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Intercropping on Mars: A Promising System to Optimize Fresh Food Production in Future Martian Colonies

[bookmark: _Toc106555437]Abstract

Future human colonists on Mars will need to produce fresh food in situ to acquire key nutrients which are lost in the process of food dehydration, the chief technique of sending food to space. Colonies on Mars will operate under limited space, energy, and reliability on resupplies from Earth. The aim of this experiment was to test the viability and prospect of applying an intercropping system as a potential method for soil-based food production in future Martian colonies, in order to optimize the use of resources and enhance the self-sustainability of the colony. A greenhouse pot experiment was conducted using three companion species (pea, Pisum sativum), carrot, Daucus carota, and tomato Solanum lycopersicum), in three types of soil (“MMS-1” Mars regolith simulant, potting soil and sand), grown either together (intercrop) or separately (monocrop). Plant performance was measured as above-ground biomass, yield, harvest index, and NPK content in yield, and the overall intercropping system performance was calculated as total relative yield (RYT). Intercropping had clear effects on the performance of plants in Mars regolith, being mostly beneficial for tomato but detrimental for pea and carrot, giving the intercropping system an overall yield disadvantage compared to monocropping (RYT = 0.93). However, this overall effect was most likely due to the absence of nodulation by rhizobia bacteria in the pea roots of Mars regolith. In sand, where nodulation was the most effective, the intercropping system gave 32% extra yield when compared to monocropping (RYT = 1.32). Therefore, when peas were optimized for N-fixing, the intercropping system as it was designed gave overall yield advantages, showing promise for the use of this method for optimizing crop growth on Mars. Key features of the MMS-1 simulant were identified for soil amelioration, which can be applied in further research to improve intercropping systems on Mars regolith.

[bookmark: _Toc106555438]Introduction

As we enter a new age of space exploration, having a permanent settlement on Mars is now a reality in the not-so-distant future. Conquering the Red Planet is an exciting endeavour, but also one that brings several scientific, economic and strategic benefits to our own planet and species. Such benefits include stimulating innovation in science and technologies that can improve quality of life on Earth (ISECG, 2013), retrieving valuable natural resources that can relieve the mining pressure on our planet (Taylor et al., 2022), and being a base for further exploration of other celestial bodies in our solar system (Knappenberger, 2015).

Whilst rovers have begun to pave our way on Mars, the next stage of exploration and research would need to involve sending humans to perform the work themselves, as humans are much more autonomous and efficient at accomplishing field tasks and carrying out research (Slakey & Spudis, 2008). However, having humans on Mars means they need to have their basic necessities covered, and this includes food. To supply and resupply all of the food needs of a long-term settlement is both impractical as well as economically inviable, which means that the crew will have to make use of local Martian resources to produce at least part of their food needs locally (Graham & Bamsey, 2016). 

The production of fresh food would in fact be an indispensable factor for any Martian colony. A bioregenerative food system, one where all resources are provided and produced in situ with minimal or no resupply from Earth, carries many advantages over the prepackaged dehydrated foods that astronauts usually eat. As well as imparting less of a burden volume-wise on the mission resources (i.e. less food needs to be brought aboard the spacecraft), a chief advantage of fresh food over dehydrated food is the retainment of nutrients essential to human health, especially antioxidants such as vitamin C and β-carotene, both of which are partially reduced or completely destroyed in the process of dehydration (Guine et al., 2017; Mohammadi et al., 2020; Santos & Silva, 2010). Although supplementary pills could be considered to provide the lacking nutrients, fresh food carries many health advantages over such, mainly concerning their accompanying added micronutrients as well as their better bioavailability in the body, which is mediated via a complex array of other compounds present in foods that have synergistic effects on their absorption and metabolism (Pressman et al., 2017). Moreover, it further decreases the need to rely on resupplies from Earth for essential dietary requirements. The act of growing fresh food itself can also have a great positive impact on the mental well-being of colonists. Research on long-duration space missions, as well as analogue isolation simulations on Earth, have identified psychological and psychosocial factors as two of the most critical problems astronauts will face in their off-world missions (Kanas et al., 2009; Morphew, 2001). Practicing gardening activities has been repeatedly shown to be a significant and effective reliever of stress, anxiety and depression (Aistis et al., 2022; Clatworthy et al., 2013), and astronauts themselves have in the past expressed deep satisfaction at tending to plants in space (Nelson et al., 2008).

Several methods for implementing bioregenerative food systems on Mars have been researched, most of which were focused on artificial growing media such as hydroponics and aquaponics. However, soil-based systems, which would involve making use of the available in situ Martian regolith, have recently come to new light as having fundamental features for the long-term sustainability of a colony on Mars. Such a system confers many practical and economical advantages over artificial growing media, such as producing higher yields (Barta et al. 2001), offering better buffering capacity for operational errors and technical breaks (Maggi & Pallud, 2010), and harbouring a microbiome environment that could compensate for toxic build up of trace gases in the growth chamber (Nelson et al., 2008). Moreover, inedible crop parts and food waste, as well as human waste, can be composted and added to the soil to provide nutrients for the next harvest. This adds a circularity factor to the system that would minimize, and eventually eliminate, any need for expensive resupplies of nutrients from Earth (Silverstone et al., 2003). This independence from Earth would be key to any long-term settlement, especially in regards to improving crew food safety should re-supplies from Earth delay or fail (Nelson et al., 2008).

Gardening on Mars is viable. Although Mars has a very thin atmosphere (1% that of Earth), it contains the necessary elements for plant growth, such as carbon dioxide (CO2) and nitrogen (N2) (ESA, 2018), and the planet is abundant in (frozen) water present both in the polar caps and in several places under the Martian surface (Orosei et al., 2020). Because of its thin atmosphere, Mars has high radiation levels on the surface which can be harmful to both plants and humans (Tack et al., 2021), and the planet holds a freezing average global temperature of -65°C (NASA, 2022). To counteract these conditions, colonies on Mars will likely consist of closed habitats (made from in situ resources) that can shield both plants and humans from harmful radiation, and that can maintain the optimum temperature and atmospheric conditions for life within the colony (Liu et al., 2022). Power to sustain such conditions can be generated locally from solar, wind or nuclear energy (Pombo, 2021), and gases such as CO2 and N2 can be “pumped” into the habitat directly from the Martian atmosphere, whereas oxygen (O2) can be obtained from the “splitting” of CO2 molecules (Guerra et al., 2018; Hecht et al., 2020). Alternatively, with both plants and humans living within the same habitat, O2 and CO2 can eventually also be recycled within the closed system. Gravity on Mars is about 38% that of Earth (NASA, 2022). However, experiments done on plant growth under microgravity conditions aboard the International Space Station (ISS) showed that plants, including crop species such as lettuce, cabbage and mustard, could be successfully grown, harvested and safely consumed by astronauts (Mariani, 2020), showing promise that the lower gravity will not be a major impediment for normal plant development on Mars.

On Earth, it is possible to test the viability of using Martian soil (and thus of having a Martian soil-based system) for crop growth using Mars regolith simulants available. Several crop growth experiments have been successfully carried out on Earth using such simulants, with over 20 different species of crops reported to be able to grow and produce yield (Ramírez et al., 2017; Wamelink et al., 2014; Wamelink et al., 2019). However, the main focus of these pioneering experiments was to test whether plants could germinate, grow and produce yield in the Mars regolith. No attention has yet been given to developing the efficiency of the system. Since colonies on Mars will probably operate under a limited amount of energy, space and other resources, any crop growth method that increases the productivity and circularity of the system, in a way that optimizes the use of such space and resources, will be paramount to the success and viability of the mission. 

Intercropping is an ancient technique used on Earth that involves growing two or more crop species simultaneously in the same field (Mt.Pleasant, 2016). This differs from the “traditional” monocropping system, where only a single crop species is planted in the same field year after year. Intercropping has long been known to produce several beneficial effects compared to monocropping, such as increasing plant biomass and yield, improving the nutritional value of yield, and optimizing the use of resources in the system (Jensen et al., 2020; Latati et al., 2016; X. Li et al., 2013; Jensen et al., 2020). Such effects have been observed both in the field as well as in greenhouse pot experiments (Nasar et al., 2020; Patra & Subbiah, 1986; Wu et al., 2016). 

The beneficial effects of intercropping are often measured as the “overall advantage” spread amongst all species in the entire system, compared to the performance of each separate species in a monocropping system. This overall advantage can arise when the interspecific competition (competition between different species) in the intercropping system is lower than the intraspecific competition (competition amongst the same species) in the monocropping system (Hauggaard-Nielsen et al., 2001). 

Intercropping advantages can also arise by means of species complementarity, where both (or all) intercropped species, often called “companion species”, can mutually benefit each other within the system. Complementarity can work either by niche differentiation, where companion species that are adapted to different niches (i.e. a shallow root species together with a deep root species) can make a more complete use of all available resources in the system, resulting in less competition for resources; or resource facilitation, where one companion species provides or facilitates the up-take of a limiting resource to the other companion species (Bybee-Finley & Ryan, 2018). A classic example of resource facilitation in intercropping is seen through legumes. Legumes are often a key species used in intercropping systems due to their capability of providing Nitrogen (N), an essential nutrient for plant growth, into the system. This comes from their ability of forming symbiotic relationships with rhizobia bacteria. These bacteria infect the legume’s roots to form “root nodules”, wherein atmospheric nitrogen (N2), a form of nitrogen that is not viable for plant uptake, is turned into the usable form of ammonia (NH3), which is then released into the soil and can be up-taken by all plants in the system (Stern, 1993). This process, referred to as nitrogen (N) fixation, helps relieve the competitive pressure on the intercropping system, either via the addition of N in soil (Gatsios et al., 2019) or via direct N transfer from the legume to the non-legume (Salgado et al., 2021), and often results in the optimization of resources such as lower N fertilizer requirements (Jensen et al., 2020). 

The benefits of intercropping towards optimizing yield and resource use make it a prime candidate method to be applied on a soil-based system on Mars. However, to date, no experiments have ever been done to investigate the effects of intercropping on crops grown in Mars regolith. In this study, we aim to test the viability and prospect of implementing an intercropping system as a potential food production method in future Mars colonies.


[bookmark: _Toc106555439]Study objective and research questions
Our study objective is to investigate the effects of intercropping on the performance of three companion species, namely pea (Pisum sativum), carrot (Daucus carota) and tomato (Solanum lycopersicum), when grown in a Mars regolith simulant (from now on also referred to as just “Mars regolith”). Here we quantify plant performance as above-ground biomass, yield, harvest index, and nutritional content of yield as levels of Nitrogen (N), Phosphorus (P) and Potassiom (K). These species were specifically chosen for their complementary and nutritional properties, and for the fact that they have all been previously shown to be able to grow and produce yield in Mars regolith simulant (Wamelink et al., 2019). Nodulation by rhizobia in pea roots will also be a key variable observed in this experiment, to interpret the effects that an N-fixing species would have on the interspecific competition within the intercropping system. 

Our main research question was whether we would see any beneficial effects of intercropping on the performance of pea, carrot and tomato grown in Mars regolith simulant. If plants perform better when intercropped, by making use of the exact same resource input as when they are monocropped, this could prove the efficacy of intercropping as a method for increasing the efficiency of the system.

Additionally, two sub-questions are proposed. First, we wanted to test whether pea root nodulation by rhizobia bacteria can occur in the specific Mars regolith simulant used in this experiment (MMS-1), as there are, to our knowledge, no published research that has tested this before. 

Second, we wanted to investigate whether any intercropping effects seen on Mars regolith simulant for these three species will also be found in other Earth soils, namely common “potting soil” and sand, at a similar ratio.  This would allow us to identify whether observed effects were particular to the Mars regolith or universal to the intercropping system design. If the effects did differ between soils, this would give us an opportunity to pinpoint key features contributing to those differences between the intercropping treatments, and apply this knowledge in further research to improve intercropping systems on Mars regolith. Furthermore, sand was chosen for its similarity in nutrient content to the Mars regolith simulant, to investigate whether it produced comparable results to the simulant also in terms of absolute value. This would allow us to use the cheaper and more readily available sand as an analogue for Mars regolith simulants for larger scale experiments in the future.
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To address these questions, a greenhouse pot experiment was carried out where the three companion species were grown in an intercropping and a monocropping system, in Mars regolith simulant, sand and common potting soil. Rhizobium leguminosarum, the symbiont N-fixing bacteria of pea, was added to all treatments. 
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This was a pot experiment carried out in a greenhouse on Earth, in Wageningen (51.9692° N, 5.6654° E). During the experimental period, average temperature in the greenhouse was 20.4 ± 1.7°C, relative humidity was 60.9 ± 15%, and day/night cycle was 16/8h. Ambient air was used and no extra CO2 was added. Lamps yielding 600 watt (HPS 230 volt) were switched on if sunlight intensity was below 150 watt/m2, and switched off if sunlight intensity was above 250 watt/m2.
[bookmark: _Toc106555442]Mars regolith simulant
The regolith analogue used in this experiment was the MMS-1 Mars Regolith Simulant, of unsorted grade (grain <3.17mm, density 1.25g/cm3), provided by The Martian Garden Company (Austin, USA). This simulant was manufactured under commission by researchers at the National Aeronautics and Space Administration (NASA)’s Jet Propulsion Laboratory (JPL) (Peters et al., 2008) and was used to test the Mars Phoenix lander and the Mars Science Laboratory (MSL) Curiosity rover. MMS-1 is collected from iron-rich basalt in the Mojave desert, and was developed based on the mineralogical and chemical measurements gathered from various Mars rovers lading sites. It was designed to be the closest simulate of the regolith found on the Martian surface, especially when in contact with water. Table 1 shows a comparison of the physical properties and chemical composition between MMS-1 Mars regolith simulant and actual Mars regolith.
 
	Table 1. Comparison of the mineralogical, physical and chemical properties between the Mars regolith from the Rocknest eolian deposit in the Gale crater on Mars and the MMS-1 Mars regolith simulant. Values are given in weight percentage (wt%).

	Concentration 
(wt%)
	Mars regolith 
(Rocknest bulk)
	Mars regolith simulant
(MMS-1)

	SiO2
	43
	49.4

	TiO2
	1.2
	1.09

	Al2O3
	9.4
	17.1

	Cr2O3
	0.5
	0.05

	Fe2O3
	–
	10.87

	FeO
	19.2
	–

	MnO
	0.4
	0.17

	MgO
	8.7
	6.08

	CaO
	7.3
	10.45

	Na2O
	2.7
	3.28

	K2O
	0.5
	0.48

	P2O5
	1
	0.17

	SO3
	5.5
	0.1

	Cl
	0.7
	–

	Total composition %
	100
	100

	pH
	7.7 ± 0.51
	7.28 +/− 0.1

	Particle Size
	<2mm
	<1mm

	Source
	(Achilles et al., 2017)
	Peters et al., 2008

	1pH value is absent from Gale crater data. The value of 7.7± 0.5 is from data collected at the Mars Phoenix Lander site (Hecht et al., 2009)


[bookmark: _Toc106555443]Earth soils and soil preparation
Two other “Earth” soils were included in the experimental design: (1) common potting soil, composed mainly of peat with fertilizer (PGmix 15%N-10%P2O5-20%K2O), and (2) river sand. The potting soil was sieved to remove lumpy matter and improve homogeneity. Sand was specially chosen for it being nutrient poor similar to Mars regolith, to test if they would produce comparable results. If they did, this would allow us to perform follow-up experiments at a much larger scale utilizing the cheaper, more available sand as a precursor to testing food systems on Mars regolith simulant.

For the Mars regolith and the sand treatments, a small amount of organic soil (derived from the sieved potting soil) was mixed at 10% of the total volume, to help with root aggregation and water retention (Caporale et al., 2020).

Table 2 shows the pH and Nutrient analysis from samples of the three soils, collected from the original mixture at the start of the experiment, before the pots were filled.

	Table 2. Nutrient composition and pH for the three soil treatments (MMS-1 Mars regolith simulant, sand and potting soil), collected at the start of the experiment (day 0). Results shown for Mars regolith simulant and sand include a 10% volume of organic matter mixed with each.

	Nutrient
(mg/kg)
	Mars regolith simulant (MMS-1)
	Sand
	Potting soil

	N-NH4
	4,34
	3,71
	343,16

	P-PO4
	0,1
	0,1
	41,77

	N-NO3
	15,94
	5,27
	180,70

	Nmin
	20,3
	9
	523,9

	pH
	8.5 ± 0.2
	7.5 ± 0.2
	5.5 ± 0.2


[bookmark: _Toc106555444]Species selection
The species selected for this experiment were pea (Pisum sativum cv. ‘Prince Albert’, Tuin Plus), carrot (Daucus carota cv. ‘Nantes 2’, Buzzy), and dwarf cherry tomato (Solanum lycopersicum cv. ‘Tiny Tim’, Buzzy). These species represent 3 out of the 27 potential food candidates to be incorporated into a space habitat, as proposed in NASA’s Life Support Values and Assumptions Document (Anderson et al., 2015), based on various selection criteria such as potential yield, harvest index, horticultural requirements and macronutrient content needed to supplement a crew’s diet.

These species have also been chosen for their particular complementary properties which can be mutually beneficial to each other. As a legume, pea can serve as N-fixers in the system in symbiosis with rhizobia bacteria (Rhizobium leguminosarum), helping relieve competitive pressure for N, either by fixing its own nitrogen from the atmosphere (Jensen et al., 2020), or by increasing the total N available in the soil (Gatsios et al., 2019). In addition, legumes have been shown to be able to contribute in N transfer to non-legumes via root exudates, including to cherry tomato in field (Salgado et al., 2021) and greenhouse (Salgado et al., 2020) studies. N-fixing is feasible on Mars: Martian atmosphere contains N (2.7%) which can be cycled into the habitat, and rovers have even detected nitrates in Mars surface material (fixed by thermal shock) (Stern et al., 2015). Carrot helps aerate the soil, which can improve water and nutrient uptake by companion plants (Lipiec et al., 2003). Tomato can provide shade for the temperature sensitive carrot and support for the climbing pea (Riotte, 1998), and both carrot and tomato release root exudates such as flavonoids that can promote root nodule formation in pea (Leoni et al., 2021). Furthermore, all three species have compostable crop waste that can be mixed with the soil to provide key nutrients to the subsequent crop, reducing the need for fertilizers and promoting circularity in the system (Ho et al., 2020).

Finally, these species were chosen for their particular nutrient composition. All three species, in particular carrot and tomato, are high in antioxidants such as vitamin C and B-carotene (Ali et al., 2021; Arscott & Tanumihardjo, 2010; Kumari & Deka, 2021). These are an essential part of the human diet, but most importantly are amongst the few key nutrients that are mostly or completely lost in dehydrated foods (Mohammadi et al., 2020), making their presence in the fresh food to be produced on Mars a chief selection criterium.
[bookmark: _Toc106555445]Rhizobia bacteria addition
To provide the peas with their symbionts for N-fixing, 0,75ml of Rhizobium leguminosarum (biovar viciae strain 248 OD600 ~ 0.784) was added to every pot, including pots not containing pea plants. Inoculation was done 19 days after sowing. There’s no published material, to our knowledge, testing this particular species of Rhizobia on MMS-1 simulant, but there is published research for other rhizobia species, and the simulant was shown to successfully support the legume-rhizobia symbiosis (Rainwater & Mukherjee, 2021).
[bookmark: _Toc106555446]Experimental design
We used a randomized complete block design with the three experimental species (pea, carrot and tomato) grown in three types of soil (MMS-1 Mars regolith simulant, sand and potting soil), divided into two cropping systems (intercropping and monocropping). This gave 12 different treatments with five replicas for each treatment, resulting in 60 pots. The experimental design and treatments can be seen in Fig. 1.  

For the monocropping treatments, three plants of the same species were grown in each pot, whilst for the intercropping treatments, one plant of each species was grown in each pot. 5L Pots were used, 16cm deep and 20cm wide at the top. Pots were filled to a 13cm depth, with 4.55Kg Mars regolith, 5Kg sand and 1.3Kg potting soil. A mesh was placed on the bottom of each pot to keep the soil in place. Stakes were placed to provide climbing support for the peas, with three stakes placed in every pot.

Seeds were sown on 1st December 2021 and the experiment ran for 105 days, with the harvest taking place on 16th March 2022. Seeds were over-sown to ensure the required germination, and thinning of germinated seeds was carried out 10-14 days later. The configuration of the intercropping sowing was always the same, but pots were then randomly rotated, so that the final configuration was fully random.

[image: ]

Figure 1. Experimental design. A: Overview of experimental treatments. B: Randomized complete block design with five replicas, and intercropping treatment pots randomly rotated. C: Photo of the experiment (day 48).
 
[bookmark: _Toc106555447]Watering and nutrient solution
Water saturation point for each soil was measured before the start of the experiment (Mars regolith = 35.7%, potting soil = 119%, sand = 27%). Watering was done once a day, every day, by pouring water on the saucer beneath the pot. For this, a random sample of three pots from each soil type was weighed and the amount of water to be given was determined to be just below the saturation point for that soil. Since the soils had different water retention properties, the amount of water needed per soil differed, and this was done in order to ensure that every treatment received the same amount of water relative to its saturation point.  

100ml of 2EC Hoogland nutrient solution was given once a week for the first 68 days, then increased to twice a week for the remainder of days to compensate for the increased biomass from the growing plants. The solution was poured on the top soil surface. Solution contents can be found in table 3.


	Table 3: pH, EC and nutrient contents of Hoogland nutrient solution.

	pH
	EC
	NH4
	K
	Na
	Ca
	Mg
	NO3
	Cl
	S
	HCO3
	P
	Si
	Fe
	Mn
	Zn
	B
	Cu
	Mo

	
	(mS/cm)
	(mmol/l)
	(µmol/l)

	6,0
	1,9
	0,8
	6,4
	0,6
	3,6
	1,2
	10,2
	0,4
	1,8
	0,9
	2,07
	0,15
	51
	13
	5,2
	28
	1,0
	0,5



[bookmark: _Toc106555448]Harvesting and Measurements
At harvest, above-ground biomass and yield was weighed for all three species. Above-ground biomass included stem, leaves and branches. Yield fresh weight was done separately for ripe and immature tomato fruits, and for pea pods and pea seeds, where only the seeds were considered for yield analysis. Harvesting of pea yield was also done throughout the experiment, as the first pea seeds started to mature on day 65. The first tomato fruits only started to ripen two weeks before the harvest date, so they were left on the plants to be harvested all at once. For carrot yield, the whole carrot from the crown to the tap root was weighed.

All pea roots were washed and visually assessed for the presence of rizhobia nodules, which were also dissected and checked for nodule activity using a light microscope (active nodules show an inner pink coloration (Schumpp & Deakin, 2010)). 

All fresh weighed samples were put in ovens to dry at 70°C for 48 hours, and the dry weight was measured.

Yield of the three species was analysed for NPK content. Three replicas of each treatment were grinded and analysed using digestion H2SO4/H2O2/Se + NP on SFA and H2SO4/H2O2/Se + K on ICP-OES. Only ripe (red) tomato fruits were analysed.
[bookmark: _Toc106555449]Calculations 
Harvest index (HI) is a measure of the reproductive efficiency, indicating how much of a plant’s above-ground biomass is allocated to yield. It was calculated from dry weight data, for all species, according to equation 1: 

		(1)

Relative yield total (RYT) is an index to assess whether there was any yield advantage in the intercropping system compared to monocropping. It is a useful measure to assess how the intercropping system performed as a whole (Fetene, 2003). It was calculated according to equation 2:

		(2)

Where Yit , Yip and Yic are the yields of tomato, pea and carrot (respectively) from the intercropping treatment, and Ymt , Ymp  and Ymc  are the yields of tomato, pea and carrot (respectively) from the monocropping treatment. If RYT > 1, this indicates yield advantage from intercropping, RYT < 1 indicates yield disadvantage from intercropping, and RYT = 1 indicates no difference in yield between intercropping and monocropping system. The division of the intercropping yield over the monocropping yield of the same species gives the relative yield (RY) for that species. A RY of  >0,33 indicates that the species over-yielded in the intercropping treatment compared to its monocropping treatment.
[bookmark: _Toc106555450]Data analysis
All data was checked for normality and homogeneity using a W test for normality and a Barlett’s test for homogeneity. When needed, LOG10 transformations were done to meet the two assumptions, and tests were then run on the transformed data. There were only three parameters that did not fit homogeneity, tomato yield P content (P=0.024), and harvest index for peas and for carrots (P=0.011), but those were still included in the analysis even though they did not meet the homogeneity assumption.

A two-way ANOVA was performed on the following variables: above-ground biomass dry weight, yield dry weight, harvest index, N content in yield (NY), P content in yield (PY) and K content in yield (KY). For tomato, yield included also the dry weight of the immature fruits harvested, since they would become ripe and consumable if harvested later. The ANOVA was run separately for each species, with cropping type and soil type at the interaction level, and block effects accounted for. A post-hoc Fisher’s protected LSD test (P<0.05) was performed for significant effects of soil type and the interaction between soil type and cropping type.

An analysis of deviance was performed on the ratios between intercropping and monocropping for each species in every soil (calculated from LOG-transformed data), and the p-values were obtained for the null hypothesis that the ratio equals 1 (i.e. no difference between intercropping and monocropping).

There was a missing value in one of the replicas sent for the NPK analysis of pea yield from the intercropping Mars regolith treatment due to insufficient pea material available. This means that for this treatment, only 2 replicas were analysed for NPK. There were no other missing or deleted values in the data set.
[bookmark: _Toc106555451] 


Results
[bookmark: _Toc106555452]Mars regolith
[bookmark: _Toc106555453]Intercropping increased performance of tomatoes, decreased performance of carrots, and had no effect on peas

Tomato showed increased performance in the intercropping treatment compared to the monocropping treatment, with significantly higher above-ground (AG) biomass (P=0.037), yield (P=0.043), and KY (P<0.001). Although there was no significant difference for tomato NY and PY, the same trend followed where those were also higher in intercropping compared to the monocropping treatment.

Contrary to tomato, carrot showed decreased performance in the intercropping treatment compared to the monocropping treatment, with significantly lower AG biomass (P=0.023), yield (P=0.022), NY (P<0.001) and PY (P=0.011). There was no significant difference in KY between intercropped and monocropped carrots, but results also showed lower values of KY in the intercropping treatment.

Pea showed no significant difference in performance between the intercropping and monocropping treatments for any of the variables. However, like carrot, the observed trend showed lower values in the intercropping treatments compared to the monocropping treatments for all variables, with the p-value for N content close to the threshold (P=0.060).

There was no significant difference in harvest index between intercropping and monocropping for any of the three species. Table 4 shows a comparison of the average values between intercropping and monocropping treatments for all variables, and Figure 2 is a photograph from the experiment that shows a clear visual representation of the results.


	Table 4. Average values (N=5) of all six measured variables from tomato, pea and carrot for the intercropping and monocropping treatments, for each of the three soils (Mars regolith simulant, sand and potting soil).

