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Mineralization of lupine seed meal and seedlings used as          N fertilizer in organic vegetable production

Katroschan, K.
 & Stützel, H.1
Key words: C:N, lupine seedlings, lupine seed meal, N mineralization, organic fertilizer

Abstract

Seeds of grain legumes are currently discussed as N fertilizer in organic vegetable production. They can be produced by the farmers themselves and applied in well controlled amounts flexibly in time and space. Most research investigating the N mineralization of grain legume seeds was carried out using coarsely milled seeds. We hypothesized that seed germination alters the chemical composition leading to a higher N release compared to seed meal. In a pot experiment the C:N ratio of lupine seeds was shown to decrease noticeably within the first two weeks after sowing. After an incubation period of 1300°Cd net N mineralization was significantly higher for the lupine seedlings compared to the seed meal and close relationships between N mineralization and C:N ratio were found. In field experiments with white cabbage, carried out in 2005 and 2006, similar relationships were found but sowing followed by an early incorporation of seedlings after 12 and 13 days showed an N supply similar to the seed meal treatment only. Strong priming effects, mainly caused by the lupine seed meal, are discussed to be a possible reason. Late incorporation after 42 and 37 days resulted in significantly lower N supply and cabbage yield.

Introduction

Since organic vegetable production systems mainly lack livestock, manure is not available as N source. Legumes as N fixing crops have the potential to contribute significant amounts of N to the following vegetable crop and hence play a major role in organic vegetable crop rotations. Unfortunately, all traditional legume systems have in common that neither the amount of N fixed nor the time course of mineralization can be influenced satisfactorily, making it hard to fit the N demand of the following vegetable crop. The use of grain legume seeds as N fertilizer, which can be produced by the farmers themselves and which can be applied in well controlled amounts flexibly in time and space, can overcome this problem. However, reviewing comparative studies on animal- and plant-derived N fertilizers, Laber (2003) summarized that grain legume seeds generally showed lower N mineralization rates than animal products or pomace derived from castor beans. Differences between the N mineralization of faba bean, lupine and pea seed meals were shown to depend on their total N content or C:N ratio (Stadler et al. 2006). 
As an alternative to the seed application as coarse meal, sowings with a correspondingly high plant density can be established and incorporated after a short period. During seed germination, energy is mobilized from reserves by respiration processes, resulting in the release of considerable amounts of CO2 and consequently in a lowered C:N ratio. This would suggest a higher N mineralization of young seedlings compared to milled seeds. Hence, pot and field experiments had been carried out to investigate whether the N utilization of grain legume seeds used for fertilization can be significantly increased by sowing compared to the application as coarse seed meal.

Materials and methods

Lupine seeds were sown in pots at densities of 2440 seeds m-2 corresponding to 173 kg N ha‑1. After 8, 13, 18, 22 and 27 days seedlings were cut and mixed with the respective soils they developed in before. The obtained growth stages ranged from the cotyledon stage (8 days) to the six-leaf stage (27 days). A coarse seed meal treatment (CM) and an unamended control were established as references. The soils were adjacently incubated at 10 and 20°C and kept at a water holding capacity of 70% gravimetrically. Soil mineral N content was determined 0, 15, 38 and 65 days after incorporation.

Field experiments were carried out in 2005 and 2006 using white cabbage as test crop. They were located on organically managed fields at the Research Station in Ruthe, situated 15 km south of Hannover, Germany (52°14’ N, 9°48’ E) on a loess loam soil. Lupine seeds were applied in amounts of 3.8 t ha‑1 corresponding to 180 kg N ha‑1 as a dense sowing with either a short or long developmental period until incorporation or as seed meal. The dense sowing treatment with a short developmental time (DS‑S) was given 13 and 12 days to germinate and grow, whereas the long time dense sowing treatment (DS‑L) was incorporated 42 and 37 after sowing in 2005 and 2006, respectively. 

