The Effect of some Agricultural Wastes and Residues Compost in two Consecutive
Spinach Cultivations: 2- Response of Physiological Indicators, Growth, and Plant
Nutrient Elements

Introduction

The use 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: lato investigate the
effect of different GP composts on yield, nutrient elements, and some physiological parameters_of spinach in

investigate the relationship between nutrient elements and physiological indicators of spinach
component analysis.

Materials and Methods

To investigate the effects of GP composts on yield, nutrient elements, al i ical parameters of
spinach (Persius hybrid), an outdoor pot experiment was conducted in a rando ete block design with
eight compost treatments, two levels of urea fertilizer (46%), and a contr
two consecutive growing seasons (spring and fall). Compost treatments i
63%) with chickpea straw and alfalfa (HG-Ch-A), high GP with chickpe
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 | of grape pomace (LG) (37-42%) combined
with other residues/wastes similar to the first four treatments LG-Ch-B, LG-A-B, and LG-All). Urea
fertilizer treatments included: 150 kg per hectare dressing) and 500 kg per hectare (C500)
(three-stage top dressing). Prior to planting, the cm‘osts ixed into the soil (sandy loam) at a
rate of 2% (by weight). The first crop was grown for 50 d ayw@o the second crop was grown for 45
days in September 2018. In both seasons, plant sampl en ifilthe early morning at the end of the growing
season to determine the fresh and oven-dried weight of shi@ot and root samples, leaf area, nutrient elements, and
some physiological indicators. S re wrapped in aluminum foil and stored in a freezer
(-20 °C) to determine the amount b, and total), carotenoids, total phenol, vitamin C,
and antioxidant activity. Oxalic‘id, i m, potassium, phosphorus, calcium, magnesium, and
nitrate were determined in @wen-dri NOVAs were applied separately to spring and fall data,
and mean comparisons were made us can's test at the 0.05% level. Principal component analysis was used
to determine the rel"c‘hlps b e ient elements and physiological indicators of spinach.

Results and Discussiﬂ

The LG-C s (in spring cultivation), and the LG-A-B, LG-All, and HG-AII treatments (in
fall cultivatio i leaf number, leaf area, and yield and were significantly difference from the CO
treatment. The i
accumulation ¥In both cultivations, there was a significant positive correlation between the amount of
P, K, Mg and Zn tspinach and the amount of these elements in the corresponding composts. A synergistic
relationship was alsof@bserved 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 magnesiumgiptake 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-AIl 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.

Conclusions



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-AIl treatments is not recommended due
to nitrate accumulation in spinach.
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Table 1. Characteristics of the initial soil and compo

adgl S L Cuwgy
Initial Composts

Indicators soil HG-Ch-A LG-Ch-A HG-Ch-B LG-Ch-B H -A-B HG-AIl LG-All

pH 8.26 8.4° 8.1¢ 8.6° 8.4° 8.3¢ 8.1¢ 8.0°

CIN 9.17 12,70 12,6 14.2%® 13.3%° 11.3« 12,4 10.7¢

EC (us cm™) 250 833" 14602 546¢ 800° 837° 642° 786°
P (mg kg™ 135 3627° 3473 ‘:‘“ 083° 2833°¢ 2713¢ 2573¢
K (mg kgt 265.3 125672 125672 72 1817° 125002 123672 11000?
Na (mg kg™?) 155.6 2600 2090 % 2430°%° ?5? 2460%* 2427%* 2020°
Ca(mgkgl) 12826 2296 2797%® 1 0° L 463 2088° 2714% 3090

