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ABSTRACT: Balance  fertilization  in  crops  act  as  an 

insurance  against  possible  nutrient deficiencies  that  

may  be  created  by  the repeated use of single land for 

plantation. Many farmers apply different combination of 

chemical fertilizers like Nitrogen, Phosphorus and 

Potassium known as NPK fertilizers to enhance the 

height, weight and yield of tomatoes fruits. However, 

excessive use of fertilizers has an impact on the 

environment and human health. Despite the recognition of 

the negative effects associated with excessive fertilizer 

use, world consumption of fertilizers has continued to 

increase. This research work therefore, employed 

Multivariate Analysis of Variance (MANOVA) to 

investigate if nitrogen and phosphorus application 

contribute to the height, weight and yield of tomato fruit; 

identify specific level of nitrogen and phosphorus require 

for the optimal yield of tomato; and determine the optimal 

yield of tomato fruit at recommended levels.  
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(MANOVA), Analysis of Variance (ANOVA), 
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1. INTRODUCTION 

 

Tomato (Lycopersicon esculentum. Mill) belongs to 

the family solanaceae, is one of the most    

important, popular and nutritious vegetable in 

Bangladesh. It is originated in tropical America [4] 

and ranks third in terms of world, vegetable 

production FAO [2].  

The popularity of tomato and different products of 

tomato processing is increasing day by day. It is a 

nutritious and delicious vegetable used in salads, 

soups and processed into stable products like 

ketchup, sauce and juice etc.   

 

 

Fertilization and impact of excess-application of 

fertilizers  

During the “Green Revolution”, a marked increase 

in yield was partly attributable to the increased use 

of synthetic fertilizers [5]. It, however, became clear 

later on that excessive use of fertilizers has an 

impact on the environment and human health. 

Despite the recognition of the negative effects 

associated with excessive fertilizer use, world 

consumption of fertilizers has continued to increase 

over the past few years.  

 

2. METHODOLOGY 

 

According to Alvin C. R. [1] the Analysis of 

Variance ANOVA examines how that single 

variable is altered in different conditions. In contrast, 

the Multivariate ANOVA, also known as 

MANOVA, tests the effect of a between-groups 

factor on two or more dependent measures 

simultaneously. Those multiple Dependent Variables 

are not compared to each other (as they would be in 

within-subject’s ANOVA); instead, they are 

compared in parallel as they change across between 

subject’s groups. Multivariate ANOVA is the perfect 

test when you have several Qualitatively Different 

Dependent Variables (QDDVs) that are all distinct 

indicators of the same underlying construct. For 

example, in education, it is common to assess 

achievement using a variety of means (e.g., test 

scores, behavioral measures, self-report 

questionnaires) that together form a more complex 

and nuanced measure of the construct 

“achievement” than any would represent on its own. 

It wouldn’t make sense to compare them to each 

other because they measure different variables what 

would it mean that response times on a cognitive 

task are greater than scores on a standardized test? 

But it would be informative to see whether they 

change together in response to a manipulation. 

Multivariate ANOVA can be more powerful than 

running several univariate ANOVAs.  

First, for rhetorical purposes, it can be more 

convincing to show your effect in a single statistical 

test rather than as a piecemeal series of tests that is 

essentially testing the same conceptual hypothesis. 

Second, in some cases, multivariate ANOVA is 

statistically more powerful than any univariate 

ANOVA on its own. This is especially the case 

when the QDDVs are negatively correlated with 

each other. Depending on the data, it is possible to 
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find a statistically significant group difference using 

MANOVA when none of the individual variables 

shows a difference in an ANOVA. In some ways, 

the MANOVA approach is similar to latent variable 

approaches such as structural equation modeling. 

Both techniques assume that the measured variables 

each relate to an unobserved (or latent) construct 

that is the target of the group-based manipulation, 

and both techniques capitalize on the increased 

power of using several different measures as 

indicators of that latent construct. 

