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Introduction

Large amounts of agricultural waste such as straw, leaves and pulps, with high nutritional value are produced every
year. Grape pomace (GP) is rich in macro- and micro-nutrients and can be used as a soil amendment. However, due
to its slow decomposition rate and the spread of diseases and pests, it should not be applied directly to the soil.

Therefore, GP is composted in combination with other wastes. There is not enough information about the composting
of GP and the effect of the produced composts on soil fertility in Iran. Hence, the aims of this study were twofold: to
explore the impact of various GP composts on both soil fertility and spinach yield, relative to two levels of urea
fertilizer, through a pot experiment conducted over two consecutive cultivation seasons; to categorize soil treatments
based on fertilization regimes and timing (season), thus elucidating any patterns or trends in the observed effects.

Materials and Methods

To investigate the effects of GP composts on soil fertility and spinach (Persius hybrid) yield, an outdoor pot
experiment was conducted as a randomized complete block design with eight compost treatments, two levels of urea
fertilizer (46%), and a control treatment (CO), in three replications and two continuous cropping 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-AII); 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-All). Urea treatments included: 150 kg per hectare (C150) (two-step top
dressing) and 500 kg per hectare (C500) (three-step top dressing). A sandy loam soil was used for this experiment.

The composts were separately mixed into the soil 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, the fresh and oven-
dried weigh of spinach shoot and root were determined. Also, total concentration of K, Na, Ca, Mg, P, Fe, Zn, Cu,
and NOs™ were measured in spinach to determine the amount of soil elements taken up by the crop. In both seasons,
soil pH and EC, and contents of soil organic carbon (OC), active carbon (AC), total nitrogen (TN), NOs, NH4*, and
exchangeable K, Ca, Mg, and Na, as well as available forms of P, Fe, Cu, and Zn were determined. One-way
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ANOVAs were applied separately to spring and fall data, and mean comparisons were made using Duncan's test at
0.05% level. To determine the similarities and dissimilarities of the different treatments based on their effect on soil
characteristics, cluster analysis was performed on all soil characteristics that showed significant differences between
treatments.

Results and Discussion

In both cultivation periods, TN levels exhibited no significant variance across treatments. Notably, the highest
potassium (K) levels were consistently observed in the HG-AIl and LG-All treatments, while the lowest K levels
were consistently recorded in the C0O, C150, and C500 treatments. In the initial cultivation period, no notable
differences were observed between the C0O, C150, and C500 treatments, except for potassium (K) and ammonium
(NH4+), with significantly higher levels detected in the CO treatment. Conversely, during the second cultivation
period, significant disparities were observed among the C0, C150, and C500 treatments solely in terms of nitrate
(NO3-) content, with notably higher nitrate levels detected in the C150 and C500 treatments. Through cluster
analysis, all treatments from both cultivation periods were categorized into five distinct groups. Specifically, the CO,
C150, and C500 treatments for each season were consistently grouped together, respectively, into groups one and
two. All compost treatments of each season, except the HG-AIl treatment in the spring cultivation, were grouped into
one class. In the second cultivation, the HG-Ch-A showed significantly higher EC than all treatments, except the
HG-Ch-B. The LG-A-B treatment showed the highest amount of OC and C/N (in both cultivations), and NHs* and
Cu (in the second cultivation). The HG-Ch-A and HG-Ch-B treatments increased TN, P, K, Mg, OC, and AC in the
second cultivation compared to the first. The amounts of all macronutrients and micronutrients, except Fe and Ca,
increased in the compost treatments compared to the control and chemical treatments. In addition, an increase in EC
was observed in the compost treatments compared to the control and chemical treatments, and an increase in pH
compared to the C500 treatment. In the first cultivation, the LG-Ch-A and C500 treatments had significantly higher
yields than the control. In the second cultivation, the LG-All, HG-All, HG-Ch-A, and LG-A-B treatments were the
best compost treatments, while the LG-Ch-B and HG-Ch-B treatments were the weakest treatments in terms of soil
fertility and plant yield. In both seasons, the absorption of elements by spinach depended on multiple factors,
including the element type, its available content in the soil, its initial content in the composts (or fertilizer), soil pH,
and yield.

