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Introduction

Summer squash (Cucurbita pepo L.) is a globally significant vegetable crop, highly valued for its
nutritional profile, which includes essential carbohydrates, proteins, vitamins, and minerals. However, its
cultivation is increasingly threatened by global climate change and the resultant environmental stresses,
particularly water scarcity. Drought stress acts as a primary limiting factor for horticultural productivity in
arid and semi-arid regions, such as Iran, negatively impacting yield components, and fruit quality. Previous
research consistently demonstrates that severe water deficit leads to significant reductions in biomass
accumulation, fruit set, and overall marketable yield. To mitigate the adverse effects of drought, sustainable
agronomic strategies, particularly the use of natural biostimulants, have gained prominence. Foliar application
of humic acid, a complex organic polymer, is a recognized strategy to enhance plant resilience by improving
soil structure, increasing nutrient uptake, and modulating plant morphological and biochemical pathways.
This study was conducted to evaluate the efficacy of foliar-applied humic acid in mitigating the negative
impacts of deficit irrigation on the yield and quality of summer squash.

Materials and Methods

The research was conducted at the Agricultural Research Farm of the University of Zanjan in 2019 using the
Cucurbita pepo cv. “Zucchino tondo chiaro di Nizza.” The experiment was structured as a split-plot arrangement
within a randomized complete block design with three replications. The main plots consisted of three irrigation
regimes: 100%, 80%, and 60% of the crop water requirement (ETc). The subplots involved three levels of humic
acid foliar spray: 0 (control), 150, and 300 mg L. The humic acid used was a commercial formulation (Humex,
Biotak Gh, USA) containing 79% humic acid, 12% potassium oxide, and 12% fulvic acid. Planting occurred on
6 June 2019, with a spacing of 80 cm between plants and 100 cm between rows. Irrigation was managed via a
drip tape system with an interval of three days. Following plant establishment and the onset of the first female
flowers, the humic acid treatments were applied in two stages at 10-day intervals, ensuring saturation of both
leaves and stems. Experimental units consisted of six plants each, and standard weed management practices were
implemented throughout the growing season to ensure consistency in performance assessment.

Results and Discussion
The results showed that water deficit stress significantly reduced fruit number, yield per plant, vitamin C
content, and fruit firmness, whereas it increased total soluble solids (TSS), flavor index, total phenolic content,
and antioxidant capacity. Foliar application of humic acid improved fruit yield and quality under both well-
watered and water-deficit conditions. The highest fruit number per plant (8.1), yield (2636 g plant™), fruit
firmness (7.2 kg cm™), and vitamin C content (38.2 mg 100 mL™) were obtained from plants treated with 300
mg L' humic acid under full irrigation (100 %ETc). In contrast, the highest TSS (3.46 °Brix), flavor index
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(4.63), total phenolic content (36.2 mgGAL 100 g-1 FW), and antioxidant capacity (79.6%) were recorded in
plants receiving 300 mg L' humic acid under irrigation 60 %ETc. The integration of deficit irrigation and
biostimulant application represents a crucial frontier in sustainable horticultural management. Under water-
deficient conditions, the plant’s inability to maintain turgor pressure typically hampers cell expansion and
division, leading to the observed reductions in fruit size and number. Humic acid potentially alleviates this by
enhancing the plant’s metabolic activity, acting as a hormone-like agent that stimulates root growth and
optimizes ion transport, thereby maintaining better water relations within the plant tissue even under limited
water availability. By improving the efficiency of photosynthesis and promoting enzymatic activity related to the
antioxidant defense system, humic acid may allow the plant to withstand oxidative stress more effectively.
Furthermore, the application of humic acid acts as a protective buffer, reducing the degree of yield loss normally
attributed to water stress.

Conclusions
This suggests that humic acid could serve as a valuable tool for producers aiming to maximize the
nutraceutical value of summer squash in regions where water is increasingly scarce. Overall, foliar application
of 300 mg L' humic acid proved to be an effective strategy for improving fruit yield and quality of summer
squash, particularly under water-deficit conditions.

