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Table 1. Some physical and chemical properties of soil used for cultivation.
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1.82 2.15 10.54 13.55 810 Loam 5.83 0.98 7.84  0.395 ml

* Carbonate calcium equivalent
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Table 2. Chemical properties of organic fertilizers used
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Fig. 1. Different stages of spinach cultivation.
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Table 3. Comparison of the mean effects of soil moisture levels and organic fertilizers on total water consumption (mL) by spinach plant.
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Table 4. Comparison of the mean effects of soil moisture levels and organic fertilizers on water use efficiency (g L™) in spinach plant.
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Fig. 2. Comparison of the mean effects of soil moisture levels and organic fertilizers on plant height (cm) in
spinach.

8 8L 8 3
0 I TR T TR T TR T T T T (L ]
Z Z M

3

tlo® eIl 59
Cud b ao o VO usb ) mdaw .l ool &SI Y S 0 zlawl olS 5059 0 b jlews Jilate 51 5 Sile dslin 4y bgs po ol
Iy ogerre GialS pl ol olga plail 5 59 (g0, 0 YT als cow ac )i Coad )b oo yo Voo Susb ) b 4y o ac 50
b S8l als cnl adgl anililo ls S liordisn 9 Sidn s Slagely Sl degn o8 4 0y So 4 OlEiee
Ghals jslate & ladiy, b a0 Slilge 405 oo | 0 Laditas o5 052 Lo Joloo bl Cgogamme § (Jsho (il 55
G G .ola)l)éjgl" o |y Sid oole adgi < yliwgid F 5 2alS b g aisle sgame | op)S a6 i ol I
Oeiigy e aiile) obS puedgilin jo Pl ay Loyl bl eculyd jo 0,5 dalgs e 30 1) dd ) piw drwgd (Sl 35
Kausar ) ayles oo au>g5 Iy 00giCanyy abaxde LB malS (glo oy sl iiSTy oyl Egozmo ;0 a5 0l yorie (LﬁwJ)JT Codled g
5 (Z2) (Z1) slajlos g ac j0 b )b vy Voo Sush) mhaw 4 baye olee plail 5 59 (liee o 3YL (et al, 2023
oS olen plail 5 59 oo, 0 Ve g YV/E YY/A Liolidl coge (VIY) aall 4y coed VF 5 VFY OV FY Lolio b aS o4 (M6)

acel slaol og o b 0,855 ol cans JT slodgS ol 8,8 4 jaie sl Shs a0 ol oo |y S opl ol gl
Cdz g o o ol oml PH 5 00,5 S0 ,55 | olS dgilie 5 (s Fitw pediiene S50 0 J1 039555 5 oy 3]
Slr 855 e Slsie 4 o2« ST oole 5 Jslmo Lol janng S el b wdle 5508 (gm0 St | B oS polie
ppld @l yole Qiz g ady) anngl Gl o Ll (S LSle dga b oo 5 00,5 Jos S lapnilS )y S
(595 Sadlad dgnpp (IS yolie Joliie 5 (2,5 (el 4 xie 45 08 o bl l3Blen il ool 55 (l S 5 5l 00
S 7o (pl (o5 5 9 p)l5 45 wad oo (LS £adg 4 laadl (nl gd o0 ol 0B Joadly Sl 4 liws Culed 50 s
Dlo 5 1) (Sas (55 4y ol Joowi (talidl U5 ol (laudss js ol b asly 25 a0y Ll 50 b & (s
W20 Gl (Fm ) S e jlesd o glibusl Sl g 5 539 GRIEI W0 S Gl ol Kbyl alie (gl 0 rizes ol
g Gl g pmgid Cud il sgne bz 5l i aliendinn 9 (Siedn s B gile uaiz Gleges GluJld b DLuS 5 (pl a8

YAS



(V- F) Fee b VY slo amio Foylais TF als 5l (Gl 5558 5 pole alxo

S5 @by o b1y oleS i ate Sl T il o Splie Slo i Sl 5 (el eizeed 5 4y ol 2L 5
yeba xg)lﬁj ao Glgredy 0ol 3.8 ) e 1 oslaiwl as” s ST 5,155 (Y YF) ] K g Nijabat .(Liatile et al., 2022) oS’
S oSy sllaals 51 45T gy ol Bl Jpane o b sl L glia 1o 1, cam o Shae 5 4, (513 stas
L as aib e yo JT Ol 5 g Some oldé jolic 0959 5l b wlgs o 8,5ee g oy ;0 Sgage ol .ol axils Jguame
21y ol bl 5 0ols Gl 1) olie 5 OT s (LIS «SB oliardsSo5d Sloogas Sntp 5 3k olga (2,08 (nels