Conclusion

The application of GP composts over two consecutive growing seasons increased the levels of nitrogen,
phosphorus, potassium, magnesium, zinc, copper, active carbon and organic carbon in the soils. These results are very
important as magnesium, copper and zinc are rarely applied by farmers. In contrast, depletion of all elements, except
organic carbon, occurred in the control and chemical fertilizer treatments due to plant uptake of elements. The
combination of chickpea straw with sugar beet pulp is hot recommended for the production of GP compost, especially
at low GP levels, due to its minimal effect on soil fertility and plant yield. Despite the positive effect of the GP
composts in increasing soil fertility, the continuous application of large amounts of these composts is not
recommended in the arid regions due to the increase in soil EC and pH. The difference between the compost treatments
after two applications of GP composts was less than after one application; these results were confirmed by cluster
analysis, in the sense that all compost treatments in the second season were placed in one cluster.
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Table 1- The ratio of raw materials in compost piles (based on the fresh weight) and characteristics of raw materials

adgl dg0 2551 &9l 35 (E¥hwgS 35 PRV 395 ol8’ soxiy s S
Feedstock Grape Cow Sheep Wheat Chickpea o Sugar beet
Alfalfa Molasses
pomace manure manure straw straw pulp
Lows
- (%)
Treatment
HG-Ch-A 63 7 7 11 4 4 - 4
HG-Ch-B 60 7 7 11 4 - 7 4
HG-A-B 60 7 7 11 - 4 7 4
HG-All 62 7 7 11 2 2 5 4
LG-Ch-A 42 8 8 12 13 13 - 4
LG-Ch-B 37 7 7 11 11 23 4
LG-A-B 37 7 7 11 - 11 23 4
LG-All 38 8 8 11 8 8 15 4
B S5
Characteristics
Qi 1.89 1.80 1.64 0.32 1.02 327 1.40 1.24
N (%)
o o 42.7 353 28.8 37.7 34.0 39.1 35.8 27.4
oC (%)
g & o) S 226 196 176 117 33 12.0 25.6 22.1
C/N
Elﬁ‘ 4.2 9.1 8.6 6 4.8 5.7 5.1 7.4
p
F eela 33 7.8 7.9 2.1 45 49 13 9.0
EC (ms cm™)

adsl Slg plos 31 JSiza Al gy A 13556 oS :Ch atin dlis B ¢ gtiunsS 355 Sh 155l 355 C 1551 s o5 o LG 551 5 VU s HG

HG: High level of grape pomace; LG: Low level of grape pomace; C: Cow manure; Sh: Sheep manure; B: Sugar beet pulp; Ch:
Chickpea straw; A: Alfalfa; All: Composed of the all raw materials.
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Table 2- Characteristics of the initial soil and final composts

