Factors affecting biomass production and nutritive value of Calliandra calothyrsus leaf as fodder for ruminants
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SUMMARY

Calliandra calothyrsus is a tree legume native to Mexico and Central America. The species has attracted considerable attention for its capacity to produce both fuelwood and foliage for either green manure or fodder. Its high content of proanthocyanidins (condensed tannins) and associated low digestibility has, however, limited its use as a feed for ruminants, and there is also a widespread perception that wilting the leaves further reduces their nutritive value. Nevertheless, there has been increasing uptake of calliandra as fodder in certain regions, notably the Central Highlands of Kenya. The present study, conducted in Embu, Kenya, investigated effects of provenance, wilting, cutting frequency and seasonal variation both in the laboratory (in vitro digestibility, crude protein, neutral detergent fibre, extractable and bound proanthocyanidins) and in on-station animal production trials with growing lambs and lactating goats. The local Kenyan land race of calliandra (Embu) and a closely-related Guatemalan provenance (Patulul) were found to be significantly different, and superior, to a provenance from Nicaragua (San Ramón) in most of the laboratory traits measured, as well as in animal production and feed efficiency. Cutting frequency had no important effect on quality; and although all quality traits displayed seasonal variation there was little discernible pattern to this variation. Wilting had a much less negative effect than expected, and for lambs fed calliandra as a supplement to a low quality basal feed (maize stover), wilting was actually found to give higher live-weight gain and feed efficiency. Conversely, with a high quality basal diet (Napier grass) wilting enhanced intake but not live-weight gain, so feed efficiency was greater for fresh material. The difference between fresh and wilted leaves was not great enough to justify the current widespread recommendation that calliandra should always be fed fresh.

INTRODUCTION

Utilization of trees and shrubs has long been recognized to be one of the most effective means of improving both the supply and the quality of forage in tropical smallholder livestock systems, especially during the dry season (Gutteridge & Shelton 1994; Robinson 1985). Green fodder from nitrogen-fixing leguminous trees, in particular, contains much higher levels of protein than the poor quality basal feeds (grasses and crop residues such as stover) available during the dry season, and persists for longer owing to the trees’ deep roots. 
The research described in the present paper was conducted at Embu, in the Central Highlands of Kenya, where improved dairy cattle, and increasingly also dairy goats, are raised for milk production, mainly on smallholdings (Paterson et al. 1998). Increasing human population in this region has led to high pressure on land, with animals managed almost exclusively under intensive zero-grazing systems and fodder produced in small intensively managed plots (Nyaata et al. 2000). Such smallholder dairy production in Kenya makes a direct contribution to human nutrition, as well as to poverty alleviation through income generation, and increased potential for foreign exchange earnings from export. A common constraint in this region, however, is lack of high quality forage, especially during the dry season because the most common basal feed, Napier grass (Pennisetum purpureum) is depleted during this period (Minae & Nyamai 1988). Crop residues such as maize stover, bean husks, and banana leaves and pseudostems are used as substitutes for Napier grass, but these are low in digestibility, fermentable energy, crude protein and several essential minerals including calcium (Nangole et al. 1983; Phiri et al. 1992). To provide the protein necessary for high milk yields and good growth rates, farmers in this area therefore try to supplement dairy cattle diets with commercial concentrates, especially during the dry season. However, the increasing price of commercial concentrates (which has not been matched by increases in milk price) has put them out of the reach of many smallholders and this, together with the variable quality of the available concentrates, has led them to seek inexpensive alternative supplements.

Calliandra calothyrsus Meissner (‘calliandra’), a tree legume native to Mexico and Central America, was first introduced to the Central Highlands of Kenya in 1987, and has since been widely promoted and adopted as a supplement to Napier grass (Wambugu et al. 2001). The promotion of calliandra was initially based primarily on its promising agronomic attributes which include, in addition to nitrogen fixation, fast growth and high biomass production of both foliage and wood even during the dry season, tolerance of repeated lopping, and tolerance of soils with low pH and/or high aluminium saturation (Palmer et al. 1994; Chamberlain 2001). More recently, its increasing importance as fodder in many parts of the tropics has focused attention on its nutritive value. Although high in protein (up to 280 g/kg, Kaitho et al. 1993), reports of very high levels of proanthocyanidins (up to 200 g/kg, Jackson et al. 1996; Stewart et al. 2000) combined with relatively low dry matter digestibility (Merkel et al. 1999) have raised questions regarding its value as a feed. Nevertheless, there has already been a high level of calliandra adoption by farmers in the Central Highlands. On-farm trials with dairy animals in the Embu area have suggested that fresh calliandra can substitute for an equivalent amount of concentrate (‘dairy meal’), in terms of dry matter, without affecting milk production (Paterson et al. 1999), i.e. that these supplements have a comparable feed efficiency.

The present study aimed to identify ways both to increase the productivity of calliandra and to optimize its feeding value for ruminants. Several factors were investigated: genetic (provenance) variation, cutting frequency, seasonal variation and post-harvest treatment (feeding the leaves fresh or wilted). 

Genetic variation in calliandra has already been studied under a programme of genetic resources research at the Oxford Forestry Institute, OFI (Pottinger 1996). Comprehensive exploration of populations of calliandra in its native range (Central America and Mexico, Macqueen 1992) led to collection of seed from 50 natural populations (provenances), of which a subset was evaluated in a pantropical trial network co-ordinated by OFI. Most calliandra currently planted outside the native range, including Embu, originates from material introduced from Guatemala to Java in 1937 (Verhoef 1939). This land race material, in which there was no formal selection for quality or yield, was compared with the native populations in many of the trials. Across the network, the overall highest-yielding provenance was from San Ramón, in Nicaragua, but the Indonesian material was also, fortuitously, among the highest yielders (Pottinger & Dunsdon 2001). 

Three populations were included in the present study: San Ramón; the local Embu land race; and Patulul provenance from Guatemala, which was also high-yielding in the network trials. Isozyme studies (Chamberlain 1998) have shown Patulul and Embu to be genetically very similar while San Ramón occupies the opposite end of the range of genetic variation within the species. A central question addressed by the present study is not only whether these genetically very distinct provenances also exhibit important variation in quality traits, but also whether they differ in their responses to environmental variation and management. 

Provenance variation in nutritive value has been quite widely studied in the laboratory (Duguma & Mollet 1997; Larbi et al. 1998; Premaratne & Perera 1999), mainly in terms of in vitro digestibility and levels of crude protein (CP), acid and neutral detergent fibre (ADF, NDF) and proanthocyanidins, but always using samples grown under uniform conditions. Previous studies have not, however, included direct provenance effects on animal production.

A major issue in the domestication of calliandra has been the effect of wilting or drying of the leaves on their nutritive value. In Kenya as in many parts of the tropics, fodder trees are used in cut-and-carry stall-feeding systems where, in practice, fodder is usually cut several hours beforehand and is wilted or dry by the time it is fed. Some early studies reported lower intake and dry matter digestibility, in vitro and in situ, for dried or wilted calliandra than for fresh material (Mahyuddin et al. 1988; Palmer & Schlink 1992), and this effect seemed to be consistent to a greater or lesser extent across provenances (Palmer & Ibrahim 1996). There is also conflicting evidence, however, suggesting that the feed quality of calliandra may be unaffected, or even improved, by drying, both in vitro (Stewart et al. 2000) and in terms of voluntary intake and apparent nitrogen digestibility in vivo (Ahn et al. 1989; Norton & Ahn 1997). In view of these apparent contradictions, there was a need for feeding trials to look directly at the effect on animal performance of wilting calliandra before feeding it. 

MATERIALS AND METHODS

There were two distinct components to the research: 

(i) An agronomic field trial which was harvested eight times over a 1-year period. Leaf and wood biomass production were estimated at every harvest, and samples collected for laboratory analysis to determine effects of provenance, cutting interval and seasonal variation. 

(ii) A series of three feeding trials in which sheep and dairy goats were fed material from large fodder blocks to measure directly the effects of provenance and leaf wilting on small ruminant production.

Experimental site

The study was conducted at the Kenya Agricultural Research Institute (KARI) Regional Research Centre, Embu, located in the Central Highlands of Kenya, on the southeastern slopes of Mt. Kenya, at an altitude of 1480 m above sea level. The soils are red Kikuyu loams, mainly comprising humic Nitisols derived from basic volcanic rocks. In the USDA system of classification they fall under humic Palehumult (USDA 1975). They are deep and well weathered with a friable clay texture and moderately high inherent fertility.

Rainfall is moderate with an annual total of 1200-1500 mm (Jaetzold & Schmidt 1983). Rainfall is bimodal with the long rains occurring between mid-March and June and usually providing 650-750 mm. The short rains are from mid-October to December and range from 350 mm to 550 mm. In addition there is a cold misty period in July-August with light and unpredictable rainfall ranging from 50 mm to 250 mm. Mean monthly temperature ranges from 17° to 22°C. Mean monthly rainfall and temperature data at Embu for the period of the trial are given in Fig. 1. 

The agronomic trial and the fodder blocks for the feeding trials were both established at this site. Both included three provenances of C. calothyrsus: San Ramón from Nicaragua, Patulul from Guatemala and the local Embu land race (derived from Indonesian material).

Agronomic trial

Experimental design
A split plot design with four replicates was used, with two cutting frequencies (6 and 12 weeks) as the main plots and the three calliandra provenances as the subplots. The trees were raised in containers, and planted out in square plots at 1 m ( 1 m spacing (36 trees per plot). An initial uniformity cut (to 1 m height) was carried out 6 months after planting, followed by eight biomass harvests every 6 weeks for the next year. The 6-week frequency treatments were cut at every harvest, and the 12-week ones at the 2nd, 4th, 6th and 8th harvests. An additional, 9th harvest was used for chemical analysis only (to give compositional data spanning a full year).

Data collection and sample preparation

Biomass was measured directly at each harvest for the 16 central trees in each plot (guard rows also cut). The trees were cut at a height of 1 m and biomass divided into leafy (leaves and green parts of the shoot) and woody biomass (lignified material). Fresh weights were measured directly, and subsamples were dried to constant weight at 103°C for determination of dry matter content. In addition, samples of entire mature leaves were taken from the 16 central trees in each plot, bulked, freeze dried and ground through a 1 mm sieve for analysis. 

Chemical analysis

CP content was determined by the macro Kjeldahl procedure (AOAC 1995). NDF was determined by the method of Van Soest et al. (1991), and in vitro dry matter digestibility percentage (IVDMD) by the method of Tilley & Terry (1963). 

Proanthocyanidin (PA) concentrations in “extractable” and “bound” fractions were estimated by a modified version of the method of Terrill et al. (1992), with protein- and fibre-bound fractions combined. Four subsamples of 0.025 g of dried leaf were extracted twice with a mixture of 4 ml of acetone/water (7:3, v/v), containing 1 g/litre ascorbic acid, and 2 ml dichloromethane, the latter to remove lipids and pigments. The aqueous phases from the two extractions were combined and made up to 10 ml with water. PA concentration in this fraction was estimated by the butanol-HCl method (Porter et al. 1986; Terrill et al. 1992). Of this extract, 0.5 ml was added to 6 ml butanol-HCl (95:5, v/v) and heated for 1 h at 95C. The absorbance of the red anthocyanidin products was read at 550 nm. PA remaining bound to protein and fibre after the extractions was estimated in the same way, with 3 ml butanol-HCl added directly to the solid residue after residual solvents (dichloromethane, acetone) had been evaporated in a stream of nitrogen. 

To convert absorbance values to PA concentrations, crude PA standards were prepared for each provenance separately, using Sephadex LH-20 (Stewart et al. 2000). These standards were included in each assay at known levels (0.1 mg, 0.2 mg, 0.4 mg and 0.8 mg per tube, all in triplicate). Blanks were prepared separately for each fraction using the plant extracts and the same process but with butanol-H2O (95:5, v/v) replacing butanol-HCl. 

The relative proportions of cyanidin and delphinidin in the products of the butanol-HCl reaction were estimated by high performance liquid chromatography (HPLC), using a method developed at CIAT, Cali, Colombia (C.E. Lascano, pers. comm.; Stewart et al. 2000). This gives basic information about structural differences between the proanthocyanidins from different treatments, in terms of their constituent subunits, since the assumption is made that the proportions of procyanidin and prodelphinidin in the proanthocyanidins is the same as that of their respective end-products, cyanidin and delphinidin, in the butanol-HCl reaction. 

Statistical analysis

A split-plot analysis of variance (ANOVA) was used to analyse variation in each trait measured (biomass, IVDMD and compositional variables). The main plot was cutting frequency and the sub-plot was provenance. The AREPMEASURES procedure (Genstat 5 1998) was used to analyse changes in treatment effect over time. This carries out an ANOVA on the repeated measurements and checks the assumptions required (i.e. symmetry of the variance-covariance matrix). To adjust for partial failure of the assumptions it calculates a correction factor (Greenhouse-Geisser) for the degrees of freedom in the block.cutting frequency.provenance.time stratum. The correction increases the rigour of the F-tests in this stratum. 

The analysis examined the data in terms of pairs of harvests, i.e. comparing each 12-weekly harvest with the two 6-weekly harvests carried out in the same period. For biomass, the production from the 6-weekly cuts was summed to compare with the biomass from the 12-weekly cut (because cumulative totals are of interest). For all the other variables, mean values from each pair of 6-weekly cuts were compared to the 12-weekly values. This analysis provided information not only about the effects of cutting frequency and provenance, and interactions between them, but also how these may change over time. 

Feeding trials 1 & 2 (lamb growth)

Two feeding trials were conducted to determine the effects of provenance and drying on voluntary intake and live-weight gain (LWG) in growing lambs. The experimental treatments were fresh and wilted leaves of each of two provenances: San Ramón and a Patulul/Embu composite. Patulul and Embu material were combined not only because they had been shown by an earlier isozyme study to be genetically very similar (Chamberlain 1998), but also because early results from the agronomic trial had shown minimal differences between these two seed sources. The fodder blocks for the trials were planted 1 year before the start of the trials. The ‘wilted’ leaves were cut 24 h before feeding and left to dry; the extent of drying inevitably varied with the weather. An additional treatment, reflecting usual current practice in the area, was also included as a positive control. In this, commercial concentrate (‘dairy meal’) was used instead of calliandra.

The two trials were conducted in the wet season (October-December: “short rains”) and dry season (February-April) respectively. In both experiments, calliandra leaves (including edible, unlignified green stems) or dairy meal were offered ad libitum, by initially offering the supplement as 0.25 of the diet, and thereafter offering the previous day’s intake plus 0.1. The main difference between the two trials was the basal diet, which consisted of Napier grass (Pennisetum purpureum Schumach.) in the first experiment (Trial 1), and maize (Zea mays L.) stover in the second (Trial 2), representing typical local wet and dry season feeding practices. Both the basal feeds were chopped manually into 2-4 cm lengths before feeding. In Trial 1, calliandra was preferred over Napier grass, particularly when wilted, so in these cases voluntary intake of calliandra exceeded the intended 0.25 of total dry matter intake. In Trial 2, intake of stover was so low that the proportion of supplement in the diet rose to over 0.5. The amount of calliandra offered had to be restricted to this level, and as the animals always ate all the calliandra offered, it was therefore not possible to estimate voluntary intake of calliandra in this experiment. 

The same forty Corriedale lambs were used in both trials. At the beginning of Trial 1 their live-weight ranged from 14 kg to 20 kg. They were divided into five groups of similar mean live-weight (18 kg), and the five treatments were randomly allocated to these groups. 

The animals were individually penned during the trials, with water and mineral licks supplied ad libitum. Each trial included 14 days’ initial adaptation period followed by 10 weeks of data collection. The amount of feed offered was adjusted weekly, based on the previous week’s consumption plus a 0.1 surplus. All the basal feed was offered in the morning (for the Napier grass, within 30 min of cutting), and the supplement was offered in two portions in the morning and afternoon, to ensure freshness in the relevant treatments. Total intake was measured daily by weighing the total refusals. Once a week, the refusals were separated into their components to estimate the proportions of basal feed and supplement consumed by each animal. The lambs were weighed weekly, and average daily LWG estimated by regression.

Trial 2 began after a 4-week rest period during which the lambs were maintained on Rhodes grass (Chloris gayana Kunth.) pasture. The animals were re-assigned to new groups for Trial 2, with average live-weight 23.5 kg (range: 19.5-27.0 kg). Observations were as for Trial 1, although one treatment, wilted San Ramón, had to be omitted from the second trial owing to shortage of leaf material during the dry season. The animals were therefore divided into four groups of 10 animals each, and these were randomly allocated to the treatments.

In both trials, CP and NDF contents of each component of the diet were determined in triplicate samples. For Napier grass and the two calliandra provenances, samples were taken four times over the course of the trials, whereas the dry stover and dairy meal were assumed to be of constant composition so were each sampled only once (also in triplicate).

Statistical analysis
Data were analysed using the ANOVA procedure in Genstat (Genstat 5 1998). As well as estimation of overall treatment effects on intake, LWG and feed efficiency, the following orthogonal contrasts were made: dairy meal versus calliandra, fresh versus wilted calliandra, Patulul/Embu versus San Ramón provenance, and the interaction between physical state (fresh/wilted) and provenance (if this interaction is significant, it shows that the provenances are responding differently to wilting). In Trial 2, owing to the absence of the wilted San Ramón treatment, the contrasts were modified to non-orthogonal comparisons: dairy meal versus calliandra, fresh Patulul/Embu versus fresh San Ramón, and fresh Patulul/Embu versus wilted Patulul/Embu.

Feeding trial 3 (goat lactation)

Trial 3 estimated the effects of provenance and drying on intake and milk production in dairy goats. Sixteen lactating goats (local ( German Alpine first generation crosses) were included in an unbalanced crossover design with five treatments and three periods. The goats were oestrus-synchronized, and all kidded within a 2-week period. The trial started when the kids were aged 2-4 weeks, and was conducted at the end of the “long rains” (June-August). Each period comprised a 14-day adaptation period followed by 7 days of data collection in which voluntary intake and milk yield were measured. There were 14-day rest periods between periods when the goats were grazed on Rhodes pasture. During the trial periods the animals were individually penned, separately from the kids, who did not have any access to the does during the trial.

The five treatments were the same as in Trial 1, as was the composition of the diet, the amounts of feed offered (previous ad libitum intake plus 0.1), and the daily feeding regime. Again, water and mineral licks were available ad libitum.

Statistical analysis
The data were again analysed using the Genstat ANOVA procedure. First, the significance of the carryover effect between periods was tested. This having been found to be non-significant (P=0.559), milk yield, total dry matter intake, and intake of supplement were subjected to analysis of variance with treatment and period as factors. In addition, the same specific, pre-defined comparisons were made as in Trial 1.

RESULTS

Agronomic trial

The provenance means for leaf and wood biomass production, IVDMD and the four compositional variables (CP, NDF, extractable PA and bound PA) are shown in Table 1. The same table also shows the percentage of cyanidin in the products of the butanol-HCl reaction. The HPLC showed that the anthocyanidins produced from calliandra tannins by the butanol-HCl reaction consist almost exclusively of cyanidin and delphinidin, possibly with traces of pelargonidin. The percentage of prodelphinidin subunits in calliandra PA can therefore be expressed as (100 - % procyanidin).

In Table 1, the values for leaf and wood biomass production show total production over the 48-week period of the experiment under the two cutting regimes, because the trait of interest is cumulative biomass production over consecutive harvests. For the quality traits, however, the values shown are means, also across the whole period of the experiment.

The effects of provenance, cutting frequency, and the interaction between them, are shown for each trait in Table 2. There is a significant difference between provenances in every trait estimated. While San Ramón provenance gave the highest leaf biomass production, Embu and Patulul provenances were superior in terms of the leaf quality traits CP (higher), NDF (lower) and IVDMD (higher). Surprisingly, given that high tannin content generally tends to reduce dry matter digestibility, PA content (both extractable and bound) was lowest in San Ramón provenance. There is also a major structural difference in the PAs from San Ramón compared to those from the other two provenances, with those from San Ramón provenance comprising mainly prodelphinidin tannins, and the other two provenances mainly procyanidin tannins. 

Over the year during which biomass was harvested, frequent (6-weekly) harvesting generally gave higher total leaf production than 12-weekly cutting, although the opposite was true for the first pair of harvests (data not shown), and differences between these two treatments was small (Table 1). Wood biomass production, however, was greatly reduced by frequent cutting, with the 12-week cycle producing almost four times as much wood as the 6-week cycle in the course of the year (Table 1), and the latter producing little or no wood at several harvests (Fig. 3). In contrast, the quality traits showed little consistent variation with harvesting regime. The effect of cutting frequency was only (barely) significant for NDF (P=0.022, Table 2). As might be expected, younger leaves (6-weekly harvest) were generally lower in fibre.

In most traits, provenance effects were unaffected by cutting frequency. The only exception was woody biomass, for which this interaction was highly significant (P<0.001): over the first two cutting cycles, San Ramón produced much more wood than the other provenances under the 12-week cutting regime, while all three provenances produced similar amounts under 6-weekly cutting.

All the traits measured, except extractable PA, showed significant variation over the course of the year in the analysis of pairs of harvests (“time” in Table 2). Figures 2-9 show seasonal variation in more detail (by using the 6-weekly harvest data only) for all nine harvests. Figure 7 shows that extractable PA did vary greatly from one harvest to the next, but this effect was obscured when values were averaged over pairs of harvests in the repeated measures analysis. These figures show no consistent pattern of variation among the different traits. Productivity was reduced at Harvests 6 and 7 (July-August) during cool, dry weather (Fig. 1). Leaf quality was also generally reduced at Harvest 6, with high NDF, low CP and IVDMD, and high PA, particularly in bound form, but at Harvest 7 there was an overall improvement of quality despite similar climatic conditions. 

Provenance differences generally remained consistent over time (time ( provenance interactions were all non-significant, except for % procyanidin). The effect of cutting frequency changed over time for some traits but not others: the time ( cutting frequency interaction was only significant for biomass, NDF and extractable PA. For biomass, the longer (12-week) cutting interval gave higher leaf production initially, but in later harvests 6-weekly cutting was more productive (data not shown). For NDF, although more frequent cutting generally gave lower levels of NDF, this effect was not observed over the first two harvests; and for extractable PA, the effect of cutting frequency on PA level showed no consistent pattern across harvests.

Feeding Trial 1:Napier grass as basal feed for growing lambs

Voluntary intake of Napier grass and supplement (i.e. C. calothyrsus or commercial concentrate), total intake (all expressed as g dry matter (DM) per kg metabolic body weight), average daily LWG in g (estimated by regression), and feed efficiency (g mean LWG/g mean intake) of the supplement and of the total diet, are shown in Table 3 for the five experimental treatments in Trial 1. One-way analysis of variance (ANOVA) showed highly significant effects of treatment for all these traits (P=0.002 for Napier intake; P<0.001 for all other traits). Of specific interest in the context of this trial are the differences between Patulul/Embu and San Ramón provenances, between fresh and wilted leaf material of each, and between dairy meal and the different calliandra treatments, as described above. The significance levels of the contrasts between these treatments are shown in Table 3. 

Intake of leaves of the two provenances (as the supplementary feed in the diet) did not differ (P=0.826). Feeding San Ramón rather than Patulul/Embu increased the intake of the basal feed (P=0.004) and hence total intake (P=0.009). This difference in intake was more pronounced for the fresh calliandra than for the wilted material. LWG was much higher with the Patulul/Embu composite (P<0.001), whether fresh or wilted, and this resulted in higher feed efficiency, particularly in the case of fresh material.

Intake of wilted calliandra leaves was higher for both provenances than that of fresh leaves, and this was reflected in higher total intakes (P<0.001), although intake of the basal feed was unaffected by the state of the supplement (P=0.108). Wilting, however, had no effect on animal production. For Patulul/Embu, the combination of lower intake and equivalent animal production for fresh material meant that fresh leaves showed higher feed efficiency. For San Ramón, however, feed efficiencies of fresh and wilted leaves were similar.

The comparisons between dairy meal and the various forms of calliandra consistently showed lower intake of both Napier and supplement, coupled with higher live-weight gain, for lambs fed with dairy meal. The differences in Napier intake were more pronounced with San Ramón than with Patulul/Embu: lambs supplemented with fresh Patulul/Embu consumed similar amounts of Napier to those supplemented with dairy meal. Contrary to expectations (see Introduction) the feed efficiency was much higher for dairy meal in all cases (P<0.001). 

Feeding Trial 2: maize stover as basal feed for growing lambs

Intake and LWG data for Trial 2 are given in Table 4. One treatment (wilted San Ramón leaves) was omitted owing to shortage of material. In this trial, the supplement was not given ad libitum because it was always completely consumed in preference to the stover. The proportion in the diet was limited to around 0.5, which although very high by normal standards, was felt to be necessary to maintain the animals’ health given their very low voluntary intake of stover. Because of this, only total intake, LWG and feed efficiency were analysed statistically in this trial. The significance levels of specific contrasts are also shown in Table 4.

