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ABSTRACT

The study on the impact of nano and chemical fertilizers on cabbage was conducted at Dr. YSRHU - Citrus
Research Station, Tirupati during Rabi season (2023-24). The research investigated how different rates of
NPK chemical fertilizers, along with nano-urea and nano DAP applied via., foliar sprays and seedling dips,
affect cabbage yield and quality. Key findings include, nano fertilizers significantly improved various aspects
such as head circumference, volume, fresh weight, dry matter, yield and ascorbic acid content after harvest.
The best results for dry matter yield, head weight and overall yield were achieved with a combination of
nano and chemical fertilizers (N,C,). Among chemical fertilizers, 75% RDF (C,) resulted in the best head
circumference, volume, weight, dry matter, yield and ascorbic acid content. Nano nitrogen foliar spray at 20
and 40 days after transplanting (N,) produced the largest head circumference, volume, fresh weight, dry
matter, yield and ascorbic acid content. Overall, combining nano fertilizers with chemical fertilizers can
significantly increase cabbage yield and enhance head quality. This approach offers a valuable method for

optimizing vegetable production.
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Introduction

The cruciferous plants known as cole crops are
members of the Brassicaceae family and are descended
from a common progenitor Brassica oleracea L. var.
sylvestris (wild cabbage, cliff cabbage, or colewort).
Cabbage, a staple in India used in salads, curries, and
processed forms, also has a long history in traditional
medicine. It has been used to treat gastric ulcers, gout,
cancer, migraines and diarrhea. Its anticancer properties,
especially against bowel cancer, are due to compounds
like indole-3-carbinol.

Cabbage, being an exhaustive crop, requires
substantial nutrients especially nitrogen, phosphorus and
potassium, for optimal growth. To achieve sustainable
agriculture, nanotechnology offers a promising solution,
particularly through nano fertilizers. These improve
nutrient efficiency by enhancing absorption and reducing
waste. Nano Urea provides a steady nitrogen release,

addressing issues of volatilization and leaching. Similarly,
nano phosphorus fertilizers overcome the problems of
high fixation and low availability in soil, boosting plant
growth, biomass and yield.

Material and Methods

The study was conducted at Dr. YSRHU - Citrus
Research Station, Tirupati, Andhra Pradesh during Rabi
2023-24. Using a factorial randomized block design with
two replications, 28 nutrient management treatments were
tested. Well-decomposed farm yard manure was applied
as a basal dose. We investigated the impact of various
nano fertilizer treatments and chemical fertilizer
application rates on cabbage yield and quality. For Factor
1, we explored seven nano fertilizer treatments: N,
involved a nano nitrogen foliar spray applied at 20 days
after transplanting (DAT); N, included nano nitrogen foliar
sprays at both 20 and 40 DAT; N, combined a nano
nitrogen seedling dip at transplanting with a foliar spray
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Table1: Yield parameters as influenced by nano and chemical fertilizers (At harvest).
Nano HEAD CIRCUMFERENCE (cm) HEAD VOLUME (cc) HEAD COMPACTNESS
fertilizers Chemical fertilizers (C) Chemical fertilizers (C) Chemical fertilizers (C)
(N) C1 C2 C3 C4 |Mean| C1 C2 C3 C4 | Mean| C1 C2 C3 C4 | Mean
N1 3045 | 4200 | 4280 | 4085 | 4128 | 72200 79720 | 89150 | 82600 | 80918 | 08 | 076 068 074 | 076
N2 4274 | 4251 | 4413 | 4276 | 4304 | 74350 91600 |105800| 76700 | 87113 | 077 | 087 075 071 | o7
N3 3083 | 4143 | 4146 | 4142 | 4104 | 57000 | 84700 |103900]68200 [ 78450 | 064 | 073 085 063 | 071
N4 3044 | 4085 | 4314 | 4016 | 4090 | 68050 | 75350 | 68750 | 70700 | 70713 | 083 | 070 072 083 | 077
N5 3033 | 4090 | 4257 | 4119 | 4100 | 61000 | 75000 | 71550 | 71050 | 69650 | 083 | 064 067 073 | 072
N6 4089 | 4138 | 4247 | 4120 | 4149 | 55750 | 83150 | 114850 74600 | 82088 | 066 | 068 078 088 | 0’
N7 4036 | 4107 | 4059 | 4025 | 4057 | 54200 | 67695 | 69218 | 69200 | 650.78 | 076 | 064 070 081 | 072
Mean 402 | 4145 | 24 | 4112 63221 | 79602 | 89031 | 73293 076 | 072 073 076
Factors N C NxC N C NxC N C NxC
SE.(m)x 0.31 0.23 0.62 13.99 10.58 27.98 0.03 0.02 0.07
CD @ 5% 0.90 0.68 NS 40.82 30.85 81.63 NS NS NS