e
gl SB CowgaoS
. Composts
et Initial
) soil HG-Ch-A LG-Ch-A HG-Ch-B LG-Ch-B HG-A-B  LG-A-B  HG-All  LG-All
Indicators
pH 8.26 8.4° g8.1¢ 8.6° 8.4° 8.0¢% 8.3¢ g8.1¢ 8.0¢
Oi9r “C” /T\“f G 9.17 12,70 12,6 14.2% 15.4° 13.3%¢ 11.3« 12.4bed 10.7¢
2 4 parigel S 0.71 0.0054%  0.0029°¢ 0.0135°  0.0110%  0.1072®  0.0094"™  0.0732@  0.0090"
NH4+/NO37
s 22 Gl ND* 6.32 6.5° 6.1° 712 6.4° 752 7.2° 552
SAR
S i 250 833" 14602 5461 776" 800° 837° 642° 786°
EC (us cm?)
s 135 3627° 3473 3113% 3033°¢ 3083° 2833°¢ 2713¢ 2573¢
P (mgkg?)
ey 265.3 125672 125672 117672 109002 106772 125002 123672 110002
K (mg kg™
s 155.6 2600 2090 ¢ 2430%° 2700° 2053° 2460%° 24273 2020°
Na (mg kg™)
foelS 1282.6 2296 2797 1587°¢ 1280° 2463 2088° 2714%® 30902
Ca(mgkg™)
i . 12.2 2609° 760° 2761° 25332 963° 1343° 963° 1241°
Mg (mg kg™)
ol 45 8104 ot 7687 % 106892 8886 7555¢ 9565 9322 9839%®
Fe (mg kg™)
9 0.39 1122 103 115 1082 97t 106 1042 105
Zn (mg kg™?)
o 0.59 34.8° 32.12 3552 34.3° 35.12 335° 3437 33.2°
Cu (mg kg™)
posisel 26.4 2.8°¢ 3.7 3.4 5.0 38.7¢ 45 35.1° 6.9°
NH,* (mg kg™)
el 36.3 524°¢ 12912 255¢ 483 362¢% 491 478 787°
NOs (mg kg™)
I oS 0.64 15.6% 19.1° 19.52 15.0% 16.0% 12.5% 142" 10.0°
OC (%)
& oo 0.07 1,280 152 1.4% 1.0° 1,280 1.1b¢ 1.10¢ 0.9°
TN (%)

Sglize g > by bbb cygis y 5 sl Slge plas 1 UStze Al 13956 olS :Ch ¢iin dlis B aoisy A 55] dlis o o LG 1,55 dlis £Vl o HG
(P<0.05) )5 (g foline 333

Gl 045 J)SAJ\AJI:*
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).
*: Not determined.
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;CQCC- California) sl bl jao 4 @b jlow CuvgreS
.(Compost Quality Council, 2001 Van der Wurff et al., 2016
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Table 3- Parameters determined in final composts and different standard threshold levels of maturity and quality indicators
for compost

ol b

9 3l liw! dwnsgo ol - o o159 d')}‘; Y 6‘)9‘:’
oyl oo ligios e Cudlagy 29V s ey e
; European . Lyl Cowgaes’
Institute of The World Quality Canadian Council California
Enslys Standards and Health of Ministers of the -
Wawlind ‘5,\’/”'; 2;“:5::&” Industrial Research  Organization Agiﬁg?r?g € Environment Cégm? ;ft(gggg
u
Parameters of Iran (lisl) (WHO) (CCME)
methods (ECN-QAS) =
A B A B Sdgwy Oy
Very  Mature
Mature
FuSE 50 50
Ash (%) (Yeomans & Bremner,
s 1988
o ol ) >35 >25 10-30 >15 530 >15  >30
OM (%)
Mens
oC (%) CHNS analyzer >25 >15
o (Papadimitriou et al
pH apadimitriou et al., 6-8 6-8 6-9 4-9
(1:10 compost to 1997)
water ratio)
SopsIh el
EC (ds m™) (Sénchez-Monedero et < <14 <19
(1:5 compost to al., 2001) -
water ratio)
e Ol o
SAR <10 <10
by ) 5000- )
K (mg kg?) (Zheljazkov & Warman, 5000-18000 ;509  1000-28000
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Table 4- The effect of eight grape pomace composts and two levels of urea fertilizer on selected soil properties