Keywords: Deficit irrigation, Flavor index, Total soluble solids, Fruit number.
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Table 1. Physical and chemical properties of the soil at the experimental site

EC(dS m™) pH N(%) P(ppm)

K(ppm)

Fe(ppm) O.M.(%) CaCO;(%)  Soil texture

1.12 7.27 0.8 4.6

154

1.8 1.11 14.09  Sandy clay loam

AA-AY (e lys Juad 5o oyloxs; oKl Sy g (o boidlgh olimns | cliidlgn sl ol )b bawgio .Y Jgur
Table 2- Average climatic parameters of Zanjan university synoptic station during the growth season (2018-2019)

Climatic parameters June July August  September
Average relative humidity (%) 33.2 34.2 344 40.5
Rainfall (mm) 6.2 0.0 0.1 0.5
Minimum temperature (°C) 11.8 15.3 16.1 12.2
Maximum temperature ("C) 29.7 35 345 30
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Figure 1. Summer squash CV. Zucchino tondo
chiaro di Nizza
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Table 3. Analysis of variance for the effects of irrigation levels, humic acid foliar application, and their interaction on
yield and qualitative traits of summer squash fruit

S.0.V. Df Fruit number per plant Fruit firmness Total soluble solids Titratable acidity
Replication 2 0.007 0.001 0.021 0.001
Irrigation 2 25.17** 386753.41** 0.51** 4.19** 0.108**
Main plot error 4 0.056 8045.06 0.03 0.19 0.001
Humic Acid 2 5.13** 367524.3* 0.06* 1.63* 0.008**
IrrigationxHumicAcid 4 0.249** 33417.17** 0.04"™ 0.114** 0.013**
Subplot error 12 0.072 0.01 0.006 0.001
C.V(%) - 8.38 5.48 4.9 7.76
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ns, ** and *: non-significant, and significant at p<0.01 and p<0.05, respectively
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Table 4. Mean comparison of the interaction effects of humic acid application and irrigation regimes on fruit
guantitative and qualitative characteristics of summer squash

Experimental treatments

Fruit number Yield (g per

Fruit firmness Total soluble solids Titratable

per plant plant) (kg cm®) (°Brix) acidity (%)
Irrigation levels Humic Acid
(ETc%) (mg LY

0 6.3¢ 21595°¢ 2.33 bed 1.319 0.4349

100 150 6.8° 2352.8° 2.56 1.53f 0578
300 8.1° 2636.0 2 2.7° 1.76 ¢ 0.619°¢

0 45°¢ 1158.6 2.13% 1.83°¢ 0.678¢

80 150 5.2¢ 1289.8 © 2.3% 253°¢ 0.690 ¢
300 6.2° 1495.1 ¢ 24" 2.80° 0.720 ¢

0 3.39 969.2 ¢ 2.03° 2.33¢ 0.796 2

60 150 38f 1147.0f 2.03° 2.86° 0.728
300 41" 11586 f 21% 3.46° 0.747"
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The means of the traits that have common letters do not have a significant difference at the 5% level of Duncan's test.
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Table 5. Analysis of variance for the effects of irrigation levels, humic acid foliar application, and their interaction on
gualitative traits of summer squash fruit

S.O.V. Df Tasteindex VitaminC Total phenol Flavonoid Antioxidant capacity
Replication 2 0.006 0.007 0.007 0.02 13.62
Irrigation 2 2.19** 2.23** 0.38** 2.13** 1084.4**
Main plot error 4 0.07 0.008 0.01 0.02 4.13
Humic Acid 2 1.84** 1.88** 0.59** 1.01** 220.8**
IrrigationxHumicAcid 4 0.83** 0.33* 0.07** 0.12** 57.2**
Subplot error 12 0.02 0.006 0.002 0.02 1.62
CV(%) - 9.6 8.7 2.8 9.4 9.44

ol (5510 Sro glai pae NS g doyd ST g gy e 5O 510 Sxo glas sudd (LIS oy ay

ns, ** and *: non-significant, and significant at p<0.01 and p<0.05, respectively
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Table 6. Mean comparison of the interaction effects of humic acid application on qualitative characteristics of summer
squash fruit under different irrigation regimes

