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7KH�H൵HFW�RI�PL[HG�IHUWLOL]HUV�RQ�WKH�YHJHWDWLYH�JURZWK 
�DQG�UHSURGXFWLYH�FKDUDFWHULVWLFV�RI�WRPDWRHV��L. esculentum Mill)

AbstUDFW��The purpose of this study was to investigate how combination fertilizers based on seaweed 

OLTXLG�H[WUDFW��6/)��DQG�QLWURJHQ�IHUWLOL]HU��38��D൵HFWHG�WRPDWR�YHJHWDWLYH�GHYHORSPHQW�DQG�UHSURGXFWLYH�
characteristLFV� �L. esculentum Mill). The mixed fertilizers had varying amounts of SLF and a constant 

DPRXQW�RI�38�>����6/)���38����������6/)���38��������6/)���38�����DQG������6/)���38���@��7KH�
greenhouse was used to study tomato growth and yield response to mixed fertilizer. The Randomized 

&RPSOHWH�%ORFN�'HVLJQ� �5&%'��ZDV� XVHG� IRU� WKH� H[SHULPHQW��ZLWK�¿YH� UHSOLFDWHV� IRU� HDFK� WUHDWPHQW��
7KH� GDWD�ZHUH� DQDO\VHG� XVLQJ� YDULDQFH� DQDO\VLV� �$129$�� DQG� FRPSDUHG� WR� D� FRQWURO� WKDW� GLG� QRW� XVH�
fertilizer. The results revealed that the mixed fertilizers resulted in substantial increases in all the evaluated 

DWWULEXWHV��+RZHYHU��PL[HG�IHUWLOL]HU������6/)���38����SURGXFHG�WKH�KLJKHst�YHJHWDWLRQ��ÀRZHU��DQG�IUXLW�
characteristics compared to the control plants and other treatments. These results clearly show that 10% 

SLF + PU50 is favourable for tomatoes.

.H\�ZRUGV� tomato, fertilizer, vegetative, growth.

,QWURGXFWLRQ

7RPDWRHV��Lycopersicon esculentum Miller) are 

RQH� RI� WKH�PRVW� VLJQL¿FDQW� YHJHWDEOH� FURSV� IDUPHG�
LQ�WKH�ZRUOG��ERWK�LQ�WKH�¿HOG�DQG�LQ�JUHHQKRXVHV�>�@��
In terms of human health, tomato is a vital source 

of minerals, vitamins, and antioxidants and is a 

substantial component of many people’s daily diets 

in many countries [2,3]. Using seaweed in such 

D� FLUFXPVWDQFH� LV� WKXV� D� ¿QDQFLDOO\� DGYDQWDJHRXV�
proposition. Seaweed is used as a foliar spray or a 

soil drench to promote faster growth and production 

in leafy vegetables, fruits, orchards, and horticultural 

plants. The presence of plant hormones, particularly 

cytokinin, has been attributed to a large portion of the 

EHQH¿W�GHULYHG�IURP�WKH�XVH�RI�VHDZHHG�H[WUDFW�
Various seaweed concentrates contain 

considerable amounts of cytokinin in addition to 

other phytohormones [4]. Meanwhile, nitrogen 

IHUWLOL]HU� LV� FULWLFDO� IRU�SODQW� JURZWK� DQG�¿QDO�JUDLQ�
yield, and it has been applied at the optimal rate 

to meet the plant’s needs. Urea is one of the most 

popular nitrogenous fertilizers among farmers due 

WR�LWV�KLJK�QLWURJHQ�FRQWHQW������E\�ZHLJKW���ZKLFK�
has overtaken other nitrogenous fertilizers. When 

urea fertilizer inputs to the soil system exceed crop 

needs, 50% of the applied fertilizer may escape to 

WKH� HQYLURQPHQW� RZLQJ� WR� OHDFKLQJ�� VXUIDFH� UXQR൵��
decomposition, and ammonium volatilization in the 

soil, since only a part is absorbed by plants.

The slow-release method was used on urea 

fertilizer to gradually release the nutrient contents 

DQG�WR�FRUUHVSRQG�ZLWK�WKH�XVDJH�H൶FLHQF\�RI�SODQW�
uptake. It had been reported that PVA was used for 

seed coating or pre-treatment seed to improve seed 

germination, seedling growth, or salt resistance [5,6], 

RU�XVHG� LQ� VRLO� WR� UHGXFH� UXQR൵�DQG� VRLO� ORVVHV� >�@��
improve root number and root length in jujube [8], and 

improve rooting percentage in woad and pear clones 

[9,10]. Copper encapsulated in chitosan and PVA-

chitosan increases the development characteristics 

of tomato plants, according to Hipólito et al. [11] 

and Pinedo et al. [12]. As a result, the combination 

of hydrogel and fertilizer has emerged as one of the 

promising materials for overcoming the shortcomings 

RI�FRQYHQWLRQDO�IHUWLOL]HU�E\�VLJQL¿FDQWO\�LPSURYLQJ�
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plant nutrition, decreasing fertilizer loss rate, 

reducing environmental impact from water-soluble 

fertilizer, supplying nutrients sustainably, and 

lowering irrigation frequency [13]. Mixed fertilizers 

have the potential to increase crop production 

stability, maintain improvements in soil fertility, and 

LPSURYH�SODQW� GHYHORSPHQW� H൶FLHQF\� >��@��&RSSHU�
encapsulated in chitosan and PVA-chitosan hydrogel, 

according to Hipólito et al. [11] and Pinedo et al. 

[12], increases the growth characteristics of tomato 

plants and plants and pepper.

Evidence suggests that combining organic and 

inorganic fertilizers improves nutrient availability, 

optimizes the soil environment, and improves crop 

productivity [15,16]. The combined use of chemical 

and organic sources, known as integrated nutrient 

management, is generally acknowledged as a method 

of enhancing crop productivity sustainably [17,18]. 

When compared to NPK fertilizer alone, a combined 

application of 3 t/ha vermicompost and 50% doses of 

13.��������������NJ�KD��IHUWLOL]HU�UHVXOWHG�LQ�JUHDWHU�
tomato crop growth and yield [19]. 