	
	Tomato
	Pea
	Carrot

	
	Intercropping
	Monocropping
	Intercropping
	Monocropping
	Intercropping
	Monocropping

	AG1 Biomass (g)2
	

	Mars regolith 
	4,42 (±0,23)** a
	2,15 (±0,35) a
	0,45 (±0,10) a
	1,01 (±0,14) a
	0,19 (±0,08)** a
	0,60 (±0,13) ab

	Sand
	6,76 (±3,92) * b
	4,45 (±2,00) b
	7,41 (±1,59)** c
	4,01 (±0,74) b
	1,07 (±0,06)** b
	1,71 (±0,30) c

	Potting soil
	24,71 (±1,26)** c
	15,68 (±0,28) c
	7,72 (±1,11) c
	8,18 (±0,88) c
	0,79 (±0,26)*** b
	4,62 (±0,15) d

	Yield (g)2
	
	
	
	
	
	

	Mars regolith 
	2,47 (±0,41)** ab
	1,29 (±0,37) a
	0,25 (±0,14) a
	0,46 (±0,08) a
	0,36 (±0,15)** a
	1,12 (±0,19) a

	Sand
	5,32 (±0,56)** c
	3,26 (±0,45) b
	8,82 (±1,89)** c
	4,71 (±0,94) b
	2,89 (±0,38)*** b
	6,46 (±0,37) c

	Potting soil
	17,18 (±0,76)*** e
	8,68 (±0,40) d
	8,72 (±0,61) c
	10,44 (±1,30) c
	2,26 (±0,53)*** b
	12,04 (±0,43) d

	Harvest index (%)
	
	
	
	
	
	

	Mars regolith 
	34,84 (±3,44) a
	34,98 (±3,82) a
	22,34 (±10,20) b
	30,93 (±4,79) b
	63,92 (±8,17) a
	65,75 (±2,74) a

	Sand
	45,85 (±5,31) a
	41,73 (±3,24) a
	55,24 (±1,20) a
	50,17 (±1,65) a
	73,80 (±2,73) b
	78,98 (±1,90) b

	Potting soil
	42,80 (±3,41) a
	36,66 (±3,22) a
	52,74 (±2,86) a
	56,07 (±8,29) a
	73,04 (±1,62) ab
	72,25 (±1,91) ab

	N content in yield (g/kg)
	
	
	
	
	
	

	Mars regolith 
	21,93 (±1,16) b
	18,47 (±3,51) b
	28,35 (±5,10)* a
	39,63 (±2,26) a
	9,73 (±0,88)*** c
	16,03 (±1,64) d

	Sand
	12,57 (±0,39) a
	10,80 (±0,32) a
	37,60 (±1,63) a
	35,97 (±3,08) a
	7,50 (±0,95) abc
	6,80 (±0,62) ab

	Potting soil
	10,87 (±1,01) a
	10,13 (±0,34) a
	35,20 (±2,43) a
	33,80 (±2,33) a
	5,13 (±0,74)** a
	8,27 (±0,24) bc

	P content in yield (g/kg)
	
	
	
	
	
	

	Mars regolith 
	3,96 (±0,37)* ab
	3,41 (±0,25) a
	4,15 (±0,96) b
	5,01 (±0,24) b
	1,58 (±0,11)** a
	2,74 (±0,22) a

	Sand
	3,95 (±0,11)* ab
	4,58 (±0,05) b
	2,90 (±0,11) a
	3,25 (±0,54) a
	2,45 (±0,32) a
	3,01 (±0,14) a

	Potting soil
	4,40 (±0,04) b
	4,36 (±0,11)b
	2,90 (±0,20) a
	3,75 (±0,62) a
	2,30 (±0,52)** a
	3,31 (±0,17) a

	K content in yield (g/kg)
	
	
	
	
	
	

	Mars regolith 
	55,00 (±3,29)*** c
	40,87 (±0,44) b
	14,50 (±0,49) b
	14,60 (±0,25) b
	18,13 (±3,94) a
	22,93 (±1,26) a

	Sand
	35,90 (±1,36)* a
	39,70 (±0,38) ab
	12,10 (±0,20) a
	13,00 (±0,57) a
	21,67 (±2,50) a
	24,27 (±2,09) a

	Potting soil
	37,87 (±1,58) ab
	35,93 (±0,49) a
	12,47 (±0,32) ** a
	13,77 (±0,49) a
	15,60 (±4,74)* a
	24,97 (±2,45) a

	1. “AG” = Above-ground
2. Values refer to dry weight
Values in brackets refer to standard error (SE)
Asterisks (*) refer to significant differences between intercropping and monocropping treatments within each species from the same soil treatment, at the 0.1 level (*), 0.05 level (**) and 0.001 level (***) (Analysis of Deviance). 
Letters refer to differences between soil treatments within each variable. Different letters indicate a significant difference at the 0.05 level (Fisher’s LSD test)
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Figure 2. Comparison between intercropping and monocropping treatments in Mars regolith simulant. A: intercropping treatment (left) and monocropped tomatoes (right). B: intercropping treatment (left) and monocropped peas (right). C: intercropping treatmen (left) and monocropped carrots (right). Arrows point to the small carrot leaves from the intercropping treatment. This figure reflects well our results, where we can see the better performance of intercropped tomato (bigger plant with more fruit, also ripe fruit) compared to the monocropped tomatoes, and the better performance of monocropped peas and carrots compared to the intercropping treatment. Pictures were taken on the day of harvest (day 105).

[bookmark: _Toc106555454]Comparison between soils

[bookmark: _Toc106555455]Effects of intercropping in potting soil and sand were similar to Mars regolith simulant

Potting soil produced the same pattern of results as those seen in the Mars regolith simulant, when comparing the intercropping and monocropping treatments (values and significant differences can be found in table 4). The only exception was KY, where in tomato it showed no significant difference, and in pea it was significantly lower in intercropping compared to monocropping (P=0.029).

Sand also produced a similar pattern of results to Mars regolith, when comparing the intercropping and monocropping treatments (Table 4), with three exceptions where the values were inverted: Tomato showed no significant difference in KY, but showed an indication of lower K in intercropping; Pea showed significantly higher AG biomass (P=0.002) and yield (P=0.012) in intercropping compared to monocropping; and carrot showed no difference in NY, but with an indication of higher N in intercropping. A last exception was carrot PY, where there was no significant difference between cropping treatments, but the pattern followed being lower for intercropping compared to monocropping. Graphs with a more visual representation of results can be found on Figure 3.
 
[bookmark: _Toc106555456]Potting soil gave the highest above-ground biomass, yield and harvest index, followed by sand and lastly by Mars regolith simulant

For all three species, AG biomass, yield, and harvest index mostly followed the pattern of being significantly the highest on potting soil, followed by sand, and lastly by Mars regolith (P<0.001). Where the difference was not significant (P>0.005), the values always followed the same pattern, except in the harvest indexes of tomato intercrop and monocrop, pea intercrop and carrot monocrop, where sand values were slightly higher than in potting soil. These interactions can be seen in Figure 3A-C. The only significant exception to this pattern were carrot AG biomass and yield, where both were lower in the potting soil intercropping treatment compared to the sand monocropping treatment (P<0.001). A noteworthy change was seen in pea AG biomass and yield, where both went from being significantly lower in sand compared to potting soil in monocropping, to having no significant difference between the two soils in intercropping (AG biomass: P=0.030; yield: P=0.015). Photographs comparing AG biomass and yield between the soils (Fig. 4), and comparing cropping treatments between the soils (Fig. 5) are provided.
 
[bookmark: _Toc106555457]Mars regolith simulant gave the highest yield N,  P and K values, followed by sand and lastly by potting soil

For NPK content in yield, the pattern seen above was inverted, where Mars regolith was mostly found to give the highest yield NPK values, and potting soil the lowest values, for both cropping treatments. Mars regolith had significantly higher values than both sand and potting soil for tomato NY and KY (P<0.001), pea P (P=0.007) and K (P<0.001), and carrot N (P<0.011). No significant difference was found amongst any other treatments. The only exception to this pattern was tomato P content, where it was significantly higher in Potting soil compared to Mars regolith monocrop, and higher in sand monocrop compared to Mars regolith monocrop (P=0.041). These interactions can be seen in Figure 3D-F.
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Figure 3. Comparison between intercropping and monocropping for tomato, pea and carrot in all three soils (Mars regolith simulant, potting soil and sand). A: Above-ground biomass. B: Yield. C: Harvest index. D: N content in yield. E: P content in yield. F: K content in yield. “Inter” = Intercropping treatment, “Mono” = Monocropping treatment. Letters indicate significant differences between soils within the same cropping treatment and within the same species, at the 0.05 level (Fisher’s LSD test). Asterisks (*) indicate significant differences between intercropping and monocropping treatments within the same soil and within the same species, at the 0.05 level (Analysis of Deviance). Error bars represent standard error (SE).
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Figure 4: Comparison between intercropping treatment from the three soils.. A: Sand. B: Mars regolith simulant. C: Potting soil. The pictures clearly reflect our results for above-ground biomass and yield, where it was highest for potting soil, followed by sand and lastly by Mars regolith simulant.
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Figure 5. Yield comparison between cropping treatments and between soils. All pictures show yield from sand, Mars regolith simulant, and potting soil, respectively. Labels in pictures indicating “Organic soil” refer to the potting soil treatment. A: Intercropped tomatoes. B: Monocropped tomatoes. C: Intercropped peas. D: Monocropped peas. E: Intercropped carrots. F: Intercropped carrots. 


[bookmark: _Toc106555458]RYT values showed yield advantage from intercropping for sand, but not for potting soil or Mars regolith

Sand was the only soil to present an overall yield advantage in the intercropping system compared to monocropping (RYT = 1,32), where both tomato and pea showed yield advantage in intercropping over monocropping (tomato relative yield (RY) = 0.54; pea RY = 0,62), and carrot showed yield disadvantage (RY = 0,15). Potting showed no overall yield advantage (RYT = 1,00), where tomato over-yielded (RY = 0,66) but both pea and carrot under-yielded (pea RY = 0,28; carrot RY = 0,06). Mars regolith showed under-yielding in the intercropping system compared to monocropping (RYT = 0,93), where tomato over-yielded (RY = 0,64) but both pea and carrot under-yielded (pea RY = 0,18; carrot RY = 0,11). Values for RY and RYT can be found in Table 5. Figure 6 shows the ratios between intercropping and monocropping for all variables, species and soils, and is a clear visualization of the overall system performance in each soil.

	Table 5. Relative yields for tomato, pea and carrot in each soil treatment, and the total relative yield (RYT) for the whole intercropping system when compared to monocropping.

	Soil
	Relative yield
	RYT

	
	Tomato
	Pea
	Carrot
	

	Mars regolith
	0,64
	0,18
	0,11
	0,93

	Sand
	0,54
	0,62
	0,15
	1,32

	Potting soil
	0,66
	0,28
	0,06
	1,00
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Figure 6. Comparison of intercropping:monocropping ratios for easier visualization of overall system performance in each of the three soils (Mars regolith simulant, sand and potting soil). RYT (total relative yield) refers to overall yield advantage or disadvantage in the intercropping system. If RYT > 1, this indicates yield advantage from intercropping over monocropping, RYT < 1 indicates yield disadvantage from intercropping over monocropping, and RYT = 1 indicates no difference in yield between the two cropping systems. Variables indicated are above-ground biomass dry weight (g), yield dry weight (g), harvest index (%), and N, P and K content in yield (g/kg)) for each of the three species (tomato, pea and carrot). Values above 1 indicate that the variable had a higher value in the intercropping treatment compared to the monocropping treatment. Values below 1 indicate that the variable had a lower value in the intercropping treatment compared to the monocropping treatment. Asterisks (*) indicate significant differences between intercropping and monocropping values within the same variable, at the 0.05 level.
[bookmark: _Toc106555459]Presence of Rhizobia bacteria
Visual analysis of roots of peas in both monocropping and intercropping treatments revealed presence of Rhizobia infected nodules in sand and potting soil, but not in Mars regolith (except for one replica from a monocropping treatment which had 3 nodules). Between 17 and 150 nodules were found across the other treatments. There was no significant difference in number of nodules between potting soil and sand (Fisher’s post hoc test P<0.05), although there was on average more nodules found in sand than in potting soil (Fig. 7). 

Naturally, both sand and potting soil showed a significantly higher number of root nodules than Mars regolith (P<0.001). There was also on average more nodules in intercropping compared to monocropping for both soils, although there was considerable variation between replicas, and thus this difference was not significant (P=0.100). Dissection of a number of nodules per replica showed a pink coloration inside, a sign that the nodules had been active in nitrogen fixing (Schumpp & Deakin, 2010). Root morphology, root nodules and dissected root nodules showing the pink coloration of nodule activity can be seen in Figure 8. 
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Figure 7. Average number of root nodules on pea roots (N=5) per plant, for the monocropping and intercropping treatments from each of the three soils (Mars regolith, potting soil and sand). Data labels indicate the average value. Error bars represent standard error (SE). Letters indicate significant differences between cropping treatment and between soils, at the 0.05 level (Fisher’s LSD test).
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Figure 8. Root and nodule comparison between soils. A: Pea roots from Potting soil monocropping treatment, with intact nodules. B: Pea roots from sand monocropping treatment, with nodules dissected, where a pink coloration can be seen, indicating the nodules were active in N-fixing. C: Pea roots from Mars regolith simulant (intercropping treatment), showing thicker and more tortuous roots. D: Pea roots from Mars regolith (monocropping treatment), from the only replica that showed the presence of nodules.


[bookmark: _Toc106555460]Discussion
 
[bookmark: _Toc106555461]Intercropping effects on RYT for Mars regolith

In Mars regolith, tomato was the only species in the intercropping treatment to show significantly higher performance in both above-ground biomass (AGB) and yield, compared to monocropping. Carrot showed significantly lower AGB and yield in intercropping compared to monocropping, and pea showed no significant difference between the two cropping treatments. Because intercropping had contrasting effects on the performance of each species, the use of the total relative yield (RYT) can be a more reliable way to assess how the intercropping system performed as a whole. RYT is an index to indicate whether there was any yield advantage in the intercropping system compared to monocropping.

Overall, the intercropping system in Mars regolith showed yield disadvantage over monocropping, with an RYT value of 0.93. Intercropping advantages or disadvantages can indicate the amount of interspecific competition or facilitation that is occurring within an intercropping system (Fetene, 2003). An RYT of less than 1 means that interspecific competition in intercropping was higher than intraspecific competition in monocropping. This is very likely due to the fact that pea did not form root nodules in symbiosis with the Rhizobia in Mars regolith (only three nodules were found in one of the monocropping replicas), thus negating its role as N-fixers and the key advantage of having a legume in an intercropping system. Many studies have demonstrated that when intercropped, pea can compensate for increased nutrient competition, as well as for N deficiency in the soil, by releasing root exudates (i.e. flavonoids) that can promote root nodule formation (Leoni et al., 2021; Li et al., 2009). This in turn increases fixation of atmospheric N and helps pea both escape the competitive pressure, as well as relieve the pressure for the other species by leaving more N available in the soil. Without the formation of nodules this was not possible, and instead of relieving the competitive pressure, pea became an added competitive load to the intercropping system in Mars regolith. The loss of facilitation by pea and the addition of its competition factor could explain why RYT in Mars regolith was lower than 1.

The contrast in performance between tomato and the other two species can be attributed to the fact that different crops often show different levels of competition strength when intercropped together. Tomato has been shown to be a dominant species within intercropping systems, including having yield advantages when intercropped with legumes (Olowolaju & Okunlola, 2017). In another study by Wu et al. (2016), where tomatoes were intercropped with potato onion, intercropping promoted the growth of tomato, whilst it inhibited the growth of potato onion. In that study, tomato was calculated to have a higher aggressivity index (i.e. the level of competition that a species presents over another in an intercropping system, as described by Willey & Rao (1980)), indicating the interspecies competitiveness of tomato was high relative to potato onion. 

What the specific component conferring tomatoes this competitive advantage is, remains unclear. Wu et al (2016) have made observations of changes in root morphology of intercropped tomatoes of increased root surface area and volume, which could lead to higher nutrient uptake making it a stronger competitor. Tomatoes are also generally known to be “heavy feeders” with a high demand for nutrient supply (Traoré et al., 2022), which could mean that they monopolize the resource uptake in the pot. This higher competitive strength of tomato could explain why it had increased yield performance in intercropping compared to monocropping, since it was put at an advantage compared to pea and carrot, whilst losing this advantage when grown with other tomato plants. It could also explain why in Mars regolith pea and carrot had lower performance in the intercropping treatment, as a higher resource uptake would confer the tomato more nutrients for growth, whilst leaving less resources available to the other two species. Carrot, which depends solely on the nutrients available in the soil, would naturally be at a disadvantage when grown with tomatoes. Moreover, the tomato plants grew taller than we expected (Appendix A, Fig. A1), which could have conferred carrots an additional disadvantage also above ground, where the greater height of tomatoes could have provided too much shading, limiting the carrot’s accessibility to light. This could explain the carrot’s significant decrease in performance in intercropping. 

Interestingly, in sand where we saw an adequate number of nodules in pea roots (average of 30 or more nodules per plant, (Farquharson et al., 2022)), there was an overall yield advantage in the intercropping system (RYT = 1.32), where although intercropped carrots underperformed, both pea and tomato showed significantly higher yield compared to monocropping. This higher RYT owes to the fact that pea performed particularly well when intercropped in sand, giving equal or higher values in all variables compared to monocropping. Potting soil gave the highest values for AG biomass and yield, in line with other studies on plant growth in Mars regolith simulants (Wamelink et al., 2019). However, although tomato over-yielded in potting soil when intercropped, pea and carrot under-yielded, resulting in no overall yield advantage from the intercropping system (RYT = 1). 

[bookmark: _Toc106555462]Potential factors affecting yield performance on Mars regolith

The success of peas in sand is most likely due to the higher number of root nodules that were formed, particularly in the intercropping treatment, allowing for more N-fixing. This higher number of root nodules can probably be explained by the lower N content available in sand compared to potting soil, a factor that has been shown to promote nodulation (Li et al., 2009). Lower N availability has also been linked to an increase in RYT before: in a pea-barley intercrop study, RYT was highest for treatments with no fertilizer compared to treatments with applied fertilizer (Sahota & Malhi, 2012). The high resource demand from the aggressive tomato in the sand intercropping treatment probably caused further decrease in N availability in the soil, which could have promoted its higher nodulation (Fig. 7).

Given the similarity in nutrient content availability between sand and the Mars regolith simulant (Table 2), we could stipulate that, had the peas been able to form nodules in the Mars regolith treatment, that system could have probably performed similarly to sand. As the sand treatment provides a good proof of concept of the methods and species used in this study, it is also a very helpful indication of how we could improve the regolith conditions so that plants could take full advantage of the interspecies facilitation in the intercropping system, as it was designed to do so. 

A chief  improvement would have to be towards building conditions fit to harbour the survival and nodulation capacity of Rhizobium leguminosarum. There are a few reasons why nodulation may have been hindered in the Mars regolith. Many studies have shown nodulation and R. leguminosarum survival to greatly decrease when under a variety of biotic and abiotic stresses, including high salinity (Zahran, 1999) and soil sterility (Kasper et al., 2019), both of which were features of the MMS-1 Mars regolith used in this study. For example, the regolith was very compact in comparison to both potting soil and sand. Although it was of “unsorted grade”, it was composed mostly of very fine particles that gave it a clay-like texture when wet, and it did not drain well (Appendix A, Fig. A2). The roots of the peas in Mars regolith reflected this in that they were smaller, thicker and more tortuous than the roots of peas in sand (and also in potting soil) (Fig. 8), which is a common response to denser and coarser soils (Correa et al., 2019). Since soil texture is known to affect salinity, where clay and moist soils tend to be more saline (Zaman et al., 2018), this could have added a salt stress factor to the Mars regolith, negatively affecting rhizobia bacteria. Moreover, the Mars regolith was low in organic matter. In a study by Kasper et al (2019), sterilized soils were shown to severely hamper formation of nodules, when compared to unsterilized soils containing more varied microbial communities.

However, apart from the lack of Rhizobia and N-fixing, other factors could also have been at play that may have hindered overall species performance in Mars regolith, preventing them from taking full advantage of the intercropping system. For example, another problem with compact soils is that it allows for lower gas diffusion and water conductivity, which can lead to anaerobic conditions in the soil and significantly reduce N availability and nutrient uptake (Correa et al., 2019), with more compact soils being linked to lower yields (Johansen et al., 2015). The organic matter present in Earth soils greatly contributes to soil quality, both in reducing soil compactness, as well as being rich in nutrients and the micro-organisms that play a part in making nutrients available for plant uptake (Kong et al., 2011). This could also explain why the absolute values for yield were the highest in potting soil, and why sand also showed higher yield values compared to Mars (although sand is also poor in organic matter, it is not as sterile as the Mars regolith, and may have harboured a wider microbiome that aided in plant performance). The sterile nature of Mars regolith means that, although it has the chemical elements necessary to meet the requirements of plant growth (Table 1), these elements are mostly absent in the bio-available forms that are necessary for their uptake (Duri et al., 2022), which are often made available by the activity of micro-organisms in the soil. This, however, can be easily overcome by the addition of compost. Research done by Caporale et al. (2020) has shown that adding compost to MMS-1 Mars regolith results in higher plant biomass, with the highest results at 30:70 simulant:compost mixture. This is a much higher organic matter ratio than the one used in this experiment (90:10 simulant:potting soil mixture), which was chosen to be as close as possible to starting conditions of an agricultural system on Mars. However, as Caporale et al. (2020) used compost instead of potting soil to achieve their results, such a ratio could eventually be reached on Mars by using crop waste from previous harvests to serve as compost, whereas still keeping to the circularity of the local system. Varying ratios of crop waste as added organic matter can be tested in future intercropping studies.

Mars regolith is also very alkaline, and our simulant had a pH of 8.5. Above pH 7.5, iron (Fe) uptake gets severely compromised (Samson et al., 2017), meaning that plants growing in Mars regolith were likely iron deficient. Iron deficient tomatoes, in particular, are known to release certain root exudates such as caffeic acid, which can facilitate Fe uptake (Adu-Gyamfi, 2002) but at the same time act as an inhibitor of phosphorylase (Li et al., 2010). Since phosphorylase is a key enzyme involved in breaking down starch into glucose, ultimately used in ATP production, this could mean that plants in Mars regolith would suffer from having less energy and thus have hindered growth and yield, which is in line with what we saw in this experiment. The potential accumulation of caffeic acid from monocropped tomatoes in Mars regolith, compared to intercropped tomatoes, could also explain why tomatoes had higher biomass and yield when intercropped. The allelopathic influences of root exudates on neighbouring plants have been extensively documented (Narwal et al., 2000; Rice et al., 1981), however we cannot be sure of their effects in this study, and future experiments could benefit from including the analysis of root exudate compounds in the soil in order to better understand species interactions and soil influences on yield.

[bookmark: _Toc106555463]Intercropping effects on Harvest index 

Harvest index was not significantly different between cropping treatments in Mars regolith, as well as in sand and potting soil. This means that plants from both cropping treatments had the same reproductive efficiency, and that intercropping had no effect on maximizing plant resources allocated to yield. This can be explained by the fact that none of chief factors affecting HI, such as plant density, water supply, temperature or disease (Li et al., 2015; Unkovich et al., 2010; Zhang et al., 2008), varied between the two cropping treatments. The variation of HI between the soils (where Mars regolith had significantly lower HI compared to sand and potting soil) could be explained by the poor drainage capacity of Mars regolith, as lower HI has been previously linked with increased water content in soil (Zhang et al., 2008).  Other studies had also found that intercropping, whilst increasing yield and biomass, caused no difference or even a decrease in HI over several different species combinations (Chen et al., 2021; Li et al., 2015).

[bookmark: _Toc106555464]Intercropping effects on NPK content in yield

NPK content in yield were either equal or significantly lower in the intercropping treatment compared to the monocropping treatment for all species in all soils (Table 4), except for KY in tomatoes from Mars regolith, where intercropped tomato had significantly higher KY compared to monocropping. 

Leaves from monocropped tomatoes in Mars regolith had severe leaf burns and necrosis, specially in the older leaves, which could be a sign of K deficiency (Besford, 1978). Tomatoes from the Mars regolith intercropping treatments also showed these symptoms, but to a lesser extent (Fig. 9). This could be indicative of why there was a significant difference between cropping treatments in KY for tomato in Mars regolith. Moreover, K deficiency can dramatically decrease tomato growth and fruit set (Besford & Maw, 1975), which could also explain why intercropped tomato had higher yield as well as an earlier fruit set than monocropped tomato in Mars regolith (at harvest, 33% of the fruits from intercropped tomato were already fully ripe, compared to 5% from monocropped tomato). However, other factors may be at play to explain this effect, since the ratio of yield between intercropped and monocropped tomatoes was similar in all soils (Fig. 6), and leaves of monocropped tomatoes from sand and potting soil did not show visible signs of K deficiency. Moreover, despite monocropped tomato in Mars regolith having lower KY than the intercropped tomato, its KY was still significantly higher than the tomato KY for both sand and potting soil, from both cropping treatments. This could be explained by the fact that optimum K uptake occurs only above 6.5 pH, and is increased further with increased soil moisture (Kuchenbuch et al., 1986), giving Mars regolith optimal soil conditions for K uptake. This is of course the opposite to what we visually observed in tomato leaves, but macro- and micro-nutrient interactions are often highly complex and other deficiencies or toxicities may have also added other beneficial or adverse effects. A full nutrient analysis of both leaves and yield, as well as of soil, would better help understand the visually observed symptoms. 

When comparing NPK between soils, N and P also followed the same pattern as K of being either equal or significantly higher in Mars regolith compared to sand and potting soil, except for PY in tomatoes. This lower PY in Mars regolith tomato could be explained by the fact that P uptake is severely compromised between pH 8 and pH 9, which is exactly where the Mars regolith falls within, although it is unclear why this was also not the case for carrot and pea from Mars regolith. As for NY, although higher N availability in soil has been linked to higher yields (Walley et al., 2002), studies have shown that this higher availability has either no correlation (Walley et al., 2002) or a negative correlation (Davis et al., 2004) with N content in yield. This could explain why in potting soil with see the highest yields but also the lowest N content in yields, and vice-versa for Mars regolith. This is an interesting aspect to be considered for crops grown in Mars, as it portrays to equal or potentially increased crop quality despite the Mars regolith giving lower yields. 
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Figure. 9. Potential K deficiency symptoms in tomato leaves from Mars regolith. A: Mars regolith monocropping treatment. B: Mars regolith intercropping treatment.

[bookmark: _Toc106555465]Sand as a potential substitute for Mars regolith in larger scale experiments

Sand was used in this experiment with the additional objective of testing its viability to be used as a cheaper and more accessible substitute for Mars regolith simulants in larger-scale experiments. However, we found that sand results were not comparable to Mars regolith. Sand produced significantly higher values of biomass and yield compared to Mars regolith in all species in both cropping treatments, and generally significantly lower values of NPK content for most combinations of species and cropping treatments. The ratios between intercropping and monocropping also varied across all variables. Therefore, sand probably cannot be considered as a good analogue for the unsorted grade MMS-1. However, much of these effects could have been due to the successful nodulation of pea in sand allowed by the sandy soil conditions, instead of being due to specific properties of the soil itself. Indeed, more comparable results were found between Mars regolith and sand amongst the monocropping treatments of carrot and tomato, where Rhizobia would not confer any differential effects. Using other species combinations that do not make use of rhizobia symbiosis could potentially produce more similar results between Mars regolith and sand. Therefore, further research comparing different species performances between these two soils is needed to be fully conclusive on the viability of using sand as a faithful analogue to Mars regolith.  


[bookmark: _Toc106555466]Research implications and future research

When peas were optimized for N-fixing, such as in sand, the intercropping system as designed in this experiment gave overall yield advantages, which shows much promise for this design as a method for optimizing crop growth on Mars. 

It would be of essence to conduct further research taking into account the sustainable (i.e. simulating making the most use local Martian resources) amelioration of the Mars regolith ‘soil’ conditions. This would be key to improving the overall intercropping system performance for Mars regolith, since plants would be able to take full advantage of the species complementary features present in the intercropping system. Utilizing a higher grain grade, mixing compost or adding micro-organisms to the regolith could improve the soil’s drainage capacity and reduce compactness, allowing for the survival and nodulation of Rhizobia bacteria, and improving nutrient content, bioavailability and uptake.

Other combinations of candidate species can also be tested in order to find the optimum combination for the most efficient species complementarity. Adding treatments with only two species in the pot could also be helpful to better understand single species interactions without a confounding third species present. Moreover, testing different ratios of species in the pot could also improve the system’s potential yielding capacity. For example, a study by El-Gaid et al. (2014) in intercropping tomato and bean found that the highest RYT values were achieved in a combination of 1 tomato plant : 3 bean plants (RYT = 1.26). 