A3 oo ) 39250 aulie 5l digy (5510 20 500

0100% Fc E75 % Fc

(8]

160 g S “— 8 u= =
o |3 o L o o
w [Fled € = 3 5 3 38 3 =2 =
— =) s — " _
B 120 = ) ] B 1 £
E = — _— +
2 2100 = + c £ E x T =
32 el | - ] N
2 Z 80 <
%3 £ °
2 E 60 =
. <
S 40
20
0 el e el el reel e | L Tl e vl ey el e
Z1 Z2 Z3 Z4 M5 M6 M7 M8 V9 VIO VIl V12 Ci13

699 byl
Fertilizer treatments

il oS (1) g 5 (35 0 T sloosS 5 S s, ol Sl o Silis aslio Y S
Fig. 3. Comparison of the mean effects of soil moisture levels and organic fertilizers on fresh weight (g) in
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Fig. 5. Comparison of the mean effects of soil moisture levels and organic fertilizers on root fresh and dry weights

(g) in spinach plant.
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Fig. 6. Comparison of the mean effects of soil moisture levels and organic fertilizers on chlorophyll a and b (mg
g') in spinach plant.
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Ya¥



12.5
115
10.5
9.5
8.5
7.5
6.5
5.5
45
3.5
2.5
15
0.5

(5 039 P | p59,50) gy

Proline (ng/ g fresh weight)

a1 D
o o

S
o

Jole ol g S
N
o

Soluble carbohydrates (mg/g dry weight)
w
o

[N
o

o

i h
Hi d-h

(V- F) Fee b VY slo amio Foylais TF als 5l (Gl 5558 5 pole alxo

Z1

H abc

£l

0100 % Fc 0O75% Fc

Qo

[3+]
3 38 1 ©
£ 2 < 2
o o B B3 & 5 -+
- M - < < ©
[&)) 5, [F] = @{_ ——
b o = S = =
= = =3 Bl =
Z2 Z3 Z4 M5 M6 M7 M8
6955 bl
Fertilizer treatment
@100 % Fc w75 % Fc
S
(&) [+ (&)
e} (&) o] (&)
© O T ] 8
o I o] i o I o o]
Z2 £3 Z4 % ) MG M7 ME

995 slales
Fertilizer treatments

abc

H c-h

H+ abc

V9

Ha

Vo

u -

a2 g
5[ s
= | =
V10 Vil

8 8
PRS-
V10 V11

H abc

i c-g

i fgh

V12 Ci13

H abc
abc
H ab

abc

Viz (13

Jslwe Syas05:,5 5 (5 0335 5570 553,509) oy 1 slosS 5 ST Jigho, b 1 (el amglie A JSC5

bl oS (S22 55 0551055 (o)
Fig. 8. Comparison of the mean effects of soil moisture levels and organic fertilizers on proline (ng g fresh weight)

and soluble carbohydrates (mg g™ dry weight) in spinach plant.

Jokxo Slyupg )5

Sy VO mhaw ugb) mhaw Jlesl a5 ols las Jolowe slocloms S Gl » susb, pobaw 51 oy 5l Jol> mls
Cudyb aoyo Ve les b anslie ;0 00 )0 1Y/ plie 0 Jelowe slacljoumg S il jlo e Gialibl crge as )30 cud )b
olS (Soielg b Bl slopansilSe (0 St 5l (o Olgre 4 Jole ol yaiag S e ol cpl (A JS8) w5 ac )5

