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ABSTRACT 
Understanding the effect of nitrogen, mulch and gibberellic acid on minerals and metabolites in multipurpose 

pumpkin (Cucurbita moschata Duch) is important since it is a dependable source of food, providing families 

producing it with various diets that contribute to household food and nutrition security. However, production of the 

pumpkin using optimal or integrated inputs has not yet been embraced in most African countries, resulting in under- 

realization of its maximum potential. To respond to this challenge, a split-split plot experiment arranged in 

randomized complete block design and replicated three times was conducted for two seasons from January 2019 to 

July 2020. The nitrogen (0, 50, 100 and 150 kg N/ha) was assigned to main plots, mulch (no mulch, black-painted 

and unpainted rice straws) to sub-plots, and gibberellic acid (GA3) (0 mg/L, 40 mg/L and 80 mg/L) to split-plots. 

Nitrogen was applied as calcium ammonium nitrate (CAN) in two equal doses for each rate at three weeks post- 

emergence and at the beginning of flowering. The black-painted and unpainted rice straws were placed on plots after 

land preparation. The GA3 solution was sprayed to plants using a 1-L sprayer, starting with 40 mg/L, followed by 80 

mg/L, once during the fourth week post-emergence. Data collection was done fortnightly from the fourth week after 

emergence up to fruit harvest stage. Data values were subjected to analysis of variance using SAS software version 

9.3 and means separated using the least significant difference test at α=0.05. All the measured parameters were 
significantly (P<0.05) different. Highest levels of K and Mg were obtained for 100 kg N/ha. On the other hand, P 

and beta-carotene were highest where unpainted rice straws were used, while application of 80 mg/L GA3 yielded 

high amounts of P and K. Results further showed that combined N fertilizer, mulch and GA3 consistently had 

significant (P<0.05) effects on N, P, K, Mg and beta-carotene (highest 23 ppm was for N1M1GA1). Therefore, sole 

nitrogen fertilizer, mulch, GA3, and combined rates that promote the desired mineral nutrient and beta-carotene 

contents in multi-purpose pumpkin leaves should be adopted and applied, depending on the kind. 
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INTRODUCTION 
The Cucurbitaceae species, Cucurbita moschata 

(multipurpose pumpkin) acts as a dependable source of 

food, providing families producing it various diets. 

Multipurpose pumpkin leaves, fruits and seeds are 

immensely important to consumers. Nutritional value 

of pumpkins fruits is high, but varies depending on the 

species and cultivar. Pumpkin fruit flesh is tasty and 

valuable since it contains many biologically active 

materials and distinguished dietary qualities 

(Jukneviciene et al., 2013). Pumpkins contain 

numerous mineral nutrients, vitamins A, B1, B2, B6, 
C, E, and β-carotene, among others. They are also rich 

in carbohydrates, particularly starch and sugars, whose 

amount depends on climatic conditions, species and 

cultivar. Pumpkins have low calorific value, which 

fluctuates from 15 to 39 kcal (Murkovic et al., 2004). 

Nitrogen is the most commonly required element 
during pumpkin production, although phosphorous is 

needed to promote seedling vigour, maximum 

production and high fruit quality (Mahfouz and sharaf- 

eldin, 2007). It is commonly applied in two side- 

dressings, the first at the 2-4 leaf stage and the second 

when vines start branching. Excessive N favours 

vegetative growth over reproductive growth and can 

inhibit fruit set. The nitrogen rate must be low enough 

by the time of flowering so that the plant will form 

fewer new leaves after fruits begin to grow to allow 
more sugars to go into fruits, rather than to developing 

leaves and vines (Min-gang et al., 2008). 

 
Mulches and particularly the clear form have been 

reported to enhance germination of direct-seeded 

pumpkins since they increase soil temperatures (Fang 

et al., 2011). Mulching with grass resulted in over 55% 

of the available nitrogen getting released into the soil 

during the first 4 months of application for pumpkin 

production (Fang et al., 2011). 

Yamaguch and Kamiya (2000) reported that 
gibberellins play an essential role in many aspects of 

growth and development of pumpkins such as seed 

germination, stem elongation and flower development. 

Gibberellins delay senescence, improve growth and 

development of chloroplasts, thereby intensifying 

photosynthetic efficiency that culminates in increased 

yield (Yuan and Xu, 2001). The present study assessed 
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the effect of combined nitrogen fertilizer, mulch and 

GA3 on mineral nutrient content multi-purpose 

pumpkin leaves. 

