
Project 11 – Split Plot 
 

 

Introduction: 
 

An experiment was conducted to compare the yield of three cultivars of barley (B1, B2, and B3) 

under the application of two nitrogen fertilizer levels (N1 and N2). The experiment was conducted 

on 3 farms (F1, F2, and F3). The three barley cultivars were sown on each plot within each farm. On 

each farm one plot of each cultivar was treated with one fertiliser level (N1) and another plot with 

the fertiliser (N2). The following yields were recoded. 

Table 1. Shows organisation of data collected in split-plot experimental design. 

Main Plot Cultivar B1 B2 B3 

Sub Plot Fertiliser N1 N2 N1 N2 N1 N2 

Block  

Farm 1 5.16 5.75 5.23 5.67 5.34 5.94 

Farm 2 5.89 6.14 5.96 6.16 6.1 6.3 

Farm 3 6.17 6.44 6.18 6.7 6.27 6.9 

 

 

Background – Split Plot Designs: 
 

The split-plot design is used when the effects of two factors are organised as follows: 

• Experimental material is divided into several main units (plots) to which the levels of the first 

factor are randomly applied (eg farms). 

• Each main unit is then divided into subunits (subplots) to which treatments are applied (eg 

fertiliser application and barley cultivars). 

The split plot design is used when one of the factors needs more experimental material then the 

second factor. The factor that requires more experimental data is applied to the main plot, while the 

factor requiring less experimental data is applied to the subplot. 

Basically, a split plot design consists of two experiments with different experimental units of 

different “size”. This means that observations in the same plot share the same plot error and are 

therefore not independent. For statistical analysis of split-plot designs, we must take into account 

the presence of two different sizes of experimental units used to test the effect of whole plot 

treatment and subplot treatment.  

Factor A effects are estimated using the plots and factor B and the A*B interaction effects are 

estimated using the subplots. Since the size of the whole plot and subplots are different, they have 

different precisions.  

 

 



Model: 
 

Yijk= μ + βi + Aj + me(ij) + Ck + Aj x C
k
+ eijk 

• Yijk: observation in the ith treatment group A, jth subject group β 

• µ: a general mean 

• βi: random effect of the ith block 

• Aj: fixed effect of the jth cultivar 

• me(ij): main plot error which is βi x Aj interaction 

• C
k
: fixed effect of the kth fertiliser treatment 

• Aj x C
k
: interaction 

• e
ijk

: random residual error 

 

SAS Input: 
 

option ls=80; 

data split; 

input cultivar $ fertiliser $ farm $ yield; 

cards; 

B1 N1 F1 5.16 

B1 N2 F1 5.75 

B2 N1 F1 5.23 

B2 N2 F1 5.67 

B3 N1 F1 5.34 

B3 N2 F1 5.94 

B1 N1 F2 5.89 

B1 N2 F2 6.14 

B2 N1 F2 5.96 

B2 N2 F2 6.16 

B3 N1 F2 6.1 

B3 N2 F2 6.3 

B1 N1 F3 6.17 

B1 N2 F3 6.44 

B2 N1 F3 6.18 

B2 N2 F3 6.7 

B3 N1 F3 6.27 

B3 N2 F3 6.9 

; 

proc glm; 

class farm cultivar fertiliser; 

model yield = farm cultivar farm*cultivar fertiliser fertiliser*cultivar; 

test h=cultivar e=farm*cultivar; 

lsmeans cultivar / e=farm*cultivar stderr pdiff; 

lsmeans fertiliser fertiliser*cultivar / stderr pdiff; 

run; 

 

 

 



 

SAS Output: 
 

 

 

 
 

 

 

 

 



 

 

 

Analysis of Variance: 
 

The variance attributes for the model is shown in the ANOVA table (table 2) and the analysis of 

variance in table 3 below. The variance shows that there is a significant effect from farm (β Pr>F = 

0.0001) and fertiliser (C Pr>F = 0.0009) on yields recorded.  But there is not a significant effect from 

cultivar (A=0.09) or cultivar*fertiliser interaction (AC=0.79), or main plot error (βA =0.96). 

