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1. INTRODUCTION 

Hemp in Spain 

Hemp was traditionally grown for thread, strings and ropes mainIy in the province of Alacant (>:::; 

75 % ofsurface) decreasing dramatically after 1960 and it was finally abandoned in the early 70s. 

f¡ d ( . S .Table ..1 H emp sur aces an d fib re pro uc Ion m ,pam 
Year 1920 1940 1960 1970 1972 1980 1985 1990 1995 1996 

Surface (ha) 

Fibre (t) 

8455 
13966 

7134 
5605 

11765 
9520 

286 
314 

85 
11 

311 
356 

470 
1770 

333 
1349 

1200 
4084 

1200 
4824 

In 1972 CELESA (MIQUEL COSTAS & MIQlJEL, at the time) introduced in Spain hemp for 
pulp paper manufacturing. Since that time the cultivated surface has been around 500 ha, while 
raw material production has been about 2500 t (750 tonnes of bast fibre). However, in 1997 and 
1998 more than 1200 ha are planned to be sown and for next three years the aim is to reach 6000 
ha. 

So far, CELESA manufactured paper pulp mixing the full stem of hemp (bast & woody) with 
fibre imported from other countries (Eastem Europe, India, France, etc.): in 1993 2250 tonnes of 
bast fibre were imported. 

Present industrial situation 

At present, AGROFIBRA S.L., a company founded by the hemp growers, is building a processing 
plant to separate stems into fibre and shives (bast & woody) and, at the beginning, it will be able 
to process about 15000 tonnes (around 50% would be hemp and 50% flax). 

On the other hand, other companies are interested in growing hemp for fibre or for grain, such as 
Europa Hanf that intends to produce 2100 tonnes of labelled "agro-ecological" grain and a 
group ofEnglish investors that are willing to open a full industrialline for hemp uses. 

1 ESAB (Escota Superior d'Agricultura de Barcelona), Urgell 187; 08015 Barcelona, Spain 
2 UdL-IRTA (Universitat de Lleida - IRTA), Rovira roure 177; 25198 Lleida, Spain 
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Present situation of the crop 

Twenty five years ago this crop was reintroduced and grown in several irrigated areas of Ebro 
Valley, where it could not compete econonUcally with crops such as maize (Zea mays, L) or 
alfalfa (Medicago sativa, L). At the same time sorne preliminary field trials shown good 
adaptation of crop to the south Pyrenean area (with 600-750 mm of average rainfall), which is 
now the main production area in Spain. 

Table 2. The main hemp parameters at farmer level in the south Pyrenean area 

Economic parameters Production parameters 
Year 1996 1986 

S urface/farmer 12,5 ha 
Seed rate 50 kglha 

Subsidy (Pta/ha) 
Raw material (PtaJkg) 

127985,5 
7,5 

6.716,5 
18,5 

Sorne direct cost (Pta/kg) I 

* Seed 
*Cut & pack 

4,0 
6,5 

Production 
- Fibre 3500-5000 (75002 

) 

- Grain 400-700 (1200 max.) 

Gross margin (Pta/ba)3 
* Without subsidy 
* With subsidy 

Harvest at flowering (fibre) 
-25945,0 
102040,0 

Harvest at seed ripeness (Fibre & grain) 
14070,0 

142055,0 

L Pta/kg raw material; 2. Yield available with a careful crop ; 3. Harvest at flowering or at seed ripeness, picking 
up only fibre or fibre and grain 

Afier Spain entered in the European Community, subsidies became, by far, the main econonUcal 
income (table 2). This change in the origin of the incomes has implied a change in the 
management ofthe crop. Currently grain is collected and efforts are only made to keep a decent 
crop, but fibre production is not encouraged (gross margin tends to be negative). Farmers try to 
keep the net subsidy: using less fertilisers, no manure is supplied, most fertile plots are not chosen 
(production has decreased by halt). Furthermore, short plants favours grain harvest. 

Farmers, in these relative humid areas, are looking for altemative crops and hemp fulfils all the 
requirements needed: it is a new crop, it improves fertility and reduces the use of biocides and 
disease incidence on current crop rotation. Hemp growers know well the value of the crop as an 
excellent crop precedent for wheat for several reasons: a) higher yield of the subsequent wheat 
crop; b) wheat cost decrease due to subsequent weed reduction 

However, there is little information about the quantification ofthe beneficial effect ofhemp on the 
already traditional rotation hemp - wheat, also with the environmental value of the crop as a 
nitrate "hunter" (it removes nitro gen from deeper horizons than cereals and other crops with its 
deep roots). 