Vitamin C  Total phenol (mg Flavonoid (mg QE Antioxidant

Experimental treatments Taste index (mg 100m|'1) GAE 1009,1 FW) 1009_1 FW) capacity (%)
Irrigation Humic Acid
levels (ETc%)  (mg.L™?)
0 3.04°¢ 0.78°¢ 1.66°¢ 0.66° 4349
100 150 2.66 ¢ 1.19° 1.83¢ 1.03¢ 57.8F
300 2.85% 2.382 1.83¢ 1.33°¢ 61.9°
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Experimental treatments Taste index

Vitamin C  Total phenol (mg Flavonoid (mg QE Antioxidant

(mg 100mlI™Y) GAE 10097 FW) 1009t FW) capacity (%)
Irrigation Humic Acid
levels (ETc%)  (mg.L™)

0 27 0.49° 1.83¢ 153°¢ 67.8¢
80 150 3.66° 09°¢ 2.03° 18° 69.06 ¢

300 3.88° 1.09° 2.03° 1.83° 72°¢
0 2.933 0.23°¢ 1.95% 1.4° 728
60 150 3.93° 0.42° 223" 1.96° 74.7°
300 4.63% 1.34° 2.36 2 2.06 2 79.6 2

i (pS1S 5g03] o0 B gl 1O YIS Sro BB T A3 (W Hlo S pidine Bgyo 45 Slho (il
The means of the traits that have common letters do not have a significant difference at the 5% level of Duncan's test.

Sl 3ngid pleadly 5 g IS slgrome ali8l riaren
Slys Hladsly 5 iz Lilil Eeely Saagapignl aizad
0 Hiad g menalS o e (595 oy i g Sk
fmdo 05t )kl i 5 Jloys olel Lulyd o,
5 2 PSS VUB) & (alig e (n i o5 (5 5ba
£S5 ¥ Sogemannsl b oadlaes ol o500 10 (5 (39
A sasline ol 5L aws,o Ve e g)lol bl i co LS o

.(Mousavi et al., 2023)

dwigigd g J5 S (glguixe

5 S5 U e s)lo g b (55loleS a5 Jlesl
9 =5 S8 Jlade G yitin 5 0ls Gl 8l o9 09D
o Jeol> oS ol 5l aeyo Fe (g laleST 55 50 audeigds
5 =5 8 Ol 2 e Segepasl S0L Jslxe (F J9az)
5 J=8 Slyizme dgap sl g Cels (5l ine 3l wSgigdls
Jso2) s )lleS 5 Jloy ()lel Ll i 50 05 adgiglld
osire Slao ol 5 Seogemagnl 5 6kl lis 31 (8
2 A SIS 05 s VIVF) S 55 5w e 5 952
3 O 39S 0,5 o Y1 7) 055338 5 (5 39 0,5 Vet
Yoo bldsdme g aoye o glnl jo (5 e pS )
alie (7 Jgaz) ad codl Sengeaanl ;1 )3 0 8 e
ool 5 LS 18 lyime Gl pols nghy ol
Barzegar etal.,) oi 5,155 g, loleS ias 51,0 Lo ogue
PS5 S b (slyiime 4 558 e 5oy (2024
bl il sl o e Ll s s (Cucurbita pepo L)
.(Vaishya et al., 2026)

