
Lt) o~
-1

COMPARISON OF PROVENANCES OF GLIRICIDIA

EMC Contract Number XO169

Final Report 'P-

liBRARY

D8t8 Duo fOf R8tum

NATURAL RESOURCES INSTITUTE

Centra' Avenue.

Chatham Maritime.

0634.880088 Chatham.
Kant ME4 4TB.



CONTENTS

Page

1OBJECTIVES

2

3

3

6

7

1. CLASSIFICATION OF GLlRICIDIA PROVENANCES

1.1 WORK CARRIED OUT

1.2 RESULTS

1.2.1 Classification of provenances

1.2.2 Gas production

1.2.3 Calibration development

1.2.4 NIR spectra 9

10

10

10

13

14

15

2. NEPAL SAMPLES

2.1 WORK CARRIED OUT

2.2 RESULTS

2.2.1 Statistical analyses

2.2.2 Calibration development

2.2.3 NIR spectra

2.2.4 Transmission spectroscopy

16

17

18

19

20

3. Il\fi>LICATIONS OF THE WORK

4. PRIORITY TASKS

5. BmLIOGRAPHY

6. ACKNOWLEDGEMENTS
7. NAME OF REPORT AUTHOR



OBJECTIVES

The original contract of 6 months was followed by two 3 month contracts and one 6 month

contract. The overall objectives were as follows:

1. To identify Gliricidia provenances with differences in chemical composition

being independent of climate or location using samples taken from trees grown on

one site.

2. To evaluate in-vitro gas production measurements conducted on the Gliricidia

samples.

3. To develop Near Infra-red (NIR) reflectance calibrations to predict gas

production parameters.

4. To obtain and interpret NIR spectra on samples of tree leaves from Nepal.

5. To develop NIR calibrations to predict NRI tannin analysis of the Nepal

samples.

This report is divided into two sections, the first dealing with the Gliricidia samples and

the second the Nepal samples.
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1.1 WORK CARRIED OUT

Seventy-five samples of Gliricidia were received comprising bulk samples from 25

different provenances, and a further 10 samples from 5 of the provenances. Two samples

arrived bearing the same sample numbers (viz: 25/84/4 and 25/84/7) and were therefore

omitted from the sample sets analysed. The remaining 73 samples were scanned in

duplicate.

Evaluation and classification of Gliricidia provenances took place using only Near Infra-

red (NIR) reflectance spectral data and employing multivariate statistical techniques,

including Biplot, Principal Component Analysis (PCA) , Discriminant, Cluster and

Canonical Variate Analysis (CVA) (1). For each sample 700 data points were obtained.

However, this would have been an enormous amount of data to handle, and so for the

majority of the analyses the data for each sample was condensed to 140 data points. This

was achieved by averaging every set of 5 data points. Codes for the 25 different

provenances are given in Table 1.1. On the basis of the chemical data from samples from

the previous year, the Oxford Forestry Institute (OFI) selected five of these provenances

as being the most different. The 5 provenances chosen were:

P2 Top overall in performance, productivity etc. but susceptible to very high aphid

attack.

P5 Good performance with very low aphid attack.

P7 Lowest N content.

PI0 Highest N content.

~ P17 Highest digestibility.

For these provenances a further 10 samples were supplied (taken from 10 different trees

of the same provenance). For this report these samples were coded a, b, c, d, e, f, g, h, i

andj.
Initially, the 10 samples from these provenances were treated as replicates. After

discussions with the OFI, we were informed that they should in fact be treated as

individual samples. Both types of statistical analyses are presented in this report, as they

show some interesting features.

Gas production analysis (2) was used to rank samples using gas production as an

indicator of in-vitro degradability. Initially the technique was performed using the 25

bulk samples. Subsequently, a second experiment using 5 of the bulk samples used in the

initial run and a further 15 samples (ie. a, e and i samples) was undertaken.

Calibration equations were developed from the NIR spectral data for the prediction of gas
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Table 1.1 Codes for the 25 Gliricidia provenances.

Code

PI
P2

P3

P4

P5
P6
P7

P8

Provenance

13/84

14/84

15/84

16/84

17/84

24/84

..25/84..

30/84

31/84

33/85

34/85

35/85

38/85

39/85

40/85

41/85

1/86

10/86

11/86

.12/86

13/86

.24/86

43/87

72/87
.75/87 ..

P9

PI0

PII

P12

,
1

PI3
PI4
PI5
PI6

PI7
PIS
PI9
P20
P2I
P22
P23
P24

P25



production parameters and the other chemical parameters measured.

1.2 RESULTS

1.2.1 Classification of provenances

A. Principal component, biplot, canonical variate and discriminant analyses were used to

classify the different Gliricidia provenances. Samples from the same provenances were

treated as replicates during canonical variate and discriminant analyses.