Ayeni et al. [20] found that poultry at 20, 30, 

and 40 t/ha with NPK 15: 15: 15 fertilizers greatly 

increased plant leaf area, quantity of leaves, 

branches, and tomato fruit yield. Adnan et al. [21] 

GLVFRYHUHG� D� VLJQL¿FDQW� LQFUHDVH� LQ� SODQW� JURZWK�
and tomato fruit yield because of using organic 

manures in combination with the recommended dose 

of inorganic fertilizers. Makinde and Ayoola [22] 

found that applying a mix of synthetic fertilizers 

WR� PDL]H� �Zea mays L.) yielded higher yields than 

manure alone. According to Akanbi et al. [23], a 

combined application of 4 t/ha maize straw compost 

and N mineral fertilizer at 30 kg/ha increased plant 

growth and gave higher tomato yield. Dawa et al. 

[24] discovered that fertilizing tomato plants with 

mixed fertilizers chicken manure at 6 ton/fed with 

50% NPK from the recommended dose, i.e., 75 N, 35 

P
2
O

5
, and 85.5 K

2
O kg/fed and sprayed with seaweed 

extract at a rate of 2.5 mL/L produced the highest 

values of vegetable growth parameters, chlorophyll, 

N, P, and K percentages in tomato leaves. Pepper 

SODQWV�IHG�ZLWK�PL[HG�IHUWLOL]HUV��VHDZHHG�H[WUDFW�DQG�
chicken manure as organic fertilizers) in the presence 

of biofertilizers enhanced vegetative plant growth 

and NPK percentages in leaves [25]. Awosika et al. 

[26] fertilized tomatoes using pig manure and NPK 

�����������DQG�GLVFRYHUHG�WKDW�����NJ�KD�13.�SOXV���
t/ha pig manure had the greatest results in terms of leaf 

number, plant height, fruit weight, yield, and quality. 

Prativa and Bhattarai [27] investigated the impact 

of integrated nutrient management on tomato plant 

JURZWK��\LHOG��DQG�VRLO�QXWULHQW�VWDWXV��Lycopersicon 
esculentum L.). The study indicated that combining 

organic manures with inorganic fertilizers improved 

overall plant growth, yield, and soil macronutrient 

status more than either nutrient applied alone. Prakash 

HW� DO�� >��@� LQYHVWLJDWHG� WKH� LQÀXHQFH� RI� KXPLF� DFLG�
�+$��DQG�6/)�RQ�WKH�JURZWK�DQG�QXWULWLRQDO�TXDOLW\�RI�
Abelmoschus esculentus. A combined impact of SLF 

DQG�+$���������������ZDV�EHQH¿FLDO� LQ�HQKDQFLQJ�
WKH�JURZWK�RI�WKH�SODQW�LQ�WKH�SRWV�WKDW�LV�DOVR�UHÀHFWHG�
in the increased carbohydrate and protein content in 

Abelmoschus esculentus. Mukta et al. [29] found that 

using vermicompost as an organic fertilizer at a rate 

of 10 t/ha in conjunction with 50% chemical fertilizer 

resulted in the best tomato production and quality. 

Current study was conducted to increase the 

growth, yield, and chemical content of tomato 

�Lycopersicon Esculentum L. Mill) treated with 

PL[HG�IHUWLOL]HUV�DW�GL൵HUHQW�UDWHV�����6/)���38�����
�����6/)���38�����DQG������6/)���38����������
SLF + PU50).

0DWHULDOV�DQG�PHWKRGV

6HDZHHG� H[WUDFW� SUHSDUDWLRQ� �6/)�� A fresh 

VDPSOH� RI� VHDZHHG� �Gracilaria manilaensis) was 

collected from Pantai Merdeka, Sungai Petani, Kedah. 

To eliminate adhering material and sand particles, 

the seaweed was carefully washed with seawater 

immediately after collecting, followed by freshwater. 

Clean seaweed was sun-dried for 7 days in the open 

DLU�EHIRUH�EHLQJ�RYHQ�GULHG�IRU����KRXUV�DW����&�DQG�
JURXQG� WR� D�¿QH�SRZGHU�ZLWK� D�PL[HU�JULQGHU��7KH�
seaweed powder was then used to make seaweed 

OLTXLG�H[WUDFW��6/(��XVLQJ�WKH�PHWKRGV�GHVFULEHG�E\�
Srijaya et al. [30], Ganapathy and Sivakumar [31], 

and Rathore et al. [32].

,Q� D� VHDOHG� FRQLFDO� ÀDVN�� IRXU� OLWHUV� RI� ZDWHU�
were added to 1 kg of dried seaweed and heated 

IRU� ��� PLQXWHV� DW� ���&�� 7KH� FRQWHQW� ZDV� ¿OWHUHG�
through four layers of muslin cloth after cooling. 

7KH�¿OWUDWH�FROOHFWHG��������P/��ZDV������VHDZHHG�
OLTXLG� IHUWLOL]HU� �6/)��� DQG� GL൵HUHQW� FRQFHQWUDWLRQV�
of SLF, namely 5, 10, 30, and 50%, were prepared 

using distilled water [33]. Using an atomic 

absorption spectrophotometer, physical observations 

VXFK� DV� FRORXU�� S+�� DQG� GL൵HUHQW� FRPSRQHQWV� RI�
PDFURQXWULHQWV� �FDOFLXP�� PDJQHVLXP�� SRWDVVLXP��
SKRVSKRURXV�� QLWURJHQ�� DQG� PLFURQXWULHQWV� �LURQ��
magnesium, zinc, copper, and nitrate) were calculated 

[34]. Table 1 shows the physicochemical properties 

of SLF of Gracilaria manilaensis before preparation 

RI�GL൵HUHQW�FRQFHQWUDWLRQV�
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Table 1 – The physicochemical analysis of Gracilaria 
manilaensis��6/)�

Parameters Values

Colour Brown

pH 6.74

Nitrogen �����PJ�/�

Calcium ��������PJ�/�

Magnesium ��������PJ�/�

Sodium ��������PJ�/�

Potassium �������PJ�/�

Iron �����PJ�/�

Phosphate �������PJ�/�

Chloride ��������PJ�/�

Sulphate ������PJ�/�

Zinc �����PJ�/�

Copper �����PJ�/�

Nitrate ��������PJ�/�

Synthesis of nitrogen fertilizer (PU). The 

QLWURJHQ�IHUWLOL]HU��38��EDVHG�RQ�SRO\YLQ\O�DOFRKRO�
�39$��DQG�XUHD��8��ZDV�V\QWKHVL]HG�LQ�DQ�DTXHRXV�
VROXWLRQ�XVLQJ�/HZLV�DFLG��DFHWLF�DFLG��DV�D�FDWDO\VW��
The following procedure was used to synthesize 

PVA/U blends with a constant ratio, i.e., 50:50. 