at 20 DAT; N, used a nano phosphorus foliar spray at 20
DAT; N, applied nano phosphorus foliar sprays at both
20 and 40 DAT; N, incorporated a nano phosphorus
seedling dip at transplanting along with a foliar spray at
20 DAT and N, served as the control with a water spray.
For Factor 2, we varied the fertilizer application rates of
NPK as follows: C, was the control with no additional
fertilizer; C, applied 100% of recommended dose of NPK
(79:98:98kg/ha); C, utilized 75% of recommended dose
of NPK (59:74:74 kg/ha)and C, used 50% of
recommended dose of NPK (40:49:49 kg/ha). Nitrogen
and potassium were applied in three stages using urea
and muriate of potash, with half as a basal dose and the
rest in top dressings at 25 and 45 days after transplanting
(DAT). Phosphorus was applied as a full basal dose with
single super phosphateas per the treatments. Nano urea
was used at the rate of 4ml per litre of water for foliar
application and seedling dip. Nano DAP was used at the
rate of 4ml for foliar spray and 5ml for seedling dip per
litre of water as per the treatments. Seedlings were
dipped for 30mins. Observations on various traits,
including head circumference, volume, compactness,
fresh weight, dry matter production, yield, total soluble
solids (TSS) and ascorbic acid content, were recorded
and analysed from five randomly selected plants per
replication after harvest. The data was analysed as per
the method of variance outlined by Panse and Sukhatme
(1985). Statistical significance was tested by F value at
5% level of significance. Critical difference at 0.05 levels
was worked out for the effects which were significant.

Result and Discussion
Yield parameters

As illustrated in Table 1, the biggest head
circumference of cabbage after harvest was seen with
the application of Nano nitrogen spray at 20 and 40 DAT,
measuring 43.04 cm. The second-largest head circumference

came from using 75% RDF, which was 42.45 cm. The
smallest head circumference was in control (C,), with
40.29 cm and among nano fertilizers N, with 40.57 cm.

Nitrogen is key for cabbage head circumference.
Nano fertilizers may have enhanced head size by
improving nitrogen availability and efficiency (Suppan,
2013). Chemical fertilizers, by supplying balanced NPK,
likely boosted root development and nutrient uptake,
leading to larger and denser cabbage heads.

The data from Table 1 show that the largest cabbage
head volume was achieved with the combination of a
nano phosphorus seedling dip, a foliar spray at 20 days
after transplanting (DAT) and 75% of the recommended
dose of fertilizer (N.C,), reaching 1148.50 cc. The highest
volume among nano fertilizer was from the nano nitrogen
foliar spray at 20 and 40 DAT (N,), with 871.13 cc,
followed by (chemical fertilizer) 75% RDF (C,) with
890.31 cc. The smallest volumes were observed in
treatments N.C, (542.00 cc), N, (650.78 cc)and C,
(632.21 cc). The increase in cabbage head volume would
be likely due to the larger circumference of the cabbages
in these treatments.

As shown in Table 1, the cabbage head compactness
after harvest was not significantly affected by the use of
nano and chemical fertilizers or a combination of both.

As reported in Table 2, the heaviest cabbage heads
were achieved with the combination of nano and chemical
fertilizers. Treatment N,C,, which used both nano and
chemical fertilizers, produced the largest heads with 1.48
kg. Among nano and chemical fertilizers alone, nano
nitrogen foliar spray at 20 and 40 DAT (N,) and 75%
RDF (C,) resulted in the highest head weight with N,-
1.14 kg and C-1.21 kg. The lowest head weight was
observed in N,C, (0.71 kg), C, (0.84 kg) and N, (0.92 kg).