Princi pal Com ponent Analvsis (FCA)

GENSTAT (3) was used to calculate the principal components using 140 data points for

each sample. Principal components are linear combinations of the NIR data. The first

stage of this analysis involved calculation of latent roots. It can be seen from Table 1.2.1,

that virtually 100% of the variation was accounted for by the first 13 roots. The first root

informs us how much variation can be accounted for by the first component, the second

root, the amount of variation accounted for by the second root and so on for the other

roots. The principal components are then calculated from the latent roots. Graphical

presentation of the pair-wise components allows the natural grouping of the samples to

be observed. It is known that Component 1 accounts for a large amount of physical effects

ego particle size and path length (4). Figure 1.2.1a shows Component 1 versus Component

2 for the 25 different provenances. This clearly separates out P23 on the Component 2

axis and P5 on the Component 1 axis. As Component 1 is dominated by physical effects

it is useful to look at further components to determine whether the difference may be

attributed to a physical difference. Figure 1.2.1b displays Component 2 versus Component

3. These components represent the chemical parameters. P23 was set apart from the

other provenances on the Component 2 axis, but P5 was found to be in-line with the other

samples. This suggested that physical differences may have accounted for P5 showing
.,

differences in Figure 1.2.1abut that the difference in P23 could not be accounted for by

a physical difference, and warrants further investigation. The other provenances were

located in similar positions to those in the first graph (Figure 1.2.1a).

Biplot Analysis

Biplot analysis (5) produces a graphical representation of the relationships between

provenances, giving an overall view of the data. Again, 140 data points were used in the

calculations, to investigate the distribution of the 5 provenances (P2, P5, P7, PI0 and P17)