�38����� ,Q� DQ� (UOHQPH\HU� ÀDVN�� WKH� 39$� DQG� 8�
were dissolved in 300 mL of distilled water. The 

solution was stirred using a magnetic stirrer, and the 

ÀDVN�ZDV�VHDOHG�ZLWK�D�VHSWXP�VWRSSHU��7KH�VROXWLRQ�
ZDV� WKHQ� ÀXVKHG� ZLWK� QLWURJHQ� JDV� EHIRUH� EHLQJ�
administered through a hypodermic needle, and 

another needle was placed within the stopper for 

JDV�RXWÀRZ��7KH�VROXWLRQ�ZDV�FRQWLQXDOO\�DJLWDWHG�
using a magnetic stirrer, and the nitrogen gas was 

bubbled at 30 minutes intervals.

The appropriate amount of glacial acetic acid was 

injected into the solution until pH 4 was attained, and 

QLWURJHQ�JDV�ÀXVKLQJ�ZDV�PDLQWDLQHG�IRU�DQRWKHU����
minutes. The nitrogen gas bubbling was stopped, the 

needles were withdrawn from the stopper, and the 

ÀDVN�ZDV�VHDOHG�ZLWK�7HÀRQ�WDSH��7KH�WHPSHUDWXUH�RI�
WKH�UHDFWLRQ�ZDV�NHSW�FRQVWDQW�DW����&�E\�LPPHUVLQJ�
WKH�ÀDVN�LQ�D�FRQVWDQW�WHPSHUDWXUH�RLO�EDWK��:KHQ�WKH�
pH remained constant at 4, the process was stopped. 

The polymer solution was precipitated in an excess 

of methanol, and the product was dried in a vacuum 

DW� ���&�� 7KH� QLWURJHQ� IHUWLOL]HU� ZDV� SUHSDUHG� DQG�
analyzed using the methods described earlier by El-

6D\HG�HW�DO�� >��@��1H NMR, FTIR, SEM, DSC, and 

TGA). The elemental analysis was performed using 

D� 9DULR� 0LFUR� (OHPHQWDO� $QDO\]HU� �(OHPHQWDU��
Germany) to determine the carbon, nitrogen, and 

oxygen content of the fertilizers, as indicated in 

Table 2.

7DEOH���±�7KH�HOHPHQWDO�FRPSRVLWLRQ�RI�QLWURJHQ�IHUWLOL]HU��38�

Elements &���� 1���� 2����

PU50
�39$��8��

��������ZW�� 28.79 34.09 37.58

Preparation of mixed fertilizer (SLF+PU50). 
0L[HG� IHUWLOL]HUV� �6/)�38���� ZHUH� D� ������ Z�Y�
mixture of SLF with concentrations ranging from 5, 

10, 30, 50, and 50% nitrogen fertilizer PU50. Mixed 

fertilizers were used with a constant concentration of 

1% w/v using distilled water.

Experimental design and treatment. The crop 

plant selected for the present study was Lycopersicon 
esculentum� �WRPDWR��� 7KH� K\EULG� WRPDWR� VHHGV�
�3HDUO�)

1
) were purchased from the local market 

and kept for one hour in a glass beaker with fresh 

water. Only the seeds that sank at the bottom of the 

beaker were used in the experiment. The seeds were 

carefully sewn in plastic trays, and the compost soil 

was kept wet by spraying with water daily. After two 

weeks, the germinated seedlings were transferred and 

planted in plastic pots. The seedlings were planted 

5 cm deep into the soil and the depression was then 

loosely covered back by the soil. The soil was air-

GULHG�� VLHYHG�� DQG� SDFNHG� ������ NJ�SRW��� DQG� ZDV�
SURSHUO\�¿OOHG�LQ����SRWV��

The day on which the seedlings were planted 

LQ� WKH� SRW�ZDV� WUHDWHG� DV� GD\� ]HUR� �)LJXUH� ���� 7KH�
plants were watered every day or on alternate days 

depending on the requirement. 

$OO���VHWV�ZHUH�SUHSDUHG�LQ�¿YH�UHSOLFDWHV��0L[HG�
fertilizer treatment was given to the plants namely 

�6/)�38���� DQG� D� VHW� RI� FRQWURO� SODQWV�� ,Q� HDFK�
RI� WKH� WUHDWPHQWV������P/�����Z�Y��RI�6/)�38���
ZDV� DSSOLHG�GLUHFWO\� WR� WKH� VRLO��7KH�¿UVW� WUHDWPHQW�
was given to 15-day-old seedlings. Thereafter, the 

treatments were given at intervals of 15 days each 

until 90 days. The control set was watered only with 

tap water without any fertilizers.

Physical and chemical properties of the soil. 
In this study, the soil’s physical and chemical 

properties were analyzed before the addition of the 

PL[HG� IHUWLOL]HUV� LQ� GL൵HUHQW� FRQFHQWUDWLRQV� WR� WKH�
experimental soil to know the type and properties 
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of the soil. The results are presented in Table 3. The 

ingredients of the experimental soil were a mixture of 

FOD\�����������¿QH�VDQG�����������DQG�VLOW�����������

The chemical properties of the soil were 1.4 mhos/

cm3, 81.0 ppm N, 3.04 ppm P, 40.8 ppm K, 0.6 ppm 

of organic matter and pH was 7.8.