 

MATERIALS AND METHODS 

The experiment was conducted on a farm that lies at 00 

19' S, 370 38’ E and 1535 m above sea level. The site 
receives average annual temperature of 19.5oC (12.2ºC 

- 23.2ºC) and experiences two rainy seasons with 

March through June constituting the long rainy season 

and October through December constituting the short 

rainy season. The average annual rainfall is 1200 mm 

(http://en.climate-data.org). The soils are humic 

Nitisols, deep, strongly weathered, well drained with a 

clayey subsurface horizon and high cation exchange 

capacity (Jaetzold et al., 2006; Koskey et al., 2017). 

A three factor split-split block experiment embedded in 
randomized complete block design (RCBD) with three 

replications was used. Individual plots in a block 

measured 2m x 2m separated from each other by 1 m. 

The three factors were nitrogen, mulch and three GA3. 

Nitrogen occupied main plots, mulch sub-plots and 

GA3 split-plots. The nitrogen rates were 0, 50, 100 and 

150 kg N/ha applied as CAN in two split equal doses 

for each rate, at three weeks post-emergence and at the 

beginning of flowering. The amount of CAN fertilizer 

used per experimental unit was derived as: a) 50 Kg 
N/ha = 76.9 g CAN/4 m2, b) 100 Kg N/ha= 153.8 g 

CAN/4 m2, c) 150 Kg N/ha = 230.7 g CAN/4 m2. 

The mulch type was none, black-painted and unpainted 

rice straws that were easily available near the 

experimental site in required quantities. The black- 

painted and unpainted dry rice straws were placed on 

the respective split plots after land preparation. 

Painting of the rice straws was done by dipping in a 

200 L drum containing the black paint solution and 

then spreading on the ground to air-dry. The mulch was 

uniformly spread on the soil to achieve 20 cm 

thickness. Planting holes were marked and opened 
during seed sowing. 

The GA3 rates used were 0, 40 and 80 mg/L. The GA3 

granules were dissolved in 50 ml alcohol and then 

topped up to 1-L stock solution using distilled water. 
The required spray concentration was prepared from 

the stock solution by diluting with distilled water. A 

few drops of acceptable commercial sticker were added 

to solutions to facilitate the uptake of the GA3 into 

leaves. The GA3 solution was sprayed to the plants 

with a 1-L hand-held sprayer. Spray of lower rate was 

applied first followed by next higher rate. It was done 

once during the fourth week after emergence. To avoid 

drift, spraying was done on a calm morning. 

Soil analysis was done at the KALRO National 

laboratories Kabete before plant establishment to 

establish the amount of additional fertiliser to apply. 

The soil was sampled using a zigzag sampling pattern 
across the experimental field. A soil auger and plastic 

containers were used. Two different composite samples 

were taken from 0-15 cm and 16-30 cm, respectively. 

The soil pH, total N, available P, K, Ca, Mg, organic 

carbon, and trace elements were measured (Chang and 

Laird, 2002). 

 
Data values were collected for two seasons. Season 1 

lasted from March 2019 to July, 2019 with 1,004 mm 

rainfall, and Season 2 lasted from October 2019 to 

February 2020 with 1,260 mm rainfall. Sample leaf 

vegetables were cleaned with water and rinsed with 

distilled water to avoid surface contamination 

according to Ahmed et al. (2008). The leaves samples 
(2 leaves) were similarly oven dried at 60o C until a 

constant weight was achieved. The samples were then 

crushed to a fine powder using mortar and pestle, 

sieved through 20-mesh and stored in an air tight 

plastic container for analysis. The sample was then 

digested into solution by wet digestion using a mixture 

of conc. Nitric, perchloric and sulphuric acids in the 

ratio 9:2:1 respectively. 

 

Nitrogen in the vegetable leaves was determined based 

on the Kjeldhal procedure. Mg was determined by 

Fourier transform Infrared Spectrophotometry, K was 
determined using atomic emission spectrometer while 

colorimetric method was used to determine phosphorus 

according to the procedures described by AOAC 

(1990). Data values were subjected to analysis of 

variance to determine effects of the treatments using 

the SAS software version 9.3. Means separation was 

performed using the least significant difference (LSD) 

test at α = 0.05. 

 

RESULTS 

Effect of Nitrogen on Mineral Nutrients and Beta- 

carotene in Leaves 

Nitrogen fertiliser had a significant (P<0.05) effect on 

nitrogen content in leaf tissue (Table 1). Application of 
150 kg N/ha produced the highest nitrogen of 2.88 ppm 

and 2.95 ppm in S1 and S2, respectively. Nitrogen 

content increased with increase in nitrogen rate in that 

application of 150kg N/ha yielded the highest nitrogen 

content in leaves. 