Net N mineralization was calculated as difference between the amounts of N mineralized from amended and unamended control soils. A single first-order kinetics model was fitted to the data to quantify maximum net N mineralization. The C:N ratio of the seedling biomass was adjusted by taking non-recovered amounts of seed coat C and N into account. Since seed germination was partly low in the field, an additional adjustment, assuming C and N contents of lupine seed meal for the fraction of non-germinated seeds, was carried out. Statistical significance between treatments was assessed by analysis of variance followed by Tukey's HSD‑test at p ≤ 0.05.
Results and Discussion

In the pot experiment the C:N ratio was shown to decrease during germination within the first two weeks after sowing. With expansion of the first leaf pair and the corresponding increase in photosynthetic activity, the C:N ratio began to raise but stayed below the initial seed C:N ratio of 8.8 until the end of the experiment. Soil mineral N uptake by the seedlings started 10 days after sowing and caused negative values for net N mineralization at incorporation date (Figure). However, after an incubation period of 1300°Cd net N mineralization of seed meal was significantly lower compared to the lupine seedlings. Within the seedling stages N mineralization was found to be in the inverse order of seedling growing time, being highest for the youngest lupine plants incorporated already after 8 days. Maximum net N mineralization was strongly correlated with the adjusted C:N ratio of lupine seedlings and seed meal.
Under field conditions net N mineralization rates higher than 100% were recorded 39 and 33 days after incorporation in 2005 and 2006, respectively, indicating a strong interaction between the decomposing lupine biomass and soil organic matter. [image: image1.wmf]Time after incorporation (°Cd)
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According to Kuzyakov et al. (2000), this interaction is denoted as “positive real priming effect”. Since mineralization rates were found to be within the expected range at following sampling dates, it was hypothesized that this short-term effect was not influencing medium-term net N mineralization. Thus, first sampling dates of both years were excluded, when fitting the first-order kinetics model to the field experimental data.

	Tab.: C:N ratio of incorporated lupine seed meal (CM), short time (DS-S) and long time lupine sowings (DS‑L), resulting total N supply and cabbage yield

	Year
	
	CM
	DS-S
	DS-L

	2005
	C:N
	8.6
	8.11
	9.51

	
	Total N supply2 (kg ha-1)
	308 a
	267 b
	257 b

	
	Yield (t ha-1)
	56.1 a
	54.2 a
	47.2 b

	2006
	C:N
	8.6
	7.01
	10.91

	
	Total N supply2 (kg ha-1)
	395 a
	404 a
	343 b

	
	Yield (t ha-1)
	68.4 a
	69.2 a
	61.5 b

	Significant differences between treatments are denoted by different letters (HSD, p ≤ 0.05).
1 Adjusted for non-recovered seed coat biomass and non-germinated seeds
2 Sum of total amount of N in cabbage plants and residual soil mineral N (0‑120 cm) at harvest



Despite the occurrence of strong priming effects in the field shortly after incorporation, the relationships between the maximum net N mineralization and C:N ratio of pot and field experiment were noticeably alike. Consequently, the DS-S treatment was expected to show a higher total N supply than CM. However, this was not the case. In both years there were no significant differences in total N supply between DS‑S and CM and consequently not in cabbage yield (Tab.). This was partly caused by a low germination rate of lupine seeds, particularly in 2005. Furthermore, a positive influence of the priming effect, which was strongest for the CM treatment in both years, on total N supply could not be ruled out completely and might explain the tendency of an even higher N supply of the CM treatment in 2005. This finding is underlined by results from Müller and von Fragstein und Niemsdorff (2006a,b), who calculated N recovery percentages greater than 100% of mineralizing lupine seed meal when considering soil mineral N, microbial N and K2SO4‑extractable organic N both under controlled and field conditions. However, an extension of lupine seedling growing time to 42 and 37 days (DS‑L) resulted in significantly lowered cabbage yield (Tab.). This is in accordance with the results of the pot experiment in which net N mineralization was found to be in the inverse order of seedling growing time.
Conclusions

From the results can be concluded that lupine seedlings with even a more favourable chemical composition for decomposition do not necessarily show a higher net N mineralization than coarse seed meal. Priming effects can be expected to play a considerable role in lupine seed meal and seedling decomposition. Nevertheless, from the farmers’ point of view, sowing can be an attractive alternative to seed meal application, since the milling procedure can be skipped and the N utilization of both systems had been shown to be similar, as far as lupine seedlings are incorporated in an early stage.
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Figure: Time course of net N mineralization of lupine seed meal (CM) and seedlings (DS) in the pot experiment as derived from the single first-order kinetics model.


The grey area covers the range of mineralization time courses of the five DS-treatments.
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