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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.



CLASSIFICATION OF GLIRICIDIA PROVENANCES
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11  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 samplves 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.
‘ P10 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, ¢, d, e, f, g, h, i
and j.
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 Provenance
Pl 13/84
P2 14/84
P3 - 15/84
P4 16/84.
| PS5 17/84
| P6 24/84
| P7 + 25/84-
P8 30/84
Pg 31/84
P10 33/85
P11 34/85
P12 35/85
P13 38/85
P14 39/85
P15 © 40/85
P16 41/85
P17 1/86
P18 10/86
P19 11/86
]f P20 12/86
| P21 13/86
P22 24/86
P23 43/87
P24 72/87
P25 CT5/8T




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.

Principal Component Analysis (PCA) .
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
eg. 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 differénce 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 1.2.1a but 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 thosé 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, P10 and P17)



Table 1.2.1

Percentage of variation accounted for each of the latent roots.

Latent Root

1 2 4 5 6 1
% Variation o}

Accounted For 83.16 10.78 3.59 0.80 0.77 0.32 0.30
Latent Root g 9 10 1 12 13 | 14
% Variation ‘

Accounted For 0.11 0.06 0.04 0.03 0.01 0.01 0.00
Latent Root 15 16 17 18 19 20 |
% Variation ‘ | :

Accounted For 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00




Figure 1.2.1 Principal Component plots showing a) Component 1 versus Component 2 and b) Component 2 versus Component 3,
for the 25 different provenances.
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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, P10 and P17.

Canonical Variate Analysis (CVA)
CVA calculates the inter-group distances which are Mahalanobis distances (6). CVA of

the 5 provenances P2, P5, P7, P10 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 D_,,, and in this case was equal to 10.431. These
values were also displayed as a similarity matrix, all values being scaled by D... The

similarity index (SI) was calculated as follows:
SI=1-(D?/D%,)

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-D?/D?%, x100

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.



Figure 1.2.2 Distribution of provenaces Figure 1.2.3 Distribution for the 25
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DISTANCES
P2 000
89 000
P7 933 350
1
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P2 P

I'abl 2. Si  lari ies for provenan  of Gliricidia (P2, P5 PT P

DISTANCES
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P 648 000
P 7] a7
Pl 766 80
303 000
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23
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Figure 1.2.4 Minimum Spanning Tree for the 5 different provenances of Gliricidia (P2, P5, P7, P10 and P17)
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Figure .2.5 Dendrogram for the ifferent provenances of Gliricidia (P2, P53 P7 P1 and |7)
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It is useful to-lookat 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.

PCA

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 - 1.2.101)’. for the individual provenances P2, P5, P7, P10 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 d‘isplay Pb5i set aﬁart in Component 1, and P5a a.fld
P5d set apart in Component 2. For the P7 provenance, P7f was set well apart from the
other samples in Component 1 (Figﬁre 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



Table 1.2.4

Nearest neighbours table for P2, P5, P7, P10 and P17.

PROVENANCES -

P2 P5 P7 P10 P17
Nearest set P7 P10 P2 P5 P10
Percentage 71.6 80.1 71.6 80.1 43.5
_similarity
Next nearest . P10 P2 P10 P2 P7
Percentage 75.6 64.8 52.0 75.6 31.9
similarity
Next nearest P5 P7 P17 P7 P2
Percentage 64.8 19.7 319 52.0 30.2
.+ similarity :
Next nearest P17 iy P5 P17 ’
Percentage 30.2 0 -19.7 43.5 0
similarity




Table 1.2.5

Original groupings, and new allocation of provenances from Discriminant Analysis.