One key difference is that MANOVA is intended to 

be used for categorical independent measures (like 

all members of the ANOVA family), whereas 

structural equation modeling is based on a regression 

model and is more appropriate for continuous 

independent measures. MANOVA can be used in 

one-way, two-way and higher-order factorial designs 

(with multiple independent variables), and when 

using analysis of covariance [3]. 

 

The Multivariate tests 

This set of multivariate tests of significance will 

indicate whether there are statistically significant 

differences among the groups on a linear 

combination of the dependent variables. There are a 

number of statistics to choose from (Wilks’ Lambda, 

Hotelling’s Trace, Pillai’s Trace). One of the most 

commonly reported statistics is Wilks’ Lambda. 

Tabachnick and Fidell [6] recommend Wilks’ 

Lambda for general use; however, if your data have 

problems (small sample size, unequal N values, 

violation of assumptions), then Pillai’s trace is more 

robust (see comparison of statistics in Tabachnick & 

Fidell [6]). In situations where you have only two 

groups, the F-tests for Wilks’ Lambda, Hotelling’s 

Trace and Pillai’s Trace are identical. 

 

3. RESULTS AND DISCURSION   

 

The model fitted for the experiment is two-way 

MANOVA which is given as: 
 

Yijk= μ+ τi+ βj+ (τβ)ij + εijk  
 

where: Yijk=vectors of observation response or 

dependent variables, μ=vetor of overall mean 

τi=vector of ith  of Nitrogen effect, βj=vector of jth 

of Phosphorus effect (τβ)ij=vector interaction 

between Nitrogen and Phosphorus effect and 

εijk=vector error term ~ NID(0,δ2 ), The study 

involves effect of 2 types of fertilizers namely 

Nitrogen and Phosphorus on 3 different variables  

namely Plant Height, Fruit dry weight and yield of 

fresh fruit all measured in ton/ha. 

 
Table 3.1 The General Linear Model 

Between-Subjects Factors 
 Value Label N 

Nitrogen (kg/ha) 

1 0 6 

2 30 6 

3 60 6 

4 90 6 

5 120 6 

Phosphorus(kg/ha) 

1 0 10 

2 13 10 

3 26 10 

 

 
Table 3.2 Multivariate Analysis Test 

Multivariate Testsa 
Effect Value F Hypothesis df Error df Sig. 

Intercept 

Pillai's Trace .997 1293.473b 3.000 13.000 .000 

Wilks' Lambda .003 1293.473b 3.000 13.000 .000 

Hotelling's Trace 298.494 1293.473b 3.000 13.000 .000 

Roy's Largest Root 298.494 1293.473b 3.000 13.000 .000 

nitrogen 

Pillai's Trace .835 1.446 12.000 45.000 .181 

Wilks' Lambda .267 1.869 12.000 34.686 .075 

Hotelling's Trace 2.358 2.293 12.000 35.000 .028 

Roy's Largest Root 2.183 8.188c 4.000 15.000 .001 

phosphorus 

Pillai's Trace .710 2.567 6.000 28.000 .042 

Wilks' Lambda .313 3.413b 6.000 26.000 .013 

Hotelling's Trace 2.123 4.246 6.000 24.000 .005 

Roy's Largest Root 2.088 9.745c 3.000 14.000 .001 

nitrogen * phosphorus 

Pillai's Trace .813 .697 24.000 45.000 .828 

Wilks' Lambda .319 .770 24.000 38.305 .748 

Hotelling's Trace 1.734 .843 24.000 35.000 .665 

Roy's Largest Root 1.480 2.775c 8.000 15.000 .042 

a. Design: Intercept + nitrogen + phosphorus + nitrogen * phosphorus 

b. Exact statistic 

c. The statistic is an upper bound on F that yields a lower bound on the significance level. 
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Table 3.3 Analysis Test for Nitrogen and Phosphorus effect 

Tests of Between-Subjects Effects 

Source Dependent 

Variable 

Type III Sum of 

Squares 

df Mean Square F Sig. 