3



~~~Q
)

~~

rI)00~~Q
)

~-Q
)

-.s
(0..0

.0(J~Q
)

~c2"t:IQ
)

~~0(J(J~~0~.-~~>(0..0~~.~Q
)

(J~Q
)

p..

~ ~ ~+
'00~+
'~Q
)

~...J

~ ~ co r-..

~
~

 
0

o~
~

"C
~

 
Q

)

~
 

~
>

 gC
.)

~
C

.)<
:

co.-j

~ct)

00
~0~ C

')

10;
~ 000;
~ t-.to-;
~ c-t
~0 0~c

(X
)

(1)

0~ G
'1

-f-+
"

00~-+
"QQ
)

~...J

1'""1
1'""1

~~ ~.-4

J.-
~

 
0

o~
~

-o
ItS

 ~
.-~~

 ~
>

 gu
~

 
u< ~~0 co0.0 "-3f
0;(:)

C
fJ

0;0 .-I

0;0 ~0;0 00.(:)

10~ co.,...

~~00~~~~ 00M ~~ 0C
'I1

J,.
~

 
0

o~
~

~G
j 

C
D

a ~
>

 gtJ
~

 
tJ
< 00;0 00;0 00:0 00.(:) 00.0 00;C

)



ricvC0P
o

S0()C
I)

~C
I)

~Q
J

>~cvC0P
o

S0(),C
'

'CCcd
~cvC0P

o
S0()C

I)
~C

I)
~~-cvC0P

o
S8-a'on
c~ .
0 

~
.c:C

J
C

I) §

!J, 
c

0 
v

->000~
cP

o
v C 

C

0 
v

p.~
s~0-

()'tj
~

~.,S
o v

g-:S
"t:~
~

a
-~-v~~'on
~

::c'@
'

-:~
l~



and the 25 different provenances~ Figure 1.2.2 showed the distribution of the 5

provenances, and indicated P5 to be the most different provenance. Figure 1.2.3 showed

the distribution of the 25 different provenances and how the 20 other provenances were

situated with respect to P2, P5, P7, PI0 and P17.

Canonical Variate Analysis (CV A)

CV A calculates the inter-group distances which are Mahalanobis distances (6). CV A of

the 5 provenances P2, P5, P7, PI0 and P17 used the replicated samples for each

provenance (n=10 with the exception of P7 when n=8). This analysis used 16 principal

components in the calculations (16 principal components were chosen as they accounted

for virtually 100% of the variation). Table 1.2.2 shows the inter-group distances between

the five chosen provenances. The maximum distance was found between provenances P5

and P17. This value is taken to be Dmax' and in this case was equal to 10.431. These

values were also displayed as a similarity matrix, all values being scaled by Dmax. The

similarity index (SD was calculated as follows:

81 = 1 -( D2 / D2 )max

where D is the distance between the groups, or in this case provenances.

By definition, the provenances exhibiting the maximum inter-group distance had a

similarity of 0.0. Table 1.2.3 shows the similarity values for the 5 provenances, with P5

and P17 having a similarity value of 0.0. Alternatively, the inter-provenance relationships

can be represented in the form of a minimum spanning tree as shown in Figure 1.2.4.

This is a single linkage cluster analysis and the similarities were calculated as follows:

( 1 -~ I D2mu x 100

The minimum spanning tree joins the nearest neighbours ie. the most similar samples.

The above data was also presented as hierarchical clusters ie. a dendrogram, as shown

in Figure 1.2.5. The scale is from 0 to 100% similarity. This diagram showed that P5 and

P10 had 80% similarity, P2 and P7 75% similarity and that P17 did not cluster until 40%

similarity. This indicated that P17 was a very different provenance from the remaining

4. The minimum spanning tree and dendrogram use the same information but display

it in a slightly different manner.

4
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It is useful to-look at the neighbourhood of each sample. The nearest neighbours table

(Table 1.2.4) shows the levels of similarity for each of the 4 nearest neighbours. It is

apparent the provenances P5 and P17 are different from each other.

Discriminant Analysis

The replicate samples for the 5 provenances were used as a library/learning set to predict

the 20 unknown provenances. This gave an indication of which of the 5 provenances each

of the remaining 20 were most similar or most related to. Table 1.2.5 indicates that the

bulk samples from the 5 provenances which were treated as unknowns, were all identified

correctly. Fifty per cent of the samples were found to be most like P17, which is an

artifact population. Only P23, which is in fact a different species, was classified as being

most like P5, which is a unique provenance and none were classified as being most like

P2, which is also a unique provenance.

B. Statistical analyses were performed to investigate intra-provenance differences. All

samples from the same provenance were treated as individuals ie. the a-i samples and the

bulk sample. Only Biplot and PCA could be performed as before, but cluster analysis was

performed in addition.

fgA.
The principal components were calculated as before. The pair-wise plots, Component 1

versus Component 2 and Component 2 versus Component 3 are presented in Figures

1.2.6a -1.2.10a and 1.2.6b -1.2.10b, for the individual provenances P2, P5, P7, PI0 and

P17, respectively. These figures give an indication of intra-provenance variation. The

graphs for P2 (Figures 1.2.6a and 1.2.6b), show a split between P2b, P2d and P2g and the

other samples in Component 1 and a split between P2a and the remaining samples in

Component 3. Figures 1.2.7a and b display P5i set apart in Component 1, and P5a and

P5d set apart in Component 2. For the P7 provenance, P7f was set well apart from the

other samples in Component 1 (Figure 1.2.8a) and P7i at the extreme of Component 3

(Figure 1.2.8b). In Figure 1.2.10a, P17j can be seen split from the other samples in

Component 1 and P17f in Component 2, the latter can also be seen clearly in Figure

1.2.10b. When the data from the 5 provenances was graphed together (Figure 1.2.11a and

b), samples from the same provenance do not appear to cluster together. A certain

5
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amount of overlap between the provenances was evident. The intra-provenance variation

can be seen more clearly in Figure 1.2.12 which shows the 3-dimensional representation

of Component 1 versus Component 2 versus Component 3.

Biplot Analysis

The distribution of samples from each of the provenances (P2, P5, P7, PI0 and P17) are

presented in Figures 1.2.13, 1.2.14, 1.2.15, 1.2.16 and 1.2.17, respectively. P5a, P5d and

P17j were found to be set apart from the other samples from the same provenance.

Cluster Analysis

Samples were treated in the same sets as described previously. When the 25 provenances

were analysed P5 and P23 were found to be the most different from the remainder (Figure

1.2.18). Individual cluster analyses were performed for the 5 provenances, P2, P5, P7,

PI0 and P17. The resulting dendrograms are given in Figures 1.2.19, 1.2.20, 1.2.21,