ORIGINAL PL | P2 | P3 | P4 | P5 | P6 | P7 | P8 | P9 | P10 | P11

ALLOCATED | P7 | P2 | P7 [ P17 | P5 | P17 | P7 | P10 | P17 | P10 | Pl0
Y ORIGINAL P12 | P13 | P14 | P15 | P16 | P17 | P18 | P19 | P20 | P21 | P22

ALLOCATED | P17 | P17 | P10 | P7 | P10 | P17 | P17 | P10 | P17 | P10 | P17

ORIGINAL | P23 | P24 | P25

ALLOCATED | P5 | P17 | P17




Figure 1.2.6 Principal Component plots showing a) Component 1 versus Component 2 and b) Component 2 versus Component 3,
for provenance P2.
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Figure 1.2.7 Principal Componcnt plots showing a) Componcnt 1 versus Component 2 and b) Componcnt 2 versus Component 3,
for provenance P5.
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Figure 1.2.8 Principal Component plots showing a) Component 1 versus Component 2 and b) Component 2 versus Component 3,
for provenance P7.
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Figure 1.2.9 Principal Component plots showin

for provenance P10..
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Figure 1.2.10 Principal Component plots showing a) Component 1 versus Component 2 and b) Component 2 versus
Component 3, for provenance P17.
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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, P10 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,
P10 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, P10f,
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, P10 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*, 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,
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Figure 1.2.20
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Figure 1.2.21
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Table 1.2.6

Nearest neighbours table for provenance P2.

Level of

Next

Next

Sample Nearest _ Level of Level of Next Level of Next Leve] of

Neighbour | Similarity Nearest Similarity Nearest Similarity Nearest Similarity Nearest | Similarity
Neighbour Neighbour Neighbour Neighbour '

' poa P2 81.4 P2h 79.9 P | 787 | P3 6.3 P2c 149
l] P2b P2d 99.2 P2g 94.8 P2i 90.4 | P2e 90.1 P2 77.3
P2c P2 98.7 P2h 97.9 P2f 96.7 P2i —96.0 P2e 96.0
P2d P2b 99.2 1;2g i 97.8 7 P2e 90.0 P2i 88.8 P2c | 76.3
P2e P2i 98.7 P2 96.0 P2c 96.0 P2j 1943 P2f 924
P2f P2j 99.3 P2h 98.2 P2 97.0 P2c 96.7 P2e 92.4
| P2g P2d 97.8 P2b 94.8 P2 85.8 P2i | 81.7 P2c 69.0
' P2h | P2f 98.2 P2c 97.9 P2 97.2 P2j 97.0 P2i 91.2
| P2 P2e 98.7 P2 96.7 P2 96.0 P2j 922 P2h 91.2
P2j P2t 99.3 P2 97.1 P2h 97.0 P2c 95.9 P2 94.3
P2 P2e 98.7 P2h 97.2 Pgj 97.1 P2f 97.0 P2i | 967




‘able 1.2.7 Nearest neighbours table for provenance P5.
Sample Nearest Level of Next Level of Nextr Level of Next Level of Next Level of
{ Neighbour | Similarity Nearest Similarity Nearest Similarity Nearest Similarity Nearest Siﬁlilﬂrity
Neighbour Neighbour Neighbour Neighbour | '
P5a P5i 88.3 P5d 86.4 P5e 797 |  Pbe 75.1 P5;j 73.0°
1 e | psn 99.3 P5 982 P5g 97.9  p5f 972 | Phe 95.0.
P5c P5f 98.6 - P5j 975 P5e 96.9 P5b 95.0 P5h 948
| P& P5e 91.9 .Pbe 917 P5b 886 P5j 885 P5g 87.8
| Pse P5j 97.9 P5c 96.9 P5f 939 P54 91.7 P5g 89.8:
| pst P5c 986 P5b 97.2 P5h 97.2 P5j 964 P5g 96.3
P5g P5h 99.1 P5 98.6 P5b 97.9 P5f 96.3 P5c 94.6
P5h P5 99.4 P5b 99.3 P5g 99.1 P5¢ 972 | P5e 948
P5i P5a 88.3 Pbe 59.7 P5d 57.7 Phc 51.9 P5; 49.4
Py P5e or9 | P | 975 P5f 96.4 P5g 93.6 P5h 92.9
P5 P5h 99.4 P5g 98.6 P5b 98.2 P5f P5c 91.6

95.3




Table 1.2.8  Nearest neighbours table for provenance P7.
Sample Nearest Level of Next Level of Next ~ Level of Next Level of Next Level. of
Neighbour | Similarity Nearest Similarity Nearest Similarity Nearest Similarity Nearest | Similarity
Neighbour Neighbour Neighbour Neighbour