g Jolw g_;iJj-'Lm Joli 05 o2 b ‘5,'105 R

595 05n & ety (glytome )l G

Pgat 4 «Saageddenl (50 3 )5 (1Sep g 23 alS
1) oo & roling (slgiome ] jo 08 (oo Yoo ale o
L et o5 T 85 ulyd 5 o bl Laly o
Omeling Hlade fSTas (7 Jguz) Jlie Sl ol 4 azgs
Teo il L Gl ee Ve 5o o) oo YIVA) &
Jolo aopo Ve v glal ot Seogamal i 0 05 L
bl 2alS L as sls olis ety lalllas gmbs os
N WERPL WV K VOW) I SUUP WX gy | AR WSO A BRI WS IR
Khani ) o8l als o o YN Gl 4 uedlcd 0500 50
odlnd (59, oo bplol gla iwgim zls (et al.,, 2025
(Sharma et al., 2014) o;»,> 4 (Mousavi et al., 2023)
relng Sl azgs BB 1alS o ka8 45 ol s
S i Sad alidl 4 plgiee 1) RalS cnl 0gh e &
g 28l glos (uli8l b aS 6 sbay ol cos ol iy 3
Sl g lysay (T glasl oS (Slsilo 5L
pld GialS o (0 S o )l)8 eolatul 550 pwdis
SolS el o s S anal codl e JT slaal
(Sharma et al., 2014) s5-% o 090 & yaoling (le—ioes
VL Sasani ol YU Sbile (5 & cpaliyg lyins
Ibrahim et ) o Kos 5 pesl sl Slaalie b a5 culs |, laie
el (Soogd Slgs 3l oolal wisls 5138 a5 al., 2019
Sillae 5 oo (slaads Jald ogro & (raling Slyiome Sgnge
a5 g & meling Sletoe ol A1S (rizren o)l
el Gl 5 Seogapael (IL st ST, (58
Sadeghi Chah-Nasir et al., ) sls ;L g o s ol 3-8l
S sla S oete o JT slaanl i Yl (2023
i sl JUil 5 i T cutte 3151 256 baoges



VPO Cliwn § 5k o) ooled ) Mo ( SLEL OV gasmo 38 (s pé SIS 4,8 VY)Y

(d DS 5 lyome Gl e g Sogarie
Syl ol a0 e S ah & el g L Sgidle
51 ol Yzt 51 ol .l Giolidl 55 ogan  SlonST ]
S5 (@it olie Qi 35 ;0 Seegedenl i
ST 5T L8 i s 5 Slglie slac Il
LSan 5 555 slaail U suslausa mls ol oLS
O LSen g (59—wse 5 4ol o (Barzegar et al, 2016)
o=l ol cedillas udlas o (Mousavi et al., 2023)
2 Az Seegadel 0 )L a8 a5 155 Gl Kaaegs
S5 Ly oSt 5 S 25 sl sl bl
S 5 adozil (omrilnd (I Bl DS 5 ez
Syl Galidl e oS psSslunsl 5 oagsgigdlé (b

23,5 93T 25 BT 2alS g ol (ST 31

g (S L S ol Lis iegh opl @l
)_.JAJ ‘5_45 GLQL)Q}LM té}fs J)S.Lo& €0 gun Slass L)M.(blf
u_.cla Lol cas AJL_M.».JL: 63&5 090 MBLJ @M 9 < ua.AL.Jj
oo sl Slyo ol s i sl Sy 5 Gl
0,8 oS T b by b SleS 5 erbs el
P Sk Vo clale )5 oh0a «Seaguaienl (5L Jsle
h‘ﬁ@bhf&@usoHMBOﬂ.wéwbﬁwbls
Sy o i a o e il 8l e b Cudgaowe
ol landn Condg 9y Gk 5l Seagrai—
ST BT o i Cosi 5 (Sojalp b slaclad
bl Sas ol oab olus als ) (655 Jidd olS
= o f’)—?c_s-l“ Yo <5—““LJ5‘-1""° ol WS
Fie Shpime LS plsmean Gl e | Sogaro—l
iS5 0 ,Shas S5 (gl Camjlame b 55l 5 g0l
9 Sis d-‘OL».A o o)_ajd_v s:\.:L_m.:lJ ‘55\.\5 ALY O 09us
a5 o gy sl ol b 5,8 dpogt (St o
5 SRt Gla)Sgile (ow)p g Al (oolBl Ll 25 )
S ySdos 0928 figr S50 4 Wl oo Seaguainl T (JoSse
G995 ol adss jo T o )LS gilwaige 5 oS 5 )
S SeS ailanls