1.2.22 and 1.2.23, respectively. The dendrograms suggested that P2a, P5a, P5i, P7f, PI0f,

P17f and P17j were somewhat different from the other samples in their respective

provenances. Tables 1.2.6, 1.2.7, 1.2.8, 1.2.9 and 1.2.10 show the nearest neighbours

tables for provenances P2, P5, P7, PI0 and P17, respectively, indicating the levels of

similarity between samples and their 5 nearest neighbours. Cluster analysis was also

performed using all of the above samples together. Overlapping between the different

provenances was apparent.

1.2.2 Gas Production

A preliminary investigation was undertaken to examine whether different provenances

of Gliricidia had the same or different degrees of predicted in-vivo degradability. Values

for gas production rates and gas pool sizes were determined under EMC X0162. Initially

the 25 provenances were fermented and ranked according to the gas pool sizes, as shown

in Table 1.2.11. Gas production rates were in the range 0.0219 -0.0421 h-1, and it was

found that samples with high gas production rates did not have necessarily

correspondingly high gas pool sizes. It was noted that P23 gave the highest gas

production rate. In a subsequent experiment, due to sample availability, different

samples had to be chosen which were representative of the range of gas production. P9,

P12, P14, P20 and P23 were selected as well as samples a, e and j for provenances P2, P5,

6
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Table 1.2.11 Gas production run 1. " -:':'.- ...~.

;~:,-:""",'~fi~¥;

.'oJ

:;'(~.'

MOST GAS PRODUCED

PI

P2

Pl~

P4

P8

P6

PII

P23

P22

P5

P13

P20

P15

P17

P21

P3

P25

P9

PI

P24

P19

P7

P16

LEAST GAS PRODUCED P14



P7, PI0 and P17. The ranking of the samples according to gas pool size can be seen in

Table 1.2.12. The absolute values obtained differed from those found in the first

experiment but the ranking orders for gas production rate and gas pool size were the

same for the 5 provenances repeated. The results of this work suggested that samples

within a provenance could have different degrees of in-vivo degradability.

1.2.3 Calibration development

Chemical composition and nutritional value (assessed by the in-vitro technique (7) were

assessed for the 25 provenances. Data for dry matter (DM), ash, crude protein (CP) and

DM Digestibility (D:M:D), organic matter Digestibility (O:M:D) and digestible OM in the DM

(DOMD) are given in Table 1.2.13. Calibrations were developed for the above chemical

parameters and two gas production parameters, Total Gas Produced (TGP) and Total Gas

Produced minus the Control (TGP-C).

Calibration equations were developed using the following sets of samples:-

i) SET A -25 bulk samples

ii) SET B -53, a -i samples for P2, P5, P7, PIa and P17

iii) SET C -25 Gliricidia samples from another experiment plus SET A

A Partial Least Squares (PLS) regression technique (8) was used to develop the

calibration equations.

SETA

A mathematical procedure was applied to the spectral data to rank individual samples on

the basis of their Mahalanobis ('H') distance from the average spectrum in the set (9).

The calculated distances are given in Table 1.2.14. This ranking technique is useful for

identifying extreme samples. In this case P23 would be classified as being extreme with

an 'H' distance greater than 3. However, this sample was retained in the calibration set

at this stage as it was considered that it could be a valid extension of the population. The

calibration procedure employs a cross validation process (10) which is a technique based

only on the calibration data. It is similar to prediction, as it only tests predictors on data

which were not involved in the calibration process. The cross validation statistics give an

indication of how well the equation will perform. Table 1.2.15 shows the calibration

statistics ie. number of samples used in the calibration (n), standard error of calibration

7



Table 1.2.12 Gas production run 2.

MOST GAS PRODUCED P7e

PIOj

P17e

P17a

P2e

P12

P2j

P2a

P5e

P5a

P5j

P7a

P7j

P23

P17j

P20

PIOe

PIOa

P9

LEAST GAS PRODUCED P14



Table 1.2.13 Laboratory analyses for the 25 Gliricidia provenances

o/.&mSample
No.

Code %DM %ASH %CP %DMD %DOMD

Pl 13/84 94.68 10.49 21.63 66.93 57.04 63.73

P2 14/84 95.30 10.46 19.63 65.66 56.55 63.15

P3 15/84 95.05 9.53 21.69 62.82 53.93 59.61

P4 16/84 94.92 9.90 20.25 64.72 55.60 61.71

P5 17/84 94.75 9.69 19.25 61.41 52.51 58.14

P6 24/84 94.85 9.12 19.00 64.18 55.63 61.21

P7 25/84 95.16 10.41 21.38 66.20 56.67 63.26

P8 30/84 95.36 9.11 18.50 66.24 57.43 63.18

P9 31/84 94.87 9.20 19.63 65.24 56.48 62.20

PIO 33/85 94.87 9.17 20.06 64.41 55.91 61.55

PII 34/85 94.70 9.17 20.13 60.96 52.83 58.16

P12 35/85 95.21 9.23 21.94 63.77 54.89 60.47

P13 38/85 95.04 9.75 21.38 62.16 53.39 59.16

P14 39/85 94.90 9.48 22.31 58.96 49.66 54.85

P15 40/85 95.28 9.76 22.12 63.84 54.53 60.42

P16 41/85 95.33 20.75 64.19 54.16 60.4410.39

62.60 63.08 69.79P17 1/86 95.97 9.61 21.94

62.7620.44 66.08 57.34PIS 10/86 94.99 8.64

57.1120.19 61.36 51.7711/86 94.95 9.35PI9

61.35 51.59 57.1920.6912/86 94.90 9.80P20
61.9765.00 56.0120.4413/86 95.83 9.62P21
68.0170.72 61.8820.0695.36 9.01P22 24/96

50.6853.92 44.9916.6394.19 11.2243/87P23
59.6153.2362.8810.70 19.4472/87 94.84P24
66.3769.33 59.5021.0010.3475/87 95.71P25



Table 1.2.14 Mahalanobis distances for the 25 provenances

Sample
Number

H DistancePosition
Number

1 P4 0.115

2 P13 0.167

3 PIB 0.385

PI9 0.4154

0.4225 P2

6 P6 0.478

0.6477 P3

8 P17 0.667

0.6789 P9

P15 0.69410

PIO 0.80211

0.83312 P14

13 P22 0.841

PI1 0.85314

P21 0.87615

P7 0.97116

PI6 1.04917

PI 1.11018

1.19919 P8

1.21520 P20

P25 1.33321
1.674P2422

1.855P1223

1.948P524

3.772P2325



Table 1.2.15 Calibration and cross validation statistics for SET A (25 bulk Gliricidia
samples)

R2 CVR2Variable SEC SECVn

DM 24 0.28 0.34 0.32 0.36

ASH 25 0.30 0.77 0.41 0.55

CP 20 0.16 0.97 0.38 0.84

DMD 19 0.990.28 1.01 0.83

DOMD 21 0.53 0.96 1.30 0.80

OMD 21 0.37 0-99 1.34 0.83

TGP-C 24 4.69 0.59 7.22 0.10

TGP 24 4.44 0.66 6.55 0.33

Table 1.2.16 Prediction statistics for SET B (predicted using the equations in Table 1.2.15)

SEP(C) R2Variable BIAS

-2.03 1.06 0.12DM

CP -1.73 0.76 0.77