)LJXUH���±�Tomato plants after two weeks of germination

7DEOH���±�The physical and chemical properties of the soil

Physical properties

Sand ���������
Silt ���������

Clay ���������
Soil texture Sandy loam

Chemical properties

pH 7.8

Ec ������PKRV�FP3)

Available N ������SSP�
Available P ������SSP�
Available K ������SSP�

Organic matter �������

'DWD�UHFRUGHG��9HJHWDWLYH�JURZWK��Plant height, 

number of major lateral branches, number of leaves, 

leaf area, and fresh and dry weights of shoots were 

measured at 4 and 8 weeks.

Chemical composition. Leaves disks were 

collected 4 and 8 weeks after transplanting to assess 

chlorophyll a, b according to the method described 

by Sartory and Grobbelaar [36]. Total carbohydrate 

content in dry matter of leaves was determined 

spectrophotometrically method described by Dubois 

et al. [37]. Nitrogen, phosphorus, and potassium 

elements were determined in the leaves of tomato 

plants via digestion procedure according to Piper [38]. 

1LWURJHQ� FRQWHQW� ZDV� GHWHUPLQHG� E\� WKH� PRGL¿HG�
micro-Kjeldahl method as described by Pregl [39]. 

Phosphorus and potassium contents in the sample 

were estimated using ammonium molybdate and 

ÀDPH�SKRWRPHWHU�PHWKRGV�UHVSHFWLYHO\��DFFRUGLQJ�WR�
Chapman [40]. 

)ORZHULQJ�DQG�IUXLW�\LHOG��The number of nodes 

EHDULQJ�WKH�¿UVW�ÀRZHU��WKH�QXPEHU�RI�ÀRZHU�FOXVWHUV�
SHU� SODQW�� WKH� QXPEHU� RI� ÀRZHUV� SHU� FOXVWHU�� WKH�
QXPEHU� RI� ÀRZHUV� SHU� SODQW�� WKH� ZHLJKW�� DQG� WKH�
number of fruits per plant were all recorded.

Physical characteristics of fruits. The fruit shape 

index was calculated using the ratio of vertical to 

horizontal diameters. Fruit volume was determined 

by using the immersion method.

Chemical characteristics of fruits. The soluble 

VROLGV� FRQWHQW� �66&�� ZDV� DVVHVVHG� XVLQJ� D� KDQG�
refractometer and the AOAC technique [41]. The 

technique published by AOAC [42] was used 

to calculate titratable acidity. The ascorbic acid 

FRQFHQWUDWLRQ� �YLWDPLQ� &�� ZDV� WHVWHG� IROORZLQJ�
AOAC guidelines [43]. Lycopene in tomato samples 

ZDV�H[WUDFWHG�XVLQJ�KH[DQH��HWKDQRO��DFHWRQH���������
�Y�Y��PL[WXUH�DFFRUGLQJ�WR�6KDUPD�DQG�/H�0DJXHU¶V�
technique [44].

Statistical analysis. The data calculated on 

various variables were subjected to analysis of 

YDULDQFH� �$129$�� WR� LGHQWLI\�GL൵HUHQFHV�EHWZHHQ�
WUHDWPHQWV�DQG�WKHLU�LQWHUDFWLRQV��7KH�/HDVW�6LJQL¿FDQW�
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'L൵HUHQFH��/6'�DW�����WHVW�ZDV�XVHG�WR�VHSDUDWH�WKH�
means. The ANOVA and LSD were computed using 

the statistical computer program Statistix 8.1 [45].

5HVXOWV�DQG�GLVFXVVLRQ

Plant height (cm). The findings shown 

in Figure 2 showed that the combination 

IHUWLOL]HUV��6/)���38����KDG�D�KLJKO\�VLJQLILFDQW� 
�S���������HIIHFW�RQ�SODQW�KHLJKW�DW���DQG���ZHHNV��
Plant height increased when SLF concentrations 

decreased from 50 to 10%. Plant height treated 

with 10% SLF + PU50 was substantially greater 

than control plants and other treatments at 4 

and 8 weeks. Treatments with 10% SLF + PU50 

mixed fertilizer performed best, followed by 

30% SLF + PU50, 50% SLF + PU50, and 5% 

SLF + PU50. The increase in tomato plant height 

FDXVHG� E\� FRPELQHG� IHUWLOL]HU� �6/)� �� 38����
might be attributed to hormone components such 

as cytokinins and auxins in SLF and nitrogen in 

PU50, which promote plant height.
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)LJXUH���±�(൵HFW�RI�PL[HG�IHUWLOL]HU�RQ�WRPDWR�SODQW�KHLJKW

3RO\YLQ\O� DOFRKRO�XUHD� EOHQG� �38�� KDV� D� FURVV�
linked structure of hydrophilic urea. The presence of 

polyvinyl alcohol improves the ability to adsorb the 

metals from soil and seaweed. This, in turn, improves 

the soil’s water-holding capacity, regains its fertility, 

and in sustainable manner for improved plant 

growth [13,46-48]. Similar results were reported by 

Wakifatul et al. [49] on soybeans and Cheng et al. 

[50] on lettuce, who found that fertilizer treatment, 

i.e., a blend of SLF and organic fertilizer, increased 

plant height.

Number of lateral branches. 7KH�H൵HFW�RI�PL[HG�
IHUWLOL]HU� �6/)� �� 38���� RQ� ODWHUDO� EUDQFK� QXPEHUV�
per tomato plant is shown in Figure 3. The treatment 

�����6/)���38����UHVXOWHG�LQ�D�VXEVWDQWLDO�LQFUHDVH�
in lateral branch numbers per tomato plant at the 5% 

level of probability when compared to the mixed 

IHUWLOL]HUV������6/)���38����������6/)���38�����
and control plants. At 4 and 8 weeks, the plants treated 

ZLWK�PL[HG�IHUWLOL]HU������6/)���38����KDG�WKH�PRVW�
lateral branches compared to the other treatments. 