Unlike that of Trial 1, total intake was unaffected by treatment in this experiment (P=0.347). Despite similar (fixed) intakes of the different supplements, however, the treatments had a highly significant effect on LWG (P<0.001). Wilted Patulul/Embu gave significantly higher feed efficiency than fresh Patulul/Embu, whilst fresh Patulul/Embu gave significantly higher LWG and feed efficiency than fresh San Ramón (P<0.001 for all). Fresh San Ramón gave very poor production: only three of the eight lambs showed daily gains over 5 g, and three lost weight over the trial period. In contrast all but one of the lambs fed fresh Patulul/Embu showed a daily gain of at least 20g. Dairy meal showed significantly greater LWG and feed efficiency than the calliandra treatments.

Feeding Trial 3: goat lactation

The intake variables estimated were Napier grass (the basal diet), supplement and total DM. The response variable was milk yield. These data are presented in Table 5. Analysis of variance, with treatment and period as factors, showed a significant treatment effect for Napier intake (P=0.022) and highly significant treatment effects (P<0.001) for the remaining variables. 

The orthogonal contrasts again showed that while intake of dairy meal (and corresponding total intake) was significantly lower than intake of calliandra (P<0.001), milk production was significantly higher with dairy meal  than with calliandra (P<0.001). In this trial, however, provenance had no significant effect on either intake or milk production (P>0.05 for all variables). Wilting had a negative effect on Napier intake (P=0.045) and total intake (P=0.016). However, milk production was unaffected by wilting (P=0.429).

Mean CP and NDF contents of the components of the diets in all three trials are presented in Table 6. The differences between provenances are similar to those observed in the agronomic trial, although all the CP values are somewhat lower.

DISCUSSION

Provenance effects

The combination in Patulul and Embu provenances of higher protein content and IVDMD, together with lower NDF content, is consistent with the significantly higher LWG and feed efficiency achieved with this provenance composite in both the sheep production trials. The results of these experiments, taken together, give a sufficiently clear indication of the superior fodder quality of these two provenances, even though no differences were detected in the goat lactation trial. The extremely poor performance of lambs fed San Ramón provenance as a supplement to stover in Trial 2 was particularly striking (although it is unfortunate that only one San Ramón treatment could be included in that trial). In Trial 1, although voluntary intake of San Ramón and Patulul/Embu leaves was similar, supplementation with San Ramón seemed to stimulate consumption of Napier grass, resulting in higher total intake. However, despite this higher intake, LWG was still significantly lower for animals fed San Ramón leaves. In contrast to these results with Napier, fresh San Ramón did not appear to enhance intake of maize stover, the basal feed in Trial 2. The very inferior performance of San Ramón in Trial 2 may reflect the smaller difference between the provenances in digestibility during the short rains (October – December: Fig. 6), when Trial 1 was conducted, than in February – April, the period of Trial 2.

It might appear surprising that the two provenances giving superior performance also contain higher levels of PA (both extractable and bound) than San Ramón, since high tannin levels are generally assumed to reduce quality through binding to dietary protein and cell walls (thereby reducing digestibility) and through interactions with microbial and endogenous protein, including digestive enzymes (Kumar & Vaithiyanathan 1990). The results of the present study are in close agreement with those of an earlier study, which investigated the nutritive value of Patulul and San Ramón provenances using samples from greenhouse-grown plants (Stewart et al. 2000). It is suggested that the difference in IVDMD between the provenances is determined more by the difference between them in fibre content than by their PA content, as measured by the butanol-HCl assay. Moreover, extractable PAs from San Ramón leaves have been shown to have greater astringency (i.e. greater protein-precipitating capacity) than those from Patulul leaves (Stewart et al. 2000), and could therefore have a stronger anti-nutritive effect despite their lower concentration in the leaf.

Although San Ramón gave somewhat higher biomass production in the agronomic trial, the difference between treatments was not large. Overall, San Ramón performed better than any other provenance in the worldwide trial network, though at a few sites in the network Patulul gave higher biomass production than San Ramón owing to genotype ( environment interactions (Pottinger & Dunsdon 2001). The difference in nutritive value is much clearer, and indicates that Patulul or Embu provenances should be recommended over San Ramón for fodder use. In this context it is important to realize that the Embu land race is essentially the same, in genetic terms, as the Indonesian land race from which most calliandra currently planted outside the native range is derived (Chamberlain 1998). This study has shown that this existing land race material is highly suitable for fodder use.

Effects of cutting frequency

Cutting frequency had no important effects on any of the quality traits. It did however have a major effect on biomass, as expected. Wood production was much higher under the 12-week cutting cycle, except at the coldest, driest time of year (Harvests 7-8) when both treatments produced almost no wood. For leaf biomass the picture was more complicated, with the longer cutting interval giving more leaf biomass in the first two harvests, but the 6-weekly cutting regime becoming more productive thereafter. Possibly, the plants were better established by then and so more able to recover from frequent cutting. 

The usual recommendation to farmers is that calliandra should be lopped only 2-4 times per year. Under the conditions of the present study, more frequent cutting did not reduce leaf production, as widely believed, but actually enhanced it. However it is important to note that the study was undertaken in an unusually wet year, and cutting as often as every 6 weeks would not be advisable under conditions of drought stress.

Seasonal variation

There was great variation over time in every trait measured, relating both to production and to quality. This highlights the pitfalls inherent in estimating forage quality at a single point in time, and may go some way towards explaining the great range of values reported in the literature for these traits. For instance mean CP content in Patulul provenance (Fig. 4) was found to range from 155 g/kg (July) to 238 g/kg (August), covering much of the range between the extremely low protein level (119 g/kg) reported by Hove et al. (2001) and the high value (282 g/kg) reported by Kaitho et al.(1993).
 There was no clear pattern to the variation in the quality traits (Figs 4-9), apart from the general reduction in quality in dry, cool weather (July). Leaf and wood biomass production (Figs 2-3) were somewhat more closely related to temperature, and particularly to rainfall (Fig.1). Of particular interest among the quality traits is the slight variation in PA structure, evinced by seasonal variation in % procyanidin, and suggesting that tannin structure may itself be under environmental control to some extent. 

Effect of post-harvest treatment (wilting)

In the lamb growth trial with Napier grass (Trial 1), intake of calliandra leaves of both provenances was significantly higher when the leaves were wilted, and this was reflected in higher total voluntary intake; but despite this, no effect of wilting on LWG was detected, so the feed efficiency was higher with fresh material (only significant for Patulul/Embu). In Trial 2, where it was only possible to look at wilting in the Patulul/Embu composite, the opposite result was obtained, with wilted Patulul/Embu leaves giving higher LWG, and higher feed efficiency, than fresh material. The reason for this difference, when calliandra is used to supplement a very poor quality basal feed, is as yet unclear.

It is interesting to compare these apparently contradictory findings with those of earlier feeding experiments using fresh and dried calliandra leaves, which have also been somewhat contradictory. Palmer & Schlink (1992) observed much lower voluntary intake in sheep, relative to fresh material, when the leaves were dried at 25°C for 24 h. However it is important to note that the calliandra was offered as the sole diet in this experiment. More directly comparable with the present study is a trial by Norton & Ahn (1997), in which the calliandra was fed as a supplement to low quality barley straw. There was little difference in voluntary intake between fresh and dried leaves, but intake of the basal diet was higher when it was fed with dried calliandra. Moreover, the same study showed higher apparent N digestibility of the whole diet, and a more favourable nitrogen balance, with dried leaves. This may be compared to the results of Trial 2, which similarly included a very poor quality basal feed, maize stover (Table 6), and in which dried leaves gave improved animal performance.

The overall conclusion from these diverse strands of evidence must be that the effect of wilting on nutritive value is not only variable, and to some extent provenance-specific, but most importantly the effect seems not to be as great as previously supposed. The practical implication is that farmers can collect fodder several hours before feeding it, without risking serious deterioration.

Comparison of calliandra with commercial concentrate

Previous on-farm research in the Embu area suggested that 3 kg of fresh calliandra leaves (i.e. approx. 1 kg DM) could substitute for 1 kg of commercial dairy meal in a dairy cow’s diet, when used as a supplement to Napier grass, without loss of milk production (Paterson et al. 1999). This level of substitution has been widely accepted, so dairy meal was used as a positive control in the present study. The amounts of supplement offered were similar for all treatments (DM basis), corresponding to the 1:1 (DM) substitution rate suggested by Paterson et al. (1999). Voluntary intake, however, was significantly lower for dairy meal than for any of the calliandra treatments, both with sheep (Trial 1) and with goats (as explained above, intake was set at a fixed level in Trial 2, precluding comparison of treatments). Despite this, animal production and feed efficiency were significantly higher in all three experiments with dairy meal as the supplement. These results suggest that the currently accepted 1:1 substitution rate may be over-optimistic. This is unsurprising given the low DM digestibility (30%-39%) observed for calliandra in Trial 1. Although it has been suggested that the high PA content of calliandra might interfere with in vitro methods, giving artificially low values, a study by Mahyuddin et al.(1988) showed similar   digestibility values for freeze-dried calliandra samples using intraruminal nylon bags (36.0%) or treatment in vitro with rumen fluid and pepsin (37.8%). This suggests that the use of in vitro methods does not significantly underestimate digestibility in calliandra.

Although there is no doubt that calliandra is a valuable alternative to commercial concentrates where these are expensive or not easily available, it appears from the present study that the amounts needed may be larger than previously thought, and will depend on many factors including the animals being fed, as well as the quality of the calliandra and the concentrate.

Implications for rural livelihoods
Calliandra has been promoted in the Central Highlands of Kenya since the early 1990s, and has already reached about 3000 farmers in the seven districts around Embu (Wambugu et al. 2001). The trees are generally managed as hedgerows, with frequent cutting to about 1 m height, as in the agronomic trial described here. The technology is particularly well suited to small scale dairy farmers owning one or two improved (cross-bred) cows, whose animals have the genetic potential to respond well to improved nutrition, but who face financial constraints to buying commercial concentrates. The feeding trials have confirmed that calliandra can provide a useful substitute for expensive concentrates of unreliable quality, although the results suggest that previous recommendations regarding the level of substitution may have been over-optimistic. The finding that calliandra leaves can be fed wilted as well as fresh will give dairy farmers much greater flexibility in its management; while the clear differences found between provenances will inform future calliandra promotion and enable the use of appropriate germplasm.

Following the early successes around Embu, calliandra is now being actively promoted in several other areas of Kenya, as well as in neighbouring Tanzania, Uganda and Rwanda. With 625 000 smallholder dairy farmers in Kenya alone, the scope for this technology to have a real impact on rural and peri-urban livelihoods is immense.

The work described here depended on the unstinting cooperation and support provided by the field staff at KARI Regional Research Centre, Embu and in the Faculty Analytical Laboratory, Department of Agriculture, University of Reading. Among the latter Mr R.H. Brown’s help with the tannin analyses and HPLC was particularly invaluable. This publication is an output from a research project funded by the United Kingdom Department for International Development (DFID) for the benefit of developing countries. The views expressed are not necessarily those of DFID. Project R6549, Forestry Research Programme.
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Table 1.   Cumulative biomass production and mean values for fodder quality traits over 48 weeks.

 Standard errors in brackets to compare means for different cut frequencies

	
	
	
	Provenance
	

	Trait
	Units
	Cutting frequency
	Embu
	Patulul
	San Ramón 
	Means            

(across provenance)
	S.E.s (12 D.F.) to compare provenance means for the same cut frequency

	Leaf biomass
	kg DM/ha
	6 week
	13486 (463.3)
	13906 (463.3)
	14744 (463.3)
	14045 (189.4)
	517.8

	production
	
	12 week
	11291 (463.3)
	12302 (463.3)
	14102 (463.3)
	12565 (189.4)
	517.8

	
	
	Means
	12388 (366.1)
	13104 (366.1)
	14423 (366.1)
	13305
	

	Wood biomass
	kg DM/ha
	6 week
	1285 (237.2)
	1248 (237.2)
	942 (237.2)
	1158 (215.5)
	121.4

	Production
	
	12 week
	3448 (237.2)
	4438 (237.2)
	4838 (237.2)
	4241 (215.5)
	121.4

	
	
	Means
	2366 (85.9)
	2843 (85.9)
	2890 (85.9)
	2700
	

	Crude protein
	g/kg
	6 week
	224 (4.5)
	223 (4.5)
	203 (4.5)
	217 (2.8)
	4.2

	
	
	12 week
	216 (4.5)
	217 (4.5)
	197 (4.5)
	210 (2.8)
	4.2

	
	
	Means
	220 (3.0)
	220 (3.0)
	200 (3.0)
	213
	

	NDF
	g/kg
	6 week
	389 (13.7)
	377 (13.7)
	406 (13.7)
	391 (8.4)
	13.2

	
	
	12 week
	426 (13.7)
	424 (13.7)
	478 (13.7)
	442 (8.4)
	13.2

	
	
	Means
	407 (9.3)
	400 (9.3)
	442 (9.3)
	416
	

	IVDMD
	%
	6 week
	38.9 (0.93)
	35.7 (0.93)
	30.0 (0.93)
	34.9 (0.36)
	1.05

	
	
	12 week
	36.5 (0.93)
	34.5 (0.93)
	30.5 (0.93)
	33.8 (0.36)
	1.05

	
	
	Means
	37.7 (0.74)
	35.1 (0.74)
	30.3 (0.74)
	34.4
	

	Extractable PA
	g/kg
	6 week
	262 (13.6)
	307 (13.6)
	240 (13.6)
	270 (5.0)
	15.4

	
	
	12 week
	280 (13.6)
	290 (13.6)
	231 (13.6)
	267 (5.0)
	15.4

	
	
	Means
	271 (10.9)
	299 (10.9)
	235 (10.9)
	268
	

	Bound PA
	g/kg
	6 week
	66 (2.0)
	61 (2.0)
	51 (2.0)
	59 (1.4)
	1.7

	
	
	12 week
	66 (2.0)
	60 (2.0)
	52 (2.0)
	59 (1.4)
	1.7

	
	
	Means
	66 (1.2)
	60 (1.2)
	51 (1.2)
	59
	

	Proportion  of
	%
	6 week
	86.1 (0.97)
	87.1 (0.97)
	29.6 (0.97)
	67.6 (0.70)
	0.82

	procyanidin in
	
	12 week
	83.8 (0.97)
	85.8 (0.97)
	30.5 (0.97)
	66.7 (0.70)
	0.82

	extractable PA
	
	Means
	84.9 (0.58)
	86.5 (0.58)
	30.1 (0.58)
	67.1
	


Table 2. Significance (P) of effects of provenance, cutting frequency and their interaction on all traits measured in the agronomic trial
	
	Leaf biomass


	Wood biomass
	IVDMD
	 CP
	NDF
	Extractable PA
	Bound PA
	%PC

	Cutting frequency
	  0.012
	  0.002
	  0.14
	  0.18
	  0.022
	  0.71
	  0.93
	  0.42

	Provenance
	  0.006
	  0.002
	<0.001
	<0.001
	  0.018
	  0.005
	<0.001
	<0.001

	Provenance ( cutting frequency
	  0.35
	<0.001
	  0.39
	  0.97
	  0.42
	  0.48
	  0.81
	  0.19

	Time
	<0.001
	<0.001
	  0.04
	  0.01
	<0.001
	  0.10
	  0.002
	<0.001

	Time ( provenance 
	  0.29
	  0.10
	  0.84
	  0.70
	  0.42
	  0.50
	  0.65
	<0.001

	Time ( cutting frequency


	<0.001
	<0.001


	  0.36
	  0.45
	  0.003
	  0.003
	  0.19
	  0.10


Table 3.  Mean intake (dry matter) and live weight gain of lambs fed Napier grass supplemented with fresh or wilted calliandra, or commercial concentrate (Trial 1). Standard errors in brackets

	Supplement
	% of supplement in diet (DM)
	Voluntary intake of Napier grass

(g/kg (BW)0.75)
	Voluntary intake of supplement (g/kg (BW)0.75)
	Total voluntary intake

(g/kg (BW)0.75)
	Average daily live weight gain (g)
	Feed efficiency (total diet)

(g LWG/g total intake)
	Feed efficiency (supplement)

(g LWG/g supp. intake)

	Commercial concentrate (dairy meal)
	21.4
	60.3 (3.79)
	16.4 (1.44)
	  76.7 (4.11)
	112.8 (6.97)
	0.130 (0.0054)
	0.616 (0.0207)

	Fresh calliandra: Patulul/Embu
	32.4
	63.1 (3.79)
	30.2 (1.44)
	  93.3 (4.11)
	  90.1 (6.97)
	0.090 (0.0054)
	0.282 (0.0207)

	Fresh calliandra: San Ramón
	29.9
	75.7 (3.79)
	32.3 (1.44)
	108.0 (4.11)
	  55.8 (6.97)
	0.050 (0.0054)
	0.173 (0.0207)

	Wilted calliandra: Patulul/Embu
	37.3
	70.4 (3.79)
	41.8 (1.44)
	112.2 (4.11)
	  79.1 (6.97)
	0.064 (0.0054)
	0.176 (0.0207)

	Wilted calliandra: San Ramón
	32.6
	80.9 (3.79)
	39.1 (1.44)
	120.1 (4.11)
	  56.8 (6.97)
	0.047 (0.0054)
	0.143 (0.0207)

	Overall P-value
	
	0.002
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	
	
	
	
	
	
	
	

	P-values for contrasts:
	
	
	
	
	
	
	

	Calliandra vs dairy meal
	
	0.007
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	Fresh vs wilted calliandra
	
	0.108
	<0.001
	<0.001
	  0.481
	  0.009
	  0.002

	Patulul/Embu vs San Ramón 
	
	0.004
	  0.826
	  0.009
	<0.001
	<0.001
	  0.002

	Fresh/wilted vs provenance
	
	0.785
	  0.109
	  0.413
	  0.397
	  0.070
	0.045


(N.B. higher value in brackets for significant effects)

Table 4. Mean intake and live weight gain of lambs fed maize stover supplemented with fresh or wilted calliandra, or commercial concentrate (Trial 2). Standard errors in brackets

	Supplement
	% of supplement in diet (DM)
	Voluntary intake of maize stover

(g/kg (BW)0.75)
	Intake of supplement (fixed)

(g/kg (BW)0.75)
	Total intake

(g/kg (BW)0.75)
	Average daily live weight gain (g)
	Feed efficiency (total diet)

(g LWG/g total intake)
	Feed efficiency (supplement)

(g LWG/g supp. intake)

	Commercial concentrate 

(dairy meal)
	53.0
	33.2 (1.10)
	37.4 (1.22)
	70.6 (1.77)
	59.7 (4.49)
	0.072 (0.0052)
	0.138 (0.0104)

	Fresh calliandra: Patulul/Embu
	52.7
	35.5 (1.03)
	39.5 (1.14)
	75.0 (1.66)
	26.1 (4.2)
	0.032 (0.0048)
	0.061 (0.0097)

	Fresh calliandra: San Ramón
	54.3
	33.7 (1.03)
	40.1 (1.14)
	73.8 (1.66)
	  3.6 (4.2)
	0.005 (0.0048)
	0.008 (0.0097)

	Wilted calliandra: Patulul/Embu
	51.7
	35.2 (1.03)
	37.7 (1.14)
	72.9 (1.66)
	42.7 (4.2)
	0.051 (0.0048)
	0.099 (0.0097)

	Overall P-value
	
	
	
	0.347
	<0.001
	<0.001
	<0.001

	
	
	
	
	
	
	
	

	P-values for contrasts:
	
	
	
	
	
	
	

	Calliandra vs dairy meal
	
	
	
	0.115
	<0.001
	<0.001
	<0.001

	Fresh Patulul/Embu vs wilted Patulul/Embu
	
	
	
	0.380
	  0.010
	  0.009
	  0.009

	Fresh Patulul/Embu vs fresh San Ramón
	
	
	
	0.626
	  0.001
	<0.001
	<0.001


(N.B. higher value in brackets for significant effects)

Table 5.  Intake (dry matter) and milk yield of lactating goats fed Napier grass supplemented with fresh or wilted calliandra, or commercial concentrate. Standard errors in brackets

	Supplement
	Voluntary intake of Napier grass

(g/kg (BW)0.75)
	Voluntary intake of supplement (g/kg (BW)0.75)
	Total voluntary intake

(g/kg (BW)0.75)
	Average daily milk production (kg)
	Feed efficiency (total diet)

(g milk/g total intake)
	Feed efficiency (supplement)

(g milk/g supp. intake)

	Commercial concentrate 

(dairy meal)
	  87.7 (2.7)
	18.4 (0.9)
	106.2 (2.8)
	0.72 (0.02)
	0.51 (0.02)
	2.91 (0.08)

	Fresh calliandra: Patulul/Embu
	102.5 (3.5)
	31.0 (1.2)
	133.5 (3.6)
	0.56 (0.02)
	0.34 (0.02)
	1.41 (0.11)

	Fresh calliandra: San Ramón
	  99.3 (3.3)
	27.1 (1.1)
	126.4 (3.3)
	0.51 (0.02)
	0.30 (0.02)
	1.42 (0.10)

	Wilted calliandra: Patulul/Embu
	  94.3 (3.1)
	27.5 (1.0)
	121.6 (3.1)
	0.56 (0.02)
	0.35 (0.02)
	1.53 (0.09)

	Wilted calliandra: San Ramón
	  93.2 (3.5)
	27.0 (1.2)
	120.2 (3.6)
	0.55 (0.02)
	0.34 (0.02)
	1.53 (0.11)

	Overall P-value
	0.022
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	
	
	
	
	
	
	

	P-values for contrasts:
	
	
	
	
	
	

	Calliandra vs 

dairy meal
	0.007
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	Fresh vs wilted 
	0.045
	  0.124
	  0.016
	  0.415
	  0.267
	  0.278

	Patulul/Embu vs San Ramón
	0.530
	  0.058
	  0.220
	  0.201
	  0.353
	  0.977

	Fresh/wilted vs provenance
	0.773
	  0.162
	  0.460
	  0.528
	  0.610
	  0.930


(N.B. higher value in brackets for significant effects. * = borderline significance)

	Trial
	
	Patulul/

Embu 
	San Ramón 
	Dairy meal
	Napier grass
	Maize stover

	Lamb growth trial 1 (October-December)
	CP
	196 

(174-217)
	176

(142-230)
	211 

(203-218)
	103 

(68-171)
	-

	
	NDF
	359

(239-481)
	446

(309-527)
	463

(433-484)
	615

(472-655)
	-

	Lamb growth trial 2 (February-April)
	CP
	207

(172-231)
	180

(171-190)
	203

(196-212)
	-
	35

(33-38)

	
	NDF
	384

(313-419)
	405

(343-526)
	471

(450-495)
	-
	777

(771-780_

	Goat lactation trial (June-August)
	CP
	174

(119-200)
	161

(125-185)
	212

(201-218)
	88

(82-99)
	-

	
	NDF
	430

(412-449)
	579

(572-589)
	433

(421-442)
	686

(683-688)
	-


Table 6. Mean values for crude protein (CP) and neutral detergent fibre (NDF) content of each dietary component

 in the three feeding trials (g/kg). Ranges in brackets.

Figure 1.  Climatic data for Embu, Kenya during the trial period.

Figure 2. Variation in leafy biomass production (kg ha-1 in each provenance) over time. Bars show standard errors.

Figure 3. Variation in woody biomass production (kg ha-1) in each provenance over time. Bars show standard errors.

Figure 4. Variation in crude protein content (g kg-1) in each provenance over time. Bars show standard errors.

Figure 5. Variation in neutral detergent fibre content (g kg-1) in each provenance over time. Bars show standard errors.

Figure 6. Variation in in vitro dry matter digestibility (%) in each provenance over time. Bars show standard errors.

Figure 7. Variation in extractable proanthocyanidin content (g kg-1) in each provenance over time. Bars show standard errors.

Figure 8. Variation in bound  proanthocyanidin content (g kg-1) in each provenance over time. Bars show standard errors.