Table 1.2.17 Prediction statistics for SET C (predicted using the equations in Table 1.2.15)

R2SEP(C)BIASVariable

1.76 0.06DM -2.45

0.870.39ASH -0.20

0.460.83-3.56CP
0.362.588.75DMD

2.05 0.59DO:MD 11.45

2.19 0.7011.75OMD



(SEC) and fraction of explained variance (R2) for the calibration. Cross validation

statistics ie. standard error for cross validation (SECV) and fraction of explained variance

(CVR~ for SET A are also presented. Equations for predicting DM are very difficult to

develop when the range in DM of the samples is small. The range differed by less than

1.5%, so the poor calibration statistics were not unexpected. Low SEC values were

achieved for these equations, but the R2 values were also very low. In addition, the

number of samples used to develop the equations was small. However, the equations for

the other constituents gave good calibration and cross validation statistics despite the

small number of samples.

Equations developed from SET A were used to predict values for samples in Sets B and

C. Prediction statistics (bias, standard error of prediction (corrected for bias) (SEP(C»

and R2) obtained when predicting parameters for SET B and for SET C are presented in

Table 1.2.16 and 1.2.17, respectively. The very large biases found between the sample

sets, possibly were a result of the samples being analysed in different laboratories,

different ranges in constituents covered in the different sets and also SET C samples were

collected in a different season.

SETB

Equations relating DM and CP to spectral data were developed for SET B samples. These

variables were the only laboratory analyses available for these samples. The calibration

and cross validation statistics are given in Table 1.2.18. As would be expected, given a

wider range in DM, calibration statistics were better than those obtained for SET A. The

equations derived were used to predict values for samples in SET A. The prediction

statistics are given in Table 1.2.19, and again a very large bias is apparent between SET

A and B.

SETC

This set consisted of a total of 50 Gliricidia samples from two seasons. The calibration

and cross validation statistics are given in Table 1.2.20. The equations derived were used

to predict DM etc. for samples in SET B. Table 1.2.21 shows the prediction errors

obtained for SET B.

8



;:;".:;Table 

1.2.18-.Calibration and cross validation statistics for SET B

R2 CVR2Variable SEa SECVn

DM 50 0.21 0.96 0.27 0.94

CP 51 0.41 0.93 0.63 0.84

Table 1.2.19 Prediction statistics for SET A (predicted usingthe equations in Table 1.2.18)

BIAS R2Variable SEP(C)

DM 1.93 0.54 0.27

CP 1.47 0.68 0.73



DM 49 1.11 0.62 1.27 0.52

ASH 48 0.31 0.85 0.35 0.80

CP 46 0.33 0.91 0.47 0.81

DMD 46 0.67 0.95 1.09 0.87

DaMD 47 0.90 0.90 1.38 0.77

OMD 48 0.92 0.93 1.69 0.77

TGP-C 24 4.72 0.58 7.24 0.09

TGP 24 4.50 0.66 6.58 0.33

Table 1.2.21 Prediction statistics for SET B (predicted using the equations in Table 1.2.20)

R2SEP(C)BIASVariable

1.06 0.12-2.03DM

0.76 0.77-1.73CP



1.2.4 NIR spectra

Quantitative statistical analysis of spectral data revealed differences between Gliricidia

provenances. Qualitative assessment of spectra was undertaken to identify regions of the

spectrum which may be associated with these differences. The 5 provenances, P2, P5, P7,

PI0 and P17, were studied together. Further, P23 was found to be different to the other

provenances so P2, P5 and P23 were examined together. Log lIR spectra for these

provenances are shown in Figures 1.2.24 and 1.2.25. Log 1/R spectra are difficult to

interpret, so mathematical transformations were used to extract any useful information.

In this particular case, a 2nd derivative and Standard Normal Variate (SNV) and De-

Trend (DT) (collectively named SDT) (11) transformations were used. The mathematical

transformation SDT removes a large amount of particle size and multi-collinearity effects.

The 2nd derivative spectra (Figure 1.2.26) revealed differences in the 1654 -1700 nm and

2070 -2220 nm regions of the spectra. P7 appeared to differ from the other provenances

in the 2202 nm region. In Figure 1.2.27, P23 shows distinct differences in several regions

of the spectrum, particularly in the regions of 1686 and 2280 nm. SDT transformed

spectra are given in Figures 1.2.28 and 1.2.29 for the 5 and 3 provenances, respectively.

Figure 1.2.29 shows distinct differences between the spectrum for P23 and the other 2

provenances.

9
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2.2 RESULTS

2.2.1 Statistical Analysis

A. Monthly Samples

Discriminant analyses

The spectra from the Nepal sam pIes were analysed to ascertain if they were similar to any

of the Gliricidia samples. The Gliricidia samples were used as the library sample set and

the Nepal samples were then treated as unknowns. All of the Nepal samples were most

similar to provenance P5.

P.QA
Graphing of pair-wise components from PCA allows us to look at the natural grouping of

the samples. Figures 2.2.1, 2.2.2, 2.2.3, 2.2.4, 2.2.5,2.2.6 and 2.2.7 a and b show

Component 1 versus Component 2 and Component 2 versus Component 3 for the

November, December, January, February, March, April and May samples, respectively.

With the exception of Fgan and Fgbn on the Component 1 axis, the other F species from

the November samples appear to cluster together (Figure 2.2.1a). The graph of

Component 2 versus Component 3 (Figure 2.2.1b) shows all of the F species grouped

together. This suggests that there was a physical difference between Fgan and Fgbn and

the other species. This graph also shows the QI and Ds species set apart from the other

species on the Component 3 axis. The December samples (Figure 2.2.2a and b) included

10



riC4J
C00-S0C
.)

cn~(/}~4J
>~C4J
C00-S0C
.)

,Q'CC~~C4J
C00-S0C
.)

(/}
~(/}

4J
>.-4C4J
C00-S0C
.)

~'aD
C~
~

.c=
o-

(/} §
!{}. 

(/}
0'E

.'ta0-
c 

4J
4JZ
C

 
0 

4.)

0-,0
S

 S
0 

4.)

C
.)~

'taZ
0-4.)

u-.s
c-~~
~.-4

~~
4.)
~='aD
~

,'C
'

~







.~.-,-",

;;:""

C
)cI)c0P
o

S0C
.)

{/)
:3~I)>~cI)c0P

o
S0C
.)

.Q
'

'tjcro~cI)c0P
o

S0C
.)

{/)
:3~I)>cO

J
c0P

o
S0C
.)

'2'aD
C~
 ~

,0-
{/) 

0-

!J.~
0 

{/)

'O
.-ca

""'P
o

C
 

I)
O

Jz
§t:'
P

o:3
S

 ro
0 

~
C

.),cI)
-ca~
P

ol)
'"C

J-.s
C

 
~

fc..9;
~~~O