The 10% SLF + PU50 treatment increased lateral 

branch numbers by 61.7 and 79.6% at 4 and 8 weeks, 

respectively, compared to the control, which was 

H[SHFWHG�GXH�WR�WKH�SRVLWLYH�H൵HFW�RI�PL[HG�����6/)�

ZLWK�38����1���������RQ�VRLO�HGL¿FH�HQYLURQPHQWDO�
FRQGLWLRQV�� ZKLFK� D൵HFWHG� WRPDWR� SODQW� YHJHWDWLYH�
JURZWK� >��@�� 7KHVH� ¿QGLQJV� ZHUH� FRQVLVWHQW� ZLWK�
those reported by Sridhar and Rengasamy [52-54] 

on Tagetes erecta and chili, who discovered that the 

best two interaction treatments for increasing lateral 

branch number per plant were 10% SLF combined 

with 50% recommended rate of chemical fertilizer. 

The plants treated with 5% SLF + PU50 at 4 and 8 

weeks produced the fewest lateral branches.

Number of leaves per plant. Figure 4 shows that 

WKH�DSSOLFDWLRQ�RI�PL[HG�IHUWLOL]HU��6/)���38����DW���
weeks induced a substantial increase in the number 

of leaves per plant at the 5% probability level when 

compared to the treatment of mixed fertilizer at 

4 weeks. The treatment with 10% SLF + PU50 

SURGXFHG�WKH�PRVW�OHDYHV�SHU�SODQW�������DQG��������
at 4 and 8 weeks, respectively, while the treatment 

with 5% SLF + PU50 produced the fewest leaves per 

SODQW�������DQG�������DW���DQG���ZHHNV��UHVSHFWLYHO\��
This is due to the continuous release of nutrients from 

SLF as well as nitrogen from PU50. The increase in 

OHDYHV�QXPEHU�IROORZLQJ�PL[HG�IHUWLOL]HU������6/)���
38����WUHDWPHQWV�SURYHG�WKH�H൵HFW�RI�PL[HG�IHUWLOL]HU�
in enhancing soil physical qualities and promoting 
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vegetative growth in leafy vegetables [55-57]. Dawa 

et al. [24, 25] discovered that foliar application of 

seaweed extract with chicken manure as a source of 

organic fertilizer and in the presence of biofertilizers 

increased vegetative plant development and N, P, and 

K percentages in leaves on pepper and tomato plants. 

According to Khan et al. [58], combining N with 

organic fertilizer resulted in higher plant height and 

number of leaves of pepper plants than using organic 

or biofertilizers alone.
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Leaf area (cm2). )LJXUH���GHSLFWV�WKH�H൵HFW�RI�D�
PL[HG�IHUWLOL]HU��6/)���38����RQ�OHDI�DUHD�DIWHU���
and 8 weeks of growth. When compared to control 

plants, the usage of mixed fertilizer resulted in 

VXEVWDQWLDO� LQFUHDVHV� �S� �� ������ LQ� OHDI� DUHD�� 7KH�
tomato plants’ leaf area rose when the SLF content 

in the mixed fertilizer was reduced from 50 to 

10%. Plants fertilized with 10% SLF + PU50 had 

the largest leaf areas, with 265.9 and 291.275 cm2, 

respectively, whereas plants fed with 50% SLF + 

PU50 had the smallest leaf areas. At 4 and 8 weeks, 

SLF + PU50 had leaf areas of 231.0 and 256.15 cm2, 

respectively.

0L[HG�IHUWLOL]HU������6/)���38����FDQ�EH�JLYHQ�
to tomato plants to improve the nutritional content 

of the soil and, as a result, increase the vegetative 

growth of tomato plants. The leaf area measurement 

RQ�WKH�FRQWURO�SODQWV�ZDV�WKH�VPDOOHVW��7KHVH�¿QGLQJV�
agreed with those of Ogundare et al. [59], Dawa 

et al. [24], and Sridhar and Rengasamy [54], who 

found that combining SLF with chemical fertilizer 

enhanced leaf area in tomato plants and chili plants, 

respectively. Several studies found that combining 

low-level N fertilizer or NPK with biofertilizer 

improved citrus plant leaf area more than using high-

level N fertilizer or NPK in a single application or 

coupled with biofertilizer [60,61].

7KH� IUHVK� DQG� GU\� ZHLJKW� RI� VKRRWV� �J�� SODQW�� 
)LJXUH� �� VKRZV� WKDW� WKH� FRPELQHG� IHUWLOL]HU� �����
SLF + PU50) induced a substantial increase in the 



37

Int. j. biol. chem. (Online)                                                International Journal of Biology and ChemistU\�����ʋ���������

L. Bekbayeva et al.

fresh and dry weight of shoots at the 5% probability 

level when compared to the control plants and other 

treatments. This might be because seaweed contains 

growth-promoting substances, as well as nitrogen 

in PU50 fertilizer. Nitrogen is essential for plant 

growth because it promotes protein synthesis, amino 

acid synthesis, enzyme, and chlorophyll formation, 

ZKLFK�D൵HFWV�FHOO�GLYLVLRQ��WKH�QXPEHU�RI�OHDYHV�DQG�
branches per plant, and dry matter accumulation [24, 

49, 62].

The increased percentages of fresh weight of 

shoots over non-fertilized treatments ranged from 

14.7 to 34.4 % at 4 weeks and from 88.3 to 160.1% 

at 8 weeks, with decreasing concentrations of SLF in 

the mixed fertilizers ranging from 50 to 10%.

The mixed fertilizer 5% SLF+PU50 had no 

VLJQL¿FDQW� H൵HFW� RQ� WKH� IUHVK� DQG� GU\� ZHLJKWV� RI�
the shoots. The treatment of 10% SLF + PU50 at 8 

weeks led to the greatest percentage values of fresh 

DQG�GU\�ZHLJKWV�RI�WRPDWR�VKRRWV��������DQG���������
respectively).