Corrected Model 

Plant Height (cm) 426.475a 14 30.463 2.323 .058 

Fruit Dry Weight 

(kg) 
.144b 14 .010 .116 1.000 

Yield of Fresh Fruit 

(ton/ha) 
57216.045c 14 4086.860 3.399 .012 

Intercept 

Plant Height (cm) 23349.510 1 23349.510 1780.740 .000 

Fruit Dry Weight 

(kg) 
1.624 1 1.624 18.418 .001 

Yield of Fresh Fruit 

(ton/ha) 
135663.425 1 135663.425 112.824 .000 

nitrogen 

Plant Height (cm) 301.885 4 75.471 5.756 .005 

Fruit Dry Weight 

(kg) 
.045 4 .011 .127 .970 

Yield of Fresh Fruit 

(ton/ha) 
21204.951 4 5301.238 4.409 .015 

phosphorus 

Plant Height (cm) 94.529 2 47.264 3.605 .053 

Fruit Dry Weight 

(kg) 
.035 2 .018 .200 .821 

Yield of Fresh Fruit 

(ton/ha) 
28446.705 2 14223.352 11.829 .001 

nitrogen * 

phosphorus 

Plant Height (cm) 30.062 8 3.758 .287 .960 

Fruit Dry Weight 

(kg) 
.063 8 .008 .090 .999 

Yield of Fresh Fruit 

(ton/ha) 
7564.389 8 945.549 .786 .622 

Error 

Plant Height (cm) 196.684 15 13.112   

Fruit Dry Weight 

(kg) 
1.323 15 .088 

  

Yield of Fresh Fruit 

(ton/ha) 
18036.590 15 1202.439 

  

Total 

Plant Height (cm) 23972.669 30    

Fruit Dry Weight 

(kg) 
3.090 30 

   

Yield of Fresh Fruit 

(ton/ha) 
210916.060 30 

   

Corrected Total 

Plant Height (cm) 623.159 29    

Fruit Dry Weight 

(kg) 
1.466 29 

   

Yield of Fresh Fruit 

(ton/ha) 
75252.635 29 

   

a. R Squared = .684 (Adjusted R Squared = .390) 

b. R Squared = .098 (Adjusted R Squared = -.744) 

c. R Squared = .760 (Adjusted R Squared = .537) 

 

Test of model significance 

 For nitrogen effect 

HO: τ1=τ2= τ3= τ4= τ5: that is the vector of means of 

the dependent variables (Plant Height, Fruit Dry 

Weight, Yield of fresh fruit) are equal across the 

group after Nitrogen effect. 

H1: HO is not true that is the vector means of the 

dependent variables are not equal across the group. 

α= 0.05 

The test statistic is given as: 

Ʌ =
|𝐸|

|𝐻 + 𝐸|
 

Where:  |𝐸|= the determinant of error sspm  

 |𝐻| = the determinant of treatment sspm  

 

Effect Value F Hypothesis 

df 

Error 

df 

Sig. 

Wilks' 

Lambda 

.267 1.869 12.000 34.686 .048 

 

Decision rule:  

Reject 𝐻𝑂 if p-value is less than 0.05 otherwise, do 

not reject 𝐻𝑂. 
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Decision:  

Since p-value (0.048) is less than α (0.05), we reject 

𝐻𝑂and conclude that the vector of means is 

significantly different across the group. 

 

Conclusion:  

This implies that the Fertilizer Nitrogen has some 

significant effect on some or all of the dependent 

variables under study. 

 

For phosphorus effect 

𝑯𝑶: 𝜷𝟏 = 𝜷𝟐 =  𝜷𝟑: that is the vector of means of 

the dependent variables (Plant Height, Fruit Dry 

Weight, Yield of fresh fruit) are equal across the 

group after Phosphorus effect 

𝑯𝟏: 𝑯𝑶 is not true that is the vector means of the 

dependent variables are not equal across the group. 

α= 0.05 

The test statistic is given as: 

Ʌ =
|𝐸|

|𝐻 + 𝐸|
 

Where:  |𝐸|= the determinant of error sspm  

  |𝐻| = the determinant of treatment sspm 

 

Effect Value F Hypothesis 

df 

Error 

df 

Sig. 