P7a PTh 96.7 P7e | 954 P | 950 P 94.4 PTe 63.7

P7b P7a 96.7 P7i 92.2 P7e 91.6 P7c 90.8 P7 90.3
PTe PTe 97.7 P7a 93.7 P 916 P 208 P7j 862

';~ PTe PTc 97.7 P7a | 954 P7 92.3 P7b 916 P7i 90.6

: P P7h 77.8 P7j 74.6 P7 60.9 P7a 56.7 P7e 433

' pm P7a 93.4 P7. 92.3 P17 g1.3 P7b .86.9 P7e 82.0

| p7i k‘P7a 93.0 P7b 92.2 Ple 90.5 P7j 87.8 Pe 85.5

I P7a 95.0 | P7h 92.3 P17 90.9 P7e 89.9 P7i 878

P7 PTa 94.4 P7e 92.3 PTc 916 | Pm 91.3 PT 909 B




Table 1.2.9

Nearest neighbours table for provenance P10.

Next

Level of

Sample Nearest Level of Next Level of Next Level of Next Level of

‘ Neighbour | Similarity Nfearest Similarity Nearest Similarity Nearest Similarity Nearest Similarity

‘ Neighbour Neighbour Neighbour Neighbour '

| Ploa P10g 97.6 P10j 95.7 P10d 92.6 P10i 92.1 P10h 914

| P10b P10c 95.0 vP10e 93.9 P10 93.7 P10f 80.3 P10i 73.§
P10c P10 95.6 P10b 95.0 P10e | 89.7 P1of 87.2 P10i 68.9
P10d P10i 95.8 Pl0a 926 P10j 89.9 P10g 89.6 P10f 88.9 o
P10e | Piob 93.9 P10c 89.7 P10 86.8 P1of 76.2 P10i 69.6
P10f P10 94.1 P10d 88.9 P10c 87.2 P10i 83.7 | P10b 80.3
P10g P10a 97.6 P10j 96.1 P10h | 94.8 P10i 91.4 P10d 89.6
P10h Pl0g 94.8 P10j 92.6 P10a 914 P10i 89.6 P10d 82.4
P10i P10d 95.8 P10; 95.3 P10a 92.1 P10g 91.4 | P10h 89.6
P10j P10g 96.1 P10a 95.7 P10i 95.3 P10h 92.6 P10d 89.9 |
P10 P10¢ 95.6 P1of 94.1 P10b 93.7 P10e 86.8 P10d 82.9




Table 1.2.10 Nearest nighbours table for provenance P17.

Sample Nearest Level of Next Level of Next Level of Next Level of Next Level of
. Neighbour | Similarity N.earest Similarity Nearest Similarity Nearest Similarity Nearest Similarity
Neighbour Neighbour Neighbour Neighbour
P17a | PITb 99.6 P17d 99.3 P17¢ 99.2 P17g 98.3 P17 95.7
| P17 © Pl% 99.7 Pl7a 99.6 P17d 99.5 P17g 98.5 P17i 97.2
{ Pl7c P17b 99.7 Pl7a 99.2 Pl7g | 99.0 P17d 987 Pl7e 98.4
[ Pind P17b 99.6 Pl17a 99.3 Pl7c 98.7 Pl7g 97.5 P17i 96;1
Pl7e P17c 98.4 P17 98.3 P17 98.0 P17h 97.7 P17g 97.6
P17f P17 91.5 P17h 87.3 P17b 87.3 P17d 87.2 P17¢ 86.2
P17g P17c 99.0 P17b 98.5 P17a 98.3 P17e 976 P17d 97.5
| P1Th P17i 99.0 P17e 97.7 P17 96.0 P17¢ 96.0 P17 9047
P17i | P17h 99.0 Pl7e 98.0 P17¢ 97.8 P17 o 97.2 P17d 96.1
P17 P17h 66.3 P17 64.0 P17e 56.7 P17h 56.6 P17c 42.1
P17 P17e 98.3 P17g 96.1 P17h 96.0 P17c 94.8 P17 94.6




Table 1.2.11 Gas production run 1.

MOST GAS PRODUCED
P1
P2
P1¢
P4
P8
P6
P11
P23
P22
P5
P13
P20
P15

P17

P3
P25
P9
P1
P24
P19
P7
P16

LEAST GAS PRODUCED P14



P7,P10 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 (DMD), organic matter Digestibility (OMD) 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, P10 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.