Figure 9. Variation in procyanidin content (%PC) of proanthocyanidins (PA) in each provenance over time. Bars show standard errors.
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ExtractCT(all)

		Block!		Prov!		Provname!		Cutfreq!		Cutcode!		Exct2		Exct4		Exct6		Exct8

		1		1		Embu		12 week		2		299.7		141.3		368.0		291.9

		2		1		Embu		12 week		2		279.4		246.0		335.8		254.7

		3		1		Embu		12 week		2		315.0		*		371.6		322.7

		4		1		Embu		12 week		2		271.7		208.3		252.0		285.5

		1		3		Patulul		12 week		2		253.7		107.4		304.6		234.6

		2		3		Patulul		12 week		2		300.3		253.5		345.2		282.8

		3		3		Patulul		12 week		2		318.2		344.6		422.4		347.5

		4		3		Patulul		12 week		2		300.3		226.4		311.2		279.7

		1		2		San Ramon		12 week		2		208.0		218.4		222.2		184.2

		2		2		San Ramon		12 week		2		216.6		173.2		325.1		270.4

		3		2		San Ramon		12 week		2		185.5		232.4		*		248.1

		4		2		San Ramon		12 week		2		256.6		242.9		233.4		209.1

		1		1		Embu		6 week		1		256.2		182.6		248.0		289.3

		2		1		Embu		6 week		1		320.8		213.6		249.3		294.7

		3		1		Embu		6 week		1		345.9		224.7		211.4		240.5

		4		1		Embu		6 week		1		247.4		162.4		*		237.0

		1		3		Patulul		6 week		1		325.4		172.9		489.0		212.0

		2		3		Patulul		6 week		1		240.2		241.7		217.8		274.9

		3		3		Patulul		6 week		1		337.2		*		385.8		348.2

		4		3		Patulul		6 week		1		279.6		169.3		*		326.3

		1		2		San Ramon		6 week		1		207.4		149.3		293.8		141.1

		2		2		San Ramon		6 week		1		214.5		156.0		304.5		225.6

		3		2		San Ramon		6 week		1		215.8		*		304.1		253.6

		4		2		San Ramon		6 week		1		289.4		208.5		323.8		222.9





ExtractCT(6wk)

		Block!		Prov!		Provname!		Exct1		Exct2		Exct3		Exct4		Exct5		Exct6		Exct7		Exct8		Exct9

		1		1		Embu		281.4		256.2		309.7		182.6		207.6		248.0		240.0		289.3		197.1

		1		2		San Ramon		266.3		207.4		282.4		149.3		134.1		293.8		*		141.1		234.9

		1		3		Patulul		*		325.4		344.3		172.9		224.1		489.0		299.0		212.0		319.2

		2		1		Embu		296.3		320.8		343.4		213.6		189.9		249.3		267.1		294.7		290.4

		2		2		San Ramon		247.5		214.5		237.1		156.0		191.1		304.5		357.6		225.6		218.5

		2		3		Patulul		205.8		240.2		406.9		241.7		*		217.8		284.2		274.9		247.4

		3		1		Embu		278.1		345.9		443.5		224.7		243.7		211.4		361.7		240.5		*

		3		2		San Ramon		233.7		215.8		285.4		*		170.3		304.1		313.5		253.6		206.1

		3		3		Patulul		360.9		337.2		486.3		*		*		385.8		*		348.2		*

		4		1		Embu		230.6		247.4		355.2		162.4		*		*		*		237.0		144.8

		4		2		San Ramon		270.5		289.4		273.1		208.5		235.7		323.8		252.4		222.9		259.3

		4		3		Patulul		*		279.6		374.2		169.3		261.3		*		263.3		326.3		301.5





ExtCTall(graphs)

		Summaries (ave. across blocks)				2		4		6		8				Provenance summaries														Cut frequency summaries

						Data												Data														Data

		Provname!		Cutfreq!		Average of Exct2		Average of Exct4		Average of Exct6		Average of Exct8				Provname!		Average of Exct2		Average of Exct4		Average of Exct6		Average of Exct8						Cutfreq!		Average of Exct2		Average of Exct4		Average of Exct6		Average of Exct8

		Embu		12 week		291.4		198.5		331.8		288.7				Embu		292.0		197.0		290.9		277.1		264.2				12 week		267.1		217.7		317.4		267.6

				6 week		292.6		195.8		236.2		265.4				Patulul		294.4		216.5		353.7		288.2		288.2				6 week		273.3		188.1		302.7		255.5

		Patulul		12 week		293.1		233.0		345.8		286.1				San Ramon		224.2		197.2		286.7		219.4		231.9

				6 week		295.6		194.6		364.2		290.4						Jan'98		April'98		July'98		Oct'98

		San Ramon		12 week		216.7		216.7		260.2		228.0

				6 week		231.8		171.2		306.6		210.8
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ExtCT6wk(graphs)
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Figure 1: Extractable Condensed Tannins (g/kg DM) at 12week cutting time. Average for each provenance
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Figure 2: Extractable Condensed Tannins (g/kg DM) at 12week cutting time. Average for each cut frequency



				1		2		3		4		5		6		7		8		9

				Data

		Provname!		Average of Exct1		Average of Exct2		Average of Exct3		Average of Exct4		Average of Exct5		Average of Exct6		Average of Exct7		Average of Exct8		Average of Exct9

		Embu		271.6		292.6		363.0		195.8		213.7		236.2		289.6		265.4		210.8

		Patulul		283.3		295.6		402.9		194.6		242.7		364.2		282.1		290.4		289.4

		San Ramon		254.5		231.8		269.5		171.2		182.8		306.6		307.9		210.8		229.7
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raw data

		TITLE: Effect of provenance, season and cutting frequency on biomass and nutriive quality of Calliandra calothyrsus

		Investigators: Paul Tuwei and Janet Stewart.

		Data collected from October 1997 to September 1998

		Site. KARI-Embu

		Experimental Design. Split plot

		Treatment. Main plot is cutting frequency where 1 is 6 weeks and 2 is 12 weeks cutting cycle. Subplots are the provenances. 1 is Embu, 2 is San Ramon and 3 is Patulul

		Replication. 4

		Plot sizes. 6x6 m

		Spacing. 1x1 m																																				No woody biomass this harvest

		Net plot. Inner 16 trees

		Plot number		Block		Cutting code   (main plot)		Provenance (sub-plot)		Provenance name		Weight of dry leafy biomass in kg/ha for harvest 1		Weight of dry woody biomass in kg/ha for harvest 1		Weight of dry leafy biomass in kg/ha for harvest 2		Weigt of dry woody biomass in kg/ha for harvest 2		Weigt of dry leafy biomass in kg/ha for harvest 3		Weigt of dry woody biomass in kg/ha for harvest 3		Weigt of dry leafy biomass in kg/ha for harvest 4		Weigt of dry woody biomass in kg/ha for harvest 4		Weigt of dry leafy biomass in kg/ha for harvest 5		Weigt of dry woody biomass in kg/ha for harvest 5		Weigt of dry leafy biomass in kg/ha for harvest 6		Weigt of dry woody biomass in kg/ha for harvest 6		Weigt of dry leafy biomass in kg/ha for harvest 7		Weigt of dry woody biomass in kg/ha for harvest 7		Weigt of dry leafy biomass in kg/ha for harvest 8		Weigt of dry woody biomass in kg/ha for harvest 8		Weigt of dry leafy biomass in kg/ha for harvest 1 and 2		Weigt of dry woody biomass in kg/ha for harvest 1 and 2		Weigt of dry leafy biomass in kg/ha for harvest 3 and 4		Weigt of dry woody biomass in kg/ha for harvest 3 and 4		Weigt of dry leafy biomass in kg/ha for harvest 5 and 6		Weigt of dry woody biomass in kg/ha for harvest 5 and 6		Weight of dry leafy biomass in kg/ha for harvest 7 and 8		Weigt of dry woody biomass in kg/ha for harvest 7 and 8

		plot		block!		cutcode!		prov!		provname!		H1leafwt		H1stemwt		H2leafwt		H2stemwt		H3leafwt		H3stemwt		H4leafwt		H4stemwt		H5leafwt		H5stemwt		H6leafwt		H6stemwt		H7leafwt		H7stemwt		H8leafwt		H8stemwt		leafH1-2		stemH1-2		leaf3-4		stem3-4		leaf5-6		stem5-6		leaf7-8		stem7-8

		1		1		2		1		Embu		0.0		0.0		4870.4		2075.7		0.0		0.0		4062.7		1018.6		0.0		0.0		2980.2		992.6		0.0		0.0		1379.4		79.8		4870.0		2076.0		4062.7		1018.6		2980.2		992.6		1379.4		79.8

		2		1		2		3		Patulul		0.0		0.0		4654.7		2244.0		0.0		0.0		4996.0		1288.7		0.0		0.0		2864.0		917.5		0.0		0.0		1348.8		79.8		4655.0		2244.0		4996.0		1288.7		2864.0		917.5		1348.8		79.8

		3		1		2		2		SanRamon		0.0		0.0		5570.9		2184.3		0.0		0.0		5714.8		1726.6		0.0		0.0		3502.3		1240.2		0.0		0.0		1480.0		26.9		5571.0		2184.0		5714.8		1726.6		3502.3		1240.2		1480.0		26.9

		4		1		1		1		Embu		946.8		42.3		2857.8		687.7		1950.2		242.7		3336.4		258.7		2280.7		0.0		1302.3		99.7		643.4		0.0		1997.9		59.3		3805.0		730.0		5286.6		501.4		3583.0		99.7		2641.3		59.3

		5		1		1		3		Patulul		2509.0		125.4		2895.9		492.7		2588.6		265.3		2654.9		191.8		2461.3		0.0		1373.1		50.1		1065.8		0.0		1461.2		0.0		5405.0		618.0		5243.5		457.1		3834.4		50.1		2527.0		0.0

		6		1		1		2		SanRamon		1270.1		41.8		3126.7		317.9		2316.4		230.7		3068.5		161.3		2642.6		0.0		1265.0		92.0		942.9		0.0		2187.5		107.1		4397.0		360.0		5384.9		392.0		3907.6		92.0		3130.4		107.1

		7		2		1		2		SanRamon		792.9		33.0		2966.3		432.2		2423.6		164.3		2213.8		236.3		2126.6		0.0		1199.7		31.1		849.5		0.0		1463.5		51.7		3759.0		465.0		4637.4		400.6		3326.3		31.1		2313.0		51.7

		8		2		1		3		Patulul		497.4		32.4		3135.4		941.9		1498.4		146.6		2883.9		164.6		2229.9		0.0		1158.5		74.6		803.9		0.0		911.9		45.6		3632.0		974.0		4382.3		311.2		3388.4		74.6		1715.8		45.6

		9		2		1		1		Embu		1002.1		39.0		3363.6		655.9		1859.3		240.1		1890.6		181.9		3029.8		0.0		1497.9		43.2		941.1		0.0		1282.3		44.4		4366.0		695.0		3749.9		422.0		4527.7		43.2		2223.4		44.4

		10		2		2		1		Embu		0.0		0.0		4692.3		1965.5		0.0		0.0		2266.1		743.8		0.0		0.0		3407.9		1173.0		0.0		0.0		1419.7		33.9		4692.0		1965.0		2266.1		743.8		3407.9		1173.0		1419.7		33.9

		11		2		2		2		SanRamon		0.0		0.0		5347.2		2586.1		0.0		0.0		2311.0		1603.9		0.0		0.0		3576.6		1214.7		0.0		0.0		1488.6		0.0		5347.0		2586.0		2311.0		1603.9		3576.6		1214.7		1488.6		0.0

		12		2		2		3		Patulul		0.0		0.0		4589.6		2019.2		0.0		0.0		3549.0		1806.9		0.0		0.0		3404.0		1417.3		0.0		0.0		1795.0		120.0		4590.0		2019.0		3549.0		1806.9		3404.0		1417.3		1795.0		120.0

		13		3		1		1		Embu		599.9		33.3		2454.6		807.6		1008.9		88.3		1877.9		187.7		2946.5		0.0		996.1		45.1		872.4		0.0		1911.8		138.1		3055.0		841.0		2886.8		276.0		3942.6		45.1		2784.2		138.1

		14		3		1		2		SanRamon		652.1		32.6		2737.0		322.8		2280.8		162.0		1225.4		181.2		2864.2		0.0		1042.2		123.3		757.2		0.0		1725.2		69.4		3389.0		356.0		3506.2		343.2		3906.4		123.3		2482.4		69.4

		15		3		1		3		Patulul		559.1		25.4		1998.0		491.8		1696.5		118.2		1470.6		149.9		2429.7		0.0		1029.3		44.8		1080.9		0.0		1549.1		59.3		2557.0		517.0		3167.1		268.1		3459.0		44.8		2630.0		59.3

		16		3		2		3		Patulul		0.0		0.0		3564.7		1442.1		0.0		0.0		2263.8		978.5		0.0		0.0		3014.4		1121.7		0.0		0.0		1237.0		86.3		3565.0		1442.0		2263.8		978.5		3014.4		1121.7		1237.0		86.3

		17		3		2		1		Embu		0.0		0.0		4982.5		1434.9		0.0		0.0		1737.2		182.4		0.0		0.0		1532.5		693.7		0.0		0.0		1007.7		48.3		4983.0		1435.0		1737.2		182.4		1532.5		693.7		1007.7		48.3

		18		3		2		2		SanRamon		0.0		0.0		4129.0		1496.1		0.0		0.0		3630.6		1134.4		0.0		0.0		3729.3		1569.3		0.0		0.0		1341.1		94.7		4129.0		1496.0		3630.6		1134.4		3729.3		1569.3		1341.1		94.7

		19		4		2		1		Embu		0.0		0.0		4299.2		1742.9		0.0		0.0		1906.0		218.6		0.0		0.0		3327.4		1300.2		0.0		0.0		1292.3		88.0		4299.0		1743.0		1906.0		218.6		3327.4		1300.2		1292.3		88.0

		20		4		2		2		SanRamon		0.0		0.0		5420.5		1693.1		0.0		0.0		4482.6		1581.1		0.0		0.0		3442.1		1125.9		0.0		0.0		1243.2		75.2		5421.0		1693.0		4482.6		1581.1		3442.1		1125.9		1243.2		75.2

		21		4		2		3		Patulul		0.0		0.0		4064.0		1914.3		0.0		0.0		2289.8		359.2		0.0		0.0		4297.4		1817.8		0.0		0.0		1276.8		138.9		4064.0		1914.0		2289.8		359.2		4297.4		1817.8		1276.8		138.9

		22		4		1		1		Embu		548.6		21.9		1835.5		460.7		1254.1		237.2		1830.3		248.2		2108.0		0.0		906.5		58.1		671.6		0.0		1939.5		217.9		2385.0		483.0		3084.4		485.4		3014.5		58.1		2611.1		217.9

		23		4		1		3		Patulul		798.8		59.9		2163.0		938.6		2131.7		238.8		1520.3		180.8		2979.9		0.0		1187.4		42.3		1060.3		0.0		1839.5		111.3		2962.0		999.0		3652.0		419.6		4167.3		42.3		2899.8		111.3

		24		4		1		2		SanRamon		628.8		33.1		2607.6		464.0		2986.2		216.3		2543.3		231.3		2306.0		0.0		837.0		33.7		772.5		0.0		2154.2		0.0		3237.0		497.0		5529.5		447.6		3143.0		33.7		2926.7		0.0





leaf bio summaries

								Data														Data												Data												Data

		block		cutcode		provname		Sum of leafH1-2		Sum of leaf3-4		Sum of leaf5-6		Sum of leaf7-8				cutcode		provname		Average of leafH1-2		Average of leaf3-4		Average of leaf5-6		Average of leaf7-8				provname		Average of leafH1-2		Average of leaf3-4		Average of leaf5-6		Average of leaf7-8				cutcode		Average of leafH1-2		Average of leaf3-4		Average of leaf5-6		Average of leaf7-8

		1		1		Embu		3805.0		5286.6		3583.0		2641.3				1		Embu		3402.8		3751.9		3767.0		2565.0				Embu		4056.9		3122.5		3289.5		1919.9				1		3579.1		4209.2		3683.4		2573.8

						Patulul		5405.0		5243.5		3834.4		2527.0						Patulul		3639.0		4111.2		3712.3		2443.2				Patulul		3928.8		3692.9		3553.6		1928.8				2		4682.2		3267.5		3256.5		1359.1

						SanRamon		4397.0		5384.9		3907.6		3130.4						SanRamon		3695.5		4764.5		3570.8		2713.1				SanRamon		4406.3		4399.6		3566.7		2050.7

				2		Embu		4870.0		4062.7		2980.2		1379.4				2		Embu		4711.0		2493.0		2812.0		1274.8

						Patulul		4655.0		4996.0		2864.0		1348.8						Patulul		4218.5		3274.7		3395.0		1414.4

						SanRamon		5571.0		5714.8		3502.3		1480.0						SanRamon		5117.0		4034.8		3562.6		1388.3

		2		1		Embu		4366.0		3749.9		4527.7		2223.4								Nov'97-Jan'98		Feb'98-April'98		May'98-July'98		Aug'98-Oct'98

						Patulul		3632.0		4382.3		3388.4		1715.8

						SanRamon		3759.0		4637.4		3326.3		2313.0

				2		Embu		4692.0		2266.1		3407.9		1419.7

						Patulul		4590.0		3549.0		3404.0		1795.0

						SanRamon		5347.0		2311.0		3576.6		1488.6

		3		1		Embu		3055.0		2886.8		3942.6		2784.2

						Patulul		2557.0		3167.1		3459.0		2630.0

						SanRamon		3389.0		3506.2		3906.4		2482.4

				2		Embu		4983.0		1737.2		1532.5		1007.7

						Patulul		3565.0		2263.8		3014.4		1237.0

						SanRamon		4129.0		3630.6		3729.3		1341.1

		4		1		Embu		2385.0		3084.4		3014.5		2611.1

						Patulul		2962.0		3652.0		4167.3		2899.8

						SanRamon		3237.0		5529.5		3143.0		2926.7

				2		Embu		4299.0		1906.0		3327.4		1292.3

						Patulul		4064.0		2289.8		4297.4		1276.8

						SanRamon		5421.0		4482.6		3442.1		1243.2





leaf bio summaries
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Figure 1: Mean leafy biomass for each provenance (combined harvests)
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Figure 2: Mean leafy biomass for each cutting frequency (combined harvests)



leafy time(all)

								Data														Data												Data												Data

		block		cutcode		prov		Sum of stemH1-2		Sum of stem3-4		Sum of stem5-6		Sum of stem7-8				cutcode		prov		Average of stemH1-2		Average of stem3-4		Average of stem5-6		Average of stem7-8				provname		Average of stemH1-2		Average of stem3-4		Average of stem5-6		Average of stem7-8				cutcode		Average of stemH1-2		Average of stem3-4		Average of stem5-6		Average of stem7-8

		1		1		1		730.0		501.4		99.7		59.3				1		1		687.3		421.2		61.5		114.9				Embu		1246.0		481.0		550.7		88.7				1		627.9		393.7		61.5		75.3

						2		360.0		392.0		92.0		107.1						2		419.5		395.9		70.0		57.0				Patulul		1340.9		736.2		685.8		80.2				2		1899.8		1053.6		1215.3		72.7

						3		618.0		457.1		50.1		0.0						3		777.0		364.0		53.0		54.0				SanRamon		1204.6		953.7		678.8		53.1

				2		1		2076.0		1018.6		992.6		79.8				2		1		1804.8		540.9		1039.9		62.5

						2		2184.0		1726.6		1240.2		26.9						2		1989.8		1511.5		1287.5		49.2

						3		2244.0		1288.7		917.5		79.8						3		1904.8		1108.3		1318.6		106.3

		2		1		1		695.0		422.0		43.2		44.4								Nov'97-Jan'98		Feb'98-April'98		May'98-July'98		Aug'98-Oct'98

						2		465.0		400.6		31.1		51.7

						3		974.0		311.2		74.6		45.6

				2		1		1965.0		743.8		1173.0		33.9

						2		2586.0		1603.9		1214.7		0.0

						3		2019.0		1806.9		1417.3		120.0

		3		1		1		841.0		276.0		45.1		138.1

						2		356.0		343.2		123.3		69.4

						3		517.0		268.1		44.8		59.3

				2		1		1435.0		182.4		693.7		48.3

						2		1496.0		1134.4		1569.3		94.7

						3		1442.0		978.5		1121.7		86.3

		4		1		1		483.0		485.4		58.1		217.9

						2		497.0		447.6		33.7		0.0

						3		999.0		419.6		42.3		111.3

				2		1		1743.0		218.6		1300.2		88.0

						2		1693.0		1581.1		1125.9		75.2

						3		1914.0		359.2		1817.8		138.9
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Figure 4: Mean woody biomass for each provenance (combined harvests)
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Figure 5: Mean woody biomass for each cutting frequency (combined harvests)



woody time(6wk)

		Plot number		Block		Cutting code  (main plot)		Provenance (sub-plot)		Provenance name		Total dry leafy biomass (from all harvests) kg/ha		Total dry woody biomass (from all harvests) kg/ha

		plot		block!		cutcode!		prov!		provname!		leaftotal		woodtotal

		4		1		1		1		Embu		15315.9		1390.4

		5		1		1		3		Patulul		17009.9		1125.3

		6		1		1		2		SanRamon		16820.0		950.8

		7		2		1		2		SanRamon		14035.7		948.6

		8		2		1		3		Patulul		13118.4		1405.8

		9		2		1		1		Embu		14867.0		1204.5

		13		3		1		1		Embu		12668.6		1300.1

		14		3		1		2		SanRamon		13283.9		891.3

		15		3		1		3		Patulul		11813.2		889.4

		22		4		1		1		Embu		11095.0		1244.0

		23		4		1		3		Patulul		13681.1		1571.7

		24		4		1		2		SanRamon		14836.3		978.4

		1		1		2		1		Embu		13292.3		4166.7

		2		1		2		3		Patulul		13863.8		4529.9

		3		1		2		2		SanRamon		16268.2		5178.0

		10		2		2		1		Embu		11785.7		3916.2

		11		2		2		2		SanRamon		12723.2		5404.7

		12		2		2		3		Patulul		13338.0		5363.4

		16		3		2		3		Patulul		10080.2		3628.7

		17		3		2		1		Embu		9260.5		2359.2

		18		3		2		2		SanRamon		12830.0		4294.5

		19		4		2		1		Embu		10824.7		3349.7

		20		4		2		2		SanRamon		14588.9		4475.3

		21		4		2		3		Patulul		11928.0		4230.2





		Plot number		Block		Cutting code   (main plot)		Provenance (sub-plot)		Provenance name		Wgt of dry leafy biomass for harvests 1+2 (kg/ha)		Wgt of dry leafy biomass for harvests 3+4 (kg/ha)		Wgt of dry leafy biomass for harvests 5+6 (kg/ha)		Wgt of dry leafy biomass for harvests 7+8 (kg/ha)

		plot		block!		cutcode!		prov!		provname!		12lfwgt		34lfwgt		56lfwgt		78lfwgt

		1		1		2		1		Embu		4870.4		4062.7		2980.2		1379.4

		2		1		2		3		Patulul		4654.7		4996.0		2864.0		1348.8

		3		1		2		2		SanRamon		5570.9		5714.8		3502.3		1480.0

		4		1		1		1		Embu		3804.6		5286.6		3583.0		2641.3

		5		1		1		3		Patulul		5404.9		5243.5		3834.4		2527.0

		6		1		1		2		SanRamon		4396.8		5384.9		3907.6		3130.4

		7		2		1		2		SanRamon		3759.2		4637.4		3326.3		2313.0

		8		2		1		3		Patulul		3632.8		4382.3		3388.4		1715.8

		9		2		1		1		Embu		4365.7		3749.9		4527.7		2223.4

		10		2		2		1		Embu		4692.3		2266.1		3407.9		1419.7

		11		2		2		2		SanRamon		5347.2		2311.0		3576.6		1488.6

		12		2		2		3		Patulul		4589.6		3549.0		3404.0		1795.0

		13		3		1		1		Embu		3054.5		2886.8		3942.6		2784.2

		14		3		1		2		SanRamon		3389.1		3506.2		3906.4		2482.4

		15		3		1		3		Patulul		2557.1		3167.1		3459.0		2630.0

		16		3		2		3		Patulul		3564.7		2263.8		3014.4		1237.0

		17		3		2		1		Embu		4982.5		1737.2		1532.5		1007.7

		18		3		2		2		SanRamon		4129.0		3630.6		3729.3		1341.1

		19		4		2		1		Embu		4299.2		1906.0		3327.4		1292.3

		20		4		2		2		SanRamon		5420.5		4482.6		3442.1		1243.2

		21		4		2		3		Patulul		4064.0		2289.8		4297.4		1276.8

		22		4		1		1		Embu		2384.1		3084.4		3014.5		2611.1

		23		4		1		3		Patulul		2961.8		3652.0		4167.3		2899.8

		24		4		1		2		SanRamon		3236.4		5529.5		3143.0		2926.7





		Plot number		Block		Provenance (sub-plot)		Provenance name		Weight of dry leafy biomass in kg/ha for harvest 1		Weight of dry leafy biomass in kg/ha for harvest 2		Weigt of dry leafy biomass in kg/ha for harvest 3		Weigt of dry leafy biomass in kg/ha for harvest 4		Weigt of dry leafy biomass in kg/ha for harvest 5		Weigt of dry leafy biomass in kg/ha for harvest 6		Weigt of dry leafy biomass in kg/ha for harvest 7		Weigt of dry leafy biomass in kg/ha for harvest 8

		plot		block!		prov!		provname!		H1leafwt		H2leafwt		H3leafwt		H4leafwt		H5leafwt		H6leafwt		H7leafwt		H8leafwt

