53 e cutS 53 Gl jlade (e () Jgiz) 390 i bl
sl <utS 53 9 o3l 0jg p)5 Vee 3 p)S ke VYIF) HG-Ch-A
salia (o5 (i po5 Vo0 3 p)S sk 18/+) LG-Ch-B jlos >
Fesl @ oS onb Cond g opb PH Jdoa LG-AIL jlos 5
() Jsiz) 5 blie cungeeS’ 3 Cliis (VL clale 5 b3l S
Sshiles om 2 ) Ol g e (il Jad 5 p
5 HG-Ch-B sl jlas olae cutS ;5 (0 Jgds) Cudls CosgueS
oS 352805 Ualas oy 53 |y el SIS Jadia 2 LG-Ch-B
o ol HG-AIL 5 slesd slojles b (sl ine oM
LG-Ch-B jloas ) oaadS 0 sl SUIST s Jlade gy
u)/v.og 2l ol b jlog sdon L d)bu-;-’“’ OWA] aS” W sdalin
oanlie HG-All 5 ol canld sloyles 5 4asld ool o
as” 6)S e (Machado et al., 2020) )Kan 4 950
CuwgeeS los AD Jidg IS Cuns 98 Jodg IS« JS' Jidg)lS (e
S 9 392 (2liond 395 b CugeeS (oS 5 slajlowd I it
Mo il 03,8" ()15 w5959) S 9 B idg)lS Jlade sl |,
buwg oy (omld Rl b glael )3 uS955)5 9 Jis)lS
(Machado et al., 2020) cusl osis ()55 ;555 ylaa>s

5 caitS LSSl am SB ol oS e 5 cov sy e oyl
(Salarinik & Nael, 2024) (V (gdlio F Joio) sil Hlow 0y
5351 B ylogs (cdan 5 i C150 5 CO (cloylasi 1 ojuio e
HG-Ch-B § HG-A-B HG-AIl sla)les b (o)l sxe M3
(¥ Jods) ol oyl

Capd g (slislas pidin )3 o S )3 olS jand jlado
b5 el 555, CH00 o o158 solon 3 18L5 (sla o &
CavgeaS youwd jldo g olS yowd Hlade po e (Siawed b
Cawl i (505 2ol b gamen sdaliie (pl (1=+/¥0) L5 sanlie
ol g cul b xie JI odle (Hargreaves et al., 2008)
i (Sl S8 S5 1y oS Loy il M55se
adyy Llidl g (Yang et al., 2013) yaws _wyiwd Lialdl ¢ JI
Sy il il ela

@098 3 Sy yolic cdale 15U cov oS o pobie clale
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Mengel ) ub Giolj8l olS jo byl cdale g8 5l eolainl L 5 S
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Yo b zliasl 3 ZN g Mg K P s o siste galal ccutS
ol &yl Jodo B 3 poli) Cudld 2939 CavgeeS jd polie oy
5 Caogsa MO i b gl P i ey isto Stsad (o
5 M b 2] ZN (s 5 (SusgeoS P glil Mg () ol
g (esgenS 70 b il P 5 MG ) oSl 5 s P
Jdie 5 CusgseS 53 polic ol e b 5,Slas ke (p ite s
dgg sodiad ylis Llgi o el pl i sdalie glawl jd polie -yl
O (it (Shased (e Bl polie (ol o Il sdlal,
Ored g zliawl MO L CuwgeS Ca zliawl ;0 Mg 4 Ca jluds
ol wlgr so 45w oanliie 3 Slas b CuwgeS Ca 4 zliawl Ca
Om M) i A3k mjie g eendS pais 9 (935l (sl
b 13 .05 010lie 3,Slos 5 zliind ZN 5P b CusgeaS Ca ko
(Stauzan oS F 5 70 L (g e § ) S5 70 ko (s il
pae cle (sl o 1)) Jodn LB > puls) A sanline bl
Sy olS 3 polie clile e (Stwen b 5 (Sten
Llgy Jdo 4 )50 polie gwyiws bl ol G Jd> 4 Wl oo
5 (Mengel & Kirkby, 2001) yolc o 2libled 5 63)5len
A3l o> 9 PH s e Ll

LS S35 5 93538 (sladualinct

Juad 93 pm 1> WS89 (JS g b @ gg) W fidg IS e
It (2lewd 395 sbylosd 3 loy s )3 € paling g ccuiS
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Table 5- The effect of eight grape pomace composts and two levels of urea fertilizer on physiology parameters of spinach