&8l ol
L o8l slay aseSaa &b oledl allde Bacy s

Dyl gt (el glp Slejle b &8 8 at

Ol e b o JenS g e JLSGl) 5 0 ST
Sl A ol 5 5lanST A5 4 2o Wil oo SLS
St L plals dal,d ol a0 ol )0 058 Jolo
95 ol OS5 Jolss g SlowaST 6T elbs gt
Eiblons 551 slacn] il 0 sk 5l o saril
5 8 ol 5 (Bernstein et al., 2010) oS
=8 pins (nl o3l izl Grpte 5l aeidld
sl o ialiEl 25 s 5o Yoene bl jii a5 axtes
o5 Ll 5o baasggdle 5 S 8 slioe (aldl cnl e
L ablie sl oS olis JSy5lo lsiea olgion |y oIS
(Barbagallo et al., 2012) 5, S , il s5lon ST o
Slyme Seogapignl a8 0ls (Lis ool (nl @l Geiores
G g Jley syll Ll 5 50 1) 905 ogee (i LS 3
ool 050, Jol> mlin L aS ol ialidl g LuloS
L las e a5 SLS 5 0)ls glysean (Mousavi et al., 2023)
(Lo Jg,995 45 o La 5 daosgllsIT) aitws Sy e
Schiavon et al., ) Wg—i o S0 50 (Sogud lgo aliwga
Syt Slgs a5 Wilools lis alises slo yimgsy (2010
SYLsgel VT b o5l by je sla 5 lo el
Sl B OS5 g ;o oS @i}ji aS Dgd oo

(Canellas et al., 2015)

0gw0 (Sl T s )b

SlamSI il cad by (sl g jsbas s Ll sl

S )b gy lloS i Sad Laaly 8l Ly g oy 08,50
(50 sla go) bl ol bl oy o Sloy ST
20 eI BT bb  5 Seagemaral (530 Jlono
(2uo,0 YA/7) @l@\sﬂ Cad,b wSlas clly gyl gse
St Senguaideal ;3 o 0y (e Yoo (AL Joloee 5o
(F Jguz) ab caslice oS ‘5’.] BIFEIRVERR F’*Lg)lﬁ.ﬂp.f ey

ShST il a4 S ol sals Lakine st

Gl JLseol, Bim o Jhe LS 5 jeax b (o5 bLS))
els) SanysSeslinl o Lib LS 5 alo ) 505 o]
SlaeST 8l o 5 Cdlid (izmen 5 adsy 5 (&
S8 jlae—ST 9 SYLSE Ghgend ST p g s
§ G Niad (yezxen (Martinez et al., 2021)
S B L o Sisdl 5 1S Jib laiom (oo (610 st
ol S5 i oo lis a5 el s 5 LE SlanST ]
Sl GlalS (SlanST 5t Bl Gl 3l e SloS
3,5 ¢, 5l juegi o (Barbagallo et al, 2012)



WYY &bl S9u” ogme (Sl 1 ST (olgs 9 (ius” Olio 3 jKlos 3 <Kunga a3 Jalone W (98 9 cors

References

Alordzinu, K. E., Appiah, S.A., Al Aasmi, A,
Darko, R.O., Li, J., Lan, Y., Adjibolosoo, D., Lian, C.,
Wang, H., Qiao, S., and Liao, J., 2022. Evaluating the
influence of deficit irrigation on fruit yield and quality
indices of tomatoes grown in sandy loam and silty loam
soils. Water. 14, 1753.
https://doi.org/10.3390/w14111753

Al-Zebari, P.J., and Sarhan, T.Z., 2019. Effect of
licorice root extract and humic acid on yield characters
of summer squash (Cucurbita pepo L.). Journal of
Duhok University. 22(2), 49-60.