J
~~'on
~

'2 ;Q
'

I~

~19 ;0 
I.§

'810 d ond



'2 ;a





,
"

,';:;' ,

~
j~

~
'~

2

~

:Q
'

~



:~'~:;~
more species than the previous month. As a result ,

.." ,-..
but the same general trends were found as with the November 8ample8.:.;~-Ploftin.g

Component 2 against Component 3, showed the F species clustering at the right hand side

of the plot, Al, Bh, Qs, Al clustering in the middle and Ds and Ql clustering at the left

hand side. Similar patterns were found for the January (Figure 2.2.3a and b) and

February (Figure 2.2.4a and b) samples. However, in these months, Ql appears to be set

apart from the other species. The F species in February and March (Figure 2.2.5a and

b) did not appear in such a distinct group as in earlier months. The plot of Component

1 versus Component 2 for the March samples showed the Fg, Fs, Al, Lp and Ds species

set apart from the other samples on the Component 1 axis. Figures 2.2.6a and b display

the plots for the April samples, and show the F species grouped together at the right hand

side of the plot and the Ds and Ql species at the left hand side. Only samples from 6

species were available for May, as shown in Figure 2.2.7a and b.

m.Q!.Q1

Graphs indicating the distribution of the different species are given in Figure 2.2.8, 2.2.9,

2.2.10, 2.2.11, 2.2.12, 2.2.13 and 2.2.14 for November, December, January, February,

March, April and May samples, respectively. The F and AI species are situated at the

right hand side of Figure 2.2.8, and these species contain predominantly condensed

tannins (12). Moving towards the right hand side species which contain a mixture of

hydrolysable and condensed tannins can be found and at the left hand side, species which

contain predominantly hydrolysable tannins and those which are relatively free from

tannins. Plots for the other months showed similar distributions, with the exception of

February and April which showed a mirror image of this distribution, with species

containing condensed tannins at the left side and those being relatively free of tannins at

the right side.

B. 1,2,3 SAMPLES

These are samples from different parts of trees of the same species. Samples were from

two different species (AI and Qs) for three different months (November, January and

March).

11
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£Qh. ~.CA plots for Al species are given in Figures 2.2.15, 2.2.16 and 2.2.17 for November,

January and March, respectively. There appeared to be some clustering of the 1 's, 2's and

3's. Similar patterns were found for several, but not all of the component plots for the Qs

samples (Figures 2.2.18, 2.2.19 and 2.2.20). In some of the these graphs, in particular

Figures 2.2.15, 2.2.16 and 2.2.19, a trend was apparent showing differences according to

the age of the tree. Samples from young trees were located at one side of the graph,

moving across to samples from intermediate trees and then samples from older trees at

the other side.

Biplot Analysis

Figure 2.2.21 shows the distributions of the November AI samples. The 1, 2 and 3

samples did not cluster separately as seen with PCA, but there was some indication of the

trend found relating to the age of the trees. Samples from young trees can be seen in the

bottom right corner, moving diagonally across to the intermediate samples and then the

old samples in the top left corner. The January samples for the same species are shown

in Figure 2.2.22 and follow a similar trend to the November samples, however the March

samples (Figure 2.2.23) do not, they in fact show a clustering of the l's, 2's and 3's. The

November Qs samples (Figure 2.2.24) showed a trend where the young tree samples were

clustered together at the top of the diagram, with intermediate samples in the middle and

samples from older trees at the bottom. Some clustering is apparent for the January and

March samples in Figures 2.2.25 and 2.2.26, respectively.

C. Samples Dried at 80°C

Some of the Nepal samples for the month of March were dried at 80°C, but samples of the

same material dried at 60°C were also received. This allowed an investigation of

differences between samples dried at the two temperatures. Other work (12) has

suggested that there is an effect of drying temperature on protein precipitation assay

measurements. Samples dried at 80°C gave lower precipitation activity values than the

corresponding samples dried at 60°C. NIR spectra from the two sets of samples, namely

Ds, Fg, Fr, Fs and Lp species and samples from different parts of Qs trees, were obtained,

and analysed using PCA and Biplot analysis.

Figure 2.2.27 shows distinct differences between the samples dried at 60°C and the

12
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ron.','odio, '0., dri", M 00," io C,m"o.o' " ",'h 'h..".,h,o wlli,F,., .ri~

Th'.m.,b.d"."'differeo"io'OI'"'b.~'.Olli"=".'driodMlli.dm",.m"m,.,.rnre. WheoCom"oem2wM"""d,,",0"Com,"0.m"he'='"'driod

."h.diff.remwm,ernrn,~w.refo"od"'i'cl"e"'..lli.c
""1"=.",, (Fi",'.2Z2".h,w," ..ry"m"~ "'"rn 00 llie ,"Ue, eoA,I"

PCA pio'" roc th, diff'c,nt Q' ,ampi" are g;v,n in Figure 2229 Th", pJo'" ,how th,

majocity of th, 'ampi" dci,d at BO"C clu,t,cin, togoth,c, but no di,tinct 'piit b,tw',n
th", and th, ,am pi" dci,d at 60"C
A ,imiiM pattecn w~ obtain,d &om th, Bipiot analY'i, ofth, Q, 'p"i" (Figure 2230)

2.2.2 Calibration Development

Calibrations were developed using a Partial Least Squares (PLS) regression technique for

each individual month and then the samples were grouped together and an overall

calibration was developed for the whole set. Calibration and cross validation statistics are

shown in Tables 2.2.1, 2.2.2, 2.2.3, 2.2.4 and 2.2.5 for moisture, ash, crude protein (CP),

protein precipitate assay (PrA) and acid butanol assay (Abut) (12), respectively.