Chlorophyll (a, b) content (mg/ dm2). The 

contents of chlorophyll a and b in tomato leaves 

ZHUH� LQÀXHQFHG� E\�PL[HG� IHUWLOL]HU� �6/)� �� 38����
�)LJXUH�����7KH�WUHDWPHQW��6/)���38����UHVXOWHG�LQ�
D�VXEVWDQWLDO�LQFUHDVH��S��������LQ�OHDI�FKORURSK\OO�D�
and b contents compared to control plants at 4 and 

8 weeks. Plants fertilized with 10% SLF + PU50, 

RQ�WKH�RWKHU�KDQG��KDG�WKH�KLJKHVW�FKORURSK\OO��D��E��
concentrations in leaves, followed by plants fertilized 

with 30% SLF/PU50, 50% SLF + PU50, and 5% SLF 

+ PU50 at 4 and 8 weeks. The increase in chlorophyll 

content is caused by cytokines found in seaweed 

extract and nitrogen found in PU fertilizers, both 

of which drive physiological activities and increase 

chlorophyll in plants [63, 64].
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7KHVH� ¿QGLQJV� ZHUH� FRQVLVWHQW� ZLWK� WKRVH�
reported by Sridhar and Rengasamy [54], Zeid 

[65], Samane et al. [66], and El-Tantawy [67], who 

LQYHVWLJDWHG�WKH�H൵HFW�RI�PL[HG�IHUWLOL]HUV������6/)�
of S. ZLJKWLL + 50% chemical fertilizer including 

urea, superphosphate, and potash), and spraying 

of chitosan and aminofort on the photosynthetic 

pigments in A. hypogea, C. annum� �&KLOOL�� DQG�
tomato leaves, respectively. The results revealed that 

the highest concentration of photosynthetic pigments 

was achieved by the interaction between seaweed 

extract liquid and nitrogen fertilizers.
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Carbohydrate content (%). Figure 8 shows the 

H൵HFW�RI�GL൵HUHQW�PL[HG�FRQFHQWUDWLRQV�RI�6/)�ZLWK�
38��� �1�� ������� RQ� WRWDO� FDUERK\GUDWH� FRQWHQW�
in tomato plant leaves. The results revealed that 

WKH� FRPELQHG� IHUWLOL]HUV� �6/)� �� 38���� LQGXFHG� D�
VLJQL¿FDQW�LQFUHPHQW��S���������LQ�OHDI�FDUERK\GUDWH�
content when compared to the control plants. This 

is due to enhanced nitrogen photosynthetic activity 

and carbohydrate production and accumulation. 

Furthermore, the interaction between seaweed 

and chemical fertilizer played an important role in 

improving plant growth through the biosynthesis 

of endogenous hormones of seaweed which are 

responsible for promoting plant growth [54]. The 

highest value of total leaf carbohydrate content 

��������� ZDV� GHWHFWHG� LQ� WRPDWR� SODQWV� IHUWLOL]HG�
with 10% SLF + PU50, whereas the lowest leaf 

FDUERK\GUDWH� FRQWHQW� �������� ZDV� REWDLQHG� IURP�
SODQWV� IHUWLOL]HG� ZLWK� PL[HG� IHUWLOL]HU� ���� 6/)� ��
PU50) at 8 weeks. Therefore, it could be concluded 

WKDW�WKH�FRPELQHG�H൵HFW�RI�����6/)�ZLWK�38���KDV�
met the required micronutrients in tomato plants than 

30 and 50% SLF combined with PU50. With the use 

of PU and SLF, nutrients are released at a slower rate 

throughout the seasons, and plants are able to take up 

most of the nutrients without waste by leaching. This 

result following with the study of Nayan et al., [68], 

ZKR�IRXQG�WKDW�SRO\YLQ\O�DOFRKRO��39$��EOHQGHG�ZLWK�
starch and chitosan to release the nutrients directly to 

the root of the plants, decrease the nitrogen loss and 

reduce water and soil pollution.

Nitrogen, phosphorus, and potassium content (%). 
)LJXUH���VKRZV�WKH�H൵HFW�RI�FRPELQHG�IHUWLOL]HUV��6/)�
+ PU50) at varying concentrations of SLF on nutrient 

content in tomato plant leaves. When compared to 

FRQWURO� SODQWV�� PL[HG� IHUWLOL]HUV� FDXVHG� VLJQL¿FDQW�
LQFUHPHQWV� �S� �� ������ LQ� OHDI� QLWURJHQ�� SKRVSKRUXV��
and potassium percentages. However, higher nitrogen 

�������� SKRVSKRUXV� �������� DQG� SRWDVVLXP� ��������
contents were recorded by tomato plants fertilized 

ZLWK�����6/)���38����ZKLOH�ORZHU�QLWURJHQ���������
SKRVSKRUXV����������DQG�SRWDVVLXP���������FRQWHQWV�
were recorded by tomato plants fertilized with 5% 

SLF + PU50 at 8 weeks as compared to control plants 

��������������DQG�������UHVSHFWLYHO\��DW���ZHHNV�
The purpose of combining PU and SLF is to 

speed up the uptake of nutrients from the soil and 

SLF, resulting in higher nutrient percentages in plant 

leaves. These results are supported by Mikkelsen [69, 

70]. The presence of marine bioactive substances 

in seaweed extract and nitrogen in PU enhances 

VWRPDWD�XSWDNH�H൶FLHQF\�LQ�WUHDWHG�SODQWV�FRPSDUHG�
to non-treated plants [71, 72]. According to Paul and 

Mannan [73], Asadu and Unagwu [74], Dawa et al. 

[24], and Sridhar and Rengasamy [54], the nutrient 

SHUFHQWDJHV�LQ�WRPDWR�OHDYHV�ZHUH�LQÀXHQFHG�E\�WKH�
PL[WXUH� RI� GL൵HUHQW� IHUWLOL]HU� FRPSRXQGV� VXFK� DV�
organic, inorganic, chemical, and seaweed.
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&KDUDFWHULVWLFV�RI�ÀRZHUV��The results in Figures 

���DQG����VKRZHG�WKDW�WKH�PL[HG�IHUWLOL]HUV��6/)���
38����FDXVHG�VLJQL¿FDQW�LQFUHPHQW��S���������LQ�WKH�
QRGH�QXPEHU�EHDULQJ�WKH�¿UVW�ÀRZHU��WKH�QXPEHU�RI�
ÀRZHU�FOXVWHUV�SHU�SODQW��DQG�WKH�QXPEHU�RI�ÀRZHUV�
per cluster, compared to the control plants. 