[bookmark: _Toc106555467]Conclusion

Intercropping tomato, pea and carrot in Mars regolith simulant resulted in a significant increase in yield for tomato but significant decrease in yield for carrot, and no significant effect over pea. This gave the intercropping system in Mars regolith an overall yield disadvantage compared to the monocropping system. This was most likely due to the absence of nodulation in pea roots in the Mars regolith. In sand, where nodulation did occur, intercropping gave an overall extra yield advantage compared to monocropping. Physical and chemical properties of the Mars regolith may have made it a hostile environment for survival and nodulation of rhizobia bacteria, as well as having reduced nutrient availability and bioavailability in the soil, impeding the plants from taking full advantage of their complementarity properties in the intercropping system. Further research considering ameliorations to the soil properties of the Mars regolith could remediate these conditions, unlocking the potential of species complementarity and proving intercropping to be a promising system for optimizing fresh food production in future colonies on Mars. 
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Figure A1. Hight comparison between the standard Tiny Tim cherry tomato cultivar (left) and the plants grown in our experiment (right, both plants from the potting soil monocropping treatment). The Tiny Tim tomatoes in our experiment grew taller than we expected. 
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Figure A2. Picture of the Mars regolith simulant used in the experiment, depicting its clay-like texture and compactness.
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TOMATO

TOM BIOMASS DW /3 (LOG DATA)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_LOG_tom_biomass_3
Test statistic W:	 0.9318
Probability:	 0.055
 
 258  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Tomato,Soil_Tomato] resid_LOG_tom_biomass_3
 
Bartlett's test for homogeneity of variances
 
Chi-square 7.71 on 5 degrees of freedom: probability 0.173

Analysis of variance
 
Variate: LOG_Tom_above_biomass_DW3
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Replica_Tomato stratum	4	 0.21510	 0.05378	 2.30	 
 
Replica_Tomato.*Units* stratum
Cropping_Tomato	1	 0.27716	 0.27716	 11.85	 0.003
Soil_Tomato	2	 3.09287	 1.54643	 66.11	<.001
Cropping_Tomato.Soil_Tomato	
	2	 0.02214	 0.01107	 0.47	 0.630
Residual	20	 0.46785	 0.02339	 	 
 
Total	29	 4.07512	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_Tomato 2 *units* 3	   0.259	   s.e. 0.125
Replica_Tomato 4 *units* 4	   -0.392	   s.e. 0.125
 
 
Tables of means
 
Variate: LOG_Tom_above_biomass_DW3
 
Grand mean  0.831 
 
	Cropping_Tomato	 Inter	 Mono
		 0.927	 0.735
 
	Soil_Tomato	 Mars	 Potting	 Sand
		 0.512	 1.270	 0.710
 
	Cropping_Tomato	Soil_Tomato	 Mars	 Potting	 Sand
	 Inter		 0.643	 1.363	 0.775
	 Mono		 0.381	 1.178	 0.645
 
 
Standard errors of differences of means
 
Table	Cropping_Tomato	Soil_Tomato	Cropping_Tomato	 
			Soil_Tomato	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 0.0558	 0.0684	 0.0967	 


Fisher's unprotected least significant difference test
 
 
Soil_Tomato
 
 
		Mean	 
	Mars	 0.5122	 a
	Sand	 0.7098	 b
Potting	 	1.2702	 c


TOM BIOMASS DW /3 (ORIGINAL DATA)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_tom_biomass_3
Test statistic W:	 0.9046
Probability:	 0.011
 
 178  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Tomato,Soil_Tomato] resid_tom_biomass_3
 
Bartlett's test for homogeneity of variances
 
Chi-square 10.60 on 5 degrees of freedom: probability 0.060

Analysis of variance
 
Variate: Tom_above_biomass_DW_3
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Replica_Tomato stratum	4	 122.86	 30.72	 2.04	 
 
Replica_Tomato.*Units* stratum
Cropping_Tomato	1	 146.36	 146.36	 9.72	 0.005
Soil_Tomato	2	 1657.23	 828.62	 55.03	<.001
Cropping_Tomato.Soil_Tomato	
	2	 79.91	 39.96	 2.65	 0.095
Residual	20	 301.13	 15.06	 	 
 
Total	29	 2307.49	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_Tomato 2 *units* 6	   -11.415	   s.e. 3.168
Replica_Tomato 5 *units* 3	   6.588	   s.e. 3.168
 
 
Tables of means
 
Variate: Tom_above_biomass_DW_3
 
Grand mean  9.756 
 
	Cropping_Tomato	 Inter	 Mono
		 11.965	 7.547
 
	Soil_Tomato	 Mars	 Potting	 Sand
		 3.466	 20.194	 5.607
 
	Cropping_Tomato	Soil_Tomato	 Mars	 Potting	 Sand
	 Inter		 4.422	 24.708	 6.764
	 Mono		 2.511	 15.680	 4.451
 
 
Standard errors of differences of means
 
Table	Cropping_Tomato	Soil_Tomato	Cropping_Tomato	 
			Soil_Tomato	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 1.4169	 1.7353	 2.4541	 
 
 
Fisher's unprotected least significant difference test
 
 
Soil_Tomato
 
 
		Mean	 
	Mars	 3.466	 a
	Sand	 5.607	 a
	Potting	 20.194	 b

TOM FRUIT RED ONLY DW /3 (ORIGINAL DATA)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_tom_red_DW3
Test statistic W:	 0.9118
Probability:	 0.017

Bartlett's test for homogeneity of variances
 
Chi-square 15.63 on 5 degrees of freedom: probability 0.008

Analysis of variance
 
Variate: Tom_fruit_red_only_DW_3
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Replica_Tomato stratum	4	 7.979	 1.995	 0.40	 
 
Replica_Tomato.*Units* stratum
Cropping_Tomato	1	 46.625	 46.625	 9.30	 0.006
Soil_Tomato	2	 567.312	 283.656	 56.56	<.001
Cropping_Tomato.Soil_Tomato	
	2	 43.545	 21.772	 4.34	 0.027
Residual	20	 100.306	 5.015	 	 
 
Total	29	 765.767	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_Tomato 1 *units* 3	   -6.40	   s.e. 1.83
Replica_Tomato 2 *units* 6	   3.93	   s.e. 1.83
 
 
Tables of means
 
Variate: Tom_fruit_red_only_DW_3
 
Grand mean  4.05 
 
	Cropping_Tomato	 Inter	 Mono
		 5.29	 2.80
 
	Soil_Tomato	 Mars	 Potting	 Sand
		 0.75	 10.19	 1.20
 
	Cropping_Tomato	Soil_Tomato	 Mars	 Potting	 Sand
	 Inter		 1.28	 13.14	 1.47
	 Mono		 0.22	 7.25	 0.94
 
 
Standard errors of differences of means
 
Table	Cropping_Tomato	Soil_Tomato	Cropping_Tomato	 
			Soil_Tomato	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 0.818	 1.002	 1.416	 


Fisher's unprotected least significant difference test
 
 
Soil_Tomato
 
 
		Mean	 
	Mars	 0.750	 a
	Sand	 1.202	 a
	Potting	 10.192	 b

 

TOM FRUIT RED ONLY DW /3 (SQR DATA)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_SQR_tom_red_DW3
Test statistic W:	 0.9372
Probability:	 0.076
 
 635  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Tomato,Soil_Tomato] resid_SQR_tom_red_DW3
 
Bartlett's test for homogeneity of variances
 
Chi-square 3.86 on 5 degrees of freedom: probability 0.570

Analysis of variance
 
Variate: SQR_Tom_fruit_red_only_DW_3
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Replica_Tomato stratum	4	 0.6156	 0.1539	 0.39	 
 
Replica_Tomato.*Units* stratum
Cropping_Tomato	1	 2.4193	 2.4193	 6.14	 0.022
Soil_Tomato	2	 37.8554	 18.9277	 48.05	<.001
Cropping_Tomato.Soil_Tomato	
	2	 0.5366	 0.2683	 0.68	 0.517
Residual	20	 7.8790	 0.3939	 	 
 
Total	29	 49.3059	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_Tomato 1 *units* 3	   -1.15	   s.e. 0.51
 
 
Tables of means
 
Variate: SQR_Tom_fruit_red_only_DW_3
 
Grand mean  1.55 
 
	Cropping_Tomato	 Inter	 Mono
		 1.83	 1.27
 
	Soil_Tomato	 Mars	 Potting	 Sand
		 0.59	 3.13	 0.94
 
	Cropping_Tomato	Soil_Tomato	 Mars	 Potting	 Sand
	 Inter		 0.88	 3.57	 1.06
	 Mono		 0.30	 2.68	 0.82
 
 
Standard errors of differences of means
 
Table	Cropping_Tomato	Soil_Tomato	Cropping_Tomato	 
			Soil_Tomato	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 0.229	 0.281	 0.397	 
 
 
 642  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 643  SCALAR _scode; VALUE=0
 644  AKEEP [FACTORIAL=9] Soil_Tomato; MEAN=_mean; REP=_rep; VARIANCE=_var; RTERM=_resid;\
 645   STATUS=_scode
 646  IF _scode > 0
 647    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 648    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 649   STUDENTIZE=no] Soil_Tomato
 
Fisher's unprotected least significant difference test
 
 
Soil_Tomato
 
 
		Mean	 
	Mars	 0.586	 a
	Sand	 0.940	 a
	Potting	 3.126	 b


TOM FRUIT ALL DW /3 (ORIGINAL DATA)


Shapiro-Wilk test for Normality
 
Data variate:	 resid_tom_allfruit_DW3
Test statistic W:	 0.9357
Probability:	 0.070
 
 703  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Tomato,Soil_Tomato] resid_tom_allfruit_DW3
 
Bartlett's test for homogeneity of variances
 
Chi-square 3.17 on 5 degrees of freedom: probability 0.675


Analysis of variance
 
Variate: Tom_fruit_ALL_DW_3
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Replica_Tomato stratum	4	 1.842	 0.461	 0.32	 
 
Replica_Tomato.*Units* stratum
Cropping_Tomato	1	 111.760	 111.760	 77.26	<.001
Soil_Tomato	2	 667.791	 333.895	 230.81	<.001
Cropping_Tomato.Soil_Tomato	
	2	 81.926	 40.963	 28.32	<.001
Residual	20	 28.932	 1.447	 	 
 
Total	29	 892.252	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_Tomato 1 *units* 3	   -2.07	   s.e. 0.98
Replica_Tomato 4 *units* 4	   -2.40	   s.e. 0.98
 
 
Tables of means
 
Variate: Tom_fruit_ALL_DW_3
 
Grand mean  6.39 
 
	Cropping_Tomato	 Inter	 Mono
		 8.32	 4.46
 
	Soil_Tomato	 Mars	 Potting	 Sand
		 1.96	 12.93	 4.29
 
	Cropping_Tomato	Soil_Tomato	 Mars	 Potting	 Sand
	 Inter		 2.47	 17.18	 5.32
	 Mono		 1.44	 8.68	 3.26
 
 
Standard errors of differences of means
 
Table	Cropping_Tomato	Soil_Tomato	Cropping_Tomato	 
			Soil_Tomato	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 0.439	 0.538	 0.761	 
 
 
 739  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 740  SCALAR _scode; VALUE=0
 741  AKEEP [FACTORIAL=9] Soil_Tomato; MEAN=_mean; REP=_rep; VARIANCE=_var; RTERM=_resid;\
 742   STATUS=_scode
 743  IF _scode > 0
 744    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 745    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 746   STUDENTIZE=no] Soil_Tomato
 
Fisher's unprotected least significant difference test
 
 
Soil_Tomato
 
 
		Mean	 
	Mars	 1.959	 a
	Sand	 4.291	 b
	Potting	 12.928	 c


Fisher's unprotected least significant difference test
 
 
Cropping_Tomato.Soil_Tomato
 
 
		Mean	 
	Mono Mars	 1.445	 a
	Inter Mars	 2.474	 ab
	Mono Sand	 3.263	 b
	Inter Sand	 5.318	 c
	Mono Potting	 8.679	 d
	Inter Potting	 17.176	 e



TOM FRUIT IMATURE DW /3 (ORIGINAL DATA)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_tom_immaturet_DW3
Test statistic W:	 0.9751
Probability:	 0.686
 
 855  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Tomato,Soil_Tomato] resid_tom_immaturet_DW3
 
Bartlett's test for homogeneity of variances
 
Chi-square 15.70 on 5 degrees of freedom: probability 0.008

Analysis of variance
 
Variate: Tom_fruit_immature_only_DW_3
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Replica_Tomato stratum	4	 7.031	 1.758	 0.44	 
 
Replica_Tomato.*Units* stratum
Cropping_Tomato	1	 14.013	 14.013	 3.49	 0.076
Soil_Tomato	2	 19.956	 9.978	 2.49	 0.108
Cropping_Tomato.Soil_Tomato	
	2	 8.802	 4.401	 1.10	 0.353
Residual	20	 80.201	 4.010	 	 
 
Total	29	 130.004	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_Tomato 1 *units* 3	   4.33	   s.e. 1.64
Replica_Tomato 2 *units* 6	   -3.31	   s.e. 1.64
Replica_Tomato 4 *units* 4	   -3.60	   s.e. 1.64
 
 
Tables of means
 
Variate: Tom_fruit_immature_only_DW_3
 
Grand mean  2.34 
 
	Cropping_Tomato	 Inter	 Mono
		 3.03	 1.66
 
	Soil_Tomato	 Mars	 Potting	 Sand
		 1.21	 2.74	 3.09
 
	Cropping_Tomato	Soil_Tomato	 Mars	 Potting	 Sand
	 Inter		 1.19	 4.04	 3.85
	 Mono		 1.22	 1.43	 2.33
 
 
Standard errors of differences of means
 
Table	Cropping_Tomato	Soil_Tomato	Cropping_Tomato	 
			Soil_Tomato	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 0.731	 0.896	 1.267	 
 
 
 841  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 842  SCALAR _scode; VALUE=0
 843  AKEEP [FACTORIAL=9] Cropping_Tomato; MEAN=_mean; REP=_rep; VARIANCE=_var; RTERM=_resid;\
 844   STATUS=_scode
 845  IF _scode > 0
 846    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 847    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 848   STUDENTIZE=no] Cropping_Tomato
 

 


TOM K NUTRIENT (LOG DATA)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_LOG_tom_K_nut
Test statistic W:	 0.9592
Probability:	 0.586
 
 1029  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Tom_Nut,Soil_Tom_Nut] resid_LOG_tom_K_nut
 
Bartlett's test for homogeneity of variances
 
Chi-square 8.84 on 5 degrees of freedom: probability 0.115

Analysis of variance
 
Variate: LOG_K_Tom_Nut
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
NEW_Replica_Tom_Nut stratum	
	2	 0.0007903	 0.0003952	 0.56	 
 
NEW_Replica_Tom_Nut.*Units* stratum
Cropping_Tom_Nut	1	 0.0055483	 0.0055483	 7.80	 0.019
Soil_Tom_Nut	2	 0.0431911	 0.0215955	 30.38	<.001
Cropping_Tom_Nut.Soil_Tom_Nut	
	2	 0.0225170	 0.0112585	 15.84	<.001
Residual	10	 0.0071089	 0.0007109	 	 
 
Total	17	 0.0791556	 	 	 
 
 
Message: the following units have large residuals.
 
NEW_Replica_Tom_Nut 2 *units* 4	   0.0398	   s.e. 0.0199
 
 
Tables of means
 
Variate: LOG_K_Tom_Nut
 
Grand mean  1.6061 
 
	Cropping_Tom_Nut	 Inter	 Mono
		 1.6236	 1.5885
 
	Soil_Tom_Nut	 Mars	 Potting	 Sand
		 1.6751	 1.5665	 1.5766
 
	Cropping_Tom_Nut	Soil_Tom_Nut	 Mars	 Potting	 Sand
	 Inter		 1.7388	 1.5775	 1.5545
	 Mono		 1.6113	 1.5554	 1.5988
 
 
Standard errors of differences of means
 
Table	Cropping_Tom_Nut	Soil_Tom_Nut	Cropping_Tom_Nut	 
			Soil_Tom_Nut	 
rep.	 9	 6	 3	 
d.f.	 10	 10	 10	 
s.e.d.	 0.01257	 0.01539	 0.02177	 
 
 
 1036  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 1037  SCALAR _scode; VALUE=0
 1038  AKEEP [FACTORIAL=9] Soil_Tom_Nut; MEAN=_mean; REP=_rep; VARIANCE=_var; RTERM=_resid;\
 1039   STATUS=_scode
 1040  IF _scode > 0
 1041    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 1042    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 1043   STUDENTIZE=no] Soil_Tom_Nut
 
Fisher's unprotected least significant difference test
 
 
Soil_Tom_Nut
 
 
		Mean	 
	Potting	 1.566	 a
	Sand	 1.577	 a
	Mars	 1.675	 b


Fisher's unprotected least significant difference test
 
 
Cropping_Tom_Nut.Soil_Tom_Nut
 
 
		Mean	 
	Inter Sand	 1.554	 a
	Mono Potting	 1.555	 a
	Inter Potting	 1.578	 ab
	Mono Sand	 1.599	 ab
	Mono Mars	 1.611	 b
	Inter Mars	 1.739	 c


TOM K NUTRIENT (ORIGINAL DATA)

Analysis of variance
 
Variate: K_Tom_Nut
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
NEW_Replica_Tom_Nut stratum	
	2	 11.348	 5.674	 0.68	 
 
NEW_Replica_Tom_Nut.*Units* stratum
Cropping_Tom_Nut	1	 75.236	 75.236	 9.04	 0.013
Soil_Tom_Nut	2	 450.458	 225.229	 27.07	<.001
Cropping_Tom_Nut.Soil_Tom_Nut	
	2	 251.658	 125.829	 15.13	<.001
Residual	10	 83.192	 8.319	 	 
 
Total	17	 871.891	 	 	 
 
 
Message: the following units have large residuals.
 
NEW_Replica_Tom_Nut 3 *units* 2	   5.18	   s.e. 2.15
 
 
Tables of means
 
Variate: K_Tom_Nut
 
Grand mean  40.88 
 
	Cropping_Tom_Nut	 Inter	 Mono
		 42.92	 38.83
 
	Soil_Tom_Nut	 Mars	 Potting	 Sand
		 47.93	 36.90	 37.80
 
	Cropping_Tom_Nut	Soil_Tom_Nut	 Mars	 Potting	 Sand
	 Inter		 55.00	 37.87	 35.90
	 Mono		 40.87	 35.93	 39.70
 
 
Standard errors of differences of means
 
Table	Cropping_Tom_Nut	Soil_Tom_Nut	Cropping_Tom_Nut	 
			Soil_Tom_Nut	 
rep.	 9	 6	 3	 
d.f.	 10	 10	 10	 
s.e.d.	 1.360	 1.665	 2.355	 
 
 
 1090  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 1091  SCALAR _scode; VALUE=0
 1092  AKEEP [FACTORIAL=9] Cropping_Tom_Nut.Soil_Tom_Nut; MEAN=_mean; REP=_rep; VARIANCE=_var;\
 1093   RTERM=_resid; STATUS=_scode
 1094  IF _scode > 0
 1095    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 1096    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 1097   STUDENTIZE=no] Cropping_Tom_Nut.Soil_Tom_Nut
 
Fisher's unprotected least significant difference test
 
 
Cropping_Tom_Nut.Soil_Tom_Nut
 
 
		Mean	 
	Inter Sand	 35.90	 a
	Mono Potting	 35.93	 a
	Inter Potting	 37.87	 a
	Mono Sand	 39.70	 a
	Mono Mars	 40.87	 a
	Inter Mars	 55.00	 b



TOM N NUTRIENT (ORIGINAL DATA)


Shapiro-Wilk test for Normality
 
Data variate:	 resid_tom_N_nut
Test statistic W:	 0.9354
Probability:	 0.241
 
 1122  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Tom_Nut,Soil_Tom_Nut] resid_tom_N_nut
 
Bartlett's test for homogeneity of variances
 
Chi-square 9.32 on 5 degrees of freedom: probability 0.097


Analysis of variance
 
Variate: N_Tom_Nut
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
NEW_Replica_Tom_Nut stratum	
	2	 20.641	 10.321	 1.48	 
 
NEW_Replica_Tom_Nut.*Units* stratum
Cropping_Tom_Nut	1	 17.801	 17.801	 2.56	 0.141
Soil_Tom_Nut	2	 336.048	 168.024	 24.15	<.001
Cropping_Tom_Nut.Soil_Tom_Nut	
	2	 5.714	 2.857	 0.41	 0.674
Residual	10	 69.572	 6.957	 	 
 
Total	17	 449.776	 	 	 
 
 
Message: the following units have large residuals.
 
NEW_Replica_Tom_Nut 1 *units* 5	   5.23	   s.e. 1.97
NEW_Replica_Tom_Nut 3 *units* 6	   -4.17	   s.e. 1.97
 
 
Tables of means
 
Variate: N_Tom_Nut
 
Grand mean  14.13 
 
	Cropping_Tom_Nut	 Inter	 Mono
		 15.12	 13.13
 
	Soil_Tom_Nut	 Mars	 Potting	 Sand
		 20.20	 10.50	 11.68
 
	Cropping_Tom_Nut	Soil_Tom_Nut	 Mars	 Potting	 Sand
	 Inter		 21.93	 10.87	 12.57
	 Mono		 18.47	 10.13	 10.80
 
 
Standard errors of differences of means
 
Table	Cropping_Tom_Nut	Soil_Tom_Nut	Cropping_Tom_Nut	 
			Soil_Tom_Nut	 
rep.	 9	 6	 3	 
d.f.	 10	 10	 10	 
s.e.d.	 1.243	 1.523	 2.154	 
 
 
 1129  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 1130  SCALAR _scode; VALUE=0
 1131  AKEEP [FACTORIAL=9] Cropping_Tom_Nut.Soil_Tom_Nut; MEAN=_mean; REP=_rep; VARIANCE=_var;\
 1132   RTERM=_resid; STATUS=_scode
 1133  IF _scode > 0
 1134    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 1135    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 1136   STUDENTIZE=no] Cropping_Tom_Nut.Soil_Tom_Nut
 

Fisher's unprotected least significant difference test
 
 
Soil_Tom_Nut
 
 
		Mean	 
	Potting	 10.50	 a
	Sand	 11.68	 a
Mars	 	20.20	 b

Fisher's unprotected least significant difference test
 
 
Cropping_Tom_Nut.Soil_Tom_Nut
 
 
		Mean	 
	Mono Potting	 10.13	 a
	Mono Sand	 10.80	 a
	Inter Potting	 10.87	 a
	Inter Sand	 12.57	 a
	Mono Mars	 18.47	 b
	Inter Mars	 21.93	 b
 


TOM P NUTRIENT (LOG DATA)


Shapiro-Wilk test for Normality
 
Data variate:	 resid_LOG_tom_P_nut_2
Test statistic W:	 0.9054
Probability:	 0.072
 
 1359  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Tom_Nut,Soil_Tom_Nut] resid_LOG_tom_P_nut_2
 
Bartlett's test for homogeneity of variances
 
Chi-square 12.97 on 5 degrees of freedom: probability 0.024


Analysis of variance
 
Variate: LOG_P_Tom_Nut
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
NEW_Replica_Tom_Nut stratum	
	2	 0.005420	 0.002710	 1.98	 
 
NEW_Replica_Tom_Nut.*Units* stratum
Cropping_Tom_Nut	1	 0.000007	 0.000007	 0.00	 0.946
Soil_Tom_Nut	2	 0.021852	 0.010926	 7.99	 0.008
Cropping_Tom_Nut.Soil_Tom_Nut	
	2	 0.012178	 0.006089	 4.45	 0.041
Residual	10	 0.013681	 0.001368	 	 
 
Total	17	 0.053138	 	 	 
 
 
Message: the following units have large residuals.
 
NEW_Replica_Tom_Nut 2 *units* 3	   -0.0680	   s.e. 0.0276
 
 
Tables of means
 
Variate: LOG_P_Tom_Nut
 
Grand mean  0.6105 
 
	Cropping_Tom_Nut	 Inter	 Mono
		 0.6111	 0.6099
 
	Soil_Tom_Nut	 Mars	 Potting	 Sand
		 0.5618	 0.6413	 0.6284
 
	Cropping_Tom_Nut	Soil_Tom_Nut	 Mars	 Potting	 Sand
	 Inter		 0.5933	 0.6437	 0.5963
	 Mono		 0.5303	 0.6389	 0.6605
 
 
Standard errors of differences of means
 
Table	Cropping_Tom_Nut	Soil_Tom_Nut	Cropping_Tom_Nut	 
			Soil_Tom_Nut	 
rep.	 9	 6	 3	 
d.f.	 10	 10	 10	 
s.e.d.	 0.01744	 0.02136	 0.03020	 
 
 
 1402  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 1403  SCALAR _scode; VALUE=0
 1404  AKEEP [FACTORIAL=9] Cropping_Tom_Nut.Soil_Tom_Nut; MEAN=_mean; REP=_rep; VARIANCE=_var;\
 1405   RTERM=_resid; STATUS=_scode
 1406  IF _scode > 0
 1407    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 1408    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 1409   STUDENTIZE=no] Cropping_Tom_Nut.Soil_Tom_Nut
 
Fisher's unprotected least significant difference test
 
 
Cropping_Tom_Nut.Soil_Tom_Nut
 
 
		Mean	 
	Mono Mars	 0.5303	 a
	Inter Mars	 0.5933	 ab
	Inter Sand	 0.5963	 ab
	Mono Potting	 0.6389	 b
	Inter Potting	 0.6437	 b
	Mono Sand	 0.6605	 b



TOM P NUTRIENT (ORIGINAL DATA)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_tom_P_nut
Test statistic W:	 0.9139
Probability:	 0.101
 
 1357  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Tom_Nut,Soil_Tom_Nut] resid_tom_P_nut
 
Bartlett's test for homogeneity of variances
 
Chi-square 13.67 on 5 degrees of freedom: probability 0.018


Analysis of variance
 
Variate: P_Tom_Nut
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
NEW_Replica_Tom_Nut stratum	
	2	 0.42241	 0.21121	 2.23	 
 
NEW_Replica_Tom_Nut.*Units* stratum
Cropping_Tom_Nut	1	 0.00056	 0.00056	 0.01	 0.940
Soil_Tom_Nut	2	 1.67071	 0.83536	 8.84	 0.006
Cropping_Tom_Nut.Soil_Tom_Nut	
	2	 1.04004	 0.52002	 5.50	 0.024
Residual	10	 0.94546	 0.09455	 	 
 
Total	17	 4.07918	 	 	 
 
 
Message: the following units have large residuals.
 