Yao



Ohlas 5 LS (L5

518 J5Ss5, Lo 1 cibons 5 o o ol ko 5l L2 S 1, 5 45 335 o copins S5 5 4 il 0
5 Seislsnid S S5l 5l lasgeme ( St 15 4 gy ;0 (LS a0 SaS LS (gl 4 oS Ll o Sl
gl e o se LS (5900 Sdplie slooSles L 5 Ol Bras siluaty lp 1) oz obordisn
Sl ey s 50 (SaSslsdyse Slidl 9 5y Gk 5 Ol BT el jslaie ) laaijg, o ate Jolis (Sy3slsn
Ol (sl slasd wiile gloasS I8 5lu lacedsanl goad b OlalS (abiordign v )0 ailpo 0l iz SIS Gl
slalad (K)o 5l cdadlore g bty Sl g roml JLad (elas b Sl 5 cnl s oo plis (2S5 a8 sl ST
1O, a5 ols s dalllas ol gl aizean (GhOsh et al., 2022) 4isS o aas lnS Ll 1o 1, oS (glis o Jobo
oty Sy Gt ) Yz o355 ] 45 m3 e (s T lolad (55255 sk slonss 2alS gl 25 2l
Sl Jobowe (5183 SVl s 21 55 45 51455 wtlosls GEalS | il ol oS amsgs o i il 5 slanii
cglonnST o il GialS g gladas Candg dgup b JT sloogS 4 aas oo oylis alS 668l ol ol 00gu i b ablie
S s Ol S ass 4 G,k ol 5l g eols pals 1) Joloe slacil uung S aile badlxe slacd gou! ez Ay oS ;LS
Sliadg e Gefgn 5l JSKaie (o0 5 Lo 0015 45 W08 (15 (VoTY) () Ses g Liatile camgsy 5o (A JS4) wiS o
)losz.m ol b sgugy ol ass 5 oS B s Gilo b 4 joue (S S cod CL:.&...;] 30 Sl ojlac ¢ ol
233 oo gl Lol iS5 el Joli (sl oS liilone S 5 o 5 eI T sloe] Sl
il 5 ST 5 s oy 585 b Wl o5 sy S m i S o8 Sl ] 5] S ol
slajles o (kS )0 Jole (slaaid pazxd Jleul bians (il 6 550 jsbas zlawl o, (Sis 4 oo g ol Gl
obS ki l Con Zanile 3557 (nl )3 mraw (VL Slgome 51 (8L (5598 A 4 Siels s (Pl Ol ) by gl
il 5 T Joles B o sl 55,5 el oty S s a5 ssle lgand S 5 ot 5 i L

3318 s e 2 2 y5ee Sl ol o (el slajbisLe

S 5 An

SlaThy 5 %y » 6 )losine e 2l (40,50 Cudyl woyd VO) @dle (S 45 Jleel 45 ol i aslllas ol i
JB9,AS Sl g oS elis )l aia) (359 9 plail SaS g 5 (59 1alS el & (5)5b 4y el il glidul (Sojelss 58
D A k) g 53 Cadgame il a8 IS el (el b (slapnilSe 51 (230 Birae a2alS ol
5 @2) (Z1) sla)los o5 4 JI slooss 0 )5 (Jlie po 05 238 jolis iz jo Ps 5 g ¢ (hals daaij,
o 5l (goaie Slapusilie Gyb 5l loogS (nl oS hawi |, (Sas i ke SIS sl g JB sk 4 (M6)
Gl S e ol el g S Cdled Ky csdie Sl oS el el (S Cud )b S LSl sges
S5 S 5 Gulon) Ldlre slacesenl gz a4 b (2ol 5 (SlenS| 5l s Cusi (lady) ples dny
ol el byl cnl el jsb 4 aind g kel Tulyd 50 o 50 olS (Sufslsnied 5 o) sl At s S5us oz so (Jolone
o35S 3l ookl a5 25 Azt ol o el iy iy, suilannST (i LialS 5 Ui, lS glsize L ol Gyas oIS
38kas 5 08y S5t sl e St L, S st 4 Wlgi e e 4 (OO 5 (2,555 wle) (S D90 4 s 4
Jonily waxio Glapasils )b 5l (Sis 25 4 Jood sbul b sl 0025 )18 oslitul 8590 (6 )lal dige Ll 3 )0 zlidu

23,19 (65,3 (Slapianns 55l al¥l 5 O Bpas alS gl (VL

S50 g s
2 OB I ol oo (5 O olRiaVL) o)) (RS 8 (g (are 09,5 5 (o) olRisls (g, ol allie ()
aoles 5l 3Tl L Se aies )| sbas Kan g Dlas soled 1) 055 dilowas 15,08 5 \Sis il o aiils co p3Y 095

Yag



(V- F) Fee b VY slo amio Foylais TF als 5l (Gl 5558 5 pole alxo

References &bw

Agliassa, C., Mannino, G., Molino, D., Cavalletto, S., Contartese, V., Bertea, C. M., & Secchi, F. (2021). A new
protein hydrolysate-based biostimulant applied by fertigation promotes relief from drought stress in Capsicum
annuum L. Plant Physiology and Biochemistry, 166, 1076-1086.

