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SYSTEM DYNAMICS APPROACH TO THE PROBLEM OF "SOIL NUTRIENT
RESOURCES" DECLINE DUE TO RAPESEED PRODUCTION IN UKRAINE AND
WAYS HOW TO COMBAT IT

Till 1990 in Ukraine the balance of soil nutrient resources (Nitrogen, Phosphorus, and
Potassium) was positive because addition of the resources was higher than usage. In the last two
decades the usage of nutrient resources is a lot greater than addition, which leads to soil exhaustion
due to inappropriate economy, especially when the lease is of short term. “If farmers-landholders
are not going to work on this land in future, it means that their aim is to take from this land as much
as possible in short periods of time with the help of planting such technical crops as sunflower,
rapeseed and others.” [1].

With the help of system dynamics we created the model that suggests available solutions to
the problem which states that soil nutrient resources as a result of increasing rapeseed production
with growing arable land usage have been constantly exhausted, which induces hazards for future
arable land fertility. But at the same time there is a need in biodiesel from rapeseed, so rapeseed
production increases, but soil nutrient resources deplete. In the model producers plant rapeseed
either to sell it for export or to produce biodiesel.

According to our hypothesis such a problem appeared because rapeseed production is a soil
nutrient consuming one; the more arable land we use, the more rapeseed we produce, thus it is
harder for soil nutrient resources to regenerate, so the soil nutrient resources are exhausted, which
means that the less nutrient intake plants will have and less yield there will be, so consequently less
rapeseed production will be, but the demand in arable land is high and rapeseed goes for export and
for biodiesel production. Biodiesel production from rapeseed is a way to enable Ukraine to have
10% freedom from import of diesel fuels that is why the rapeseed production gains necessity.
However, on average 80-% of rapeseed production goes to export [2].

Although the simulation period lasts 15 years, the first simulation illustrates inability of soil
nutrient resources to satisfy needs of intake by rapeseed after 8,25 years. It was decided to add
mineral fertilizers of a moderate and intense type and organic fertilizer [3] to deal with the soil
nutrient resources decline with the assumption that the more mineral moderate/intense fertilizer we
use, the more the soil nutrient resources regeneration will be, which will enable soil nutrient
resources to accumulate.

After adding the mineral fertilizer policy program using switches to govern the system, we
got to know that with moderate fertilizer we received 0,258 ton/ha of soil nutrient resources, and
with intense fertilizer— 0,319 ton/ha in 15 years. So, it means that for soil nutrient resources neither
of the programs is effective.
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Graph 1. The level of soil nutrient resources under different policies
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On the other hand, we set organic fertilizers together with one of the mineral fertilizer to
work simultaneously. The results is that organic fertilizer in both cases helps soil nutrient resources
grow even higher in 0,75 years than it was (84 ton/ha), but eventually it falls to 14,6 and 14,5 ton/ha
for combination with intense and moderate fertilizers respectively (graph 1). Such a combined
policy of mineral and organic fertilizers helps us use less land, but produce more rapeseed because
of higher yield and, what is the most important for solving our problem, sustain soil nutrient
resources on a quite appropriate level.

However, implementation of combined policy can encounter several obstacles. For instance,
the market for organic fertilizers hasn’t been developed in Ukraine yet, there are no national
producers, and thus we should buy such fertilizers from abroad. With regard to this, we are
dependent on the prices of organic fertilizers abroad, so we should think of domestically produced
organic alternatives. But, to produce organic fertilizers in Ukraine, we need to enhance life-stock
breeding, as humus is a product of their existence, which means that investments are needed into
this sphere.
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OYHKIIOHYBAHHSA ®OHAOBOI'O PUHKY
B YMOBAX PO3BUTKY CYYACHHUX TEXHOJIOI'TI

Hegin’emHOI0 CKI1a10BOIO (DYHKIIOHYBAHHS Cy4aCHOTO ()OHAOBOTO PHHKY € BUKOPUCTAHHS
IHHOBaIIMHUX (hIHAHCOBHUX TEXHOJOTIH. BoHM 3a0e3meuyroTh 1Mi101000BHiA 3B’ 130K (DiIHAHCOBHX Ta
TOBapHUX PUHKIB LEHTPY Ta nepudepii, sk Ha HAI[IOHATBHOMY, TaK 1 HA MDKHAPOJHOMY MacuITaoi.
[TosiBa Mmepexi [HTepHeT 3HaYHO PUCKOpHIIAa O13HEC-TIPOIECH, & TAKOXK BIJKPUIIA HOBI MOYKJIUBOCTI
IUIs 1HBECTYBAHHsI 1HIMBIZAM, KOTpi HE € MpodeciiHUMH TpaBLSIMU Ha PUHKY LIHHUX IaIepis.
Enextponni TexHoisorii 3a0e3medyroTh BHCOKY AMHAMIKY Mmepeliry 1 oOpaxyHKy omneparlii,
3aJTy4eHHS BEJIMKOT KUTBKOCTI YYaCHHUKIB 1 MIHIMI3allil0 pU3HUKIB.

Onniero 3 ocobmuBocTell GyHKIIIOHYBaHHS (DOHIOBOTO PUHKY Ha Cy4aCHOMY €Tarll € TosiBa
mrydHoro iHTenekTy. lIITydyHuil iHTeneKkT sBisge€ COOOI0 CYKYMHICTh PI3HOMAaHITHUX METOIB,
MpUHOMIB 1 3aCO0IB aHaJi3y MPOIECIB MHUCICHHS 3 METOI0 KOHCTPYIOBAHHSI TEXHIYHHX CHCTEM,
CIIPOMOXKHUX BHKOHYBAaTH ii, sIKi 3a TPAAMLI€I0 BBAXAJTUCh BHKIIOYHOIO IPEPOTraTHBOIO
moicbkoro Mo3Ky [1]. HeliponHi Mepexi, Ha OCHOBI SKUX (YHKIIIOHYIOTh POOOTH, aHATI3YIOTh
ICTOpUYHMI MacuB JaHUX (HOHIOBOTO PUHKY, IO MICTHTh, 30KpeMa, 1H(QOpMALilo Mpo BXKe
peani3oBaHi 1HBECTHIIIHI MPOEKTH. MalmHa TPEACTaBIIsE KOXHY CUTYaIlll0 y BUIIISIAI Habopy
3MIHHUX, 3HAXOIUTh CHUTYalil0 3 MOAIOHUMH HapamMeTpamH, i Oyaye ONTUMaJIbHY CTpaTerito Miil.
Po6oT mix ynmpaBiaiHHAM IITYYHOTO 1HTEIEKTY, Ha BIAMIHY BiJl JIIOJUHU, 3/1aTCH MMPOaHATI3yBaTH BCi
iHAMKaTOpu (POHIOBOTO PUHKY Ta BCTABUTH MK HUMH B3a€EMO3B’SI3KH, 110 3a0€3M€YUTh OTPUMAHHS
MaKCUMAaJIbHOTO IPUOYTKY.

Cucrema no0OyJ0BaHa TaKHMM YHMHOM, 1100 MiHIMI3yBaTH BCi MOXJIMBI pu3uku. Came ToMmy,
Ha BiIMIHY BiJ JIIOJAWHH, BOHAa HE MOXKE€ IHTYITUBHO MPHUHHATH HEJOTIYHE, MPOTE IOIIHHE
pimenns [2]. [HIuX HeMOMIKIB y poOOTI CUCTEMH IITYYHOTO 1HTENEKTY Ha ()OHIOBOMY PHHKY IMOKH
110 He OyJIO BUSBIICHO.
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