Iranian Journal of Field Crops Research

Homepage: https://jcesc.um.ac.ir St

Research Article
Vol. 20, No. 4, Winter 2023, p. 417-434

Agroecological Analysis of Sugar Beet Ecosystem (Beta vulgaris L.) in Torbat-e
Heydarieh

F. Moallem Banhangi®, P. Rezvani Moghaddam©?", S. Khorramdel *, M. Nassiri Mahallati*

. How to cite this article:

Rece_lved: 01-02-2022 Moallem Banhangi, F., Rezvani Moghaddam, P., Khorramdel, S., & Nassiri Mahallati, M.
Revised: 12-04-2022 (2023). Agroecological Analysis of Sugar Beet Ecosystem (Beta vulgaris L.) in Torbat-e
Accepted: 16-04-2022 Heydarieh. Iranian Journal of Field Crops Research, 20(4), 417-434. (in Persian with
English abstract). https://doi.org/10.22067/jcesc.2022.75055.1147

Introduction

During the 1950s and 1960s, the green revolution led to a dramatic increase in global food and fodder
production to eliminate hunger and boost food security. This production enhancement was accompanied by an
intensified agricultural and chemical input consumption and increased cultivated area and mechanization.
Although yield per unit area has improved in most crops, concerns about food security for the world's rising
population are still significant. Guaranteeing food security in the future will necessitate a shift in management
approaches to boost output, agroecosystem sustainability, and stability and reduce the environmental harm
caused by agriculture. The first step to achieving sustainability and ecological intensification in agricultural
systems is to have a comprehensive agroecological analysis of agricultural systems in each region. Hence, the
complete evaluation and analysis of agroecological features according to their type in each region is necessary
for establishing an optimal management technique. After analyzing the present state of each region's shared
ecosystems, the optimal strategy for boosting production stability must be devised and implemented.

Materials and Methods

The goal of this study was to undertake a detailed investigation of the agroecological state of the sugar beet
ecosystems on a local scale. For this purpose, data were collected on the area under cultivation, yield, and input
consumption (including nitrogen and phosphorus fertilizers and chemical pesticides) from 2001 to 2016. Data
was acquired from the Ministry of Agriculture and other related organizations and direct interviews with the
farmers. In addition, data on climatic parameters (including daily minimum and maximum temperatures,
precipitation, and sunny hours) were collected from the Torbat-e Heydariyeh meteorological station. This study
researched the most important agroecological indicators of sugar beet farming systems in the Torbat-e Heydarieh
region. Study indicators include variations in sugar beet cultivation area and yield, Potential yield via the
methods FAO and FAO modified, beet yield gap, Regional Yield Factor trend, Changes in the intensification,
yield stability, nitrogen uptake, and nitrogen utilization, and nitrogen use efficiency.

Results and Discussion

According to this study results, sugar beet production increased by 59 percent between 2001 and 2016.
During the research years, sugar beet ecosystems saw a drop in the cultivation area. Potential yield calculations
using both FAO and modified FAO methodologies revealed that potential yield was nearly consistent over the
research period in the region.
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The sugar beet yield gap averaged 35 ton.ha™ over the research period. According to the findings, the
percentage of sugar beet yield gap ranged from 53 to 69 %, with an average of 63 %. The extent of the yield gap
decreased over the research period. The study of the regional yield factor (RYF) revealed that improving the
management system resulted in higher actual yield and thus a smaller yield gap in sugar beet ecosystems. In
sugar beet cultivation systems, the results revealed that by increasing intensification, the stability decreased. In
sugar beet cultivation systems, there was a reduction in yield stability. Given that nitrogen consumption
efficiency is one of the most important factors influencing the degree of stability in agricultural systems, the
findings revealed that the rate of nitrogen uptake efficiency (NUpE), nitrogen utilization efficiency (NUtE), and
nitrogen use efficiency (NUE) all decreased during the studied years in the region.