Bates, L S., Waldren, R. P., & Teare, I. D. (1973). Rapid determination of free proline for water-stress studies. Plant
and Soil, 39(2), 205-207.

Belic, M., Zdravkovi¢-Korac, S., Uzelac, B., Calic, D., Pavlovic, S., & Milojevic, J. (2020). Variability in somatic
embryo-forming capacity of spinach. Scientific Reports, 10(1), 19290.

Bielach, A., Hrtyan, M., & Tognetti, V. B. (2017). Plants under stress: involvement of auxin and cytokinin.
International Journal of Molecular Sciences, 4, 18(7), 1427.

Carillo, P. (2025). Can biostimulants enhance plant resilience to heat and water stress in the Mediterranean
hotspot? Plant Stress, 100802.

Carillo, P., De Micco, V., Ciriello, M., Formisano, L., EI-Nakhel, C., Giordano, M., & Rouphael, Y. (2022). Morpho-
anatomical, physiological, and mineral composition responses induced by a vegetal-based biostimulant at three
rates of foliar application in greenhouse lettuce. Plants, 11(15), 2030.

Choi, S, Colla, G., Cardarelli, M., & Kim, H. J. (2022). Effects of plant-derived protein hydrolysates on yield, quality,
and nitrogen use efficiency of greenhouse grown lettuce and tomato. Agronomy, 12(5), 1018.

Colovic, D., Rakita, S., Banjac, V., Duragic, O., & Cabarkapa, I. (2019). Plant food by-products as feed:
Characteristics, possibilities, environmental benefits, and negative sides. Food Reviews International, 35(4),
363-389.

Dias, A. S., Carneiro, P. A., Boloy, R. A. M., da Silva Cesar, A., & de Oliveira, U. R. (2024). Advancements in vinasse
application: An integrated analysis of patents, literature and research profile. Cleaner Engineering and
Technology, 22, 100795.

FAO. (2023) Food and agriculture organization of the United Nations. FAO, Available online at: http://www.
faostat.fao.org/.

Faroog, M., Wahid, A., Kobayashi, N., Fujita, D., & Basra, S. M. A. (2009). Plant drought stress: Effects, mechanisms
and management. Agronomy for Sustainable Development, 29, 185-212.

Francesca, S., Cirillo, V., Raimondi, G., Maggio, A., Barone, A., & Rigano, M. M. (2021). A novel protein
hydrolysate-based biostimulant improves tomato performances under drought stress. Plants, 10(4), 783.
Garcia -Cano, C., Ferrandez-Gémez, B., Jorda, J. D., Pablo, O., Cerdan, M., & Sanchez-Sanchez, A. (2024). Enhanced

growth of cucumber (Cucumis sativus L.) through amino acids and seaweed extracts for the use in organic
agriculture. Journal of Plant Growth Regulation, 1-14.
Garcia-Sanchez, F., Camara-Zapata, J. M., & Navarro-Morillo, 1. (2024). Use of Corn Steep Liquor as a Biostimulant

in Agriculture. Horticulturae, 10(4), 315.

yay



Ohlas 5 LS (L5

Ghosh, U. K., Islam, M. N., Siddiqui, M. N., & Khan, M. A. R. (2021). Understanding the roles of osmolytes for
acclimatizing plants to changing environment: a review of potential mechanism. Plant Signaling &
Behavior, 16(8), 1913306.

Gil-Ortiz, R., Naranjo, M. A., Atares, S., & Vicente, O. (2023). Antioxidant Responses of Water-Stressed Cherry
Tomato Plants to Natural Biostimulants. Agronomy, 13(9), 2314.

Gomez-Garcia, R., Campos, D. A., Aguilar, C. N., Madureira, A. R., & Pintado, M. (2021). Valorisation of food agro-
industrial by-products: From the past to the present and perspectives. Journal of Environmental
Management, 299, 113571.

Harakotr, B., Trisiri, T., Charoensup, L., Thepsilvisut, O., Rithichai, P., Suwor, P., & Jirakiattikul, Y. (2025). Effects
of Protein Hydrolysate Derived from Hempseed By-Products on Growth, Mineral Contents, and Quality of
Greenhouse Grown Red Oak Lettuce. Horticulturae, 11(4), 357.