		4		1		1		Embu		946.8		2857.8		1950.2		3336.4		2280.7		1302.3		643.4		1997.9

		5		1		3		Patulul		2509.0		2895.9		2588.6		2654.9		2461.3		1373.1		1065.8		1461.2

		6		1		2		SanRamon		1270.1		3126.7		2316.4		3068.5		2642.6		1265.0		942.9		2187.5

		7		2		2		SanRamon		792.9		2966.3		2423.6		2213.8		2126.6		1199.7		849.5		1463.5

		8		2		3		Patulul		497.4		3135.4		1498.4		2883.9		2229.9		1158.5		803.9		911.9

		9		2		1		Embu		1002.1		3363.6		1859.3		1890.6		3029.8		1497.9		941.1		1282.3

		13		3		1		Embu		599.9		2454.6		1008.9		1877.9		2946.5		996.1		872.4		1911.8

		14		3		2		SanRamon		652.1		2737.0		2280.8		1225.4		2864.2		1042.2		757.2		1725.2

		15		3		3		Patulul		559.1		1998.0		1696.5		1470.6		2429.7		1029.3		1080.9		1549.1

		22		4		1		Embu		548.6		1835.5		1254.1		1830.3		2108.0		906.5		671.6		1939.5

		23		4		3		Patulul		798.8		2163.0		2131.7		1520.3		2979.9		1187.4		1060.3		1839.5

		24		4		2		SanRamon		628.8		2607.6		2986.2		2543.3		2306.0		837.0		772.5		2154.2

						Data

				provname!		Average of H1leafwt		Average of H2leafwt		Average of H3leafwt		Average of H4leafwt		Average of H5leafwt		Average of H6leafwt		Average of H7leafwt		Average of H8leafwt

				Embu		774.4		2627.9		1518.1		2233.8		2591.3		1175.7		782.1		1782.9

				Patulul		1091.1		2548.1		1978.8		2132.4		2525.2		1187.1		1002.7		1440.4

				SanRamon		836.0		2859.4		2501.8		2262.8		2484.8		1086.0		830.5		1882.6

						Nov		Jan		Feb		Apr		May		July		Aug		Oct





		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Embu

Patulul

SanRamon

Harvest

Leafy biomass (kg ha)



		Plot number		Block		Cutting code   (main plot)		Provenance (sub-plot)		Provenance name		Weight of dry woody biomass for harvests 1+2 (kg/ha)		Weight of dry woody biomass for harvests 3+4 (kg/ha)		Weight of dry woody biomass for harvests 5+6 (kg/ha)		Weight of dry woody biomass for harvests 7+8 (kg/ha)

		plot		block!		cutcode!		prov!		provname!		wood12		wood34		wood56		wood78

		1		1		2		1		Embu		2075.7		1018.6		992.6		79.8

		2		1		2		3		Patulul		2244.0		1288.7		917.5		79.8

		3		1		2		2		SanRamon		2184.3		1726.6		1240.2		26.9

		4		1		1		1		Embu		730.0		501.4		99.7		59.3

		5		1		1		3		Patulul		618.1		457.1		50.1		0.0

		6		1		1		2		SanRamon		359.7		392.0		92.0		107.1

		7		2		1		2		SanRamon		465.2		400.6		31.1		51.7

		8		2		1		3		Patulul		974.3		311.2		74.6		45.6

		9		2		1		1		Embu		694.9		422.0		43.2		44.4

		10		2		2		1		Embu		1965.5		743.8		1173.0		33.9

		11		2		2		2		SanRamon		2586.1		1603.9		1214.7		0.0

		12		2		2		3		Patulul		2019.2		1806.9		1417.3		120.0

		13		3		1		1		Embu		840.9		276.0		45.1		138.1

		14		3		1		2		SanRamon		355.4		343.2		123.3		69.4

		15		3		1		3		Patulul		517.2		268.1		44.8		59.3

		16		3		2		3		Patulul		1442.1		978.5		1121.7		86.3

		17		3		2		1		Embu		1434.9		182.4		693.7		48.3

		18		3		2		2		SanRamon		1496.1		1134.4		1569.3		94.7

		19		4		2		1		Embu		1742.9		218.6		1300.2		88.0

		20		4		2		2		SanRamon		1693.1		1581.1		1125.9		75.2

		21		4		2		3		Patulul		1914.3		359.2		1817.8		138.9

		22		4		1		1		Embu		482.6		485.4		58.1		217.9

		23		4		1		3		Patulul		998.5		419.6		42.3		111.3

		24		4		1		2		SanRamon		497.1		447.6		33.7		0.0





		Plot number		Block		Provenance (sub-plot)		Provenance name		Weight of dry woody biomass in kg/ha for harvest 1		Weigt of dry woody biomass in kg/ha for harvest 2		Weigt of dry woody biomass in kg/ha for harvest 3		Weigt of dry woody biomass in kg/ha for harvest 4		Weigt of dry woody biomass in kg/ha for harvest 5		Weigt of dry woody biomass in kg/ha for harvest 6		Weigt of dry woody biomass in kg/ha for harvest 7		Weigt of dry woody biomass in kg/ha for harvest 8

		plot		block!		prov!		provname!		H1stem		H2stem		H3stem		H4stem		H5stem		H6stem		H7stem		H8stem

		4		1		1		Embu		42.3		687.7		242.7		258.7		0.0		99.7		0.0		59.3

		5		1		3		Patulul		125.4		492.7		265.3		191.8		0.0		50.1		0.0		0.0

		6		1		2		SanRamon		41.8		317.9		230.7		161.3		0.0		92.0		0.0		107.1

		7		2		2		SanRamon		33.0		432.2		164.3		236.3		0.0		31.1		0.0		51.7

		8		2		3		Patulul		32.4		941.9		146.6		164.6		0.0		74.6		0.0		45.6

		9		2		1		Embu		39.0		655.9		240.1		181.9		0.0		43.2		0.0		44.4

		13		3		1		Embu		33.3		807.6		88.3		187.7		0.0		45.1		0.0		138.1

		14		3		2		SanRamon		32.6		322.8		162.0		181.2		0.0		123.3		0.0		69.4

		15		3		3		Patulul		25.4		491.8		118.2		149.9		0.0		44.8		0.0		59.3

		22		4		1		Embu		21.9		460.7		237.2		248.2		0.0		58.1		0.0		217.9

		23		4		3		Patulul		59.9		938.6		238.8		180.8		0.0		42.3		0.0		111.3

		24		4		2		SanRamon		33.1		464.0		216.3		231.3		0.0		33.7		0.0		0.0

						Data

				provname!		Average of H1stem		Average of H2stem		Average of H3stem		Average of H4stem		Average of H5stem		Average of H6stem		Average of H7stem		Average of H8stem

				Embu		34.1		653.0		202.1		219.1		0.0		61.5		0.0		114.9

				Patulul		60.8		716.3		192.2		171.8		0.0		53.0		0.0		54.0

				SanRamon		35.1		384.2		193.3		202.5		0.0		70.0		0.0		57.0
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raw data

		TITLE: Effect of provenance, season and cutting frequency on biomass and nutriive quality of Calliandra calothyrsus

		Investigators: Paul Tuwei and Janet Stewart.

		Data collected from October 1997 to September 1998

		Site. KARI-Embu

		Experimental Design. Split plot

		Treatment. Main plot is cutting frequency where 1 is 6 weeks and 2 is 12 weeks cutting cycle. Subplots are the provenances. 1 is Embu, 2 is San Ramon and 3 is Patulul

		Replication. 4

		Plot sizes. 6x6 m

		Spacing. 1x1 m																																				No woody biomass this harvest

		Net plot. Inner 16 trees

		Plot number		Block		Cutting code   (main plot)		Provenance (sub-plot)		Provenance name		Weight of dry leafy biomass in kg/ha for harvest 1		Weight of dry woody biomass in kg/ha for harvest 1		Weight of dry leafy biomass in kg/ha for harvest 2		Weigt of dry woody biomass in kg/ha for harvest 2		Weigt of dry leafy biomass in kg/ha for harvest 3		Weigt of dry woody biomass in kg/ha for harvest 3		Weigt of dry leafy biomass in kg/ha for harvest 4		Weigt of dry woody biomass in kg/ha for harvest 4		Weigt of dry leafy biomass in kg/ha for harvest 5		Weigt of dry woody biomass in kg/ha for harvest 5		Weigt of dry leafy biomass in kg/ha for harvest 6		Weigt of dry woody biomass in kg/ha for harvest 6		Weigt of dry leafy biomass in kg/ha for harvest 7		Weigt of dry woody biomass in kg/ha for harvest 7		Weigt of dry leafy biomass in kg/ha for harvest 8		Weigt of dry woody biomass in kg/ha for harvest 8		Weigt of dry leafy biomass in kg/ha for harvest 1 and 2		Weigt of dry woody biomass in kg/ha for harvest 1 and 2		Weigt of dry leafy biomass in kg/ha for harvest 3 and 4		Weigt of dry woody biomass in kg/ha for harvest 3 and 4		Weigt of dry leafy biomass in kg/ha for harvest 5 and 6		Weigt of dry woody biomass in kg/ha for harvest 5 and 6		Weight of dry leafy biomass in kg/ha for harvest 7 and 8		Weigt of dry woody biomass in kg/ha for harvest 7 and 8

		plot		block!		cutcode!		prov!		provname!		H1leafwt		H1stemwt		H2leafwt		H2stemwt		H3leafwt		H3stemwt		H4leafwt		H4stemwt		H5leafwt		H5stemwt		H6leafwt		H6stemwt		H7leafwt		H7stemwt		H8leafwt		H8stemwt		leafH1-2		stemH1-2		leaf3-4		stem3-4		leaf5-6		stem5-6		leaf7-8		stem7-8

		1		1		2		1		Embu		0.0		0.0		4870.4		2075.7		0.0		0.0		4062.7		1018.6		0.0		0.0		2980.2		992.6		0.0		0.0		1379.4		79.8		4870.0		2076.0		4062.7		1018.6		2980.2		992.6		1379.4		79.8

		2		1		2		3		Patulul		0.0		0.0		4654.7		2244.0		0.0		0.0		4996.0		1288.7		0.0		0.0		2864.0		917.5		0.0		0.0		1348.8		79.8		4655.0		2244.0		4996.0		1288.7		2864.0		917.5		1348.8		79.8

		3		1		2		2		SanRamon		0.0		0.0		5570.9		2184.3		0.0		0.0		5714.8		1726.6		0.0		0.0		3502.3		1240.2		0.0		0.0		1480.0		26.9		5571.0		2184.0		5714.8		1726.6		3502.3		1240.2		1480.0		26.9

		4		1		1		1		Embu		946.8		42.3		2857.8		687.7		1950.2		242.7		3336.4		258.7		2280.7		0.0		1302.3		99.7		643.4		0.0		1997.9		59.3		3805.0		730.0		5286.6		501.4		3583.0		99.7		2641.3		59.3

		5		1		1		3		Patulul		2509.0		125.4		2895.9		492.7		2588.6		265.3		2654.9		191.8		2461.3		0.0		1373.1		50.1		1065.8		0.0		1461.2		0.0		5405.0		618.0		5243.5		457.1		3834.4		50.1		2527.0		0.0

		6		1		1		2		SanRamon		1270.1		41.8		3126.7		317.9		2316.4		230.7		3068.5		161.3		2642.6		0.0		1265.0		92.0		942.9		0.0		2187.5		107.1		4397.0		360.0		5384.9		392.0		3907.6		92.0		3130.4		107.1

		7		2		1		2		SanRamon		792.9		33.0		2966.3		432.2		2423.6		164.3		2213.8		236.3		2126.6		0.0		1199.7		31.1		849.5		0.0		1463.5		51.7		3759.0		465.0		4637.4		400.6		3326.3		31.1		2313.0		51.7

		8		2		1		3		Patulul		497.4		32.4		3135.4		941.9		1498.4		146.6		2883.9		164.6		2229.9		0.0		1158.5		74.6		803.9		0.0		911.9		45.6		3632.0		974.0		4382.3		311.2		3388.4		74.6		1715.8		45.6

		9		2		1		1		Embu		1002.1		39.0		3363.6		655.9		1859.3		240.1		1890.6		181.9		3029.8		0.0		1497.9		43.2		941.1		0.0		1282.3		44.4		4366.0		695.0		3749.9		422.0		4527.7		43.2		2223.4		44.4

		10		2		2		1		Embu		0.0		0.0		4692.3		1965.5		0.0		0.0		2266.1		743.8		0.0		0.0		3407.9		1173.0		0.0		0.0		1419.7		33.9		4692.0		1965.0		2266.1		743.8		3407.9		1173.0		1419.7		33.9

		11		2		2		2		SanRamon		0.0		0.0		5347.2		2586.1		0.0		0.0		2311.0		1603.9		0.0		0.0		3576.6		1214.7		0.0		0.0		1488.6		0.0		5347.0		2586.0		2311.0		1603.9		3576.6		1214.7		1488.6		0.0

		12		2		2		3		Patulul		0.0		0.0		4589.6		2019.2		0.0		0.0		3549.0		1806.9		0.0		0.0		3404.0		1417.3		0.0		0.0		1795.0		120.0		4590.0		2019.0		3549.0		1806.9		3404.0		1417.3		1795.0		120.0

		13		3		1		1		Embu		599.9		33.3		2454.6		807.6		1008.9		88.3		1877.9		187.7		2946.5		0.0		996.1		45.1		872.4		0.0		1911.8		138.1		3055.0		841.0		2886.8		276.0		3942.6		45.1		2784.2		138.1

		14		3		1		2		SanRamon		652.1		32.6		2737.0		322.8		2280.8		162.0		1225.4		181.2		2864.2		0.0		1042.2		123.3		757.2		0.0		1725.2		69.4		3389.0		356.0		3506.2		343.2		3906.4		123.3		2482.4		69.4

		15		3		1		3		Patulul		559.1		25.4		1998.0		491.8		1696.5		118.2		1470.6		149.9		2429.7		0.0		1029.3		44.8		1080.9		0.0		1549.1		59.3		2557.0		517.0		3167.1		268.1		3459.0		44.8		2630.0		59.3

		16		3		2		3		Patulul		0.0		0.0		3564.7		1442.1		0.0		0.0		2263.8		978.5		0.0		0.0		3014.4		1121.7		0.0		0.0		1237.0		86.3		3565.0		1442.0		2263.8		978.5		3014.4		1121.7		1237.0		86.3

		17		3		2		1		Embu		0.0		0.0		4982.5		1434.9		0.0		0.0		1737.2		182.4		0.0		0.0		1532.5		693.7		0.0		0.0		1007.7		48.3		4983.0		1435.0		1737.2		182.4		1532.5		693.7		1007.7		48.3

		18		3		2		2		SanRamon		0.0		0.0		4129.0		1496.1		0.0		0.0		3630.6		1134.4		0.0		0.0		3729.3		1569.3		0.0		0.0		1341.1		94.7		4129.0		1496.0		3630.6		1134.4		3729.3		1569.3		1341.1		94.7

		19		4		2		1		Embu		0.0		0.0		4299.2		1742.9		0.0		0.0		1906.0		218.6		0.0		0.0		3327.4		1300.2		0.0		0.0		1292.3		88.0		4299.0		1743.0		1906.0		218.6		3327.4		1300.2		1292.3		88.0

		20		4		2		2		SanRamon		0.0		0.0		5420.5		1693.1		0.0		0.0		4482.6		1581.1		0.0		0.0		3442.1		1125.9		0.0		0.0		1243.2		75.2		5421.0		1693.0		4482.6		1581.1		3442.1		1125.9		1243.2		75.2

		21		4		2		3		Patulul		0.0		0.0		4064.0		1914.3		0.0		0.0		2289.8		359.2		0.0		0.0		4297.4		1817.8		0.0		0.0		1276.8		138.9		4064.0		1914.0		2289.8		359.2		4297.4		1817.8		1276.8		138.9

		22		4		1		1		Embu		548.6		21.9		1835.5		460.7		1254.1		237.2		1830.3		248.2		2108.0		0.0		906.5		58.1		671.6		0.0		1939.5		217.9		2385.0		483.0		3084.4		485.4		3014.5		58.1		2611.1		217.9

		23		4		1		3		Patulul		798.8		59.9		2163.0		938.6		2131.7		238.8		1520.3		180.8		2979.9		0.0		1187.4		42.3		1060.3		0.0		1839.5		111.3		2962.0		999.0		3652.0		419.6		4167.3		42.3		2899.8		111.3

		24		4		1		2		SanRamon		628.8		33.1		2607.6		464.0		2986.2		216.3		2543.3		231.3		2306.0		0.0		837.0		33.7		772.5		0.0		2154.2		0.0		3237.0		497.0		5529.5		447.6		3143.0		33.7		2926.7		0.0





leaf bio summaries

								Data														Data												Data												Data

		block		cutcode		provname		Sum of leafH1-2		Sum of leaf3-4		Sum of leaf5-6		Sum of leaf7-8				cutcode		provname		Average of leafH1-2		Average of leaf3-4		Average of leaf5-6		Average of leaf7-8				provname		Average of leafH1-2		Average of leaf3-4		Average of leaf5-6		Average of leaf7-8				cutcode		Average of leafH1-2		Average of leaf3-4		Average of leaf5-6		Average of leaf7-8

		1		1		Embu		3805.0		5286.6		3583.0		2641.3				1		Embu		3402.8		3751.9		3767.0		2565.0				Embu		4056.9		3122.5		3289.5		1919.9				1		3579.1		4209.2		3683.4		2573.8

						Patulul		5405.0		5243.5		3834.4		2527.0						Patulul		3639.0		4111.2		3712.3		2443.2				Patulul		3928.8		3692.9		3553.6		1928.8				2		4682.2		3267.5		3256.5		1359.1

						SanRamon		4397.0		5384.9		3907.6		3130.4						SanRamon		3695.5		4764.5		3570.8		2713.1				SanRamon		4406.3		4399.6		3566.7		2050.7

				2		Embu		4870.0		4062.7		2980.2		1379.4				2		Embu		4711.0		2493.0		2812.0		1274.8

						Patulul		4655.0		4996.0		2864.0		1348.8						Patulul		4218.5		3274.7		3395.0		1414.4

						SanRamon		5571.0		5714.8		3502.3		1480.0						SanRamon		5117.0		4034.8		3562.6		1388.3

		2		1		Embu		4366.0		3749.9		4527.7		2223.4								Nov'97-Jan'98		Feb'98-April'98		May'98-July'98		Aug'98-Oct'98

						Patulul		3632.0		4382.3		3388.4		1715.8

						SanRamon		3759.0		4637.4		3326.3		2313.0

				2		Embu		4692.0		2266.1		3407.9		1419.7

						Patulul		4590.0		3549.0		3404.0		1795.0

						SanRamon		5347.0		2311.0		3576.6		1488.6

		3		1		Embu		3055.0		2886.8		3942.6		2784.2

						Patulul		2557.0		3167.1		3459.0		2630.0

						SanRamon		3389.0		3506.2		3906.4		2482.4

				2		Embu		4983.0		1737.2		1532.5		1007.7

						Patulul		3565.0		2263.8		3014.4		1237.0

						SanRamon		4129.0		3630.6		3729.3		1341.1

		4		1		Embu		2385.0		3084.4		3014.5		2611.1

						Patulul		2962.0		3652.0		4167.3		2899.8

						SanRamon		3237.0		5529.5		3143.0		2926.7

				2		Embu		4299.0		1906.0		3327.4		1292.3

						Patulul		4064.0		2289.8		4297.4		1276.8

						SanRamon		5421.0		4482.6		3442.1		1243.2
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Figure 1: Mean leafy biomass for each provenance (combined harvests)
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Figure 2: Mean leafy biomass for each cutting frequency (combined harvests)



leafy time(all)

								Data														Data												Data												Data

		block		cutcode		prov		Sum of stemH1-2		Sum of stem3-4		Sum of stem5-6		Sum of stem7-8				cutcode		prov		Average of stemH1-2		Average of stem3-4		Average of stem5-6		Average of stem7-8				provname		Average of stemH1-2		Average of stem3-4		Average of stem5-6		Average of stem7-8				cutcode		Average of stemH1-2		Average of stem3-4		Average of stem5-6		Average of stem7-8

		1		1		1		730.0		501.4		99.7		59.3				1		1		687.3		421.2		61.5		114.9				Embu		1246.0		481.0		550.7		88.7				1		627.9		393.7		61.5		75.3

						2		360.0		392.0		92.0		107.1						2		419.5		395.9		70.0		57.0				Patulul		1340.9		736.2		685.8		80.2				2		1899.8		1053.6		1215.3		72.7

						3		618.0		457.1		50.1		0.0						3		777.0		364.0		53.0		54.0				SanRamon		1204.6		953.7		678.8		53.1

				2		1		2076.0		1018.6		992.6		79.8				2		1		1804.8		540.9		1039.9		62.5

						2		2184.0		1726.6		1240.2		26.9						2		1989.8		1511.5		1287.5		49.2

						3		2244.0		1288.7		917.5		79.8						3		1904.8		1108.3		1318.6		106.3

		2		1		1		695.0		422.0		43.2		44.4								Nov'97-Jan'98		Feb'98-April'98		May'98-July'98		Aug'98-Oct'98

						2		465.0		400.6		31.1		51.7

						3		974.0		311.2		74.6		45.6

				2		1		1965.0		743.8		1173.0		33.9

						2		2586.0		1603.9		1214.7		0.0

						3		2019.0		1806.9		1417.3		120.0

		3		1		1		841.0		276.0		45.1		138.1

						2		356.0		343.2		123.3		69.4

						3		517.0		268.1		44.8		59.3

				2		1		1435.0		182.4		693.7		48.3

						2		1496.0		1134.4		1569.3		94.7

						3		1442.0		978.5		1121.7		86.3

		4		1		1		483.0		485.4		58.1		217.9

						2		497.0		447.6		33.7		0.0

						3		999.0		419.6		42.3		111.3

				2		1		1743.0		218.6		1300.2		88.0

						2		1693.0		1581.1		1125.9		75.2

						3		1914.0		359.2		1817.8		138.9
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Figure 4: Mean woody biomass for each provenance (combined harvests)
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Figure 5: Mean woody biomass for each cutting frequency (combined harvests)



woody time(6wk)