An increased in the concentration of SLF in 

PL[HG�IHUWLOL]HU��6/)���38����IURP���WR�����UHVXOWHG�
in increased node number bearing from 6.07 to 9.83, 

WKH�QXPEHU�RI�ÀRZHU�FOXVWHUV�SHU�SODQW�IURP�������WR�
�������WKH�QXPEHU�RI�ÀRZHUV�SHU�FOXVWHU�IURP������WR�
������)LJXUH�����DQG�WKH�QXPEHU�RI�ÀRZHUV�SHU�SODQW�
IURP�������WR���������)LJXUH�����

The concentration of SLF in mixed fertilizer 

�6/)� �� 38���� ZDV� LQFUHDVHG� IURP� ��� WR� �����
ZKLFK�UHVXOWHG�LQ�D�UHGXFWLRQ�LQ�WKH�DERYH�ÀRZHULQJ�
characters. Tomato plants fertilized with 10% SLF 

�� 38��� SURGXFHG�PRUH� ÀRZHU� FKDUDFWHULVWLFV� WKDQ�
those treated with 30% SLF + PU50, 50% SLF + 

PU50, 5% SLF + PU50, and control. This might be 

attributed to the presence of plant growth regulating 

substances and hormones in seaweed, as well as 

QLWURJHQ�LQ�38��ZKLFK�PD\�HQFRXUDJH�ÀRZHULQJ�E\�
initiating robust plant growth.

7KH�¿QGLQJV�ZHUH�FRQVLVWHQW�ZLWK�WKRVH�RI�1DMDI�
et al. [75] and Ilupeju et al. [76], who detected a 

KLJKO\�VLJQL¿FDQW�LQFUHDVH�LQ�WKH�QXPEHU�RI�ÀRZHUV�RQ�
tomato plants treated with nitrogen fertilizer and two 

types of biofertilizers. Wakifatul et al. [49] reported 

that the interaction of seaweed with cattle urine 

HQKDQFHG� WKH� ÀRZHU� FKDUDFWHUV� RI� VR\EHDQ� SODQWV��
Sridhar and Rengasamy [52,53] observed a similar 

behavior while studying the interaction of SLF with 

FKHPLFDO�IHUWLOL]HU�RQ�WKH�ÀRZHUV�RI�Tagestes erecta.

Figure 8 – Effect of mixed fertilizer on carbohydrate in leaves of tomato plant
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Figure 11 – Effect of mixed fertilizer on the number of flowers per tomato plant
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Number of fruits per plant. The results in Figure 

��� VKRZHG� WKH�PL[HG� IHUWLOL]HU� �6/)��� 38���� DW� D�
FRQFHQWUDWLRQ� RI� ���� 6/)� FDXVHG� D� VLJQL¿FDQW�
increment at 5% probability level in the number of 

fruits per plant, compared to other treatment and 

the control plants. The highest number of fruits per 

SODQW���������ZDV�SUHVHQW�LQ�WKH������6/)���38����
treatment, while the lowest number of fruits per 

SODQW� ��������ZDV�REVHUYHG� LQ� �����6/)���38�����
FRPSDUHG�WR�WKH�FRQWURO�SODQWV����������7KH�LQFUHDVHG�
number of fruits per plant might be due to the presence 

of some growth-promoting substances in SLF and 

nitrogen in PU. This might have helped in producing 

a higher amount of carbohydrates, which might have 

WUDQVORFDWHG�IURP�VRXUFH��OHDI��WR�UHSURGXFWLYH�SDUWV�
�VLQN��� UHVXOWLQJ� LQ� D� JUHDWHU� QXPEHU� RI� IUXLWV� >���
79]. This result is similar to Juárez-Maldonado et al. 

[80] and Pinedo et al. [12], who found an increase 

in the number of tomato fruits treated with copper 

encapsulated in chitosan-polyvinyl alcohol. The 

same behaviour was reported by Ogundare et al. [59] 

DQG�/LEHUW�HW�DO��>��@�ZKHQ�WKH\�VWXGLHG�WKH�LQÀXHQFH�
of the interaction between organic and inorganic 

fertilizers on tomato fruit yield. 

Weight and volume of fruits. Figures 13-15 

VKRZHG�WKDW�WKH�FRPELQDWLRQ�IHUWLOL]HU��6/)���38����
DW�D�FRQFHQWUDWLRQ�RI�����6/)�FDXVHG�D�VLJQL¿FDQW�
increment at a 5% probability level in the fruit weight, 

fruit volume and shape index of fruit compared to 

all other treatments and the control plants. The 

application 10% SLF + PU50 increased fruit weight 

����������)LJXUH������IUXLW�YROXPH����������)LJXUH�
���� DQG� VKDSH� LQGH[� RI� IUXLW� �������� �)LJXUH� �����
while application 5% SLF + PU50 increased fruit 

ZHLJKW���������DQG�IUXLW�YROXPH���������FRPSDUHG�
to the control plants. 
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The enhanced weight, volume, and shape index 

of fruit over the control were attributed to the 

LQWHUDFWLRQ� IHUWLOL]HU� �6/)� �� 38���� SURYLGLQJ� WKH�
micronutrients to the plants in an optimal range. 