Hnilickova, H., Kraus, K., Vachova, P., & Hnilicka, F. (2021). Salinity stress affects photosynthesis, malondialdehyde
formation, and proline content in Portulaca oleracea L. Plants (Basel), 22,10 (5), 845.

Kausar, A., Zahra, N., Tahir, H., Hafeez, M. B., Abbas, W., & Raza, A. (2023). Modulation of growth and biochemical
responses in spinach (Spinacia oleracea L.) through foliar application of some amino acids under drought
conditions. South African Journal of Botany, 158, 243-253.

Kochert, G. (1978). Carbohydrate determination by the phenol sulfuric acid method, In: Helebust, J. A. Craig, J. S
(ed): Handbook of physiological method, pp. 56- 97. Cambridge univ, press, Cambridge.

Li, S., Zhao, X., Ye, X., Zhang, L., Shi, L., Xu, F. & Ding, G. (2020). The effects of condensed molasses soluble on
the growth and development of rapeseed through seed germination, hydroponics and field trials. Agriculture,
10(7), 260.

Liatile, P. C., Potgieter, G., & Moloi, M. J. (2022). A natural bio-stimulant consisting of a mixture of fish protein
hydrolysates and kelp extract enhances the physiological, biochemical and growth responses of spinach under
different water levels. Plants, 11(23), 3374.

Lichtenthalar, H. K. (1987). Chlorophyll and carotenoids: pigments of photosynthetic bio-membranes. Methods in
Enzymology, 148, 350-382.

Malecange, M., Perez-Garcia, M. D., Citerne, S., Sergheraert, R., Lalande, J., Teulat, B., ... & Lothier, J. (2022).
Leafamine, a free amino acid-rich biostimulant, promotes growth performance of deficit-irrigated
lettuce. International Journal of Molecular Sciences, 23(13), 7338.

Navarro-Morillo, I., Navarro-Perez, V., Perez-Millan, R., Navarro-Leon, E., Blasco, B., Camara-Zapata, J. M., &
Garcia-Sanchez, F. (2023). Effects of root and foliar application of corn steep liquor on pepper plants: a
physiological, nutritional, and morphological study. Horticulturae, 9(2), 221.

Nijabat, A., Mubashir, M., Mahmood, M., Siddiqui, M. H. Alamri, S., Nehal, J., Khan, R., Zaman, Q., Haider, S. Z.,
Akhlag, M., & Ali, A. (2024). Molasses-based waste water irrigation: a friend or foe for carrot (Daucus carota
L.) growth, yield and nutritional quality. BMC Plant Biology, 12, 24(1), 855.

YaA



(V- F) Fee b VY slo amio Foylais TF als 5l (Gl 5558 5 pole alxo

Orozco-Angelino, X., Espinosa-Ramirez, J., & Serna-Saldivar, S. O. (2023). Extrusion as a tool to enhance the
nutritional and bioactive potential of cereal and legume by-products. Food Research International, 169,
112889.

Pandey, S., Bajpai, P., Tiwari, M., & Singh, S. (2023). Effect of abiotic stresses on growth and metabolism of the
plant and stress tolerance mechanism. International Journal for Science and Advance Research in Technology,
9 (3), 305-311.

Peng, X., Jiang, Y., Chen, Z., Osman, A. |., Farghali, M., Rooney, D. W., & Yap, P. S. (2023). Recycling municipal,
agricultural and industrial waste into energy, fertilizers, food and construction materials, and economic
feasibility: a review. Environmental Chemistry Letters, 21(2), 765-801.

Polo, J., & Mata, P. (2018). Evaluation of a biostimulant (Pepton) based in enzymatic hydrolyzed animal protein in
comparison to seaweed extracts on root development, vegetative growth, flowering, and yield of gold cherry
tomatoes grown under low stress ambient field conditions. Frontiers in Plant Science, 8, 2261.

Roberts, J. L., & Moreau, R. (2016). Functional properties of spinach (Spinacia oleracea L.) phytochemicals and
bioactives. Food & Function, 7(8), 3337-3353.

Rouphael, Y., Colla, G., Hoagland, L., Giordano, M., El-Nakhel, C., & Cardarelli, M. (2021). Vegetal-protein
hydrolysates based microgranule enhances growth, mineral content, and quality traits of vegetable
transplants. Scientia Horticulturae, 290, 110554.