Amin, B., Mahleghah, G., Mahmood, H.M.R., and
Hossein, M., 2009. Evaluation of interaction effect of
drought stress with ascorbate and salicylic acid on some
of physiological and biochemical parameters in okra
(Hibiscus esculentus L.). Research Journal of Biological
Sciences. 4(4), 380-387.

Anjum, S.A., Ashraf, U., Zohaib, A., Tanveer, M.,
Naeem, M., Ali I., Nazir U., and Tabassum T., 2017.
Growth and developmental responses of crop plants
under drought stress: a review. Zemdirbyste-
Agriculture.  104(3), 267-276. DOIl: 10.13080/z-
a.2017.104.034

AOAC. 2000. Official method of analysis of the
association of official analytical chemists. Washington
D.C. 12, 377-378.

Aslani, S., Barzegar, T., and Nikbakht, J. 2019.
Effect of foliar application of humic acid on growth,
yield and fruit quality of tomato (Lycopersicon
pimpinellifolium (L.) Mill) under deficit irrigation
stress. Plant Process and Function. 8 (32), 69-84
http://jispp.iut.ac.ir/article-1-851-fa.ntml [In  Persian
with English Abstract].

Barbagallo, R.N., Chisari, M., and Patane, C.,
2012. Polyphenol oxidase total phenolics and ascorbic
acid changes during storage of minimally processed
‘California Wonder’ and ‘Quadrato d'Asti’ sweet
peppers. LWT-Food Science and Technology. 49(2),
192-196.

Barzegar, T., Ghoreyshi, S.M., Nekounam, F.,
Nikbakht, J., and Ghashghaie J., 2024. Growth, yield,
and physiological responses of cucumber (Kish F1
Hybrid) grafted onto African horned cucumber
(Cucumis metuliferus L.) rootstock under deficit
irrigation stress. Russian Journal of Plant Physiology.
71, 141. https://doi.org/10.1134/S1021443724607092

Barzegar, T., Moradi, P., Nikbakht, J., and
Ghahremani, Z., 2016. Physiological response of okra
cv. Kano to foliar application of putrescine and humic
acid under water deficit stress. International Journal of
Horticultural Science and Technology. 3(2), 187-197.
https://doi.org/10.22059/ijhst.2017.213448.147

Bernstein, N., Shoresh, M., Xu, Y., and Huang, B.,
2010. Involvement of the plant antioxidative response in
the differential growth sensitivity to salinity of leaves vs

roots during cell development. Free Radical Biology
and Medicine. 49(7), 1161-1171.
https://doi.org/10.1016/j.freeradbiomed.2010.06.032

Bharambe, K.P., Shimizu, Y., Kantoush, S.A,
Sumi, T., and Saber, M., 2023. Impacts of climate
change on drought and its consequences on the
agricultural crop under worst-case scenario over the
Godavari River Basin, India. Climate Services. 32,
100415. https://doi.org/10.1016/j.cliser.2023.100415

Canellas, L.P., Silva, S.F., Olk, D.C., and Olivares,
F.L., 2015. Foliar application of plant growth-promoting
bacteria and humic acid increase maize yields. Journal
of Food, Agriculture and Environment. 13, 131-138.

Dada, O.A., and Ogunsesu, Y.O., 2016. Growth
analysis and fruit yield of Capsicum chinense, Jacquin
as influenced by compost applied as foliar spray and
soil augmentation in Ibadan, southwestern Nigeria.
Journal of Agriculture and Sustainability. 9(1), 83-103.