[
Calaa S Goss B " ) L
Bled o G dse Rl PR e s et Bt el T o
Treatme - © s NOs  NH, K Na Ca Mg Cu Zn Fe P
nts EC oc TN @A AC
C:N
(us em™) (%) (mg kg™
ke
Spring
Co 8.21  410.3°  0.49* 0.07* 65> 2188 70.0° 43.80 247.4% 150.7° 1295.9° 85.1°%° 0.73* 0.62° 4.95" 13.24™
C150  8.23% 376.0° 0.47° 0.08 5.9° 258.0° 98.7*° 30.7° 200.0° 161.1° 1339.3®® 83.1°%¢ 0.71*° 0.61° 4.45" 15.10%
C500  8.19%* 352.0° 0.50* 0.078 7.7% 236.6%¢ 83.8° 30.3° 1655° 163.8° 1336.0® 85.1* 0.72%¢ 0.62° 6.58° 11.24°
HG-Ch-A 843%™ 5057® 060* 0.08 8.1%° 286.5° 120.2¢ 16.6% 288.4*¢ 233.82 1302.6° 85.1% 0.65° 0.78™ 6.03® 17.01°
HG-Ch-B 849® 4223* 066 0.07° 10.4* 338.8 105.9° 16.8% 265.3¢ 219.5% 1362.7® 64.9%° 0.67°° 0.97* 4.96° 14.64>
HG-A-B 8.35% 5943* 064 0.07° 9.3%® 242290 5414 21 60 2730% 168.0° 1376.1®° 40.5° 0.66® 0.89* 5.39% 17.84°
HG-All 8.33% 566.0® 069 0.07° 10.12 201.8* 2119 184% 3345 214.2% 1356.0®% 105.4® 0.73* 0.82%® 7.99° 15.88™
LG-Ch-A 8.32®° 619.0° 0.69* 0.08* 9.5% 17119 79.5% 23,0 282.0% 200.0® 1356.0®° 73.0°¢ 0.70** 0.93® 495" 15.23%
LG-Ch-B 854® 550.0%° 0.66° 0.07*@ 9.7 3723 110.3* 10.9° 257.6° 203.6® 1416.2° 52.7° 0.65° 0.73* 525® 16.80
LG-A-B 839%™ 61270  0.72¢ 0.08* 10.1° 259.6° 41.9%¢ 19.9%% 310.1%° 192.9® 1416.2* 83.1%° 0.72%°¢ 0.88® 5.38% 16.71°
LG-All 813 677.3* 0.70° 0.07* 10.8° 269.0™ 80.3% 20.6%% 32930 192.9% 1362.7% 97.3% (.74 1.01* 4.22° 22.13°
b
Fall
Co 8.49% 160.3%  0.607 0.05° 12.1% 228.4° 36.7% 144%™ 181.2° 154.2% 1128.9%® 486> 053¢ 051¢ 393 12.0°
C150 8.49® 130.3° 055¢ 0.06® 95° 254.9° 81.0% 11.2° 170.0° 154.9° 1148.9% 567 0.58°¢ 055% 4442 8.1°
C500 835" 182.7°% 0.66°¢ 0.05° 14.9%c 195.6° 104.8° 13.9° 158.8° 154.9° 1149.0® 48.6™ 0.57°¢ 0457 425¢ 12.2°
HG-Ch-A 8.44%® 4053 0.95* 0.08 12.4% 437.6° 53.9% 191% 310.1% 154.9° 1035.4™ 109.4° 058 0.78% 391* 21.3°
HG-Ch-B 837" 312.7®® 0.79%% 0.08* 11.3"™  3754% 37.8% 1912 2849 157.7¢0 10454% 75.0% 054 0.62°%" 348 18.6°
HG-A-B  839® 216.7¢ 0.81™ 0.07® 11.1% 340.4° 81.9™ 14.9> 286.3" 152.1*° 1005.3° 93.2% (058 (.72%c 3858 2572
HG-All  849® 220.7%¢ 092 007 14.0®  3884%® 456% 23.3* 3115® 1549% 1209.1* 56.7* 0.59%¢ 063 328 21.8
LG-Ch-A 852® 270.0® 0.90* 0.06% 158%  365.0® 956% 17.8% 289.1% 160.6* 1115.6% 77.0®° 056™¢ 0.87% 3.85* 22.8*
LG-Ch-B 858 255.7* 0.70% 0.07® 12.0°  368.9%® 61.9¢ 165 2835 164.8° 1195.7*% 22.3° 0.63* 0.69°¢ 4.19* 19.1°
LG-A-B  844% 2463* 104*° 005" 195° 365.0® 67.2¢ 258 298.9% 157.7*° 1215.8* 77.0® 0.69*° 0.83* 4.26° 20.7°
LG-All  8.49® 199.0% 0.92% 008 13.3% 3482 25.6° 185% 324.1% 1585% 1235.8% 64.9° 0,622 0.78% 3.60° 255