This information is necessary for better hemp crop management. So, in a research project on farro 
systems in the Ebro Valley a work line for hemp was established for four years (1994 to 1998) . 
The initial results are presented now. 



102 


2. OBJECTIVES 

The main objective of the present research is: 

a) To obtain basic infonnation about the effect of hemp as a cultural precedent to wheat 
b) To study the effects of sorne management practices (nitrogen fertilisation, seeding rate and harvest 

date) on hemp production. 
c) To study crop development in north-eastem Spain. 

3. FIELD EXPERIMENTS 

Two experiments are carried out in Merles (110 km North of Barcelona) on the fields of a usual 
hemp grower (loamy and basic soil: pH=8.2~ 0.m.=1.68) with his traditional practices: seedbed is 
prepared with a chisel and two cultivator passes. 

The field experiments are: 1.- Hemp-wheat rotations versus wheat or hemp monocultures~ 2.
Nitrogen fertilisation, seeding rate and harvest date affecting yield and quality of fibre hemp. 
Partial results ofthe two first years on hemp (1995 and 1996) and one year for wheat on wheat in 
rotation with hemp (1996) are presented. At the present data are onIy partially analysed. 

Rainfallofboth years have been higher than the average (711 and 995, versus 708 mm average), 
but 1994 and 1995 first fourth months were dry (it is important to remark this). August 1995 was 
wetter (200 mm versus 74 mm average), whereas 1996 rainfall was always higher. In both years, 
winters and summers, were less cold than average. 

3.1.- EXPERIMENT ONE 

HEMP-WHEAT ROTATION 

The experimental set-up was a fully randomised block design with four replications. Six 
treatments were studied with two harvest dates in hemp (at flowering and at seed ripeness): 1.
wheat monoculture; 2.- wheat rotation with fertilised hemp (100-80-160 U/ha N-P-K); 3.- wheat 
rotation with unfertilised hemp; 4.- hemp mono culture; 5.- fertilised hemp; 6.- unfertilised 
hemp. The cultivars used are "Soissons" for wheat and "Futura" for hemp. The standard plot is 
10 m long and 1.2 m wide (each containing four 0.6 x 1 m sample areas, 1 m apart) and is 
surrounded by two other plot buffers. 

Figure 1. General scheme of the crop rotation study 

Wheat Hemp and wheat after hemp Hemp 
monoculture monocu1ture 

PreviousYear Wheat 
1994 -1995 Wheat 
1995 - 1996 Wheat 
1996 -1997 Wheat 
1996 -1997 Wheat 

Wheat Wheat 

http:0.m.=1.68
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Crop and soil determinations 

a) Wheat: 
* 	Yield and yield components; grain, straw and harvest index; ears/m2

, grainsF and 1000 
grain weight 

* 	Grain quality; specific weight, protein and moisture content 
* 	Phenology, height and nitrate content at two nodes in the base of stem, weeds and pests 
* Soil nitrate content at seeding and at harvest; organic matter at 0-30 cm, buIk density; soil 

aggregates, stability and penetration strength at harvest 

b) Hemp 
* 	Yield and yield components 
* 	Fibre quality (bast fibre content) 
* Crop phenology, height, stem diameter, male and female plant rate, LAI, PAR and 

chlorophyll content 
* 	Soil nitrate content at harvest 

3.2. EXPERIMENT TWO 

NITROGEN FERTILISATION, SEEDING HEMP RATE AND HARVEST DATE 
EFFECT ON YIELD AND QUALITY OF FIBRE HEMP 

The experimental set-up was a split plot with four replications. Nitrogen treatments (O, 50, 100 
and 200 kglha) were in the main plots with factorialof three seeding rates (30,60 and 120 kg 
ha-1 

) and two cultivars (Futura 77, grown at a11 treatments, and Fibrimon 56 grown only in two 
first seeding rates) in sub-plots. There were two harvest dates (flowering and seed ripeness). 
Standard plots and collected parameter were similar as those ofexperiment one. 