Dehghan, G. and Khoshkam, Z., 2012. Tin (I1)-
quercetin complex: Synthesis, spectral characterization
and antioxidant activity. Food Chemistry. 131, 422-427.

Denre, M., Bandopadhyay, P.K., Chakravarty, A.,
Pal, S., and Bhattacharya, A., 2013. Changes in some
biochemical characteristics in response to foliar
applications of chelator and micronutrients in green
pungent pepper. Global Journal of Biotechnology and
Biochemistry Research. 1(1), 71-81.

Falah, K.N.A., and Nasser, J.R.A., 2025. Response
of growth, yield and quality indicators of three zucchini
hybrids to bentonite amendment under irrigation
regimes. Plant Science Today. 12(4), 1-6.
https://doi.org/10.14719/pst.10355

Haghighi, M., Kafi, M., Fang, P., and Gui-Xiao, L.,
2012. Humic acid decreased hazardous of cadmium
toxicity on lettuce (Lactuca sativa L.). Vegetable Crops
Research Bulletin. 72(1), 49-61.
https://doi.org/10.2478/v10032-010-0005-z

Ibrahim, A., Abdel-Razzak, H., Wahb-Allah, M.,
Alenazi, M., Alsadon, A., and Dewir, Y.H., 2019.
Improvement in growth, yield, and fruit quality of three
red sweet pepper cultivars by foliar application of humic
and salicylic acids. HortTechnology. 29(2), 170-178.
https://doi.org/10.21273/HORTTECH04263-18

Ibrahim, E.A., Ebrahim, N.E.S., and Mohamed,
G.Z. 2024. Mitigation of water stress in broccoli by soil
application of humic acid. Scientific Reports. 14(1),
2765. https://doi.org/10.1038/s41598-024-53012-4.

Kaijv, M., Sheng, L., and Chao, C., 2006.
Antioxidantion of flavonoids of Green Rhizome. Food
Science. 27, 110-115.

Kamara, M.M., Ibrahim, K.M., Mansour, E., Kheir,
AM.S., Germoush, M.O., Abd EI-Moneim, D,
Motawei, M.1., Alhusays, A.Y., Farid, M.A., and Rehan,
M., 2021. Combining ability and gene action controlling
grain yield and its related traits in bread wheat under
heat stress and normal conditions. Agronomy. 11, 1450.


http://jispp.iut.ac.ir/article-1-851-fa.html
https://doi.org/10.22059/ijhst.2017.213448.147
https://doi.org/10.1016/j.cliser.2023.100415
https://doi.org/10.2478/v10032-010-0005-z
https://doi.org/10.21273/HORTTECH04263-18

VPO Csliwn § b o) ooled ) Al ( SLEL Y game 38 ) pé Sl 4,8 VYV

Keller, J., and Bliesner, D., 1990. Sprinkler and
trickle irrigation. Avi book, Co. Ltd., New York, USA.

Khani, A., Baezegar, T., Nikbakht, J., and
Sabatino, L., 2025. Foliar application of K-silicate and
L-cysteine  enhances  production, quality, and
antioxidant activities of cape gooseberry fruits under
drought conditions. Agronomy. 15, 675.
https://doi.org/10.3390/agronomy15030675

Khoshmaram, F., and Arshad, M. 2016. Effect of
foliar application of humic acid and zinc on vyield of
Early CH tomato cultivar. Proceeding of 9th lIranian
Congress of Horticultural Sciences 25-28 January 2016,
Shahid Chamran University Ahvaz, Iran, 1-4. [In
Persian].

Maffia, A., Oliva, M., Marra, F., Mallamaci, C.,
Nardi, S., and Muscolo, A., 2025. Humic substances:
Bridging ecology and agriculture for a greener future.
Agronomy. 15, 410.
https://doi.org/10.3390/agronomy15020410

Mahmood, N., Abbasi, N.A., Hafiz, I.A,, Ali, |,
and Zakia, S., 2017. Effect of bio stimulants on growth,
yield and quality of bell pepper cv. Yolo Wonder.
Pakistan Journal of Agricultural Sciences. 54(2), 311-
317.