25332 963° 1343° 963° 1241°
8886 ™ 7555°¢ 9565 9322 9839

Mg (mg kg™) 12.2 2609° 760° 27
Fe (mg kg™) 45 8104 % 7687 106892

Zn (mg kg 0.39 103 115° 108 97° 106 104 105
Cu (mg kg™ 0.59 321° 3432 35.1° 335° 34.3¢ 33.2°
NH. (mgkg?)  26.4 3.7t 5.0t 38.7¢ 45 35.1° 6.9
NO; (mgkgl)  36.3 483 362% 491 478 787"
oC (%) 064 g 156% . 19.5¢ 15.0% 16.0% 12,5 14.2% 10.0°
TN (%) 1.4% 1.0° 1,28 1.1 110 0.9°
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Table 2. The effect of eighl‘ape p

g gl 25b 0j jg ooy SRy b Jdb pee ok
W log Sy WS, soailew Ay, Ay Ay 43l Sy Sy S
Treatmen Shoot dry Root fresh  Root dry Root  Petiole  Leaf Leaf Leaf area
weight weight weight length  length  width length
g pot? cm cm?
Spring
Cco 6.5 4.1° 1.1° 12.12 412 2.82 462 13.52
C150 6.8 3.9° 1.0° 10.5¢ 438 272 4,72 13.22
C500 10.0% 5.9 1.6% 11.9¢ 5.12 342 5.92 18.3%
HG-Ch-A 7.93%¢ 6.6% 1.8%® 1042 552 312 6.82 18.2%
HG-Ch-B 10.8% 6.5% 1.8% 12.94 3.92 272 5.12 13.6%
HG-A-B 7.7%%¢ 5.4 1.5% 10.5¢ 452 2.82 6.22 15.92
HG-AIl 7.1%¢ 45° 1.2° 11.32 432 292 5.92 15.52
LG-Ch-A . 11.8% 8.02 222 12.3% 442 2.82 6.02 16.22
LG-Ch-B 76 56.9 b«d 8.5a¢ 5.3%® 1.4%® 13.0¢8 452 3.18 6.32 16.7%
LG-A-B 72 66.2%% 9,62 6.7% 1.8%® 11.62 462 3.22 6.3% 18.2%
LG-All 56° 37.5¢ 5.4¢ 3.6° 1.0° 10.1% 3.82 2.82 4,77 14.42
Fall
Cco 41° 21.6¢ 2.8° 6.3° 2.4%® 18,72 3.02 2.7° 462 11.9°
C150 47% 41.0%%¢ 5.2 11.9%® 3.4 22.9%® 3.92 35® 6.12 18.9%
C500 49% 40.6%¢ 4.9%® 8.2 2.0° 19.0% 3.32 3.4%® 5.32 17.1%
HG-Ch-A 49% 43,92 5.6 18.2% 49%® 26.92 3.22 3.6% 6.12 19.4%
HG-Ch-B 43% 29.0%¢ 3.7%® 11.0%® 47% 19.2% 342 3.3® 5.22 15.9%
HG-A-B 40° 29.3b¢ 3.9%® 9.7% 43%® 18.5% 3.0? 3.4%® 482 16.3%
HG-AIll 522 48.1% 6.32 19.52 8.02 25.2% 3.32 3.4%® 6.22 19.2%®
LG-Ch-A 47 41,23 5.4 12.5%® 4.1%® 23.2% 3.22 3.6% 6.02 19.1%
LG-Ch-B 44 26.4 3.2% 7.2% 2.5 15.0° 2.82 3.0% 482 14.2%
LG-A-B 58? 56.42 6.42 13.7% 3.8%® 23.0%® 342 3.82 6.52 22.3%
LG-All 53 49.8% 6.4° 115%® 3.3 21.9% 3.8? 3.8? 6.32 20.72