6LPLODU� ¿QGLQJV�ZHUH� UHSRUWHG� E\�'LPLWULRV� HW� DO��
[82], Chanda et al. [83], Najaf et al. [75], Salama et 

al. [84], IIupeju et al. [76], and Ogundare et al. [59], 

who found that the application of mixed fertilizers 

�FRZ�PDQXUH���13.��UHVXOWHG�LQ�WKH�KLJKHVW�WRPDWR�
fruit growth, which could be interpreted as the 

release of nutrients from organic and inorganic 

IHUWLOL]HUV�DW�GL൵HUHQW�WLPHV�

0,0

5,0

10,0

15,0

20,0

25,0

30,0

35,0

40,0

Control 5%SLF+PU50 10%SLF+PU50 30%SLF+PU50 50%SLF+PU50

N
um

be
r o

f f
ru

its
 

SLF+ PU50

)LJXUH����±�(൵HFW�RI�PL[HG�IHUWLOL]HU�RQ�WKH�QXPEHU�RI�IUXLWV�SHU�WRPDWR�SODQW

Figure 13 – Effect of mixed fertilizer on the fresh weight of tomato fruits

Figure 14 – Effect of mixed fertilizer on the volume of tomato fruits
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Figure 14 – Effect of mixed fertilizer on the volume of tomato fruits
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Chemical content of fruits. The results in 

Figures 16 and 17 demonstrated that the mixed 

IHUWLOL]HU��6/)���38����DW�D�FRQFHQWUDWLRQ�RI�����
SLF caused a considerable increase in soluble 

VROLGV� FRQWHQW� �66&��� DFLGLW\�� YLWDPLQ� &�� DQG�
lycopene pigment in tomato fruits when compared 

to other treatments and control plants. Soluble 

VROLG� FRQFHQWUDWLRQ� ��������ZDV� ORZHU� LQ� WRPDWR�
IUXLWV� WUHDWHG� ZLWK� PL[HG� IHUWLOL]HU� ���� 6/)� ��
38�����:KLOH�WRPDWR�IUXLWV�WUHDWHG�ZLWK������6/)�
��38����KDG� D�JUHDWHU�66&� �������� WKDQ� FRQWURO�
SODQWV����������)LJXUH������

Figure 13 – Effect of mixed fertilizer on the fresh weight of tomato fruits

Figure 14 – Effect of mixed fertilizer on the volume of tomato fruits
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IIupeju et al. [76] obtained greater total soluble 

solids with 100% recommended doses of mixed 

fertilizers and biofertilizers. When compared to the 

control plants, the 10% SLF + PU50 treatment had the 

KLJKHVW�WLWUDWDEOH�DFLG�FRQWHQW���������LQ�WKH�WRPDWR�
fruits, while the 5% SLF + PU50 treatment had the 

ORZHVW�WLWUDWDEOH�DFLG�SHUFHQWDJH���������+DVDQHLQ�HW�
DO�� >��@� IRXQG� D� VLPLODU� H൵HFW� RI� ELRIHUWLOL]HUV� DQG�
amino acids on tomato fruits. The results can be 

explained by nutrient availability to the plants and 

their balanced supply from mixed fertilizers SLF and 

PU50 in the required amounts during fruit formation.

Figure 17 shows that the ascorbic acid content 

��������DQG�O\FRSHQH���������LQ�WRPDWR�IUXLWV�WUHDWHG�
ZLWK�PL[HG�IHUWLOL]HUV������6/)���38����ZHUH�KLJKHU�

than in other treatments and control plants. Fruits 

produced by plants treated with 5% SLF + PU50 and 

control had lower percentages. 

7KLV�ZDV�FRQVLVWHQW�ZLWK�WKH�¿QGLQJV�RI�3H\YDVW�
et al. [86], who discovered that mixed fertilizers 

�QLWURJHQ� DQG� SRWDVVLXP�� ERRVWHG� DVFRUELF� DFLG�
OHYHOV� LQ� WRPDWR� IUXLWV��7KHVH�¿QGLQJV� FRQ¿UP� WKDW�
WKH�PL[HG�IHUWLOL]HU������6/)���38����KDV�D�SRVLWLYH�
H൵HFW� RQ� VROXEOH� VROLGV� FRQWHQW� �66&��� DFLGLW\��
vitamin C, and lycopene levels in tomato fruits. A 

VLPLODU�¿QGLQJ�ZDV�UHSRUWHG�E\�,,XSHMX�HW�DO��>��@�DQG�
0DNLQGH�HW�DO��>��@�ZKHQ�WKH\�LQYHVWLJDWHG�WKH�H൵HFWV�
of organic and inorganic fertilizer interactions on the 

growth, fruit production, nutritional, and lycopene 

content of three tomato varieties [88, 89].
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&RQFOXVLRQ

These experiments aimed to investigate the 

H൵HFW� RI� PL[HG� IHUWLOL]HU� �6/)� �� 38���� RQ� WKH�
growth, yield, and chemical composition of tomato 

SODQWV� �L. esculentum Mill). To achieve the goal 

of this study, the experiment was designed in a 

UDQGRPL]HG� FRPSOHWH� EORFN� GHVLJQ� �5&%'�� ZLWK�
HDFK� WUHDWPHQW� UHSOLFDWHG� ¿YH� WLPHV�� 7KH� EDVLF�
properties of the experimental soil have been 

tested. Soil pH, EC, available N, P and K were 7.8, 

1.4 mhos/cm3, 81.0 ppm, 3.04 ppm and 40.8 ppm, 

UHVSHFWLYHO\��7UHDWPHQWV�LQFOXGHG��FRQWURO��ZLWKRXW�
fertilizers), four mixed fertilizer concentrations 

�6/)���38���� ����6/)���38������6/)���38����
30SLF + PU50 and 50% SLF + PU50). The data 

ZHUH� DQDO\]HG� XVLQJ� YDULDQFH� DQDO\VLV� �$129$��
and compared using fertilizer-free control. Mixed 

IHUWLOL]HU�WUHDWHG�WRPDWR�SODQWV������6/)���38����
showed maximum growth and control between 

the various experimental concentrations. Tomato 

plants fertilized with 10% SLF + PU50 produced 

WKH� KLJKHVW� YHJHWDWLYH� JURZWK�� ÀRZHU�� DQG� IUXLW�
FKDUDFWHULVWLFV�� 7RPDWR� IUXLW� \LHOGV� �������� ZHUH�
EHVW� DSSOLHG�ZLWK�PL[HG� IHUWLOL]HUV� �6/)� �� 38����
at 10% SLF + PU50. It may be recommended to 

use 10% SLF mixed with PU50 to obtain high 

vegetative growth and yield tomato fruits.
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