Al B assgy A oSl Al o8 o (LG 4ol Alis gV s HG 4o )3 ¥ 00] S 13 p,55LS 0+ + :C500 cas)> ¥ 0)9] b j3 p,55LS YA+ :C150 caalis :CO

(p<0.05) 15,ls (g boline EMB] cglisie Cigys b (sl puSSlie ygiw o 53 tadgl dlge plos 3 JSize :All 3456 o5 :Ch ¢y

CO0: Control; C150: 150 kg ha* of urea 46%.; C500: 500 kg ha™! of urea 46%; 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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Figure 1- Two-step cluster analysis for soil treatments (a) and importance of soil properties in clustering (b)
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Table 5- The effect of eight grape pomace composts and two levels of urea fertilizer on yield of spinach
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" Sy e Ay A L Sy g bl

e b Shoot Root Ay
spring Shoot Shoot Root fresh Root Eall fresh Shoot dry fresh

fresh dry weight dry a i weight ; Root dry
: | ! weight weight weight
weight weight weight
g pot* g pot*
Cco 451« 6.5 41° 1.1° Cco 21.6¢ 2.8° 6.3° 2.4®
C150 44,54 6.8 3.9° 1.0° C150 41.03° 5.2® 11.9%® 3.4®
C500 74.2% 10.0® 5.9% 1.6% €500 40.6%* 49%® 8.2%® 20°
HG-Ch-A 60.3 7.93¢ 6.6% 1.8% HG-Ch-A 43.93>° 5.6%® 18.2% 49%®
HG-Ch-B 68.7 %% 10.8%® 6.5 1.8% HG-Ch-B 29.0% 3.7 11.0%® 4.7%
HG-A-B 53.4bcd 7.73%¢ 5.4%® 15%® HG-A-B 29.3 3.9%® 9.7%® 43%®
HG-AlI 56.1 ¢ 7.1 45° 1.2° HG-All 48.1%® 6.32 19.5¢ 8.0%
LG-Ch-A 84.72 11.82 8.0% 2.2° LG-Ch-A 41,23 5.4%® 12.5% 41%®
LG-Ch-B 56.9 ¢ 8.5 5.3 1.4% LG-Ch-B 26.4% 3.2® 7.2%® 25®
LG-A-B 66.23¢ 9.6%° 6.7 1.8% LG-A-B 56.4% 6.4° 13.7%® 3.8®
LG-All 37.5¢ 5.4° 36° 1.0° LG-All 49.8% 6.4°2 11.5% 3.3%®

A Sl dlis o s LG 55 s oYL o HG a3 ¥5 0y )i 13 )55k B :C500 o3 ¥5 051 S 3 p,5 5k 10+ :C150 canls :CO

(P<0.05) 35)ls (s oline B3] ciglisie g y> b (sl yeSilin ysi 10 > sl Slgn plos 51 e Al 3556 ol Ch ¢yuiis Al 1B saosisy

CO0: Control; C150: 150 kg ha'! of urea 46%.; C500: 500 kg ha* of urea 46%; 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).

Loy ad glawl jd 3 Slae ¢ sy sloyasls (ol cow ZY-e
Sl jadls o )d 10+ 9 WO e 4 oleewd 368 o (5058l
2l il 2y JB Ol 4 0y o 0 Sles g i)
2] 39 g o 1 2 oo e 533,k fm iy b
3y @ 5 4l (gynder 15 ol dod LEIIL ey b )5 (0
iles g lod LEnlS b sl b 5 S0 )b a5 LadlS b

il hals plawl My oud ol s

gld) bougd lif polic Qi Hlude
Sljlas g quunly Qo (pyidn C500 jlag wwulS Jol Juad
o izl o jlos oy 53 1y el ods o 68" LG-Al  C150
CumgeaS loylass o 53 1y mawly ol )lade oy LG-CH-A
ol ie Wil Cov puwly Ols laie Ol Wy, il
O3ar o llen by ((Filsar .l S8 7958 9 ey
s cyjoyis eml)d Gilil b &S gpsbody .l ssmlie malsy
50 Jghio) il Gaal3sl 5 Slos ke o] JLisas 5 eolty
YL el L4y HG-Ch-B 4 LG-Ch-A cbjls (£