The equations developed for each month were based on between 15 and 26 samples. This

is not an ideal number of samples on which to base a calibration but the equations do give

some indication of what can be achieved. Equations developed for moisture content are

given in Table 2.2.1. The best calibration and cross validation statistics were achieved

with the January samples and the poorest with the February samples. The statistics for

the ash equations (Table 2.2.2) were similar for all months with the exception of the

February equation which gave a somewhat larger SEC than the other months. Table

2.2.3 shows the statistics for the CP equations, all of which were acceptable, but again,

the equation for the February equation tended to show poorer statistics. The statistics

for the PrA equations (Table 2.2.4) were best for the November samples, but this equation

was developed using only 15 samples and therefore "this analysis should be interpreted

with caution. The Abut analysis was only available on the January samples, the statistics

are given in Table 2.2.5.

All of the equations developed should not be just accepted as being accurate but have to

be validated properly with samples not used in the calibration set. Cross validation

13
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Equation R2SEC SECVn I-VR

November 20 0.25 0.92 0.44 0.75

December 25 0.32 0.75 0.37 0.68

January

February

March

26 0.16 0.94 0.24 0.86

25 0.64 0.88 0.95 0.72

23 0.45 0.84 0.60 0.70

~
All

0.2117 0.94 0.43 0.75

145 0.73 0.60 0.80 0.54

Table 2.2.2 Calibration and Cross Validation Statistics for Ash

R2SEC SECV I-VREquation n

1.18 0.9419 0.51 0.99November

0.98 1.29 0.9426 0.73December

0.98 1.02 0.9625 0.69January

February

March

0.920.94 1.6326 1.31

0.931.491.09 0.9624

0.991.00 0.490.30April 18
0.970.98 0.870.77142All



,',,:,;~

,.:~;%~;: 

,-..!Table 2.2.3. Calibration and Cross Validation

"";,;.;\.'f,..~.)t;,

~

Equation SEC R2n SECV I-VR

November 19 0.74 0.89 1.06 0.70
0.42 0.97 0.64 0.93
0.51 0.94 0.98 0.76
0.84 0.82 1.11 0.69
0.89 0.86 1.12 0.78

0.54 0.98 I 0.94 ) 0.94 I

0.94 I 0.76 1- _°.93 _I0.64

Table 2.2.4 Calibration and Cross Validation Statistics for PrA

Table 2.2.5 Calibration and Cross Validation Statistics for Abut
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statistics give an indication of how each of these equations:Will" --

.;~ ,..". ,.-E:.,"-;--,O,::-
samples are similar to those used the calibration set. Each- of the equatio~""""rOrO-the

individual months were used to predict the samples from .the other months. The

prediction statistics (Bias, standard error of prediction(corrected for bias) SEP(C) and R~

are given in Tables 2.2.6, 2.2.7, 2.2.8 and 2.2.9. Prediction statistics were poor and large

biases were found between months for certain constituents, in particular PrA, but also

moisture and CP in some cases. These results indicate that the calibrations for some

months do not cover the necessary range in constituents for other months. The January

equation appeared to predict parameters for the other months most successfully. The

February samples appear to be most different from the other months.

The protein precipitate assay is not a well defined chemical technique and we do not know

exactly what it is measuring. The extraction procedure is unlikely to remove all of the

phenolic compounds/tannins. Thus, it is possible that the precipitate analysis and the

NIR are measuring different entities. This has to be taken into account when developing

equations for these constituents.
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Prediction Statistics for December, January and February
November Equation : .,:;-;;,

:::-;~

,",Table 2.2.6

:..,-1;

':~...~

Predicting BIAS R2SEP(C)

December DM -0.41 0.67 0.45

ASH -0.35 1.33 0.94

CP 0.37 1.86 0.40

PrA 2.92 86.55 0.21

DM -0.06 0.61 0.25January

ASH -0.78 1.60 0.92

CP 0.41 1.61 0.40

0.30PrA -32.49 63.00

1.74 0.07February DM 1.41

ASH -0.17 1.86 0.90

CP 0.22 2.21 0.14

PrA -17.70 84.76 0.17

0.78ASH 0.91 2.68March

CP -0.13 2.16 0.20

86.23 0.15PrA 13.21

0.89ASH -1.40 1.96April

2.23 0.74CP 0.22

107.18 0.02-67.18PrA



;:~!:c" -.:.! '"'~~"_::-::.?~;.;::"'::;',:
.". .:' '~~::\'I:::\,;;-;

Prediction Statistics" for November, January and February using the.-

December Equation
Table 2.2.7

Predicting BIAS SEP(C) R2

November 0.53DM 0.65 0.46

ASH 0.44 1.16 0.95

CP -0.90 1.67 0.65

PrA 5.93 92.94 0.17

January DM 0.18 0.37 0.66

ASH -0.97 1.59 0.93

CP 0.30 1.58 0.50

PrA -11.17 73.51 0.64

February DM 1.77 1.72 0.09

-0.69 1.58ASH 0.93

CP -0.10 2.25 0.23

PrA -14.87 99.29 0.22

ASH -0.70 2.33 0.85March

CP -0.88 2.78 0.11

PrA 64.80 127.08 0.12

April ASH -3.99 2.97 0.79

-0.34 2.69 0.47CP



~;~:j:~~

Table 2.2.8
.