Nitrogen had a significant (P<0.05) effect on 

phosphorus content in both seasons. Application of 50 

kg N/ha produced the highest phosphorus content of 

219.26 ppm and 217.91 ppm in S1 and S2, 
respectively. Lowest phosphorus content resulted when 

150  kg  N/ha  was  applied,  since  pumpkin  leaf 
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vegetables yielded 197.65 ppm and 197.33 ppm during 

S1 and S2, respectively. 

 

The effect of nitrogen fertiliser on the potassium 
content was significant (P<0.05) in both seasons. 

Application of 100 kg N/ha produced the highest 

potassium content of 387.3 ppm and 502.3 ppm in S1 

and S2, respectively (Table 1). Potassium content 

increased with increase in nitrogen rate up to 100 kg 

N/ha in both seasons. The control treatment had 

potassium content of 293.7 ppm and 295.3 ppm in S1 

and S2, respectively. 

 

Nitrogen had a significant effect on magnesium in both 
seasons. The 100 kg N/ha nitrogen fertiliser produced 

the highest magnesium content of 113.42 ppm and 

114.15 ppm in S1 and S2, respectively. On the other 

hand, when 150 kg N/ha nitrogen fertiliser was applied 

magnesium content was lowest during both seasons. 

 

There was a significant (P<0.05) effect of N on beta- 
carotene in both seasons. The 0 kg N/ha produced the 

highest beta-carotene of 9.91 ppm and 9.87 ppm in S1 
and S2, respectively. Beta-carotene content decreased 

with increase in nitrogen fertilizer rate up to 100 kg 

N/ha in both seasons. 

The effect on N, P, K and Mg contents showed a 

significant increase as nitrogen fertiliser increased up 

to 100 kg N/ha (Table 1). However, the highest 
nitrogen fertilizer rate of 150 kg N/ha slightly 

decreased N, P, K and Mg contents of pumpkins leaves 

probably due to dilution effect in the stimulated lush 

vegetative growth. Ibrahim and Selim (2007) also 

found significant effect of nitrogen on N, P and K 

contents in the leaves of squash. 

 
Similarly, Ibrahim (1995) reported increased N, P and 

K percentages in squash leaves as nitrogen level 

increased up to 80 kg N /ha. El-Shabrawy (1997) 

observed that nitrogen in squash leaves increased as 

nitrogen rate increased from 60 kg N/ha to 120 kg 

N/ha, but P and K percentages were not affected by 

increase in nitrogen rate. High ppm of these minerals in 

pumpkin leaves may be attributed to increased 

availability of nitrogen in the soil. Consequently, 
absorption would be higher and nutrient accumulation 

in leaves tissue would increase. 

 

Effect of mulch on Mineral Nutrients and Beta- 

carotene in Leaves 

Mulch had a significant (P<0.05) effect on nitrogen 

content in both seasons (Table 2). No mulch produced 
the highest nitrogen content of 1.83 ppm and 1.94 ppm 

in S1 and S2, respectively. Nitrogen content was 

lowest of 1.68 ppm and 1.76 ppm in S1 and S2, 

respectively, for unpainted rice straws. Mulch had a 

significant (P<0.05) effect on phosphorus content in 

both seasons. Unpainted rice straw mulch produced the 

highest phosphorus content of 206.23 ppm and 206.93 
ppm in S1 and S2, respectively (Table 2). Lowest 

phosphorus content of 200.86 ppm and 201.23 ppm in 

S1 and S2, respectively, was obtained for no mulch. 

 

Mulch had a significant (P<0.05) effect on potassium 
content in S1 and no significant (P>0.05) effect in S2. 

The no mulch produced the highest potassium content 

of 376.8 ppm and 392.1 ppm in S1 and S2, respectively 

(Table 2). The potassium content for unpainted rice 

straws was lowest of 292.6 ppm and 382.3 ppm in S1 

and S2, respectively. 

Mulch also had a significant (P<0.05) effect on 

magnesium in both seasons (Table 2). The black- 
painted rice straw mulch produced the highest 

magnesium content of 108.95 ppm and 110.68 ppm in 

S1 and S2, respectively. On the other hand, the 

magnesium content of 106.40 ppm and 106.76 ppm in 

S1 and S2, respectively, was lowest when unpainted 

rice straw mulch was applied. 

 
Mulch had a significant (P<0.05) effect on beta- 

carotene in both seasons. The unpainted rice straws 

produced the highest beta-carotene of 8.84 ppm and 

6.75 ppm in S1 and S2, respectively. Beta-carotene of 

6.03 ppm and 5.86 ppm in S1 and S2, respectively, was 
lowest for no mulch. Mulching affected P and beta- 

carotene contents in leaves positively. 