NEW_Replica_Tom_Nut 2 *units* 3	   -0.583	   s.e. 0.229
 
 
Tables of means
 
Variate: P_Tom_Nut
 
Grand mean  4.109 
 
	Cropping_Tom_Nut	 Inter	 Mono
		 4.103	 4.114
 
	Soil_Tom_Nut	 Mars	 Potting	 Sand
		 3.683	 4.380	 4.263
 
	Cropping_Tom_Nut	Soil_Tom_Nut	 Mars	 Potting	 Sand
	 Inter		 3.957	 4.403	 3.950
	 Mono		 3.410	 4.357	 4.577
 
 
Standard errors of differences of means
 
Table	Cropping_Tom_Nut	Soil_Tom_Nut	Cropping_Tom_Nut	 
			Soil_Tom_Nut	 
rep.	 9	 6	 3	 
d.f.	 10	 10	 10	 
s.e.d.	 0.1449	 0.1775	 0.2511	 
 
 
 1384  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 1385  SCALAR _scode; VALUE=0
 1386  AKEEP [FACTORIAL=9] Cropping_Tom_Nut.Soil_Tom_Nut; MEAN=_mean; REP=_rep; VARIANCE=_var;\
 1387   RTERM=_resid; STATUS=_scode
 1388  IF _scode > 0
 1389    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 1390    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 1391   STUDENTIZE=no] Cropping_Tom_Nut.Soil_Tom_Nut
 
Fisher's unprotected least significant difference test
 
 
Cropping_Tom_Nut.Soil_Tom_Nut
 
 
		Mean	 
	Mono Mars	 3.410	 a
	Inter Sand	 3.950	 ab
	Inter Mars	 3.957	 ab
	Mono Potting	 4.357	 bc
	Inter Potting	 4.403	 bc
	Mono Sand	 4.577	 c



TOMATO HARVEST INDEX RED ONLY (ORIGINAL DATA)


Shapiro-Wilk test for Normality
 
Data variate:	 resid_CORRECT_tom_harvindex_RED
Test statistic W:	 0.9780
Probability:	 0.770
 
 5340  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Tomato,Soil_Tomato] resid_CORRECT_tom_harvindex_RED
 
Bartlett's test for homogeneity of variances
 
Chi-square 8.76 on 5 degrees of freedom: probability 0.119


Analysis of variance
 
Variate: Tom_Harv_Index_RED
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Replica_Tomato stratum	4	 1396.6	 349.1	 1.70	 
 
Replica_Tomato.*Units* stratum
Cropping_Tomato	1	 399.6	 399.6	 1.94	 0.179
Soil_Tomato	2	 2476.5	 1238.3	 6.02	 0.009
Cropping_Tomato.Soil_Tomato	
	2	 115.7	 57.8	 0.28	 0.758
Residual	20	 4111.7	 205.6	 	 
 
Total	29	 8500.1	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_Tomato 2 *units* 6	   23.9	   s.e. 11.7
Replica_Tomato 4 *units* 4	   25.1	   s.e. 11.7
 
 
Tables of means
 
Variate: Tom_Harv_Index_RED
 
Grand mean  21.8 
 
	Cropping_Tomato	 Inter	 Mono
		 25.5	 18.2
 
	Soil_Tomato	 Mars	 Potting	 Sand
		 12.7	 34.2	 18.5
 
	Cropping_Tomato	Soil_Tomato	 Mars	 Potting	 Sand
	 Inter		 19.1	 36.0	 21.3
	 Mono		 6.3	 32.4	 15.7
 
 
Standard errors of differences of means
 
Table	Cropping_Tomato	Soil_Tomato	Cropping_Tomato	 
			Soil_Tomato	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 5.24	 6.41	 9.07	 
 
 
 5347  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 5348  SCALAR _scode; VALUE=0
 5349  AKEEP [FACTORIAL=9] Soil_Tomato; MEAN=_mean; REP=_rep; VARIANCE=_var; RTERM=_resid;\
 5350   STATUS=_scode
 5351  IF _scode > 0
 5352    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 5353    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 5354   STUDENTIZE=no] Soil_Tomato
 
Fisher's unprotected least significant difference test
 
 
Soil_Tomato
 
 
		Mean	 
	Mars	 12.70	 a
	Sand	 18.52	 a
	Potting	 34.21	 b




TOMATO HARVEST INDEX ALL FRUIT (ORIGINAL DATA)



Shapiro-Wilk test for Normality
 
Data variate:	 resid_CORRECT_tom_harvindex_ALLf
Test statistic W:	 0.9795
Probability:	 0.812
 
 5408  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Tomato,Soil_Tomato] resid_CORRECT_tom_harvindex_ALLf
 
Bartlett's test for homogeneity of variances
 
Chi-square 4.17 on 5 degrees of freedom: probability 0.526


Analysis of variance
 
Variate: Tom_Harv_Index_ALLfruit
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Replica_Tomato stratum	4	 436.85	 109.21	 1.68	 
 
Replica_Tomato.*Units* stratum
Cropping_Tomato	1	 85.28	 85.28	 1.31	 0.266
Soil_Tomato	2	 394.99	 197.49	 3.03	 0.071
Cropping_Tomato.Soil_Tomato	
	2	 51.61	 25.80	 0.40	 0.678
Residual	20	 1303.97	 65.20	 	 
 
Total	29	 2272.69	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_Tomato 2 *units* 6	   17.2	   s.e. 6.6
 
 
Tables of means
 
Variate: Tom_Harv_Index_ALLfruit
 
Grand mean  39.5 
 
	Cropping_Tomato	 Inter	 Mono
		 41.2	 37.8
 
	Soil_Tomato	 Mars	 Potting	 Sand
		 34.9	 39.7	 43.8
 
	Cropping_Tomato	Soil_Tomato	 Mars	 Potting	 Sand
	 Inter		 34.8	 42.8	 45.9
	 Mono		 35.0	 36.7	 41.7
 
 
Standard errors of differences of means
 
Table	Cropping_Tomato	Soil_Tomato	Cropping_Tomato	 
			Soil_Tomato	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 2.95	 3.61	 5.11	 
 
 
 5433  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 5434  SCALAR _scode; VALUE=0
 5435  AKEEP [FACTORIAL=9] Soil_Tomato; MEAN=_mean; REP=_rep; VARIANCE=_var; RTERM=_resid;\
 5436   STATUS=_scode
 5437  IF _scode > 0
 5438    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 5439    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 5440   STUDENTIZE=no] Soil_Tomato
 
Fisher's unprotected least significant difference test
 
 
Soil_Tomato
 
 
		Mean	 
	Mars	 34.91	 a
	Potting	 39.73	 ab
	Sand	 43.79	 b

 


DEVELOPMENTAL STAGES TESTS 

Same step by step as DW (checking for normality and homogeneity), then did anova for each stage separately.			
					
TOMATO BUD (LOG)
Shapiro-Wilk test for Normality
 
Data variate:	 resid_tom_bud_LOG
Test statistic W:	 0.9604
Probability:	 0.318
 
 3319  VHOMOGENEITY [PRINT=test; GROUPS=Cropping,Soil] resid_tom_bud_LOG
 
Bartlett's test for homogeneity of variances
 
Chi-square 11.30 on 5 degrees of freedom: probability 0.046

Analysis of variance
 
Variate: Tomato_bud_LOG
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Replica stratum	4	 0.0023955	 0.0005989	 0.84	 
 
Replica.*Units* stratum
Cropping		1	 0.0012930	 0.0012930	 1.82	 0.192
Soil		2	 0.0967513	 0.0483756	 68.17	<.001
Cropping.Soil	2	 0.0090492	 0.0045246	 6.38	 0.007
Residual		20	 0.0141933	 0.0007097	 	 
 
Total		29	 0.1236823	 	 	 
 
 
Message: the following units have large residuals.
 
Replica 5 *units* 5	   0.0652	   s.e. 0.0218
 
 
Tables of means
 
Variate: Tomato_bud_LOG
 
Grand mean  1.6160 
 
	Cropping	 Inter	 Mono
		 1.6094	 1.6226
 
	Soil	 Mars	 Potting	 Sand
		 1.6829	 1.5441	 1.6210
 
	Cropping	Soil	 Mars	 Potting	 Sand
	 Inter		 1.6526	 1.5441	 1.6316
	 Mono		 1.7132	 1.5441	 1.6103
 
 
Standard errors of differences of means
 
Table	Cropping	Soil	Cropping	 
			Soil	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 0.00973	 0.01191	 0.01685	 
 
 

Fisher's unprotected least significant difference test
 
 
Cropping.Soil
 
 
		Mean	 
	Inter Potting	 1.544	 a
	Mono Potting	 1.544	 a
	Mono Sand	 1.610	 b
	Inter Sand		 1.632	 bc
	Inter Mars	 	1.653	 c
	Mono Mars	 1.713	 d
 

TOMATO BUD (ORIGINAL)

Tables of means
 
Variate: Tomato_bud
 
Grand mean  41.77 
 
	Cropping	 Inter	 Mono
		 41.00	 42.53
 
	Soil	 Mars	 Potting	 Sand
		 48.40	 35.00	 41.90
 
	Cropping	Soil	 Mars	 Potting	 Sand
	 Inter		 45.00	 35.00	 43.00
	 Mono		 51.80	 35.00	 40.80

			

TOMATO FLOWER (ORIGINAL)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_tom_Flower
Test statistic W:	 0.9626
Probability:	 0.361
 
 3356  VHOMOGENEITY [PRINT=test; GROUPS=Cropping,Soil] resid_tom_Flower
 
Bartlett's test for homogeneity of variances
 
Chi-square 5.87 on 5 degrees of freedom: probability 0.319

Analysis of variance
 
Variate: Tomato_Flower
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Replica stratum	4	 44.53	 11.13	 1.09	 
 
Replica.*Units* stratum
Cropping		1	 17.63	 17.63	 1.73	 0.203
Soil		2	 1266.87	 633.43	 62.26	<.001
Cropping.Soil	2	 122.87	 61.43	 6.04	 0.009
Residual		20	 203.47	 10.17	 	 
 
Total		29	 1655.37	 	 	 
 
 
Message: the following units have large residuals.
 
Replica 1 *units* 1	   -5.90	   s.e. 2.60
Replica 1 *units* 3	   6.10	   s.e. 2.60
 
 
Tables of means
 
Variate: Tomato_Flower
 
Grand mean  51.23 
 
	Cropping	 Inter	 Mono
		 50.47	 52.00
 
	Soil	 Mars	 Potting	 Sand
		 59.40	 43.50	 50.80
 
	Cropping	Soil	 Mars	 Potting	 Sand
	 Inter		 55.80	 43.80	 51.80
	 Mono		 63.00	 43.20	 49.80
 
 
Standard errors of differences of means
 
Table	Cropping	Soil	Cropping	 
			Soil	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 1.165	 1.426	 2.017	 
 
 

Fisher's unprotected least significant difference test
 
 
Cropping.Soil
 
 
		Mean	 
	Mono Potting	 43.20	 a
	Inter Potting	 43.80	 a
	Mono Sand	 49.80	 b
	Inter Sand		 51.80	 bc
	Inter Mars		 55.80	 c
	Mono Mars	 63.00	 d
 

TOMATO FRUIT (ORIGINAL)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_tom_fruit
Test statistic W:	 0.9660
Probability:	 0.437
 
 3394  VHOMOGENEITY [PRINT=test; GROUPS=Cropping,Soil] resid_tom_fruit
 
Bartlett's test for homogeneity of variances
 
Chi-square 5.83 on 5 degrees of freedom: probability 0.323

Analysis of variance
 
Variate: Tomato_Fruit
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Replica stratum	4	 219.13	 54.78	 1.21	 
 
Replica.*Units* stratum
Cropping		1	 8.53	 8.53	 0.19	 0.668
Soil		2	 2912.47	 1456.23	 32.24	<.001
Cropping.Soil	2	 34.07	 17.03	 0.38	 0.691
Residual		20	 903.27	 45.16	 	 
 
Total		29	 4077.47	 	 	 
 
 
Message: the following units have large residuals.
 
Replica 5 *units* 1	   15.8	   s.e. 5.5
 
 
Tables of means
 
Variate: Tomato_Fruit
 
Grand mean  64.9 
 
	Cropping	 Inter	 Mono
		 64.3	 65.4
 
	Soil	 Mars	 Potting	 Sand
		 75.4	 51.7	 67.5
 
	Cropping	Soil	 Mars	 Potting	 Sand
	 Inter		 73.4	 51.6	 68.0
	 Mono		 77.4	 51.8	 67.0
 
 
Standard errors of differences of means
 
Table	Cropping	Soil	Cropping	 
			Soil	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 2.45	 3.01	 4.25	 
 

Fisher's unprotected least significant difference test
 
 
Cropping.Soil
 
 
		Mean	 
	Inter Potting	 51.60	 a
	Mono Potting	 51.80	 a
	Mono Sand	 67.00	 b
	Inter Sand		 68.00	 b
	Inter Mars		 73.40	 bc
	Mono Mars	 77.40	 c

TOMATO RIPENING (ORIGINAL)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_tom_ripening
Test statistic W:	 0.9513
Probability:	 0.268
 
 3432  VHOMOGENEITY [PRINT=test; GROUPS=Cropping,Soil] resid_tom_ripening
 
Bartlett's test for homogeneity of variances
 
Chi-square 5.56 on 5 degrees of freedom: probability 0.352

Analysis of variance
 
Variate: Tomato_Ripening
 
Source of variation	d.f.	(m.v.)	s.s.	m.s.	v.r.	F pr.
 
Replica stratum	4	 	 44.75	 11.19	 0.49	 
 
Replica.*Units* stratum
Cropping		1	 	 14.58	 14.58	 0.63	 0.438
Soil		2	 	 1115.36	 557.68	 24.25	<.001
Cropping.Soil	2	 	 2.17	 1.09	 0.05	 0.954
Residual		15	(5)	 344.97	 23.00	 	 
 
Total		24	(5)	 1384.64	 	 	 
 
 
Message: the following units have large residuals.
 
Replica 2 *units* 1	   7.26	   s.e. 3.39
 
 
Tables of means
 
Variate: Tomato_Ripening
 
Grand mean  91.82 
 
	Cropping	 Inter	 Mono
		 92.52	 91.13
 
	Soil	 Mars	 Potting	 Sand
		 96.21	 83.20	 96.05
 
	Cropping	Soil	 Mars	 Potting	 Sand
	 Inter		 96.56	 84.20	 96.80
	 Mono		 95.87	 82.20	 95.31
 
 
Standard errors of differences of means
 
Table	Cropping	Soil	Cropping	 
			Soil	 
rep.	 15	 10	 5	 
d.f.	 15	 15	 15	 
s.e.d.	 1.751	 2.145	 3.033	 
 
(Not adjusted for missing values)
 
Fisher's unprotected least significant difference test
 
 
Cropping.Soil
 
 
		Mean	 
	Mono Potting	 82.20	 a
	Inter Potting	 84.20	 a
	Mono Sand	 95.31	 b
	Mono Mars	 95.87	 b
	Inter Mars	 	96.56	 b
	Inter Sand	 	96.80	 b

TOMATO READY (ORIGINAL) (LOG AND SQR data homo was also 0.046)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_tom_ready
Test statistic W:	 0.9746
Probability:	 0.798
 
 3470  VHOMOGENEITY [PRINT=test; GROUPS=Cropping,Soil] resid_tom_ready
 
Bartlett's test for homogeneity of variances
 
Chi-square 11.27 on 5 degrees of freedom: probability 0.046

Analysis of variance
 
Variate: Tomato_Ready
 
Source of variation	d.f.	(m.v.)	s.s.	m.s.	v.r.	F pr.
 
Replica stratum	4	 	 12.237	 3.059	 0.66	 
 
Replica.*Units* stratum
Cropping		1	 	 11.380	 11.380	 2.47	 0.140
Soil		2	 	 305.272	 152.636	 33.11	<.001
Cropping.Soil	2	 	 9.701	 4.851	 1.05	 0.377
Residual		13	(7)	 59.933	 4.610	 	 
 
Total		22	(7)	 330.435	 	 	 
 
 
Message: the following units have large residuals.
 
Replica 2 *units* 6	   -3.97	   s.e. 1.41
Replica 4 *units* 1	   3.03	   s.e. 1.41
 
 
Tables of means
 
Variate: Tomato_Ready
 
Grand mean  100.50 
 
	Cropping	 Inter	 Mono
		 99.89	 101.12
 
	Soil	 Mars	 Potting	 Sand
		 103.01	 96.00	 102.50
 
	Cropping	Soil	 Mars	 Potting	 Sand
	 Inter		 101.63	 96.00	 102.02
	 Mono		 104.38	 96.00	 102.98
 
 
Standard errors of differences of means
 
Table	Cropping	Soil	Cropping	 
			Soil	 
rep.	 15	 10	 5	 
d.f.	 13	 13	 13	 
s.e.d.	 0.784	 0.960	 1.358	 
 
(Not adjusted for missing values)
 

 
Fisher's unprotected least significant difference test
 
 
Cropping.Soil
 
 
		Mean	 
	Inter Potting	 96.0	 a
	Mono Potting	 96.0	 a
	Inter Mars		 101.6	 b
	Inter Sand		 102.0	 b
	Mono Sand	 103.0	 b
	Mono Mars	 104.4	 b



PEAS

PEAS ABOVE BIOMASS DW /3 (ORIGINAL DATA)


Shapiro-Wilk test for Normality
 
Data variate:	 resid_peas_biomass_3
Test statistic W:	 0.9642
Probability:	 0.394
 
 1699  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Peas,Soil_Peas] resid_peas_biomass_3
 
Bartlett's test for homogeneity of variances
 
Chi-square 4.58 on 5 degrees of freedom: probability 0.469
Analysis of variance
 
Variate: Pea_total_Above_biomass_DW_3
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Replica_Peas stratum	4	 46.251	 11.563	 4.31	 
 
Replica_Peas.*Units* stratum
Cropping_Peas	1	 3.794	 3.794	 1.41	 0.248
Soil_Peas	2	 275.217	 137.608	 51.27	<.001
Cropping_Peas.Soil_Peas	2	 22.481	 11.241	 4.19	 0.030
Residual	20	 53.675	 2.684	 	 
 
Total	29	 401.418	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_Peas 3 *units* 5	   3.23	   s.e. 1.34
Replica_Peas 5 *units* 5	   -3.71	   s.e. 1.34
 
 
Tables of means
 
Variate: Pea_total_Above_biomass_DW_3
 
Grand mean  4.84 
 
	Cropping_Peas	 Inter	 Mono
		 5.19	 4.48
 
	Soil_Peas	 Mars	 Potting	 Sand
		 0.73	 7.95	 5.83
 
	Cropping_Peas	Soil_Peas	 Mars	 Potting	 Sand
	 Inter		 0.45	 7.72	 7.41
	 Mono		 1.01	 8.18	 4.25
 
 
Standard errors of differences of means
 
Table	Cropping_Peas	Soil_Peas	Cropping_Peas	 
			Soil_Peas	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 0.598	 0.733	 1.036	 
 
 
 1706  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 1707  SCALAR _scode; VALUE=0
 1708  AKEEP [FACTORIAL=9] Cropping_Peas.Soil_Peas; MEAN=_mean; REP=_rep; VARIANCE=_var;\
 1709   RTERM=_resid; STATUS=_scode
 1710  IF _scode > 0
 1711    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 1712    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 1713   STUDENTIZE=no] Cropping_Peas.Soil_Peas
 
Fisher's unprotected least significant difference test
 
 
Cropping_Peas.Soil_Peas
 
 
		Mean	 
	Inter Mars	 0.450	 a
	Mono Mars	 1.013	 a
	Mono Sand	 4.253	 b
	Inter Sand	 7.412	 c
	Inter Potting	 7.716	 c
	Mono Potting	 8.179	 c
 
 1714  ELSE
 1715    CAPTION !t('Multiple comparisons are not available, as some contrasts',\
 1716    'in the term are aliased.')
 1717  ENDIF


PEAS YIELD (PEAS ONLY) DW /3 (ORIGINAL DATA) (CORRECTED  DW/3)


Shapiro-Wilk test for Normality
 
Data variate:	 resid_CORRECT_peas_yield_3
Test statistic W:	 0.9446
Probability:	 0.121
 
 4901  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Peas,Soil_Peas] resid_CORRECT_peas_yield_3
 
Bartlett's test for homogeneity of variances
 
Chi-square 9.10 on 5 degrees of freedom: probability 0.105


Analysis of variance
 
Variate: Pea_Yield_DW_peas_only_3
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Replica_Peas stratum	4	 42.830	 10.708	 2.44	 
 
Replica_Peas.*Units* stratum
Cropping_Peas	1	 3.997	 3.997	 0.91	 0.352
Soil_Peas	2	 447.428	 223.714	 50.89	<.001
Cropping_Peas.Soil_Peas	2	 45.770	 22.885	 5.21	 0.015
Residual	20	 87.913	 4.396	 	 
 
Total	29	 627.939	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_Peas 3 *units* 1	   -3.97	   s.e. 1.71
Replica_Peas 3 *units* 5	   3.50	   s.e. 1.71
Replica_Peas 5 *units* 5	   -4.86	   s.e. 1.71
 
 
Tables of means
 
Variate: Pea_Yield_DW_peas_only_3
 
Grand mean  5.57 
 
	Cropping_Peas	 Inter	 Mono
		 5.93	 5.20
 
	Soil_Peas	 Mars	 Potting	 Sand
		 0.35	 9.58	 6.77
 
	Cropping_Peas	Soil_Peas	 Mars	 Potting	 Sand
	 Inter		 0.25	 8.72	 8.82
	 Mono		 0.46	 10.44	 4.71
 
 
Standard errors of differences of means
 
Table	Cropping_Peas	Soil_Peas	Cropping_Peas	 
			Soil_Peas	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 0.766	 0.938	 1.326	 
 
 
 4908  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 4909  SCALAR _scode; VALUE=0
 4910  AKEEP [FACTORIAL=9] Cropping_Peas.Soil_Peas; MEAN=_mean; REP=_rep; VARIANCE=_var;\
 4911   RTERM=_resid; STATUS=_scode
 4912  IF _scode > 0
 4913    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 4914    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 4915   STUDENTIZE=no] Cropping_Peas.Soil_Peas
 
Fisher's unprotected least significant difference test
 
 
Cropping_Peas.Soil_Peas
 
 
		Mean	 
	Inter Mars	 0.246	 a
	Mono Mars	 0.456	 a
	Mono Sand	 4.710	 b
	Inter Potting	 8.722	 c
	Inter Sand	 8.824	 c
	Mono Potting	 10.436	 c



PEAS K NUTRIENT (ORIGINAL DATA)


Shapiro-Wilk test for Normality
 
Data variate:	 resid_peas_K_nut
Test statistic W:	 0.9496
Probability:	 0.450
 
 2044  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Nut_Peas,Soil_Nut_Peas] resid_peas_K_nut
 
Bartlett's test for homogeneity of variances
 
Chi-square 3.96 on 5 degrees of freedom: probability 0.555


Analysis of variance
 
Variate: K_Nut_Peas
 
Source of variation	d.f.	(m.v.)	s.s.	m.s.	v.r.	F pr.
 
NEW_Replica_Nut_Peas stratum	
	2 	 	 1.8412	 0.9206	 2.37	 
 
NEW_Replica_Nut_Peas.*Units* stratum
Cropping_Nut_Peas	1	 	 2.6527	 2.6527	 6.84	 0.028
Soil_Nut_Peas	2	 	 12.7282	 6.3641	 16.40	<.001
Cropping_Nut_Peas.Soil_Nut_Peas	
	2	 	 1.1133	 0.5567	 1.43	 0.288
Residual	9	(1)	 3.4922	 0.3880	 	 
 
Total	16	(1)	 20.5812	 	 	 
 
 
Message: the following units have large residuals.
 
NEW_Replica_Nut_Peas 3 *units* 6	   -0.90	   s.e. 0.44
 
 
Tables of means
 
Variate: K_Nut_Peas
 
Grand mean  13.40 
 
	Cropping_Nut_Peas	 Inter	 Mono
		 13.02	 13.79
 
	Soil_Nut_Peas	 Mars	 Potting	 Sand
		 14.55	 13.12	 12.55
 
	Cropping_Nut_Peas	Soil_Nut_Peas	 Mars	 Potting	 Sand
	 Inter		 14.50	 12.47	 12.10
	 Mono		 14.60	 13.77	 13.00
 
 
Standard errors of differences of means
 
Table	Cropping_Nut_Peas	Soil_Nut_Peas	 
rep.	 9	 6	 
d.f.	 9	 9	 
s.e.d.	 0.294	 0.360	 
 
Table	Cropping_Nut_Peas	 	 
	Soil_Nut_Peas	 	 
rep.	 3	 	 
d.f.	 9	 	 
s.e.d.	 0.509	 	 
 
(Not adjusted for missing values)
 
 2051  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 2052  SCALAR _scode; VALUE=0
 2053  AKEEP [FACTORIAL=9] Soil_Nut_Peas; MEAN=_mean; REP=_rep; VARIANCE=_var; RTERM=_resid;\
 2054   STATUS=_scode
 2055  IF _scode > 0
 2056    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 2057    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 2058   STUDENTIZE=no] Soil_Nut_Peas
 
Fisher's unprotected least significant difference test
 
 
Soil_Nut_Peas
 
 
		Mean	 
	Sand	 12.55	 a
	Potting	 13.12	 a
	Mars	 14.55	 b

 
Fisher's unprotected least significant difference test
 
 
Cropping_Nut_Peas.Soil_Nut_Peas
 
 
		Mean	 
	Inter Sand	 12.10	 a
	Inter Potting	 12.47	 a
	Mono Sand	 13.00	 ab
	Mono Potting	 13.77	 bc
	Inter Mars	 14.50	 c
	Mono Mars	 14.60	 c



PEAS N NUTRIENT (ORIGINAL DATA)


Shapiro-Wilk test for Normality
 
Data variate:	 resid_peas_N_nut
Test statistic W:	 0.9391
Probability:	 0.307
 
 2101  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Nut_Peas,Soil_Nut_Peas] resid_peas_N_nut
 
Bartlett's test for homogeneity of variances
 
Chi-square 1.65 on 5 degrees of freedom: probability 0.895


Analysis of variance
 
Variate: N_Nut_Peas
 
Source of variation	d.f.	(m.v.)	s.s.	m.s.	v.r.	F pr.
 
NEW_Replica_Nut_Peas stratum	
	2 	 	 9.78	 4.89	 0.18	 
 
NEW_Replica_Nut_Peas.*Units* stratum
Cropping_Nut_Peas	1	 	 29.88	 29.88	 1.11	 0.319
Soil_Nut_Peas	2	 	 23.37	 11.68	 0.44	 0.660
Cropping_Nut_Peas.Soil_Nut_Peas	
	2	 	 150.84	 75.42	 2.81	 0.113
Residual	9	(1)	 241.53	 26.84	 	 
 
Total	16	(1)	 426.00	 	 	 
 
 
Tables of means
 
Variate: N_Nut_Peas
 
Grand mean  35.2 
 
	Cropping_Nut_Peas	 Inter	 Mono
		 33.9	 36.5
 
	Soil_Nut_Peas	 Mars	 Potting	 Sand
		 34.3	 34.5	 36.8
 
	Cropping_Nut_Peas	Soil_Nut_Peas	 Mars	 Potting	 Sand
	 Inter		 28.9	 35.2	 37.6
	 Mono		 39.6	 33.8	 36.0
 
 
Standard errors of differences of means
 
Table	Cropping_Nut_Peas	Soil_Nut_Peas	 
rep.	 9	 6	 
d.f.	 9	 9	 
s.e.d.	 2.44	 2.99	 
 
Table	Cropping_Nut_Peas	 	 
	Soil_Nut_Peas	 	 
rep.	 3	 	 
d.f.	 9	 	 
s.e.d.	 4.23	 	 
 
(Not adjusted for missing values)
 
 2108  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 2109  SCALAR _scode; VALUE=0
 2110  AKEEP [FACTORIAL=9] Cropping_Nut_Peas.Soil_Nut_Peas; MEAN=_mean; REP=_rep; VARIANCE=_var;\
 2111   RTERM=_resid; STATUS=_scode
 2112  IF _scode > 0
 2113    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 2114    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 2115   STUDENTIZE=no] Cropping_Nut_Peas.Soil_Nut_Peas
 
Fisher's unprotected least significant difference test
 
 
Cropping_Nut_Peas.Soil_Nut_Peas
 
 
		Mean	 
	Inter Mars	 28.87	 a
	Mono Potting	 33.80	 ab
	Inter Potting	 35.20	 ab
	Mono Sand	 35.97	 ab
	Inter Sand	 37.60	 ab
	Mono Mars	 39.63	 b




PEAS P NUTRIENT (ORIGINAL DATA)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_peas_P_nut
Test statistic W:	 0.9459
Probability:	 0.395
 
 2158  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Nut_Peas,Soil_Nut_Peas] resid_peas_P_nut
 
Bartlett's test for homogeneity of variances
 
Chi-square 4.14 on 5 degrees of freedom: probability 0.530
 

Analysis of variance
 
Variate: P_Nut_Peas
 
Source of variation	d.f.	(m.v.)	s.s.	m.s.	v.r.	F pr.
 