Seymen, M. (2021). Comparative analysis of the relationship between morphological, physiological, and biochemical
properties in spinach (Spinacea oleracea L.) under deficit irrigation conditions. Turkish Journal of Agriculture
and Forestry, 45(1), 55-67.

Singh, J., Jayaprakasha, G. K., & Patil, B. S. (2018). Extraction, identification, and potential health benefits of spinach
flavonoids: a review. Advances in Plant Phenolics: From Chemistry to Human Health, 107-136.

Singh, S., Singh, P., Tomar, R. S., Sharma, R. A., & Singh, S. K. (2022). Proline: A key player to regulate biotic and
abiotic stress in plants. In Towards sustainable natural resources: monitoring and managing ecosystem
biodiversity (pp. 333-346). Cham: Springer International Publishing.

Sun, Y., Wang, J., Wang, Q., & Wang, C. (2023). Responses of the growth characteristics of spinach to different
moisture contents in soil under irrigation with magnetoelectric water. Agronomy, 13(3), 657.

Wang, X., Li, X., & Dong, S. (2024). Biochemical characterization and metabolic reprogramming of amino acids in
Soybean roots under drought stress. Physiologia Plantarum, 176(3), e14319.

Wasaya, A., Zhang, X., Fang, Q., & Yan, Z. (2018). Root phenotyping for drought tolerance: a
review. Agronomy, 8(11), 241.

Xu, C., & Mou, B. (2017). Drench application of fish-derived protein hydrolysates affects lettuce growth, chlorophyli
content, and gas exchange. Horttechnology, 27(4), 539-543.

Yakhin, O. I., Lubyanov, A. A., Yakhin, I. A., & Brown, P. H. (2017). Biostimulants in plant science: a global

perspective. Frontiers in Plant Science, 7, 2049.

vaq



Ohlas 5 LS (L5

Yang, X., Lu, M., Wang, Y., Wang, Y., Liu, Z., & Chen, S. (2021). Response mechanism of plants to drought stress.
Horticulturae, 7(3), 50.

Zahedifar, M., Moosavi, A. A., Gavili, E., & Ershadi, A. (2025). Tomato fruit quality and nutrient dynamics under
water deficit conditions: The influence of an organic fertilizer. PLoS ONE, 20(1), 0310916.



Iranian Journal of Horticultural Science and Technology 26 (3): 277-300 (2025)
Research article

Investigating the Role of Organic Fertilizers in Increasing Spinacea oleracea
L. Variety Virofly Resistance to Drought Stress in Greenhouse Conditions

Edris Gavili Kilaneh *, Mohammad Babaakbarisari !, Akbar Hassani !, Milad Pero ?, Setareh

Amanifar !
1. Department of Soil Science, Faculty of Agriculture, University of Zanjan. Zanjan, Iran.
2. Farhikhtegan Zarnam Industrial Research Group, Alborz Province, Hashtgerd City, Iran.
* Corresponding Author, Email: (Edris_Gavili@Yahoo.com)

Drought stress is one of the most important abiotic stresses that limits plant growth and yield,
especially in arid and semi-arid regions, by disrupting water and nutrient uptake and physiological
processes. In order to investigate the role of organic fertilizers in improving spinach yield under
drought stress conditions, a factorial experiment was conducted in a completely randomized design
(CRD) with three replications in greenhouse conditions. The treatments included 13 individual
levels and mixtures of liquid fertilizers Zargreen, molasses and vinasse with ratios of 100-0-0(Z1),
75-25-0 (Z2), 75-0-25 (Z3), 50-25-25 (Z4), 0-100-0 (M5), 25-75-0 (M6), 0-75-25 (M7), 25-50-25
(M8), 0-0-100 (V9), 25-0-75 (V10), 0-25-75 (V11), 25-25-50 (V12) and 0-0-0 (C13) in three-
kilogram pots at a rate of 0.14 ml and two moisture levels of 100% field capacity and 75% field
capacity. The results of the experiment showed that drought stress caused a decrease in the fresh
and dry weight of shoots and roots, height, chlorophyll a and chlorophyll b, and an increase in the
amount of soluble carbohydrates, while the use of organic fertilizers improved the conditions
compared to the control. The best treatment (Z1) caused a 34% increase in height, 53% in fresh
weight, 30% in chlorophyll a and 35% in chlorophyll b, and a 35% decrease in soluble
carbohydrates and 5% in water consumption. In general, the use of organic fertilizers was able to
reduce some of the negative effects of drought stress and improve spinach yield.
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