The high P, K, Mg and beta-carotene contents were 

attributed to the high uptake rate of such nutrients due 

to high root activity in response to high accumulation 

of heat in the soil which was mulched. Muhammad et 

al. (2009) reported that mulched treatments had 

significantly higher uptake of total N, P and K in 

shoots of maize compared to treatments that were un- 

mulched. This response was also supported by 
Chalker-Scott (2007), who observed that mulches 

maintain appropriate moisture and temperature levels 

for easy nutrient release into the soil for root uptake or 

microbial use. 

 
Torres-Olivar et al. (2016) found that leaf Mg and P 

contents were significantly affected by mulching, while 

K, Ca and N were not significantly affected in 

cucumber plants. Cruz et al. (2012) also reported that 

soil enrichment with organic matter increased beta- 

carotene content in lettuce leaves. 
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Table 1: Effect of nitrogen on mineral nutrients and beta-carotene in leaves 

Nitrogen (kg/ha) Nitrogen (ppm) Phosphorous (ppm) Potassium (ppm) Magnesium (ppm) Beta-Carotene (ppm) 

 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 

0 (Control) 0.73d 0.66d 198.02b 202.97b 293.7d 295.3d 101.99c 105.31b 9.91a 9.87a 

50 1.64c 1.69c 219.26a 217.91a 302.6c 321.7c 107.98b 107.69b 9.23b 5.24c 

100 1.84b 2.01b 198.38b 199.34bc 387.3a 502.3a 113.42a 114.15a 3.19d 3.20d 

150 2.88a 2.95a 197.65c 197.33c 369.0b 436.1b 108.29b 107.61b 6.55c 6.52b 

P-value 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.002* 0.001* 0.001* 

LSD 5% 0.121 0.089 0.358 4.983 1.198 15.05 0.988 2.989 0.068 0.073 

S1= Season 1 (March 2019-July 2019); S2= Season 2 (October 2019-February 2020) 

*Means followed by the same letter within a column are not significantly different according to the LSD Test at P= 0.05 

 

T able 2: Effect of mulch on mineral nutrients and beta-carotene in leaves  

Mulch type Nitrogen (ppm) Phosphorous (ppm) Potassium (ppm) Magnesium (ppm) Beta-carotene (ppm) 
 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 

Control 1.83a 1.94a 200.86c 201.23b 376.8a 392.1 108.40a 108.63ab 6.03c 5.86c 

Black 1.81a 1.79b 202.85b 205.01ab 345.0b 392.1 108.95a 110.68a 6.80b 6.02b 

Brown 1.68b 1.76b 206.23a 206.93a 292.6c 382.3 106.40b 106.76b 8.84a 6.75a 

P-value 0.017* 0.017* 0.001* 0.018* 0.001* 0.098 0.001* 0.023* 0.001* 0.001* 

LSD 5% 0.102 0.125 0.281 3.793 0.534 10.26 0.801 2.681 0.034 0.043 

S1= Season 1 (March 2019-July 2019), S2= Season 2 (October 2019-February 2020). *Means followed by the same letter within a column are not significantly 
different according to the LSD Test at P=0.05 

 

Table 3: Effect of GA3 on mineral nutrients and beta-carotene in leaves 
GA3 (mg/L) Nitrogen (ppm) Phosphorous (ppm) Potassium (ppm) Magnesium (ppm) Beta-carotene (ppm) 

 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 

0 (Control) 1.74b 1.82b 192.22c 194.44b 302.20c 330.90b 111.74a 113.24a 6.22b 6.20b 

40 1.87a 1.94a 207.72b 208.18a 346.97b 416.10a 106.39b 107.30b 9.93a 6.93a 

80 1.71b 1.73c 210.04a 210.55a 365.26a 419.61a 106.04b 105.52b 5.53c 5.50c 

P-value 0.005* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 

LSD 5% 0.099 0.093 0.296 3.617 0.791 11.04 0.604 2.396 0.030 0.043 

S1= Season 1 (March 2019-July2019); S2= Season 2 (October 2019-February 2020) 

*Means followed by the same letter within a column are not significantly different according to the LSD Test at P=0.05 
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Effect of GA3 on Mineral Nutrients and Beta- 

carotene in Leaves 

Nitrogen content in leaf tissue was significantly 
(P<0.05) affected by GA3 in both seasons (Table 3). 

Application of 40 mg/L GA3 produced the highest leaf 

nitrogen content of 1.87 ppm and 1.94 ppm in S1 and 
S2, respectively. Leaf nitrogen content was lowest of 
1.71 ppm and 1.73 ppm in S1 and S2, respectively, 

when 80 mg/L GA3 was applied. 