Conclusion

According to the findings, the major cause of the increase in nitrogen consumption, growing intensification,
and decreasing stability in the analyzed systems appears to be a deficiency of nitrogen use efficiency and its
downward trend. As a result, planning and altering management methods focusing on enhancing Nitrogen use
efficiency may be proposed as the first step toward boosting sustainability in the Torbat-e Heydarieh sugar beet
agroecosystems.
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Figure 3- Trend of sugar beet yield variations in the
Torbat-e Heydariyeh from 2001-2016
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Figure 2- Trend of sugar beet cultivated area variations in
the Torbat-e Heydariyeh from 2001-2016
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Figure 5- Predicted potential yield of sugar beet obtained
via the modified FAO method from 2001-2016
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Figure 4- Predicted potential yield of sugar beet obtained
via the FAO method from 2001-2016
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Figure 6- Trend of sugar beet yield gap and percentage of yield gap in the Torbat-e Heydariyeh region from 2001-2016
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Figure 7- Trend of sugar beet regional yield factor in the Torbat-e Heydariyeh region from 2001-2016
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Figure 8- Trend of intensification of sugar beet systems in the Torbat-e Heydariyeh region from 2001-2016
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Figure 10- Trend of global changes in the price of urea
fertilizer from 2001-2016
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Figure 9- Trend of global changes in the price of triple
superphosphate fertilizer from 2001-2016
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Figure 11- Trend of changes in urea and triple superphosphate fertilizer application in the sugar beet systems in the
Torbat-e Heydariyeh region from 2001-2016
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Figure 12- Trend of in sugar beet production changes per unit area in the Torbat-e Heydariyeh region from 2001-2016

Csiol (5048 ppands (Fyqo 53 ddbaie (pl ) sddbodnline 5 )Slos
Urruty et al., ) 3ib olyon 5Slee il b a8 g dales olie
S 0l ggosan b ady (Rl o)lsay (2016
b 2 g Jeily jlanl bis SUlg (g5y5lis slaplips:
g5 ot sloadlse I Sy (Altieri, 2002) ssbazsls 1, olsj
Knapp & der) cul 5,Slee &l «(5)5lisS slaplisps 1 ,luk
aslse j0 3, Slee llwg il 0aiS oLy s (Heijden, 2018
Jlw & Jls Sblwg 51 (s5kre g 0dgr Jrme GsoolisS ol puss b
L (Nielsen & Vigil, 2018) cow! ddlaio S j0 5, Shas
Jdo a0 aslS Jlw Vo b asob lis Gimeh il Jols

aryeyie Sy > 2By A5 olie sdelcus gl bl

Ty 3 p)SelS YIF 4 WAL Jlis qoypoyio ;3 p)SokS 93 3l
o > sty A ol oxima ol 4 .l Ll 38 1¥R8 s
NS asimlam g b (1 JS8) cosl adllae 3)90 sla Jlo
M gl 4 )3 9 0Sles ol (g3lwosid )3 oo Slaal
Solre dilaio S jo loj g pdaw dnly lila Wlgr iuliel el
s, -(Beckmann et al., 2019) couwl (g5lwed pid il5dl 5|
odimd )t A8 yisx plliipg: (sl (o) Cod ddhaie ) @l
adllae 3)90 slalo (b ) 3 Sdee ialjEl g 3 Slee W ialS
S ialS g 5 Slae Ll 4 ams oo b5 Sl bl .l



YU sk yin o)) sloplliipg: 05999519 ,51 Sl g 43205 (5108 5 (Kt o

4 29 (a3l o] lps Ag) g 39 it 1S 3 o FIF
S Byaiie CedS el O S o Sl edias sl

0F Jss)

30.00 y =0.2128x - 285.38
R? =0.0342
25.00
20.00 ®
15.00 °

10.00

WJ snilo -Lg

Relative residuals (%)

......

5.00

0.00 ® o
1375 1380 1385 1390 1395 1400

Gdles 005k 8Ly lie 53 (o0 ks SaiSTy oSl lilwgs
Oljo a8 3l Ll ol awyp oad odnline LB jass 3 Slas

U Y oy Ayt )3 (ymesS ole 3l lae yolie SuiST,

y = 0.218x - 298.66
10.00 R2 = 0.2563
S 800
2
2 2 [ ] o
S 600 % °
3 © PR
28 ° e
%E 4.00 ° %8 °
: > Pl
= -
2 2.00
< %
0.00 ® o

1375 1380 1385 1390 1395 1400

Ju Jw
Year Year
025 Y= 0.0006x - 0.8053
R2=0.0026
. 0.20
LIS
¥ o 015 PY
R~ [ ]
}s & 010 * _
3 | —m——
0.05 b
0.00 hd @

1375 1380 1385 1390 1395 1400

Jw
Year

90 Ay Cuy dllaie 45 W8 i (3,5Mes Ol pedd o pd 9 5,k 85l Sb o g (Bl yalie) 3 Slos WS Wil punds Wgy — VY JSUS
IYA-IYA s Jle Fbj o3l
Figure 13- Trend of changes in stability (absolute, relative residual values and coefficient of variation) of sugar beet yield in
the Torbat-e Heydariyeh region from 2001-2016
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Figure 14- Trend of nitrogen uptake efficiency, nitrogen utilization efficiency and nitrogen use efficiency of sugar beet
in the Torbat-e Heydariyeh region from 2001-2016
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