NEW_Replica_Nut_Peas stratum	
	2 	 	 4.0144	 2.0072	 5.09	 
 
NEW_Replica_Nut_Peas.*Units* stratum
Cropping_Nut_Peas	1	 	 2.3908	 2.3908	 6.06	 0.036
Soil_Nut_Peas	2	 	 7.1044	 3.5522	 9.01	 0.007
Cropping_Nut_Peas.Soil_Nut_Peas	
	2	 	 0.3008	 0.1504	 0.38	 0.693
Residual	9	(1)	 3.5480	 0.3942	 	 
 
Total	16	(1)	 17.3188	 	 	 
 
 
Tables of means
 
Variate: P_Nut_Peas
 
Grand mean  3.65 
 
	Cropping_Nut_Peas	 Inter	 Mono
		 3.28	 4.01
 
	Soil_Nut_Peas	 Mars	 Potting	 Sand
		 4.52	 3.33	 3.08
 
	Cropping_Nut_Peas	Soil_Nut_Peas	 Mars	 Potting	 Sand
	 Inter		 4.05	 2.90	 2.90
	 Mono		 5.00	 3.77	 3.27
 
 
Standard errors of differences of means
 
Table	Cropping_Nut_Peas	Soil_Nut_Peas	 
rep.	 9	 6	 
d.f.	 9	 9	 
s.e.d.	 0.296	 0.363	 
 
Table	Cropping_Nut_Peas	 	 
	Soil_Nut_Peas	 	 
rep.	 3	 	 
d.f.	 9	 	 
s.e.d.	 0.513	 	 
 
(Not adjusted for missing values)
 
 2165  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 2166  SCALAR _scode; VALUE=0
 2167  AKEEP [FACTORIAL=9] Soil_Nut_Peas; MEAN=_mean; REP=_rep; VARIANCE=_var; RTERM=_resid;\
 2168   STATUS=_scode
 2169  IF _scode > 0
 2170    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 2171    AMCOMPARISON [PRINT=letter; METHOD=fplsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 2172   STUDENTIZE=no] Soil_Nut_Peas
 
Fisher's protected least significant difference test
 
 
Soil_Nut_Peas
 
 
		Mean	 
	Sand	 3.083	 a
	Potting	 3.333	 a
	Mars	 4.523	 b
 

Fisher's unprotected least significant difference test
 
 
Cropping_Nut_Peas.Soil_Nut_Peas
 
 
		Mean	 
	Inter Potting	 2.900	 a
	Inter Sand	 2.900	 a
	Mono Sand	 3.267	 a
	Mono Potting	 3.767	 a
	Inter Mars	 4.047	 ab
	Mono Mars	 5.000	 b



PEAS HARVEST INDEX (/3) (ORIGINAL DATA)



Shapiro-Wilk test for Normality
 
Data variate:	 resid_CORRECT_peas_harvestindex
Test statistic W:	 0.9750
Probability:	 0.683
 
 5037  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Peas,Soil_Peas] resid_CORRECT_peas_harvestindex
 
Bartlett's test for homogeneity of variances
 
Chi-square 14.79 on 5 degrees of freedom: probability 0.011


Analysis of variance
 
Variate: Pea_Harvest_index
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Replica_Peas stratum	4	 300.5	 75.1	 0.39	 
 
Replica_Peas.*Units* stratum
Cropping_Peas	1	 39.0	 39.0	 0.20	 0.658
Soil_Peas	2	 4845.5	 2422.8	 12.54	<.001
Cropping_Peas.Soil_Peas	2	 237.2	 118.6	 0.61	 0.551
Residual	20	 3863.1	 193.2	 	 
 
Total	29	 9285.3	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_Peas 1 *units* 6	   23.8	   s.e. 11.3
Replica_Peas 3 *units* 1	   -29.7	   s.e. 11.3
Replica_Peas 5 *units* 1	   -23.2	   s.e. 11.3
 
 
Tables of means
 
Variate: Pea_Harvest_index
 
Grand mean  44.6 
 
	Cropping_Peas	 Inter	 Mono
		 43.4	 45.7
 
	Soil_Peas	 Mars	 Potting	 Sand
		 26.6	 54.4	 52.7
 
	Cropping_Peas	Soil_Peas	 Mars	 Potting	 Sand
	 Inter		 22.3	 52.7	 55.2
	 Mono		 30.9	 56.1	 50.2
 
 
Standard errors of differences of means
 
Table	Cropping_Peas	Soil_Peas	Cropping_Peas	 
			Soil_Peas	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 5.07	 6.22	 8.79	 
 
 
 5062  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 5063  SCALAR _scode; VALUE=0
 5064  AKEEP [FACTORIAL=9] Soil_Peas; MEAN=_mean; REP=_rep; VARIANCE=_var; RTERM=_resid;\
 5065   STATUS=_scode
 5066  IF _scode > 0
 5067    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 5068    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 5069   STUDENTIZE=no] Soil_Peas
 
Fisher's unprotected least significant difference test
 
 
Soil_Peas
 
 
		Mean	 
	Mars	 26.64	 a
	Sand	 52.71	 b
	Potting	 54.40	 b



PEAS ROOT NODULES /3 (ORIGINAL DATA)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_RIGHT_peas_root_nodules_3
Test statistic W:	 0.9126
Probability:	 0.023
 
 1434  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_Peas,Soil_Peas] resid_RIGHT_peas_root_nodules_3
 
Bartlett's test for homogeneity of variances
 
Chi-square 9.16 on 5 degrees of freedom: probability 0.103


Analysis of variance
 
Variate: Root_nodules_3
 
Source of variation	d.f.	(m.v.)	s.s.	m.s.	v.r.	F pr.
 
Replica_Peas stratum	4	 	 3379.9	 845.0	 0.94	 
 
Replica_Peas.*Units* stratum
Cropping_Peas	1	 	 2693.4	 2693.4	 3.01	 0.100
Soil_Peas	2	 	 18607.1	 9303.6	 10.39	<.001
Cropping_Peas.Soil_Peas	2	 	 4010.8	 2005.4	 2.24	 0.135
Residual	18	(2)	 16116.6	 895.4	 	 
 
Total	27	(2)	 44636.4	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_Peas 2 *units* 1	   70.4	   s.e. 23.2
Replica_Peas 3 *units* 2	   57.0	   s.e. 23.2
 
 
Tables of means
 
Variate: Root_nodules_3
 
Grand mean  31.9 
 
	Cropping_Peas	 Inter	 Mono
		 41.4	 22.4
 
	Soil_Peas	 Mars	 Potting	 Sand
		 0.4	 33.9	 61.3
 
	Cropping_Peas	Soil_Peas	 Mars	 Potting	 Sand
	 Inter		 0.0	 37.1	 87.0
	 Mono		 0.8	 30.8	 35.6
 
 
Standard errors of differences of means
 
Table	Cropping_Peas	Soil_Peas	Cropping_Peas	 
			Soil_Peas	 
rep.	 15	 10	 5	 
d.f.	 18	 18	 18	 
s.e.d.	 10.93	 13.38	 18.92	 
 
(Not adjusted for missing values)
 
 
Least significant differences of means (5% level)
 
Table	Cropping_Peas	Soil_Peas	Cropping_Peas	 
			Soil_Peas	 
rep.	 15	 10	 5	 
d.f.	 18	 18	 18	 
l.s.d.	 22.96	 28.11	 39.76	 
 
(Not adjusted for missing values)
 
 1459  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 1460  SCALAR _scode; VALUE=0
 1461  AKEEP [FACTORIAL=9] Soil_Peas; MEAN=_mean; REP=_rep; VARIANCE=_var; RTERM=_resid;\
 1462   STATUS=_scode
 1463  IF _scode > 0
 1464    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 1465    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 1466   STUDENTIZE=no] Soil_Peas
 
Fisher's unprotected least significant difference test
 
 
Soil_Peas
 
 
		Mean	 
	Mars	 0.40	 a
	Potting	 33.93	 b
	Sand	 61.30	 b



DEVELOPMENTAL STAGES TESTS 


PEAS FLOWER (LOG DATA)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_peas_flower_LOG
Test statistic W:	 0.9737
Probability:	 0.700
 
 2287  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_dev_peas,Soil_dev_peas] resid_peas_flower_LOG
 
Bartlett's test for homogeneity of variances
 
Chi-square 7.08 on 5 degrees of freedom: probability 0.215


Analysis of variance
 
Variate: Pea_Flower_LOG
 
Source of variation	d.f.	(m.v.)	s.s.	m.s.	v.r.	F pr.
 
Replica_dev_peas stratum	
	4	 	 0.010760	 0.002690	 0.65	 
 
Replica_dev_peas.*Units* stratum
Cropping_dev_peas	1	 	 0.018925	 0.018925	 4.55	 0.048
Soil_dev_peas	2	 	 0.106019	 0.053009	 12.75	<.001
Cropping_dev_peas.Soil_dev_peas	
	2	 	 0.002299	 0.001149	 0.28	 0.762
Residual	17	(3)	 0.070674	 0.004157	 	 
 
Total	26	(3)	 0.176004	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_dev_peas 1 *units* 1	   -0.108	   s.e. 0.049
Replica_dev_peas 2 *units* 1	   0.142	   s.e. 0.049
 
 
Tables of means
 
Variate: Pea_Flower_LOG
 
Grand mean  1.674 
 
	Cropping_dev_peas	 Inter	 Mono
		 1.699	 1.649
 
	Soil_dev_peas	 Mars	 Potting	 Sand
		 1.757	 1.620	 1.646
 
	Cropping_dev_peas	Soil_dev_peas	 Mars	 Potting	 Sand
	 Inter		 1.794	 1.636	 1.669
	 Mono		 1.720	 1.604	 1.623
 
 
Standard errors of differences of means
 
Table	Cropping_dev_peas	Soil_dev_peas	 
rep.	 15	 10	 
d.f.	 17	 17	 
s.e.d.	 0.0235	 0.0288	 
 
Table	Cropping_dev_peas	 	 
	Soil_dev_peas	 	 
rep.	 5	 	 
d.f.	 17	 	 
s.e.d.	 0.0408	 	 
 
(Not adjusted for missing values)
 
 2294  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 2295  SCALAR _scode; VALUE=0
 2296  AKEEP [FACTORIAL=9] Soil_dev_peas; MEAN=_mean; REP=_rep; VARIANCE=_var; RTERM=_resid;\
 2297   STATUS=_scode
 2298  IF _scode > 0
 2299    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 2300    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 2301   STUDENTIZE=no] Soil_dev_peas
 
Fisher's unprotected least significant difference test
 
 
Soil_dev_peas
 
 
		Mean	 
	Potting	 1.620	 a
	Sand	 1.646	 a
	Mars	 1.757	 b



PEAS FLOWER (ORIGINAL DATA)

Analysis of variance
 
Variate: Pea_Flower
 
Source of variation	d.f.	(m.v.)	s.s.	m.s.	v.r.	F pr.
 
Replica_dev_peas stratum	
	4	 	 211.66	 52.91	 0.68	 
 
Replica_dev_peas.*Units* stratum
Cropping_dev_peas	1	 	 317.34	 317.34	 4.08	 0.059
Soil_dev_peas	2	 	 1694.02	 847.01	 10.89	<.001
Cropping_dev_peas.Soil_dev_peas	
	2	 	 105.82	 52.91	 0.68	 0.520
Residual	17	(3)	 1321.66	 77.74	 	 
 
Total	26	(3)	 3035.85	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_dev_peas 1 *units* 1	   -15.4	   s.e. 6.6
Replica_dev_peas 2 *units* 1	   22.4	   s.e. 6.6
 
 
Tables of means
 
Variate: Pea_Flower
 
Grand mean  48.4 
 
	Cropping_dev_peas	 Inter	 Mono
		 51.7	 45.2
 
	Soil_dev_peas	 Mars	 Potting	 Sand
		 58.9	 41.9	 44.4
 
	Cropping_dev_peas	Soil_dev_peas	 Mars	 Potting	 Sand
	 Inter		 64.8	 43.4	 46.8
	 Mono		 53.1	 40.4	 42.0
 
 
Standard errors of differences of means
 
Table	Cropping_dev_peas	Soil_dev_peas	 
rep.	 15	 10	 
d.f.	 17	 17	 
s.e.d.	 3.22	 3.94	 
 
Table	Cropping_dev_peas	 	 
	Soil_dev_peas	 	 
rep.	 5	 	 
d.f.	 17	 	 
s.e.d.	 5.58	 	 



PEAS POD (LOG DATA)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_peas_pod_LOG
Test statistic W:	 0.9736
Probability:	 0.699
 
 2357  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_dev_peas,Soil_dev_peas] resid_peas_pod_LOG
 
Bartlett's test for homogeneity of variances
 
Chi-square 11.85 on 5 degrees of freedom: probability 0.037

Analysis of variance
 
Variate: Pea_Pod_LOG
 
Source of variation	d.f.	(m.v.)	s.s.	m.s.	v.r.	F pr.
 
Replica_dev_peas stratum	
	4	 	 0.012907	 0.003227	 0.94	 
 
Replica_dev_peas.*Units* stratum
Cropping_dev_peas	1	 	 0.010208	 0.010208	 2.96	 0.103
Soil_dev_peas	2	 	 0.083807	 0.041904	 12.15	<.001
Cropping_dev_peas.Soil_dev_peas	
	2	 	 0.003776	 0.001888	 0.55	 0.588
Residual	17	(3)	 0.058626	 0.003449	 	 
 
Total	26	(3)	 0.148326	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_dev_peas 1 *units* 1	   -0.106	   s.e. 0.044
Replica_dev_peas 2 *units* 1	   0.121	   s.e. 0.044
 
 
Tables of means
 
Variate: Pea_Pod_LOG
 
Grand mean  1.725 
 
	Cropping_dev_peas	 Inter	 Mono
		 1.744	 1.707
 
	Soil_dev_peas	 Mars	 Potting	 Sand
		 1.799	 1.679	 1.698
 
	Cropping_dev_peas	Soil_dev_peas	 Mars	 Potting	 Sand
	 Inter		 1.831	 1.684	 1.717
	 Mono		 1.767	 1.674	 1.679
 
 
Standard errors of differences of means
 
Table	Cropping_dev_peas	Soil_dev_peas	 
rep.	 15	 10	 
d.f.	 17	 17	 
s.e.d.	 0.0214	 0.0263	 
 
Table	Cropping_dev_peas	 	 
	Soil_dev_peas	 	 
rep.	 5	 	 
d.f.	 17	 	 
s.e.d.	 0.0371	 	 
 
(Not adjusted for missing values)
 
 2395  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 2396  SCALAR _scode; VALUE=0
 2397  AKEEP [FACTORIAL=9] Soil_dev_peas; MEAN=_mean; REP=_rep; VARIANCE=_var; RTERM=_resid;\
 2398   STATUS=_scode
 2399  IF _scode > 0
 2400    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 2401    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 2402   STUDENTIZE=no] Soil_dev_peas
 
Fisher's unprotected least significant difference test
 
 
Soil_dev_peas
 
 
		Mean	 
	Potting	 1.679	 a
	Sand	 1.698	 a
	Mars	 1.799	 b


PEAS POD (ORIGINAL DATA)

Analysis of variance
 
Variate: Pea_Pod
 
Source of variation	d.f.	(m.v.)	s.s.	m.s.	v.r.	F pr.
 
Replica_dev_peas stratum	
	4	 	 249.41	 62.35	 0.81	 
 
Replica_dev_peas.*Units* stratum
Cropping_dev_peas	1	 	 222.26	 222.26	 2.88	 0.108
Soil_dev_peas	2	 	 1721.05	 860.52	 11.15	<.001
Cropping_dev_peas.Soil_dev_peas	
	2	 	 127.37	 63.69	 0.83	 0.455
Residual	17	(3)	 1311.42	 77.14	 	 
 
Total	26	(3)	 3117.85	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_dev_peas 1 *units* 1	   -16.6	   s.e. 6.6
Replica_dev_peas 2 *units* 1	   21.1	   s.e. 6.6
 
 
Tables of means
 
Variate: Pea_Pod
 
Grand mean  54.3 
 
	Cropping_dev_peas	 Inter	 Mono
		 57.0	 51.5
 
	Soil_dev_peas	 Mars	 Potting	 Sand
		 64.9	 47.9	 50.0
 
	Cropping_dev_peas	Soil_dev_peas	 Mars	 Potting	 Sand
	 Inter		 70.4	 48.4	 52.2
	 Mono		 59.4	 47.4	 47.8
 
 
Standard errors of differences of means
 
Table	Cropping_dev_peas	Soil_dev_peas	 
rep.	 15	 10	 
d.f.	 17	 17	 
s.e.d.	 3.21	 3.93	 
 
Table	Cropping_dev_peas	 	 
	Soil_dev_peas	 	 
rep.	 5	 	 
d.f.	 17	 	 
s.e.d.	 5.55

PEAS POD THINKENING (LOG DATA)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_peas_pod_thick_LOG
Test statistic W:	 0.9682
Probability:	 0.533
 
 2494  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_dev_peas,Soil_dev_peas] resid_peas_pod_thick_LOG
 
Bartlett's test for homogeneity of variances
 
Chi-square 12.12 on 5 degrees of freedom: probability 0.033

Analysis of variance
 
Variate: Pea_Pod_Thickening_LOG
 
Source of variation	d.f.	(m.v.)	s.s.	m.s.	v.r.	F pr.
 
Replica_dev_peas stratum	
	4	 	 0.004264	 0.001066	 0.34	 
 
Replica_dev_peas.*Units* stratum
Cropping_dev_peas	1	 	 0.000838	 0.000838	 0.27	 0.610
Soil_dev_peas	2	 	 0.069658	 0.034829	 11.21	<.001
Cropping_dev_peas.Soil_dev_peas	
	2	 	 0.000364	 0.000182	 0.06	 0.943
Residual	18	(2)	 0.055934	 0.003107	 	 
 
Total	27	(2)	 0.120888	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_dev_peas 2 *units* 1	   0.125	   s.e. 0.043
 
 
Tables of means
 
Variate: Pea_Pod_Thickening_LOG
 
Grand mean  1.785 
 
	Cropping_dev_peas	 Inter	 Mono
		 1.790	 1.779
 
	Soil_dev_peas	 Mars	 Potting	 Sand
		 1.853	 1.750	 1.751
 
	Cropping_dev_peas	Soil_dev_peas	 Mars	 Potting	 Sand
	 Inter		 1.854	 1.755	 1.761
	 Mono		 1.852	 1.744	 1.742
 
 
Standard errors of differences of means
 
Table	Cropping_dev_peas	Soil_dev_peas	 
rep.	 15	 10	 
d.f.	 18	 18	 
s.e.d.	 0.0204	 0.0249	 
 
Table	Cropping_dev_peas	 	 
	Soil_dev_peas	 	 
rep.	 5	 	 
d.f.	 18	 	 
s.e.d.	 0.0353	 	 
 
(Not adjusted for missing values)
 
 2501  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 2502  SCALAR _scode; VALUE=0
 2503  AKEEP [FACTORIAL=9] Soil_dev_peas; MEAN=_mean; REP=_rep; VARIANCE=_var; RTERM=_resid;\
 2504   STATUS=_scode
 2505  IF _scode > 0
 2506    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 2507    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 2508   STUDENTIZE=no] Soil_dev_peas
 
Fisher's unprotected least significant difference test
 
 
Soil_dev_peas
 
 
		Mean	 
	Potting	 1.750	 a
	Sand	 1.751	 a
	Mars	 1.853	 b


PEAS POD THICKENING (ORIGINAL DATA)

Analysis of variance
 
Variate: Pea_Pod_Thickening
 
Source of variation	d.f.	(m.v.)	s.s.	m.s.	v.r.	F pr.
 
Replica_dev_peas stratum	
	4	 	 126.14	 31.54	 0.38	 
 
Replica_dev_peas.*Units* stratum
Cropping_dev_peas	1	 	 27.47	 27.47	 0.33	 0.572
Soil_dev_peas	2	 	 1765.13	 882.56	 10.63	<.001
Cropping_dev_peas.Soil_dev_peas	
	2	 	 1.91	 0.96	 0.01	 0.989
Residual	18	(2)	 1494.45	 83.02	 	 
 
Total	27	(2)	 3104.96	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_dev_peas 2 *units* 1	   22.1	   s.e. 7.1
 
 
Tables of means
 
Variate: Pea_Pod_Thickening
 
Grand mean  61.8 
 
	Cropping_dev_peas	 Inter	 Mono
		 62.8	 60.9
 
	Soil_dev_peas	 Mars	 Potting	 Sand
		 72.7	 56.3	 56.5
 
	Cropping_dev_peas	Soil_dev_peas	 Mars	 Potting	 Sand
	 Inter		 73.5	 57.0	 57.8
	 Mono		 71.8	 55.6	 55.2
 
 
Standard errors of differences of means
 
Table	Cropping_dev_peas	Soil_dev_peas	 
rep.	 15	 10	 
d.f.	 18	 18	 
s.e.d.	 3.33	 4.07	 
 
Table	Cropping_dev_peas	 	 
	Soil_dev_peas	 	 
rep.	 5	 	 
d.f.	 18	 	 
s.e.d.	 5.76


PEAS POD FIRST HARVEST (LOG DATA)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_peas_pod_harvest_LOG
Test statistic W:	 0.9656
Probability:	 0.468
 
 2581  VHOMOGENEITY [PRINT=test; GROUPS=Cropping_dev_peas,Soil_dev_peas] resid_peas_pod_harvest_LOG
 
Bartlett's test for homogeneity of variances
 
Chi-square 11.33 on 5 degrees of freedom: probability 0.045

Analysis of variance
 
Variate: Pea_Pod_First_Harvest_LOG
 
Source of variation	d.f.	(m.v.)	s.s.	m.s.	v.r.	F pr.
 
Replica_dev_peas stratum	
	4	 	 0.004740	 0.001185	 0.93	 
 
Replica_dev_peas.*Units* stratum
Cropping_dev_peas	1	 	 0.000983	 0.000983	 0.77	 0.392
Soil_dev_peas	2	 	 0.048721	 0.024361	 19.06	<.001
Cropping_dev_peas.Soil_dev_peas	
	2	 	 0.000052	 0.000026	 0.02	 0.980
Residual	18	(2)	 0.023004	 0.001278	 	 
 
Total	27	(2)	 0.068235	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_dev_peas 1 *units* 1	   -0.0622	   s.e. 0.0277
Replica_dev_peas 2 *units* 1	   0.0639	   s.e. 0.0277
Replica_dev_peas 3 *units* 2	   -0.0744	   s.e. 0.0277
 
 
Tables of means
 
Variate: Pea_Pod_First_Harvest_LOG
 
Grand mean  1.8699 
 
	Cropping_dev_peas	 Inter	 Mono
		 1.8756	 1.8642
 
	Soil_dev_peas	 Mars	 Potting	 Sand
		 1.9267	 1.8380	 1.8449
 
	Cropping_dev_peas	Soil_dev_peas	 Mars	 Potting	 Sand
	 Inter		 1.9310	 1.8435	 1.8524
	 Mono		 1.9225	 1.8325	 1.8375
 
 
Standard errors of differences of means
 
Table	Cropping_dev_peas	Soil_dev_peas	 
rep.	 15	 10	 
d.f.	 18	 18	 
s.e.d.	 0.01305	 0.01599	 
 
Table	Cropping_dev_peas	 	 
	Soil_dev_peas	 	 
rep.	 5	 	 
d.f.	 18	 	 
s.e.d.	 0.02261	 	 
 
(Not adjusted for missing values)
 
 2588  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 2589  SCALAR _scode; VALUE=0
 2590  AKEEP [FACTORIAL=9] Soil_dev_peas; MEAN=_mean; REP=_rep; VARIANCE=_var; RTERM=_resid;\
 2591   STATUS=_scode
 2592  IF _scode > 0
 2593    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 2594    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 2595   STUDENTIZE=no] Soil_dev_peas
 
Fisher's unprotected least significant difference test
 
 
Soil_dev_peas
 
 
		Mean	 
	Potting	 1.838	 a
	Sand	 1.845	 a
	Mars	 1.927	 b
 


PEAS POD FIRST HARVEST (ORIGINAL DATA)

Analysis of variance
 
Variate: Pea_Pod_First_Harvest
 
Source of variation	d.f.	(m.v.)	s.s.	m.s.	v.r.	F pr.
 
Replica_dev_peas stratum	
	4	 	 185.40	 46.35	 1.02	 
 
Replica_dev_peas.*Units* stratum
Cropping_dev_peas	1	 	 33.37	 33.37	 0.73	 0.403
Soil_dev_peas	2	 	 1673.27	 836.64	 18.37	<.001
Cropping_dev_peas.Soil_dev_peas	
	2	 	 0.45	 0.23	 0.00	 0.995
Residual	18	(2)	 819.76	 45.54	 	 
 
Total	27	(2)	 2370.11	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_dev_peas 1 *units* 1	   -11.9	   s.e. 5.2
Replica_dev_peas 2 *units* 1	   13.2	   s.e. 5.2
Replica_dev_peas 3 *units* 2	   -13.1	   s.e. 5.2
 
 
Tables of means
 
Variate: Pea_Pod_First_Harvest
 
Grand mean  74.7 
 
	Cropping_dev_peas	 Inter	 Mono
		 75.8	 73.7
 
	Soil_dev_peas	 Mars	 Potting	 Sand
		 85.3	 68.9	 70.0
 
	Cropping_dev_peas	Soil_dev_peas	 Mars	 Potting	 Sand
	 Inter		 86.3	 69.8	 71.2
	 Mono		 84.2	 68.0	 68.8
 
 
Standard errors of differences of means
 
Table	Cropping_dev_peas	Soil_dev_peas	 
rep.	 15	 10	 
d.f.	 18	 18	 
s.e.d.	 2.46	 3.02	 
 
Table	Cropping_dev_peas	 	 
	Soil_dev_peas	 	 
rep.	 5	 	 
d.f.	 18	 	 
s.e.d.	 4.27	 	 



CARROTS


CARROT ABOVE BIOMASS DW/3 (ORIGINAL DATA)


Shapiro-Wilk test for Normality
 
Data variate:	 resid_carrot_ab_biomass_3
Test statistic W:	 0.9797
Probability:	 0.817
 
 2890  VHOMOGENEITY [PRINT=test; GROUPS=Carrot_Cropping,Carrot_Soil] resid_carrot_ab_biomass_3
 
Bartlett's test for homogeneity of variances
 
Chi-square 7.18 on 5 degrees of freedom: probability 0.208


Analysis of variance
 
Variate: Carrot_Above_Biomass_DW_3
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Carrot_Replica stratum	4	 0.4741	 0.1185	 0.64	 
 
Carrot_Replica.*Units* stratum
Carrot_Cropping	1	 19.8616	 19.8616	 107.28	<.001
Carrot_Soil	2	 26.7895	 13.3947	 72.35	<.001
Carrot_Cropping.Carrot_Soil	
	2	 18.2590	 9.1295	 49.31	<.001
Residual	20	 3.7028	 0.1851	 	 
 
Total	29	 69.0870	 	 	 
 
 
Message: the following units have large residuals.
 