Gibberellic acid had a significant (P<0.05) effect on 
phosphorous content in both seasons. Application of 80 

mg/L GA3 yielded the highest phosphorous content of 

210.04 ppm and 210.55 ppm in S1 and S2, 

respectively.  The  lowest  phosphorous  content  of 

192.22 ppm and 194.44 ppm in S1 and S2, 

respectively, was obtained under 0 mg/L GA3. 

There was a significant (P<0.05) effect of GA3 on 

potassium in both seasons. Application of 80 mg/L 
GA3 had the highest potassium of 365.26 ppm and 

419.61 ppm in S1 and S2, respectively (Table 3). For 0 

mg/L GA3, potassium was lowest of 302.2 ppm and 

330.9 ppm in S1 and S2, respectively. 

Results showed that GA3 had a significant (P<0.05) 

effect on Mg in both seasons. The 0 mg/L GA3 

produced the highest Mg content of 111.74 ppm and 

113.24 ppm in S1 and S2, respectively. The Mg was 

lowest of 106.04 ppm and 105.52 ppm in S1 and S2, 
respectively, when 80 mg/L GA3 was applied. 

Gibberellic acid had a significant (P<0.05) effect on 

beta-carotene in both seasons. The 40 mg/L GA3 

produced the highest beta-carotene of 9.93 ppm and 

6.93 ppm in S1 and S2, respectively. Beta-carotene was 

lowest of 5.53 ppm and 5.50 ppm in S1 and S2, 

respectively, when 80 mg/L GA3 was applied. 

Application of plant growth regulators like GA3 at low 

rates regulates growth, differentiation and 
development, either by promotion or inhibition of 

processes (Naeem et al., 2004), which directly affect 
chemical composition of leaves. The GA3 affected N 

and beta-carotene negatively, while the other minerals 

were promoted by it. Afaf et al. (2007) reported that 
GA3 significantly increased nitrogen and potassium 

contents in Globe Artichoke leaves. 

 

Effect of Nitrogen, Mulch and GA3 Mineral 

Nutrients and Beta-carotene in Leaves 

A significant (P<0.05) effect was observed due to 

interaction on nitrogen content in both seasons (Table 

4). Highest nitrogen content of 3.26 ppm was obtained 

for N3M1GA0, while lowest nitrogen content of 0.39 

ppm was obtained for N0M0GA0 during S1. During S2, 

highest nitrogen content of 3.32 ppm was recorded for 
N3M1GA1, while lowest nitrogen content of 0.29 ppm 

was recorded for N0M0GA0 during S1. The N3M1GA0 

(150kg N/ha, black-painted rice straw mulch and 0 
mg/L GA3) and N3M1GA1 (150kg N/ha, black-painted 

rice straw mulch and 40 mg/L GA3) had the highest 

interactive effect on nitrogen content in pumpkin 
leaves produced in S1 and S2, respectively. 

There was significant (P<0.05) effect of interaction on 

P in both seasons. The phosphorous content of 299.36 
ppm was highest for N3M2GA0, while the lowest 

phosphorous content of 85.33 ppm was recorded for 

N2M0GA0 in S1 (Table 4). During S2, highest 

phosphorous content of 300.07 ppm was recorded for 
N3M2GA0, while the lowest phosphorous content of 

87.70 ppm was recorded for N2M0GA0. The N3M2GA0 

(150 kg N/ha, unpainted rice straws and 0 mg/L GA3) 

had the highest combined effect of nitrogen, mulch and 
GA3 on phosphorous content in both seasons. 

Potassium was highest 475.7 ppm for N3M0GA1 and 
lowest 172.8 ppm for N0M1GA2 in S1. The 653.2 ppm 

was the highest obtained for N3M1GA2, while 

N3M2GA1 had the lowest of 107.2 ppm during S2. The 

N3M0GA1 (150 kg N/ha, no mulch and 40 mg/L GA3) 

and N3M1GA2 (150 kg N/ha, black-painted rice straw 

mulch and 80 mg/L GA3 had the highest interactive 

effect on potassium in S1 and S2, respectively. There 
was a significant (P<0.05) effect of interaction on 
potassium in both seasons. 

 

Highest magnesium of 131.25 ppm was for N2M2GA0, 

while the lowest of 52.77 ppm was for N0M2GA2 in S1 

(Table 4). The 132.87 ppm was the highest magnesium 

for N2M2GA0, while N0M2GA2 had the lowest 53.51 

ppm magnesium in S2. The N2M2GA0 (100 kg N/ha, 

unpainted rice straw mulch and 0 mg/L GA3) had the 

highest interactive effect on magnesium in both 
seasons. There was a significant (P<0.05) effect of 
interaction on the magnesium in both seasons. 