5 OFIY) 5,Slos (pyidny shls LG-A-B Lo cpgd cuiS 5o
e 9 0 (a5 ol 5 o 03y el i par g pott #/E
CO 5 LG-AIl slajlos b cusyiar ) @l coynder 5 calid
Log)bline ST o5l (9 s 5l Jlegd ol oMoy cuils
Sl 5l ;L& CO 4 HG-Ch-B HG-A-B LG-Ch-B sl log
g CauvgpaS o jlos plod jd 3 Slas Jlide (jlolize ©gles pas pe,)
387 Lzl 5)Sles i1581 00wl jlow 3l i olesd 348
b e Jsbo 1> O3l g sty yind (g3lole) ey JT sloags
sl SB(Sond o Shy dgme orzer 5 S eSS
Najafi-Ghiri & ) e, 5 o5 (Mbarki et al., 2008)
Y o 5 gl S5 59 e &5 63,5 ks (Rahimi, 2016
) 392 30L Jlogd I it (5)oline yobods CumgraS 0)5 20y
2 CavgseS lajlas 13 3, e (IS )3 5,5 /A 5 V/VY
Juad 13 5 wals Jlog 5l jiin plp YO U /Y0 o o Juad 43 2
8L b guod ol cul (B Jga2) 392 C150 lows jl jiin Jlae
1551 5 Mo 9 (Machado et al., 2020) .,Ken o 92l5L
b o (Mellano & Bevacqua, 1992)

Oilen g JE (0 Join) 545 Jboliee OWS! oyl din iy g
e b olewd 355 Hlag a5 15,8 ol (Ghaly et al., 2017)



VFoY sdol— (oo F oylosis MY alo (S g Ol w05 AAF

Ol geas ialS )3 ol ofig b paneS yolic A8 (ieen
55y lyis exialS sla 3l ksl 45 ol 15 a5k olS )
(Ghaly et al., 2017)

eoly ol Jldo (i LG-AB Jlo ccuiS pgd Juab
HG-Ch- b (sl loss L g a5 cudls Lalad 503 &) Canas |y
(5 Jsiz) o ol blas M3l HG-A-B 4 LG-Ch-B B
SB ol 085lauBly Hlde yisred § CuvgeeS lawgd pawlis obl)d
el 08 (ol d 3929 b oliend slajlos ) (F 5 ¥ Jolis)
b obline O3] olS Lawg odd ol ek Jlie oSk
ol s 4 Wilgs e sdaliie cpl oINS LS CangeS slalos
A8l paie 93 cpl g 21l by 3529 5 Jops YL

R & G VL me ol )l i YL enl)
Syt il 5 ks g gt hed mtlp b cos
b s HG-A-B 5 LG-Ch-A HG-Ch-B (sla,lus
oot 18l (slalas b (g boline OS] o8 il | yind ok
5ol g o) o it Vb oSles 5 CungeeS (Yl 9500
o 37 Jgaz) a1y ool 5 g9y @l S S 3,8kes
oL Lawgs i ol ke 331 ol ya 3,Slee 2l 381 500
Jaie 59 ol 3 Sl 38 s e Congen 53 53350
sy il gonmd Ll Wy o sdalin ol es @l Gls