Carrot_Replica 2 *units* 3	   0.844	   s.e. 0.351
 
 
Tables of means
 
Variate: Carrot_Above_Biomass_DW_3
 
Grand mean  1.495 
 
	Carrot_Cropping	 Inter	 Mono
		 0.681	 2.309
 
	Carrot_Soil	 Mars	 Potting	 Sand
		 0.396	 2.703	 1.386
 
	Carrot_Cropping	Carrot_Soil	 Mars	 Potting	 Sand
	 Inter		 0.190	 0.788	 1.066
	 Mono		 0.602	 4.618	 1.706
 
 
Standard errors of differences of means
 
Table	Carrot_Cropping	Carrot_Soil	Carrot_Cropping	 
			Carrot_Soil	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 0.1571	 0.1924	 0.2721	 
 
 
 2897  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 2898  SCALAR _scode; VALUE=0
 2899  AKEEP [FACTORIAL=9] Carrot_Cropping.Carrot_Soil; MEAN=_mean; REP=_rep; VARIANCE=_var;\
 2900   RTERM=_resid; STATUS=_scode
 2901  IF _scode > 0
 2902    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 2903    AMCOMPARISON [PRINT=letter; METHOD=fplsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 2904   STUDENTIZE=no] Carrot_Cropping.Carrot_Soil
 
Fisher's protected least significant difference test
 
 
Carrot_Cropping.Carrot_Soil
 
 
		Mean	 
	Inter Mars	 0.190	 a
	Mono Mars	 0.602	 ab
	Inter Potting	 0.788	 b
	Inter Sand	 1.066	 b
	Mono Sand	 1.706	 c
	Mono Potting	 4.618	 d



CARROT YIELD DW/3 (ORIGINAL DATA)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_carrot_yield_3
Test statistic W:	 0.9654
Probability:	 0.421
 
 2929  VHOMOGENEITY [PRINT=test; GROUPS=Carrot_Cropping,Carrot_Soil] resid_carrot_yield_3
 
Bartlett's test for homogeneity of variances
 
Chi-square 3.97 on 5 degrees of freedom: probability 0.554


Analysis of variance
 
Variate: Carrot_Yield_DW_3
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Carrot_Replica stratum	4	 3.1763	 0.7941	 1.23	 
 
Carrot_Replica.*Units* stratum
Carrot_Cropping	1	 165.9101	 165.9101	 256.30	<.001
Carrot_Soil	2	 208.8650	 104.4325	 161.33	<.001
Carrot_Cropping.Carrot_Soil	
	2	 106.7317	 53.3659	 82.44	<.001
Residual	20	 12.9467	 0.6473	 	 
 
Total	29	 497.6298	 	 	 
 
 
Message: the following units have large residuals.
 
Carrot_Replica 1 *units* 1	   -1.62	   s.e. 0.66
 
 
Tables of means
 
Variate: Carrot_Yield_DW_3
 
Grand mean  4.19 
 
	Carrot_Cropping	 Inter	 Mono
		 1.84	 6.54
 
	Carrot_Soil	 Mars	 Potting	 Sand
		 0.74	 7.15	 4.68
 
	Carrot_Cropping	Carrot_Soil	 Mars	 Potting	 Sand
	 Inter		 0.36	 2.26	 2.89
	 Mono		 1.12	 12.04	 6.46
 
 
Standard errors of differences of means
 
Table	Carrot_Cropping	Carrot_Soil	Carrot_Cropping	 
			Carrot_Soil	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 0.294	 0.360	 0.509	 
 
 
 2936  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 2937  SCALAR _scode; VALUE=0
 2938  AKEEP [FACTORIAL=9] Carrot_Cropping.Carrot_Soil; MEAN=_mean; REP=_rep; VARIANCE=_var;\
 2939   RTERM=_resid; STATUS=_scode
 2940  IF _scode > 0
 2941    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 2942    AMCOMPARISON [PRINT=letter; METHOD=fplsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 2943   STUDENTIZE=no] Carrot_Cropping.Carrot_Soil
 
Fisher's protected least significant difference test
 
 
Carrot_Cropping.Carrot_Soil
 
 
		Mean	 
	Inter Mars	 0.362	 a
	Mono Mars	 1.120	 a
	Inter Potting	 2.256	 b
	Inter Sand	 2.892	 b
	Mono Sand	 6.458	 c
	Mono Potting	 12.042	 d



CARROT LEAF SURFACE AREA cm /3 (ORIGINAL DATA)


Shapiro-Wilk test for Normality
 
Data variate:	 resid_carrot_leaf_area_3
Test statistic W:	 0.9735
Probability:	 0.640
 
 2968  VHOMOGENEITY [PRINT=test; GROUPS=Carrot_Cropping,Carrot_Soil] resid_carrot_leaf_area_3
 
Bartlett's test for homogeneity of variances
 
Chi-square 2.46 on 5 degrees of freedom: probability 0.782


Analysis of variance
 
Variate: Carrot_Leaf_Area_cm_3
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Carrot_Replica stratum	4	 14280.	 3570.	 1.08	 
 
Carrot_Replica.*Units* stratum
Carrot_Cropping	1	 420914.	 420914.	 127.73	<.001
Carrot_Soil	2	 503935.	 251968.	 76.46	<.001
Carrot_Cropping.Carrot_Soil	
	2	 300019.	 150010.	 45.52	<.001
Residual	20	 65905.	 3295.	 	 
 
Total	29	 1305054.	 	 	 
 
 
Message: the following units have large residuals.
 
Carrot_Replica 2 *units* 3	   107.	   s.e. 47.
 
 
Tables of means
 
Variate: Carrot_Leaf_Area_cm_3
 
Grand mean  227. 
 
	Carrot_Cropping	 Inter	 Mono
		 109.	 346.
 
	Carrot_Soil	 Mars	 Potting	 Sand
		 64.	 381.	 237.
 
	Carrot_Cropping	Carrot_Soil	 Mars	 Potting	 Sand
	 Inter		 26.	 122.	 179.
	 Mono		 102.	 640.	 296.
 
 
Standard errors of differences of means
 
Table	Carrot_Cropping	Carrot_Soil	Carrot_Cropping	 
			Carrot_Soil	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 21.0	 25.7	 36.3	 
 
 
 2975  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 2976  SCALAR _scode; VALUE=0
 2977  AKEEP [FACTORIAL=9] Carrot_Cropping.Carrot_Soil; MEAN=_mean; REP=_rep; VARIANCE=_var;\
 2978   RTERM=_resid; STATUS=_scode
 2979  IF _scode > 0
 2980    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 2981    AMCOMPARISON [PRINT=letter; METHOD=fplsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 2982   STUDENTIZE=no] Carrot_Cropping.Carrot_Soil
 
Fisher's protected least significant difference test
 
 
Carrot_Cropping.Carrot_Soil
 
 
		Mean	 
	Inter Mars	 26.5	 a
	Mono Mars	 101.6	 ab
	Inter Potting	 121.7	 bc
	Inter Sand	 178.9	 c
	Mono Sand	 295.8	 d
	Mono Potting	 640.4	 e


CARROT K NUTRIENT (ORIGINAL DATA)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_carrot_K_nut
Test statistic W:	 0.9270
Probability:	 0.172
 
 2671  VHOMOGENEITY [PRINT=test; GROUPS=Carrot_Nut_Cropping,Carrot_Nut_Soil] resid_carrot_K_nut
 
Bartlett's test for homogeneity of variances
 
Chi-square 3.83 on 5 degrees of freedom: probability 0.574

Analysis of variance
 
Variate: Carrot_K_Nut
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
NEW_replica_carrot_nut stratum	
	2	 3.20	 1.60	 0.05	 
 
NEW_replica_carrot_nut.*Units* stratum
Carrot_Nut_Cropping	1	 140.56	 140.56	 4.20	 0.068
Carrot_Nut_Soil	2	 26.37	 13.18	 0.39	 0.684
Carrot_Nut_Cropping.Carrot_Nut_Soil	
	2	 35.74	 17.87	 0.53	 0.602
Residual	10	 334.45	 33.45	 	 
 
Total	17	 540.32	 	 	 
 
 
Message: the following units have large residuals.
 
NEW_replica_carrot_nut 2 *units* 6	   8.9	   s.e. 4.3
 
 
Tables of means
 
Variate: Carrot_K_Nut
 
Grand mean  21.3 
 
	Carrot_Nut_Cropping	 Inter	 Mono
		 18.5	 24.1
 
	Carrot_Nut_Soil	 Mars	 Potting	 Sand
		 20.5	 20.3	 23.0
 
	Carrot_Nut_Cropping	Carrot_Nut_Soil	 Mars	 Potting	 Sand
	 Inter		 18.1	 15.6	 21.7
	 Mono		 22.9	 25.0	 24.3
 
 
Standard errors of differences of means
 
Table	Carrot_Nut_Cropping	Carrot_Nut_Soil	 
rep.	 9	 6	 
d.f.	 10	 10	 
s.e.d.	 2.73	 3.34	 
 
Table	Carrot_Nut_Cropping	 	 
	Carrot_Nut_Soil	 	 
rep.	 3	 	 
d.f.	 10	 	 
s.e.d.	 4.72	 	 



CARROT N NUTRIENT (ORIGINAL DATA)


Shapiro-Wilk test for Normality
 
Data variate:	 resid_carrot_N_nut
Test statistic W:	 0.8972
Probability:	 0.051
 
 2710  VHOMOGENEITY [PRINT=test; GROUPS=Carrot_Nut_Cropping,Carrot_Nut_Soil] resid_carrot_N_nut
 
Bartlett's test for homogeneity of variances
 
Chi-square 2.41 on 5 degrees of freedom: probability 0.790

Analysis of variance
 
Variate: Carrot_N_Nut
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
NEW_replica_carrot_nut stratum	
	2	 7.364	 3.682	 1.48	 
 
NEW_replica_carrot_nut.*Units* stratum
Carrot_Nut_Cropping	1	 38.136	 38.136	 15.38	 0.003
Carrot_Nut_Soil	2	 142.614	 71.307	 28.75	<.001
Carrot_Nut_Cropping.Carrot_Nut_Soil	
	2	 36.861	 18.431	 7.43	 0.011
Residual	10	 24.802	 2.480	 	 
 
Total	17	 249.778	 	 	 
 
 
Message: the following units have large residuals.
 
NEW_replica_carrot_nut 2 *units* 1	   2.48	   s.e. 1.17
 
 
Tables of means
 
Variate: Carrot_N_Nut
 
Grand mean  8.91 
 
	Carrot_Nut_Cropping	 Inter	 Mono
		 7.46	 10.37
 
	Carrot_Nut_Soil	 Mars	 Potting	 Sand
		 12.88	 6.70	 7.15
 
	Carrot_Nut_Cropping	Carrot_Nut_Soil	 Mars	 Potting	 Sand
	 Inter		 9.73	 5.13	 7.50
	 Mono		 16.03	 8.27	 6.80
 
 
Standard errors of differences of means
 
Table	Carrot_Nut_Cropping	Carrot_Nut_Soil	 
rep.	 9	 6	 
d.f.	 10	 10	 
s.e.d.	 0.742	 0.909	 
 
Table	Carrot_Nut_Cropping	 	 
	Carrot_Nut_Soil	 	 
rep.	 3	 	 
d.f.	 10	 	 
s.e.d.	 1.286	 	 
 
 
 2717  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 2718  SCALAR _scode; VALUE=0
 2719  AKEEP [FACTORIAL=9] Carrot_Nut_Cropping.Carrot_Nut_Soil; MEAN=_mean; REP=_rep; VARIANCE=_var;\
 2720   RTERM=_resid; STATUS=_scode
 2721  IF _scode > 0
 2722    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 2723    AMCOMPARISON [PRINT=letter; METHOD=fplsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 2724   STUDENTIZE=no] Carrot_Nut_Cropping.Carrot_Nut_Soil
 
Fisher's protected least significant difference test
 
 
Carrot_Nut_Cropping.Carrot_Nut_Soil
 
 
		Mean	 
	Inter Potting	 5.133	 a
	Mono Sand	 6.800	 ab
	Inter Sand	 7.500	 abc
	Mono Potting	 8.267	 bc
	Inter Mars	 9.733	 c
	Mono Mars	 16.033	 d



CARROT P NUTRIENT (ORIGINAL DATA)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_carrot_P_nut
Test statistic W:	 0.9378
Probability:	 0.266
 
 2749  VHOMOGENEITY [PRINT=test; GROUPS=Carrot_Nut_Cropping,Carrot_Nut_Soil] resid_carrot_P_nut
 
Bartlett's test for homogeneity of variances
 
Chi-square 2.76 on 5 degrees of freedom: probability 0.737


Analysis of variance
 
Variate: Carrot_P_Nut
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
NEW_replica_carrot_nut stratum	
	2	 0.5678	 0.2839	 1.20	 
 
NEW_replica_carrot_nut.*Units* stratum
Carrot_Nut_Cropping	1	 3.8272	 3.8272	 16.13	 0.002
Carrot_Nut_Soil	2	 1.4211	 0.7106	 3.00	 0.096
Carrot_Nut_Cropping.Carrot_Nut_Soil	
	2	 0.3144	 0.1572	 0.66	 0.537
Residual	10	 2.3722	 0.2372	 	 
 
Total	17	 8.5028	 	 	 
 
 
Message: the following units have large residuals.
 
NEW_replica_carrot_nut 2 *units* 6	   0.79	   s.e. 0.36
 
 
Tables of means
 
Variate: Carrot_P_Nut
 
Grand mean  2.56 
 
	Carrot_Nut_Cropping	 Inter	 Mono
		 2.10	 3.02
 
	Carrot_Nut_Soil	 Mars	 Potting	 Sand
		 2.17	 2.80	 2.72
 
	Carrot_Nut_Cropping	Carrot_Nut_Soil	 Mars	 Potting	 Sand
	 Inter		 1.57	 2.30	 2.43
	 Mono		 2.77	 3.30	 3.00
 
 
Standard errors of differences of means
 
Table	Carrot_Nut_Cropping	Carrot_Nut_Soil	 
rep.	 9	 6	 
d.f.	 10	 10	 
s.e.d.	 0.230	 0.281	 
 
Table	Carrot_Nut_Cropping	 	 
	Carrot_Nut_Soil	 	 
rep.	 3	 	 
d.f.	 10	 	 
s.e.d.	 0.398	 	 
 
 
 2756  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 2757  SCALAR _scode; VALUE=0
 2758  AKEEP [FACTORIAL=9] Carrot_Nut_Cropping.Carrot_Nut_Soil; MEAN=_mean; REP=_rep; VARIANCE=_var;\
 2759   RTERM=_resid; STATUS=_scode
 2760  IF _scode > 0
 2761    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 2762    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 2763   STUDENTIZE=no] Carrot_Nut_Cropping.Carrot_Nut_Soil
 
Fisher's unprotected least significant difference test
 
 
Carrot_Nut_Cropping.Carrot_Nut_Soil
 
 
		Mean	 
	Inter Mars	 1.567	 a
	Inter Potting	 2.300	 ab
	Inter Sand	 2.433	 abc
	Mono Mars	 2.767	 bc
	Mono Sand	 3.000	 bc
	Mono Potting	 3.300	 c

(not significant though)


CARROT HARVEST INDEX (/3) (ORIGINAL DATA)

Shapiro-Wilk test for Normality
 
Data variate:	 resid_carrot_harvindex
Test statistic W:	 0.9514
Probability:	 0.184
 
 5507  VHOMOGENEITY [PRINT=test; GROUPS=Carrot_Cropping,Carrot_Soil] resid_carrot_harvindex
 
Bartlett's test for homogeneity of variances
 
Chi-square 14.88 on 5 degrees of freedom: probability 0.011



Analysis of variance
 
Variate: Carrot_Harvest_Index_3
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Carrot_Replica stratum	4	 264.52	 66.13	 0.84	 
 
Carrot_Replica.*Units* stratum
Carrot_Cropping	1	 32.25	 32.25	 0.41	 0.529
Carrot_Soil	2	 694.79	 347.40	 4.43	 0.026
Carrot_Cropping.Carrot_Soil	
	2	 44.74	 22.37	 0.29	 0.755
Residual	20	 1568.76	 78.44	 	 
 
Total	29	 2605.07	 	 	 
 
 
Message: the following units have large residuals.
 
Carrot_Replica 3 *units* 5	   22.8	   s.e. 7.2
Carrot_Replica 5 *units* 1	   -15.4	   s.e. 7.2
 
 
Tables of means
 
Variate: Carrot_Harvest_Index_3
 
Grand mean  71.3 
 
	Carrot_Cropping	 Inter	 Mono
		 70.3	 72.3
 
	Carrot_Soil	 Mars	 Potting	 Sand
		 64.8	 72.6	 76.4
 
	Carrot_Cropping	Carrot_Soil	 Mars	 Potting	 Sand
	 Inter		 63.9	 73.0	 73.8
	 Mono		 65.8	 72.2	 79.0
 
 
Standard errors of differences of means
 
Table	Carrot_Cropping	Carrot_Soil	Carrot_Cropping	 
			Carrot_Soil	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 3.23	 3.96	 5.60	 
 
 
 5564  DELETE [REDEFINE=yes] _mean, _rep, _var, _resid, _rdf, _scode
 5565  SCALAR _scode; VALUE=0
 5566  AKEEP [FACTORIAL=9] Carrot_Soil; MEAN=_mean; REP=_rep; VARIANCE=_var; RTERM=_resid;\
 5567   STATUS=_scode
 5568  IF _scode > 0
 5569    AKEEP [FACTORIAL=9] #_resid; DF=_rdf
 5570    AMCOMPARISON [PRINT=letter; METHOD=fulsd; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
 5571   STUDENTIZE=no] Carrot_Soil
 
Fisher's unprotected least significant difference test
 
 
Carrot_Soil
 
 
		Mean	 
	Mars	 64.83	 a
	Potting	 72.64	 ab
	Sand	 76.39	 b


    
CHLOROPHYLL STATS

TOMATO (NOT CHECKED FOR NORMALITY AND HOMOGENEITY)


BEGINNING

Analysis of variance
 
Variate: Tom_Chlorophyl_Beginning
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Replica_Tomato stratum	4	 36.69	 9.17	 0.83	 
 
Replica_Tomato.*Units* stratum
Cropping_Tomato	1	 36.17	 36.17	 3.26	 0.086
Soil_Tomato	2	 431.24	 215.62	 19.45	<.001
Cropping_Tomato.Soil_Tomato	
	2	 111.73	 55.86	 5.04	 0.017
Residual	20	 221.77	 11.09	 	 
 
Total	29	 837.60	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_Tomato 2 *units* 4	   9.82	   s.e. 2.72
 
 
Tables of means
 
Variate: Tom_Chlorophyl_Beginning
 
Grand mean  34.48 
 
	Cropping_Tomato	 Inter	 Mono
		 33.39	 35.58
 
	Soil_Tomato	 Mars	 Potting	 Sand
		 37.13	 37.20	 29.12
 
	Cropping_Tomato	Soil_Tomato	 Mars	 Potting	 Sand
	 Inter		 33.30	 37.50	 29.36
	 Mono		 40.95	 36.91	 28.89
 
 
Standard errors of differences of means
 
Table	Cropping_Tomato	Soil_Tomato	Cropping_Tomato	 
			Soil_Tomato	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 1.216	 1.489	 2.106	 
 
 
Fisher's unprotected least significant difference test
 
 
Cropping_Tomato.Soil_Tomato
 
 
		Mean	 
	Mono Sand	 28.89	 a
	Inter Sand	 29.36	 ab
	Inter Mars	 33.30	 bc
	Mono Potting	 36.91	 cd
	Inter Potting	 37.50	 cd
	Mono Mars	 40.95	 d


MIDDLE

Analysis of variance
 
Variate: Tom_Chlorophyll_Middle
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Replica_Tomato stratum	4	 114.80	 28.70	 1.86	 
 
Replica_Tomato.*Units* stratum
Cropping_Tomato	1	 140.14	 140.14	 9.08	 0.007
Soil_Tomato	2	 465.65	 232.83	 15.08	<.001
Cropping_Tomato.Soil_Tomato	
	2	 251.92	 125.96	 8.16	 0.003
Residual	20	 308.72	 15.44	 	 
 
Total	29	 1281.23	 	 	 
 
 
Message: the following units have large residuals.
 
Replica_Tomato 2 *units* 6	   -7.53	   s.e. 3.21
 
 
Tables of means
 
Variate: Tom_Chlorophyll_Middle
 
Grand mean  33.16 
 
	Cropping_Tomato	 Inter	 Mono
		 31.00	 35.32
 
	Soil_Tomato	 Mars	 Potting	 Sand
		 37.27	 27.85	 34.37
 
	Cropping_Tomato	Soil_Tomato	 Mars	 Potting	 Sand
	 Inter		 31.04	 27.28	 34.68
	 Mono		 43.50	 28.41	 34.06
 
 
Standard errors of differences of means
 
Table	Cropping_Tomato	Soil_Tomato	Cropping_Tomato	 
			Soil_Tomato	 
rep.	 15	 10	 5	 
d.f.	 20	 20	 20	 
s.e.d.	 1.435	 1.757	 2.485	 
 
 
 
Fisher's unprotected least significant difference test
 
 
Cropping_Tomato.Soil_Tomato
 
 
		Mean	 
	Inter Potting	 27.28	 a
	Mono Potting	 28.41	 a
	Inter Mars	 31.04	 ab
	Mono Sand	 34.06	 b
	Inter Sand	 34.68	 b
	Mono Mars	 43.50	 c


END

Analysis of variance
 
Variate: Tom_Chlorophyll_End
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Replica_Tomato stratum	4	 26.95	 6.74	 0.24	 
 
Replica_Tomato.*Units* stratum
Cropping_Tomato	1	 50.16	 50.16	 1.81	 0.193
Soil_Tomato	2	 43.32	 21.66	 0.78	 0.471
Cropping_Tomato.Soil_Tomato	
	2	 888.05	 444.02	 16.04	<.001
Residual	20	 553.59	 27.68	 	 
 
Total	29	 1562.07


Tables of means
 
Variate: Tom_Chlorophyll_End
 
Grand mean  29.90 
 
	Cropping_Tomato	 Inter	 Mono
		 28.61	 31.19
 
	Soil_Tomato	 Mars	 Potting	 Sand
		 30.95	 28.22	 30.53
 
	Cropping_Tomato	Soil_Tomato	 Mars	 Potting	 Sand
	 Inter		 22.13	 32.04	 31.66
	 Mono		 39.78	 24.40	 29.40

Fisher's protected least significant difference test
 
 
Cropping_Tomato.Soil_Tomato
 
 
		Mean	 
	Inter Mars	 22.13	 a
	Mono Potting	 24.40	 ab
	Mono Sand	 29.40	 bc
	Inter Sand	 31.66	 c
	Inter Potting	 32.04	 c
	Mono Mars	 39.78	 d




Analysis of deviance and ratios between intercropping and monocropping
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   1  scalar    setdevice ; 1
   2  import    'Yield-GLM.xlsx'

Loading Spreadsheet File
------------------------

Catalogue of file Yield-GLM.xlsx

Sheet Title: Total_Yield_red_only_DW_3
Description: Data read from Yield-GLM.xlsx [Total_Yield_red_only_DW_3]A2:M4
Sheet Type: vector
  Index            Type    Nval   Name
      1            text       3   lSoil
      2         variate       3   ratio['Tomato']
      3         variate       3   ratio['Pea']
      4         variate       3   ratio['Carrot']
      5         variate       3   pvalue['Tomato']
      6         variate       3   pvalue['Pea']
      7         variate       3   pvalue['Carrot']
      8         variate       3   rlow['Tomato']
      9         variate       3   rlow['Pea']
     10         variate       3   rlow['Carrot']
     11         variate       3   rupp['Tomato']
     12         variate       3   rupp['Pea']
     13         variate       3   rupp['Carrot']

   3  variate   rr ; !(#ratio)
   4  variate   low ; !(#rlow)
   5  variate   upp ; !(#rupp)
   6  txconstru [label] !t(3(Tom,Pea,Car)), '-', !t((#lSoil)3)
   7  factor    [labels=label ; values=1...9] factor
   8  print     factor, rr,low,upp

      factor          rr         low         upp
    Tom-Mars       5.818      0.5674      59.651
     Tom-Pot       1.812      1.1343       2.895
    Tom-Sand       1.569      0.4111       5.991
    Pea-Mars       0.539      0.0685       4.247
     Pea-Pot       0.836      0.5722       1.221
    Pea-Sand       1.874      1.1695       3.002
    Car-Mars       0.323      0.1252       0.832
     Car-Pot       0.187      0.1307       0.268
    Car-Sand       0.448      0.3153       0.636

   9  table     [class=factor] rtable,ltable,utable ; rr,low,upp
  10
  11  setdevice [createfile=setdevice ; res=3000]
  12  fframe    [rows=2 ; columns=1 ; ymlower=0.08 ; xmlower=0.06]
  13  frame     [grid=yx] 1,2
  14  pen       1...9 ; colour=3('red','green','orange') ; brush=1,2,3
* MESSAGE: BRUSH is not available in this release.
* MESSAGE: BRUSH is not available in this release.
* MESSAGE: BRUSH is not available in this release.
* MESSAGE: BRUSH is not available in this release.
* MESSAGE: BRUSH is not available in this release.
* MESSAGE: BRUSH is not available in this release.
* MESSAGE: BRUSH is not available in this release.
* MESSAGE: BRUSH is not available in this release.
* MESSAGE: BRUSH is not available in this release.
  15  pen       10 ; symbols=-1 ; colour='black' ; size=0.7
  16  xaxis     1,2 ; lower=0.3 ; upper=9.7 ; lrot=0 ; marks=!(1...9) ; labels=!t((Mars,Pot,Sand)3)
  17  yaxis     1 ; lower=0 ; upper=10 ; marks=1
  18  dhist     [win=1 ; key=0 ; scr=keep] rtable ; pen=!(1...9)
  19  xaxis     1 ; action=hide
  20  dgraph    [win=1 ; key=0 ; scr=keep] rr ; !(1...9) ; pen=10 ; yupper=upp ; ylower=low
  21
  22  "##### On the log scale "
  23  variate   ymark ; !(-64,-32,-16,-8,-4,-2,1,2,4,8,16,32,64) ; deci=0
  24  txconstru [ylabel] abs(ymark)
  25  txconstru [ylabelMin] '1/',ylabel
  26  restrict  ymark ; ymark.le.0 ; saveset=save
  27  calculate ymark = -log10(-ymark)
  28  restrict  ymark
  29  equate    ylabelMin$[save] ; ylabel$[save]
  30  restrict  ymark ; ymark.ge.0 ; saveset=save
  31  calculate ymark = log10(ymark)
  32  restrict  ymark
  33  print     ymark, ylabel

       ymark ylabel
          -2   1/64
          -2   1/32
          -1   1/16
          -1    1/8
          -1    1/4
           0    1/2
           0      1
           0      2
           1      4
           1      8
           1     16
           2     32
           2     64

  34  calculate rtable, rr,upp,low = log10(rtable, rr,upp,low)
  35  print     min(rtable, rr,upp,low)

 MIN(rtable)     MIN(rr)    MIN(upp)    MIN(low)
     -0.7274     -0.7274     -0.5712      -1.164

  36  print     max(rtable, rr,upp,low)

 MAX(rtable)     MAX(rr)    MAX(upp)    MAX(low)
      0.7648      0.7648       1.776     0.06799

  37
  38  xaxis     2 ; marks=!(-1) ; labels=!t('')
  39  yaxis     2 ; lower=-1.3 ; upper=1.9 ; marks=ymark ; labels=ylabel
  40  dhist     [win=2 ; key=0 ; scr=keep] rtable ; pen=!(1...9)
  41  dgraph    [win=2 ; key=0 ; scr=keep] rr ; !(1...9) ; pen=10 ; yupper=upp ; ylower=low
  42  pen       11 ; symbols=0 ; labels=!t((Mars,Pot,Sand)3) ; xlpos=c ; ylpos=c ; size=1 ; colour='black'
  43  variate   yl ; 0.12*!(-1,-1,-1, 1,1,-1,1,1,1)
  44  dgraph    [win=2 ; key=0 ; scr=keep] yl ; !(1...9) ; pen=11

* MESSAGE: End of file found on Input Channel 1
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   1  scalar    setdevice ; 1
   2  import    'Mars data for Paul.xlsx' ; isave=isave

