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ABSTRACT 
The main objective of this research was to determine spatial and temporal variability in a sugar beet filed affected by 

fertigation by sprinklers to develop a management strategy based on spatial and temporal variability of soil properties and 
sugar beet performance. The Location of the s tudy area was in Isfahan Province, Iran. To d escribe the variability of soil 
and plant status, response to N f ertilizer application by sprinklers was studied by analyzing 5 soil elements includ ing N, 
K, CEC,  EC and OM at two times (before and after fertigation) as well as 4 cr op properties in cluding tuber moisture 
content, tuber w eight, number of tubers per square meter and tub er sugar content. Results were used to produce spatial 
and temporal variability  maps. Data analysis and m ap vis ualization indicate th at th e high er m oisture con tent causes 
heavier tuber bu t the grid which  has more numb er of tubers ha s the lighter tubers. On the other hand, more tubers with 
lighter weight have higher sugar content. Matrix correlation of soil and plant properties shows a positive correlation of N 
in the soil to tuber weight, and tuber moisture while it has a negative correlation to sugar  content and number of  tubers. 
Higher sugar content of tubers was achieved co mpared to prev ious records of this field and the average of tuber sugar  
content for the I sfahan province.  Fertigation b y sprinkler irrigation is benef icial for th e high and uniform tuber  sugar 
content (as the economical elements in sugar beet production) of sugar beet in the irrigated area. 
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INTRODUCTION 
Sugar beet (Beta vulgaris Var. Saccharifera L.) which 

is a biennial tuber crop is known as industrial and 
commercial crop due  t o fa vorable characteristics na mely 
short cultivation season, moderate water requirement, high 
sugar content, useful to improve soil conditions as a tuber  
crop, and suitab le for saline an d alkali soils [1 ]. As the 
fourth commercial crop  in Isfah an province of Ir an, sugar 
beet production has a str ategic role in agr iculture section  
[2].  

Nitrogen, the most requisite  nu trient for sugar beet, 
has the im portant role in sucrose utilization, plant growth 
and yield. Managing nitrogen fe rtilizer to m aximize crop  
yields without negativ e en vironmental impacts is  
challenging. Nitrogen applied in excess of the crop’s 
needs is susceptible to losses from the soil-crop system.  

Strategies th at strive  to improve the eff iciency of N 
use would benefit growers b y increasing farm profits and  
reducing th e environmental effec ts as sociated with  
excessive fertilizer use. Increasing the efficient use of N is 
becoming more important with the increases in N fertilizer 
costs [3]. 

Over-fertilizing and under-fertilizing could limit the 
yield and quality of sugar juice [4] . Draycott [5] described 
that the excessive use of nitrogen fertilizer not only affects 
the s ugar con tent but a lso thre atens th e enviro nment b y 
leaching nit rate and ammonium. Too litt le N ret ards leaf  
growth [6]  and gives pale gr een foliag e du e to low 
chlorophyll con centration [7] . Burcky and Biscoe [8]  
asserted inadequate N expedites senescence of leaves.  
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Milford [4]  found that too  much N causes  over-
production of dark green leaves  and a shift in d ry matter  
distribution at th e expense of storage root and sugar yield 
of s ugar beet . P ocock [9]  s howed s urplus N affect ed the  
sugar beet yield by increasing the concentrations of amino 
N compounds within th e storage. Moreov er D utton and  
Huijbregts [10] proved surplus N reduces the proportion of 
the sugar which can be crystallized.   