Combining nano fertilizers with conventional chemical
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Table2: Yield parameters as influenced by nano and chemical fertilizers (At harvest).
Nano FRESHWEIGHT (kg) | DRY MATTER PRODUCTION (kg/ha) YIELD (kg/ha)
fertilizers| Chemical fertilizers (C) Chemical fertilizers (C) Chemical fertilizers (C)
(N) Cl|C2|C3|C4 [Mean| C1 C2 C3 C4 | Mean| C1 C2 C3 C4 Mean
N1 084|105 | 132 | 112 | 108 | 357240 495567 | 605596 | 532243 | 497661 | 4120410 5167540 6456240 | 5475750 | 5304985
N2 097 |106 | 142 | 111 | 114 | 460513 | 511620 | 639811 | 519909 | 532963 | 4767210 (5199390 6939380 | 5449780 | 5588940
N3 089 [115| 122| 109 | 109 | 411705 650788 | 533699 | 469824 | 516504 | 4365900 5654110 5996620 | 5357170 | 5343450
N4 087|109 | 097 | 085 | 095 | 397843 | 517725 | 530522 | 386596 | 458171 | 4273290 (5320910 4762310 | 4170390 | 4631725
N5 075|116 | 108 | 098 | 099 | 361783 | 528906 | 622555 | 450559 | 490951 | 3680390 ( 5705560 5271420 | 4793180 | 4862638
N6 086|123 | 143 | 089 | 112 | 415197 601168 | 6616.71 | 406192 | 521057 | 41939.10( 6017690 7271110 | 4362960 | 5461418
N7 0711107 | 099 | 089 | 092 | 317506 | 459094 | 451641 | 335892 | 391033 | 3502520 ( 5222910 48720.70 | 4336500 | 4483500
Mean |08 |112 | 121 | 099 383826 | 537838 | 577928 | 443031 4129090 54697.30 | 5938450 | 4849390
Factors N C NxC N C NxC N C NxC
SE.(m)+ | 0.03 0.03 0.07 152.52 11530 305.05 1671.04 1263.18 3342.07
CD@5%| 010 0.08 0.20 444.94 336.35 889.89 4848.89 3665.41 9697.77
fertilizers likely enhanced nutrient uptake and efficiency, ~ kg/ha). Among nano and chemical fertilizers alone, the

resulting in heavier cabbage heads, as seen in treatment
N.C,. Chemical fertilizers provided balanced nitrogen for
leafy growth, phosphorus for root development and
potassium for overall plant health, leading to larger
cabbage heads in treatment C,,. Nano fertilizers may have
further boosted head weight by improving nutrient
absorption in N,. These findings match research by
Jaysawal et al., (2023) in ridge gourd, Biswas et al.,
(2023) in bottle gourd and Pooja et al ., (2022) in broccoli.

Data recorded in Table 2 indicate that the highest
dry matter yield after harvesting of cabbage heads was
achieved with the combination of nano and chemical
fertilizers, specifically N,C,, which produced 6616.71 kg/
ha. For individual treatments, 75% RDF (C,) resulted in
the highest dry matter of 5779.28 kg/ha. Among nano
fertilizers, N, which involved a nano nitrogen foliar spray
at 20 and 40 DAT, produced 5329.63kg/ha. The lowest
dry matter yield was observed with the N.C,(3175.06

Table 3: Quality parameters as influenced by nano and chemical fertilizers

(At harvest).

lowest dry matter yields were from N, at 3910.33 kg/ha
and C, at 3888.26 kg/ha.

Combining nano and chemical fertilizers, as in
treatments N,C,, likely improved nutrient absorption and
chlorophyll synthesis. This enhanced photosynthesis and
dry matter production. In treatment C,, higher chlorophyl
boosted sunlight absorption and photosynthesis, while
treatment N, also experienced increased dry matter from

improved photosynthesis.

As indicated in Table 2, the highest cabbage head
yield was achieved in treatment combination N.C,, which
involved a nano phosphorus seedling dip at transplanting,
foliar spray at 20DAT and 75% RDF (72711.10 kg/ha).
Among chemical fertilizers alone, the highest head yield
was from 75% RDF (C,) with 59384.50 kg/ha. For nano
fertilizers alone, the highest head yield was achieved with
N.,, producing 55889.40 kg/ha, while the lowest was 44835
kg/ha with N..