Loading Spreadsheet File
------------------------

Catalogue of file Mars data for Paul.xlsx

Sheet Title: Biomass, yield, Harvest index
Description: Data read from Mars data for Paul.xlsx [Biomass, yield, Harvest index]A2:O91
Sheet Type: vector
  Index            Type    Nval   Name
      1         variate      90   Position_pot_number
      2         variate      90   Replica
      3            text      90   Soil
      4            text      90   Cropping
      5            text      90   Species
      6         variate      90   Total_Yield_red_only_DW_3
      7         variate      90   Total_Yield_all_fruit_DW_3
      8         variate      90   Above_ground_biomass_DW_3
      9         variate      90   Harvest_index_%_3_red_only
     10         variate      90   Harvest_index_%_3_all_fruit
     11            text      90   N
     12            text      90   P
     13            text      90   K
     14            text      90   C1

   3  text      lSoil ; !t(Mars,Pot,Sand)
   4  sreplace  ['Peas' ; 'Pea'] Species
   5  sreplace  [!t('Mars Regolith','Potting Soil',Sand) ; lSoil] Soil
   6  sreplace  [!t('Intercrop','Monocrop') ; !t(Inter,Mono)] Cropping
   7  groups    [redefine=yes] Replica, Soil, Cropping, Species
   8  pointer   [values=isave[6...10]] yy
   9  tabulate  [print=count ; clas=Species]

                    Count
      Species
       Carrot          30
          Pea          30
       Tomato          30


  10  tabulate  [print=count ; clas=Soil]

                    Count
         Soil
         Mars          30
          Pot          30
         Sand          30


  11  tabulate  [print=count ; clas=Cropping]

                    Count
     Cropping
        Inter          45
         Mono          45


  12
  13  "##### Graphical environment for residual plots "
  14  setdevice [createfile=setdevice ; res=3000]
  15  fframe    [rows=5 ; columns=3 ; cupper=0.7 ; xmlower=0.04 ; xmupper=0.01 ; cmlower=0.03 ; \
  16            ymupper=0.02 ; ymlower=0.03 ; rmupper=0.02] ng=ng ; ss=ss
  17  pen       1 ; symbols=2 ; size=0.6
  18  pen       -1 ; size=0.6
  19  pen       -3 ; size=0.6
  20  pen       -5 ; size=0.7
  21
  22  scalar    win ; 0
  23  pointer   [nvalues=!t('Tomato', 'Pea', 'Carrot')] ratio,pvalue,rupp,rlow
  24  text      xlsxOUT ; 'Yield-GLM.xlsx'
  25  text      method ; 'overwrite'
  26  for [index=ii] iyy=yy[]
  27    txconstru [tyy] !p(iyy)
  28    for [index=jj] iSpecies='Tomato', 'Pea', 'Carrot'
  29      subset    [Species.in.iSpecies] Replica, Soil, Cropping, iyy ; qRep,qSoil,qCropping,qyy
  30      txconstru [extra] iSpecies, ' : ', tyy
  31      variate   [modify=yes ; ip=extra] qyy ; extra=extra
  32      model     [dist=poisson ; disp=*] qyy
  33      terms     qRep + qSoil*qCropping
  34      fit       [print=*] qRep
  35      add       [print=*] qSoil
  36      add       [print=*] qCropping
  37      add       [print=*] qSoil.qCropping
  38      rdisplay  [print=model,acc,esti ; fprob=yes ; tprob=yes]
  39      predict   [print=pred] qSoil,qCropping
  40      calculate win = win + 1 - ng*(win.eq.ng)
  41      rkeep     res=res ; fit=fit
  42      if (jj.eq.1)
  43        yaxis     win ; title=tyy
  44      endif
  45      if (ii.eq.1)
  46        text      title ; iSpecies
  47      else
  48        text      title ; ''
  49      endif
  50      dgraph    [win=win ; key=0 ; scr=#ss[win] ; title=title] res ; fit
  51      "##### Other parameterization to quickly get lower and upper CI "
  52      terms     qRep + qSoil/qCropping
  53      fit       [print=* ; tprob=yes] qRep + qSoil/qCropping
  54      rkeep     esti=esti ; se=se ; df=df
  55      variate   esti,se ; (esti,se)$[!(8...10)]
  56      calculate edt = edt(0.975;df)
  57      variate   ratio[iSpecies] ; 1/exp(esti) ; deci=3
  58      variate   pvalue[iSpecies] ; 2*cut(abs(esti/se) ; df) ; deci=3
  59      variate   rupp[iSpecies],rlow[iSpecies] ; 1/exp(esti + (-1,1)*edt*se) ; deci=3
  60      print     lSoil, rlow[iSpecies], ratio[iSpecies], rupp[iSpecies], pvalue[iSpecies]
  61      "##### Pairwise comparison gives the same results "
  62      if 0
  63        facproduc !p(qSoil,qCropping) ; combine
  64        model     [dist=poisson ; disp=*] qyy
  65        terms     qRep + combine
  66        fit       [print=*] qRep + combine
  67        rpair     [print=*] !p(combine) ; diff=diff ; tprob=tprob
  68        if 0
  69          print     diff
  70          print     tprob
  71        endif
  72        scalar    sratio[1...3] ; diff$[1,3,5;2,4,6]
  73        scalar    spvalue[1...3] ; tprob$[1,3,5;2,4,6]
  74        variate   ratio[iSpecies] ; exp(!(#sratio)) ; deci=3
  75        variate   pvalue[iSpecies] ; !(#spvalue) ; deci=3
  76      endif
  77    endfor
  78    print     lSoil, ratio[], pvalue[]
  79    print     lSoil, rlow[], rupp[]
  80    export    [print=* ; out=xlsxOUT ; method=#method ; sheet=tyy] \
  81              lSoil, ratio[], pvalue[], rlow[], rupp[]
  82    text      method ; 'add'
  83    \exit
  84  endfor

Regression analysis
===================

 Response variate: Tomato : Total_Yield_red_only_DW_3
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(20)  t pr.   estimate
Constant                         0.066        0.482      0.14  0.893      1.068
qRep 2                           0.382        0.313      1.22  0.236      1.465
qRep 3                           0.208        0.325      0.64  0.530      1.231
qRep 4                           0.138        0.330      0.42  0.679      1.148
qRep 5                           0.139        0.330      0.42  0.677      1.149
qSoil Pot                        2.328        0.449      5.18  <.001      10.26
qSoil Sand                       0.137        0.587      0.23  0.818      1.147
qCropping Mono                   -1.76         1.12     -1.58  0.130     0.1719
qSoil Pot .qCropping Mono         1.17         1.14      1.02  0.318      3.210
qSoil Sand .qCropping Mono
                                  1.31         1.29      1.02  0.321      3.707

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            4        1.932        0.483      0.41  0.799
+ qSoil                           2      133.757       66.879     56.76  <.001
+ qCropping                       1       11.707       11.707      9.94  0.005
+ qSoil.qCropping                 2        1.656        0.828      0.70  0.507
Residual                         20       23.567        1.178

Total                            29      172.619        5.952


Predictions from regression model
---------------------------------

Response variate: Tomato : Total_Yield_red_only_DW_3

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       1.280       0.220
          Pot      13.136       7.249
         Sand       1.468       0.935



lSoil rlow['Tomato'] ratio['Tomato'] rupp['Tomato'] pvalue['Tomato']
 Mars          0.567           5.818         59.651            0.130
  Pot          1.134           1.812          2.895            0.015
 Sand          0.411           1.569          5.991            0.491


Regression analysis
===================

 Response variate: Pea : Total_Yield_red_only_DW_3
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(20)  t pr.   estimate
Constant                        -1.121        0.805     -1.39  0.179     0.3260
qRep 2                          -0.161        0.196     -0.82  0.421     0.8510
qRep 3                          -0.315        0.205     -1.54  0.140     0.7301
qRep 4                          -0.402        0.210     -1.91  0.070     0.6688
qRep 5                          -0.649        0.227     -2.86  0.010     0.5228
qSoil Pot                        3.568        0.808      4.42  <.001      35.45
qSoil Sand                       3.580        0.808      4.43  <.001      35.87
qCropping Mono                   0.617        0.989      0.62  0.540      1.854
qSoil Pot .qCropping Mono        -0.44         1.01     -0.44  0.668     0.6455
qSoil Sand .qCropping Mono
                                 -1.25         1.01     -1.23  0.234     0.2879

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            4       7.7457       1.9364      2.47  0.078
+ qSoil                           2     111.0653      55.5326     70.83  <.001
+ qCropping                       1       0.7195       0.7195      0.92  0.350
+ qSoil.qCropping                 2       6.7218       3.3609      4.29  0.028
Residual                         20      15.6805       0.7840

Total                            29     141.9328       4.8942


Predictions from regression model
---------------------------------

Response variate: Pea : Total_Yield_red_only_DW_3

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       0.246       0.456
          Pot       8.722      10.435
         Sand       8.824       4.709



lSoil rlow['Pea'] ratio['Pea'] rupp['Pea'] pvalue['Pea']
 Mars       0.069        0.539       4.247         0.540
  Pot       0.572        0.836       1.221         0.335
 Sand       1.169        1.874       3.002         0.012


Regression analysis
===================

 Response variate: Carrot : Total_Yield_red_only_DW_3
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(20)  t pr.   estimate
Constant                        -1.059        0.407     -2.60  0.017     0.3469
qRep 2                           0.022        0.152      0.15  0.886      1.022
qRep 3                           0.080        0.150      0.53  0.602      1.083
qRep 4                           0.162        0.147      1.10  0.284      1.176
qRep 5                          -0.066        0.156     -0.42  0.678     0.9365
qSoil Pot                        1.830        0.425      4.30  <.001      6.232
qSoil Sand                       2.078        0.419      4.96  <.001      7.989
qCropping Mono                   1.131        0.454      2.49  0.022      3.098
qSoil Pot .qCropping Mono        0.544        0.486      1.12  0.276      1.723
qSoil Sand .qCropping Mono
                                -0.327        0.484     -0.68  0.507     0.7210

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            4       0.7533       0.1883      0.67  0.622
+ qSoil                           2      61.0373      30.5186    108.08  <.001
+ qCropping                       1      42.0236      42.0236    148.82  <.001
+ qSoil.qCropping                 2       3.7664       1.8832      6.67  0.006
Residual                         20       5.6475       0.2824

Total                            29     113.2281       3.9044


Predictions from regression model
---------------------------------

Response variate: Carrot : Total_Yield_red_only_DW_3

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       0.362       1.121
          Pot       2.256      12.043
         Sand       2.892       6.459



lSoil rlow['Carrot'] ratio['Carrot'] rupp['Carrot'] pvalue['Carrot']
 Mars          0.125           0.323          0.832            0.022
  Pot          0.131           0.187          0.268            0.000
 Sand          0.315           0.448          0.636            0.000


lSoil ratio['Tomato'] ratio['Pea'] ratio['Carrot'] pvalue['Tomato'] pvalue['Pea'] pvalue['Carrot']
 Mars           5.818        0.539           0.323            0.130         0.540            0.022
  Pot           1.812        0.836           0.187            0.015         0.335            0.000
 Sand           1.569        1.874           0.448            0.491         0.012            0.000


lSoil rlow['Tomato'] rlow['Pea'] rlow['Carrot'] rupp['Tomato'] rupp['Pea'] rupp['Carrot']
 Mars          0.567       0.069          0.125         59.651       4.247          0.832
  Pot          1.134       0.572          0.131          2.895       1.221          0.268
 Sand          0.411       1.169          0.315          5.991       3.002          0.636


Regression analysis
===================

 Response variate: Tomato : Total_Yield_all_fruit_DW_3
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(20)  t pr.   estimate
Constant                         0.906        0.199      4.55  <.001      2.475
qRep 2                           0.030        0.142      0.21  0.837      1.030
qRep 3                           0.042        0.141      0.30  0.767      1.043
qRep 4                          -0.064        0.145     -0.44  0.664     0.9381
qRep 5                          -0.013        0.143     -0.09  0.930     0.9873
qSoil Pot                        1.938        0.190     10.22  <.001      6.943
qSoil Sand                       0.765        0.215      3.57  0.002      2.150
qCropping Mono                  -0.652        0.302     -2.16  0.043     0.5209
qSoil Pot .qCropping Mono       -0.030        0.324     -0.09  0.926     0.9701
qSoil Sand .qCropping Mono
                                 0.164        0.360      0.45  0.654      1.178

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            4       0.2605       0.0651      0.17  0.953
+ qSoil                           2     103.4030      51.7015    132.78  <.001
+ qCropping                       1      18.3253      18.3253     47.06  <.001
+ qSoil.qCropping                 2       0.2816       0.1408      0.36  0.701
Residual                         20       7.7873       0.3894

Total                            29     130.0577       4.4847


Predictions from regression model
---------------------------------

Response variate: Tomato : Total_Yield_all_fruit_DW_3

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       2.474       1.289
          Pot      17.176       8.679
         Sand       5.318       3.263



lSoil rlow['Tomato'] ratio['Tomato'] rupp['Tomato'] pvalue['Tomato']
 Mars          1.022           1.920          3.605            0.043
  Pot          1.553           1.979          2.522            0.000
 Sand          1.082           1.630          2.454            0.022


Regression analysis
===================

 Response variate: Pea : Total_Yield_all_fruit_DW_3
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(20)  t pr.   estimate
Constant                        -1.121        0.805     -1.39  0.179     0.3260
qRep 2                          -0.161        0.196     -0.82  0.421     0.8510
qRep 3                          -0.315        0.205     -1.54  0.140     0.7301
qRep 4                          -0.402        0.210     -1.91  0.070     0.6688
qRep 5                          -0.649        0.227     -2.86  0.010     0.5228
qSoil Pot                        3.568        0.808      4.42  <.001      35.45
qSoil Sand                       3.580        0.808      4.43  <.001      35.87
qCropping Mono                   0.617        0.989      0.62  0.540      1.854
qSoil Pot .qCropping Mono        -0.44         1.01     -0.44  0.668     0.6455
qSoil Sand .qCropping Mono
                                 -1.25         1.01     -1.23  0.234     0.2879

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            4       7.7457       1.9364      2.47  0.078
+ qSoil                           2     111.0653      55.5326     70.83  <.001
+ qCropping                       1       0.7195       0.7195      0.92  0.350
+ qSoil.qCropping                 2       6.7218       3.3609      4.29  0.028
Residual                         20      15.6805       0.7840

Total                            29     141.9328       4.8942


Predictions from regression model
---------------------------------

Response variate: Pea : Total_Yield_all_fruit_DW_3

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       0.246       0.456
          Pot       8.722      10.435
         Sand       8.824       4.709



lSoil rlow['Pea'] ratio['Pea'] rupp['Pea'] pvalue['Pea']
 Mars       0.069        0.539       4.247         0.540
  Pot       0.572        0.836       1.221         0.335
 Sand       1.169        1.874       3.002         0.012


Regression analysis
===================

 Response variate: Carrot : Total_Yield_all_fruit_DW_3
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(20)  t pr.   estimate
Constant                        -1.059        0.407     -2.60  0.017     0.3469
qRep 2                           0.022        0.152      0.15  0.886      1.022
qRep 3                           0.080        0.150      0.53  0.602      1.083
qRep 4                           0.162        0.147      1.10  0.284      1.176
qRep 5                          -0.066        0.156     -0.42  0.678     0.9365
qSoil Pot                        1.830        0.425      4.30  <.001      6.232
qSoil Sand                       2.078        0.419      4.96  <.001      7.989
qCropping Mono                   1.131        0.454      2.49  0.022      3.098
qSoil Pot .qCropping Mono        0.544        0.486      1.12  0.276      1.723
qSoil Sand .qCropping Mono
                                -0.327        0.484     -0.68  0.507     0.7210

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            4       0.7533       0.1883      0.67  0.622
+ qSoil                           2      61.0373      30.5186    108.08  <.001
+ qCropping                       1      42.0236      42.0236    148.82  <.001
+ qSoil.qCropping                 2       3.7664       1.8832      6.67  0.006
Residual                         20       5.6475       0.2824

Total                            29     113.2281       3.9044


Predictions from regression model
---------------------------------

Response variate: Carrot : Total_Yield_all_fruit_DW_3

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       0.362       1.121
          Pot       2.256      12.043
         Sand       2.892       6.459



lSoil rlow['Carrot'] ratio['Carrot'] rupp['Carrot'] pvalue['Carrot']
 Mars          0.125           0.323          0.832            0.022
  Pot          0.131           0.187          0.268            0.000
 Sand          0.315           0.448          0.636            0.000


lSoil ratio['Tomato'] ratio['Pea'] ratio['Carrot'] pvalue['Tomato'] pvalue['Pea'] pvalue['Carrot']
 Mars           1.920        0.539           0.323            0.043         0.540            0.022
  Pot           1.979        0.836           0.187            0.000         0.335            0.000
 Sand           1.630        1.874           0.448            0.022         0.012            0.000


lSoil rlow['Tomato'] rlow['Pea'] rlow['Carrot'] rupp['Tomato'] rupp['Pea'] rupp['Carrot']
 Mars          1.022       0.069          0.125          3.605       4.247          0.832
  Pot          1.553       0.572          0.131          2.522       1.221          0.268
 Sand          1.082       1.169          0.315          2.454       3.002          0.636


Regression analysis
===================

 Response variate: Tomato : Above_ground_biomass_DW_3
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(20)  t pr.   estimate
Constant                         1.603        0.207      7.73  <.001      4.966
qRep 2                          -0.429        0.171     -2.51  0.021     0.6513
qRep 3                           0.014        0.151      0.09  0.928      1.014
qRep 4                          -0.369        0.168     -2.20  0.040     0.6914
qRep 5                           0.091        0.149      0.61  0.546      1.096
qSoil Pot                        1.721        0.200      8.59  <.001      5.588
qSoil Sand                       0.425        0.237      1.79  0.088      1.530
qCropping Mono                  -0.719        0.322     -2.23  0.037     0.4873
qSoil Pot .qCropping Mono        0.264        0.346      0.76  0.454      1.302
qSoil Sand .qCropping Mono
                                 0.300        0.400      0.75  0.461      1.350

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            4      12.5713       3.1428      4.17  0.013
+ qSoil                           2     163.7507      81.8754    108.65  <.001
+ qCropping                       1      16.0644      16.0644     21.32  <.001
+ qSoil.qCropping                 2       0.5045       0.2523      0.33  0.719
Residual                         20      15.0713       0.7536

Total                            29     207.9622       7.1711


Predictions from regression model
---------------------------------

Response variate: Tomato : Above_ground_biomass_DW_3

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       4.422       2.155
          Pot      24.708      15.680
         Sand       6.764       4.451



lSoil rlow['Tomato'] ratio['Tomato'] rupp['Tomato'] pvalue['Tomato']
 Mars          1.048           2.052          4.020            0.037
  Pot          1.213           1.576          2.047            0.002
 Sand          0.927           1.520          2.490            0.092


Regression analysis
===================

 Response variate: Pea : Above_ground_biomass_DW_3
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(20)  t pr.   estimate
Constant                        -0.528        0.426     -1.24  0.229     0.5898
qRep 2                          -0.107        0.148     -0.72  0.477     0.8983
qRep 3                          -0.194        0.151     -1.28  0.214     0.8235
qRep 4                          -0.441        0.163     -2.71  0.013     0.6432
qRep 5                          -0.798        0.183     -4.37  <.001     0.4501
qSoil Pot                        2.842        0.429      6.63  <.001      17.15
qSoil Sand                       2.802        0.429      6.53  <.001      16.47
qCropping Mono                   0.811        0.501      1.62  0.121      2.250
qSoil Pot .qCropping Mono       -0.753        0.520     -1.45  0.163     0.4710
qSoil Sand .qCropping Mono
                                -1.424        0.530     -2.69  0.014     0.2407

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            4       9.9928       2.4982      6.39  0.002
+ qSoil                           2      72.6866      36.3433     92.99  <.001
+ qCropping                       1       0.9790       0.9790      2.50  0.129
+ qSoil.qCropping                 2       5.3289       2.6645      6.82  0.006
Residual                         20       7.8168       0.3908

Total                            29      96.8041       3.3381


Predictions from regression model
---------------------------------

Response variate: Pea : Above_ground_biomass_DW_3

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       0.450       1.013
          Pot       7.716       8.179
         Sand       7.412       4.014



lSoil rlow['Pea'] ratio['Pea'] rupp['Pea'] pvalue['Pea']
 Mars       0.156        0.444       1.263         0.121
  Pot       0.704        0.943       1.264         0.683
 Sand       1.286        1.847       2.650         0.002


Regression analysis
===================

 Response variate: Carrot : Above_ground_biomass_DW_3
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(20)  t pr.   estimate
Constant                        -1.788        0.428     -4.18  <.001     0.1674
qRep 2                           0.221        0.191      1.16  0.260      1.248
qRep 3                           0.209        0.191      1.09  0.287      1.233
qRep 4                           0.063        0.198      0.32  0.754      1.065
qRep 5                           0.123        0.195      0.63  0.535      1.131
qSoil Pot                        1.422        0.455      3.13  0.005      4.147
qSoil Sand                       1.725        0.443      3.89  <.001      5.610
qCropping Mono                   1.153        0.468      2.46  0.023      3.168
qSoil Pot .qCropping Mono        0.615        0.517      1.19  0.248      1.851
qSoil Sand .qCropping Mono
                                -0.683        0.518     -1.32  0.202     0.5053

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            4       0.3175       0.0794      0.50  0.738
+ qSoil                           2      19.4076       9.7038     60.71  <.001
+ qCropping                       1      14.0457      14.0457     87.87  <.001
+ qSoil.qCropping                 2       2.8589       1.4295      8.94  0.002
Residual                         20       3.1970       0.1599

Total                            29      39.8268       1.3733


Predictions from regression model
---------------------------------

Response variate: Carrot : Above_ground_biomass_DW_3

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       0.190       0.602
          Pot       0.788       4.620
         Sand       1.066       1.707



lSoil rlow['Carrot'] ratio['Carrot'] rupp['Carrot'] pvalue['Carrot']
 Mars          0.119           0.316          0.839            0.023
  Pot          0.108           0.171          0.269            0.000
 Sand          0.394           0.625          0.990            0.046


lSoil ratio['Tomato'] ratio['Pea'] ratio['Carrot'] pvalue['Tomato'] pvalue['Pea'] pvalue['Carrot']
 Mars           2.052        0.444           0.316            0.037         0.121            0.023
  Pot           1.576        0.943           0.171            0.002         0.683            0.000
 Sand           1.520        1.847           0.625            0.092         0.002            0.046


lSoil rlow['Tomato'] rlow['Pea'] rlow['Carrot'] rupp['Tomato'] rupp['Pea'] rupp['Carrot']
 Mars          1.048       0.156          0.119          4.020       1.263          0.839
  Pot          1.213       0.704          0.108          2.047       1.264          0.269
 Sand          0.927       1.286          0.394          2.490       2.650          0.990


Regression analysis
===================

 Response variate: Tomato : Harvest_index_%_3_red_only
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(20)  t pr.   estimate
Constant                         2.951        0.482      6.12  <.001      19.13
qRep 2                           0.122        0.449      0.27  0.788      1.130
qRep 3                          -0.262        0.496     -0.53  0.603     0.7693
qRep 4                           0.403        0.423      0.95  0.352      1.496
qRep 5                          -0.531        0.537     -0.99  0.335     0.5881
qSoil Pot                        0.636        0.475      1.34  0.196      1.888
qSoil Sand                       0.111        0.528      0.21  0.835      1.118
qCropping Mono                  -1.101        0.763     -1.44  0.164     0.3324
qSoil Pot .qCropping Mono        0.997        0.864      1.15  0.262      2.710
qSoil Sand .qCropping Mono
                                 0.797        0.945      0.84  0.409      2.219

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            4        63.93        15.98      1.14  0.368
+ qSoil                           2       110.10        55.05      3.91  0.037
+ qCropping                       1        18.41        18.41      1.31  0.266
+ qSoil.qCropping                 2        20.16        10.08      0.72  0.501
Residual                         20       281.51        14.08

Total                            29       494.10        17.04


Predictions from regression model
---------------------------------

Response variate: Tomato : Harvest_index_%_3_red_only

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       19.07        6.34
          Pot       36.00       32.43
         Sand       21.31       15.72



lSoil rlow['Tomato'] ratio['Tomato'] rupp['Tomato'] pvalue['Tomato']
 Mars          0.613           3.008         14.764            0.164
  Pot          0.476           1.110          2.590            0.799
 Sand          0.424           1.356          4.338            0.591


Regression analysis
===================

 Response variate: Pea : Harvest_index_%_3_red_only
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(20)  t pr.   estimate
Constant                         3.211        0.315     10.18  <.001      24.81
qRep 2                          -0.095        0.247     -0.39  0.704     0.9090
qRep 3                          -0.139        0.250     -0.56  0.584     0.8702
qRep 4                          -0.218        0.255     -0.85  0.404     0.8044
qRep 5                          -0.086        0.247     -0.35  0.731     0.9178
qSoil Pot                        0.859        0.331      2.59  0.017      2.361
qSoil Sand                       0.905        0.329      2.75  0.012      2.473
qCropping Mono                   0.325        0.364      0.89  0.383      1.384
qSoil Pot .qCropping Mono       -0.264        0.443     -0.60  0.558     0.7678
qSoil Sand .qCropping Mono
                                -0.422        0.446     -0.95  0.355     0.6560

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            4        6.741        1.685      0.19  0.938
+ qSoil                           2      118.730       59.365      6.86  0.005
+ qCropping                       1        0.876        0.876      0.10  0.754
+ qSoil.qCropping                 2        7.810        3.905      0.45  0.643
Residual                         20      172.958        8.648

Total                            29      307.114       10.590


Predictions from regression model
---------------------------------

Response variate: Pea : Harvest_index_%_3_red_only

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       22.34       30.93
          Pot       52.74       56.07
         Sand       55.24       50.17



lSoil rlow['Pea'] ratio['Pea'] rupp['Pea'] pvalue['Pea']
 Mars       0.338        0.722       1.545         0.383
  Pot       0.556        0.941       1.592         0.811
 Sand       0.645        1.101       1.880         0.711


Regression analysis
===================

 Response variate: Carrot : Harvest_index_%_3_red_only
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(20)  t pr.   estimate
Constant                        4.1558       0.0772     53.83  <.001      63.80
qRep 2                         -0.0369       0.0754     -0.49  0.630     0.9638
qRep 3                          0.0392       0.0740      0.53  0.602      1.040
qRep 4                          0.0550       0.0737      0.75  0.464      1.057
qRep 5                         -0.0525       0.0757     -0.69  0.496     0.9488
qSoil Pot                       0.1334       0.0836      1.60  0.126      1.143
qSoil Sand                      0.1438       0.0834      1.72  0.100      1.155
qCropping Mono                  0.0283       0.0857      0.33  0.745      1.029
qSoil Pot .qCropping Mono       -0.039        0.118     -0.33  0.743     0.9616
qSoil Sand .qCropping Mono
                                 0.039        0.117      0.34  0.738      1.040

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            4        3.709        0.927      0.78  0.552
+ qSoil                           2        9.848        4.924      4.13  0.031
+ qCropping                       1        0.452        0.452      0.38  0.545
+ qSoil.qCropping                 2        0.576        0.288      0.24  0.787
Residual                         20       23.830        1.191

Total                            29       38.415        1.325


Predictions from regression model
---------------------------------

Response variate: Carrot : Harvest_index_%_3_red_only

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       63.92       65.75
          Pot       73.04       72.25
         Sand       73.80       78.98



lSoil rlow['Carrot'] ratio['Carrot'] rupp['Carrot'] pvalue['Carrot']
 Mars          0.813           0.972          1.162            0.745
  Pot          0.854           1.011          1.197            0.894
 Sand          0.792           0.934          1.102            0.401


lSoil ratio['Tomato'] ratio['Pea'] ratio['Carrot'] pvalue['Tomato'] pvalue['Pea'] pvalue['Carrot']
 Mars           3.008        0.722           0.972            0.164         0.383            0.745
  Pot           1.110        0.941           1.011            0.799         0.811            0.894
 Sand           1.356        1.101           0.934            0.591         0.711            0.401


lSoil rlow['Tomato'] rlow['Pea'] rlow['Carrot'] rupp['Tomato'] rupp['Pea'] rupp['Carrot']
 Mars          0.613       0.338          0.813         14.764       1.545          1.162
  Pot          0.476       0.556          0.854          2.590       1.592          1.197
 Sand          0.424       0.645          0.792          4.338       1.880          1.102