B tasugy A 6651 dlis 1 o LG €651 dlis (VU g HG ¢ 0] 1S y3 oS5k 4+ C500 ¢ 0] S y3 p S5k Y0+ :C150 canlis :CO
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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 para*ters of spin
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Sy Spgdle Spydle  ady, ) R ; L eaf Leaf
Leaf  Shoot fresh Shootdry Rootfresh Rootdry len width length
number  weight weight weight weight
e
Sy g dblo il 59 .760™ 1
Sy g dblo Sz 685" .888™ 1
adny ol 0 520" 801" g7 W
adyy K8 s 520" 801" 867 - .
ady, Job 252 446" 505" 9 P
Bl Jb 404" 482" 342 W 105 1
Sy e 309 508" 491" 328 646™ 1
Sy Jib 4317 .386" 734 737" 1
S5, o 335 232 718™ 889" 846™
b
Sy g 48l i 59 .825™
Sy g dblo St .Si‘*
adyy ojl (9 5 1
adyy SES o) .886™ 1
adyy Job 723" 577 1
@l Jobo .258 .079 351" 1
S 580™ 340 507" 584" 1
Sy deb .853™ .650™ 407" 682" .695™ .889™ 1
Sy v .843™ .584™ .328 481 .625™ .973™ .924™

A3 e Ui |y oyd 0 9 ) zobaw y3 (gyl5 xe i 4 ¥ g *F

** and *indicate statistical significance at 1%and 5% levels, respectively.
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Table 4. The effect of six grape pomace composts and two levels of urea fertilizer on nutrient centents of spinach.

b pebe e e A ! o
Treatments K Na Ca Mg P Fe Cu
mg 100g™* FW
Spring
Co 1453.82 43.2° 205.0* 51.1%d 36.5 bede 11.46® 0.48°
C150 142592 51.2%® 152.5%® 54,30 36.7 bede 16.95° 1.15°
C500 1529.32 25.6° 164.4%® 44.3% ‘ 0.55°
HG-Ch-A 1701.7°2 50.9% 152.4%® 76.8% . 0.74%
HG-Ch-B 1397.7° 32.4° 171,52 88.5° 1.11¢ 0.73%
HG-A-B 1321.52 41.0° 173.6® 71.8% 1.21¢ 0.74%
HG-AII 1359.7°2 37.9° 17752 4244 1.02¢ 0.43°
LG-Ch-A 1287.6° 31.4° 136.3%® 88.4° 1.17¢ 0.71%
LG-Ch-B 1346.72 35.0° 84.1° 140.17 0.73% 1.052
LG-A-B 1513.9° 48.0° 171.32 77.5% 0.792 0.71%
LG-All 1354.42 107.1° 186.7°2 33.7¢ 19.9¢ 15.65%® 0.71¢ 0.94%®
Fall
COo 1003.3% 22.1% 46.8° “ 112.9¢ 2 6.35% 0.78*% 0.19?
C150 967.1% 15.7% 47,92 112.2¢ . 5.00%¢ 0.66% 0.212
C500 891.4% 10.3%® 66.0% 32.& 7.42° 0.67% 0.18?
HG-Ch-A 1037.0° 11.4% 68.6° aBB o7 0.61° 0178
HG-Ch-B 1017.0° 19.1® 7552 5.55¢ 0.54 0.10®
HG-A-B 1025.8° 7.9° 61.0% 3.76"% 0.45°¢ 0.11%
HG-AlI 835.1°¢ 6.0° 63.5% 6.19% 0.64% 0.15%
LG-Ch-A 1082.92 58.6% 4.3 0.60% 0.10®
LG-Ch-B 1031.2° 63.0% 4,733 0.57"% 0.09?2
LG-A-B 961.2 3 73.4% 5.34 3¢ 0.51% 0.122
LG-All 964.6% 58.3° 2.28¢ 0.57"% 0.15*%
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CO0: Control; C150

(p<0. 05 s ¢ 59,0 b slopSibie (i ya 5 adgl lge plos 3 JSutize Al 3956 oS :Ch ¢ jxiie
pomace; A: Alfalfag

Ip; Ch: Chickpea straw; All: Composed of all raw materials. Means followed by
letters within a column are significantly different (p<0.05).
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Spring
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Fall
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Figure 1- The principal component analysis (PCA) of the plant data (nutrients, physiologic parameters, and fresh

shoot and root weighti(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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