Table 2: ANOVA Table 

Source SS Df MS EMS 

β (farm) SSB b-1 MSB σ2
e+atσ2β 

A (cultivar) SSA a-1 MSA σ2
e+ tσ2βA + btϴA 

βA(me) (plot error) SSβA (a-1)(b-1) MSβA σ2
e+ tσ2βA  

C (fertiliser) SSC t-1 MSC σ2
e+ btϴA 

AC (interaction) SSAC (a-1)(t-1) MSAC σ2
e+ bϴAC 

Error SSE a(b-1)(t-1) MSE σ2e 

Total TSS abn-1   
 

Table 3: Shows the analysis of variance 

Source SS DF MS F value Pr>F 

β (farm) 2.64 2 1.32 64.94 
<0.0001 

A (cultivar) 0.15 2 0.08 25.71 0.005 

βA(me) (interaction) 0.01 4 0.003 0.14 
0.96 

C (fertiliser) 0.76 1 0.76 37.48 
0.0009 

AC (interaction) 0.01 2 0.005 0.24 
0.79 

Error 0.12 6 0.02  
 

Total 3.69 17   
 

 
 

The analysis of variance shows that effect of β (farm) is significant (<.0001), the effect of A (cultivar) 

is significant (0.005 - using farm*cultivar as an error term), and the effect of C (fertiliser) is significant 

(0.0009).  

 

 

 

 



Hypothesis Test: 
 

F Test 

• F test Fixed A = MSA/MSβA 

• F test Fixed C = MST/MSE 

• F test Fixed AC = MSAC/MSE 

The hypothesis test of interest are to determine if there are treatment differences. The null 

hypothesis H0 and alternative hypothesis H1 are stated as follows: 

• H0: T1 = T2 (there are no differences among treatments) 

• H1: T1 ≠ T2 (for at least one pair a difference between treatments exists)  

The following hypothesis tests were obtained: 

• β - Farm: H1 is accepted: T1 ≠ T2 (for at least one pair a difference between treatments 

exists)  

• A - Cultivar: H1: T1 ≠ T2 (for at least one pair a difference between treatments exists)  

• βA - Farm*cultivar interaction: H0 is accepted: T1 = T2 (there are no differences among 

treatments) 

• C - Fertiliser: H1 is accepted: T1 ≠ T2 (for at least one pair a difference between treatments 

exists)  

• CA - Cultivar*fertiliser interaction: H0 is accepted: T1 = T2 (there are no differences among 

treatments) 

 

Of the significant F tests obtained, the random effect of farm is not important to analyse further and 

because there are only two fertiliser types it is not necessary to determine which treatment groups 

were different. 

The LSD test for significance of the F value will therefore focus on differences between cultivars. 

 

 

 

 

 

 

 

 

 

 

 



 

Significance of F Test 
 

The LSD calculation for significant difference between cultivar types is: 

• LSD = T0.05,6 √ (2 MSE/3) 

• LSD =  2.447 √ (2x0.02/3) 

• LSD = 0.28 

Using the LSD of 0.28 as a significant difference between groups then the cultivars can be grouped as 

shown in table 4 below, based upon differences between treatment lsmeans greater than the LSD 

calculated. 

Table 4: Shows differences between treatment groups (SE=0.022, DF=2) greater than the calculated 

LSD (0.28). 

Cultivar LSMEAN Group 

B1 5.93 a 

B2 5.98 a 

B3 6.14 b 

 

Interpretation 
 

The split-plot experimental design was used to investigate the impact of fertilser and cultivar types 

on barley yields on three different farms. 

The variance showed a significant effect from farm, fertiliser and cultivar – but not from the 

interactions between them. Of these effects the random variable of farm type was excluded from 

further analysis to focus upon the effect of fertiliser and cultivar types. 

The N2 fertiliser (6.22 yield lsmean) resulted in a 7% higher yield compared to the N1 treatment 

yield (5.81 yield lsmean). Demonstrating a positive effect of yield to fertiliser type application 

Using the LSD of 0.28 as a significant difference between groups then the cultivars can be separated 

into 2 groups (a and b) based on differences in the MSE greater than the calculated LSD of 0.28. 

This demonstrates that barley cultivar B3 results in an improved yield relative to cultivars B1 and B2. 

Table 5. Shows MSE of cultivar treatments and P values of experiment variables.  

Treatment (cultivar) P Value 

B1 B2 B3 SE β A βA  C AC 

5.93a 5.98a 6.14b 0.022 <0.0001 0.005 0.96 0.0009 0.79 
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