Regression analysis
===================

 Response variate: Tomato : Harvest_index_%_3_all_fruit
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(20)  t pr.   estimate
Constant                         3.553        0.122     29.04  <.001      34.92
qRep 2                           0.068        0.116      0.58  0.566      1.070
qRep 3                          -0.090        0.120     -0.74  0.466     0.9144
qRep 4                           0.125        0.114      1.09  0.288      1.133
qRep 5                          -0.138        0.122     -1.13  0.270     0.8708
qSoil Pot                        0.206        0.131      1.57  0.131      1.229
qSoil Sand                       0.275        0.129      2.13  0.046      1.316
qCropping Mono                   0.004        0.137      0.03  0.975      1.004
qSoil Pot .qCropping Mono       -0.159        0.188     -0.85  0.408     0.8528
qSoil Sand .qCropping Mono
                                -0.099        0.184     -0.54  0.598     0.9062

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            4       11.074        2.768      1.68  0.193
+ qSoil                           2       10.059        5.030      3.06  0.069
+ qCropping                       1        2.161        2.161      1.31  0.265
+ qSoil.qCropping                 2        1.188        0.594      0.36  0.701
Residual                         20       32.884        1.644

Total                            29       57.366        1.978


Predictions from regression model
---------------------------------

Response variate: Tomato : Harvest_index_%_3_all_fruit

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       34.84       34.99
          Pot       42.80       36.66
         Sand       45.85       41.73



lSoil rlow['Tomato'] ratio['Tomato'] rupp['Tomato'] pvalue['Tomato']
 Mars          0.748           0.996          1.326            0.975
  Pot          0.892           1.168          1.528            0.244
 Sand          0.851           1.099          1.419            0.451


Regression analysis
===================

 Response variate: Pea : Harvest_index_%_3_all_fruit
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(20)  t pr.   estimate
Constant                         3.211        0.315     10.18  <.001      24.81
qRep 2                          -0.095        0.247     -0.39  0.704     0.9090
qRep 3                          -0.139        0.250     -0.56  0.584     0.8702
qRep 4                          -0.218        0.255     -0.85  0.404     0.8044
qRep 5                          -0.086        0.247     -0.35  0.731     0.9178
qSoil Pot                        0.859        0.331      2.59  0.017      2.361
qSoil Sand                       0.905        0.329      2.75  0.012      2.473
qCropping Mono                   0.325        0.364      0.89  0.383      1.384
qSoil Pot .qCropping Mono       -0.264        0.443     -0.60  0.558     0.7678
qSoil Sand .qCropping Mono
                                -0.422        0.446     -0.95  0.355     0.6560

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            4        6.741        1.685      0.19  0.938
+ qSoil                           2      118.730       59.365      6.86  0.005
+ qCropping                       1        0.876        0.876      0.10  0.754
+ qSoil.qCropping                 2        7.810        3.905      0.45  0.643
Residual                         20      172.958        8.648

Total                            29      307.114       10.590


Predictions from regression model
---------------------------------

Response variate: Pea : Harvest_index_%_3_all_fruit

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       22.34       30.93
          Pot       52.74       56.07
         Sand       55.24       50.17



lSoil rlow['Pea'] ratio['Pea'] rupp['Pea'] pvalue['Pea']
 Mars       0.338        0.722       1.545         0.383
  Pot       0.556        0.941       1.592         0.811
 Sand       0.645        1.101       1.880         0.711


Regression analysis
===================

 Response variate: Carrot : Harvest_index_%_3_all_fruit
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(20)  t pr.   estimate
Constant                        4.1558       0.0772     53.83  <.001      63.80
qRep 2                         -0.0369       0.0754     -0.49  0.630     0.9638
qRep 3                          0.0392       0.0740      0.53  0.602      1.040
qRep 4                          0.0550       0.0737      0.75  0.464      1.057
qRep 5                         -0.0525       0.0757     -0.69  0.496     0.9488
qSoil Pot                       0.1334       0.0836      1.60  0.126      1.143
qSoil Sand                      0.1438       0.0834      1.72  0.100      1.155
qCropping Mono                  0.0283       0.0857      0.33  0.745      1.029
qSoil Pot .qCropping Mono       -0.039        0.118     -0.33  0.743     0.9616
qSoil Sand .qCropping Mono
                                 0.039        0.117      0.34  0.738      1.040

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            4        3.709        0.927      0.78  0.552
+ qSoil                           2        9.848        4.924      4.13  0.031
+ qCropping                       1        0.452        0.452      0.38  0.545
+ qSoil.qCropping                 2        0.576        0.288      0.24  0.787
Residual                         20       23.830        1.191

Total                            29       38.415        1.325


Predictions from regression model
---------------------------------

Response variate: Carrot : Harvest_index_%_3_all_fruit

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       63.92       65.75
          Pot       73.04       72.25
         Sand       73.80       78.98



lSoil rlow['Carrot'] ratio['Carrot'] rupp['Carrot'] pvalue['Carrot']
 Mars          0.813           0.972          1.162            0.745
  Pot          0.854           1.011          1.197            0.894
 Sand          0.792           0.934          1.102            0.401


lSoil ratio['Tomato'] ratio['Pea'] ratio['Carrot'] pvalue['Tomato'] pvalue['Pea'] pvalue['Carrot']
 Mars           0.996        0.722           0.972            0.975         0.383            0.745
  Pot           1.168        0.941           1.011            0.244         0.811            0.894
 Sand           1.099        1.101           0.934            0.451         0.711            0.401


lSoil rlow['Tomato'] rlow['Pea'] rlow['Carrot'] rupp['Tomato'] rupp['Pea'] rupp['Carrot']
 Mars          0.748       0.338          0.813          1.326       1.545          1.162
  Pot          0.892       0.556          0.854          1.528       1.592          1.197
 Sand          0.851       0.645          0.792          1.419       1.880          1.102

  85  stop

********* End of job.


Genstat 64-bit Release 22.0  (PC/Windows 10)         03 June 2022 09:32:57
Copyright 2022, VSN International Ltd.

   1  scalar    setdevice ; 1
   2  import    [mis='-'] 'Mars data for Paul.xlsx' ; sheet='NPK Data' ; isave=isave

Loading Spreadsheet File
------------------------

Catalogue of file Mars data for Paul.xlsx

Sheet Title: NPK data
Description: Data read from Mars data for Paul.xlsx [NPK data]A2:J55
Sheet Type: vector
  Index            Type    Nval   Name
      1         variate      54   Position
      2         variate      54   NEW_Replica
      3            text      54   Soil
      4            text      54   Cropping
      5            text      54   Species
      6         variate      54   N
      7         variate      54   P
      8         variate      54   K
      9            text      54   C1

   3  variate   Replica ; NEW_Replica
   4  text      lSoil ; !t(Mars,Pot,Sand)
   5  sreplace  ['Peas' ; 'Pea'] Species
   6  sreplace  [!t('Mars Regolith','Potting Soil',Sand) ; lSoil] Soil
   7  sreplace  [!t('Intercrop','Monocrop') ; !t(Inter,Mono)] Cropping
   8  groups    [redefine=yes] Replica, Soil, Cropping, Species
   9  pointer   [values=isave[6...8]] yy
  10  tabulate  [print=count ; clas=Species]

                    Count
      Species
       Carrot          18
          Pea          18
       Tomato          18


  11  tabulate  [print=count ; clas=Soil]

                    Count
         Soil
         Mars          18
      Potting          18
         Sand          18


  12  tabulate  [print=count ; clas=Cropping]

                    Count
     Cropping
        Inter          27
         Mono          27


  13
  14  "##### Graphical environment for residual plots "
  15  setdevice [createfile=setdevice ; res=3000]
  16  fframe    [rows=5 ; columns=3 ; cupper=0.7 ; xmlower=0.04 ; xmupper=0.01 ; cmlower=0.03 ; \
  17            ymupper=0.02 ; ymlower=0.03 ; rmupper=0.02] ng=ng ; ss=ss
  18  pen       1 ; symbols=2 ; size=0.6
  19  pen       -1 ; size=0.6
  20  pen       -3 ; size=0.6
  21  pen       -5 ; size=0.7
  22
  23  scalar    win ; 0
  24  pointer   [nvalues=!t('Tomato', 'Pea', 'Carrot')] ratio,pvalue,rupp,rlow
  25  text      xlsxOUT ; 'NPK-GLM.xlsx'
  26  text      method ; 'overwrite'
  27  for [index=ii] iyy=yy[]
  28    txconstru [tyy] !p(iyy)
  29    for [index=jj] iSpecies='Tomato', 'Pea', 'Carrot'
  30      subset    [Species.in.iSpecies] Replica, Soil, Cropping, iyy ; qRep,qSoil,qCropping,qyy
  31      txconstru [extra] iSpecies, ' : ', tyy
  32      variate   [modify=yes ; ip=extra] qyy ; extra=extra
  33      model     [dist=poisson ; disp=*] qyy
  34      terms     qRep + qSoil*qCropping
  35      fit       [print=*] qRep
  36      add       [print=*] qSoil
  37      add       [print=*] qCropping
  38      add       [print=*] qSoil.qCropping
  39      rdisplay  [print=model,acc,esti ; fprob=yes ; tprob=yes]
  40      predict   [print=pred] qSoil,qCropping
  41      calculate win = win + 1 - ng*(win.eq.ng)
  42      rkeep     res=res ; fit=fit
  43      if (jj.eq.1)
  44        yaxis     win ; title=tyy
  45      endif
  46      if (ii.eq.1)
  47        text      title ; iSpecies
  48      else
  49        text      title ; ''
  50      endif
  51      dgraph    [win=win ; key=0 ; scr=#ss[win] ; title=title] res ; fit
  52      "##### Other parameterization to quickly get lower and upper CI "
  53      terms     qRep + qSoil/qCropping
  54      fit       [print=* ; tprob=yes] qRep + qSoil/qCropping
  55      rkeep     esti=esti ; se=se ; df=df
  56      variate   esti,se ; (esti,se)$[!(6...8)]
  57      calculate edt = edt(0.975;df)
  58      variate   ratio[iSpecies] ; 1/exp(esti) ; deci=3
  59      variate   pvalue[iSpecies] ; 2*cut(abs(esti/se) ; df) ; deci=3
  60      variate   rupp[iSpecies],rlow[iSpecies] ; 1/exp(esti + (-1,1)*edt*se) ; deci=3
  61      print     lSoil, rlow[iSpecies], ratio[iSpecies], rupp[iSpecies], pvalue[iSpecies]
  62      "##### Pairwise comparison gives the same results "
  63      if 0
  64        facproduc !p(qSoil,qCropping) ; combine
  65        model     [dist=poisson ; disp=*] qyy
  66        terms     qRep + combine
  67        fit       [print=*] qRep + combine
  68        rpair     [print=*] !p(combine) ; diff=diff ; tprob=tprob
  69        if 0
  70          print     diff
  71          print     tprob
  72        endif
  73        scalar    sratio[1...3] ; diff$[1,3,5;2,4,6]
  74        scalar    spvalue[1...3] ; tprob$[1,3,5;2,4,6]
  75        variate   ratio[iSpecies] ; exp(!(#sratio)) ; deci=3
  76        variate   pvalue[iSpecies] ; !(#spvalue) ; deci=3
  77      endif
  78    endfor
  79    print     lSoil, ratio[], pvalue[]
  80    print     lSoil, rlow[], rupp[]
  81    export    [print=* ; out=xlsxOUT ; method=#method ; sheet=tyy] \
  82              lSoil, ratio[], pvalue[], rlow[], rupp[]
  83    text      method ; 'add'
  84    \exit
  85  endfor

Regression analysis
===================

 Response variate: Tomato : N
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(10)  t pr.   estimate
Constant                        3.1893       0.0887     35.96  <.001      24.27
qRep 2                         -0.1455       0.0908     -1.60  0.140     0.8646
qRep 3                         -0.1667       0.0913     -1.82  0.098     0.8465
qSoil Potting                   -0.702        0.128     -5.48  <.001     0.4954
qSoil Sand                      -0.557        0.122     -4.55  0.001     0.5729
qCropping Mono                  -0.172        0.109     -1.58  0.146     0.8419
qSoil Potting .qCropping Mono
                                 0.102        0.186      0.55  0.596      1.108
qSoil Sand .qCropping Mono
                                 0.021        0.180      0.11  0.912      1.021

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            2       1.4383       0.7191      2.00  0.185
+ qSoil                           2      22.6398      11.3199     31.56  <.001
+ qCropping                       1       1.2610       1.2610      3.52  0.090
+ qSoil.qCropping                 2       0.1104       0.0552      0.15  0.859
Residual                         10       3.5868       0.3587

Total                            17      29.0363       1.7080


Predictions from regression model
---------------------------------

Response variate: Tomato : N

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       21.93       18.47
      Potting       10.87       10.13
         Sand       12.57       10.80



lSoil rlow['Tomato'] ratio['Tomato'] rupp['Tomato'] pvalue['Tomato']
 Mars          0.931           1.188          1.515            0.146
  Pot          0.766           1.072          1.501            0.653
 Sand          0.845           1.164          1.602            0.316


Regression analysis
===================

 Response variate: Pea : N
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.      t(9)  t pr.   estimate
Constant                         3.343        0.128     26.04  <.001      28.30
qRep 2                          0.0442       0.0931      0.47  0.646      1.045
qRep 3                          0.0034       0.0889      0.04  0.971      1.003
qSoil Potting                    0.202        0.152      1.33  0.216      1.224
qSoil Sand                       0.268        0.150      1.78  0.108      1.307
qCropping Mono                   0.321        0.149      2.15  0.060      1.378
qSoil Potting .qCropping Mono
                                -0.361        0.195     -1.85  0.097     0.6968
qSoil Sand .qCropping Mono
                                -0.365        0.193     -1.90  0.091     0.6941

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            2       0.7847       0.3923      0.48  0.635
+ qSoil                           2       0.4411       0.2205      0.27  0.771
+ qCropping                       1       0.4217       0.4217      0.51  0.492
+ qSoil.qCropping                 2       3.7014       1.8507      2.25  0.161
Residual                          9       7.3992       0.8221

Total                            16      12.7480       0.7968


Predictions from regression model
---------------------------------

Response variate: Pea : N

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       28.71       39.57
      Potting       35.14       33.74
         Sand       37.54       35.91



lSoil rlow['Pea'] ratio['Pea'] rupp['Pea'] pvalue['Pea']
 Mars       0.518        0.726       1.016         0.060
  Pot       0.783        1.041       1.385         0.755
 Sand       0.793        1.045       1.378         0.724


Regression analysis
===================

 Response variate: Carrot : N
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(10)  t pr.   estimate
Constant                         2.184        0.107     20.43  <.001      8.884
qRep 2                          0.1762       0.0942      1.87  0.091      1.193
qRep 3                          0.0901       0.0961      0.94  0.371      1.094
qSoil Potting                   -0.640        0.153     -4.19  0.002     0.5274
qSoil Sand                      -0.261        0.136     -1.91  0.085     0.7705
qCropping Mono                   0.499        0.114      4.38  0.001      1.647
qSoil Potting .qCropping Mono
                                -0.023        0.194     -0.12  0.910     0.9776
qSoil Sand .qCropping Mono
                                -0.597        0.187     -3.19  0.010     0.5504

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            2       0.8270       0.4135      1.75  0.222
+ qSoil                           2      15.1697       7.5848     32.19  <.001
+ qCropping                       1       4.2988       4.2988     18.24  0.002
+ qSoil.qCropping                 2       2.6908       1.3454      5.71  0.022
Residual                         10       2.3563       0.2356

Total                            17      25.3426       1.4907


Predictions from regression model
---------------------------------

Response variate: Carrot : N

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       9.733      16.033
      Potting       5.133       8.267
         Sand       7.500       6.800



lSoil rlow['Carrot'] ratio['Carrot'] rupp['Carrot'] pvalue['Carrot']
 Mars          0.471           0.607          0.782            0.001
  Pot          0.437           0.621          0.882            0.013
 Sand          0.792           1.103          1.535            0.524


lSoil ratio['Tomato'] ratio['Pea'] ratio['Carrot'] pvalue['Tomato'] pvalue['Pea'] pvalue['Carrot']
 Mars           1.188        0.726           0.607            0.146         0.060            0.001
  Pot           1.072        1.041           0.621            0.653         0.755            0.013
 Sand           1.164        1.045           1.103            0.316         0.724            0.524


lSoil rlow['Tomato'] rlow['Pea'] rlow['Carrot'] rupp['Tomato'] rupp['Pea'] rupp['Carrot']
 Mars          0.931       0.518          0.471          1.515       1.016          0.782
  Pot          0.766       0.783          0.437          1.501       1.385          0.882
 Sand          0.845       0.793          0.792          1.602       1.378          1.535


Regression analysis
===================

 Response variate: Tomato : P
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(10)  t pr.   estimate
Constant                        1.3575       0.0569     23.85  <.001      3.886
qRep 2                         -0.0167       0.0491     -0.34  0.741     0.9835
qRep 3                          0.0756       0.0480      1.57  0.147      1.079
qSoil Potting                   0.1112       0.0679      1.64  0.133      1.118
qSoil Sand                      0.0000       0.0698      0.00  1.000     1.0000
qCropping Mono                 -0.1542       0.0726     -2.12  0.060     0.8571
qSoil Potting .qCropping Mono
                                0.1390       0.0983      1.41  0.188      1.149
qSoil Sand .qCropping Mono
                                0.2950       0.0991      2.98  0.014      1.343

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            2      0.12128      0.06064      2.09  0.174
+ qSoil                           2      0.43064      0.21532      7.43  0.011
+ qCropping                       1      0.00013      0.00013      0.00  0.947
+ qSoil.qCropping                 2      0.25895      0.12947      4.47  0.041
Residual                         10      0.28967      0.02897

Total                            17      1.10068      0.06475


Predictions from regression model
---------------------------------

Response variate: Tomato : P

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       3.967       3.400
      Potting       4.433       4.367
         Sand       3.967       4.567



lSoil rlow['Tomato'] ratio['Tomato'] rupp['Tomato'] pvalue['Tomato']
 Mars          0.992           1.167          1.372            0.060
  Pot          0.876           1.015          1.177            0.824
 Sand          0.747           0.869          1.009            0.063


Regression analysis
===================

 Response variate: Pea : P
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.      t(9)  t pr.   estimate
Constant                         1.265        0.123     10.24  <.001      3.541
qRep 2                           0.070        0.109      0.65  0.534      1.073
qRep 3                          0.2955       0.0959      3.08  0.013      1.344
qSoil Potting                   -0.330        0.157     -2.10  0.065     0.7190
qSoil Sand                      -0.330        0.157     -2.10  0.065     0.7190
qCropping Mono                   0.215        0.141      1.53  0.161      1.240
qSoil Potting .qCropping Mono
                                 0.047        0.201      0.23  0.822      1.048
qSoil Sand .qCropping Mono
                                -0.096        0.205     -0.47  0.650     0.9086

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            2       1.1215       0.5607      5.53  0.027
+ qSoil                           2       1.8997       0.9498      9.37  0.006
+ qCropping                       1       0.5944       0.5944      5.86  0.039
+ qSoil.qCropping                 2       0.0499       0.0249      0.25  0.787
Residual                          9       0.9122       0.1014

Total                            16       4.5776       0.2861


Predictions from regression model
---------------------------------

Response variate: Pea : P

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       4.047       5.017
      Potting       2.910       3.780
         Sand       2.910       3.278



lSoil rlow['Pea'] ratio['Pea'] rupp['Pea'] pvalue['Pea']
 Mars       0.587        0.807       1.109         0.161
  Pot       0.556        0.770       1.065         0.102
 Sand       0.635        0.888       1.242         0.443


Regression analysis
===================

 Response variate: Carrot : P
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(10)  t pr.   estimate
Constant                         0.356        0.161      2.21  0.052      1.427
qRep 2                           0.170        0.114      1.49  0.167      1.186
qRep 3                           0.102        0.116      0.88  0.401      1.107
qSoil Potting                    0.384        0.188      2.04  0.069      1.468
qSoil Sand                       0.440        0.186      2.37  0.039      1.553
qCropping Mono                   0.569        0.182      3.13  0.011      1.766
qSoil Potting .qCropping Mono
                                -0.208        0.239     -0.87  0.406     0.8125
qSoil Sand .qCropping Mono
                                -0.359        0.240     -1.50  0.165     0.6981

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            2      0.22291      0.11146      1.13  0.362
+ qSoil                           2      0.57010      0.28505      2.88  0.103
+ qCropping                       1      1.50254      1.50254     15.17  0.003
+ qSoil.qCropping                 2      0.22375      0.11188      1.13  0.361
Residual                         10      0.99023      0.09902

Total                            17      3.50954      0.20644


Predictions from regression model
---------------------------------

Response variate: Carrot : P

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       1.567       2.767
      Potting       2.300       3.300
         Sand       2.433       3.000



lSoil rlow['Carrot'] ratio['Carrot'] rupp['Carrot'] pvalue['Carrot']
 Mars          0.378           0.566          0.849            0.011
  Pot          0.492           0.697          0.987            0.043
 Sand          0.572           0.811          1.150            0.211


lSoil ratio['Tomato'] ratio['Pea'] ratio['Carrot'] pvalue['Tomato'] pvalue['Pea'] pvalue['Carrot']
 Mars           1.167        0.807           0.566            0.060         0.161            0.011
  Pot           1.015        0.770           0.697            0.824         0.102            0.043
 Sand           0.869        0.888           0.811            0.063         0.443            0.211


lSoil rlow['Tomato'] rlow['Pea'] rlow['Carrot'] rupp['Tomato'] rupp['Pea'] rupp['Carrot']
 Mars          0.992       0.587          0.378          1.372       1.109          0.849
  Pot          0.876       0.556          0.492          1.177       1.065          0.987
 Sand          0.747       0.635          0.572          1.009       1.242          1.150


Regression analysis
===================

 Response variate: Tomato : K
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(10)  t pr.   estimate
Constant                        3.9943       0.0385    103.62  <.001      54.29
qRep 2                         -0.0017       0.0373     -0.04  0.966     0.9983
qRep 3                          0.0401       0.0369      1.09  0.303      1.041
qSoil Potting                  -0.3733       0.0500     -7.46  <.001     0.6885
qSoil Sand                     -0.4266       0.0508     -8.40  <.001     0.6527
qCropping Mono                 -0.2970       0.0489     -6.07  <.001     0.7430
qSoil Potting .qCropping Mono
                                0.2446       0.0737      3.32  0.008      1.277
qSoil Sand .qCropping Mono
                                0.3976       0.0733      5.43  <.001      1.488

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            2       0.2764       0.1382      0.82  0.467
+ qSoil                           2      10.7476       5.3738     31.94  <.001
+ qCropping                       1       1.8413       1.8413     10.94  0.008
+ qSoil.qCropping                 2       5.1577       2.5788     15.33  <.001
Residual                         10       1.6826       0.1683

Total                            17      19.7056       1.1592


Predictions from regression model
---------------------------------

Response variate: Tomato : K

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       55.00       40.87
      Potting       37.87       35.93
         Sand       35.90       39.70



lSoil rlow['Tomato'] ratio['Tomato'] rupp['Tomato'] pvalue['Tomato']
 Mars          1.207           1.346          1.501            0.000
  Pot          0.932           1.054          1.192            0.364
 Sand          0.801           0.904          1.021            0.095


Regression analysis
===================

 Response variate: Pea : K
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.      t(9)  t pr.   estimate
Constant                        2.6445       0.0345     76.76  <.001      14.08
qRep 2                          0.0289       0.0291      0.99  0.347      1.029
qRep 3                          0.0584       0.0268      2.18  0.057      1.060
qSoil Potting                  -0.1508       0.0429     -3.51  0.007     0.8600
qSoil Sand                     -0.1807       0.0432     -4.18  0.002     0.8347
qCropping Mono                  0.0071       0.0416      0.17  0.868      1.007
qSoil Potting .qCropping Mono
                                0.0921       0.0566      1.63  0.138      1.096
qSoil Sand .qCropping Mono
                                0.0646       0.0571      1.13  0.287      1.067

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            2      0.15114      0.07557      2.62  0.127
+ qSoil                           2      0.83675      0.41838     14.48  0.002
+ qCropping                       1      0.21193      0.21193      7.33  0.024
+ qSoil.qCropping                 2      0.07910      0.03955      1.37  0.303
Residual                          9      0.26006      0.02890

Total                            16      1.53898      0.09619


Predictions from regression model
---------------------------------

Response variate: Pea : K

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       14.50       14.60
      Potting       12.47       13.77
         Sand       12.10       13.00



lSoil rlow['Pea'] ratio['Pea'] rupp['Pea'] pvalue['Pea']
 Mars       0.904        0.993       1.091         0.868
  Pot       0.830        0.906       0.988         0.029
 Sand       0.852        0.931       1.017         0.100


Regression analysis
===================

 Response variate: Carrot : K
     Distribution: Poisson
    Link function: Log
     Fitted terms: Constant + qRep + qSoil + qCropping + qSoil.qCropping


Estimates of parameters
-----------------------

                                                                     antilog of
Parameter                     estimate         s.e.     t(10)  t pr.   estimate
Constant                         2.869        0.206     13.96  <.001      17.63
qRep 2                           0.044        0.167      0.26  0.797      1.045
qRep 3                           0.040        0.167      0.24  0.815      1.041
qSoil Potting                   -0.150        0.265     -0.57  0.583     0.8603
qSoil Sand                       0.178        0.245      0.73  0.484      1.195
qCropping Mono                   0.235        0.242      0.97  0.354      1.265
qSoil Potting .qCropping Mono
                                 0.235        0.346      0.68  0.512      1.265
qSoil Sand .qCropping Mono
                                -0.122        0.332     -0.37  0.722     0.8856

* MESSAGE: s.e.s are based on the residual deviance.

Parameters for factors are differences compared with the reference level:
              Factor  Reference level
                qRep  1
               qSoil  Mars
           qCropping  Inter


Accumulated analysis of deviance
--------------------------------

                                                         mean  deviance approx
Change                         d.f.     deviance     deviance     ratio  F pr.
+ qRep                            2        0.151        0.076      0.04  0.958
+ qSoil                           2        1.225        0.613      0.35  0.716
+ qCropping                       1        6.630        6.630      3.74  0.082
+ qSoil.qCropping                 2        2.045        1.023      0.58  0.580
Residual                         10       17.750        1.775

Total                            17       27.802        1.635


Predictions from regression model
---------------------------------

Response variate: Carrot : K

               Prediction
    qCropping       Inter        Mono
        qSoil
         Mars       18.13       22.93
      Potting       15.60       24.97
         Sand       21.67       24.27



lSoil rlow['Carrot'] ratio['Carrot'] rupp['Carrot'] pvalue['Carrot']
 Mars          0.462           0.791          1.355            0.354
  Pot          0.360           0.625          1.086            0.087
 Sand          0.538           0.893          1.482            0.629


lSoil ratio['Tomato'] ratio['Pea'] ratio['Carrot'] pvalue['Tomato'] pvalue['Pea'] pvalue['Carrot']
 Mars           1.346        0.993           0.791            0.000         0.868            0.354
  Pot           1.054        0.906           0.625            0.364         0.029            0.087
 Sand           0.904        0.931           0.893            0.095         0.100            0.629


lSoil rlow['Tomato'] rlow['Pea'] rlow['Carrot'] rupp['Tomato'] rupp['Pea'] rupp['Carrot']
 Mars          1.207       0.904          0.462          1.501       1.091          1.355
  Pot          0.932       0.830          0.360          1.192       0.988          1.086
 Sand          0.801       0.852          0.538          1.021       1.017          1.482

  86  stop

********* End of job.
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