4. 	 RESULTS (main parameters) 

4.1. EXPERIMENT ONE 

HEMP-WHEAT ROTATION 

The results of wheat yield, yield components and grain quality are presented in table 3. The effect 
ofcrop rotation on soil properties is presented en table 4, while table 5 shows the results of hemp. 
From these tables several initial conclusions can be drawn: 

1. Hemp is a good precedent for wheat because wheat rotation yields 1600 kglha more than 
traditional wheat monoculture of this humid area. The statistical differences are clear in grain and 
straw yield, height and protein content (higher for wheat monoculture, probably due the yield 
correlate negatively with protein content). No statistical differences were found for other 
parameters between crops in spite of the fact that all of them are lower for wheat mono culture 
than wheat rotation. 

1 
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2. In relation with soil parameters, the on1y clear difference is the lower soil penetration strength 
at first 0-10 and 10-20 cm in wheat rotation. These results are agree with the farmers general 
knowledge: hemp improves soil structure, in spite the possible alteration by soil tillage. 

3. Hemp has been shown to be an excellent adaptation to monoculture, although it had higher 
yield than hemp rotation (not statistically different), whereas unfertilised hemp yield have been 
strongly influenced by year: no different from fertilised one in 1995, and lower in 1996 (as height 
and other parameters). 

Table 3. Wheat grain production, yield components and grain quality paranleters. Merles 1996 

Grain Straw Height Ears/m 00 Spec.w. Protein 

(gr) (kglhl) %Treatment (Kglha) (Kglha) (cm) 

wheat/fertilised. hemp 5544 a 8044 a 81,25 507,9 a 38,0 a 36,0 a 8,268 a 12,68 b 
wheat/unfertilised hemp 36,8 a 8,333 a 12,48 b 5209 a 7322 a 81,25 a 523,8 a 38,4 a 
wheat monoculture 3744 b 6046 b 76,25 b 440,0 a 36,9 a 33,5 a 8,135 a 14,03 a 

Table 4. Effects of wheat cropping treatments on soil properties. Merles 1996. 

N03-N at N03-N Aggre- Organic Bulk De th l (cm) 
at tiBerin at Harvest gates matter densit O - 10 10 - 20 

Treatment ppm ppm % % gr/cm3 mPa mPa 
wheat/fertilised. hemp 12,01 b 16,27 b 31,54 a 1,17 a 1,47 a 0,114 b 0,105 b 
wheat/unfertilised hemp 21,43 a 17,16b 35,24 a 1,17a 1,46a 0,123b 0,125ab 
wheat monoculture 11,37 b 23,08 a 32,21 a 1,13 a 1,44 a 0,177 a 0,18 a 
l. Means are separated by each 1evel 

Table 5. Hemp all plant and stem dry matter production (kglha) and plant height (cm) at 
flowering. Merles 1996. 

Year 1995 1996 

Treatment Height Dry matter Stem Height Dry matter Stem 

Monoculture hemp 168.5 a 11280 a 8338 a 
F ertilised hemp 177.9 a 8783 a 6748 a 160.9 a 10958 a 8026 a 
Unfertilised hem 166.3 a 7655 a 5440 a 116.8 b 5211 b 3129 b 

4.2. EXPERIMENT TWO 

NITROGEN FERTILISATION, SEEDING HEMP RATE AND HARVEST DATE 
AFFECT ON YIELD AND QUALITY OF FIBRE HEMP 

The results of dry matter production and partitioning ofbiomass are presented in table 6. Sorne 
others plant parameters as plant height and fraction of PAR intercepted are presented in table 7. 
Those initial conclusions can be drawn from both tables: 

1. For fibre hemp enough to use 30 kg per hectare because stem yield is not increased by 
seeding rate (if plant density at harvest reaches at lest 100 plants/m2 

). So, farmers would save 
money since now they use 50 kglha (seed cost is about 1,8 poundslkg). Only quality parameters 
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would be able to justify higher seeding rates: higher seeding rates increase stem length and 
decrease stem diameter (both years significantly) and this would increase both bast fibre content 
in the stem and fineness of the bast fibre as you can find on literature (Werf, 1994; Jakobey 1965, 
etc). 