There was a significant (P<0.05) effect of interaction 
on beta-carotene in S1 and S2. Beta-carotene of 23.16 
ppm was highest for N1M1GA1 while the lowest of 0.64 

ppm was recorded for N2M2GA0 during S1. During S2, 

highest beta-carotene of 22.79 ppm was recorded for 
N1M1GA1, while the lowest of 0.68 ppm was recorded 

for N2M2GA0. The N1M1GA1 corresponding to 50 kg 

N/ha, black-painted rice straw mulch and 40 mg/L GA3 

had the highest interactive effect on beta-carotene in 

both seasons. 
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Table 4: Effect of nitrogen, mulch and GA3 on minerals and beta-carotene in leaves 

Treatment Nitrogen (ppm) Phosphorous 
(ppm) 

Potassium (ppm) Magnesium 
(ppm) 

Beta-carotene 
(ppm) 

 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 

N0M0GA0 0.4 0.3 220.7 220.5 306.2 395.8 112.2 113.1 8.3 8.3 

N0M1GA0 0.6 (0.4) 174.5 180.5 292.5 294.6 112.4 117.3 4.3 4.2 

N0M2GA0 0.7 0.6 173.0 177.2 249.6 235.3 105.5 109.0 2.3 2.2 

N0M0GA1 1.1 1.4 213.0 213.3 466.2 456.5 108.8 109.2 6.3 6.3 

N0M1GA1 0.7 0.6 203.8 230.6 309.7 240.1 103.9 118.6 4.4 4.4 

N0M2GA1 0.7 0.5 165.2 167.3 243.1 218.4 109.8 112.2 4.8 5.6 

N0M0GA2 0.7 0.6 171.5 169.2 340.4 413.2 107.7 107.2 5.6 5.6 

N0M1GA2 1.3 1.1 253.2 158.3 (172.8) 217.1 104.8 107.8 8.4 8.4 

N0M2GA2 (0.4) 0.5 207.2 209.9 263.3 187.0 (52.8) (53.5) 2.2 2.2 

N1M0GA0 1.8 1.6 291.5 290.1 299.5 272.7 107.5 107.5 3.8 3.8 

N1M1GA0 1.7 1.3 188.4 193.0 266.4 321.5 109.4 113.0 14.0 3.8 

N1M2GA0 1.3 1.2 205.3 202.2 251.9 261.0 105.7 105.0 16.1 16.0 

N1M0GA1 1.6 1.8 205.9 204.8 254.7 229.0 100.2 95.8 7.7 7.7 

N1M1GA1 1.9 2.0 203.8 197.8 306.6 369.3 104.3 102.1 23.2 22.8 

N1M2GA1 1.6 1.9 245.4 245.2 256.7 247.3 106.3 107.2 2.8 9.2 

N1M0GA2 2.0 2.3 193.0 190.2 370.1 407.0 111.3 110.6 9.0 8.9 

N1M1GA2 1.8 1.9 197.7 194.6 353.9 476.2 108.3 107.6 5.0 5.0 

N1M2GA2 1.2 1.3 242.3 243.4 363.3 311.3 119.0 120.5 1.6 1.6 

N2M0GA0 1.9 1.8 (85.3) (87.7) 446.7 511.8 108.5 112.7 2.9 2.9 

N2M1GA0 1.9 2.6 186.8 193.5 469.2 523.6 109.2 114.1 1.3 1.4 

N2M2GA0 2.0 2.2 183.8 184.7 257.7 263.6 131.3 132.9 (0.6) (0.7) 

