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This study aimed to investigate the effects of freshwater algal extract as a biostimulant on the
growth and yield of cherry tomato (Solanum lycopersicum) cultivated under controlled greenhouse
conditions subjected to heat stress (35.0-39.0°C). The experiment was conducted in a closed
greenhouse with full sunlight exposure and restricted ventilation to simulate high-temperature stress
conditions. A randomized complete block design (RCBD) was employed with four treatments and three
replications. The treatments consisted of (1) distilled water as the control (T0), (2) 5 mL algal extract
per 1,000 mL water (T1), (3) 10 mL algal extract per 1,000 mL water (T2), and (4) 15 mL algal extract per
1,000 mL water (T3). All treatments received a basal chemical fertilizer (15-15-15) at a rate of 15 g per
20 L of water, applied every three days. Growth and yield parameters were recorded, including plant
height, root length, number of flower clusters per plant, number of fruits per cluster, and total number
of fruits per plant. Data were collected from 20 plants per subplot. Leaf chlorophyll content and leaf
nitrogen concentration were measured using six leaves per plant. Observations were conducted at 15-
day intervals after transplanting (15, 30, 45, and 60 days). Total soluble solids (TSS) was determined at
80 days after transplanting. At harvest, fruit samples were analyzed for amino acid content using an in-
house method based on AOAC (1989), and for essential nutrients (N, P, K) using an in-house method
based on AOAC (2019). Foliar application of the algal biostimulant was performed four times: at 20 days
after transplanting, at the early flowering stage, at the early fruit set stage, and 10 days after the third
application. The results demonstrated that treatment T2 significantly (p<0.05) outperformed all other
treatments across all measured parameters. The highest mean plant height (103.9+2.7 cm), root length
at 45 days after transplanting (26.7+1.1 cm), total fruit number per plant (807.0+3.8 fruits), total soluble
solids (9.00+0.00°Brix), and leaf chlorophyll content (39.9+0.4 SPAD) were observed under T2. This was

followed by T3 and T1, while the control (T0) showed the lowest performance, with all parameters
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being approximately 1.5-1.6 times lower. In conclusion, foliar application of freshwater algal extract at

10 mL per 1,000 mL (T2) represents the optimal concentration for enhancing the growth performance

and yield of cherry tomato under heat stress conditions.
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Figure 1 Amino acid composition of freshwater algae extract as determined by AOAC (1989) and AOAC (2019)
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Table 1 Effect of biostimulant treatments on the mean height of tomato plants at 15, 30, 45, and 60

days after transplanting

Treatment Height (cm+SD)
15 days 30 days 45 days 60 days

TO 7.0£0.5™" 31.3 1.9 51.3 +1.3" 61.9+0.6°
T1 11.740.6™ 35.3+0.8° 55.3+0.4" 65.7+1.4°
T2 20.3+1.0™ 39.3+0.3% 62.7+3.6™ 103.9+2.7°
T3 13.5+1.0™ 37.5+0.7% 58.6+0.9" 78.4+0.9°

CV (%) 38.4 8.2 22.9

t (t-value) 2.31 2.47 9.69 7.49

TO = No bio-stimulant (control); T1= Freshwater algae extract 5 ml: 1,000 ml water; T2= Freshwater algae extract 10 ml: 1,000 ml

water; T3 = Freshwater algae extract 15 ml: 1,000 ml water

1/ ns and * : Non significant and significant at the level 0.05, respectively

2/ Means with different letters in the same column are significantly different at p<0.05 by DMRT.

SD = Standard deviation; CV = Coefficient of variation
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Table 2 Effect of biostimulant treatments on the mean root length of tomato plants at 15, 30, 45, and

60 days after transplanting

Treatment Root length (cm+SD)
15 days 30 days 45 days 60 days
TO 11.6+0.8%% 16.5+0.5™Y 18.4+0.2° 24.8+0.3"™
T1 12.6+0.6° 17.6+0.3™ 22.1+2.5° 28.8+1.0™
T2 13.4+0.3° 19.3+0.3™ 26.7+1.1° 36.6+0.3"™
T3 12.7+0.1° 18.1+0.3™ 24.3+0.7¢ 337+1.0™
CV (%) 6.3 14.8 15.3
t (t-value) 2.306 3.81 6.76

TO = No bio-stimulant (control); T1= Freshwater algae extract 5 ml: 1,000 ml water; T2= Freshwater algae extract 10 ml: 1,000 ml

water; T3 = Freshwater algae extract 15 ml: 1,000 ml water

1/ ns and * : Non significant and significant at the level 0.05, respectively

2/ Means with different letters in the same column are significantly different at p<0.05 by DMRT.

SD = Standard deviation; CV = Coefficient of variation
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Table 3 Effect of biostimulant treatments on the mean number of inflorescence, number

of fruits inflorescence, number of fruits and ©Brix of tomato plants

Treatment Tomato plants aged 80 days after transplanted (day)
number of number of fruits number of fruits ©Brix
inflorescence inflorescence

TO 2.7+0.6 ™Y 1.0+1.0™ 24.3+1.5% 5.67+0.6°
T1 6.3+0.6" 4.3+0.6™ 242.0+4.4° 7.33+0.6"
T2 10.0£1.0™ 9.0£1.0™ 807.0+3.8¢ 9.00+0.0¢
T3 77+0.6™ 5.3+0.6™ 359.0+6.3° 7.66+0.6°

CV (%) 42.4 42.6 83.0 17.7

t (t-value) 3.01 3.13 269.56 1.49

TO = No bio-stimulant (control); T1= Freshwater algae extract 5 ml: 1,000 ml water; T2= Freshwater algae extract 10 ml: 1,000 ml

water; T3 = Freshwater algae extract 15 ml: 1,000 ml water

1/ ns and * : Non significant and significant at the level 0.05, respectively

2/ Means with different letters in the same column are significantly different at p<0.05 by DMRT.