2. Seeding rate affects sorne plant morphology parameters such as stem diameter and 
inflorescence dry matter fraction (both of them decrease with seeding rate). So, for that reason 
low seeding rates are better for hemp grain production. 

3. Nitrogen increase the dry matter and stem production, but 100 kglha of nitrogen seems to be 
the highest rate that it could be used in this hurnid area, and perhaps less: in rainy 1996 the stem 
yield of N 200 kglha was no significantly different from 100 kglha (8570 kglha versus 9116 
Kglha for N 100 and N200, respectively). 

4. For fibre production it is possible to harvest at seed ripeness because its stem yields is similarly 
that harvesting hemp at flowering. 

rabie 6. The dry matter production and its distribution into p1ant parts (kglha). Data for N levels are 
means ofthe three seeding rates. Data for seeding rate are means of four N levels. Merles 1996. 

Treatment 

Stem Leaves Inflorescence Total 

1995 1996 1995 1996 1995 1996 1995 1996 
Nitrogen 

rate 
(kglha) 

O 
50 

100 
200 

7007 a 
7656 a 
7706 a 
7750 a 

4563 e 
7453 b 
8570 a 
9116 a 

794 e 947 a 
915 b 1192 a 

1019 a 905 a 
1163 b 1200 a 

1728 a 569 e 
2058 a 808 b 
2143 a 940 a 
2194 a 1092 a 

9529 b 6079 e 
10629 a 9453 b 
10868 a 10415 ab 
11107 a 11408 a 

Seeding 
rate 

(kglha) 

30 
60 

120 

7771 a 
7428 a 

7450 a 

7423 a 
7411 a 
7442 a 

1023 a 1117a 
992 a 1044 a 
912 a 1022 a 

2363 a 983 a 
1953 b 827 a 
1755 b 747 b 

11149 a 9523 a 
10360 ab 9282 a 
10117 b 9211 a 

Means with same letter are not different for each treatment and year. 

Table 7. Plant density, height and stem diameter and fraction of PAR intercepted (at harvest) and 
chlorophylllecture (direct from clorophyllirneter). Means for N 1evels are means of the three seeding 
rates. Means for seeding rate are means offour N levels. Merles 1996. 

Parameter plant m'2 at harvest plant height (cm) Stem 0 (cm) PAR(%) Chlorophyll 

Year/date 1995 1996 1995 1996 1995 1996 1996 30/6/96 7/8/96 

Treatment C.V. 36.77 18.36 8.03 28.77 22.36 7.32 7.32 10.20 

Nitrogen Pr>F 0.0175 0.5935 0.1650 0.0001 0.5330 0.0001 0.0001 0.0001 0.0001 

rate O 122.1 a 213.7 201.7 127.1 e 7.4 4.71 b 74.2 b 33.3 d 25.5 e 

(kglha) 50 112.1 ab 191.7 211.9 165.0 b 8.0 5.9a 91.7 a 39.2 e 27.5 e 

100 87.3 b 193.8 213.1 186.6 a 8.4 6.5 a 93.8 a 42.4 b 32.4 b 

200 84.7 b 187.2 213.6 197.8 a 8.3 7.2 a 97.1 a 45.4 a 42.1 a 

Seeding Pr>F 0.0031 0.0001 0.001 0.0001 0.0001 0.0001 0.1314 0.0001 0.0001 

rate 30 66.7 e 103.4 e 222.4 a 186.29 a 9.6 a 7.6 a 87.0 a 42.6 a 33.9 a 

(kglha) 60 102.8 b 174.4 b 212.8 b 165.1 b 7.9 b 5.7 b 88.7 a 39.7 b 30.6 b 

120 136.4 a 3121.8 a 195.1 e 155.3 b 6.6 e 5.0 e 91.8 a 35.9 e 30.2 b 

Means with same tetter are not different for each treatment and year 



106 


5.- FINAL REMARKS 

l. The pre1iminary results of these triaIs suggest than hemp can be an important altemative crop in 
the cropping systems on these humid areas ofNorth-eastem of Spain. 

2. The efficiency and the benefit of the crop can be increased if specific management practices are 
improved. 

3. Hemp work line must be followed, specially in evaluation quality parameters of fibre hemp in 
order to confirm these initial conc1usions and produce more authorised ones. 
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