		Plot number		Block		Cutting code  (main plot)		Provenance (sub-plot)		Provenance name		Total dry leafy biomass (from all harvests) kg/ha		Total dry woody biomass (from all harvests) kg/ha

		plot		block!		cutcode!		prov!		provname!		leaftotal		woodtotal

		4		1		1		1		Embu		15315.9		1390.4

		5		1		1		3		Patulul		17009.9		1125.3

		6		1		1		2		SanRamon		16820.0		950.8

		7		2		1		2		SanRamon		14035.7		948.6

		8		2		1		3		Patulul		13118.4		1405.8

		9		2		1		1		Embu		14867.0		1204.5

		13		3		1		1		Embu		12668.6		1300.1

		14		3		1		2		SanRamon		13283.9		891.3

		15		3		1		3		Patulul		11813.2		889.4

		22		4		1		1		Embu		11095.0		1244.0

		23		4		1		3		Patulul		13681.1		1571.7

		24		4		1		2		SanRamon		14836.3		978.4

		1		1		2		1		Embu		13292.3		4166.7

		2		1		2		3		Patulul		13863.8		4529.9

		3		1		2		2		SanRamon		16268.2		5178.0

		10		2		2		1		Embu		11785.7		3916.2

		11		2		2		2		SanRamon		12723.2		5404.7

		12		2		2		3		Patulul		13338.0		5363.4

		16		3		2		3		Patulul		10080.2		3628.7

		17		3		2		1		Embu		9260.5		2359.2

		18		3		2		2		SanRamon		12830.0		4294.5

		19		4		2		1		Embu		10824.7		3349.7

		20		4		2		2		SanRamon		14588.9		4475.3

		21		4		2		3		Patulul		11928.0		4230.2





		Plot number		Block		Cutting code   (main plot)		Provenance (sub-plot)		Provenance name		Wgt of dry leafy biomass for harvests 1+2 (kg/ha)		Wgt of dry leafy biomass for harvests 3+4 (kg/ha)		Wgt of dry leafy biomass for harvests 5+6 (kg/ha)		Wgt of dry leafy biomass for harvests 7+8 (kg/ha)

		plot		block!		cutcode!		prov!		provname!		12lfwgt		34lfwgt		56lfwgt		78lfwgt

		1		1		2		1		Embu		4870.4		4062.7		2980.2		1379.4

		2		1		2		3		Patulul		4654.7		4996.0		2864.0		1348.8

		3		1		2		2		SanRamon		5570.9		5714.8		3502.3		1480.0

		4		1		1		1		Embu		3804.6		5286.6		3583.0		2641.3

		5		1		1		3		Patulul		5404.9		5243.5		3834.4		2527.0

		6		1		1		2		SanRamon		4396.8		5384.9		3907.6		3130.4

		7		2		1		2		SanRamon		3759.2		4637.4		3326.3		2313.0

		8		2		1		3		Patulul		3632.8		4382.3		3388.4		1715.8

		9		2		1		1		Embu		4365.7		3749.9		4527.7		2223.4

		10		2		2		1		Embu		4692.3		2266.1		3407.9		1419.7

		11		2		2		2		SanRamon		5347.2		2311.0		3576.6		1488.6

		12		2		2		3		Patulul		4589.6		3549.0		3404.0		1795.0

		13		3		1		1		Embu		3054.5		2886.8		3942.6		2784.2

		14		3		1		2		SanRamon		3389.1		3506.2		3906.4		2482.4

		15		3		1		3		Patulul		2557.1		3167.1		3459.0		2630.0

		16		3		2		3		Patulul		3564.7		2263.8		3014.4		1237.0

		17		3		2		1		Embu		4982.5		1737.2		1532.5		1007.7

		18		3		2		2		SanRamon		4129.0		3630.6		3729.3		1341.1

		19		4		2		1		Embu		4299.2		1906.0		3327.4		1292.3

		20		4		2		2		SanRamon		5420.5		4482.6		3442.1		1243.2

		21		4		2		3		Patulul		4064.0		2289.8		4297.4		1276.8

		22		4		1		1		Embu		2384.1		3084.4		3014.5		2611.1

		23		4		1		3		Patulul		2961.8		3652.0		4167.3		2899.8

		24		4		1		2		SanRamon		3236.4		5529.5		3143.0		2926.7





		Plot number		Block		Provenance (sub-plot)		Provenance name		Weight of dry leafy biomass in kg/ha for harvest 1		Weight of dry leafy biomass in kg/ha for harvest 2		Weigt of dry leafy biomass in kg/ha for harvest 3		Weigt of dry leafy biomass in kg/ha for harvest 4		Weigt of dry leafy biomass in kg/ha for harvest 5		Weigt of dry leafy biomass in kg/ha for harvest 6		Weigt of dry leafy biomass in kg/ha for harvest 7		Weigt of dry leafy biomass in kg/ha for harvest 8

		plot		block!		prov!		provname!		H1leafwt		H2leafwt		H3leafwt		H4leafwt		H5leafwt		H6leafwt		H7leafwt		H8leafwt

		4		1		1		Embu		946.8		2857.8		1950.2		3336.4		2280.7		1302.3		643.4		1997.9

		5		1		3		Patulul		2509.0		2895.9		2588.6		2654.9		2461.3		1373.1		1065.8		1461.2

		6		1		2		SanRamon		1270.1		3126.7		2316.4		3068.5		2642.6		1265.0		942.9		2187.5

		7		2		2		SanRamon		792.9		2966.3		2423.6		2213.8		2126.6		1199.7		849.5		1463.5

		8		2		3		Patulul		497.4		3135.4		1498.4		2883.9		2229.9		1158.5		803.9		911.9

		9		2		1		Embu		1002.1		3363.6		1859.3		1890.6		3029.8		1497.9		941.1		1282.3

		13		3		1		Embu		599.9		2454.6		1008.9		1877.9		2946.5		996.1		872.4		1911.8

		14		3		2		SanRamon		652.1		2737.0		2280.8		1225.4		2864.2		1042.2		757.2		1725.2

		15		3		3		Patulul		559.1		1998.0		1696.5		1470.6		2429.7		1029.3		1080.9		1549.1

		22		4		1		Embu		548.6		1835.5		1254.1		1830.3		2108.0		906.5		671.6		1939.5

		23		4		3		Patulul		798.8		2163.0		2131.7		1520.3		2979.9		1187.4		1060.3		1839.5

		24		4		2		SanRamon		628.8		2607.6		2986.2		2543.3		2306.0		837.0		772.5		2154.2

						Data

				provname!		Average of H1leafwt		Average of H2leafwt		Average of H3leafwt		Average of H4leafwt		Average of H5leafwt		Average of H6leafwt		Average of H7leafwt		Average of H8leafwt

				Embu		774.4		2627.9		1518.1		2233.8		2591.3		1175.7		782.1		1782.9

				Patulul		1091.1		2548.1		1978.8		2132.4		2525.2		1187.1		1002.7		1440.4

				SanRamon		836.0		2859.4		2501.8		2262.8		2484.8		1086.0		830.5		1882.6

						Nov		Jan		Feb		Apr		May		July		Aug		Oct
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		Plot number		Block		Cutting code   (main plot)		Provenance (sub-plot)		Provenance name		Weight of dry woody biomass for harvests 1+2 (kg/ha)		Weight of dry woody biomass for harvests 3+4 (kg/ha)		Weight of dry woody biomass for harvests 5+6 (kg/ha)		Weight of dry woody biomass for harvests 7+8 (kg/ha)

		plot		block!		cutcode!		prov!		provname!		wood12		wood34		wood56		wood78

		1		1		2		1		Embu		2075.7		1018.6		992.6		79.8

		2		1		2		3		Patulul		2244.0		1288.7		917.5		79.8

		3		1		2		2		SanRamon		2184.3		1726.6		1240.2		26.9

		4		1		1		1		Embu		730.0		501.4		99.7		59.3

		5		1		1		3		Patulul		618.1		457.1		50.1		0.0

		6		1		1		2		SanRamon		359.7		392.0		92.0		107.1

		7		2		1		2		SanRamon		465.2		400.6		31.1		51.7

		8		2		1		3		Patulul		974.3		311.2		74.6		45.6

		9		2		1		1		Embu		694.9		422.0		43.2		44.4

		10		2		2		1		Embu		1965.5		743.8		1173.0		33.9

		11		2		2		2		SanRamon		2586.1		1603.9		1214.7		0.0

		12		2		2		3		Patulul		2019.2		1806.9		1417.3		120.0

		13		3		1		1		Embu		840.9		276.0		45.1		138.1

		14		3		1		2		SanRamon		355.4		343.2		123.3		69.4

		15		3		1		3		Patulul		517.2		268.1		44.8		59.3

		16		3		2		3		Patulul		1442.1		978.5		1121.7		86.3

		17		3		2		1		Embu		1434.9		182.4		693.7		48.3

		18		3		2		2		SanRamon		1496.1		1134.4		1569.3		94.7

		19		4		2		1		Embu		1742.9		218.6		1300.2		88.0

		20		4		2		2		SanRamon		1693.1		1581.1		1125.9		75.2

		21		4		2		3		Patulul		1914.3		359.2		1817.8		138.9

		22		4		1		1		Embu		482.6		485.4		58.1		217.9

		23		4		1		3		Patulul		998.5		419.6		42.3		111.3

		24		4		1		2		SanRamon		497.1		447.6		33.7		0.0





		Plot number		Block		Provenance (sub-plot)		Provenance name		Weight of dry woody biomass in kg/ha for harvest 1		Weigt of dry woody biomass in kg/ha for harvest 2		Weigt of dry woody biomass in kg/ha for harvest 3		Weigt of dry woody biomass in kg/ha for harvest 4		Weigt of dry woody biomass in kg/ha for harvest 5		Weigt of dry woody biomass in kg/ha for harvest 6		Weigt of dry woody biomass in kg/ha for harvest 7		Weigt of dry woody biomass in kg/ha for harvest 8

		plot		block!		prov!		provname!		H1stem		H2stem		H3stem		H4stem		H5stem		H6stem		H7stem		H8stem

		4		1		1		Embu		42.3		687.7		242.7		258.7		0.0		99.7		0.0		59.3

		5		1		3		Patulul		125.4		492.7		265.3		191.8		0.0		50.1		0.0		0.0

		6		1		2		SanRamon		41.8		317.9		230.7		161.3		0.0		92.0		0.0		107.1

		7		2		2		SanRamon		33.0		432.2		164.3		236.3		0.0		31.1		0.0		51.7

		8		2		3		Patulul		32.4		941.9		146.6		164.6		0.0		74.6		0.0		45.6

		9		2		1		Embu		39.0		655.9		240.1		181.9		0.0		43.2		0.0		44.4

		13		3		1		Embu		33.3		807.6		88.3		187.7		0.0		45.1		0.0		138.1

		14		3		2		SanRamon		32.6		322.8		162.0		181.2		0.0		123.3		0.0		69.4

		15		3		3		Patulul		25.4		491.8		118.2		149.9		0.0		44.8		0.0		59.3

		22		4		1		Embu		21.9		460.7		237.2		248.2		0.0		58.1		0.0		217.9

		23		4		3		Patulul		59.9		938.6		238.8		180.8		0.0		42.3		0.0		111.3

		24		4		2		SanRamon		33.1		464.0		216.3		231.3		0.0		33.7		0.0		0.0

						Data

				provname!		Average of H1stem		Average of H2stem		Average of H3stem		Average of H4stem		Average of H5stem		Average of H6stem		Average of H7stem		Average of H8stem

				Embu		34.1		653.0		202.1		219.1		0.0		61.5		0.0		114.9

				Patulul		60.8		716.3		192.2		171.8		0.0		53.0		0.0		54.0

				SanRamon		35.1		384.2		193.3		202.5		0.0		70.0		0.0		57.0

						Nov		Jan		Feb		Apr		May		July		Aug		Oct
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all

		plot		rep!		provenance!		provname!		cutfreq!		cutcode!		NDF1		NDF2		NDF3		NDF4		NDF5		NDF6		NDF7		NDF8		NDF9

		1		1		1		Embu		12 week		2				42.6				44.5				49.1				33.9

		2		1		3		Patulul		12 week		2				44.9				51.3				51.2				45.3

		3		1		2		San Ramon		12 week		2				52.1				49.2				50.1				44.4

		4		1		1		Embu		6 week		1		49.5		37.9		*		41.3		26.3		52.0		25.0		41.5		35.6

		5		1		3		Patulul		6 week		1		77.9		36.1		37.6		45.5		24.6		48.9		24.4		38.3		29.0

		6		1		2		San Ramon		6 week		1		41.7		40.9		43.8		48.2		28.7		50.2		34.6		42.7		41.1

		7		2		2		San Ramon		6 week		1		49.1		43.7		40.0		46.9		27.0		49.4		30.5		38.6		37.3

		8		2		3		Patulul		6 week		1		49.6		24.4		33.2		40.8		30.3		56.0		25.0		45.4		34.1

		9		2		1		Embu		6 week		1		44.8		38.6		38.2		45.1		25.9		51.3		24.7		30.7		30.2

		10		2		1		Embu		12 week		2				40.5				46.0				48.9				35.7

		11		2		2		San Ramon		12 week		2				44.0				53.1				51.0				*

		12		2		3		Patulul		12 week		2				43.7				43.3				48.4				38.5

		13		3		1		Embu		6 week		1		41.6		39.2		36.7		45.0		23.6		58.0		24.0		43.3		47.2

		14		3		2		San Ramon		6 week		1		44.5		39.8		41.4		51.2		28.6		48.7		28.7		38.4		39.7

		15		3		3		Patulul		6 week		1		44.5		40.9		34.2		50.2		30.7		46.8		28.1		31.6		59.6

		16		3		3		Patulul		12 week		2				23.3				43.5				46.1				33.8

		17		3		1		Embu		12 week		2				39.8				59.9				43.7				41.2

		18		3		2		San Ramon		12 week		2				47.1				54.4				55.5				45.0

		19		4		1		Embu		12 week		2				36.7				45.2				42.9				30.5

		20		4		2		San Ramon		12 week		2				31.0				53.6				48.6				41.4

		21		4		3		Patulul		12 week		2				39.0				45.8				45.2				34.5

		22		4		1		Embu		6 week		1		29.9		43.5		33.6		52.1		36.1		55.9		27.6		39.9		41.5

		23		4		3		Patulul		6 week		1		64.0		39.1		34.8		48.6		23.5		56.4		24.7		37.0		36.0

		24		4		2		San Ramon		6 week		1		42.0		44.0		39.6		50.7		27.6		48.0		31.7		37.9		40.4





wk6 sums

				Data

		provname!		Average of NDF1		Average of NDF2		Average of NDF3		Average of NDF4		Average of NDF5		Average of NDF6		Average of NDF7		Average of NDF8		Average of NDF9

		Embu		414.3		398.0		361.9		458.9		279.8		542.9		253.2		388.4		386.3

		Patulul		470.2		351.4		349.6		462.8		272.8		520.0		255.4		380.6		396.7

		San Ramon		443.2		420.9		411.8		492.6		279.8		490.7		313.8		394.0		396.2

				Nov		Jan		Feb		Apr		May		July		Aug		Oct		Nov





wk6 sums
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6week

		plot		rep!		provenance!		provname!		cutfreq!		cutcode!		NDF1		NDF2		NDF3		NDF4		NDF5		NDF6		NDF7		NDF8		NDF9

		4		1		1		Embu		6 week		1		494.8		379.3		*		413.3		262.5		520.2		249.8		415.1		355.7

		5		1		3		Patulul		6 week		1				361.1		376.3		455.4		246.1		488.7		244.2		382.6		290.3

		6		1		2		San Ramon		6 week		1		417.1		409.2		437.6		481.5		286.6		502.1		346.2		427.3		411.1

		7		2		2		San Ramon		6 week		1		490.7		437.0		399.5		469.4		270.4		493.9		305.0		385.8		372.5

		8		2		3		Patulul		6 week		1		495.9		244.0		332.1		407.9		303.1		559.6		250.3		453.8		341.2

		9		2		1		Embu		6 week		1		448.4		385.8		382.1		451.4		258.7		512.6		246.9		307.0		302.4

		13		3		1		Embu		6 week		1		415.5		392.3		367.4		450.0		236.4		579.8		239.5		432.6		472.1

		14		3		2		San Ramon		6 week		1		445.4		397.6		413.7		512.3		286.0		486.8		287.2		383.7		397.3

		15		3		3		Patulul		6 week		1		444.5		409.3		341.7		502.1		306.6		468.0		280.6		315.5		595.6

		22		4		1		Embu		6 week		1		298.6		434.5		336.3		520.9		361.4		558.9		276.4		398.8		415.0

		23		4		3		Patulul		6 week		1				391.1		348.1		485.6		235.4		563.7		246.5		370.4		359.6

		24		4		2		San Ramon		6 week		1		419.5		439.7		396.4		507.3		276.0		480.1		316.9		379.1		403.8





12week

		plot		rep!		provenance!		provname!		cutfreq!		cutcode!		NDF2		NDF4		NDF6		NDF8

		1		1		1		Embu		12 week		2		42.6		44.5		49.1		33.9

		2		1		3		Patulul		12 week		2		44.9		51.3		51.2		45.3

		3		1		2		San Ramon		12 week		2		52.1		49.2		50.1		44.4

		4		1		1		Embu		6 week		1		37.9		41.3		52.0		41.5

		5		1		3		Patulul		6 week		1		36.1		45.5		48.9		38.3

		6		1		2		San Ramon		6 week		1		40.9		48.2		50.2		42.7

		7		2		2		San Ramon		6 week		1		43.7		46.9		49.4		38.6

		8		2		3		Patulul		6 week		1		24.4		40.8		56.0		45.4

		9		2		1		Embu		6 week		1		38.6		45.1		51.3		30.7

		10		2		1		Embu		12 week		2		40.5		46.0		48.9		35.7

		11		2		2		San Ramon		12 week		2		44.0		53.1		51.0		*

		12		2		3		Patulul		12 week		2		43.7		43.3		48.4		38.5

		13		3		1		Embu		6 week		1		39.2		45.0		58.0		43.3

		14		3		2		San Ramon		6 week		1		39.8		51.2		48.7		38.4

		15		3		3		Patulul		6 week		1		40.9		50.2		46.8		31.6

		16		3		3		Patulul		12 week		2		23.3		43.5		46.1		33.8

		17		3		1		Embu		12 week		2		39.8		59.9		43.7		41.2

		18		3		2		San Ramon		12 week		2		47.1		54.4		55.5		45.0

		19		4		1		Embu		12 week		2		36.7		45.2		42.9		30.5

		20		4		2		San Ramon		12 week		2		31.0		53.6		48.6		41.4

		21		4		3		Patulul		12 week		2		39.0		45.8		45.2		34.5

		22		4		1		Embu		6 week		1		43.5		52.1		55.9		39.9

		23		4		3		Patulul		6 week		1		39.1		48.6		56.4		37.0

		24		4		2		San Ramon		6 week		1		44.0		50.7		48.0		37.9





wk12 sums

						Data												Data												Data

		provname!		cutfreq!		Average of NDF2		Average of NDF4		Average of NDF6		Average of NDF8				cutfreq!		Average of NDF2		Average of NDF4		Average of NDF6		Average of NDF8				provname!		Average of NDF2		Average of NDF4		Average of NDF6		Average of NDF8

		Embu		12 week		39.89		48.895		46.15		35.3275				12 week		40.4		49.1		48.4		38.6				Embu		39.8		47.4		50.2		37.1

				6 week		39.7975		45.89		54.2875		38.8375				6 week		39.0		47.1		51.8		38.8				Patulul		36.4		46.1		49.9		38.0

		Patulul		12 week		37.74		45.965		47.705		38.03																San Ramon		42.8		50.9		50.2		41.2

				6 week		35.1375		46.275		52		38.0575

		San Ramon		12 week		43.5575		52.5825		51.29		43.62

				6 week		42.0875		49.2625		49.0725		39.3975

						Jan'98		April'98		July'98		Oct'98
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BoundCT(all)

		Block!		Prov!		Provname!		Cutfreq!		Cutcode!		BndCT2		BndCT4		BndCT6		BndCT8

		1		1		Embu		12 week		2		48.1		65.4		80.5		46.1

		1		1		Embu		6 week		1		47.1		64.1		120.4		61.2

		1		2		San Ramon		12 week		2		53.9		48.1		68.9		49.5

		1		2		San Ramon		6 week		1		30.5		56.2		60.0		47.5

		1		3		Patulul		12 week		2		43.4		66.8		65.8		52.9

		1		3		Patulul		6 week		1		32.0		64.6		90.7		57.5

		2		1		Embu		12 week		2		67.3		53.1		61.4		66.2

		2		1		Embu		6 week		1		49.9		43.6		89.9		63.3

		2		2		San Ramon		12 week		2		28.8		55.3		49.8		50.2

		2		2		San Ramon		6 week		1		30.8		37.8		60.5		47.0

		2		3		Patulul		12 week		2		53.3		48.3		58.0		72.4

		2		3		Patulul		6 week		1		70.9		41.8		91.8		67.8

		3		1		Embu		12 week		2		44.6		73.1		91.2		75.1

		3		1		Embu		6 week		1		49.3		71.9		153.3		66.2

		3		2		San Ramon		12 week		2		16.5		50.2		84.5		63.7

		3		2		San Ramon		6 week		1		46.6		61.8		77.7		66.4

		3		3		Patulul		12 week		2		32.7		60.8		85.6		63.1

		3		3		Patulul		6 week		1		43.1		74.2		76.7		69.3

		4		1		Embu		12 week		2		73.3		96.2		48.7		63.2

		4		1		Embu		6 week		1		80.1		79.7		90.2		67.7

		4		2		San Ramon		12 week		2		57.6		49.7		46.9		56.2

		4		2		San Ramon		6 week		1		52.1		62.0		49.6		41.6

		4		3		Patulul		12 week		2		64.9		72.0		43.0		72.2

		4		3		Patulul		6 week		1		67.3		74.7		67.3		70.3





BoundCT(6wk)

		Block!		Prov!		Provname!		BndCT1		BndCT2		BndCT3		BndCT4		BndCT5		BndCT6		BndCT7		BndCT8		BndCT9

		1		1		Embu		40.176		47.132		38.546		64.118		39.563		120.422		83.863		61.173		73.677

		1		2		San Ramon		30.065		30.514		34.587		56.217		44.169		60.043		87.286		47.487		51.369

		1		3		Patulul		*		32.025		37.77		64.565		44.06		90.666		81.655		57.541		65.917

		2		1		Embu		50.502		49.909		33.449		43.571		42.541		89.852		69.542		63.267		64.991

		2		2		San Ramon		36.215		30.796		29.498		37.797		46.54		60.538		62.597		46.98		62.025

		2		3		Patulul		46.976		70.923		27.84		41.826		43.791		91.825		81.422		67.839		91.492

		3		1		Embu		48.249		49.275		106.162		71.942		57.538		153.317		76.552		66.21		*

		3		2		San Ramon		34.374		46.623		42.648		61.79		50.664		77.691		72.912		66.385		29.655

		3		3		Patulul		56.311		43.133		60.805		74.16		66.22		76.728		90.662		69.291		46.54

		4		1		Embu		33.741		80.077		57.832		79.741		59.517		90.158		82.558		67.665		57.262

		4		2		San Ramon		40.028		52.071		50.611		62.004		41.769		49.553		93.907		41.57		36.5

		4		3		Patulul		42.099		67.338		56.12		74.657		41.484		67.349		81.379		70.286		35.283





BoundCTall(graphs)

		Summaries (ave. across blocks)				1 & 2		3 & 4		5 & 6		7 & 8				Provenance summaries												Cut frequency summaries

						Data												Data												Data

		Provname!		Cutfreq!		Average of BndCT2		Average of BndCT4		Average of BndCT6		Average of BndCT8				Provname!		Average of BndCT2		Average of BndCT4		Average of BndCT6		Average of BndCT8				Cutfreq!		Average of BndCT2		Average of BndCT4		Average of BndCT6		Average of BndCT8

		Embu		12 week		58.3		72.0		70.4		62.7				Embu		57.5		68.4		91.9		63.6				12 week		48.7		61.6		65.4		60.9

				6 week		56.6		64.8		113.4		64.6				Patulul		51.0		62.9		72.4		65.7				6 week		50.0		61.0		85.7		60.5

		Patulul		12 week		48.6		62.0		63.1		65.2				San Ramon		39.6		52.6		62.2		52.8

				6 week		53.4		63.8		81.6		66.2						Jan'98		April'98		July'98		Oct'98

		San Ramon		12 week		39.2		50.8		62.5		54.9

				6 week		40.0		54.5		62.0		50.6
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				Nov		Jan		Feb		Apr		May		July		Aug		Oct		Nov

				Data

		Provname!		Average of BndCT1		Average of BndCT2		Average of BndCT3		Average of BndCT4		Average of BndCT5		Average of BndCT6		Average of BndCT7		Average of BndCT8		Average of BndCT9

		Embu		43.2		56.6		59.0		64.8		49.8		113.4		78.1		64.6		65.3

		Patulul		48.5		53.4		45.6		63.8		48.9		81.6		83.8		66.2		59.8

		San Ramon		35.2		40.0		39.3		54.5		45.8		62.0		79.2		50.6		44.9
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213.625

217.375



all

		plot		rep!		provenance!		provname!		cutfreq!		cutcode!		CP1		CP2		CP3		CP4		CP5		CP6		CP7		CP8		CP9

		1		1		1		Embu		12 week		2				25.0				22.1				22.6				20.2

		2		1		3		Patulul		12 week		2				23.8				20.8				20.9				20.7

		3		1		2		San Ramon		12 week		2				22.0				21.4				14.7				23.3

		4		1		1		Embu		6 week		1		21.3		24.9		*		22.4		23.8		15.5		23.1		21.7		22.9

		5		1		3		Patulul		6 week		1		27.2		24.7		23.1		20.9		23.7		14.9		21.8		20.0		22.5

		6		1		2		San Ramon		6 week		1		23.0		21.5		20.3		20.3		19.8		19.5		20.3		21.8		22.1

		7		2		2		San Ramon		6 week		1		18.6		20.9		21.8		21.0		19.8		19.3		23.4		18.2		20.5

		8		2		3		Patulul		6 week		1		23.5		23.5		23.2		20.9		23.4		16.1		25.4		22.0		23.0

		9		2		1		Embu		6 week		1		18.0		23.8		*		22.3		22.9		11.7		24.6		21.9		24.1

		10		2		1		Embu		12 week		2				22.8				18.2				18.4				24.2

		11		2		2		San Ramon		12 week		2				19.7				16.0				21.0				*

		12		2		3		Patulul		12 week		2				24.2				20.1				20.9				21.3

		13		3		1		Embu		6 week		1		21.8		25.4		20.8		19.4		23.5		18.9		24.3		23.9		21.9

		14		3		2		San Ramon		6 week		1		21.1		23.0		24.4		15.5		20.5		21.3		21.5		23.0		22.7