SET A

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 sampie 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



Table 1.2.12 Gas production run 2.

MOST GAS PRODUCED P7e
P10j
P17e
Pl17a
P2e
Pi12
P2j
P2a
P5e
P5a
P5j
P7a
P7j
P23
P17j
P20
P10e
P10a
P9

LEAST GAS PRODUCED P14



Table 1.2.13 Laboratory analyses for the 25 Gliricidia provenances

SaIEInple | Code %DM | %ASH | %CP %DMD | %DOMD | %5MD |

0.
P1 13/84 | 9468 | 1049 | 2163 | 6693 | 57.04 | 6373
P2 | 14/84 | 9530 | 1046 | 1963 | 6566 | 5655 | 63.15
P3 1584 | 9505 | 9.53 | 2169 | 6282 | 5393 | 5961
P4 | 1684 | 9492 | 990 | 2025 | 6472 | 5560 | e1m1 |
P5 17/84 | 9475 | 969 | 1925 | 6141 | 5251 | 5814 |
P6 24/84 | 9485 | 912 | 1900 | 6418 | 5563 | 6121
P7 | 2584 | 9516 | 1041 | 2138 | 6620 | 56.67 | 6326
P8 3084 | 9586 | 911 | 1850 | 6624 | 5743 | 6318
P9 31/84 | 9487 | 920 | 1963 | 6524 | 5648 | 6220
PI0 | 3385 | 9487 | 917 | 2006 | 6441 | 5591 | 5155
PIl | 3485 | 9470 | 917 | 2013 | 6096 | 5283 | 58.16
P12 | 3585 | 9521 | 923 | 2194 | 6377 | 5489 | 6047
P13 | 3885 | 9504 | 975 | 2138 | 6216 | 5339 | 59.16
P14 | 39/85 | 9490 | 948 | 2231 | 5896 | 4966 | 5485

| P15 | 4085 | 9528 | o976 | 2212 | e384 | 5453 | 6042
P16 | 41/85 | 9533 | 1039 | 2075 | 6419 | 5416 | 60.44
P17 186 | 9597 | 961 | 2194 | 6260 | 6308 | 69.79
P18 | 1086 | 9499 | 864 | 2044 | 6608 | 57.3¢ | 6276
P19 | 11/86 | 9495 | 935 | 2019 | 6136 | 5L77 | 57.11
P20 | 1286 | 9490 | 9.80 | 2069 | 6135 | 5159 | 5719 |
P21 | 1386 | 9583 | 9.62 | 2044 | 6500 | 5601 | 6197
p22 | 2496 | 9536 | 901 | 2006 | 7072 | 6188 | 6801
P23 | 4387 | 9419 | 1122 | 1663 | 5392 | 4499 | 508
pe4 | 72/87 | 9484 | 1070 | 1944 | 6288 | 5323 | 5961
P25 | 7587 | 9571 | 1034 | 2100 | 6933 | 5950 | 66.37




Table 1.2.14 Mahalanobis distances for the 25 provenances

1:—

Position Sample H Distance
Number Number
1 P4 0.115
2 P13 0.167
| s P18 0.385
1 4 P19 0.415
5 P2 0.422
6 P6 0.478
7 P3 0.647
8 P17 0.667
9 P9 0.678
10 P15 0.694
1 P10 0.802
12 P14 0.833
13 P22 0.841
14 P11 0.853
15 P21 0.876
16 P7 0.971
17 P16 1.049
18 P1 1.110
19 P8 1.199
20 P20 1.215
21 P25 1.333
22 P24 1.674
23 P12 1.855
24 P5 1.948
25 P23 3.772




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

samples) |

Variable n SEC R? SECV | CVR?

| pm 24 | o028

| ASH - 25 0.30

CP 20 | 016

| DMD 19 0.28

DOMD 21 0.53

OMD 21 | 0.37

TGP-C 24 ) 4.69

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

Variable | BIAS | SEP(C) | R?
DM -2.03 1.06 | 0.12
CP 173 | o6 | 0.77

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

Variable BIAS | SEP(C) o
DM -2.45 1.76 0.06
ASH -0.20 0.39 0.87
CP -3.56 0.83 0.46
DMD 8.756 2.58 0.36
DOMD 11.45 2.05 0.59
OMD 11.75 2.19 0.70




(SEC) and fraction of explained ve;ria.nce (R 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 R? 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 R? 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.