ColS’ Cugd 93 43 gldw! bwgi (e polis Cia jlado 5 8,9 (olosni 395 g 53 5 1951 WS CuwrgnoS jlowd Cuiid 51 - Jgu
Table 6- The effect of eight grape pomace composts and two levels of urea fertilizer on uptake of nutrient by spinach in two

seasons
o oy 2w oS’ o2 o pro ool &9 oo Ol
Treatment K Na Ca Mg P Fe Zn Cu NOs
mg pot!
M
Spring
Cco 618.0% 13.1% 90.4%¢ 23.7% 17.8%f 5.26° 0.55° 0.25° 8.39¢
C150 586.4¢ 10.4¢ 66.4 25,90 15.6° 9.19% 0.520 0.69% 5.784
C500 1130.3* 18.7% 121.9% 32.7% 17.7%F 8.60% 0.87%* 0.42%¢ 34.47%
HG-Ch-A 993.8%%¢ 30.0% 87.6%* 47.8%¢ 31.5%4 7.80% 0.73%¢ 0.43%%° 7.25%
HG-Ch-B 960.4%4 21.6%¢ 116.7% 60.5% 40.9* 9.43%* 0.77%° 0.50%° 11.84°
HG-A-B 698.6°%% 21.0%¢ 89.6%° 38.90 34.4%¢ 7.11% 0.64*4 0.41%¢ 10.88°
HG-AIl 752.6"¢ 20,78 97.8%¢ 23.7% 23.4%¢ 5.29° 0.58 0.26" 7.35%
LG-Ch-A 1085.9% 26.8%¢ 114.1% 75.7° 30.3% 10.70% 0.99% 0.67%® 17.24°
LG-Ch-B 767.3%¢ 19.2% 47.1° 81.0% 19.3¢ 8.22% 0.42% 0.51%¢ 9,94
LG-A-B 1003.4%* 30.0% 106.9% 54.,6%¢ 25.4%¢ 9.08%® 0.570« 0.50%* 14.51%
LG-All 473.7° 39.0° 69.8 12.44 7.97 6.90% 0.30¢ 0.47%¢ 12.42b
b
Fall
Cco 214.1° 5.2 10.0° 21.2% 7.2¢ 1.38° 0.17 0.04° 6.25%
C150 396.8% 5.9% 20.3 43.6% 12.3%d 2.14% 0.28* 0.08% 11.30%°
C500 368.32%° 2.6° 25.2%¢ 33.73%¢ 12.6%4 2.69% 0.26%° 0.07%® 10.53%¢
HG-Ch-A 455,9% 5.0% 30.9% 36.1%¢ 13.6%¢ 2.75% 0.27% 0.08? 9.443°
HG-Ch-B 295.0% 5.2% 22.3%¢ 18.1¢ 8.7« 1.81%® 0.17% 0.03° 8.98%°
HG-A-B 303.6™ 2.6° 19.0% 18.6¢ 8.90cd 1.16° 0.13° 0.03° 6.22%
HG-AIl 405.47%¢ 2.9° 29,23 28.4% 15.7% 2.92% 0.31° 0.07%® 17.49%
LG-Ch-A 439 43¢ 2.6° 22.3%¢ 39,13 14.5%¢ 1.89% 0.24%¢ 0.04° 14.47%¢
LG-Ch-B 272.7% 552 16.4% 18.7¢ 8.6« 1.19° 0.14 0.03° 4.52°
LG-A-B 539.22 9.12 41.5° 40.5% 17.6% 3.072 0.29° 0.07%® 14.15%¢
LG-All 488.6° 8.3%® 32.1%* 40.5% 16.0° 1.24° 0.28* 0.07® 20.45%

A S A 1S o (LG €655l i VU s (HG 00,3 ¥ 0 )9] jliSan 13 p,55LS 0+« :C500 tauo )5 ¥5 05l )i ;5 p,55LS V0 :C150 cualis :CO
(p<0.05) 5)ls (g,l5 sime M| glite Bgys b (slo 1 Slo (i o )3 fasl dlgo plos 5l Suiiie :All 3556 oS :Ch ¢ jaiss Al :B fasgsy
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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