		15		3		3		Patulul		6 week		1		19.7		24.1		*		16.8		24.4		16.0		23.5		24.6		18.8

		16		3		3		Patulul		12 week		2				23.8				22.9				20.9				20.4

		17		3		1		Embu		12 week		2				22.8				22.8				17.8				23.2

		18		3		2		San Ramon		12 week		2				19.6				24.5				19.7				19.7

		19		4		1		Embu		12 week		2				21.8				20.9				21.4				22.1

		20		4		2		San Ramon		12 week		2				19.9				11.8				18.6				21.8

		21		4		3		Patulul		12 week		2				21.6				21.9				20.3				22.4

		22		4		1		Embu		6 week		1		17.9		22.3		23.0		24.1		21.2		14.8		24.9		25.6		24.7

		23		4		3		Patulul		6 week		1		24.9		22.6		21.8		23.7		19.3		14.9		24.4		23.4		21.2

		24		4		2		San Ramon		6 week		1		21.2		19.8		19.8		9.9		25.5		19.1		19.8		21.4		21.6





week6

		plot		rep!		provenance!		provname!		CP1		CP2		CP3		CP4		CP5		CP6		CP7		CP8		CP9

		4		1		1		Embu		213		249		*		224		238		155		231		217		229

		5		1		3		Patulul		272		247		231		209		237		149		218		200		225

		6		1		2		San Ramon		230		215		203		203		198		195		203		218		221

		7		2		2		San Ramon		186		209		218		210		198		193		234		182		205

		8		2		3		Patulul		235		235		232		209		234		161		254		220		230

		9		2		1		Embu		180		238		*		223		229		117		246		219		241

		13		3		1		Embu		218		254		208		194		235		189		243		239		219

		14		3		2		San Ramon		211		230		244		155		205		213		215		230		227

		15		3		3		Patulul		197		241		*		168		244		160		235		246		188

		22		4		1		Embu		179		223		230		241		212		148		249		256		247

		23		4		3		Patulul		249		226		218		237		193		149		244		234		212

		24		4		2		San Ramon		212		198		198		99		255		191		198		214		216





wk6 sums

				Data

		provname!		Average of CP1		Average of CP2		Average of CP3		Average of CP4		Average of CP5		Average of CP6		Average of CP7		Average of CP8		Average of CP9

		Embu		197.7		240.9		218.6		220.3		228.3		152.5		242.2		232.9		234.0

		Patulul		238.0		237.3		226.9		205.7		227.0		154.8		237.9		224.8		213.6

		San Ramon		209.5		213.1		215.6		166.9		213.8		197.8		212.4		211.1		217.4

				Nov		Jan		Feb		Apr		May		July		Aug		Oct		Nov





wk6 sums
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week12

		plot		rep!		provenance!		provname!		cutfreq!		cutcode!		CP2		CP4		CP6		CP8

		1		1		1		Embu		12 week		2		25.0		22.1		22.6		20.2

		2		1		3		Patulul		12 week		2		23.8		20.8		20.9		20.7

		3		1		2		San Ramon		12 week		2		22.0		21.4		14.7		23.3

		4		1		1		Embu		6 week		1		24.9		22.4		15.5		21.7

		5		1		3		Patulul		6 week		1		24.7		20.9		14.9		20.0

		6		1		2		San Ramon		6 week		1		21.5		20.3		19.5		21.8

		7		2		2		San Ramon		6 week		1		20.9		21.0		19.3		18.2

		8		2		3		Patulul		6 week		1		23.5		20.9		16.1		22.0

		9		2		1		Embu		6 week		1		23.8		22.3		11.7		21.9

		10		2		1		Embu		12 week		2		22.8		18.2		18.4		24.2

		11		2		2		San Ramon		12 week		2		19.7		16.0		21.0		*

		12		2		3		Patulul		12 week		2		24.2		20.1		20.9		21.3

		13		3		1		Embu		6 week		1		25.4		19.4		18.9		23.9

		14		3		2		San Ramon		6 week		1		23.0		15.5		21.3		23.0

		15		3		3		Patulul		6 week		1		24.1		16.8		16.0		24.6

		16		3		3		Patulul		12 week		2		23.8		22.9		20.9		20.4

		17		3		1		Embu		12 week		2		22.8		22.8		17.8		23.2

		18		3		2		San Ramon		12 week		2		19.6		24.5		19.7		19.7

		19		4		1		Embu		12 week		2		21.8		20.9		21.4		22.1

		20		4		2		San Ramon		12 week		2		19.9		11.8		18.6		21.8

		21		4		3		Patulul		12 week		2		21.6		21.9		20.3		22.4

		22		4		1		Embu		6 week		1		22.3		24.1		14.8		25.6

		23		4		3		Patulul		6 week		1		22.6		23.7		14.9		23.4

		24		4		2		San Ramon		6 week		1		19.8		9.9		19.1		21.4

						cut		hav2		hav4		hav6		hav8

						12 week		22.3		20.3		19.8		21.7

						6 week		23		19.8		16.8		22.3





week12

		0		0

		0		0

		0		0

		0		0



12 week

6 week

harvest

cp%

Table 3. Crude protein as affected by cutting frequency and harvest period



wk12 sums

						Data												Data												Data

		cutfreq!		provname!		Average of CP2		Average of CP4		Average of CP6		Average of CP8				cutfreq!		Average of CP2		Average of CP4		Average of CP6		Average of CP8				provname!		Average of CP2		Average of CP4		Average of CP6		Average of CP8

		12 week		Embu		23.1		21.0		20.0		22.4				12 week		22.2		20.3		19.8		21.7				Embu		23.6		21.5		17.6		22.9

				Patulul		23.4		21.4		20.8		21.2				6 week		23.0		19.8		16.8		22.3				Patulul		23.5		21.0		18.1		21.8

				San Ramon		20.3		18.4		18.5		21.6																San Ramon		20.8		17.5		19.1		21.3

		6 week		Embu		24.1		22.0		15.2		23.3

				Patulul		23.7		20.6		15.5		22.5

				San Ramon		21.3		16.7		19.8		21.1

						Jan'98		April'98		July'98		Oct'98





wk12 sums

		Jan'98		Jan'98		Jan'98		Jan'98		Jan'98		Jan'98

		April'98		April'98		April'98		April'98		April'98		April'98

		July'98		July'98		July'98		July'98		July'98		July'98

		Oct'98		Oct'98		Oct'98		Oct'98		Oct'98		Oct'98



12 week Embu

12 week Patulul

12 week San Ramon

6 week Embu

6 week Patulul

6 week San Ramon

23.1

23.35

20.2925

24.09

23.7325

21.3075

20.9775

21.4475

18.4

22.0325

20.5725

16.69

20.04

20.75

18.4825

15.245

15.475

19.7825

22.42

21.1875

21.5866666667

23.2925

22.4825

21.1125



		Jan'98		Jan'98

		April'98		April'98

		July'98		July'98

		Oct'98		Oct'98



6 week

12 week

Harvest

% Crude protein

Figure 2:%CP at 12week cutting time (average for each cut frequency)
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19.7575

22.2958333333

21.7445454545



		Jan'98		Jan'98		Jan'98

		April'98		April'98		April'98

		July'98		July'98		July'98

		Oct'98		Oct'98		Oct'98



Embu

Patulul

San Ramon

Harvest

% Crude protein

Figure 1: %CP at 12week cutting time (average for each provenance)
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Chart1

		Nov		Nov		Nov

		Jan		Jan		Jan

		Feb		Feb		Feb

		Apr		Apr		Apr

		May		May		May

		July		July		July

		Aug		Aug		Aug

		Oct		Oct		Oct

		Nov		Nov		Nov



Embu

Patulul

San Ramon

Harvest

% IVDMD

32.4325

31.1425

36.055

44.595

40.465

31.2125

40.2575

37.445

26.9625

40.6825

36.22

30.3375

41.255

34.8525

29.3075

32.5975

30.9325

23.455

41.65

39.6925

29.535

37.9525

34.545

33.115

39.005

34.895

34.525



ALL

		plot		rep!		provenance!		provname!		cutfreq!		cutcode!		IVDMD1		IVDMD2		IVDMD3		IVDMD4		IVDMD5		IVDMD6		IVDMD7		IVDMD8		IVDMD9

		1		1		1		Embu		12 week		2				40.1				39.0				32.2				33.6

		2		1		3		Patulul		12 week		2				38.9				28.7				35.1				31.4

		3		1		2		San Ramon		12 week		2				31.8				33.2				30.2				31.4

		4		1		1		Embu		6 week		1		25.8		39.7		43.7		42.6		38.7		33.4		49.8		37.1		38.5

		5		1		3		Patulul		6 week		1		25.9		45.3		37.9		32.9		34.8		30.3		39.7		31.3		42.2

		6		1		2		San Ramon		6 week		1		28.7		33.8		24.9		31.7		29.9		26.0		21.1		34.4		36.5

		7		2		2		San Ramon		6 week		1		42.6		24.3		28.5		32.0		30.4		24.7		26.5		33.5		35.8

		8		2		3		Patulul		6 week		1		36.5		34.6		35.1		42.3		32.2		29.6		35.0		31.1		32.9

		9		2		1		Embu		6 week		1		29.8		52.1		41.5		40.9		49.0		35.6		33.9		38.1		37.7

		10		2		1		Embu		12 week		2				36.3				38.6				27.4				38.3

		11		2		2		San Ramon		12 week		2				25.4				32.1				26.0				*

		12		2		3		Patulul		12 week		2				43.6				32.9				34.4				32.5

		13		3		1		Embu		6 week		1		46.7		52.1		37.6		40.1		46.2		28.1		44.0		41.7		33.7

		14		3		2		San Ramon		6 week		1		38.0		34.8		23.3		29.2		30.0		21.7		38.8		30.2		31.3

		15		3		3		Patulul		6 week		1		28.5		44.8		39.5		34.1		31.8		35.9		43.9		34.7		29.4

		16		3		3		Patulul		12 week		2				35.6				32.9				30.9				34.5

		17		3		1		Embu		12 week		2				42.2				30.5				37.8				35.5

		18		3		2		San Ramon		12 week		2				42.6				28.0				36.2				30.1

		19		4		1		Embu		12 week		2				36.4				39.7				38.4				37.9

		20		4		2		San Ramon		12 week		2				26.4				*				25.4				33.7

		21		4		3		Patulul		12 week		2				35.1				37.8				32.8				34.6

		22		4		1		Embu		6 week		1		27.4		34.4		38.2		39.2		31.1		33.2		38.9		35.0		46.2

		23		4		3		Patulul		6 week		1		33.7		37.1		37.2		35.6		40.6		27.9		40.2		41.2		35.1

		24		4		2		San Ramon		6 week		1		35.0		32.0		31.2		28.4		27.0		21.5		31.8		34.4		34.6





wk6sums

				Data

		provname!		Average of IVDMD1		Average of IVDMD2		Average of IVDMD3		Average of IVDMD4		Average of IVDMD5		Average of IVDMD6		Average of IVDMD7		Average of IVDMD8		Average of IVDMD9

		Embu		32.4		44.6		40.3		40.7		41.3		32.6		41.7		38.0		39.0

		Patulul		31.1		40.5		37.4		36.2		34.9		30.9		39.7		34.5		34.9

		San Ramon		36.1		31.2		27.0		30.3		29.3		23.5		29.5		33.1		34.5

				Nov		Jan		Feb		Apr		May		July		Aug		Oct		Nov





wk6sums
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6WEEK

		plot		rep!		provenance!		provname!		cutfreq!		cutcode!		IVDMD1		IVDMD2		IVDMD3		IVDMD4		IVDMD5		IVDMD6		IVDMD7		IVDMD8		IVDMD9

		4		1		1		Embu		6 week		1		25.8		39.7		43.7		42.6		38.7		33.4		49.8		37.1		38.5

		5		1		3		Patulul		6 week		1		25.9		45.3		37.9		32.9		34.8		30.3		39.7		31.3		42.2

		6		1		2		San Ramon		6 week		1		28.7		33.8		24.9		31.7		29.9		26.0		21.1		34.4		36.5

		7		2		2		San Ramon		6 week		1		42.6		24.3		28.5		32.0		30.4		24.7		26.5		33.5		35.8

		8		2		3		Patulul		6 week		1		36.5		34.6		35.1		42.3		32.2		29.6		35.0		31.1		32.9

		9		2		1		Embu		6 week		1		29.8		52.1		41.5		40.9		49.0		35.6		33.9		38.1		37.7

		13		3		1		Embu		6 week		1		46.7		52.1		37.6		40.1		46.2		28.1		44.0		41.7		33.7

		14		3		2		San Ramon		6 week		1		38.0		34.8		23.3		29.2		30.0		21.7		38.8		30.2		31.3

		15		3		3		Patulul		6 week		1		28.5		44.8		39.5		34.1		31.8		35.9		43.9		34.7		29.4

		22		4		1		Embu		6 week		1		27.4		34.4		38.2		39.2		31.1		33.2		38.9		35.0		46.2

		23		4		3		Patulul		6 week		1		33.7		37.1		37.2		35.6		40.6		27.9		40.2		41.2		35.1

		24		4		2		San Ramon		6 week		1		35.0		32.0		31.2		28.4		27.0		21.5		31.8		34.4		34.6





wk12 sums

						Data												Data												Data

		provname!		cutfreq!		Average of IVDMD2		Average of IVDMD4		Average of IVDMD6		Average of IVDMD8				cutfreq!		Average of IVDMD2		Average of IVDMD4		Average of IVDMD6		Average of IVDMD8				provname!		Average of IVDMD2		Average of IVDMD4		Average of IVDMD6		Average of IVDMD8

		Embu		12 week		38.8		36.9		34.0		36.3				12 week		36.2		33.9		32.2		34.0				Embu		41.7		38.8		33.3		37.1

				6 week		44.6		40.7		32.6		38.0				6 week		38.8		35.7		29.0		35.2				Patulul		39.4		34.6		32.1		33.9

		Patulul		12 week		38.3		33.1		33.3		33.2																San Ramon		31.4		30.7		26.4		32.5

				6 week		40.5		36.2		30.9		34.5

		San Ramon		12 week		31.5		31.1		29.4		31.7

				6 week		31.2		30.3		23.5		33.1

						Jan'98		April'98		July'98		Oct'98





wk12 sums

		Jan'98		Jan'98		Jan'98		Jan'98		Jan'98		Jan'98

		April'98		April'98		April'98		April'98		April'98		April'98

		July'98		July'98		July'98		July'98		July'98		July'98

		Oct'98		Oct'98		Oct'98		Oct'98		Oct'98		Oct'98
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Figure 4: %IVDMD at 12week cutting time (average for each provenance)



		plot		rep!		provenance!		provname!		cutfreq!		cutcode!		IVDMD2		IVDMD4		IVDMD6		IVDMD8

		1		1		1		Embu		12 week		2		40.1		39.0		32.2		33.6

		2		1		3		Patulul		12 week		2		38.9		28.7		35.1		31.4

		3		1		2		San Ramon		12 week		2		31.8		33.2		30.2		31.4

		4		1		1		Embu		6 week		1		39.7		42.6		33.4		37.1

		5		1		3		Patulul		6 week		1		45.3		32.9		30.3		31.3

		6		1		2		San Ramon		6 week		1		33.8		31.7		26.0		34.4

		7		2		2		San Ramon		6 week		1		24.3		32.0		24.7		33.5

		8		2		3		Patulul		6 week		1		34.6		42.3		29.6		31.1

		9		2		1		Embu		6 week		1		52.1		40.9		35.6		38.1

		10		2		1		Embu		12 week		2		36.3		38.6		27.4		38.3

		11		2		2		San Ramon		12 week		2		25.4		32.1		26.0		*

		12		2		3		Patulul		12 week		2		43.6		32.9		34.4		32.5

		13		3		1		Embu		6 week		1		52.1		40.1		28.1		41.7

		14		3		2		San Ramon		6 week		1		34.8		29.2		21.7		30.2

		15		3		3		Patulul		6 week		1		44.8		34.1		35.9		34.7

		16		3		3		Patulul		12 week		2		35.6		32.9		30.9		34.5

		17		3		1		Embu		12 week		2		42.2		30.5		37.8		35.5

		18		3		2		San Ramon		12 week		2		42.6		28.0		36.2		30.1

		19		4		1		Embu		12 week		2		36.4		39.7		38.4		37.9

		20		4		2		San Ramon		12 week		2		26.4		*		25.4		33.7

		21		4		3		Patulul		12 week		2		35.1		37.8		32.8		34.6

		22		4		1		Embu		6 week		1		34.4		39.2		33.2		35.0

		23		4		3		Patulul		6 week		1		37.1		35.6		27.9		41.2

		24		4		2		San Ramon		6 week		1		32.0		28.4		21.5		34.4
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		22/09/1998		22/09/1998		22/09/1998		22/09/1998		22/09/1998