The higher cabbage yield with nano
fertilizers, especially in treatment N,C, and

_ N,, is likely due to improved nutrient
Nano TSS(°Brix) ASCORBICACID (mg/100) | efficiency and reduced losses, leading to
fertilizers [  Chemical fertilizers (C) Chemical fertilizers (C) greater productivity and head weight. This
() |C1/C2| C3[ C4|Mean| Cl| C2| C3 | C4|Mean| matches findings by Sulaiman and Rasheed
N1 680)687|7.05|697| 692 |3417|3469| 3548[3291| 3431 | (2024) for lettuce, Al-Baghdadi and
N3 6.8716.93| 6.90| 6.58| 6.82 |43.18| 43.68| 44.84|44.55| 44.06 et a|.’ (2022) for okra. In treatment C3’
N4 7111668 6.98] 6.74| 6.88 |31.62| 31.49| 35.60|31.72| 32.60 enhanced Vegetative grovvth ||ke|y increased
N5 6.88|7.32| 6.91] 6.61| 6.93 |38.14| 36.94| 39.88|38.18| 38.28 Carbohydrate production in the Cabbage
N6 6.471697] 6.89| 7.12| 6.86 |40.37| 41.41| 43.64|39.86| 41.32 head’ boosting y|e|d This Supports previous
N7 1653|681)664]| 6.93| 6.73 [30.91|29.53| 3542|13380( 3241 | research by Chandel et al., (2021) in
Mean | 6.77|6.95| 6.92] 6.87 37.70( 37.51( 40.18(38.01 Cabbage, Kumar et al., (20]_9) in Cabbage
Factors N C NxC] N C NxC| and Singh et al., (2018) in cabbage, Preeti
SE(m)+] 009 0.07 019 | 046 035 093 | etal., (2024) in rat-tail radish.
CD@5%|) NS NS NS 135 102 NS Data recorded in Table 3 clearly show
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that Total Soluble Solids (TSS) in cabbage heads after
harvest were not significantly affected by the use of nano
and chemical fertilizers or a combination of both.

As shown in Table 3, nano nitrogen foliar spray at 20
and 40 DAT (N,) resulted in the highest ascorbic acid
content in cabbage heads after harvest, with 45.46 mg/
100g. This was followed by N,(44.06 mg/100g). The
lowest ascorbic acid content was found in N_(32.41 mg/
100g). Among different levels of RDF, the highest
ascorbic acid content was observed with 75% RDF(C,),
yielding 40.18 mg/100g followed by 50% RDF (C,) with
38.01 mg/100g and lowest in C, (37.51 mg/100g).

Nitrogen is key for synthesizing vitamins and enzymes
(Tisdale and Nelson, 1966). In treatments N, and N,,
nano fertilizers improved nitrogen supply, boosting
ascorbic acid levels, aligning with Juthery and Maamouri
(2020) for potatoes, Shams (2019) for kohlrabi and Juthery
et al., (2018) for potato. High nitrogen at 100% RDF
may cause nutrient imbalances and excessive growth,
reducing ascorbic acid, which explains lower levels in
treatment C,.. Conversely, 75% RDF (C,) offered a more
balanced nutrient supply, enhancing ascorbic acid content.

Conclusion

The study demonstrates that the combination of nano
and chemical fertilizers, especially nano phosphorus
seedling dip and foliar spray along with 75% RDF, led to
the highest headvolume, weight, dry matter yield and head
yield. Nano fertilizers particularly nano nitrogen two foliar
sprays have improved nitrogen efficiency, which
enhanced various aspects of cabbage yield and quality,
including head circumference, volume,weight, yield, dry
matter production and ascorbic acid content.

In contrast, while chemical fertilizers alone also
contributed to better growth outcomes compared to
controls, their effects were generally less pronounced
than those achieved with the combination of nano and
chemical fertilizers. The increased efficiency in nutrient
uptake and utilization provided by nano fertilizers likely
contributed to the superior performance observed.

Overall, integrating nano fertilizers with conventional
chemical fertilizers appears to be an effective strategy
for optimizing cabbage production, resulting in larger,
denser heads, higher yields.
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