Despite th e hig h installation expenses of sprinkler  
systems, moder n technolog y would be able to supply  a 
high degr ee of flexibility in design and op eration, raise 
water and fert ilizer use efficiency and m ake applicable in 
undulating topo graphy an d marginal soils [11] . Solid set 
sprinkler prov ides sufficient d istribution of water and  N 
when appropriately  d esigned and operated [1 2]. Field 
average bas ed recommendations have been a  com mon 
practice for r ecommending th e major crop nutrients 
nitrogen (N) and phosphorus (P). The prob lem is crop 
response will n ot be th e sam e from  year to year with  
application of the same am ount of recommended rate of  
fertilizer [13]  i n order to  apply  precise management 
strategy i t is c rucial to have variability m aps of soil 
properties. Suitable temporal and spatial d istribution of  
nutrient application would be a necessity  to apply 
precision amount of fer tilizer to avoid surplus. S ugar beet 
performance maps are im portant tools for farm managers  
in precision farming practices. Spatial distribution maps of 
crop properties can be link ed to soil properties  map (by  
GPS coordinates) in orde r to appl y si te specific  
management. Soil and crop spat ial vari ability maps are 
accurate tools  in prec ision farm ing to produce a  
management strategy to improv e yield, sugar content and  
other requir ed outputs. This r esearch h as focused on 
determination of spatial and tem poral vari ability of  
selected soil properties and crop performance to produce a 
management str ategy b ased on soil and crop spatial 
variability. 

Materials were sugar beet fi eld and sugar beet tubers. 
The Sugar beet field properties were determined and given 
in maps. Sugar beet var iety was  monogerm seeds which 
were sown on 9 July  2007 . The field was in  Fesaran  
village that  is located in central part of Isfahan province , 
Iran. It exists between latitude 32° 28’ N and longitude 
51° 43’ E with 3.09 hectares area. Averag e annual  
temperature of 16.7° C, annual  freezing da ys of 76 da ys 
and th e annual rainfall of  116. 9 mm are climate data of  
experimental site. Accord ing to soil and water  anal ysis, 
soil texture types are loam (L) and clay loam (CL). Water 
source for irrig ation s ystem is mixture of open channel 
which is feedin g from Zay andeh – Rood River  and deep  
well in th e f arm. W ater analysis is driven  fr om water 
sample of pool which holds mixture o f water from the 
river and well. Water EC of  well and open channel were 
about 5.08 and less than 1dS/m , respectively and sodium 
adsorption ratio (SAR) was about  10.6 so inf iltration rate 
in soil would be in good condi tions [14]. Water pH, total 
suspended solids (TSS) and total dissolved solids (TDS) in 
water source w ere in allowable ranges. Th e sprinkler  
irrigation s ystem, fixed (so lid set) with rem ovable 
sprinklers was implemented in 2004.  

Sprinklers mounted on the 120 cm height risers  were 
installed at the corners of each plot . Urea  fer tilizer was  
applied through  sprinkler irrig ation s ystem. Nitrogen  
fertigation (Urea, 46% N) ha s been applied on 3 0 August 
2007 with the rate of 200 kg/ha. Pest and diseases control 
followed th e standard pra ctices in th is area . A  
geostatistical sampling design was established  in 3.09 h a 
area. Total of 27 grids of 23 by 23 m cells were marked on 
the study area. In each cell, 3 soil samples were collected. 
This arrang ement procedur e made 81 sampling locations  
and was flag ged and g eorefrenced, usin g DGPS 
(Differential Gl obal Positioni ng S ystem). Th e sampling 
locations were s taked before fertigation to mark them for 
sampling after fertig ation. At each fl ag loca tion, s oil 
samples were obtain ed 5 da ys before plan ting. A total of  
162 soil samp les were coll ected from field before 
fertigation on 4 July  2007 and after fer tigation on 3 
September 2007. Soil cores we re placed in  individual 
plastic bags and  on arrival at the lab th ey were air dried  
and s ieved (2mm). Soil samples were taken to determine 
soil properties including total N, avail able K,  CEC, EC 
and organic matter (OM) at two tim es (before a nd after  
fertigation). Each grid was harvested by hand and tubers  
put in sacks and were wei ghed with weighbridge on 4 
December, 2007. Sugar b eet performance was de termined 
by analyzing tuber moisture content, tuber weight, number 
of tubers in each grid and tuber sugar content. Result of 
soil and plant were interpolated geostatistically by kriging 
technique usin g ArcGIS9.2 through spatial analy sis 
extension based on semivariogr am result of ge ostatistical 
software (GS+). 
 