Prediction Statistics for November, December and February-using
the January Equation

Predicting BIAS SEP(C) R2

November DM 0.32 0.87 0.23

ASH -0.06 2.27 0.76

CP -1.17 1.20 0.63

PrA 37.17 86.54 0.21

December DM -0.18 0.82 0.15

ASH 0.31 2.16 0.86

CP -0.82 0.87 0.87

PrA 17.43 73.39 0.44

February DM 1.62 1.95

ASH 1.60 1.73 0.90

CP -0.48 1.27 0.65

PrA 20.46 92.85 0.10

ASHMarch 3.76 2.56 0.82

CP -2.34 1.54 0.57

PrA 93.89 115.34 0.05

ASHApril 2.26 1.92 0.90

CP -2.58 1.70 0.82

PrA 17.73 99.95 0.17



Table 2.2.9 Prediction StatisticS for November, December and January using the

February Equation

SEP(C) R2Predicting BIAS

-0.93 1.72 0.05November DM

0.17 1.71 0.88ASH

1.46 0.46CP 0.17

118.9712.98 0.01PrA

-1.20 1.54 0.18DMDecember

1.85 0.90ASH 0.03

1.77 0.44CP 0.40

97.93 0.0712.64PrA

1.74-1.58DMJanuary

1.46 0.92ASH -1.17

0.23 1.10 0.71CP

0.11-5.69 75.49PrA

2.89 0.75ASH 0.66March

1.42 0.64CP -1.98

85.02 0.21-76.63PrA

0.81.1.40 2.61ASH.April

2.40 0.58-2.35CP

0.25-252.03 93.40PrA
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for only the Fg species. These are regions of the NIR spectrum known to be associated

with tannins (13,14,15), suggesting that differences in tannin content may be detected

using this technique. However, it must be remembered that drying at the higher

temperature may have brought about other changes in the samples, not simply differences

in the tannin content.

2.2.4 Transmission Spectroscopy

Near Infrared Transmission (NIT) spectroscopy allows the study of transparent liquids.

Near infrared radiation is transmitted through the liquid sample and the data is collected

in log (l/I'), where T=Transmission. A preliminary investigation was performed using

NIT to examine the extracts used in the protein precipitation assay (12). Duplicate

samples from the Fg and Ds species were extracted using 70% aqueous acetone and the

liquid extractg scanned. Figure 2.2.35 shows the Log 1tr spectra for acetone, 70%

aqueous acetone and the mean spectra for the Fg and Ds species from months March,

April and May. The spectra of the extracts for the two species appeared very similar,

suggesting that the tannins in the extract are not present in a sufficiently high

concentration to be detected. Further research is therefore required to assess this and

other extract techniques for the routine analysis of tannins.

15
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3. IMPLICA'l10NS'OF THE'RESULTS

The initial aim of this work was to assess the use of NIR spectroscopy for identifying

differences between provenances. Wet chemistry has not been able to differentiate

between provenances. In the absence of chemical data in the current work, information

has been obtained about the Gliricidia provenances using only the NIR spectral data.

PCA and cluster analysis have proved useful in identifying differences between and within

provenances. These statistical techniques and others employed in this study have enabled

provenances showing the greatest spectral differences to be identified, also regions of the

NIR spectra which may be associated with these differences have been identified.

Further, this work has shown that calibration equations can be developed to predict DM,

ash, CP, DOMD, DMD, O:MD, TGP-C, TGP for Gliricidia samples. However, only a small

representation of the population of Gliricidia provenances was available in this study.

For this type of work to be more successful, more samples need to be included in the

calibration population, with access to accurate laboratory data.

Statistical analysis of the Gliricidia samples has shown that the NIR data can be used

to perceive some inter- and intra-provenance 'differences'. Using NIR spectroscopy it is

possible to detect qualitative and quantitative differences between the provenances,

however, further research is required to ascertain what exactly these 'differences' are.

Calibrations were developed successfully for the Nepal samples. There were obviously

differences between samples from the different months which will need to be taken into

account when predicting future samples using these equations. It is not clear at this point

whether individual equations for each month would be required or whether broad-based

equations representing all samples and species may be acceptable for the prediction of

future samples. More samples are required to validate the calibration equations

developed to date.

The statistical techniques employed in this study have been useful in identifying

differences between species and looking at the distribution of the different species with

respect to each other using only the spectral data. More information is required about the

samples to assist in the identification of these differences.

Examination of the Nepal tree samples over the growing season revealed differences

between species. It is now necessary to ascertain what these differences are, in particular

¥l'
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analysis of tannins in liquid extracw, but is reliant on the extraction procedure

moment.

4. PRIORITY TASKS

Two papers are being prepared for submission to refereed scientific journals and at least

one more is expected. Preliminary results on the Gliricidia were presented at an NIR

Users Meeting (MAFF, Starcross, UK).
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