N2M0GA1 2.1 2.3 239.2 245.8 445.2 366.5 110.2 114.1 3.6 3.7 

N2M1GA1 1.9 1.8 223.8 223.7 303.0 420.0 111.8 112.7 2.1 2.1 

N2M2GA1 2.0 1.9 188.4 188.4 211.5 350.1 104.6 105.5 7.6 7.6 

N2M0GA2 2.1 2.2 204.3 203.3 451.4 502.6 126.2 126.6 3.9 3.8 

N2M1GA2 0.8 0.8 237.7 237.3 443.5 438.6 103.6 104.3 3.2 3.2 

N2M2GA2 2.1 2.6 236.1 211.6 457.5 447.7 115.5 104.4 3.6 3.6 

N3M0GA0 2.4 2.7 126.3 125.5 211.7 218.7 106.7 107.1 11.2 11.1 

N3M1GA0 3.3 3.1 171.5 178.3 273.0 247.4 113.7 111.3 7.8 7.8 

N3M2GA0 3.1 3.1 299.4 300.1 302.1 424.6 114.1 116.1 2.1 2.1 

N3M0GA1 3.0 3.2 165.1 167.3 475.7 485.0 95.6 93.2 8.8 8.7 

N3M1GA1 3.2 3.3 247.7 249.9 443.2 503.5 115.6 110.2 1.2 1.2 

N3M2GA1 2.6 2.6 191.5 192.6 448.1 (107.2) 105.6 107.0 3.9 3.9 

N3M0GA2 3.0 3.1 294.6 197.2 454.1 446.0 106.0 106.6 1.3 1.3 

N3M1GA2 2.6 2.7 145.3 145.6 406.2 653.2 110.6 109.3 6.9 6.7 

N3M2GA2 2.7 2.8 137.6 137.8 306.8 434.7 106.8 107.9 15.8 15.8 

P-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

LSD 5% 0.3 0.3 1.0 12.4 2.6 36.9 2.2 8.3 0.1 0.2 

S1= Season 1 (March 2019-July 2019); S2= Season 2 (October 2019-February 2020). 
Bolded values = Highest; Bracketed values = Lowest 
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The present results showed that interactive effect was 

consistently significant on N, P, K and beta-carotene 

contents (Table 4). A study by Mondal et al. (2020) 

found a significant interactive effect of nitrogen and 
mulch on N, P and K in peanut plants, thereby 

supporting the results of the present study. Interaction 

of mulch (seaweed extracts), organic N fertilizer and 

different N rates significantly increased N, P and K in 

leaves of summer squash (El-Afifi et al., 2009). On the 

contrary, Siddiqui et al. (2008) found no significant 

interactive effect of N and GA3 on N, K and Na in 

Brassica juncea leaves. Thus, the results depend on the 

species assessed. 

 

CONCLUSION & RECOMMENDATION 
Nitrogen fertilizer significantly increases nitrogen, 

potassium and magnesium contents in multi-purpose 

pumpkin leaves. Results also showed that nitrogen, 

phosphorus, potassium, magnesium and beta carotene 

contents are significantly affected by mulching, 

whereby mulching increases P and beta-carotene, but 

decreases N, K and Mg. Applied GA3 significantly 

increases P and K, but significantly decreases N, P and 

beta-carotene. Combined nitrogen fertilizer, mulch and 

GA3 significantly and consistently affect N, P, K, Mg 

and beta-carotene contents in multi-purpose pumpkin 

leaves. This shows that nitrogen fertiliser, mulch and 

GA3 can be useful in evaluation of mineral and 

metabolite composition in multi-purpose pumpkin 

leaves. Therefore, sole nitrogen fertilizer, mulch, GA3, 

and combined rates that promote the desired mineral 

nutrient and beta-carotene contents in multi-purpose 

pumpkin leaves should be adopted and applied, 

depending on the kind. 

REFERENCES 

Afaf, T.M.K., Abd El-hameid, A.M. and El-Greadly, 
N.H.M. 2007. A comparive study on effect of 

treatments on earliness, yield and quality of globe 

artichoke (Cynarascolymus L.). Research Journal 

of Agriculture and Biological Sciences, 3:695-700. 

Ahmed, W., Huygens, F., Goonetilleke, A. and 

Gardner. T. 2008. Real-time PCR detection of 

pathogenic microorganisms in roof-harvested rain- 

water in Southeast Queensland, Australia. Appl. 

Environ. Microbiol. 74:5490–5496. 

AOAC. 1990. Official Methods of Analysis 15th 
edition. Association of Official Analytical 

Chemists. Washington DC USA. 400-2200. 

Wilson Boulevard, Arlington Virginia USA. 

Chalker-Scott, L. 2007. Impact of mulches on 

landscape plants and the environment-a review. 

Journal of Environment and Horticulture, 25:239- 

249. 

Chang, C.W. and Laird, D.A. 2002. Near-infrared 

reflectance spectroscopy analysis of soil C and N. 

Soil Science, 1672:110-116. 

Cruz, R., Baptista, P., Cunha, S., Pereira, A.J. and 
Casal, S. 2012. Carotenoids of lettuce (Lactuca 

sativa L.). grown on soil enriched with spent 

coffee grounds. Molecules, 17:1535-1547. 

El-Afifi, S.T., Tartoura, E. and Shaaban, S. M. 2009. 
Effect of different sources and rates of organic 

manure on summer squash yield production. 

Journal of Plant Production, 34(3):1757-1779. 

El-Shabrawy, R.A. 1997. The relationship between 

levels, sources of nitrogen application and some 

micronutrient treatments on summer squash 

(Cucurbita pepo L.). PhD Thesis, Faculty 

Agriculture, Mansoura University, Egypt. 