[Wveve)
. . . S35 oolis . . oSl cudled S35
o addelS bUSs USUdgl e ”"’C S FC BN s o]
B)lo Chlorophyl Chlorophyl Chlorophyl - . N . . Nitrat Total e cT
Treatmen la 1b 1T Carotenoid  Oxalic ~ Vitami e phenol Antioxidant oS
ts acid nC activity Oxalic
acid/Ca
mg 100g" FW l'a‘ggff?‘EV %
e
Spring
Co 44.4% 14.8 59.2 18.9% 2582.7%c 1422 1955 160.6% 36.6% 12.7¢
C150 55,38 18,13 73.4%¢ 24,28 2184.4¢ 14.2* 15.8° 130.12 25.2¢ 14.4%
C500 71.0° 24.3 95.3° 30.4° 2319.7°%¢  145%  46.6° 111.9° 19.0¢ 14.1°¢
HG-Ch-A 63.2% 20.1%® 83.3% 27.1%® 2612.7% 135> 12.6° 132.7¢ 42.2% 19.4%
HG-Ch-B 37.6¢ 13.3% 50.9% 17.4% 2956.4° 13.4° 17.4°¢ 162.02 49.8¢ 17.8%
HG-A-B 49,92%¢ 15.6%¢ 65.4 8¢ 22.2%¢ 2756.8%  136%® 195% 140.9° 44,02 17.3%
HG-AII 52,53 17.0%¢ 69.6 % 22,58 2288.1% 138% 13.7°¢ 117.9° 37.9® 13.3¢
LG-Ch-A 41.1% 13.0% 54.1% 18.1% 2736.3%  138%® 20.3% 110.4¢ 42.1° 22.6°
LG-Ch-B 33.0°¢ 10.0¢ 44.1°¢ 15.6¢ 2932.7¢ 13.3° 17.5¢ 145.32 46.72 35.5%
LG-A-B 34.8¢ 11.4¢ 46.2° 16.2°¢ 2829.5%c  13,7% 2220 135.0® 43.02 17.7%
LG-All 40.1% 13.1% 53.2% 17.6% 2895.6% 133 32.1° 160.5° 46.62 15.5%
b
Fall
Cco 109.9% 32.6% 142.5% 52.3% 1304.1¢° 29.7° 28.1° 131.1% 9.0° 28.8°
C150 132.9% 40.7% 173.6%® 62.6% 931.9%  304° 2732 90.9%® 8.9° 19.62
C500 148.9° 45.6° 194.42 68.7¢ 1020.9®  28.1° 20.6° 90.3% 9.1° 15.92
HG-Ch-A 119.43* 37.43¢ 156.8 ¢ 56.9 %% 1103.6° 4292 20.7¢° 89.3%® 23.1¢ 18.32
HG-Ch-B 103.3% 29.6" 132.9% 48.4% 1061.42 30.3° 31.8% 87.7% 28.7¢ 15.62
HG-A-B 91.2¢ 26.9¢ 118.1°¢ 44.9¢ 1094.6%  35.2% 20.8° 90.0%® 28.4% 19.7@
HG-AIl 100.3% 29.1% 129.4% 487" 1229.32 354% 37.0° 85.2%® 26.5¢% 23.4%
LG-Ch-A 102.9 29.9%¢ 132.8% 48.8% 1001.5%  33.0® 36.3° 87.1® 30.9° 30.1*
LG-Ch-B 89.5¢ 25.2°¢ 114.7°¢ 44.6¢ 1192.2%  28.4° 19.0° 93.9® 33.12 19.5°
LG-A-B 131.5%® 40.2% 171.7%® 61.0% 1077.8° 27.4° 2542 61.5° 22.3% 15.62
LG-All 116.42* 36.3%° 152.6%° 54,8 %% 1018.1° 32.1% 37.3%7 89.7% 30.7¢ 28.9¢

Gazze Al B taosgy A £S5l a1 daw (LG el Allas (YU o (HG <0yl JiSa 45 p,55LS 04+ :C500 ¢ o 5] S y3 p,55LS V- :C150 <sals :CO

(p<0.05) 5,ls (g,ls sime BMB] cglite Bgys b (sl SSlio ¢y i 53 fadgl dlgo plos 51 JSuie :All 3456 oIS :Ch
CO0: Control; C150: 150 kg ha* of urea; C500: 500 kg ha* of urea; HG: High level of grape pomace; LG: Low level of grape
pomace; A: Alfalfa; B: Sugar beet pulp; Ch: Chickpea straw; All: Composed of all raw materials. Means followed by different

letters within a column are significantly different (p<0.05).
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Figure 1- The principal component analysis (PCA) of the plant data (nutrients, physiologic parameters, and fresh shoot and

root weight (FY and FR, respectively)) for the first (a) and the second (b) cultivations. For abbreviations of soil treatments see
Table 4.
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