SET B
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.

SET C
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.



;f{gTable 1.2.18 --Calibration and cross validation statistics for SET B

Vaible || = SEC R* | SECV | CvR?
DM 50 0.21 096 | 027 0.94
CP 51 0.41 093 | 0.63 0.84

Variable | BIAS | SEP(C) R?
DM 1.93 0.54 0.27
CP 1.47 0.68 0.73

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




enen (FHiFh

Variable | n SEC R? SECRF' c:t.:*; ey
ey 49 1.11 062 | 127 | 052
| ASH 8 | 031 | 08 | 035 | 080
cP | 4 | 033 | 091 | o047 | o081
DMD 46 | 067 | 095 | 109 | 087
DOMD | 47 | 090 | 090 | 138 .| 077
OMD 48 | o092 | o093 | 169 | 077
TGP-C | 24 | 472 | o058 | 724 | 009
| _Tep | 24 | 450 | o066 | 658 | 033

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

Variable | BIAS | SEP(C) R?
DM -2.03 1.06 0.12
CP -1.73 0.76 0.77




124 NIR spectra

Quantitative statistical analysis of spectral data revealed differences between Gliricidig
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,
P10 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 1/R 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.
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Figure 1.2.26 Second Derivative Spectra for P2, P5, P7, P10 and P17
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NEPAL SAMPLES



2.1 WORK CARRIED OUT
Samples from various species of trees (ie. replicate a and b Sainples for spéci;;k-l:ﬁﬁ, Cl, -
Ct, Ds, Fg, Fn, Fr, Fs, Lp, Pc, Ql and Qs) and samples from different parts of trees (ie.
with codes, b=bottom, i=intermediate, o=old, t=top and y=young) from Nepal were scanned
in duplicate. The month of sampling was denoted by the last letter of the code, for
example, Fgan and Fgad are samples from the Fg species for November and December,
respectively. The samples were classified as follows for the statistical analyses:-

A. Monthly samples for November, December, January,February, March, April and

May.

B. Samples from different parts of the trees for the Al and Qs species (ie. 1,2,3

samples) for the months of November, January and March.

C. March samples dried at 80°C.

All statistical analyses were performed as for the Gliricidia samples.

2.2 RESULTS
2.2.1 Statistical Analysis
A. Monthly Samples

Discriminant analyses

The spectra from the Nepal samples 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.

PCA

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




Figure 2.2.1 Principal Component plots showing a) Component 1 versus Component 2 and b) Component 2 versus Component 3,
for the November Nepal samples.
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Figure 2.2.4 Principal Component plots showing a) Component 1 versus Component 2 and b) Component 2 versus Component 3,
for the Febraury Nepal samples.
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Figure 2.2.5 Principal Component plots showing a) Component 1 versus Component 2 and b) Component 2 versus Component 3
for the March Nepal samples.
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Figure 2.2.7 Principal Component plots showing a) Component 1 versus Component 2 and b) Component 2 versus Component 3;
for the May Nepal samples. s ey
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more species than the previous month. As a result the dl*trmul.mn was shghtIy d:ﬂ"e:-ent h

but the same general trends were found as with the November ‘samples. Plottmg
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 QI 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, QI 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 QI species at the left hand side. Only samples from 6

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

Biplot

Graphs indicating the distribution of the different species are given in Figure 2.2.8, 2.2.9,
2210, 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 Al 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 sfde, 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 (Al and Qs) for three different months (November, January and
March).

11



Figure 2.2.8 Distribution of Nepal samples

from November.
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Figure 2.2.10 Distribution of Nepal samples
from January.

from February.