RESULTS AND DISCUSSION 
Produced maps are given  below. Resu lts of  

semivariogram anal ysis for 5 s oil el ements and 4 crop 
characteristics we re a pplied. They  are described by 
specific model throughout th e rang e of data. Four  
variogram model ty pes ch ecked in clude spherical, 
exponential, gau ssian, and l inear to find the b est fitting  
one. The f itted curve for rela tive s emivariance gives  
values of  sill, n ugget, rang e an d variogr am fitting model 
as shown in Tables 1 and 2.  

Table 1.  Geostatistical Analysis of Soil Properties 

 
BF: Before Fertigation          AF: After Fertigation 
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Table 2.  Geostatistical Analysis of Sugar Beet Properties 

 
They pr esent th e fi tting curv e of sele cted m odel for  

each s oil and plant proper ties while lag dis tance in  
semivariogram analy sis a ssumed at 200 m for N-BF, N-
AF, K-BF, K- AF, and EC-AF; 150 m for CEC-BF, CEC-
AF and EC-BF; and 135 m for OM-BF and OM-AF in soil 
properties and 150 m for all crop components. 

Figures 1 and 2 show the varia bility of se lected soi l 
and crop prop erties obtained  from kriging  techn ique. 
Smart quantile d ivided the whole stud y area in 5 zones to 
portray the  variability of soil prop erties and crop  
performance. F ive cl asses were adjus ted in  order to 
generalize the c lasses to c over both seasons, before and  
after f ertigation. The f ive classes were def ined as  ver y 
low, low, moderate, high a nd v ery high r anges. Table 3  
displays th e co mparison of zo nal st atistical analysis for  
two conditions of selected  so il elements b efore and after 
fertigation. 

The map sho w that 73 .22% of the area before 
fertigation was classifi ed as low N while after f ertigation 
59.97 %  of stu dy area was  in the h igh r ange of soil N 
(Table 3 and Figure 1- a, b). CV of soil N before and after 
fertigation wer e 12.44%  and  14.7% , respectiv ely. It  
indicates that the soil in study area has low var iability of  
total N [15]. Soil N results are in allowable range of N for 
sugar beet prod uction (0 .03 %  to 0 .5 %) in Iran [16] . 
Pearson two-ta il test  resul t sh owed tha t soil  N before 
fertigation had a positive significant correlation (P 0.05) 
to soil N after fertigation (r= 0.351). Before fertigation the 
largest par t of  the field (abo ut 75%) was situated in  
moderate and high rate of soil available K, whereas 97.4% 
of the whole field was in low and moderate ranges (Table 
3 and Figure. 1-  c, d) . In bo th conditions soil available K 
meets the optim al amount of K  for sugar b eet cultivated 

lands of Iran (0.64 cmol )( /kg) which was studied b y 
[17]. High CV of K before (56 .27 %) and after (53.26 %) 
fertigation is an  eviden ce of  hig h variation of K  through  
the stud y ar ea. Before fertig ation 50.24% of w hole ar ea 
had th e moderate rang e of soil CEC but after f ertigation 
58.31 % of th e study area was located in low zone (Table 
3 and Figure. 1 - e, f) . Soil EC  varied  from 0.6 to 1.52  
dS/m (Table 3). Highest vari ation of soil properties was 
found in soil av ailable K while the least var iation was in  
OM before and after fer tigation. The high variation of soil  
K can be related to non-unifor m manual fertilization of  
pre-plant potash.  