Fang, S., Xie, B., Liu, D. and Liu, J. 2011. Effects of 

mulching materials on nitrogen mineralization, 
nitrogen availability and poplar growth on 

degraded agricultural soil. New Forests, 

41(1):147-162. 

Ibrahim, E.A. and Selim, E. M. 2007. Effect of 

irrigation intervals and nitrogen fertilizer rates on 

summer squash (Cucurbita pepo L.). Growth, 

yield, nutritional status and water use efficiency. 

Agric. Sci. Mansoura Univ. 32:10333-10345. 

Ibrahim, H.I.A. 1995. Physiological studies on squash. 

M.Sc. Thesis, Faculty of Agriculture, Mansoura 

University, Egypt. 

Jaetzold R., Schmidt, H., Hornetz, B. and Shisanya, C. 
2006. Farm Management Handbook of Kenya. 

Vol. II Natural Conditions and Farm Management 
Information 2nd Edition Part B Central Kenya. 

Subpart B2. Central Province. 

Jukneviciene, E., Cerniauskiene, J., Jurgita, K., and 

Jukneviciene, Z. 2013. Oil pumpkins: Important 

source of antioxidants. Journal of Food, 

Agriculture and Environment, 11(1):156-158. 

Koskey, G., Mburu, S.W., Njeru, E.M., Kimiti J.M., 

Ombori, O. and Maingi, J.M. 2017. Potential of 

native rhizobia in enhancing nitrogen fixation and 

yields of climbing beans (Phaseolus vulgaris L.). 

in contrasting environments of Eastern Kenya. 
Front. Plant Sci. 8:443.doi: 10.3389/fpls.2017 

Mahfouz, S.A. and Sharaf-Eldin, M.A. 2007. Effect of 

mineral vs. biofertilizer on growth, yield, and 

essential oil content of fennel (Foeniculum vulgare 

Mill.). International Journal of Agrophysiology, 

21:361-366. 

Min-gang, X., Dong-chu, L., Ju-mei, L., Dao-zhu, Q., 

Yagi, K., and Hosen, Y. 2008. Effect of organic 

manure application with chemical fertilizers on 

nutrient absorption and yield of rice in Hunan 

southern china. China Journal of Agricultural 

Sciences, 710:1245-1252. 



36 Mwaura, Isutsa and Munyiri 

J. Env. Sust. Adv. Res. (2022) 8:29-36 

 

 

Mondal, M., Skalicky, M., Garai, S. et al. 2020. 

Supplementing nitrogen in combination with 

rhizobium inoculation and soil mulch in peanut 

(Arachis hypogaea L.) production system: Part I. 
Effects on productivity, soil moisture, and nutrient 

dynamics. Agronomy, 10:1582. 

doi:10.3390/agronomy1010158. 

Muhammad, A.P., Muhammad, I., Khuram, S. and 
Hassan, A.U.L. 2009. Effect of mulch on soil 

physical properties and NPK concentration in 

maize (Zea mays) shoots under two tillage system. 

International Journal of Agriculture and Biology, 

11:120-124. 

Murkovic, M., Mulleder, U. and Neunteufl, H. 2002. 
Carotenoid content in different varieties of 

pumpkins. J. Food Comp. Anal, 15:633-638. 

Naeem, M., Bhatti, I., Ahmad, R.H. and Ashraf, M.Y. 

2004. Effect of some growth hormones GA3, IAA 

and Kinetin on the morphology and early or 

delayed initiation of bud of lentil (Lens culinaris 

Medik.). Pakistan Journal of Botany, 36:801-809. 

Siddiqui, M.H., Khan, M., Mohammad, F. and Khan, 

M. M. 2008. Role of nitrogen and gibberellin GA3 

in the regulation of enzyme activities and in 
osmoprotectant accumulation in Brassica juncea 
L. Journal of Agronomy and Crop Science, 

194(3):214-224. 

Torres-Olivar, V., Valdez-Aguilar, L., Cardenas- 

Flores, A., Lira-Saldivar, H., Hernandez-Suarez, 

M. and Ibarra-Jimenez, L. 2016. Effect of colored 
plastic mulch on growth, yield and nutrient status 

in cucumber under shade house and open field 

conditions. Journal of Plant Nutrition, 

39(14):2144–2152. 

Yamaguchi, S. and Kamiya, Y. 2000. Gibberellin 

biosynthesis: Its regulation by endogenous and 

environmental signals. Plant and Cell Physiology, 
41:251-257. 

Yuan, L. and Xu, D. 2001. Stimulation effect of 

gibberellic acid short-term treatment on leaf 

photosynthesis related to the increase in Rubisco 

content in broad bean and soybean. Photosynthesis 

Research, 68(1):39-47. 


