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Article Info ABSTRACT
Article type: Background and objectives: Optimizing mineral nutrition is vital for
Research Full Paper

achieving optimal crop yield, enhancing soil fertility, and ensuring the
sustainability of plant production. In this context, accurately estimating
fertilizer requirements for different crops and supplying them at
appropriate and balanced rates is crucial for food security, economic
viability, and environmental sustainability. Therefore, this study aimed
to estimate the required amounts of three primary macronutrients—
nitrogen (N), phosphorus (P), and potassium (K) — fertilizers needed to
achieve current crop yields, and to quantify the fertilizer use gap (i.e.,
the difference between actual fertilizer application rates and the amounts
needed to maintain soil fertility under current yields) for field crops, fruit
trees, and vegetables in Golestan Province, Iran

Materials and methods: In the first step, the required data to calculate

Article history: the total amount of primary macronutrients absorbed for plant
2022-12-17 production in Golestan Province—including critical concentrations of N,
2025-7-29 P, and K in plant dry matter, crop yields, harvest indices, and cultivated

areas—were collected. Using these data and N, P, and K depletion data,
fertilizer requirements for plant production under both irrigated and
rainfed conditions in Golestan Province during 2011-2020 were
estimated using the Fertilicalc software. N fertilizer requirements were
calculated assuming a 70% recovery efficiency; P fertilizer needs were
estimated using a soil accumulation approach; and K fertilizer
requirements were assessed based on a maintenance strategy to keep soil
K at its critical threshold. Finally, the fertilizer use gap was calculated
from the difference between the amount of fertilizers required to produce
current yields and the actual amount of fertilizers consumed in the
province.

Keywords:

Nutrient balance Results: The results showed that, to sustain the current crop yields in

Fertilizer use gap Golestan province, approximately 60,000 tons of fertilizer N, 9,000 tons

Nutrient requirement .. .. .

estimation of fertilizer P, and 36,000 tons of fertilizer K are required annually.

Sustainable soil However, based on available statistics, the average annual use of these

fertility fertilizers during 2011- 2020 was 41,000, 4300, and 3500 tons,




respectively. These findings indicate that the use of N, P, and K
fertilizers was, respectively, 30%, 62%, and 90% lower than the amounts
required to maintain current production levels. It is worth noting that this
fertilizer use gap was not uniform across all crops and regions: in some
cases, fertilizer use met the required rates; in others—particularly for
cash crops—it exceeded the required levels; and in many cases, it was
below the needed amounts.. Therefore, in addition to the overall
fertilizer use gap, the spatial and crop-specific variability in this gap
makes optimization efforts even more challenging.

Conclusion: This study highlights a substantial fertilizer use gap for
three primary macronutrients in Golestan Province. Continued
insufficient application of fertilizers threatens the long-term
sustainability of soil fertility by depleting both organic and mineral
nutrient reserves. The fertilizer requirements estimated here are based on
sustaining current yield levels. Therefore, achieving attainable yields and
ensuring long-term soil fertility will demand even greater nutrient inputs
than those calculated for current yields.
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Figure 1- The concentration of nitrogen (N), phosphorus (P), and potassium (K) in economically
valuable organs of the studied plants(ref: 30 to 39)
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Figure 2- Distribution of required fertilizer nitrogen (%) among different plant groups in Golestan
province under irrigated (a) and rainfed (b) conditions
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Figure 3- Distribution of required fertilizer phosphorus (%) among different plant groups in Golestan
province under irrigated (a) and rainfed (b) conditions

L5 67 dolns 5Linysm el 35 Slie S s
e wlie) LS s alls slsy o S LS AL
(88) cmal eddar o 55 (andllas cpl 3 0l 3,50 5
o 4S8 Jald s DS e 5 Y WS res
e 5 Sl A s el (S w s 33
0SS EY O yan 4 Sl il e S uly
ol 3,50 5 ldie 4 aS 5 ls JUSs s Ll POSIES
S QLS 5o p S S YY) alllas 0l s

(8A) il e

\k3

e 53 Shes slon (55,5l sl Olesla

sl by 558 Jlie Sb s s e el
o3ls HLasl Cilisie (la 518 5 by pds 55 58S
D MBGET SN a6l 4S5 s ol
Sl el slsa g (OndS Olial gladln ¢
=Y o, Sles L) a5 L IS e pdS A
0 Ay $ln s oddd wo i ply 355 e (B
2 08 hen YO 5l 28 ol b (SB s i S
2 A ey 2 S S VA G ae i S4LS
= el ses 53 L (87) ol axedls p"}l ks



002 g gl @55 | ol g phd (359 58 (SU355 B pro Y 3,91,

a- %Yo

o, ¥
%Y &

23%
% YA

%Y /%’”

%Y

U

3%

%Y

)

8.55%
0.28 %

I (0.03%

B Wheat - .8
B Rice- = »
0.25% Pulse - ©U 5~
W Potato- o) o

B QOilGrains- 5, sls <l

B SugarCrops - st olals

B Fruit - s o 5

B Wheat - r.\;f

0.36 %
Pulse - =L 5>

B OilGrains - &5, sl 4l
0.61 %

M Fruit - » 0 508

B Vegetable - =~ 5

(u) va_é)(uﬂ‘) ‘;J Jaa_|fi)> Q‘:.-.JS/ Q‘:«‘J:auf‘._s/ ‘5‘.&5‘9;&(“)3)}‘.‘;:)30 6>§ W_«-»L"% G)'j—i JSJ’»

Figure 4- Distribution of required fertilizer potassium (%) among different plant groups in Golestan
province under irrigated (a) and rainfed (b) conditions
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Figure 5- Comparison of the amount of of nitrogen (a), phosphorus (b) and potassium (c) fertilizers
(1000 tons) required for the production of all plants in Golestan province with the actual amounts used
during 2010 - 2019 and the gap percentage of these fertilizers (d).
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