Maluleke, M.K., Moja, S.J., Nyathi, M., and
Modise, D.M., 2021. Nutrient concentration of African
horned cucumber (Cucumis metuliferus L.) fruit under
different soil types, environments, and varying irrigation
water levels. Horticulturae. 7, 76.
https://doi.org/10.3390/horticulturae7040076

Martinez, C., Valenzuel, J.L., and Jamilena, M.,
2021. Genetic and pre- and postharvest factors
influencing the content of antioxidants in Cucurbit
Ccrops. Antioxidants. 10(6), 894.
https://doi.org/10.3390/antiox10060894

Mousavi, S.A.H., Barzegar, T., Nekounam, F.,
Ghahremani, Z., and Nikbakht, J., 2023. Assessments of
humic acid soil application and deficit irrigation on
growth, fruit quality and water use efficiency of
physalis peruviana L. Journal of Horticultural Science,
12(54), 1-11. [In Persian with English summary].
https://doi.org/10.22067/jhs.2023.80428.1226. [In
Persian].

Ozfidan-Konakei, C., Yildiztugay, E., Bahtiyar,
M., and Kucukoduk, M., 2018. The humic acid-induced

changes in the water status, chlorophyll fluorescence
and antioxidant defense systems of wheat leaves with
cadmium stress. Ecotoxicology and Environmental
Safety. 155, 66-75.
https://doi.org/10.1016/j.ecoenv.2018.02.071

Rashad, A., Fekry, W.A., Wahdan, H., 2019.
Influence of some squash cultivars and growth
stimulants on flowering, yield and fruit quality at
autumn-winter season under open field conditions.
Journal of Productivity and Development. 24, 433-460.

Sadeghi Chah-Nasir, A., Aboutalebi Jahromi, A.,
Behrooznam, B., Hassanzadeh Khankahdani, H., and
Ejraei, A. 2023. Effect of humic acid and amino acid
foliar applications on the growth characteristics, yield,
and fruit quality of tomato (Solanum lycopersicom L.).
International Journal of Horticultural Science and
Technology. 10(3), 309-318.

Schiavon, M., Pizzeghello, D., Muscolo, A.,
Vaccaro, S., Francioso, O., and Nardi, S., 2010. High
molecular size humic substances enhance
phenylpropanoid metabolism in maize (Zea mays L.).
Journal of Chemical Ecology. 36(6), 662-669.

Sharma S.P., Leskovar D.I., Croshy K.M., Volder
A., and Ibrahim A.M.H., 2014. Root growth, yield, and
fruit quality responses of reticulatus and inodorus
melons (Cucumis melo L.) to deficit subsurface drip
irrigation. Agricultural Water Management. 136, 75-85.

Singleton, V.L., and Rossi, J.A., 1965. Colorimetry
of  total  phenolics  with  phosphomolybdic-
phosphotungstic acid reagents. American Journal of
Enology and Viticulture. 16(3), 144-158.

Vaishya, S.K.U., Singh, D., Kumar, R., Panwar, S.,
Singh, P., Bahadur, A., Krishna, H., and Kumar, R.,
2026. Effect of moisture stress on different cucurbits: a
morpho physiological and biochemical perspective.
Scientific Reports. 16, 7905.
https://doi.org/10.1038/s41598-026-39230-y

Vaziri, Z.H., Salamat, A., Ansari, M., Masihi, M.,
Heydari, N., and Dehghani sanich, H., 2008.
Evapotranspiration plant (water consumption guidelines
for plants) (Translation). Publications of the National
Committee of Irrigation and Drainage, printing, Tehran.
[In Persian].


https://doi.org/10.3390/antiox10060894
https://doi.org/10.22067/jhs.2023.80428.1226
https://doi.org/10.1038/s41598-026-39230-y