Figure 2.2.11 Distribution for the Nepal samples
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Figure 2.2.14 Distribution of Nepal samples

from May.
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PCA

PCA 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 Al 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 1’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, F's 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



Figure 2.2.15 Principal Component plots showing a) Component 1 versus Component 2 and b) Component 2 versus
Component 3, for the Al species (November).
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Flgu Principal Componen pl ts showin Compo Co po and b) Co po
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Figure 2.2.17

Principal Component plots showing a) Component 1 versus Component 2 and b) Component 2 versus
Component 3, for the Al species (March). '

a) b)
KNosml Nolm1
04t Nobm!
Nob’ 0.1
03 N3 ppen oo i
02} o 045 ot
| Ay
Nim!
0025 Nobm?
01} ™ (
Moo Nosm3 5
Noan? ok Nosml n&m ANols
Nam2 Nokm3
0f Kobm3
~ 5 | Abm2
E ‘ Aok Ej Abm3 Aym]
5-01 Rosmd : Aosm?
Mo Mm2 ool 4% - i
Nym2
-02 e 0075
Nosm| NY‘“M !
Ko
-OJL Nolm2 -ﬂ.l[ Konm3
Q1 0075 006 005 0 005 a® 005 0l -3 -2 -1 0 ‘ ?

Component 2 Component 3



Figure 2.2.18
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Figure 2.2.20 Principal Component plots showing a) Component 1 versus Component 2 and b) Component 2 versus
Component 3, for the Qs species (March).
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Figure 2.2.2 Distribution of Al species
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Figure 2.2.22 Distribution Al species
from January.
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“igy 2 .24 Distribution of Q species
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Figu .26 Distribution of @s specles
from March
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Figure 2.2.27 Principal Component plots showing a) Component 1 versus Component 2 and b) Component 2 versus
Component 3, for the March Nepal samples dried at 60°C and 80°C.
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corresponding ones dried at 80°C in Component 1, with the exception of the Fr species.
This may be due to a difference in colour between the samples dried at the different
temperatures. When Component 2 was plotted against Component 3, the samples dried
at the different temperatures were found to sit closer together.

Biplot analysis (Figure 2.2.28) shows a very similar pattern to the latter PCA plot.

PCA plots for the different Qs samples are given in Figure 2.2.29. These plots show the
majority of the samples dried at 80°C clustering together, but no distinct split between
these and the samples dried at 60°C.

A similar pattern was obtained from the Biplot analysis of the Qs species (Figure 2.2.30).

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, 222,223,224 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 Qvere 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 Jjust accepted as being accurate but have to

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

13



Figure 2.2.28 Principal Component plots showing a) Component 1 versus Com
onent 2 and b) C
Component 3, for the Qs species (March) dried at 60°C and 80°C. P ) Component 2 versus
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Figure 2.2.29 Distribution of Nepal samples
dried at 60°C and 80°C.
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Equation n | SEC R? SECV 1-VR

Novieiibes 20 | 025 092 | 044 0.75

| December 25 | o032 0.75 0.37 0.68
| i 26 0.16 094 | o024 0.86
| Pebruary | 25 | o064 0.88 0.95 0.72
| March 23 | 045 084 | 060 0.70

April 17 021 | o094 043 | 075

All 145 0.73 0.60 0.80 0.54

Table 2.2.2 Calibration and Cross Validation Statistics for Ash

[
Equation n SEC R? SECV | 1VR
November | 19 | 051 | 099 118 0.94
December 26 | 073 | o098 120 | o094
January 25 0.69 0.98 102 0.96
February %6 | 131 094 | 163 0.92
March 24 109 | o6 | 149 | 093
April 18 | 03 | 100 | 049 0.99
All _j‘142 0.77 098 | 087 097 |




| ‘ =
| Equation n SEC | R SECV 1-VR
November 19 0.74 0.89 1.06 0.70
December 2§ ‘ 0.42 0.97 0.64 0.93
January N 26 0.51 0.94 0.98 0.76
February 25 084 0.82 1.11 0.69
March 22 0.89 0.86 1.12 0.78
April ‘ 20 0.54 0.98 0.94 0.94
‘ ,
,l!| All 1 145 0.64 0.94 0.76 0.92

Table 2.2.4 Calibration and Cross Validation Statistics for PrA

5 | 1 - — ]
" Equation n SEC : RE ! SECV | LVR |
I | ]
| November | 15 | 1195 | 097 1990 | 092
| December| 24 | 3903 | 084 | 6515 | 056 |
| January | 24 | 3124 | o082 | 4098 | 069 |
| February E ‘24 | 6021 | o057 | 7980 | 033 |
| March | 20 | 27.79 0.90 43.31 076 |
| April l 18 | 2682 | 092 | 4764 075 |
LA '137~ _§972:6l_0.z4_‘ | 5823 _o._63=__fi

Table 2.2.5 Calibration and Cross Validation Statistics for Abut

Equation n SEC R? SECV 1-VR

January 24 6.49 0.89 12.05 0.66




samples are similar to those used the calibration set. Each of the equatmhs for”th‘et

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.