Wilks' 

Lambda 

.313 3.413b 6.000 26.000 .013 

 

Decision rule:  

Reject 𝐻𝑂 if p-value is less than 0.05 otherwise, do 

not reject 𝐻𝑂 

 

Decision:  

Since p-value (0.013) is less than α (0.05), we reject 

𝐻𝑂and conclude that the vector of means is 

significantly different across the group. 

 

Conclusion:  

This implies that the fertilizer Phosphorus has some 

significant effect on some or all of the dependent 

variables under study. 

 

Determination the optimal yield of tomatoes at 

recommended levels of nitrogen and phosphorus 

Applying the multivariate analysis of variance 

model estimated for this study to determine the 

optimal yield of tomatoes at recommended levels of 

Nitrogen and Phosphorus considering the three 

observed characteristics under consideration which 

are plant height, fruit dry weight and yield of fresh 

fruit of tomato. 

To compute the optimal yield, this study will use the 

model presented below 

𝑌𝑖𝑗𝑘 = 𝜇 + 𝜏𝑖 + 𝛽𝑗 + (𝜏𝛽)𝑖𝑗 + 𝜀𝑖𝑗𝑘 

 

4. GENERAL CONCLUSION  

 

The results of data analysis show that Nitrogen and 

Phosphorus contribute significantly to the height, 

weight and fruits yield of tomato. Further test carried 

out revealed that Nitrogen at 95kg/ha and 

Phosphorus at 22kg/ha are required to obtain perfect 

height, weight and optimal fruits yield of tomatoes. 

Thus,the optimal of height of 38.42cm, the optimal 

weight of 0.556kg and the optimal fruit yield of 182 

ton/ha. 

For maximum levels for the optimal plant height 

using the multivariate regression analysis, it can be 

observed that Nitrogen at 95kg/ha and phosphorus at 

22kg/ha are optimal for perfect plant height. 

Obtaining the optimum tomato plant height at the 

normal levels Thus, the derived multivariate model. 

𝑌ℎ𝑒𝑖𝑔ℎ𝑡 =  −1314.615 + 1.9474(95)

+ 1.4197(22) + 8.6620(43) 

= 38.42𝑐𝑚 

We can therefore conclude from the result above 

that for optimal tomato plant height, Nitrogen should 

not exceed 95kg/ha and phosphorus should not 

exceed 22kg/ha. 

 

Tomato Fruit Dry Weight 

For maximum levels for the optimal Tomato fruit 

dry weight using the multivariate regression 

analysis, it can be observed that Nitrogen at 

105kg/ha and phosphorus at 20kg/ha are optimal for 

perfect tomato fruit dry weight  

Obtaining the optimum tomato fruit dry weight at 

the normal levels Thus, the derived multivariate 

model. 

𝑌𝑤𝑒𝑖𝑔ℎ𝑡 =  15.056 + 0.331(105) + 0.2204(20)

+ 0.3761(66.5) 

= 0.556𝑘𝑔 

We can therefore conclude from the result above 

that for optimal tomato fruit dry weight, Nitrogen 

should not exceed 105kg/ha and phosphorus should 

not exceed 28kg/ha. 

 

Yield of Fresh Tomato Fruit 

For maximum levels for the optimal Yield of Fresh 

Tomato Fruit using the multivariate regression 

analysis, it can be observed that Nitrogen at 

120kg/ha and phosphorus at 26kg/ha are optimal for 

perfect Yield of Fresh Tomato Fruit 

Obtaining the optimum Yield of Fresh Tomato 

Fruitat the normal levels Thus, the derived 

multivariate model. 

𝑌𝑓𝑟𝑢𝑖𝑡 =  442.665 + 0.331(120) + 0.2204(26)

+ 0.3761(73) 

= 182𝑡𝑜𝑛/ℎ𝑎 
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We can therefore conclude from the result above 

that for optimal Yield of Fresh Tomato Fruit, 

Nitrogen should not exceed 120kg/ha and 

phosphorus should not exceed 26kg/ha. 
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