		23/09/1998		23/09/1998		23/09/1998		23/09/1998		23/09/1998

		24/09/1998		24/09/1998		24/09/1998		24/09/1998		24/09/1998

		25/09/1998		25/09/1998		25/09/1998		25/09/1998		25/09/1998

		26/09/1998		26/09/1998		26/09/1998		26/09/1998		26/09/1998

		27/09/1998		27/09/1998		27/09/1998		27/09/1998		27/09/1998

		28/09/1998		28/09/1998		28/09/1998		28/09/1998		28/09/1998

		29/09/1998		29/09/1998		29/09/1998		29/09/1998		29/09/1998

		30/09/1998		30/09/1998		30/09/1998		30/09/1998		30/09/1998

		01/10/1998		01/10/1998		01/10/1998		01/10/1998		01/10/1998

		02/10/1998		02/10/1998		02/10/1998		02/10/1998		02/10/1998

		03/10/1998		03/10/1998		03/10/1998		03/10/1998		03/10/1998

		04/10/1998		04/10/1998		04/10/1998		04/10/1998		04/10/1998

		05/10/1998		05/10/1998		05/10/1998		05/10/1998		05/10/1998

		06/10/1998		06/10/1998		06/10/1998		06/10/1998		06/10/1998

		07/10/1998		07/10/1998		07/10/1998		07/10/1998		07/10/1998

		08/10/1998		08/10/1998		08/10/1998		08/10/1998		08/10/1998

		09/10/1998		09/10/1998		09/10/1998		09/10/1998		09/10/1998

		10/10/1998		10/10/1998		10/10/1998		10/10/1998		10/10/1998

		11/10/1998		11/10/1998		11/10/1998		11/10/1998		11/10/1998

		12/10/1998		12/10/1998		12/10/1998		12/10/1998		12/10/1998

		13/10/1998		13/10/1998		13/10/1998		13/10/1998		13/10/1998

		14/10/1998		14/10/1998		14/10/1998		14/10/1998		14/10/1998

		15/10/1998		15/10/1998		15/10/1998		15/10/1998		15/10/1998

		16/10/1998		16/10/1998		16/10/1998		16/10/1998		16/10/1998

		17/10/1998		17/10/1998		17/10/1998		17/10/1998		17/10/1998

		18/10/1998		18/10/1998		18/10/1998		18/10/1998		18/10/1998

		19/10/1998		19/10/1998		19/10/1998		19/10/1998		19/10/1998

		20/10/1998		20/10/1998		20/10/1998		20/10/1998		20/10/1998

		21/10/1998		21/10/1998		21/10/1998		21/10/1998		21/10/1998

		22/10/1998		22/10/1998		22/10/1998		22/10/1998		22/10/1998

		23/10/1998		23/10/1998		23/10/1998		23/10/1998		23/10/1998

		24/10/1998		24/10/1998		24/10/1998		24/10/1998		24/10/1998

		25/10/1998		25/10/1998		25/10/1998		25/10/1998		25/10/1998

		26/10/1998		26/10/1998		26/10/1998		26/10/1998		26/10/1998

		27/10/1998		27/10/1998		27/10/1998		27/10/1998		27/10/1998

		28/10/1998		28/10/1998		28/10/1998		28/10/1998		28/10/1998

		29/10/1998		29/10/1998		29/10/1998		29/10/1998		29/10/1998

		30/10/1998		30/10/1998		30/10/1998		30/10/1998		30/10/1998

		31/10/1998		31/10/1998		31/10/1998		31/10/1998		31/10/1998

		01/11/1998		01/11/1998		01/11/1998		01/11/1998		01/11/1998

		02/11/1998		02/11/1998		02/11/1998		02/11/1998		02/11/1998

		03/11/1998		03/11/1998		03/11/1998		03/11/1998		03/11/1998

		04/11/1998		04/11/1998		04/11/1998		04/11/1998		04/11/1998

		05/11/1998		05/11/1998		05/11/1998		05/11/1998		05/11/1998

		06/11/1998		06/11/1998		06/11/1998		06/11/1998		06/11/1998

		07/11/1998		07/11/1998		07/11/1998		07/11/1998		07/11/1998

		08/11/1998		08/11/1998		08/11/1998		08/11/1998		08/11/1998

		09/11/1998		09/11/1998		09/11/1998		09/11/1998		09/11/1998

		10/11/1998		10/11/1998		10/11/1998		10/11/1998		10/11/1998

		11/11/1998		11/11/1998		11/11/1998		11/11/1998		11/11/1998

		12/11/1998		12/11/1998		12/11/1998		12/11/1998		12/11/1998

		13/11/1998		13/11/1998		13/11/1998		13/11/1998		13/11/1998

		14/11/1998		14/11/1998		14/11/1998		14/11/1998		14/11/1998

		15/11/1998		15/11/1998		15/11/1998		15/11/1998		15/11/1998

		16/11/1998		16/11/1998		16/11/1998		16/11/1998		16/11/1998

		17/11/1998		17/11/1998		17/11/1998		17/11/1998		17/11/1998

		18/11/1998		18/11/1998		18/11/1998		18/11/1998		18/11/1998

		19/11/1998		19/11/1998		19/11/1998		19/11/1998		19/11/1998

		20/11/1998		20/11/1998		20/11/1998		20/11/1998		20/11/1998

		21/11/1998		21/11/1998		21/11/1998		21/11/1998		21/11/1998

		22/11/1998		22/11/1998		22/11/1998		22/11/1998		22/11/1998

		23/11/1998		23/11/1998		23/11/1998		23/11/1998		23/11/1998

		24/11/1998		24/11/1998		24/11/1998		24/11/1998		24/11/1998

		25/11/1998		25/11/1998		25/11/1998		25/11/1998		25/11/1998

		26/11/1998		26/11/1998		26/11/1998		26/11/1998		26/11/1998

		27/11/1998		27/11/1998		27/11/1998		27/11/1998		27/11/1998

		28/11/1998		28/11/1998		28/11/1998		28/11/1998		28/11/1998

		29/11/1998		29/11/1998		29/11/1998		29/11/1998		29/11/1998

		30/11/1998		30/11/1998		30/11/1998		30/11/1998		30/11/1998

		01/12/1998		01/12/1998		01/12/1998		01/12/1998		01/12/1998

		02/12/1998		02/12/1998		02/12/1998		02/12/1998		02/12/1998

		03/12/1998		03/12/1998		03/12/1998		03/12/1998		03/12/1998

		04/12/1998		04/12/1998		04/12/1998		04/12/1998		04/12/1998

		05/12/1998		05/12/1998		05/12/1998		05/12/1998		05/12/1998

		06/12/1998		06/12/1998		06/12/1998		06/12/1998		06/12/1998

		07/12/1998		07/12/1998		07/12/1998		07/12/1998		07/12/1998

		08/12/1998		08/12/1998		08/12/1998		08/12/1998		08/12/1998

		09/12/1998		09/12/1998		09/12/1998		09/12/1998		09/12/1998

		10/12/1998		10/12/1998		10/12/1998		10/12/1998		10/12/1998

		11/12/1998		11/12/1998		11/12/1998		11/12/1998		11/12/1998

		12/12/1998		12/12/1998		12/12/1998		12/12/1998		12/12/1998

		13/12/1998		13/12/1998		13/12/1998		13/12/1998		13/12/1998

		14/12/1998		14/12/1998		14/12/1998		14/12/1998		14/12/1998

		15/12/1998		15/12/1998		15/12/1998		15/12/1998		15/12/1998

		16/12/1998		16/12/1998		16/12/1998		16/12/1998		16/12/1998

		17/12/1998		17/12/1998		17/12/1998		17/12/1998		17/12/1998

		18/12/1998		18/12/1998		18/12/1998		18/12/1998		18/12/1998

		19/12/1998		19/12/1998		19/12/1998		19/12/1998		19/12/1998

		20/12/1998		20/12/1998		20/12/1998		20/12/1998		20/12/1998

		21/12/1998		21/12/1998		21/12/1998		21/12/1998		21/12/1998

		22/12/1998		22/12/1998		22/12/1998		22/12/1998		22/12/1998

		23/12/1998		23/12/1998		23/12/1998		23/12/1998		23/12/1998

		24/12/1998		24/12/1998		24/12/1998		24/12/1998		24/12/1998

		25/12/1998		25/12/1998		25/12/1998		25/12/1998		25/12/1998

		26/12/1998		26/12/1998		26/12/1998		26/12/1998		26/12/1998

		27/12/1998		27/12/1998		27/12/1998		27/12/1998		27/12/1998

		28/12/1998		28/12/1998		28/12/1998		28/12/1998		28/12/1998

		29/12/1998		29/12/1998		29/12/1998		29/12/1998		29/12/1998

		30/12/1998		30/12/1998		30/12/1998		30/12/1998		30/12/1998

		31/12/1998		31/12/1998		31/12/1998		31/12/1998		31/12/1998



TEMP MAX

TEMP MIN

RADIATION MJm-2

EVAPORATION mm

RAIN mm

24.5

12.7

21.27

6

0

25.4

14.8

25.97

5

0

25.4

15.7

26.23

5.8

0.3

25.2

14.1

20.45

6

0

25.2

13

21.27

5

0

25.3

13.2

21.27

0

0.6

24.5

17.8

19.51

0

0

24.9

12.2

24.09

0

0

26.1

13.2

21.7

5

0

26.1

13.4

21.67

5

0

25.4

13.7

21.52

7.5

0

26.8

13.7

27.04

5.5

0

25.8

11.4

25.03

8

0

27.7

11.7

25.63

5.5

0

25.6

14

20.92

6

0

26.8

12.3

25.76

5.5

0

28.1

12.7

25.76

7

0

27.8

14.5

25.08

6.5

0

27.7

12.1

25.29

6.5

0

27.5

11.6

26.1

7.5

0

28.3

12.7

26.7

7

0

27.8

13.2

26.1

7.5

0

27

13

25.29

9

0

26.7

13.7

25.08

4.5

0

25.6

13

24.35

7

0

26.4

13.7

24.35

7

0

27.6

13.7

17.8

7.5

0

27.6

12.7

23.41

7

0

28.6

12.7

25.16

8

0

29.3

13.5

27.51

8

0

29.3

12.8

22.19

8

0

29.2

13.8

27.64

9.5

0

29.2

16.5

25.42

8

0

29.2

12.5

27.43

8

0

28

13.7

25.55

10.5

0

28.1

14

25.29

8

0

28

14.5

26.57

8.5

0

26.2

12.5

25.29

7.5

0

26.2

12.6

25.76

7.5

0

28.6

12.2

26.1

8.5

0

27.7

14.6

26.57

6.5

0

27.6

13.4

26.26

9

0

28.3

13.1

25.63

7.5

0

28.4

12.8

26.92

7

0

29

12.7

27.43

9

0

28.2

12.7

26.23

8

0

27.2

12.8

25.63

9

0

28.2

14.2

27.99

8.5

0

27.8

13.7

26.23

7.5

0

27.8

14.8

25.76

8

0

28.4

12.7

27.64

8.5

0

28.6

14.2

25.97

10

0

29.7

12.6

27.3

7

0

29.4

12.2

28.46

0

0

29.4

13

28.11

0

0

30.8

13.6

27.43

0

0

29.9

12.7

26.87

9

0

29.3

12.8

26.92

0

0

28.7

11.9

27.86

0

0

28.3

14.4

25.25

0

0

27.8

14.4

24.48

6.5

0

27.9

13.5

26.1

9

0

28.5

12.7

27.64

7

0

29.3

11

27.99

7.5

0

29.5

12.7

27.39

7.5

0

30.2

13.2

25.76

7

0

28.6

16.5

25.63

7.5

0

29.2

13.4

25.51

7

0

29.4

12.7

27.99

8

0

27.9

15.3

26.02

7

0

27.8

12.2

25.76

7

0

29.1

12.4

28.11

7

0

29.9

14.8

26.7

7.5

0

30

14.3

26.72

7.5

0

30

15.7

26.23

8.5

0

29.2

16.2

21.86

6

0

28.6

15.7

21.99

7.5

0

27.7

16.5

22.72

5.5

0

29.1

17.2

25.42

7.5

0

27.9

15.7

22.51

6.5

0

29

17.5

22.17

7

0

29

17.6

20.33

6

13

26.6

17.2

17.37

5.9

22.9

24.9

16.7

15.88

4.8

0.8

27.3

16.3

22.38

6

0

28.2

17.4

20.11

4.8

0.8

28.6

17.5

18.96

5.8

1.8

28

18

18.31

0

52.6

22.7

14.7

11.43

2.5

0

23.6

15.4

9.97

1

0

26.7

13

26.23

6.5

0

28.2

15.3

25.06

9.2

20.7

25.5

17

18.82

4

0

28.1

17.2

19.17

6.1

18.6

25.6

16

16.82

4.5

4.5

24.7

16.7

8.93

2.5

0.5

26.5

16.4

16.58

5.4

14.9

26.6

15.4

17.87

5.8

3.3

24.3

16.3

9.29

7

27

25.8

15.4

18.67

6.8

20.8

24.9

15

20.54

4.5

0

24.9

14.8

14.23

0

41.3

24.6

16.3

16.23

4.6

4.1

24.3

15.3

17.99

4

0

25.2

13.8

16.82

6.2

4.1

24.6

15.4

12.93

5.7

28.2

25.2

16.1

15.76

0

58.4

25.2

15.6

13.88

3.3

4.8

24

16.3

11.17

3

0

24.9

17

14.47

4.5

5.5

25

17.2

11.51

0

104.5

25.3

15.3

19.77

0

40.1

24.8

16.7

17.54

0

37.8

23.3

16

12.84

4.4

8.9

24

15.5

17.29

7.6

32.6

22.7

15.4

14.25

2

0

24.8

17.1

20.84

4.3

2.8

24.8

16

18.23

4.2

2.2

24.7

16.7

18.44

5.3

5.8

24.4

16.1

16.82

3.4

2.4

23.4

16.5

11.64

1.1

6.1

22.9

15.2

13.52

3.5

0

24.3

15

17.29

5

3.5

24.3

16.2

18.19

4.2

0.2

23

16.1

10.91

4

8

23.8

15.4

14.46

0

49.2

23.1

14.1

16.13

3.5

0

23.8

14.4

19.77

4.5

0

23.3

15.1

15.06

3.5

0

24.2

13.6

18.19

3.5

0

23

15.5

12.37

3.2

0.7

23.3

16.7

11.04

2.2

0.7

24.5

14.5

19.17

4

0

23.8

14.3

15.53

4.3

8.8

24.4

14.8

16.82

3.8

0.8

24.2

14.3

17.29

3.4

14

23

15.5

15.06

3.5

0

24.4

14

21.52

4

0

24.4

14.7

17.63

4.5

0

23.9

14.4

17.76

4.5

0

24.5

13.2

20.37

3.7

0.7

24

15.9

16.82

4.1

3.6

23.9

14.6

11.98

3

0

23.5

15.8

12.45

3

0

24.4

13.5

17.89

5

0

24.6

15.9

17.63

3.5

0

25

15

16.82

4

0

24.8

15.4

15.28

3

0

25.3

15.4

18.44

4

0.5

24.4

14.9

17.89

3.5

0

23.9

13.5

20.92

5.5

4.8

23.4

14.2

18.57

5.5

0

23.8

14.8

16.69

4

0

23.7

14.8

14.46

3.5

0

23.8

13

14.34

3

0

23.2

14.4

17.42

3.5

0

21.5

15.2

8.6

3.6

1.1

23.6

15.4

11.17

2.5

0.2

24.7

15.8

16.95

4

0

24.8

16.5

13.86

3

0

25.2

14.7

17.42

3.5

0

23.7

14.8

15.12

4

0

24.9

14.4

21.05

0

2.5

23.8

10.7

14.59

6

0

25.3

15.6

18.57

6.5

5

24.2

13.3

16.56

2

0

22.9

13.4

10.23

3.5

0

21.6

15.2

8

0.4

3.9

22.7

14.8

13.31

4.7

3.2

21.1

14.9

8.09

1.5

0

22.6

14.5

15.06

3.3

1.8

22.1

14.1

10.36

2.5

0

23.3

14.5

14.25

4

0

24.2

14.3

16.47

3.5

0

25

13.7

14.46

4.5

0

24

14.2

17.63

3

0

23.7

14.1

16.56

4.5

0

24.8

14.4

16.47

3

0

22.8

14.5

11.64

3

0

20

14.4

8

3.3

2.3

19.3

13.5

6.33

0.2

3.2

19.3

14.1

5.05

2.8

8.3

19.2

13.7

5.52

1.9

1.4

18.3

13.7

5.52

1

0

22.4

14.1

11.64

2.5

0

23.1

14.6

11.98

4.5

0

23.5

13.3

15.66

3.5

0

24.2

14.9

14.81

3.4

1.4

21.4

14.1

9.76

2

0

24

14.3

15.19

3.8

0.8

19.6

14

6.12

0

3

23

13.5

16.47

4.4

0.4

21

13.4

9.16

3

0

20.6

13.3

10.48

2.5

0

22.4

13

12.11

3

0

21.2

13.2

10.1

2

0

18.4

12.5

5.65

2

0

23

12.7
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1997

		

				TEMP		TEMP		RADIATION		EVAPORATION		RAIN

				MAX		MIN		MJm-2		mm		mm						max. temp.		min. temp.		radiation		evaporation		rainfall

		1/1/97		24.5		12.7		21.27		6		0				Oct		22.73		15.13		16.38				386.9

		1/2/97		25.4		14.8		25.97		5		0				Nov		23.61		15.71		14.92				355.3

		1/3/97		25.4		15.7		26.23		5.8		0.3				Dec		23.81		15.16		17.53				139.4

		1/4/97		25.2		14.1		20.45		6		0				Jan		24.53		19.63		18.07				166.5

		1/5/97		25.2		13		21.27		5		0				Feb		26.18		14.28		21.01				164.8

		1/6/97		25.3		13.2		21.27		0		0.6				Mar		26.41		15.20		22.42				163.4

		1/7/97		24.5		17.8		19.51		0		0				Apr		25.80		16.20		19.54				212.8

		1/8/97		24.9		12.2		24.09		0		0				May		24.30		15.53		1.06				99.7

		1/9/97		26.1		13.2		21.7		5		0				June		22.56		14.22		14.26				2.95

		1/10/97		26.1		13.4		21.67		5		0				July		19.85		13.26		4.70				6.1

		1/11/97		25.4		13.7		21.52		7.5		0				Aug		20.01		13.06		6.75				40.0

		1/12/97		26.8		13.7		27.04		5.5		0				Sep		23.79		13.84		10.64				2.8

		1/13/97		25.8		11.4		25.03		8		0

		1/14/97		27.7		11.7		25.63		5.5		0				to h1 (4/12/97)		23.7428571429		15.6357142857		14.7907142857				466.72

		1/15/97		25.6		14		20.92		6		0				to h2 (15/1/98)		23.880952381		18.5857142857		17.1152380952				234.3

		1/16/97		26.8		12.3		25.76		5.5		0				to h3 (26/2/98)		25.6571428571		14.7452380952		19.9880952381				215.8

		1/17/97		28.1		12.7		25.76		7		0				to h4 (9/4/98)		26.430952381		15.1071428571		22.5435714286				205.4

		1/18/97		27.8		14.5		25.08		6.5		0				to h5 (21/5/98)		25.0023809524		16.2261904762		9.92125				269.1

		1/19/97		27.7		12.1		25.29		6.5		0				to h6 (2/7/98)		22.8904761905		14.265		10.5014285714				89.9

		1/20/97		27.5		11.6		26.1		7.5		0				to h7 (13/8/98)		19.9738095238		13.1		5.1833333333				19.2

		1/21/97		28.3		12.7		26.7		7		0				to h8 (24/9/98)		21.9166666667		13.5428571429		9.7857142857				29.1

		1/22/97		27.8		13.2		26.1		7.5		0				to h9 (29/10/98)		25.6942857143		14.0428571429		6.0414285714				1.1