14



Table 2.2.6 Predxctxon Statlstxcs for December, January a.nd Februa.ry us ng tﬁan \
November Equation '

,,,.‘
o

Predicting BIAS SEP(C) R?
| December DM -0.41 0.67 0.45
ASH -0.35 1.33 0.94

. |
i CP 0.37 1.86 0.40
PrA 2.92 86.55 0.21
3* January DM -0.06 0.61 0.25
ASH 078 1.60 092
CP 0.41 1.61 0140
PrA -32.49 63.00 0.30
February DM 1.41 1.74 0.07
ASH .0.17 1.86 0.90
CP 0.22 2.21 0.14
“PrA -17.70 84.76 0.17
March ASH 0.91 2.68 0.78
CP 0.13 2.16 0.20
PrA 13.21 86.23 0.15
April ASH -1.40 1.96 0.89
CP 0.22 2.23 0.74
PrA -67.18 107.18 0.02

|




Table 2.2.7 Prediction Statistics for November, January and February usxngthe *
December Equation

Predicting

BIAS SEP(O) R?
| November DM 0.53 0.65 0.46
ASH 0.44 1.16 0.95 H
: CP -0.90 1.67 0.65 |
i 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 1117 73.51 0.64
February DM 1.77 172 0.09
ASH 0.69 158 093 |
CP 0.10 2.25 0.23
|
PrA -14.87 99.29 0.22 .
| March ASH -0.70 2.33 0.85 |
" CP -0.88 2.78 0.11
| PrA 64.80 127.08 0.12 |
| April ASH -3.99 2.97 0.79 !
CcP 034 2.69 0.47




Table 2.2.8 Prediction Statistics for November, December and Februa.ryusmg

the January Equation )
Predicting BIAS SEP(C) R? *‘l
November DM 0.32 0.87 0.23 "
ASH :0.06 2.7 0.76 1
CP -1.17 1.20 063
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 1.60 173 0.90
CP -0.48 1.27 0.65
PrA 20.46 92.85 0.10
March ASH 3.76 2.56 o.éz
:’ CP -2.34 1.54 0.57
PrA 93.89 115.34 0.05
| April ASH 2.26 1.92 0.50
' CP -2.58 1.70 0.82
s PrA 17.73 99.95 0.17




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

February Equation

| Predicting BIAS SEP(C) R
November DM 093 1.72 0.05
ASH 0.17 1.7 0.88
CP 0.17 1.46 0.46
PrA 12.98 118.97 0.01
December DM -1.20 1.54 0.15
- ASH 003 1.85 0.90
CP 0.40 1.77 0.41;

PrA 12.64 97.93 0.07

January DM -1.58 1.74 -
ASH 117 1.46 0.92

CP 0.23 1.10 o.7i

PrA 5,69 75.49 0.11

March ASH 0.66 2.89 0.75
CP -1.98 1.42 0.64
PrA .76.63 85.02 021
April ASH 140 2.61 0.81
CP -2.35 2.40 0.58
PrA -252.03 93.40 0.25




Figure 2.2.31 SDT Spectra for Fg and Ds Species
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Figure 2.2.32 Spectra for Fg and Ds species dried at 60
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Figure 2.2.33 Spectra for Fg and Ds species dried at 80
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Figure 2.2.34 Difference spectra between samples dried at 60 and 80
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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.

224 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 (1/T), 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 extracts scanned. Figure 2.2.35 shows the Log 1/T 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



Figure 2.2.35 Mean for each tree in each month
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3. IMPLICATIONS 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, OMD, 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. Itis 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

16
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analysis of tannins in liquid extracts, but is rellant on the extractxon procedur ‘at the -

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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