SD = Standard deviation; CV = Coefficient of variation
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Table 4 Effect of biostimulant treatments on the mean Leaf chlorophyll and nitrogen content

of tomato plants at 80 days after transplanting

Treatment Leaf chlorophyll content Leaf nitrogen content
(SPAD) (mg/g)
TO 12.3+0.7°% 11.3+1.0™Y
T1 18.4+0.7° 12.6+0.8™
T2 39.9+0.4¢ 16.8+0.6™
T3 33.4+0.9° 14.7+0.5™
CV (%) 44.6 17.7
t (t-value) 18.27 1.20

TO = No bio-stimulant (control); T1= Freshwater algae extract 5 ml: 1,000 ml water; T2= Freshwater algae extract 10 ml: 1,000 ml

water; T3 = Freshwater algae extract 15 ml: 1,000 ml water

1/ ns and * : Non significant and significant at the level 0.05, respectively

2/ Means with different letters in the same column are significantly different at p<0.05 by DMRT.

SD = Standard deviation; CV = Coefficient of variation
F2150INAN15I8

TUAUAING WAL AIIUY1IVDITINVBIAY
uzidowna 1 efinsuasnszdudininasuuly
usdome Winodnsfindondetu fo dunmaans
T2 WeAugaedegsiign lugianan 15 uay 45
Fundslgn adululddnluszes 15 Ju (early
vegetative) lurfiann3stinn (Wu nguewiily
wsegesluunqueendw/lelaladu) wWilunsedunis
wlagaduazn1sdaiivesdeudewiuiindsgieugn
ylsuildsumassdarugeiioinguaiunuogig
Farau Faffunismaass T2 amnsanszAuNIuUS
Wwaduarn13dndiveusadbaog1eiuszdnsam
1nnddFunsmaaes T1 dsenafimnududuves
anseengisiAuly wagd3umvanes T3 G9o19d
anuitudugaiuluauAnnngdududsaising
(hormonal imbalance %5 @ feedback inhibition)

dwalimsunisveaes T2 dnsiasaaulanieainu

gunilondingudusouiszeizudu dussey 45 Yu
(peak vegetative to flowering) Jugafiuzidowme
ﬁmilﬁ]'%z:yLauimmaﬁﬂéfuqnﬁqm (exponential growth)
rouazwasuluidunisaiisnen ansedinmaztae
WuUsEansnmnsduasievinas vinlinnsagay
pnaiftoifiuaugeildidnilussesd difuns
naaes T2 Ssnauanadnenmlunsiinussansam
NsFuATIEANEY N139ALlI5IM0 NS Lazn1TaNdes
aslulawnsalafindndisunisnaaes T1 way T3
dealvidnisavaudimiawazn1sdndivesafuegng
soifles Tuvauzdidnfunismaans T1 lalanusanssdu
nszvUMITERTIelafnTiuazi funmeass
T3 snaifianansenuidavainasduduiigaiuly
WU N1TTUNIUANAATOS LUUNT BN1TALANANT
finoliiAnanuaien uenaini Tuduanuen
Y9931NMUYINIAN 30 war 60 Tundslanegredaiau
Ingszey 30 Ju (root establishment) #H49INA1AY

BUAIAILA (189 15 TuLsn) NYL3UNTTINYNSIU
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g omemNaNEsER Uit u iUl s
Finmngudaliaueda (humic acid) ¥3oasnseeu
1393 Yuee F U3¢ (microbial inoculants) NIy
wansmataaulusseed Taon1ansgdunisuansan
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2020)
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a1y 1wU nsnezdlu a1srdiegesluuie (Auxin,
Cytokinin) Laga@158 UNI gL 399U @1u150d a3y
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Augrurosninalgdule ldun nsuvaead
(cell division) Msu8svaas (cell expansion)
waen 15 U8 suulaand 19 vesigas (cell
differentiation) Taeslulasiaud unuinlunis

Fuaszilusiutasioulvdninedaatuniswuseas

woanlosaisadesiunisansloundsanvlugy ATP
Fedudusionszuiuns mitosis LaznIdNATILY
nsnilnddn varilnuvadesiiunumlunsauem
WIIAULAIY (turgor pressure) KA¥N1TVEIYYUINVDN
wad dawalrnsiasyivlnvosiinintusgiesings
wazdUszdnSain (Mallick et al, 2024) Tuniq
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iinAnugevesduuzidemang et ataulugag 30
way 60 Ju edleutumugu (10) Sdliifiuinans
AanaealunseuNsRS AUl WAu-NasveieY
(vegetative phase)

uenanil Saiidoysaivayuiinansiinisld
asnsERuTanInaInamseund e oo unis
ARNTUDIMNTVDIS UNY LYY ARBlINAdUAYENIINTT
JuAT1v9iuas (Jame et al, 2025) yilsiifingondie
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(Ascophyllum nodosum) SidrugreLfiuAiaumy
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