		1/23/97		27		13		25.29		9		0

		1/24/97		26.7		13.7		25.08		4.5		0

		1/25/97		25.6		13		24.35		7		0

		1/26/97		26.4		13.7		24.35		7		0

		1/27/97		27.6		13.7		17.8		7.5		0

		1/28/97		27.6		12.7		23.41		7		0

		1/29/97		28.6		12.7		25.16		8		0

		1/30/97		29.3		13.5		27.51		8		0

		1/31/97		29.3		12.8		22.19		8		0

		2/1/97		29.2		13.8		27.64		9.5		0

		2/2/97		29.2		16.5		25.42		8		0

		2/3/97		29.2		12.5		27.43		8		0

		2/4/97		28		13.7		25.55		10.5		0

		2/5/97		28.1		14		25.29		8		0

		2/6/97		28		14.5		26.57		8.5		0

		2/7/97		26.2		12.5		25.29		7.5		0

		2/8/97		26.2		12.6		25.76		7.5		0

		2/9/97		28.6		12.2		26.1		8.5		0

		2/10/97		27.7		14.6		26.57		6.5		0

		2/11/97		27.6		13.4		26.26		9		0

		2/12/97		28.3		13.1		25.63		7.5		0

		2/13/97		28.4		12.8		26.92		7		0

		2/14/97		29		12.7		27.43		9		0

		2/15/97		28.2		12.7		26.23		8		0

		2/16/97		27.2		12.8		25.63		9		0

		2/17/97		28.2		14.2		27.99		8.5		0

		2/18/97		27.8		13.7		26.23		7.5		0

		2/19/97		27.8		14.8		25.76		8		0

		2/20/97		28.4		12.7		27.64		8.5		0

		2/21/97		28.6		14.2		25.97		10		0

		2/22/97		29.7		12.6		27.3		7		0

		2/23/97		29.4		12.2		28.46		0		0

		2/24/97		29.4		13		28.11		0		0

		2/25/97		30.8		13.6		27.43		0		0

		2/26/97		29.9		12.7		26.87		9		0

		2/27/97		29.3		12.8		26.92		0		0

		2/28/97		28.7		11.9		27.86		0		0

		3/1/97		28.3		14.4		25.25		0		0

		3/2/97		27.8		14.4		24.48		6.5		0

		3/3/97		27.9		13.5		26.1		9		0

		3/4/97		28.5		12.7		27.64		7		0

		3/5/97		29.3		11		27.99		7.5		0

		3/6/97		29.5		12.7		27.39		7.5		0

		3/7/97		30.2		13.2		25.76		7		0

		3/8/97		28.6		16.5		25.63		7.5		0

		3/9/97		29.2		13.4		25.51		7		0

		3/10/97		29.4		12.7		27.99		8		0

		3/11/97		27.9		15.3		26.02		7		0

		3/12/97		27.8		12.2		25.76		7		0

		3/13/97		29.1		12.4		28.11		7		0

		3/14/97		29.9		14.8		26.7		7.5		0

		3/15/97		30		14.3		26.72		7.5		0

		3/16/97		30		15.7		26.23		8.5		0

		3/17/97		29.2		16.2		21.86		6		0

		3/18/97		28.6		15.7		21.99		7.5		0

		3/19/97		27.7		16.5		22.72		5.5		0

		3/20/97		29.1		17.2		25.42		7.5		0

		3/21/97		27.9		15.7		22.51		6.5		0

		3/22/97		29		17.5		22.17		7		0

		3/23/97		29		17.6		20.33		6		13

		3/24/97		26.6		17.2		17.37		5.9		22.9

		3/25/97		24.9		16.7		15.88		4.8		0.8

		3/26/97		27.3		16.3		22.38		6		0

		3/27/97		28.2		17.4		20.11		4.8		0.8

		3/28/97		28.6		17.5		18.96		5.8		1.8

		3/29/97		28		18		18.31		0		52.6

		3/30/97		22.7		14.7		11.43		2.5		0

		3/31/97		23.6		15.4		9.97		1		0

		4/1/97		26.7		13		26.23		6.5		0

		4/2/97		28.2		15.3		25.06		9.2		20.7

		4/3/97		25.5		17		18.82		4		0

		4/4/97		28.1		17.2		19.17		6.1		18.6

		4/5/97		25.6		16		16.82		4.5		4.5

		4/6/97		24.7		16.7		8.93		2.5		0.5

		4/7/97		26.5		16.4		16.58		5.4		14.9

		4/8/97		26.6		15.4		17.87		5.8		3.3

		4/9/97		24.3		16.3		9.29		7		27

		4/10/97		25.8		15.4		18.67		6.8		20.8

		4/11/97		24.9		15		20.54		4.5		0

		4/12/97		24.9		14.8		14.23		0		41.3

		4/13/97		24.6		16.3		16.23		4.6		4.1

		4/14/97		24.3		15.3		17.99		4		0

		4/15/97		25.2		13.8		16.82		6.2		4.1

		4/16/97		24.6		15.4		12.93		5.7		28.2

		4/17/97		25.2		16.1		15.76		0		58.4

		4/18/97		25.2		15.6		13.88		3.3		4.8

		4/19/97		24		16.3		11.17		3		0

		4/20/97		24.9		17		14.47		4.5		5.5

		4/21/97		25		17.2		11.51		0		104.5

		4/22/97		25.3		15.3		19.77		0		40.1

		4/23/97		24.8		16.7		17.54		0		37.8

		4/24/97		23.3		16		12.84		4.4		8.9

		4/25/97		24		15.5		17.29		7.6		32.6

		4/26/97		22.7		15.4		14.25		2		0

		4/27/97		24.8		17.1		20.84		4.3		2.8

		4/28/97		24.8		16		18.23		4.2		2.2

		4/29/97		24.7		16.7		18.44		5.3		5.8

		4/30/97		24.4		16.1		16.82		3.4		2.4

		5/1/97		23.4		16.5		11.64		1.1		6.1

		5/2/97		22.9		15.2		13.52		3.5		0

		5/3/97		24.3		15		17.29		5		3.5

		5/4/97		24.3		16.2		18.19		4.2		0.2

		5/5/97		23		16.1		10.91		4		8

		5/6/97		23.8		15.4		14.46		0		49.2

		5/7/97		23.1		14.1		16.13		3.5		0

		5/8/97		23.8		14.4		19.77		4.5		0

		5/9/97		23.3		15.1		15.06		3.5		0

		5/10/97		24.2		13.6		18.19		3.5		0

		5/11/97		23		15.5		12.37		3.2		0.7

		5/12/97		23.3		16.7		11.04		2.2		0.7

		5/13/97		24.5		14.5		19.17		4		0

		5/14/97		23.8		14.3		15.53		4.3		8.8

		5/15/97		24.4		14.8		16.82		3.8		0.8

		5/16/97		24.2		14.3		17.29		3.4		14

		5/17/97		23		15.5		15.06		3.5		0

		5/18/97		24.4		14		21.52		4		0

		5/19/97		24.4		14.7		17.63		4.5		0

		5/20/97		23.9		14.4		17.76		4.5		0

		5/21/97		24.5		13.2		20.37		3.7		0.7

		5/22/97		24		15.9		16.82		4.1		3.6

		5/23/97		23.9		14.6		11.98		3		0

		5/24/97		23.5		15.8		12.45		3		0

		5/25/97		24.4		13.5		17.89		5		0

		5/26/97		24.6		15.9		17.63		3.5		0

		5/27/97		25		15		16.82		4		0

		5/28/97		24.8		15.4		15.28		3		0

		5/29/97		25.3		15.4		18.44		4		0.5

		5/30/97		24.4		14.9		17.89		3.5		0

		5/31/97		23.9		13.5		20.92		5.5		4.8

		6/1/97		23.4		14.2		18.57		5.5		0

		6/2/97		23.8		14.8		16.69		4		0

		6/3/97		23.7		14.8		14.46		3.5		0

		6/4/97		23.8		13		14.34		3		0

		6/5/97		23.2		14.4		17.42		3.5		0

		6/6/97		21.5		15.2		8.6		3.6		1.1

		6/7/97		23.6		15.4		11.17		2.5		0.2

		6/8/97		24.7		15.8		16.95		4		0

		6/9/97		24.8		16.5		13.86		3		0

		6/10/97		25.2		14.7		17.42		3.5		0

		6/11/97		23.7		14.8		15.12		4		0

		6/12/97		24.9		14.4		21.05		0		2.5

		6/13/97		23.8		10.7		14.59		6		0

		6/14/97		25.3		15.6		18.57		6.5		5

		6/15/97		24.2		13.3		16.56		2		0

		6/16/97		22.9		13.4		10.23		3.5		0

		6/17/97		21.6		15.2		8		0.4		3.9

		6/18/97		22.7		14.8		13.31		4.7		3.2

		6/19/97		21.1		14.9		8.09		1.5		0

		6/20/97		22.6		14.5		15.06		3.3		1.8

		6/21/97		22.1		14.1		10.36		2.5		0

		6/22/97		23.3		14.5		14.25		4		0

		6/23/97		24.2		14.3		16.47		3.5		0

		6/24/97		25		13.7		14.46		4.5		0

		6/25/97		24		14.2		17.63		3		0

		6/26/97		23.7		14.1		16.56		4.5		0

		6/27/97		24.8		14.4		16.47		3		0

		6/28/97		22.8		14.5		11.64		3		0

		6/29/97		20		14.4		8		3.3		2.3

		6/30/97		19.3		13.5		6.33		0.2		3.2

		7/1/97		19.3		14.1		5.05		2.8		8.3

		7/2/97		19.2		13.7		5.52		1.9		1.4

		7/3/97		18.3		13.7		5.52		1		0

		7/4/97		22.4		14.1		11.64		2.5		0

		7/5/97		23.1		14.6		11.98		4.5		0

		7/6/97		23.5		13.3		15.66		3.5		0

		7/7/97		24.2		14.9		14.81		3.4		1.4

		7/8/97		21.4		14.1		9.76		2		0

		7/9/97		24		14.3		15.19		3.8		0.8

		7/10/97		19.6		14		6.12		0		3

		7/11/97		23		13.5		16.47		4.4		0.4

		7/12/97		21		13.4		9.16		3		0

		7/13/97		20.6		13.3		10.48		2.5		0

		7/14/97		22.4		13		12.11		3		0

		7/15/97		21.2		13.2		10.1		2		0

		7/16/97		18.4		12.5		5.65		2		0

		7/17/97		23		12.7		10.36		2.5		0

		7/18/97		20.3		14.5		16.82		3.5		5

		7/19/97		23.6		15		12.37		3.5		0

		7/20/97		23.2		14.8		12.37		2.5		0

		7/21/97		21.4		13.9		5.78		2		0

		7/22/97		24.5		13.6		12.11		2.5		0

		7/23/97		19.2		13.7		6.42		4.5		2

		7/24/97		22.6		13.4		11.43		2		0

		7/25/97		21.6		14.9		9.03		1.5		0

		7/26/97		31.9		13.4		13.18		3.5		0

		7/27/97		26.4		10.1		22.12		5		0

		7/28/97		24.1		13.7		20.58		2.5		0

		7/29/97		19.5		13.6		6.59		2		0

		7/30/97		25.4		13.8		9.17		3.5		0

		7/31/97		22.1		11.6		10.48		3		0

		8/1/97		25.4		15.8		10.95		1.9		0.4

		8/2/97		19.4		14.3		5.52		0.9		0.4

		8/3/97		21.6		14		8.6		2.5		0

		8/4/97		26.3		13.9		9.27		4.5		0

		8/5/97		25.9		10.7		19.51		5.5		0

		8/6/97		26.9		10.4		21.4		4.5		0

		8/7/97		25.4		10.7		16		4		0

		8/8/97		22.5		14.8		8.6		2.7		0

		8/9/97		20.3		13.4		8.6		2.2		1.2

		8/10/97		20		12.9		6.95		0.5		1.8

		8/11/97		23.3		12.5		13.31		6.5		0

		8/12/97		24.4		12.7		18.7		5		0

		8/13/97		24.2		13.8		18.02		4.5		0

		8/14/97		25.7		12.7		23.75		4.4		0.4

		8/15/97		21.1		13.7		8.81		2.2		2.7

		8/16/97		24.4		13		12.92		3.5		0

		8/17/97		25.2		14		14.81		3.5		0

		8/18/97		26.3		12.8		23.06		6		0

		8/19/97		25.5		12.8		20.84		5		0

		8/20/97		25.1		14.1		18.83		5.5		0

		8/21/97		25.7		14.4		11.77		3		0

		8/22/97		25.3		13.6		16.82		3.5		0

		8/23/97		23.8		11.5		14.46		5.5		0

		8/24/97		25.7		11.7		18.23		3.5		0

		8/25/97		23.6		7.4		20.58		6		0

		8/26/97		21.5		23		9.16		2		0

		8/27/97		21		23.3		9.03		4.5		0

		8/28/97		22.8		23.4		10.95		0		0

		8/29/97		23.5		13.5		15.62		0		0.2

		8/30/97		26		15.1		19.98		0		0

		8/31/97		26.2		13.5		20.71		0		0

		9/1/97		25		14.5		21.27		0		0

		9/2/97		25.7		12.5		22.72		4.5		0

		9/3/97		25.8		12.3		23.88		6.5		0

		9/4/97		25.7		10		24.95		6		0

		9/5/97		26.2		15.2		18.57		5		0

		9/6/97		26		14.8		20.11		5		0

		9/7/97		26		14		19.64		6		0

		9/8/97		26.8		11		29.76		6		0

		9/9/97		25.3		10.2		17.76		4		0

		9/10/97		26		13.6		22.34		5		0

		9/11/97		25		14.5		19.77		4.5		0

		9/12/97		25		12		20.71		6.5		0

		9/13/97		23.3		14.2		13.39		2.5		0

		9/14/97		23.7		13.2		12.71		3.5		0

		9/15/97		24.3		14		12.11		3.5		0

		9/16/97		26.7		13.7		22.59		5		0

		9/17/97		28		14.7		25.55		5.5		0

		9/18/97		26.8		11		23.66		6.5		0

		9/19/97		28.6		12.6		26.23		6.5		0

		9/20/97		28.5		15.2		27.04		7		0

		9/21/97		28.5		12		26.96		7.5		0

		9/22/97		27.6		12.9		20.84		4.5		0

		9/23/97		26.4		16.4		17.07		4.5		0

		9/24/97		27.4		15.4		22.94		6.5		0

		9/25/97		29.3		15.8		25.08		7		0

		9/26/97		29.3		12		26.48		7		0

		9/27/97		29.9		11.4		26.23		8		0

		9/28/97		26.9		9.2		25.76		0		0

		9/29/97		26.2		16		18.36		0		1.6

		9/30/97		26.7		14.8		18.23		5.7		0.2

		10/1/97		26.5		14.8		21.18		6		0

		10/2/97		27		11.3		24.95		7.5		0

		10/3/97		27.3		11.3		26.57		6.3		2.8

		10/4/97		27.2		15		26.83		4.5		0

		10/5/97		25.7		14.4		26.83		13		0

		10/6/97		28		15.3		20.84		.		31.3

		10/7/97		25.6		14.5		14.34		3		29

		10/8/97		25.3		15.8		18.02		3.6		2.6

		10/9/97		24.8		16.3		13.99		3.5		11.5

		10/10/97		23.3		16		9.29		0.7		0.7

		10/11/97		22.4		16.3		14.68		3		0

		10/12/97		26.5		15.9		21.99		6		14

		10/13/97		25.6		16		15.53		0		41.7

		10/14/97		0		15.7		6.2		2.6		13.1

		10/15/97		0		15.4		8		1.1		6.6

		10/16/97		26.9		15.4		24.6		6		0

		10/17/97		25.5		15.7		21.31		6		0

		10/18/97		25.8		12.7		20.24		4.6		17.1

		10/19/97		21.8		15.7		11.04		0		63

		10/20/97		0		15.8		10.01		0		50.6

		10/21/97		21.7		15.8		12.11		1.8		11.3

		10/22/97		28.2		14.4		16.35		3.8		0.8

		10/23/97		24.2		15.4		15.88		2.9		10.9

		10/24/97		24.4		14.7		14.12		4.4		8.9

		10/25/97		24.3		15.6		14.16		3		0.6

		10/26/97		26.4		16.3		22.12		4		0

		10/27/97		24.5		14.8		14.34		2.6		1.1

		10/28/97		24.6		15.8		9.16		3		0

		10/29/97		23.8		15.3		11.25		3.7		23.7

		10/30/97		23.7		16		12.92		2.8		17.8

		10/31/97		23.7		15.7		9.07		2.8		27.8

		11/1/97		22.7		16		19.97		.		47.1

		11/2/97		19.8		14.7		7.7		1.1		9.1

		11/3/97		24.2		14.8		14.59		2.3		18.8

		11/4/97		21.5		16.5		7.27		0		30.4

		11/5/97		19		16.5		6.25		0		37

		11/6/97		23.6		16		13.81		0		33.2

		11/7/97		23.2		15.6		12.58		3.8		17.3

		11/8/97		23.8		16.7		14.25		2		0

		11/9/97		25		15		17.5		4		0

		11/10/97		25.8		17.4		19.9		3.7		4.2

		11/11/97		25.3		15.4		20.37		5.6		15.1

		11/12/97		27.2		16.7		19.9		5.5		0

		11/13/97		25		16.7		16.6		0		5.72

		11/14/97		24.1		15.3		14.93		5.5		5

		11/15/97		23.3		16.8		11.9		1.8		0.4

		11/16/97		23.2		14.9		8		2.2		2.7

		11/17/97		22.7		16.6		8		2.9		0.4

		11/18/97		24.2		15.4		11.98		1.7		5.7

		11/19/97		24.3		14.8		25.55		5		0

		11/20/97		25.3		13.3		16.69		0.8		3.3

		11/21/97		23.5		15.8		12.11		6		21.7

		11/22/97		24		16		19.9		5		0

		11/23/97		24.3		12.7		11.9		3.8		1.3

		11/24/97		24.5		14.8		21.18		3.5		3.5

		11/25/97		23.7		15.7		14.93		4.1		21.3

		11/26/97		23.1		16		16.82		5.8		31.4

		11/27/97		22		15.3		12.37		2.9		8

		11/28/97		23		18.6		16.95		2.5		13.7

		11/29/97		22.7		15.9		16.6		3.7		10.7

		11/30/97		24.2		15.4		17.16		4.3		8.3

		12/1/97		23.5		15.4		21.99		4.5		0

		12/2/97		22.5		15.2		9.03		3.3		13.3

		12/3/97		23.4		15.2		19.51		2.3		7.3

		12/4/97		23.3		16.1		17.42		5.1		7.1

		12/5/97		23.7		16.5		17.42		3.8		9.3

		12/6/97		23.1		16		11.77		3.9		2.4

		12/7/97		24.3		15		19.26		3.9		1.9

		12/8/97		23.7		13.8		20.11		4.5		0

		12/9/97		24		16.4		13.65		2		1.5

		12/10/97		23.3		15.5		16.35				0

		12/11/97		23.9		15.5		18.1				0

		12/12/97		24.2		15.1		17.16				4.8

		12/13/97		22.6		15.7		11.3				2.2

		12/14/97		23.2		14.2		17.76				0

		12/15/97		24.4		14.6		20.24				0

		12/16/97		23.7		14.4		14.46				0

		12/17/97		24.5		14.6		18.1				8.5

		12/18/97		23.1		15.8		9.54				21.3

		12/19/97		24.4		15.1		12.24				0.6

		12/20/97		24.5		15.8		23.54		5.5		0

		12/21/97		24.2		14		21.87		6		0

		12/22/97		25		11.2		22.87		5.2		1.7

		12/23/97		25.2		15.4		17.5		3.5		0

		12/24/97		24		12.8		13.31		3.3		8.8

		12/25/97		23.3		16.2		16.22		4.4		22.9

		12/26/97		23.6		16		21.4		2.6		12.1

		12/27/97		24.2		15.7		17.42		4.6		2.6

		12/28/97		23.6		15.8		15.88		4.1		11.1

		12/29/97		23.4		15.6		23.66		4.5		0

		12/30/97		23.7		16.5		22.34		5		0

		31/12/97		24.7		15		21.87		5.5		0

		1/1/98		24.5		147		16.95		3.8		1.3

		1/2/98		23.8		15.1		16.95		3		5

		1/3/98		23.7		15.5		14.25		3.2		10.7

		1/4/98		22.6		16		13.31		2.8		17.8

		1/5/98		24.9		15.5		19.38		4.4		5.4

		1/6/98		24.1		15.8		16.82		3.7		18.7

		1/7/98		23.6		15.7		18.02		4.7		5

		1/8/98		23.5		16		21.4		5.3		8.3

		1/9/98		24.4		15		14.25		0		5.5

		1/10/98		24.6		16.6		18.02		6		0.5

		1/11/98		25.4		16.8		17.42		3.9		14.4

		1/12/98		23.4		17		18.96		4.6		16.1

		1/13/98		23.3		17.3		10.1		3.3		5.3

		1/14/98		22.4		17		10.25		0.5		1.5

		1/15/98		23.5		16.7		11.04		0		29.8

		1/16/98		23.2		16.6		14.25		2		0

		1/17/98		25		15.7		16.82		5.5		0.1

		1/18/98		24.3		16.9		18.7		3		0

		1/19/98		24.5		14.8		20.37		4.5		0.1

		1/20/98		25.4		15.5		19.77		5.5		0

		1/21/98		25.4		13.8		22.12		4		0

		1/22/98		25.8		14		25.03		6.6		0

		1/23/98		25.8		13		23.54		5		0

		1/24/98		26.2		13.5		24.82		6		0

		1/25/98		25.2		15		21.99		0		0

		1/26/98		25.2		14.4		21.65		0		0.5

		1/27/98		24.6		16		16.82		5.1		5.6

		1/28/98		23.7		17.2		11.51		4.7		11.2

		1/29/98		24		17		16.56		2.7		3.7

		1/30/98		25.6		14.4		20.92		6.5		0

		1/31/98		26.1		12.2		24.35		5.5		0

		2/1/98		27.1		15		21.99		6		0

		2/2/98		26.6		14.2		20.37		5		0

		2/3/98		27		11.5		25.63		5.5		0

		2/4/98		26.5		11.5		23.15		6		0

		2/5/98		26.7		11.6		23.75		5		0

		2/6/98		25.5		13.4		23.88		6.5		0

		2/7/98		25.2		15.2		21.78		4.5		0

		2/8/98		26.4		17.5		16.22		5		0

		2/9/98		26.2		18		15.06		3.5		0

		2/10/98		27.3		16		20.92		4		0

		2/11/98		24.8		17		14.46		0		55.2

		2/12/98		25.6		16.4		15.28		0		75.9

		2/13/98		26.2		15.7		22.47		3.8		9.3

		2/14/98		25.8		16		16.22		4		6

		2/15/98		24.3		16.2		15.06		2.9		4.4

		2/16/98		25.8		15.7		22.12		6.5		0

		2/17/98		25.8		15.2		16.6		2.5		0

		2/18/98		26.2		13.9		18.7		4.5		0.1

		2/19/98		25.2		15		13.31		3		13.5

		2/20/98		25.8		14.5		20.58		4.9		0.4

		2/21/98		26.4		13.9		22.94		6		0

		2/22/98		27.1		13.6		24.6		5		0

		2/23/98		27.8		11.7		26.48		6		0

		2/24/98		27.4		11.4		22.72		6		0

		2/25/98		25.4		12.5		24.95		5		0

		2/26/98		26.5		12.6		25.76		7		0

		2/27/98		26.8		11		29.31		6		0

		2/28/98		25.6		13.5		23.88		5.5		0

		3/1/98		26.4		12.4		25.97		5		0

		3/2/98		26.8		13.2		27.17		5.5		0

		3/3/98		28.3		13.2		25.76		6		0

		3/4/98		27.4		13.5		27.3		5		0.1

		3/5/98		26		17.5		22.72		6		0

		3/6/98		25.4		15.5		18.57		4		0

		3/7/98		25.4		13.7		19.17		5		0

		3/8/98		26.7		17		24.09		5		0

		3/9/98		26.7		17.6		18.23		4		0

		3/10/98		25.5		15		22.94		6		0

		3/11/98		26.6		14		21.99		5.5		0

		3/12/98		26.1		13.5		23.54		7		0

		3/13/98		26.2		12.3		23.54		5.5		0

		3/14/98		27.3		15.6		27.04		4.5		0

		3/15/98		28		14.5		25.63		6.5		0

		3/16/98		27.7		15.7		19.77		5.5		0

		3/17/98		27.3		16.9		24.01		5.5		0

		3/18/98		28		13.6		26.23		7		0

		3/19/98		27.9		14.6		23.19		6		9

		3/20/98		27.5		14.6		24.22		0		41.3

		3/21/98		25.4		16.3		19.17		0		86

		3/22/98		25.2		16.4		19.64		2.5		1.1

		3/23/98		26		15.6		22.94		5.7		7.2

		3/24/98		25.2		17		18.57		3.9		4.4

		3/25/98		22.4		17.7		10.36		2.3		5.3

		3/26/98		25.7		17.3		18.7		5.5		2.5

		3/27/98		27.1		16.8		19.77		5		0.1

		3/28/98		25.5		16.9		21.52		5.4		6.4

		3/29/98		25.2		16.6		22.59		6		0

		3/30/98		26		12.6		23.88		5		0

		3/31/98		27.7		14		26.83		5.5		0

		4/1/98		26.8		14.6		22.59		6		0.1

		4/2/98		27		15.6		22.12		5.7		4.7

		4/3/98		25.3		14.8		21.4		6.7		27.2

		4/4/98		26		16.6		22.12		5		0

		4/5/98		27.6		15.3		21.52		5		0

		4/6/98		26.6		16.4		20.71		3.7		8.2

		4/7/98		25.7		17.7		18.83		4.7		0.2

		4/8/98		27.6		15.3		23.54		5.6		1.6

		4/9/98		27.3		17.2		19.17		5.5		22.5

		4/10/98		26.5		17.6		21.78		4.7		17.2

		4/11/98		25.6		17.3		16.82		5.2		24.2

		4/12/98		23.8		16		13.86		3		0.1

		4/13/98		24.5		14.1		21.52		5		0.5

		4/14/98		25.5		14.4		20.58		4		0

		4/15/98		25.7		14		21.4		5		0

		4/16/98		25.9		15.3		21.52		4.7		0.2

		4/17/98		26.6		16.4		18.02		4.6		5.6

		4/18/98		25.8		17		17.42		3.7		3.2

		4/19/98		25.3		17		17.63		4		0

		4/20/98		25.9		17		19.43		5.8		13.8

		4/21/98		25		16.3		9.54		3.3		6.8

		4/22/98		25.3		16.5		*		3.5		0

		4/23/98		26		17		*		3.8		2.8

		4/24/98		26.2		15.2		18.02		2.5		0.1

		4/25/98		26.2		15.8		22.72		5		15.5

		4/26/98		25.2		16.2		16.47		3.5		0.1

		4/27/98		25.5		17.7		20.84		4.8		0.6

		4/28/98		25		17.1		21.4		3.5		0.4

		4/29/98		23.2		17.7		17.63		3.4		2.7

		4/30/98		25.4		16.9		18.57		*		54.5

		5/1/98		22.6		17		1.35		*		0.5

		5/2/98		25		16		0.55		*		10

		5/3/98		25.8		16.6		1.42		3.1		0

		5/4/98		24.8		17.3		1.63		4.2		16.1

		5/5/98		24.3		17		1.04		*		5

		5/6/98		23.8		17.1		0.9		*		0

		5/7/98		24.3		17		0.9		*		1

		5/8/98		25.2		16.7		0.91		*		4

		5/9/98		24		16.9		1.6		*		0.1

		5/10/98		25.5		17		0.89		2.5		1.8

		5/11/98		26.4		16.2		1		*		0.1

		5/12/98		26.4		15.8		1.15		*		0

		5/13/98		25.8		15.2		1.34		*		0.1

		5/14/98		25.6		15.8		1.4		*		0

		5/15/98		24.7		14.7		1.44		*		7.3

		5/16/98		21.6		16.8		1.47		*		6.4

		5/17/98		21.7		15		0.3		*		45.8

		5/18/98		22.2		13.9		1.22		*		0

		5/19/98		24.4		14.4		1.03		*		0.1

		5/20/98		24.6		15.4		0.97		2		0

		5/21/98		25.3		13.2		1.64		*		0

		5/22/98		24.8		14.7		1.74		*		0

		5/23/98		24.6		15.9		1.01		4		0

		5/24/98		24.7		15.2		1.05		3		0

		5/25/98		23.2		14.5		0.96		3		0

		5/26/98		22.5		14.5		1		2		0.1

		5/27/98		21		16.3		0.67		3.5		0.3

		5/28/98		28.4		15.1		0.31		5		1

		5/29/98		23		14.4		0.55		2		0

		5/30/98		23		13.7		0.48		2		0

		5/31/98		24.2		12		1		2		0

		6/1/98		24.3		12.7		17.76		4.5		0

		6/2/98		24.7		14.2		17.29		*		38.8

		6/3/98		24		15.5		16.47		2.5		0

		6/4/98		24.5		16.4		20.11		2.5		0

		6/5/98		24.4		15.7		18.23		3.9		1.9

		6/6/98		23.8		16.3		11.3		2.8		3.8

		6/7/98		25.6		*		20.84		4		0

		6/8/98		23.8		*		13.78		3.8		24.3

		6/9/98		20.3		15.5		9.16		0.8		1.3

		6/10/98		20.6		14.9		11.25		2		0

		6/11/98		22.2		15.2		11.64		4.2		1.2

		6/12/98		20.3		14.3		8		1		0

		6/13/98		23.2		13.4		20.33		3.5		0

		6/14/98		23.3		11.4		18.02		4		0

		6/15/98		22.9		11		17.63		3.5		0

		6/16/98		23		14.2		16.22		3.5		0

		6/17/98		21.8		15.5		13.18		4		0

		6/18/98		21		12.8		11.85		2		1

		6/19/98		21.3		14.6		12.11		1		0

		6/20/98		23.6		13.3		20.11		4		0

		6/21/98		24		14.3		19.04		5		0

		6/22/98		24.7		12.4		26.1		5		0

		6/23/98		23.2		14.8		16.35		3.2		0.7

		6/24/98		24.7		16		20.37		3.4		2.4

		6/25/98		23		15.4		10.95		2.6		7.6

		6/26/98		19.8		14.3		5.39		1.4		0.4

		6/27/98		19.9		13.5		1.63		2.5		0.1

		6/28/98		20.5		13.7		8.94		0.3		3.8

		6/29/98		19.8		14		7.4		1.8		0.8

		6/30/98		18.5		12.8		6.2		0.4		0.4

		7/1/98		20		13		3		0		0

		7/2/98		20.4		13.4		4.9		0		0

		7/3/98		19.2		13.4		8		4		0

		7/4/98		18.6		13.5		4.6		5		0

		7/5/98		16.7		13.5		2.7		1		0.1

		7/6/98		17.5		12.4		2		7		0.5

		7/7/98		20.3		13.2		2.6		3		0

		7/8/98		21.2		12.6		6.6		9		0

		7/9/98		18.7		12.9		7.3		5		0

		7/10/98		20		13.4		5		1		0

		7/11/98		21.5		13.7		4.5		2		0.1

		7/12/98		20.7		14.2		7.3		7		0

		7/13/98		19.5		14		4.6		2		1

		7/14/98		17		13.7		3.5		0		0

		7/15/98		18		14		2.2		4		0.4

		7/16/98		20.2		13.5		2		2		1

		7/17/98		18.1		14		6		5		0

		7/18/98		19.2		14.1		1.9		7		0.6

		7/19/98		18.9		13		3.6		2		0.1

		7/20/98		18.7		13.2		4		13		0.9

		7/21/98		21.1		13.3		1.8		7		0.5

		7/22/98		20.8		13.7		6.3		5		0

		7/23/98		20.3		12.2		5		3		0

		7/24/98		21.4		11.5		6		3		0

		7/25/98		18.1		13.8		8.2		7		0.6

		7/26/98		18.2		12.3		2.5		0		0

		7/27/98		22.6		13		12.6		0		0

		7/28/98		24.8		12.4		4		4		0.3

		7/29/98		23		13.4		4.8		3.8		0

		7/30/98		22.2		14.1		3.4		4.2		0

		7/31/98		18.4		12.7		4.7		3.5		0

		8/1/98		20.2		12.6		8.7		1.5		0

		8/2/98		20.1		12.3		8.1		1		0.1

		8/3/98		20.4		11.6		9.1		2		0

		8/4/98		21.2		12.5		4.6		3		3.5

		8/5/98		21		13		1		2.3		0.3

		8/6/98		20		12.4		2.3		1.8		0.3

		8/7/98		23.2		13.2		13		2.9		2.4

		8/8/98		19.5		12.5		9.7		2.2		3.2

		8/9/98		18.1		13.3		2.6		0.8		1.8

		8/10/98		22.3		13.3		3.9		3.4		1.4

		8/11/98		18.6		12.9		5		1		0.1

		8/12/98		19		12.5		7.1		0.5		0

		8/13/98		20.2		12.5		8.8		0.6		1.6

		8/14/98		17.6		12.6		5		1.3		1.3

		8/15/98		20.3		13		2.2		2.5		0.1

		8/16/98		20.5		13.8		8.6		1.1		4.1

		8/17/98		20.3		13.8		8.8		1.2		0.2

		8/18/98		20		13.6		7.7		0		0.1

		8/19/98		18.7		13.2		7.4		1.3		2.8

		8/20/98		18.4		13.3		5.6		1.3		3.8

		8/21/98		18.1		13.1		7.6		5.2		0.7

		8/22/98		18.7		12.7		8.6		1.2		2.2

		8/23/98		20.3		13		5.6		0.6		3.1

		8/24/98		18		13.9		7.6		3.6		4.2

		8/25/98		18.3		11.3		8.6		1.5		0.1

		8/26/98		21.1		13.9		5.6		1.7		0

		8/27/98		19.2		13.4		6.4		2.5		0

		8/28/98		20.4		13.2		4.8		2		0

		8/29/98		20		13.7		7.6		2.4		0.4

		8/30/98		23.3		14		8.2		3.2		2.2

		8/31/98		23.2		14.8		9.3		0		0

		9/1/98		23.4		14.6		12.2		0		0.1

		9/2/98		25.4		15.4		13.2		5		0

		9/3/98		25.8		15		16.5		8		0

		9/4/98		23.4		14.7		14		5		0

		9/5/98		23.7		14.1		8.6		3		0

		9/6/98		23.8		14		11		6		0.1

		9/7/98		24.9		13.9		11.2		4		0.1

		9/8/98		22.4		13.2		11.5		2.5		0.1

		9/9/98		21.5		13.5		10.5		5		0.1

		9/10/98		26.8		11.4		7.5		5		0

		9/11/98		25.8		13.7		18.5		6		0

		9/12/98		25.9		15.7		13.9		4.4		0

		9/13/98		24.5		12.5		14.7		3		0

		9/14/98		24.7		13.5		17		5.5		0

		9/15/98		23.8		13.4		16.6		4		0

		9/16/98		23.4		13.2		14.2		4		0

		9/17/98		17.5		13.3		10.8		7		0

		9/18/98		24.7		13.4		5.1		2		0

		9/19/98		24.4		12.4		12.2		3		0.1

		9/20/98		22.9		14.2		12.8		3		0

		9/21/98		23.1		14.2		9.6		3.5		1.6

		9/22/98		21.6		14		7.4		3.5		0

		9/23/98		20.5		12.7		8		4		0

		9/24/98		23		13.6		10		2		0

		9/25/98		23.6		13.4		5.19		2.5		0

		9/26/98		24.5		14.4		8.57		4		0.1

		9/27/98		25.5		14.2		5.06		3		0.5

		9/28/98		25.5		14.6		5.62		3.4		0

		9/29/98		24		14.8		3.99		3.5		0

		9/30/98		23.7		14.1		3.86		3.5		0

		10/1/98		26.7		12.1				5		0

		10/2/98		27.4		14.2				5		0

		10/3/98		26.8		15.1				5.5		0

		10/4/98		26		12.1				5		0

		10/5/98		26.6		11.9				4.5		0

		10/6/98		24.5		11.3				4		0

		10/7/98		25.5		14.5				5		0

		10/8/98		24.8		14.7				5		0

		10/9/98		24.5		13.6				4.5		0

		10/10/98		23.3		14.9				4		0

		10/11/98		26.8		14				2.5		0.1

		10/12/98		27.8		14.9				3.5		0

		10/13/98		26.8		14				4.5		0

		10/14/98		27.8		14.3				4		0

		10/15/98		26.2		16.2				4.5		0.1

		10/16/98		25.7		15.2				3.4		0.1

		10/17/98		18.6		14.7				0.9		0

		10/18/98		23.8		14				.		0

		10/19/98		24		14.3				.		0.2

		10/20/98		27.3		15.2				0.4		0

		10/21/98		27.2		15				5		0

		10/22/98		27.3		15.6				4		0

		10/23/98		28.2		14.7				3		0

		10/24/98		25.7		13.3				3		0

		10/25/98		26.8		11.2				3.5		0

		10/26/98		27.1		14.5				2		0

		10/27/98		28.3		13.6				3		0

		10/28/98		28		13.3				4		0

		10/29/98		27.7		13.7				4		0

		10/30/98		27.1		13.1				3		0

		10/31/98		24.1		15.6				4		0.1

		11/1/98

		11/2/98

		11/3/98

		11/4/98
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