 
 

 

Table 3.    Comparison of Zone Classification o f Soil 
Elements Before and After Fertigation 

 
 

Before fertigatio n, the biggest p art of the field (88.7  
%) was situated  in high and v ery high  EC zon es while 
after fert igation it decreased to 23% (Table 3 and Figure. 
1- g, h). I t can be related  to different w ater so urces for  
sprinkler irrigation. Water source in spring w as deep well 
(EC=5.08 dS/m) and during summer was open  channel  
(EC<1 dS/m). S oil OM had the least var iation (CV=3%) 
compared to ot her s oil el ements (F igure. 1- i,  j).  The  
relationship of OM and sugar b eet shows that if a soil has 
a great er organ ic matter con tent, it wil l like ly mineralize 
more N over the growing season, thus decreasing  a crop’s 
responsiveness to applied N f ertilizer [18] .       Spatial  
variability maps of sugar beet performance wer e given in 
Figure 2. It is apparent th at highest sugar content (18.29-
19%) belongs to tubers whic h were harvested from the 
west part of the s tudy area whil e the leas t s ugar content  
(14.54- 15.65 %) was found  in the east north of the field  
(Figure 2-a). Fewer numbers of tubers (5-9) were given in  
north and east part compared to  higher number of tubers  
(9-14) in the west part (Figure 2-b). Spatial variability map 
of fresh tuber weight (Figure 2-c) presents th e heavier  
tubers (1.27-1.67 kg) in east-north part and ligh ter tubers 
(0.78-0.98 kg) in the west part of the field . Th e highest 
moisture conten t range (79.70 -82.9 %) was seen in the 
east and som e part of south while the le ast m oisture 
content (75.73-7 7.7 %) was found in tubers in the west 
(Figure 2-d).  
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Figure 1.    Spatial Variability Maps of Soil  
Nutrients, (a) N- BF, (b) N-AF, (c) K-BF, (d) 

 
 
 
 
Statistical analysis and var iability maps of crop properties 
showed the least variation in  tuber sugar  content.  R esult 
of Pearson's tw o tail correlation test showed t hat tub er 
weight had a negative significant correlation (P  0.05) to 
number of tuber (r=-0.369) , bu t positive correlation to 
moisture conten t of tub er (r =0.303). It indicates that the 
higher moisture content causes  heavier tub er. Moreover, 
the area with more number of tubers has the lighter tubers. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
   h 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
     j 
 
 
K-AF, (e) CEC-BF, (f) CEC-AF, (g) EC- BF, (h ) EC-AF, 
(i) OM-BF, (j) OM-AF  
 
 
 
 
There is a pos itive corr elation of number of tubers and  
tuber sugar con tent (r =0.368) that specifies th e higher  
sugar content harvested from pl aces with more number of  
tubers. On the other h and, the negative corr elation of  
moisture conten t and sugar co ntent (r=-0.251)  means 
tubers with hig her moisture co ntent (h eavier) have less 
sugar content. 
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Figure 2 . S patial Variab ility M aps of S elected 
Crop Properties After Fertigation,  

 

CONCLUSION  
Application of  precision far ming in Iran is an 

appropriate technique for efficient and economic 
fertilization method in sustaina ble agriculture. It requires  
time and lon g term  invest ment to apply suitable 
management strategy based on precision farming concept 
to prevent un conscious and unnecessar y fer tilization 
which causes environmental pollution  and economic 
losses. It should  be reminded  that technical application of 
N fertiliz ers protec t accum ulation and leach ing of N.  
Fertilizer application based on s patial variability maps of 
soil and crop properties makes uniformity in required crop 
output and also prevent excessive use of fertilizers.  
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(a) Tuber  Sugar  Content, (b ) Tuber Numbers, (c) Tuber  
Weight and (d) Tuber Moisture Content     
 
 

Nitrogen fertigation b y sprinklers in this experim ental 
site produced a more uniform tuber sugar content, Tub er 
moisture conten t and number  of sugar beet tubers. Th e 
application of Urea through fe rtigation incr eased N soil 
content whil e the enhancement of soil N d ecreased tuber  
sugar content so excessive use of fertilizers should be 
stopped.  

Results of N fertigation throug h sprinkler irrigation 
show the low variability of  leaf N content and sugar  
content through and across the study area and achievement 
of higher yield and sugar content compared to previous 
records of th is f ield and av erage of the Isfahan Province 
records. Therefore, farmers should be encouraged to apply 
N fertigation by sprinklers instead of the current methods.  
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